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Аннотация
Roots and tubers are considered as the most important food crops after cereals and contribute significantly to sustainable development, income generation and food security especially in the tropical regions. The perishable nature of roots and tubers demands appropriate storage conditions at different stages starting from farmers to its final consumers. Because of their highly perishable nature, search for efficient and better methods of preservation/processing have been continuing alongside the developments in different arena.
This book covers the processing and technological aspects of root and tuber foods, detailing the production and processing of roots and tubers such as taro, cassava, sweet potato, yam and elephant foot yam. Featuring chapters on anatomy, taxonomy and physiology, molecular and biochemical characterization, GAP, GMP, HACCP, Storage techniques, as well as the latest technological interventions in Taro, Cassava, Sweet potato, yam and Elephant foot Yam.
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Preface

Tropical roots and tubers occupy an important place in the global commerce and economy of a number of countries and contribute significantly to sustainable development, income generation and food security, especially in the tropical regions. Researchers have demonstrated the importance of tropical roots and tubers to human health, contributing an important source of carbohydrates and other nutrients. The perishability and post-harvest losses are the major constraints in their utilization and availability, therefore they demand appropriate storage conditions at different stages and value addition. The objectives of this book are therefore to provide a range of options from production and processing to technological interventions in the field, in a comprehensive form at one place.
This book focuses on all the major aspects related to tropical roots and tubers. With a total of 18 chapters, contributed by various authors with diverse expertise and background in the field across the world, this book reviews and discusses important developments in production, processing and technological aspects. Individually, taro, cassava, sweet potato, yam and elephant foot yam are mainly discussed and covered. The chapters in the book describe and discuss taxonomy, anatomy, physiology, nutritional aspects, biochemical and molecular characterization, storage and commercialization aspects of tropical roots and tubers. Good agricultural practices and good manufacturing practices are also given special emphasis. The HACCP approach in controlling various food safety hazards in processing of tropical roots and tubers is also discussed. Technological interventions, brought out in different tropical roots and tubers, constitute a major focus and it is expected that this book will find a unique place and serve as a resource book on production, processing and technology.
This book is designed for students, academicians, industry professionals, researchers and other interested professionals working in the field/allied fields. A few books are available in this field but this book is designed in such a way that it will be different and unique, covering production, processing and technology of lesser publicized tropical roots and tubers. The text in the book is standard work and therefore can be used as a source of reference. Although best efforts have been made, the readers are the final judge.
Many individuals are acknowledged for their support during the conception and development of this book. Sincere thanks and gratitude are due to all the authors for their valuable contribution and co-operation during the review process. The valuable input from Wiley and the assistance by publishing and copy-editing departments is gratefully acknowledged. Sincere efforts have also been made to contact copyright holders. However, any suggestions or communications with respect to improving the quality of the book will be appreciated and the editors will be happy to make amendments in the future editions.
Harish K. Sharma Nicolas Y. Njintang Rekha S. Singhal Pragati Kaushal



1.�Introduction to Tropical Roots and Tubers




Harish K. Sharma and Pragati Kaushal
Department of Food Engineering and Technology, Sant Longowal Institute of Engineering and Technology, Sangrur, India



1.1 Introduction

Roots and tubers are considered as the most important food crops after cereals. About 200 million farmers in developing countries use roots and tubers for food security and income (Castillo, 2011). The roots and tubers contribute significantly to sustainable development, income generation and food security, especially in the tropical regions. The origin of tropical roots and tubers along with their edible parts is presented in Table 1.1.
Table 1.1 Origin of tropical roots and tubers
Tropical roots and tubers | Origin | Edible part
Sweet potato | Central/South America | Root, leaves
Cassava | Tropical America | Root, leaves
Taro | Indo-Malayan | Corm, cormels, leaves and petioles
Yam | West Africa/Asia | Tuber | Elephant foot yam

Individually, cassava, potato, sweet potato and yam are considered the most important roots and tubers world-wide in terms of annual production. Cassava, sweet potato and potato are among the top ten food crops, being produced in developing countries. Therefore, tropical roots and tubers play a critical role in the global food system, particularly in the developing world (Amankwaah, 2012). The leaders, policy-makers and technocrats have yet to completely recognize the importance of tropical tubers and other traditional crops. Therefore, there is a need to focus more on tropical roots and tubers to place them equally in the line of other cash crops.
Tropical root and tubers are the most important source of carbohydrates and are considered staple foods in different parts of the tropical areas of the world. The carbohydrates are mainly starches, concentrated in the roots, tubers, corms and rhizomes. The main tropical roots and tubers consumed in different parts of the world are taro (Colocasia esculenta), yam (Dioscorea spp.), potato (Solanum tuberosum L.), sweet potato (Ipomoea batatas), cassava (Manihot esculenta) and elephant foot yam (Amorphophallus paeoniifolius). Yams are of Asian or African origin, taro is from the Indo Malayan region, probably originating in eastern India and Bangladesh, while sweet potato and cassava are of American origin (Table 1.1). Naturally suited to tropical agro-climatic conditions, they grow in abundance with little or no artificial input. Indeed, these plants are so proficient in supplying essential calories that they are considered a �subsistence crop� (www.fao.org). Because of their flexibility in cultivation under a mixed farming system, tropical roots and tubers can contribute to diversification, creation of new openings in food-chain supply and to meet global food security needs.
The perishability and post-harvest losses of tropical roots and tubers are the major constraints in their utilization and availability. The various simple, low-cost traditional methods are followed by farmers in different parts of the world to store different tropical roots and tubers. The requirements of storage at different stages during the post-harvest handling of tropical roots and tubers are presented in Figure 1.1. The perishable nature of roots and tubers demands appropriate storage conditions at different stages, starting with the farmers to their final utilization (consumers). Therefore, an urgent requirement exists to modernize the traditional methods of storage at different levels, depending upon the requirements of keeping quality.
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Figure 1.1 Post-harvest handling stages in the storage of tropical roots and tubers.

The various interactive steps involved in post-harvest management of any tropical root or tuber, if not controlled properly, may result in losses. To prevent these losses, several modern techniques such as cold storage, freezing, chemical treatments and irradiation may be widely adopted. Roots and tubers not only enrich the diet of the people but are also considered to possess medicinal properties to cure various ailments. So the role of roots and tubers in functional products can also be investigated in the light of medicinal properties. An immense scope exists for commercial exploitation in food, feed and industrial sectors. Since tropical roots and tubers crops are vegetatively propagated and certification is not common, the occurrence of systemic diseases is another problematic area. Some of these root and tuber crops remain under-exploited and deserve considerably more research input for their commercialization.



1.2 Roots and Tubers

1.2.1 Roots

The root is the part of a plant body that bears no leaves and therefore lacks nodes. It typically lies below the surface of the soil. Edible roots mainly include cassava, beet, carrot, turnip, radish and horseradish. Roots have low protein and dry matter compared to tubers. Moreover, the major portion of dry matter contains sugars. The major functions of roots include absorption of inorganic nutrients and water, anchoring the plant body to the ground and storage of food and nutrients.

1.2.2 Tubers

Tubers are underground stems that are capable of generating new plants and thereby storing energy for their parent plant. If the parent plant dies, then new plants are created by the underground tubers. Examples of tubers include potatoes, water chestnuts, yam, elephant foot yam and taro. Tubers contain starch as their main storage reserve and contain higher dry matter and lower fiber content compared to roots. Various tropical roots and tubers are presented in Figure 1.2.
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Figure 1.2 Various tropical roots and tubers.

The production of roots and tubers can be grouped into annuals, biennials and perennials. The perennial plants under natural conditions live for several months to many growing seasons, as compared to annual or biennial. The main points of difference among annuals, perennials and biennials are presented in Table 1.2. The perennials generally contain a greater amount of starch as compared to biennials.

Table 1.2 Annual, biennial and perennial roots/tubers
� | Life cycle | Limiting aspects | Benefits
Annual | Takes 1 year to complete its life cycle. | Growth can be a limiting factor in excess/scarcity of water for annual plants. Insect and disease problems are of minor concern. | Lesser benefits ascompared to perennials and biennials.
Biennial | Takes 2 years to complete its life cycle. | Early growth and quality is affected by late-season moisture stress. | Provides lesser benefit as compared to perennials in agriculture.
Perennial | Takes more than 2 years to complete its life cycle. | No specific period for growth. But by providing early and modified irrigation practices, production can be improved. | They can hold soil to prevent erosion, do not require annual cultivation, reduce the need for pesticides and herbicides, and capture dissolved nitrogen.




1.3 Requirements for the Higher Productivity of Tropical Roots and Tubers

The factors that need to be focused upon to meet the objectives of food security, sustainable farming and livelihood development are farming systems, pest and pathogen control systems, genetic systems and strategies for improvement, together with marketing strategies and the properties of the products and constituents.

1.3.1 Farming Systems

Tropical roots and tubers are generally grown in humid and sub-humid tropics, which are not suited for cereal production. Significant differences exist in the farming system perspectives of tropical root and tuber crops, varying from complex systems of production to intercropping farming systems. These systems are important to consider when studying the variation of different crop farming systems. The increasing production in the Pacific region has depended largely on farming more land rather than increasing crop yields. This is contrary to the projections of FAO that the 70�% growth in global agricultural production required to feed an additional 2.3 billion people by 2050 must be achieved by increasing the yields and cropping intensity on existing farmlands, rather than by increasing the amount of land brought under agricultural production (Hertel, 2010).
Farming systems need to be carefully looked after, by protecting and raising the production of tropical roots and tubers. For this purpose, various changes in attitudes and agricultural practices are desirable. Additional investments are required to reduce the impact of climate change and to overcome the disastrous effects of soil erosion. Diversity in the production of tropical roots and tubers and increasing production surface area may be adopted for higher productivity and better quality of tropical roots and tubers. Proper organization among small farmers, effective investment in mechanization, and improved storage and processing facilities can improve the productivity of tropical roots and tubers.

1.3.2 Pest and Pathogen Systems

The pest and pathogens of different tropical roots and tuber crops are varied. Roots and tubers are generally produced by small-scale farmers, debarring a few exceptions using traditional tools and without the adequate input of fertilizers or chemicals for pest and weed control. Therefore, the correct use of less expensive and effective dosages of pesticides and fertilizers is important to increase the productivity of these crops. Moreover, the activities need to be designed to reduce environmental degradation. Biochemical approaches need to be followed to reduce the damage due to pests and pathogens. The assessment of loss caused by pests and pathogens cannot be overlooked, which otherwise affects the production of tropical roots and tubers. In addition, pest and pathogens are of particular concern because of their direct effect on human and animal health. The effect of climatic conditions on the damaging action of pests and pathogens needs to be highlighted. Therefore, proper crop protection, involving different management practices, needs to be followed to reduce the damage due to pests and pathogens and to enhance the productivity of tropical roots and tubers.

1.3.3 Genetic Systems and Strategies for Genetic Improvement

The genetic system of roots and tubers widely differs, so the strategies for genetic improvements also differ. The breeding of root and tuber crops is primarily done sexually. The fact is that the different genetic systems suffer from many breeding complications along with limited opportunities for genetic development and further modifications (Mackenzie, 1995).
Some of the tubers, such as sweet potato and potato, may benefit from breeding cultivars, which are adapted to shorter growing seasons, while other crops (e.g. cassava) may need to fit into some other system, as they have contrasting growing cycles (Mackenzie, 1995). Hundreds of genetically distinct varieties of the roots and tubers are known to exist. Therefore, a focus is needed to genetically improve and develop the variety of roots and tubers, depending upon the requirement to achieve the required target. The dissemination of knowledge to the field is also a great concern in the area. Other considerations (e.g. crop management practices and crop diversification) specify that the decision-making should be carried out in individual breeding programs so as to benefit from these advancements. The needs for improvement in the programs are actually unique for a specific crop, rather than to the group of these crops classified as tropical roots and tubers.
Higher production can be achieved by exploring the genetic yield potential and by gaining knowledge about the genetic background of tropical roots and tubers (Okoth et al., 2013). Proper plant breeding approaches and genetic modification need to be followed for creating new genetic varieties. Overall, modern breeding technologies open up new possibilities to create genetic variation and to improve selection, but conventional breeding techniques remain important to improve the production of these crops.

1.3.4 Marketing Strategy

Tropical roots and tubers produced for off-farm markets can vary considerably in their transportation, storage facilities, processing techniques, consumption patterns, economics, etc. These differences need to be taken into account when various opportunities are assessed for improving trade. In fact, some individual root and tuber crops are presently experiencing a segmentation of markets that will undoubtedly require substantially different types of cultivars to meet divergent market needs (www.fao.org).
The true potential of tropical roots and tubers may be unlocked through various value-adding activities. Their processing level needs to be divided into two levels, the primary level and the secondary level. Therefore, various facilities need to be provided at each level to enhance their potential. Processing of tropical roots and tubers into different products will enhance options to the consumers. This diversity may create a large market space within which food processors can make long-term development plans supported by various growth prospects for investments in the processing of tropical roots and tubers.

1.3.5 The Properties of the Product and Constituents

The selection of raw material and products is mainly dependent on the physicochemical, microbiological and sensory properties of the product itself and its constituents. For example, in the case of snacks (chips), the level of carbohydrate (reducing sugars) is regulated in the product, therefore monitoring the level of this parameter becomes very important for industry along with the other physico-chemical and sensory parameters of that product. Recently, there has been a great deal of research into the area of characterization of tropical roots and tubers. However, the methods required to evaluate the quality characteristics and the product potential are to be identified for different roots and tubers. The relevant characteristics of tropical roots and tubers based upon their optical, physicochemical and mechanical properties need to be recorded in the field to ascertain their quality. In addition, the required processing technologies and the properties of the products thereof need also to be established and disseminated globally for roots and tubers. This information gap represents a whole new area of research that needs to be addressed if post-harvest technology of tropical root and tuber crops is to become a reality.




1.4 World Production and Consumption

Roots and tubers can be grown under diverse environmental conditions and in different forms of farming systems. The choice of food by rural consumers is generally determined by the agricultural production in their area, whereas the choice of urban consumers, who have developed a preference for more convenience foods, is partly determined by the availability and convenience of low-cost imports and most significantly by their improved purchasing power (Aidoo, 2009).
In South America and the Caribbean, overall per capita consumption of roots and tubers has declined by 2.5�% per annum since 1970, while a growth of 1�% is recorded in consumption of cereals (FAO, 1987). This reflects the lower preference of urban populations in towns and cities towards the consumption of roots and tubers. The major tropical roots and tubers are cassava (Manihot esculenta), sweet potato (Ipo-moea batatas L.), yam (Dioscorea spp.), edible aroids (Colocasia esculenta and Xan-thosoma sagittifolium) and elephant foot yam (Amorphophallus paeoniifolius). These are widely cultivated and consumed in many parts of Latin America, Africa, the Pacific Islands and Asia.
It is estimated that more than 600 million people depend on cassava in Africa, Asia and Latin America (www.fao.org). Global output is forecast to reach new records in the near future, driven by population expansion in Africa and Asia. World cassava output in 2013 showed the expected marginal increase from 2012 and is expected to continue to show an approximate 7�% annual rise in succession. The expansion is possibly being fuelled by the rising demand for food and increasing industrial applications of cassava, especially for producing ethanol and starch.
Cassava remains a strategic crop in Africa, for both food security and poverty alleviation (Howeler, 2008). The world cassava areas, yield and production from 1995�2011 is presented in Table 1.3. Cassava production increased from 162.48 million tons in 1995 to 252.20 million tons in 2011, whereas an increase in area from 16.46 million ha in 1995 to 19.64 million ha in 2011 has been observed. The world average cassava yield, 9.87 ton/ha in 1995 increased to 12.84 ton/ha in 2011 (Table 1.3).

Table 1.3 World cassava areas, yield and production from 1995-2011
Year | Areas (million ha) | Yield(ton/ha) | Production (million tons)
1995�| 16.46�| 9.87�| 162.48
2000�| 17.00�| 10.38�| 176.53
2005�| 18.42�| 11.18�| 205.89
2006�| 18.56�| 12.06�| 223.85
2007�| 18.42�| 12.28�| 226.30
2008�| 18.39�| 12.62�| 232.14
2009�| 18.76�| 12.51�| 234.55
2010�| 18.46�| 12.43�| 229.54
2011�| 19.64�| 12.84�| 252.20
Source: FAO (2013)

The world leading producers for different tropical roots and tubers in 2012 are given in Table 1.4. Nigeria is the top producer for cassava, yam and taro, whereas China is the top producer for sweet potato (Table 1.4).
Sweet potato is considered a solution for the emergent challenges being faced by the developing world, such as climate change, disease, migration and civil disorder (Beddington, 2009). Yams are ranked as the fourth major crop in the world after cassava, potatoes and sweet potatoes (Adeleke and Odedeji, 2010). Yams are recognized by their high moisture content, which makes them more susceptible to microbial attack and brings out their high perishability, with an annual production of more than 28 million metric tonnes (FOS, 2011). Production of yams in Africa is largely concentrated in the area popularly known as the �yam zone�, comprised of areas such as Cameroon, Nigeria, Benin, Togo, Ghana and Cote d�Ivoire, where approximately 90�% of the world�s production takes place (Hamon et al, 2001). Ghana is the leading exporter of yam, accounting for over 94�% of total yam exports in West Africa. Total yam production in Ghana has increased from 877 000 to 5 960490 tonnes from 1990 to 2010, mainly due to efforts by smallholder farmers. However, the highest yam production in 2012 was reported in Nigeria (38 000 000 MT), followed by Ghana (6 638 867 MT) (Table 1.4).
Taro is currently grown in nearly every tropical region of the world. Taro has been a staple crop for the inhabitants of the Pacific Islands for many years and is considered an integral part of the farming systems and diet of many people living in the Pacific Islands. Nigeria stands on top, with a production of 3 450 000 MT for taro in the year 2012 (Table 1.4).

Table 1.4 World leading tropical roots and tubers producers in 2012
Cassava
S. no | Country | Production (MT)
1 | Nigeria | 54 000 000
2 | Indonesia | 24177 372
3 | Thailand | 29 848 000
4 | Democratic Republic of the Congo | 16 000 000
5 | Ghana | 14 547 279
6 | Brazil | 23 044 557
7 | Angola | 10 636 400
8 | Mozambique | 10 051364
9 | Vietnam | 9745545
10�| India | 8746500
11�| Cambodia | 7613697
12�| United Republic of Tanzania | 5462454
13�| Uganda | 4 924 560
14�| Malawi | 4692202
15�| China, mainland | 4 560 000
16�| Cameroon | 4 287177
17�| Sierra Leone | 3520000
18�| Madagascar | 3621309
19�| Benin | 3 295 785
20�| Rwanda | 2716421
Sweet potato
S. no | Country | Production (MT)
1 | China, mainland | 77 375 000
2 | Nigeria | 3 400 000
3 | Uganda | 2 645 700
4 | Indonesia | 2 483 467
5 | United Republic of Tanzania | 3 018 175
6 | Vietnam | 1422 501
7 | Ethiopia | 1185 050
8 | United States of America | 1 201 203
9 | India | 1 072 800
10�| Rwanda | 1005 305
11�| Mozambique | 900 000
12�| Kenya | 859 549
13�| Japan | 875 900
14�| Burundi | 659 593
15�| Angola | 644 854
16�| Papua New Guinea | 580 000
17�| Madagascar | 1 144 000
18�| Philippines | 516 366
19�| Argentina | 400 000
20�| Democratic People's Republic of Korea | 450 000
Yam
S. no | Country | Production (MT)
1 | Nigeria | 38 000 000
2 | Ghana | 6 638 867
3 | Côte d�Ivoir | 5 674 696
4 | Benin | 2 739 088
5 | Togo | 864 408
6 | Cameroon | 537 802
7 | Central African Republic | 460 000
8 | Chad | 420 000
9 | Papua New Guinea | 345 000
10�| Colombia | 344 819
11�| Haiti | 298 437
12�| Ethiopia | 1 117 733
13�| Cuba | 366 182
14�| Japan | 166100
15�| Brazil | 246 000
16�| Jamaica | 145 059
17�| Gabon | 200 000
18�| Burkina Faso | 113 345
19�| Venezuela | 128 931
20�| Democratic Republic of the Congo | 100 000
Taro
S. no | Country | Production (MT) | Country
1 | Nigeria | 3 450 000
2 | China, mainland | 1760 000
3 | Ghana | 1 270 266
4 | Cameroon | 1614103
5 | Papua New Guinea | 250 000
6 | Madagascar | 232 000
7 | Japan | 172 500
8 | Rwanda | 130 505
9 | Central African Republic | 125 000
10�| Egypt | 118 759
11�| Philippines | 111482
12�| Burundi | 92 973
13�| Thailand | 90 000
14�| Democratic Republic of the Congo | 70 000
15�| Fiji | 82145
16�| Côte d�Ivoir | 71772
17�| Gabon | 63 000
18�| China, Taiwan | 50 000
19�| Solomon Islands | 42 000
20�| Liberia | 27500
Source: FAO (2012)



1.5 Constraints in Tropical Root and Tuber Production

Cassava is now commercially exploited in a number of products. However, the mechanization at the domestic and industrial level is required to be updated. The manual peeling of cassava root using knives is tedious and time-consuming, so there is a need to explore better methodology for cassava peeling. Moreover, the fermentation time is too long for the required profitable results, so there is still a need for research to confirm the role of fermentation in cassava processing. Not all cultivars of cassava are suitable for processing. The non-suitability of different cultivars and the conversion into value-added products by reviewing all the unwanted causes is a challenge. There is a need to investigate appropriate products from new cassava cultivars, which can be promoted in different countries. Inadequate storage facilities, high transportation costs and poor access to information on processing and marketing have also been identified as severe problems by the majority of processors in different areas of the world.
One major constraint for large-scale, commercial production of yam is the quantity of tubers needed for seed. About 30�% of yam must be set aside for this task (Kabeya et al., 2013). Another constraint for yam production is the need for staking material. Yam tubers grow deep in the ground, therefore harvesting becomes a difficult process. It is estimated that about 40�% of the total costs of yam production is for labor (Eyi-tayo et al., 2010). Yams are affected by many pests and pathogens, including insects, nematodes, fungal and bacterial diseases, and viruses.
There are constraints that restrict the scope of taro cultivation and production. The major constraints are taro leaf blight disease and taro beetle. These diseases are the major hindrances to the development of taro export trade in a number of countries, and in some cases threaten the internal food supply (Frison and Lopez, 2011). Therefore, effective controlling measures are required to be developed and disseminated to farmers. Taro production is also labor-intensive and is difficult to transport. At present, the bulk of taro produced is handled and marketed as the fresh corm. Taro corms contain a high moisture content, which makes them unable to be stored for more than a few days at room temperature.
Taro corms do not possess any particular shape at the time of harvesting, thereby creating difficulties in various unit operations like peeling, cutting, etc. There is a lot of variation in the internal color of taro corms as it ranges from yellow, white to a certain blend of colors which further depend on various cultural practices. Poi manufacturers like their products to be as purple-colored as possible, whereas the creamy white color is appreciated in the Asian region in the preparation of vegetables. The texture of taro corms varies within themselves, when exposed to certain processing operations like cooking. The outer portions are not as starchy as the center portions, hence the portions differ in specific gravity. This particular phenomenon poses a serious problem if taro corms are processed into chunks and patties, requiring a uniform texture (Hollyer and Sato, 1990).
The acridity principle in the taro corms and leaves also poses certain problems. The degree of acridity varies within different varieties. But proper treatment can provide the solution to resolve this problem (Kaushal et al., 2012). The shelf life of fresh taro corms ranges from two or three weeks to several months, depending on the source of information (Patricia et al., 2014). Taro deteriorates rapidly as a result of its high moisture content, but it has been estimated to have a shelf life of up to one month if undamaged and stored in a cool, shady area (Baidoo et al., 2014).
The tubers of the elephant foot yam (Amorphophalluspaeoniifolius) are highly acrid and cause irritation to the throat and mouth due to the calcium oxalate present in the tubers (orissa.gov.in). A systematic strategy needs to be adopted to preserve the product for farmers who depend mostly on commission agents to procure seed material, as well as to sell the harvested produce. In general, the major constraints in production of tropical roots and tubers are lack of automation, inadequate processing equipments, improper packaging, poor storage techniques, limited prospects of marketing and poor keeping quality.



1.6 Classification and Salient Features of Major Tropical Roots and Tubers

Tropical roots and tubers exist in different forms. The classification and their salient features are presented in Table 1.5.

Table 1.5 Tropical roots and tubers: salient features
Taro
(i) Colocasia esculenta (L.) Schott var. esculenta
(ii) Colocasia esculenta (L.) Schott var. antiquorum
(iii) Xanthosoma sagittifolium
Family: Araceae
Scientific name: Colocasia esculenta C. esculenta var. esculenta: The variety (dasheen) has large cylindrical central corm.
C. esculenta var. antiquorum: This is a small globular central corm as compared to C. esculenta, with relatively large cormels arising from the corm itself. This variety is referred as the eddoe type of taro.
Xanthosoma sagittifolium: Popularly known as Macabo in Africa, has smaller edible cormels about the size of potatoes. Its corms and cormels are rich in starch.

Sweet potato
(i) Orange/copper skin with orange flesh
(ii) White/cream skin with white/cream flesh
(iii) Red/purple skin with cream/white flesh
Genus: Ipomoea
Family: Convolvulaceae
Scientific name: Ipomoea batatas
Orange/copper skin with orange flesh type: They have high beta-carotene content and are quick growers, which may become too big with longer growing periods.
White/cream skin with white/cream flesh type: White sweet potatoes are also called camote, batata or boniato. The outside skin of the white sweet potato is either a brownish-purple or a reddish-purple color, whereas the inside flesh is white or cream colored. It can produce good yield in a relatively short growing period (4 months), which is important for cold regions. Long and curved sweet potatoes are produced especially in sandy soils.
Red/purple skin with cream/white flesh type: It is mainly used in recipes that require mashed or grated sweet potatoes such as pies, breads and cakes, due to its high moisture content. It requires a growing period of 5 months to produce a good yield.

Yam
(i) White yam (Dioscorea rotundata Poir)
(ii) Yellow yam (Dioscorea cayenensis Lam.)
(iii) Water yam (Dioscorea alata L.)
(iv) Bitter yam (Dioscorea dumetorum)
Genus: Dioscorea
Family: Dioscoreaceae
Scientific name: Dioscorea spp.
White yam (Dioscorea rotundata Poir): This is cylindrical in shape, having smooth and brown skin with a white and firm flesh. It is widely grown and preferred yam species.
Yellow yam (Dioscorea cayenensis Lam.): The yellow yam has a longer vegetation period and a shorter dormancy as compared to white yam. It has acquired the name from its yellow flesh
Water yam (Dioscorea alata L.): This is the most widely spread out all over the globe. It is only second to the white yam in popularity in Africa. This tuber is cylindrical in shape, having white colored flesh and watery texture.
Bitter yam (Dioscorea dumetorum): This is also referred as the trifoliate yam because of its leaves. It has a bitter flavor and its flesh hardens if not cooked properly soon after harvesting. Some of its cultivars are highly poisonous.

Cassava
(i) Sweet and bitter cassava
(ii) Yellow cassava
Genus: Manihot
Family: Euphorbiaceae
Scientific Name: Manihot esculenta
Sweet and bitter cassava: Sweet cassava roots contain comparatively much lesser hydrogen cyanide as compared to bitter cassava. These varieties need to be detoxified before consumption through different types of treatments. Sweet cassava produces higher yields and requires lesser processing as compared to bitter cassava.
Yellow cassava: It is similar to ordinary varieties of cassava (Manihot esculenta), but it has yellow flesh inside the root. It does not need nutrient-rich soils or extensive land preparation and does not suffer during droughts.

Elephant foot yam
Genus: Amorphophallus
Family: Araceae
Scientific name: Amorphophallus paeoniifolius
The elephant foot yam originated in Southeast Asia. Amorphophallus species are herbs and only a single leaf emerges from the tuber, consisting of a vertical spotted petiole and a horizontal leaf-blade (lamina). Its popular varieties are Gajendra, Kusum and Sree Padma.

Giant taro
Genus: Alocasia
Family: Araceae
Scientific name: Alocasia macrorrhizos
The giant taro originates from rainforests of Malaysia to Queensland. The varieties recognized in Tahitiare the Ape oa, haparu, maota and uahea. It is edible, if cooked for adequate time, but its sap irritates the skin due to calcium oxalate crystals, or raphides, which are needle-like crystals.



1.7 Composition and Nutritional Value

Roots and tubers are one of the cheapest sources of dietary energy, in the form of carbohydrates. Their energy value is comparatively low when compared to cereals due to their higher amount of water. Because of the low energy content of roots and tubers as compared to cereals, it was earlier considered they were not suitable as baby foods. The nutritional composition of roots and tubers varies from place to place, depending on various factors such as climatic conditions, variety of crops and soils, etc. Carbohydrate is among the main nutrients, which dominate in roots and tubers. The protein content is low (1�2%) and in almost all root proteins, sulfur-containing amino acids are the limiting amino acids (FAO, 1990). Cassava, sweet potato and yam may contain little amounts of vitamin C. whereas yellow varieties of sweet potato, cassava and yam also contain �-carotene.
Vitamin C occurs in major and appropriate amounts in almost all tropical roots and tubers. The level may be reduced during cooking unless skins and cooking water are also used (Krieger, 2010). Most of the roots and tubers contain small amounts of the B complex vitamins, which act as a co-factor in the oxidation of food and production of energy. Sweet potato has high content of vitamins A, C and antioxidants that can help in preventing various diseases such as heart disease and cancer, enhance nutrient metabolism, bolster the immune system and even slow aging by promoting good vision and healthy skin. It is also an excellent source of manganese, copper, iron, potassium and vitamin B6 (IICA, 2013). Taro is a good source of potassium. The leaves of cassava and sweet potato can be cooked and eaten as a vegetable. The leaves contain appreciable amounts of functional constituents, vitamins and minerals such as �-carotene, folic acid and iron, which may provide protection against various diseases. The dry matter of roots is made up mainly of carbohydrate, usually 60�90�% (Ezeocha and Ojimelukwe, 2012).
Yam is composed mainly of starch (75�84�% of the dry weight) with small amounts of proteins, lipids and vitamins and is very rich in minerals (Shin et al., 2012). It is a good source of inulin, which is a form of sugar with a low calorific value with immense benefits to diabetics. Its phyto-nutritional profile comprises of dietary fiber and antioxidants, in addition to traces of minerals and vitamins (Slavin et al, 2011).
Plant carbohydrates mainly include celluloses, gums and starches. The properties of starch grains affect the processing qualities and digestibility of tropical roots/tubers. In addition to starch and sugar, root and tuber crops also contain some non-starch polysaccharides; such as celluloses, pectins and hemicelluloses, along with other associated structural proteins and lignins, which are collectively referred to as dietary fiber (FAO, 1990). The protein content and quality of tropical roots and tubers (Table 1.6) is variable, ranging from 1�2.7�%. Taro has the highest protein content (2.2�%) among the given roots and tubers (Table 1.6). However, the protein content is higher in the leaves (4.0�%) than the tubers. The comparison of nutritional profiles of various tropical roots and tubers is illustrated in Table 1.6.

Table 1.6 Comparison of nutritional profile of various tropical roots and tubers
Roots and tubers | Food energy (kilo-joule) | Moisture(%) | Protein(g) | Fat(g) | Fiber(g) | Total CHO and fiber (g) | Ash(g)
Cassava | 565�| 65.5�| 1.0�| 0.2�| 1.0�| 32.4�| 0.9
Sweet potatoes (white) | 452�| 72.3�| 1.0�| 0.3�| 0.8�| 25.1�| 0.7
Sweet potatoes (yellow) | 481�| 70.0�| 1.2�| 0.3�| 0.8�| 27.1�| 0.7
Yam | 452�| 71.8�| 2.0�| 0.1�| 0.5�| 25.1�| 1.0
Taro and tannia | 393�| 75.4�| 2.2�| 0.4�| 0.8�| 21.0�| 1.0
Giant taro | 255�| 83.0�| 0.6�| � | � | 14.8�| -
Elephant foot yam | 339�| 78.5�| 2.0�| � | � | 18.1�| -
Taro leaves | 255�| 81.4�| 4.0�| � | � | 11.9�| -
Sweet potato | tips | � | 86.1�| 2.7�| � | � | � | -
Source: FAO, (1972)

Tropical roots and tubers exhibit very low lipid content. The lipids are mainly structural lipids of the cell membrane, which enhance cellular integrity and help to reduce enzymatic browning (FAO, 1987). Most of the lipids present in tropical roots and tubers consist of equal amounts of unsaturated fatty acids, linoleic and linolenic acids and the saturated fatty acids, stearic acid and palmitic acid, etc.
Most of the roots and tubers are good sources of potassium and consist of lower amounts of sodium. This makes them particularly valuable and distinguishable in the diet of patients suffering from high blood pressure, who require limited sodium intake (Valli et al., 2013). In such cases, the high potassium to sodium ratio may provide an additional health benefit. Yam can supply a substantial portion of the manganese and phosphorus and to a lesser extent the copper and magnesium.



1.8 Characteristics of Tropical Roots and Tubers

High respiration rate, high moisture content (70�80�%) and larger unit size (100 g-15 kg) are the general characteristics of tropical roots and tubers. In addition, their soft texture and heat production rate of approximately 0.5-10 MJ/ton/day and 5-70 MJ/ton/day at 0��C and 20��C respectively are one of their distinct characteristics (FAO, 1993). These are perishable, having a limited shelf life of several days to fewer months, but have a better yield under adverse conditions as compared to other crops. The losses are usually caused by rotting (bacteria and fungi), senescence, sprouting and bruising (Atanda et al., 2011). The comparison of various tropical roots and tubers is given in Table 1.7.

Table 1.7 Comparison of various tropical roots and tubers
Cassava
Plant Family | Euphorbiaceae
Chromosomes | 2n = 36
Flower | Monoecious
Origin | Tropical America
Edible part | Root, leaves
Actualization | Firm
Shape | Large and irregular
Taste | Sweet or bitter
Beta carotene | Usually high in yellow cassava.
Annual, biennial, or perennial | Perennial
Plant | Woody plant with erect stems
Leaves | Simple lobed leaves up to 30 cm in length, but may reach 40 cm.
Root/Tuber description | Nutty flavored, starchy Root
Climate and weather | Survivor crop capable of withstanding long periods of dry weather.
Height | 1�2 m
Propagation | From stem cuttings
Diseases | Bacterial blight, cassava frogskin disease, Viral diseases, etc.
Harvesting | It is commonly harvested by separating the stem from the plant and then pulling out the roots from the ground.
Taro
Plant Family | Araceae
Chromosomes | 2n = 22, 26, 28, 38, and 42
Flower | Monoecious
Origin | Indo-Malayan
Edible part | Corm, cormels, leaves and petioles
Actualization | Rough, thick skin and doughy texture
Shape | Large, starchy, sphericalunderground tubers
Taste | Starchy
Beta carotene | Leaves contain high levels of beta carotene.
Annual, biennial, or perennial | Perennial
Plant | Large, starchy, spherical underground tubers. The large leaves of the taro are commonly stewed.
Leaves | Each leaf is made up of an erect petiole and a large lamina.
Root/Tuber description | Tubers are rounded, about the size of a tennis ball; each plant grows one large tuber, often surrounded by several smaller tubers.
Climate and weather | Can be grown in the fields where water is abundant.
Height | 1�2 m
Propagation | By offshoots from the mother corm
Diseases | Leaf blight, Erwinia soft rot, shot hole leaf disease
Harvesting | Taro tubers are harvested in nearly 200 days. The leaves can be picked after the first leaf is open.
Sweet potato
Plant Family | Convolvulaceae
Chromosomes | 2n = 90
Flower | Monoecious
Origin | Central or South America
Edible part | Root, leaves
Actualization | Smooth, with thin skin
Shape | Short, blocky, tapered ends
Taste | Sweet
Beta carotene | Usually high
Annual, biennial, or perennial | Perennial
Plant | Plant bears alternate heart-shaped or palmately-lobed leaves.
Leaves | Ovate-cordate, borne on long petioles, palmately veined, angular or lobed.
Root/Tuber description | The root is long and tapered, with a smooth skin, whose color may be yellow, orange, brown, red and purple. The flesh color ranges from white, pink, red, yellow, violet, orange and purple.
Climate and weather | The plant does not tolerate frost. It grows best at 24��C in abundant sunshine and warm nights. Annual rainfalls of 750-1,000 mm are considered most appropriate.
Height | 0.30-0.46 m
Propagation | Transplants/vine cuttings
Diseases | Bacterial stem and root rot, bacterial wilt, soil rot
Harvesting | Harvested at any time after they have reached a suitable size (generally 3�4 months). Their flavor and quality will improve with colder weather. Can even wait until the frost has blackened all of the vines before harvesting.
Yam
Plant Family | Dioscoreaceae
Chromosomes | 2n = 20
Flower | Dioecious
Origin | West Africa or Asia
Edible part | Tuber
Actualization | Rough, scaly
Shape | Long, cylindrical, some with "toes"
Taste | Starchy
Beta carotene | Usually very low
Annual, biennial, or perennial | Perennial
Plant | Monocot (a plant having one embryonic seed leaf).
Leaves | Leaves are veined with lengthy stems that are attached to the vines of the plant.
Root/Tuber description | Tuber can be cylindrical, curved or lobed, with brown, grey, black or pink skin and white, orange or purplish flesh.
Climate and weather | It is tolerant to frost conditions and can be grown in much cooler conditions as compared to other tubers.
Height | 1�3 m
Propagation | Tuber pieces
Diseases | Yam Anthracnose, Yam Mosaic Virus, Water yam virus, other foliage diseases
Harvesting | Harvesting is done before vines become dry and hard. After 7-12 months growth, tubers are harvested.
Elephant foot yam
Plant Family | Araceae
Chromosomes | 2n = 26
Flower | Monoecious
Origin | Southeast Asia
Edible part | Tuber
Actualization | Rough, thick skin
Shape | Large and round
Taste | Starchy
Beta carotene | Usually high
Annual, biennial, or perennial | Perennial
Plant | Tropical tuber crop, grown for its round corm. The stems can be 1�2 m tall.
Leaves | About 50 cm long and consist of several oval leaflets.
Root/Tuber description | Round corms are usually 3�9 kg, depending on the number of seasons that the crop is grown before harvest.
Climate and weather | It grows well in hot and humid climate. Well drained, fertile and sandy loam soil is ideal for its production. Stagnant water at any stage can affect its production.
Height | 1�2 m
Propagation | Small corms (cormels) or buds are used for this purpose. These are produced below ground level.
Diseases | Foot rot, Pythium root rot, Amorphophallus Mosaic and leaf blight
Harvesting | Corms can be dug up by hand. Take about 6�7 months to mature. Leaf yellowing and drying up of plants indicate that the crop is ready to harvest. Harvesting can begin after 5�6 months.



1.9 Anti-nutritional Factors in Roots and Tubers

Roots and tubers mostly contain variable amounts of anti-nutritional factors such as oxalates, phytates, amylase inhibitors, trypsin inhibitors, etc. The cultivated varieties of most of the edible roots and tubers, except cassava (which contains cyanogenic glycosides) do not possess any serious toxins, whereas the wild species may contain toxic principles, therefore must be correctly processed with appropriate methodology before consumption. However, some of these wild species serve as a useful reserve when food scarcity arises. The local people have developed suitable techniques to detoxify the roots and tubers before consumption (FAO, 1990). The various anti-nutritional factors present in roots and tubers along with their mode of elimination are presented in Table 1.8.

Table 1.8 Anti-nutritional factors in roots and tubers and their mode of elimination
Roots/ tubers | Anti nutritional factor and their levels | Mode of Elimination | Reference
Raw Bitter Cassava | Saponin: 730 mg/kg � Oxalate: 49 mg/kg � Phytate: 12 320 mg/kg � cyanide: 14 300 mg/kg | Fermentation, pressing, frying, cooking or drying | Amira et al. (2014)
Dried Bitter Cassava | Saponin: 630 mg/kg � Oxalate: 32 mg/kg � Phytate: 8,770 mg/kg � Cyanide: 9,140 mg/kg | Fermentation, pressing, frying, cooking or drying | Amira et al. (2014)
Raw taro | Oxalate: 156.33 mg/100 g � Phytate: 85.47 mg/100 g | Soaking and boiling | Alcantara et al. (2013)
Yam: D. alata | Total free phenolics: 0.68 g/100 g � Tannins: 0.41 g/100 g � Total oxalate: 0.58 g/100 g � Hydrogen cyanide: 0.17 mg/100 g � Trypsin inhibitor: 3.65 TIU/mg � Amylase inhibitor: 6.21 AlU/mg soluble starch | Moist heat treatment (for amylase and trypsin inhibitor)Soaking followed by cooking before consumption (for phenolics, tannins, hydrogen cyanide and total oxalate) | Shajeela et al. (2011)
Yam: D. bulbifera var vera | Total free phenolics: 2.20 g/100 g � Tannins: 1.48 g/100 g � Total oxalate: 0.78 g/100 g � Hydrogen cyanide: 0.19 mg/100 g � Trypsin inhibitor: 1.21 TIU/mg � Amylase inhibitor: 1.36 AlU/mg soluble starch | Moist heat treatment (for amylase and trypsin inhibitor)Soaking followed by cooking before consumption (for phenolics, tannins, hydrogen cyanide and total oxalate) | Shajeela et al. (2011)
Elephant Foot Yam | Soluble oxalate: 13.53 mg/100 g | Soaking and boiling | NPARR (2010)
Boiled sweet potato | Phytate: 0.88 mg/100 g � Oxalate: 167.15 mg/100 g � Tannin: 0.68 mg/100 g | Cooking | Abubakar et al. (2010)
Till: Trypsin inhibitor unit, All): Amylase inhibitor unit

1.9.1 Cassava

The residual level of cyanogens in cassava products differ in different varieties, depending upon the nature and duration of the various processing techniques (Montagnac et al., 2008). Linamarin, a cyanogenic glycoside, occurs in varying amounts in different parts of the cassava plant (Obazu, 2008). It often co-exists as methyl-linamarin or lotaustralin. Linamarin may become converted into hydrocyanic acid or prussic acid when it comes into contact with an enzyme called linamarase, which is released on the rupturing of cassava cells. In the absence of this enzyme, linamarin is considered a stable compound which is not changed, even with boiling (FAO, 1990). If it is absorbed from the gut into the blood, it is probably excreted unchanged without causing any harm to the organism (Philbrick et al, 1977). Ingested linamarin can liberate cyanide into the gut during digestion process. However, proper processing and cooking methods can reduce the cyanide content to non-toxic levels. Sweet cassava roots contain less than 50 mg/kg HCN on a fresh weight basis, whereas the bitter variety may contain up to 400 mg/kg (Kwok, 2008). In dry tubers, cyanide residues can be in the range of 30-100 mg/kg (Agbidye, 1997). As per the African Organization for Standardization, cassava-based products, especially flour, should have the acceptable limit of cyanide content, 10 mg/kg. Simple boiling of fresh root pieces is not always reliable since the cyanide may only be partially liberated and only a part of linamarin may be extracted in the cooking water. The reduction of cyanides depends upon the treatment method. The cassava roots, when placed in cold water (27��C) or boiling water (100��C) for 30 min, has a reduced cyanide content of 8�% or 30�% of its initial value respectively (Essers, 1986).
Sun-drying processing techniques are not considered efficient for detoxification of cassava roots, because they do not effectively reduce cyanide content in a short interval of time. Sun-drying processing techniques reduce only 60�70�% of the total cyanide content present in the first two months of preservation (FAO, 1990). Fermentation is also considered an effective method of the detoxification process. The liberated cyanide is dissolved into the water when fermentation is effected by prolonged soaking and evaporates upon drying of the fermented cassava (FAO, 1990). Ighu (a processed cassava product) is processed manually using metallic shredding plates, which are moved vigorously by hand on the surface of peeled steamed cassava by reciprocating action. Ighu samples have lower HCN content, which makes this product safe for human consumption. The HCN content of the dry Ighu varies from 8.20-9.83 mg/kg (Iwe and Agiriga, 2013). The cyanide content of processed cassava tubers (garri) is significantly reduced after 48 hours of fermentation (Chikezie and Ojiako, 2013).

1.9.2 Sweet Potato

The dietary fiber content, particularly hemicelluloses, in sweet potato (variety Tinipa) has been reported to be 4.5�% of the total carbohydrate, which is twice the amount of free sugars (2.41�%) (Roxas et al., 1985). In-vitro degradation of hemicellulose by intestinal bacteria may result in increased breath production of hydrogen, one of the gases produced during flatus production. Thus, a high level of food fiber has a great potential for inducing flatulence (Salyers et al., 1978). On the other hand, raffinose in sweet potato is also considered one of the sugars, responsible for flatulence (FAO, 1990). However, further research is required to verify the role of crude fiber/raffinose in foods including sweet potato in producing flatulence. The sugars which occur in plant tissues, stachyose, raffinose and verbascose, are not digested in the upper digestive intestinal tract, and therefore are fermented by colon bacteria to yield the flatus gases, hydrogen and carbon dioxide (FAO, 1990). The level of sugars present depends upon the cultivar. Lin and Chen (1985) established that sweet potato shows trypsin inhibitor activity (TIA) ranging from 20�90�% in different varieties.
A major anti-nutrient of sweet potato is the presence of trypsin and proteinase inhibitors. Inactivation of trypsin inhibitors by heat treatment improves the protein quality and thereby increases the nutritive quality of the sweet potato (Senanayake et al., 2013). Roasting greatly lowers the level of trypsin inhibitor activity compared to boiling. The highest level of trypsin inhibitor activity is recorded in the raw tubers, and the reduction is observed upon processing (Omoruyi et al, 2007). The trypsin inhibitor content of sweet potato can be correlated with the protein content. Heating to 90��C for several minutes completely removes trypsin inhibitors. TIA in sweet potato may be a contributory factor in the disease enteritis necroticans (Lawrence and Walker, 1976). However, this appears doubtful because sweet potatoes contain anti-nutrients, but these occur at very low levels, and most of the time our bodies are perfectly able to process them.
In response to injury, or exposure to infectious agents, sweet potato produces certain metabolites. Fungal contamination of these tubers by Ceratocystis fimbriata and several Fusarium species leads to the production of ipomeamarone, a hepatoxin and other metabolites like 4-ipomeanol, pulmonary toxins (FAO, 1987). Baking destroys only 40�% of these toxins. The peeling of blemished or diseased sweet potatoes from 3-10 mm beyond the infested area is sufficient to remove most of the toxin (Catalano et al., 1977). Various methods of processing such as soaking and cooking have an effective result in reducing the anti-nutrients of foods. Hydrocyanic glycoside, a toxic compound in sweet potato, can be easily destroyed by cooking (Ojo and Akande, 2013).

1.9.3 Taro

Taro is inedible when raw and considered toxic due to the presence of calcium oxalate crystals, typically as raphides. Foods produced from taro suffer from the presence of acrid factors, which may cause itchiness and considerable inflammation of tissues to consumers. Even raw leaves and petioles can cause acridity. The intensity of the acridity varies considerably among taro cultivars. Also for the same cultivar, environmental stress (such as drought or nutrient stress) during the growing season may result in higher levels of acridity.
Presumably, itchiness arises when the calcium oxalate crystals are released and inflict minute punctures to the skin when in contact with it. Bradbury and Holloway (1988) suggested that the crystals have to interact with a certain chemical on the raphide surface before acridity is experienced. The acridity factor can be reduced by different unit operations such as peeling, grating, soaking and fermentation (Pena et al., 1984). Removal of the thick layer of skin may help to remove acridity. Acridity in taro root can be minimized by cooking, especially with a pinch of baking soda and by steeping taro roots in cold water overnight. Kaushal et al. (2012) compared the anti-nutrients in taro, rice and pigeon pea flours. Phytic acid and total polyphenol content for taro flour was 107.3 mg/100 g and 577.21 mg/100 g, respectively. The total polyphenol content in the noodles prepared from 100�% taro flour was observed to be 577.21 mg/100 g (Kaushal and Sharma, 2014).

1.9.4 Yam

The edible matured yam generally does not contain any toxic principles (Coursey, 1983). Wild forms of D. dumetorum contain bitter principles, and hence are referred as bitter yam. The bitter principle is the alkaloid dihydrodioscorine, while that of the Malayan species, D. hispida, is dioscorine (Palaniswami and Peter, 2008). There are water-soluble alkaloids which, on ingestion, produce severe and distressing symptoms. The contents of the anti-nutrients (cyanide, oxalic acid, tannin, sapogenin and alkaloid of species) in wild yam are well below the FAO/WHO safety limits (Sahore et al., 2006).
The bitter principles of D. bulbifera (called the aerial or potato yam) include a 3-furanoside norditerpene called diosbulbin (FAO, 1990). Such substances are toxic and the extract finds its application in immobilizing fish to facilitate capture. The toxicity of the extract may be due to saponins. The detoxification methods for bitter cultivars may involve water extraction, fermentation and roasting of the grated tuber. Boiling possesses both a positive and negative effect on water yam. A cooking time of between 30 and 60 min at 100��C is recommended for D. alata (Ezeocha and Ojimelukwe, 2012). The anti-nutritional factors of yams decrease greatly during boiling rather then during than baking (Kouassi et al., 2010).

1.9.5 Elephant Foot Yam

The edible, mature, cultivated elephant foot yam does not contain any toxic principles (www.wikipedia.com). Calcium oxalate is present as a fine crystal resulting in itching of fingers and pricking sensation of tongue and throat. However, calcium oxalate is easily broken down thoroughly either by cooking or by complete drying. Under either of these conditions, it is safe to eat. It can also be consumed after it is washed well and boiled in tamarind water or butter milk.




1.10 Applications of Tropical Roots and Tubers

The various applications of tropical roots and tubers include the following:

1.10.1 Animal Feed

Nearly half of the sweet potatoes produced in Asia are used for animal feed. The vines have a lower carbohydrate content but higher fiber and protein and their principle nutritive value is a source of vitamins and protein. The sweet potato vines can serve as a nutritive and palatable feed for cattle. The unmarketable and poorly developed tubers can also be utilized in animal feed. Cassava chips are utilized as cattle feed and poultry feed. In the animal feed industry, cassava is one of the most abundantly used food ingredients in place of cereal grain. In some parts of the world, sweet potato and cassava tubers, taro corms and petioles are chopped, boiled and fed to pigs. However, sweet potato vines and cassava leaves are also used for feeding cattle and pigs. Taro peels and wastes are also fed to domestic livestock in various countries.

1.10.2 Industrial

Sweet potato and cassava are used for different industrial products. Sweet potatoes are used in various industrial processes to produce alcohol and processed products such as noodles, candy, desserts and flour (www.encyclopedia.com). A sizeable portion of cassava goes into industrial uses. Cassareep is the product of cassava obtained from the juice of bitter cassava that is boiled to a sufficiently thick consistency and flavored with certain spices (www.wikipedia.com). This cassava product is exported from Guyana and is used as a traditional recipe having its origin in Amerindian practices. Various products like sago, dextrose, glucose, alcohol, etc. are other products made out of cassava in different countries.

1.10.3 Medicinal

The leaves and roots of taro contain polyphenols, which are considered helpful to protect from cancer. Taro root has more than 17 different essential amino acids to maintain good health and is also considered a good source of vitamins and minerals that can give protection from cancer and heart disease (www.fao.org).
Like other roots and tubers, cassava is free from gluten. Gluten-free flour can be used for treating celiac disease patients. Young tender cassava leaves are a good source of dietary proteins and vitamin K. The vitamin K has a potential role in building bone mass by promoting osteotrophic activity. It also has an established role in the treatment of Alzheimer�s disease by limiting neuronal damage in the brain (www.guyanatimesgy.com).
Elephant foot yam is used in many Ayurvedic preparations. The tubers are considered to have pain-killing, anti-inflammatory, anti-flatulence, digestive, aphrodisiac and rejuvenating tonic properties. The tuber is particularly used to cure health problems such as inflammation, coughs, flatulence, constipation, anaemia, haemorrhoids and fatigue. The tuber does not cause gastrointestinal problems (Basu et al., 2014).

1.10.4 Foods

Sweet Potato The sweet potato is a rich source of �-carotene. The tuber contains many essential vitamins such as vitamin B5, vitamin B6, vitamin B1, niacin and riboflavin. These vitamins function as co-factors for various enzymes during metabolism. It provides a good amount of vital minerals such as iron, calcium, magnesium, manganese and potassium, which play important roles in protein and carbohydrate metabolism. Examples of sweet potato applications are:
� Sweet potato has been processed into chips (crisps) in much the same way as potato and the product is now popular in Asia.
� In Japan, about 90�% of the starch produced from sweet potato is used to manufacture syrups, lactic acid beverages, bread and other foods. As a puree, it is used in pie fillings, sauces (e.g. tomato sauce in Uganda), frozen patties, baby foods and in fruit-flavored sweet potato jams (e.g. with pineapple, mango, guava and orange).
� Whole, halved, chunks or pureed sweet potatoes are canned. Cubes, French fries, mash, halves, quarters and whole roots can be frozen (Troung et al., 2011).
� Mashed sweet potato can be used as an ingredient in ice cream, baking products and desserts, as a substitute for more expensive ingredients. Sweet potato flour can be used as a supplement for wheat flour in baking bread, biscuits and cakes.
Taro Taro root has a low glycemic index and is a good source of vitamin C. Taro starch is one of the few commercially available starches with a smaller granule size. The starches can be good for dusting applications (useful in candy manufacture) and flavor applications as a carrier substance. Taro starch may lend itself to specialty markets such as the food, plastic or cosmetic industries. Examples of taro applications are:
� Taro leaves are usually boiled and prepared in different ways by mixing with other condiments followed by frying with spices. The largest quantity of taro produced in the Asia-Pacific region is utilized starting from the fresh corm or cormel. They are boiled, baked, roasted or fried and consumed in conjunction with fish, coconut preparations, etc.
� Taro corms, which are not suitable for the fresh market or for value-added product, can be converted into taro flour to be used for different food formulations such as taro bread, taro cookies, cake (Kumar et al., 2015), baby food, pasta, noodles (Kaushal and Sharma, 2014), instant or flavored poi, or other products. Taro flour can also be used as a thickener for soups and other preparations.
� Taro corms contain about 10�% mucilage on a dry weight basis and therefore have the potential to be used in the gum or dietary fiber market, but these areas need to be explored. Another processed, packaged form of taro is poi, a sour paste made from boiled taro. Its production and utilization is common in the Hawaiian Islands. Achu, another highly digestible food obtained from taro, is commonly consumed in Cameroon.
� Processed and storable forms of taro are taro chips (snacks) in the Asia-Pacific region. They are usually made by peeling the corm, washing, slicing into thin pieces and blanching. The pieces are fried in vegetable oil, allowed to cool and drain and then packaged. While taro chips are made in a number of countries, their availability is sporadic and quantities produced are small. Pacific Islanders consume a large amount of taro in baked or boiled form, with or without cream. Moreover, ready-to-eat taro chunks and patties are also available in the Pacific Islands.
Cassava Cassava has nearly twice the calories than potatoes, perhaps highest for any tropical starch rich tubers and roots (www.naturalnews.com). These calories mainly come from sucrose forming the bulk of the sugars in the roots, accounting for more than 69�% of the total sugars. There are four major processed forms of cassava: meal, flour, chips and starch. In Nigeria, the main food products of considerable domestic importance are gari, lafun and fufu or akpu (Taiwo, 2006).
� Gari is the most common food product processed from cassava in West Africa. It is usually eaten in the form of snacks by soaking in water, or in the meal form where it is reconstituted by stirring in hot water to form dough which is eaten with soup (Udoro, 2012). Lafun is fermented cassava flour which is prepared as a stiff porridge using boiled water. It is processed from cassava by peeling, cutting, submerged fermentation, dewatering, sun-drying and milling (Oyewole and Sanni, 1995).
� Fufu is a meal prepared from soaked fermented cassava in Eastern Nigeria. The cooked mass is pounded with a mortar and pestle to produce a paste (fufu) that can be eaten with sauce, soups or stews (Balagopalan, 2002). Cassava chips are unfermented, dry products of cassava. In some parts of the world, cassava chips are converted into common food products such as starch, flour, fufu and gari. In addition, cassava applications are in different products such as extruded products, bread, fermented foods, drinks, cakes, etc.
Yam The edible part of yam is chiefly composed of complex carbohydrates and soluble dietary fiber. In addition, being a good source of complex carbohydrates, it regulates blood sugar levels and, for the same reason, is recommended as a low glycemic index healthy food. The tuber is an excellent source of the B-complex group of vitamins and minerals:
� The processing and utilization of yam includes starch, poultry and livestock feed, production of yam flour and instant-pounded yam flour (Olatoye et al, 2014). Traditionally, processed yam products are made in most yam-growing areas, usually as a way of utilizing tubers that are not fit for storage. Usually fresh yam is peeled, boiled and pounded until a sticky elastic dough is produced (Shin et al., 2012), which is referred as pounded yam or fufu.
� The nutritional value of yam flour is the same as that of pounded yam. The yam flour is rehydrated and reconstituted into fufu and eaten with a soup containing fish, meat and/or vegetables. The manufacture of fried products from D. alata has also been attempted recently.
� Instant pounded yam flour (IPYP), which is a processed white powdery form of yam (dehydrated yam flour), can be produced in a desiccating machine (Olatoye et al., 2014). Preservation of yam in brine has been attempted, but with little success. Attempts to manufacture fried yam chips, similar to French fried potatoes have been reported.
Elephant Foot Yam Elephant foot yam is a good source of minerals such as potassium, magnesium and phosphorous, as well as trace minerals like selenium, zinc and copper. It is an important tuber crop of the tropics grown as a vegetable. Petioles are also used as a vegetable. They are used in combination with other vegetables for the preparation of various dishes. Frying is also a common practice for their utilization:
� They can be used in curries, made into chips, soups, stews and casseroles. Food products like noodles, pickles, bread, etc. have also been attempted with the incorporation of elephant foot yam.




1.11 New Frontiers for Tropical Roots and Tubers

The production and marketing of the major roots and tubers share common themes, trends and prospects. However, the majority of the smallholders cultivating these crops do so under less than optimal conditions, with yields below world average and a low degree of market organization. In addition, there is a disjointed, unorganized approach to the development of the trade in such products, particularly the commodity value chains. There is a need to focus on the regional market, and better adaptive technology transfer and upgrading of existing processing and product development technologies. Efforts should be made to promote new technologies, appropriate for use by the rural population, to produce a variety of processed foods. This strategy will generate employment and improve incomes in rural areas.
Initiatives need to be taken, including the characterization of various varieties of tropical roots and tubers found in various countries and value addition. The effective focus is needed to prioritize improving productivity, pest and disease management and post-harvest practices to increase the shelf life of tropical roots and tubers. The commodity value chain scheme for tropical roots and tubers is presented in Figure 1.3. The value chain focuses upon the production and harvesting of roots and tubers as per the calculated demand, along with the focus upon post-harvest handling and value addition. The proper implementation of a commodity scheme will assist food security, better income for farmers and improved communication. The different stages shown in Figure 1.3 require systematic efforts in totality to bring roots and tubers on a commercial scale parallel to cereals.
[image: ]
Figure 1.3 Commodity value scheme for tropical roots and tubers.



1.12 Future Aspects

Roots and tubers are essential components of the diet in many countries. In Africa, it has been estimated that nearly 37�% of the dietary energy comes from cassava. Roots and tubers have the potential to provide more dietary energy per hectare than cereals. Taro and cassava can be grown in tropical climates all the year round, which may prove beneficial to provide increased food security. Many food-deficit countries are forced to import large quantities of grain to meet local production shortfalls, which places a burden on the national exchequer.
Despite research on roots and tubers, many issues still need to be addressed such as improved production, energy management and post-harvest handling and utilization in foods and feed. Therefore, strategies need to be developed to address these issues so that root and tubers can play a better role in ensuring food security, sustainable farming and sustainable livelihood development. However, low productivity, limited value addition and poor access to markets are the issues required to be tackled globally. With the current global shortage of food grains coupled with the ever-increasing human population, the root crops as a whole will certainly be the answer in future to food crisis, because of their high productivity and ability to grow under rain-fed and adverse climatic conditions.
Research and development along with the commercialization of roots and tubers is limited and its potential has not been tapped. Therefore, a well-designed, integrated strategy of production, processing and marketing to stimulate increased utilization is needed. The system can be made more effective regarding the research on tropical roots and tubers by creating database development for production, processing, trade and consumption. Moreover, integrated pest management and public awareness efforts, involving the private sector in research and research support and geographical information systems are systematically required. In addition, physicochemical, functional and organoleptic evaluation of foods in relation to consumer preferences, life-cycle analysis of environmental impacts related to processing of tropical roots and tubers, and optimized process for reducing the anti-nutrients in tropical roots and tubers are some of the areas that need proper attention and implementation. These aspects need to be designed to provide millions of small-scale farmers with the tools, technologies and solutions that could help to transform various tropical roots and tubers into food security crops, foreign exchange earners and vehicles for economic development.
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2.1 Introduction

By definition, roots originate from the radicle in the embryo, lack nodes and leaves, lie below the soil surface (though sometimes aerial), are responsible for nutrient-water uptake and other physiological processes like food storage, support and vegetative reproduction. The stem, on the other hand, originates from the plumule part of the plant embryo, has ingeminate leaf units arranged on nodes in definite patterns, internodes and apical buds contributing to an above-ground main structural system. Roots and stems collectively form a complete vascular plant and may undergo modifications to fulfill some specialized functions. The root tuber is one such underground structural modification aimed at storage of food and food reserves. Similarly, storage organs rich in carbohydrate, developed partially or completely from underground stems, are a form of stem tubers (Saadu et al. 2009; Villordon et al. 2014). Crops like Sweet potatoes, Cassava, Carrot, Parsnip, Radish, Turnip, Beets, Celery, Salsify, Chicory, Ginger, Daikon, Parsley, Rutabaga, Bush carrot, Maca, Burdock, Yam Daisy, Ahipa, Bush potato, Black cumin, Black salsify, Mangelwuzrel, Skirret and Dandelion belong to the root group specifically, whereas Potatoes, Plecranthus, Orange daylily, Yellow lily yam, Native ginger, Pignut, Mauka, Yacon, Desert yam, Bread root, Hog potato, Earthnut pea, Kembli, Dazo and Chinese artichoke belong to the tuber group. Onion and Garlic form fibrous roots or bulbs, while Elephant ears and Taro are Corms. Mignonette vine specifically belongs to the stem tuber category. The scientific name and prevalent classification of these edible tubers and root crops of tropical and subtropical regions are listed in Table 2.1.

Table 2.1 The different edible tubers and root crops of tropical and subtropical regions
S.No | Common Name of Crop | Scientific Name | Family | Category
1 | Potatoes | Solanum tuberosum | Solanaceae | Tuber, Root-like stem
2 | Sweet potatoes | Ipomoea batatas | Convolvulaceae | Root
3 | Cassava | Manihot esculenta, syn. M. utilissima | Euphorbiaceae | Root
4 | Yautia (cocoyam) | Xanthosoma spp. | Araceae | Corm
5 | Taro (cocoyam) | Colocasia esculenta | Araceae | Corm
6 | Yams | Dioscorea spp. | Dioscoreaceae | Tuber, Root-like stem(Yam or tuber)
7 | Arracacha | Arracacoa xanthorrhiza | Apiaceae | Roots and tubers nes including inter alia
8 | Arrowroot | Maranta arundinacea | Marantaceae | Roots and tubers nes including inter alia
9 | Chufa | Cyperus esculentus | Cyperaceae | Roots and tubers nes including inter alia, Root-like stem
10�| Sago Palm | Metroxylon spp | Arecaceae | Roots and tubers nes including inter alia
11�| Oca | Oxalis tuberosa | Oxalidaceae | Roots and tubers nes including inter alia, Root-like stem Ullucu Ullucus tuberosus Basellaceae Roots and tubers nes including inter alia, Root-like stem
12�| Yam Bean, Jicama | Pachyrhizus erosus, P. angulatus | Fabaceae | Roots and tubers nes including inter alia
13�| Mashua | Tropaeolum tuberosum | Tropaeolaceae | Roots and tubers nes including inter alia
14�| Jerusalem artichoke, topinambur | Helianthus tuberosus | Asteraceae | Roots and tubers nes including inter alia, Root-like stem
15�| Elephant's ear | Alocasia macrorrhiza | Araceae | Corm
16�| Giant swamp taro, swamp taro, galiang | Cyrtosperma chamissonis, syn.: C. merkusii | Araceae | Corm
17�| Carrot | Daucus Carota Subsp. Sativus | Apiaceae | Root
18�| Parsnip | Pastinaca Sativa | Apiaceae | Root
19�| Radish | Raphanus sativus | Brassicaceae | Root
20�| Turnip | Brassica spp | Brassicaceae | Root
21�| Beets | Beta vulgaris | Amaranthaceae| Root
23�| Mignonette vine | Anredera cordifolia | Basellaceae| Stem tubers
24�| Living stone potato | Plectranthus esculentus | Lamiaceae| Tubers
25�| Orange Daylily, Tawny Daylily, Tiger Daylily or Ditch Lily | Hemerocallis fulva | Xanthorrhoeaceae| Root tubers
26�| Celery/celeriac | Apium Graveolens Rapaceum | Apiaceae| Root
27�| Salsify | Tragopogon spp. | Asteraceae| Root
28�| Chicory | Cichorium intybus | Asteraceae| for roots (var. sativum)
29�| Garlic | Allium sativum | Amaryllidaceae | Bulb
30�| Ginger | Zingiber officinale | Zingiberaceae | Root
31�| Onion | Allium cepa | Amaryllidaceae | Fibrous root/bulb
32�| Yellow lily yam | Amorphophallus glabra | Araceae | Tuberous root
33�| Native ginger | Hornstedtia scottiana | Zingiberaceae | Tuberous root
34�| Daikon | Raphanus Sativus Var. Longipinnatus | Brassicaceae | Tap root
35�| Parsley | Petroselinum spp. | Apiaceae | Tap root
36�| Rutabaga | Brassica spp. | Brassica napus species | Tap root
37�| Bush Carrot | Abelmoschus moschatus | Malvaceae | Tap root
38�| Maca | Lepidium meyenii | Brassicaceae | Tap root
39�| Pignut or Earthnut | Conopodium majus | Apiaceae | Tuberous root
40�| Burdock | Arctium | Asteraceae | Tap root
41�| Yam Daisy | Microseris scapigera | Asteraceae | Tap root
42�| Ahipa | Pachyrhizus spp. | Fabaceae | Tap root
43�| Bush potato | Vigna lanceolata | Fabaceae | Tap root
44�| Black cumin | Bunium persicum | Apiaceae | Tap root
45�| Black Salsify | Scorzonera hispanica | Asteraceae | Tap root
46�| Mauka or Chago | Mirabilis extensa/expansa | Nyctaginaceae | Tuberous root
47�| Yacon | Smallanthus sonchifolius | Asteraceae | Tuberous root
48�| Mangelwuzrel | Beta vulgaris | Amaranthaceae | Tap root
49�| Desert Yam | Ipomoea costata | Convolvulaceae | Tuberous root
50�| Breadroot | Psoralea esculenta | Fabaceae | Tuberous root
51�| Skirret | Sium sisarum | Apiaceae | Tap root
52�| Dandelion | Taraxacum | Asteraceae | Tap root
53�| Hog potato or Groundnut | Apios americana | Fabaceae | Tuber, Root-like stem
54�| Daylily | Hemerocallis spp. | Xanthorrhoeaceae | Tuber, Root-like stem
55�| Earthnut pea | Lathyrus tuberosus | Fabaceae | Tuber, Root-like stem
56�| Kembili, Dazo, and others | Plectranthus edulis and P. esculentus | Lamiaceae | Tuber, Root-like stem
57�| Chinese artichoke or crosne | Stachys affinis | Lamiaceae | Tuber, Root-like stem
58�| East Indian Arrowroot | Tacca leontopetaloides (L.) Kuntze syn. T. pinnatifida Forst., T. involucrata Schum. and Thonn | Taccaceae | Tuberous rhizome
59�| Gum Kondagogu | Cochlospermum spp. | Cochlospermaceae family/Bixaceae | Roots
60�| African yam bean | Sphenostylis stenocarpa | Leguminosae | Tubers
61�| Arrowhead | Sagittaria sagittifolia | Aponogetonaceae | Tuberous rhizomes
62�| Chavar | Hitchenia caulina | Zingiberaceae | Tubers
63�| Chinese water chestnut | Eleocharis dulcis | Cyperaceae | Rhizomes
64�| False yam | Icacina senegalensis | Icacinaceae | Tubers
65�| Hausa potato | Solenostemon rotundifolius | Labiatae | Tubers
66�| Lotus root | Nelumbo nucifera | Nymphaeceae | Rhizome
67�| Queensland arrowroot | Canna indica | Cannaceae | Rhizomes
68�| Shoti | Curcuma zedoario | Zingiberaceae | Rhizomes
69�| Winged bean | Psophocarpus tetragonolobus | Leguminosae | Fibrous roots
70�| Kudzu | Pueraria lobata | Leguminoseae | Tuberous roots

These plants have become a part of human diet in sundry places due to their nutritive components such as carbohydrates, iron, magnesium, calcium, zinc, fiber, essential oils, antioxidants, etc. or medicinal values such as stomachic, digestives, stimulants, expectorants, anti-cancerous, anti-spasmodic, disinfectant, etc. or higher dry matter production and calorie generation. Together, these plants are now rated next to cereals as a global source of carbohydrates (Edison et al. 2006; Tundis et al. 2014; Villordon et al. 2014). Some of these plants have gained immense importance and are widely available such as Zingiber officinale, Raphanus sativus, Daucus carota Subsp. Sativus, Pastinaca sativa, Ipomoea batatas, Solanum tuberosum, Alliums, etc., while others that are gaining importance after remaining hidden for a long time period due to their endemic growth and negligence, include Oxalis tuberosa, Ullucus tuberosus, Tropae-olum tuberosum, Maranta arundinacea, Plectranthus esculentus, Hornstedtia scottiana, etc., which have been used by local inhabitants for the purpose of consumption.
The present scenario of the world focuses on meeting food demands of an ever-increasing and diversified population, reducing wastage and adverse effects on the environment and providing healthy, safe, qualitative and nutritious food for all. In order to achieve these goals, emphasis has been on conservation of this enriched biodiversity, exploration of such novel food and medicinal sources, as well as developing means to enhance production, processing and marketing of their products in a holistic and sustainable approach. The focus has resulted in the establishment of gene banks and germplasm collection centers world-wide, such as Central Tuber Crops Research Institute (Thiruvananthapuram, India), International Potato Center (CIP Peru), International Institute of Tropical Agriculture (IITA, Africa), International Plant Genetic Resources Institute (IPGRI, Italy), etc. An understanding of the fundamental structures, distinguishing parameters for key identification, and development and physiological aspects of these crops from an agricultural and food processing point-of-view is thus of immense importance.



2.2 Taxonomy of Roots and Tuber Crops

In 1813, de Candolle gave us the term taxonomy for law of arrangements (taxis-arrangement or order; nomos-law), a science for biological classification. Plant taxonomy is a branch of science associated with plant identification, description, naming and classification on the basis of their specific distinguishable characteristics and features. This study of plants helps in understanding evolutionary patterns and conserves biodiversity with localization of high species richness. The process of identification of plants deals with revealing an unknown plant�s identity by comparing it with other known plants based on specific features described in monographs, manuals, revisions, etc., herbariums or other live samples. Study of shape or form of a plant or its parts, such as morphology, also aids in identification of plants and their proper description, naming and arrangement in groups or taxas based on distinctiveness and similarities.
Many modern techniques studying biochemical patterns, molecular markers, cytogenetic, etc. have enhanced the reliability in identifying an unknown sample with less time and effort. Presently, most of these nearly 50 known roots and tuber crops belong to the Asteraceace (Jerusalem artichoke, Salsify, Chicory, Arctium, Yam Daisy, Black Salsify, Yacon, Dandelion) and the Apiaceae (Arracacha, Carrot, Parsnip, Celery/celeriac, Parsley, Earthnut/pignut, Black cumin, Skirret) family followed by Fabaceae (Yam Bean, Jicama, Ahipa, Bush potato, Breadroot, Hog potato, Earthnut pea). The Araceae family mainly comprises different Taro plants and Yautia crop, while different forms and species of artichoke and Plecranthus belong to the Lamiaceae family only. Maximum variation is observed in crops belonging to the Caryophyllales order. Potatoes, Sweet potatoes and Desert yam are placed in a different family of the Solanales order. Similarly, Arrowroot and Ginger belong to the Zingiberales order with a different family, and Daylilies and bulbous crops such as Onion, Garlic to Asparagales while Mashua, Radish, Turnip, Daikon, Rutabaga and Maca represent the Brassicales order. Besides these, in some families, single edible root and tuber plants have been identified, such as Dioscoreaceae has yams, Cyperaceae has Chufa, Arecaceae has Sago palm, Oxalidaceae has Oca and Malvaceae has Bush carrot.

2.2.1 Morphological Identification

Study of stem, leaves, roots and reproductive parts, their structure, shape, size, position and arrangement providing the overall appearance of a plant, is of utmost importance in its identification.
Leaves Convenience in visualizing the organ has attributed to an ease in morphological studies. Arrangement of leaves in Potatoes and Sweet potatoes is pinnate or palmate, while most of the root and tuber plants belonging to Apiaceae possess long sheathed petioles possessing leaves mostly of a pinnate and lobed nature. However, Black cumin belonging to the same family consists of a finely dissected filliform pinnate leaf. Linear or Lanceolate leaves, or alternate-opposite leave arrangement, mark the plants of the Asteraceae family. Giant swamp taro and Colocasia show the presence of sagittate leaf patterns, while Xanthosoma and Alocasia are demarcated with a margin attached and long elongated petioles respectively. Simple varied-shape leaves, sometimes mucillagenous as in the Mignonette vine, occur in the Caryophyllales order. Short sheaths with varied sized and flattened base leaves are found in Allium cepa. Lanceolate leaves are found in Arrowroot, while the ginger plant belonging to the same order possesses two ranked sheathed base leaves. A crown of large pinnate leaves with highly variable petiole size is found in the Sago palm, while Oca is demarcated by trifoliate leaves. Slender lobed palm-shaped leaves are prominent in the Cassava plant, while Chufa exhibits grass-like leaves accompanied with leaf-like bract involucres. The Plecranthus species specifically has elliptical, oval or oblong reticulate-shaped leaves. The details of the leaf and stem morphology of different root and tuber crops are described in Table 2.2.
Inflorescence and Flower The flower is an organ responsible for seed and pollen grain formation through sexual reproduction in plants. Its conservative nature along with the least environmental susceptibility has favored the study of this organ in identification and class determination of a plant. The root and tuber plants of Solanales are herbaceous and semi-erect with a perennial and mostly trailing vine nature with homostylous or sympetalous flowers. Burdock, Chicory and Salsify belonging to Asteraceae family possess capitula-type inflorescence, while Jerusalem artichoke and Yam daisy belonging to same family has numerous yellow flower heads and scapes along with achnes respectively. Simple or mainly compound umbels are found in Carrot, Arracacha, Parsnip and Celery. Yam bean consists of variable pods and olive-colored seeds. The Plectranthus species is mainly accompanied with bright yellow flowers on short crowded branches. Raceme, corymbiform raceme and silique type of inflorescence are found in plants belonging to the Brassicaceae family, while in Mashua belonging to same order but different family (i.e. Tropaeolaceae) possesses solitary and zygomorph flowers. Similarly, root and tuber crops belonging to the Asteraceae family usually have clustered inflorescence such as spathe, spadix or peduncle, while those of the Caryophyllales order have large, less branched or axillary-type inflorescence. Daylily, Onion and Garlic or Oca mainly have spathe inflorescence or hermaphrodite flowers respectively, Yams and Chufa possess a compound and umbellate type of inflorescence, Sago with a terminal inflorescence state, while cyathia is found in Cassava. The details are shown in Table 2.2.

Table 2.2 Origin, morphological and genetic composition of Roots and tuber crops
Plant Solanum tuberosum
Origin Native to South America, Andean origin hypothesis is mainly accepted.
Morphological features/ Identification marks
� Roots/tubers White skin tubers are mainly found in white flowering varieties, whereas pinkish skin has been found in colored flowering varieties
� Stem 0.4�1.4 m tall herbs, erect or semi-erect, lying or trailing on ground. Green-Purplish green stems with base diameter 5�19 mm, covered with short soft hairs.
� Leaf Odd-pinnate arrangement, medium to dark green pappery-membranous appearance possessing dull-shiny, slightly hairy at adaxial and abaxial sides of leaf surface, 5�13 cm blades in 8�22 number, 3�8 lateral leaflet pairs.
� Flower/Fruits 5�11 cm Inflorescences, with 0�25 perfect flowers with axes pubescent with hairs. Flowers homostylous, pentamerous. Calyx 0�10 mm long. Corolla 2�6 cm in diameter and flat edges slightly glabrous, white, pink, lilac, blue, purple, red-purple, uniform or with white acumens. Stamens with the filaments 1�2 mm long; anthers 3�8 mm long. Ovary glabrous. Fruit a globose to ovoid berry, green to green tinged with white or purple spots or bands when ripe, glabrous.
Genetic Makeup Chromosome number: 2n = 2x = 24 2n = 3x = 36 2n = 4x = 48 cultivated potato with 2x, 3x, 4x and whereas in wild potatoes above levels coupled with 6x are found.
References Ovchinnikova et al., 2011; Wikipedia.org

PlantIpomoea batatas
Origin The Yucatan Peninsula of Mexico. Primary center of diversity Lies at the mouth of the Orinoco River, Venezuela, Central America.
Morphological features/ Identification marks
� Roots/tubers Long, tapered edible tuberous root, smoothly skinned, widely colored like yellow, orange, red, brown, purple, and beige. Gamut of colored flesh ranging from beige through white, red, pink, violet, yellow, orange and purple.
� Stem Perennial, herbaceous vine.
� Leaf Alternate heart-shaped or palmately lobed leaves.
� Flower/Fruits Medium-sized sympetalous flowers.
Genetic Makeup 2n = 6x = 90
References Srisuwan et al., 2006; Wikipedia.org

PlantManihot esculenta (M. utilissima)
Origin Primary center of diversity is in Brazil, whereas secondary center being Mexico and Guatemala.
Morphological features/ Identification marks
� Roots/tubers Yellow or white fleshed, brown outer skin, inner side skin color is red or yellow, 38.6 cm Long roots, 1�4" in diameter. Root covered with fibrous bark.
� Stem Woody, unbranched stems, usually with leaf scars, yellow-dark green stem with 1.96 cm diameter and 22.36 cm Length.
� Leaf 5�7 slender Lobed leaves. Red-pale green petiole, mostly palm shaped leaves. 18.2 cm in length.
� Flower/Fruits Cyathia inflorescences, subglobose, green (to light yellow, white, dark brown), smooth, with 6 longitudinal wings possessing fruit.
Genetic Makeup x = 9, 2n = 36
References Bahekar and Kale, 2013; Perera et al., 2012; Tribadi et al., 2009; Nassar, 2000

PlantXanthosoma spp.
Origin Northern South America
Morphological features/ Identification marks
� Roots/tubers Leaves and corms resemble common taro. Characterized morphologically by subterranean stems, corms, enclosed by dry scale-like leaves. Tuber 1�1.5 cm in diameter. Generally grouped into three types, white, red and yellow on the base of the tuber flesh color.
� Stem Tannia has the stalk attached to the Leaf edge.
� Leaf Petiole attaches at the margin or between the two upper lobes compared to taro where underside of the leaf is attached to the stem, entire leaf blades.
� Flower/Fruits At Least 6 different types of styles, spathe tube usually subglobose, inflated (except Xanthosoma feuersteiniae); female zone of spadix free; styles mostly discoid and laterally swollen or thickened and coherent or not; synandrodes between female and male flowers; prismatic.
Genetic Makeup The white and red cocoyam types are diploid (2n = 2x = 26), whereas the yellow type is tetraploid (2n = 4x = 52)
References Mead 2013, Owusu-Darko et al., 2014; Mead 2013; Oumar et al., 2011; Markwei, 2010; Bogner and Gongalves, 2005

Plant Colocasia esculenta
Origin North-eastern India
Morphological features/ Identification marks
� Roots/tubers A Long central corm and few side-corms called cormels are found in a dasheen variety, whereas well-developed cormels are usually seen in an eddoe variety.
� Stem Tall herb, with caudex either tuberous or stout short in nature. Above ground stem arising from rhizome (tapered or tuberous), which may be slightly swollen at the base of the Leaf-sheaths. In taro stalk emerges near the center of Leaf. Suckers and stolons sometimes present.
� Leaf Simple leaves, stout petiole, peltate lamina, ovate- or sagittate-cordate in nature. Spadix shorter than the petiole and spathe. Inflorescences much Larger than the Appendix.
� Flower/Fruits Female flowers 3�4 gynous; ovoid or oblong ovary, uni-locular with several or many, biseriate ovules.
Genetic Makeup 2x = 28 and 3x = 42
References Matthews 1995; Nguyen et al., 1998; Parvin et al., 2008; Prajapati etai, 2011; Mead, 2013; Owusu-Darko etai, 2014

Plant Dioscorea spp.
Origin
Morphological features/ Identification marks
� Roots/tubers Short underground tubers and rhizomes, covered with fine roots.
� Stem Climbing herbs or shrubs, annual stems, with right or Left side twining, auxiliary aerial bulbils sometimes occur, rarely erect or creeping, terete or winged. Prickles or similar structures, mainly appearing towards base.
� Leaf Alternate leaves, rarely opposite in nature, simple and compound, mainly cordate with reticulate venation. Veins arising at the point of insertion of blade on petiole, spreading them converging towards apical forerunner tip.
� Flower/Fruits Simple or compound inflorescences, solitary or paired male and Female flowers. Fruit rarely a fleshy berry or one-winged samara.
Genetic Makeup Dioceous, 2x, 4x, 6x. 20�60 conventional chromosome the chromosome was determined asx = 10 for the various genotypes studied.
References Goswami et al., 2013; Norman et al., 2012

Plant Arracacoa xanthorrhiza
Origin Andean region, origin place, Andean South America is a place of domestication, Mexico known for high richness.
Morphological features/ Identification marks
� Roots/tubers The conical to cylindrical storage root, Clamp of tubers is found around main central roots.
� Stem Highly swollen compressed stem structure forms the central rootstock. The cormels derived from stem tissue comprise of nodes, internodes, and shedded leaves� scars.
� Leaf 3�5 apical nodes on each cormel and long petioled 30�60 cm long leaves with a weakly developed basal sheath and the bipinnate blade is seen.
� Flower/Fruits Compound umbel inflorescence with 8�14 rays, carrying 10�25-flowered umbellets. Hermaphrodite or perfect flowers, on the outer umbellets. The actinomorphic flowers are with 5 petals, 5 stamens and 2 carpels, each with only 1 ovule giving rise to the epigynous, perfect flower.
Genetic Makeup Mitotic number of 44
ReferencesElsayed et al., 2010; Hermann, 1997

PlantMaranta arundinacea
Origin Indigenous to tropical America
Morphological features/ Identification marks
� Roots/tubers Long, pointed tubers enclosed in bracts; scale leaves, fleshy, cylindrical, obovoid subterranean rhizomes. The rhizome module comprises 13�14 internodes and branching occurs only in the distal part of the module, the last 2�4 internodes after the curvature. The angles between successive modules present some conservation, although the level of branching of modules is variable (from 0- to 4-branched modules) and the angles between sister modules are not conserved.
� Stem Perennial plant growing to about 2 ft (0.61 m) tall, erect, herbaceous, dichotomously branched perennial, 60�180 cm high.
� Leaf Large lanceolate leaves
� Flower/Fruits Arrowroot has small white flowers and fruits approximately the size and shape of currants. White flowers arranged in twin clusters, which very rarely produce red seeds,
Genetic Makeup N = 4 or n = 6. variegatum chromosome number 18; arrowroot chromosome number 48.
References Mead, 2013; Chomicki, 2013; Vieira and Souza, 2008; Barclay et al., 2002; Sharma and Bhattaharyya, 1958; Wikipedia.org

Plant Cyperus esculentus
Origin Native to the North America and the United States.
Morphological features/ Identification marks
� Roots/tubers Unevenly globose hard-smooth, black-brown, tubers with 0.3�1.9 cm diameter, with apex buds only, tasting mildly like almond.
� Stem Stout, erect, trigonous cross-section found below the inflorescence. Solid/pithy, smooth, glabrous, 6�20 ′′ up to 3 ft long and 4�9 mm wide.
� Leaf Grass-like, basal, erect Leaves, up to 3 ft tall. Involucre of leaf-like bracts is present, with longest bract surpassing the inflorescence.
� Flower/Fruits Terminal, simple-compound umbellate, loose inflorescence, with 1�10 narrow, unequal rays subtending leaf-like, unequal bracts. Longest involucral bract much exceeding the umbel, often wider than basal leaves.
Genetic Makeup 2n = 108
References Halvorson and Guertin, 2003

Plant Metroxylon spp
Origin Center of diversity is believed to be New Guinea.
Morphological features/ Identification marks
� Roots/tubers A massive rhizome that produces suckers freely.
� Stem An erect trunk, about 10 m tall and 75 cm Thick, soboliferous. Crown of large pinnate leaves 5 m long with short petioles and leaf bases which clasp the stem.
� Leaf Length of petiole was highly variable
� Flower/Fruits Mass of inflorescences in the axils of the most distal leaves, giving a �terminal� inflorescence state.
Genetic Makeup n = 13
References Karim et al., 2008; Kjaer et al., 2004; Nakamura et al., 2004; Flach, 1997

Plant Oxalis tuberosa
Origin Andean origin
Morphological features/ Identification marks
� Roots/tubers Color variations in tuber surfaces, Secondary colors is also observed around the eyes. Ovoid, claviforme or cylindrical tubers with horizontal, slightly curved, short or long, superficial or deep tuber eyes is usually found. Short wide eyes or almost non-existent. Bracts covering eyes also occur.
� Stem Annual herbaceous plant erect at early developmental stages becoming prostrate towards maturity. Stems color vary from yellowgreen-gray.
� Leaf Trifoliate leaves. Green leaflets in the upper face and purple or green on the underside.
� Flower/Fruits 4�5 hermaphrodite flowers make Inflorescences. 3 flower morphs: longstyled with mid- and short-level stamens/anthers, mid-styled, with long- and short-level stamens/anthers and short-styled, with long- and mid-level stamens/anthers.The dehiscent capsule fruit with 5 locules present.
Genetic Makeup 2n = 8x = 64. Octoploid
References Malice, 2009; Malice and Baudoin, 2009; Emshwiller and Doyle, 1998

Plant Ullucus tuberosus
Origin Andean origin
Morphological features/ Identification marks
� Roots/tubers Round, cylindrical, elongated or twisted widely colored (white to red) tuber. Superficial tuber eyes without bracts.
� Stem An erect, compact and mucilaginous annual plant. Stems angular, succulent, and 30�60 cm height with clear yellow-green to red-gray Stem color.
� Leaf Leaves are simple and can present four shapes.
� Flower/Fruits Axillary inflorescences, abundant with numerous small flowers, magenta (red-purple), green-yellow alone or with red-purple. The fruit is dry and indehiscent
Genetic Makeup x = 12. Wild ullucos (subsp. aborigineus) are all triploid (2n = 3x = 36). The cultivated ullucos (subsp. tuberosus) are diploid (2n = 2x = 24), triploid (2n = 3x = 36) and tetraploid (2n = 4x = 48).
References Malice, 2009; Malice and Baudoin, 2009.

Plant Pachyrhizus species
Origin South-western Mexico native
Morphological features/ Identification marks
� Roots/tubers Fleshy tuberous root, succulent white interior.
� Stem Perennial habit, Herbaceous vine.
� Leaf Dentate-palmate leaflets
� Flower/Fruits Variable pods and Seed colour (olive green-brown-reddish brown).
Genetic Makeup n = 11
References Zanklan, 2003

Plant Tropaeolum tuberosum
Origin Andean origin
Morphological features/ Identification marks
� Roots/tubers Yellow-white to purple-grey and black tubers with less variability contrary to oca and ulluco, possessing deep, wide and narrow eyes (axillary buds) without bracts.
� Stem An annual 20�80 cm High herbaceous plant. Cylindrical, Green to purple-grey, branched, Stems of 3�4 mm thickeness.
� Leaf Yellow-green to dark green. Foliage color. 5�6 cm width, tri- or pentalobate leaves.
� Flower/Fruits Flowers are solitary and zygomorph. Five sepals of intense red color are united at the base; the three higher forming a spur of 1�1.5 cm length.
Genetic Makeup x = 13. Cultivated mashua- are tetraploid. (2n = 4x = 52).
ReferencesGrau et al., 2003

Plant Helianthus tuberosus
Origin North America
Morphological features/ Identification marks
� Roots/tubers Tuber color and size vary greatly in cultivars ranging from purple, brown to red. knobby to round clusters, elongated and uneven, typically 7.5�10 cm long and 3�5 cm thick, and vaguely resembling ginger root. The root system is fibrous with thin cord-like rhizomes that grow as long as 127 cm.
� Stem Variable plant height, a large, gangly, multi-branched herbaceous perennial plant, 1.5�3 m tall. The stems are stout, ridged and can become woody over time. Rough, hairy, sandpapery leaves and stems, leaves are opposite on the lower part of the stem and alternate near the top of the stem.
� Leaf The lower leaves are larger and broad ovoid-acute and can be up to 30 cm long, while the higher leaves smaller and narrower.
� Flower/Fruits Flowering stage varies in cultivars. Numerous yellow flower heads, Flower heads occur separately or in groups at the ends of main stems and alar branches. Each flower head is 5�7.5 cm wide and made up of many small, yellow, tubular disk flowers in the center, surrounded by 10�20 yellow ray florets.
Genetic Makeup 2n = 102. hexaploid species
References Yong Ma et al. 2011; Kou et al., 2014

PlantAlocasia macrorrhiza
Origin Japan
Morphological features/ Identification marks
� Roots/tubers Stem-like corms, mostly growing above ground, with only the bottom 6 ′′ or so rooted in soil, with purplish, yellow or white depending on the cultivar flesh.
� Stem Long, thick, woody, 1 m length. Large-leaved aroid, flowering plant in the arum family, Araceae.
� Leaf Erect, bluntly triangular leaves, long elongated petioles, arrow-shaped leaves, shallow-rounded lobes.
� Flower/Fruits Readily produce flowers, large clustered inflorescence, consisting of peduncle, spathe and spadix.allogamous, protogynous.
Genetic Makeup Chromosome number wild plant is 28.
References Furtado, 1941; Nguyen, 1998; Ivancic et al., 2009; Mead, 2013; Takano et al., 2014

PlantCyrtosperma chamissonis, syn.: C. merkusii
Origin Indo-Malay center of origin, coastal New Guinea, Solomon Islands or West Melenesia.
Morphological features/ Identification marks
� Roots/tubers Corms of 5�10 kg, cylindrical shape, small, medium and large size (30 cm to >50 cm), yellow, white, orange, pink, red, purple and other colors of corm cortex.
� Stem Giant swamp taro is a true giant among plants, height of 3�4 m.
� Leaf Saggitate leaves that can grow up to 3 m long, atop spined petioles.
� Flower/Fruits Flower stalk dark green to light green, purplish green, reddish green, Spadix yellow and enclosed, white exposed, light yellow, pink, orange, red. Spathe yellow reddish-brown striped, yellowish-brown, yellowish-green, yellow, bright orange, purplish green, yellowish-pink.
Genetic Makeup 2n = 28
References Jackson, 2008; Mead, 2013; Rao et al., 2014

PlantDaucus Carota Subsp. Sativus
Origin Native to temperate regions of Europe and Southwest Asia, wild ancestors probably originated in what is today Afghanistan, the center of diversification of this taxon.
Morphological features/ Identification marks
� Roots/tubers Enlarged fleshy taproot, cylindrical to conical, 5�50 cm long, 2�5 cm in top diameter, reddish violet, orange, yellow or white color, green top, core deeply pigmented and of darker color than phloem part.
� Stem An annual or biennial erect herb, 20�50 cm tall at vegetative stage and 120�150 cm during flowering stage.
� Leaf 8�12 long-sheathed petiole possessing pinnately compound, rosette and glabrous leaves, 2�3 pinnate leaf. Blades, linear ultimate lobed segments.
� Flower/Fruits Compound umbel inflorescence, 50 or more umbellate, each of which has ∼50 flowers, bisexual flowers, protandry, epigynous with 5 small sepals, 5 petals, 5 stamens and 2 carpels, 2 mm long developing fruit.
Genetic Makeup The haploid chromosome number for Daucus ranges from n = 9 to n = 11. n = 126 for subsp. sativus.
References Tavares et al., 2014; Spooner et al., 2014; Kalia, 2008

PlantPastinaca sativa
Origin
Morphological features/ Identification marks
� Roots/tubers Tap rooted; strong fibrous collar is very rarely present, mainly absent.
� Stem Biennial, 25 cm�200 (300) cm range for plant height. Straight, erect stem in all species except Pastinaca zozimoides, where it is angled. Besides Pastinaca lucida all species have hairy stem.
� Leaf Heteromorphic leaf form, generally 1-pinnate, alternate, distinct petiole, petiole base possess membranous margin containing sheath, oblong-triangular leaf shape, 35�400 to 13�200 mm size, primary segments 3�7, oblong to triangular, margin- serrated or lobed.
� Flower/Fruits Either simple or complex compound umbels present, 20�150 mm diameter, 3�22 rays. P. sativa subsp. sylvestris, P. sativa subsp. urens and P. sativa subsp. sativa bracteoles absent. No or minute sepal teeth, yellow to greenish-yellow, glabrous petal (pinkish in P. zozimoides), actinomorphic corolla of small size 1.2�2.5 mm, dorsally compressed fruit.
Genetic Makeup 2n = 22
References Menemen and Jury, 2001; Wikipedia.org

PlantRaphanus sativus
Origin Origin in the Middle East or West Asian regions, possibly from R. raphanistrum, although other suggestions indicate Asiatic origins with a center of major diversity in China; ancient cultivation in the Mediterranean, maximum diversity from the eastern Mediterranean to the Caspian Sea to China and still more to Japan.
Morphological features/ Identification marks
� Roots/tubers Thickened fleshy root, primary root and the hypocotyls are edible, variable size and shape, 2.5�90 cm length, oblate to long tapering shape, white or different shades of scarlet with some red cultivars having white tip color.
� Stem Biennial plant, the stems grow to 60�200 cm (20�80 ′′) tall.
� Leaf Alternate, sparingly hispid-glabrous leaves,radical rosette lower leaves, 3�5.5 mm petiole, lyrate. Pinnatifid, oblong-ovate, oblong leaf blades.
� Flower/Fruits Typical terminal erect, long, many and colored (1.5 cm in diameter, fragrant, small, white, rose or lilac) flowered raceme, 2.5 cm long pedicel, 4 sepals erect in nature; 4 petals, clawed, spathulate, 1�2 cm long, 6 stamens, tetradynamous and style 3�4 mm long, 3 mm in diameter with ovoid-globose seed.
Genetic Makeup The basic genome (x = 9) of radish chromosome complements therefore, appears to comprise some homologous and non homologous chromosomes. 2n = 2x = 18.
References Warwick, 2011; Kalia, 2008

PlantBrassica spp (Turnip)
Origin Two main centers of origin, viz., Mediterranean area primary center for European types and Eastern Afghanistan with adjoining area of Pakistan considered to be another primary center with Asia Minor Transcaucasus and Iran as secondary centers.
Morphological features/ Identification marks
� Roots/tubers Fusiform to tuberous, stout taproot; underground portion of hypocotyls, the color and shape of which vary, depending upon cultivar.
� Stem A distinct taproot and secondary roots arise from the lower part of the swollen hypocotyls. Variable in shape, from flat through globose to ellipsoid and cylindrical, blunt or sharply pointed, flesh white, pink or yellow, apex white, green, red, pink or bronze.
� Leaf Variable, petioled basal leaves, lyrate-pinnati-partite, dentate, crenate or sinuate with large terminal lobe and up to 5 pairs of small lateral lobes.
� Flower/Fruits Loosely corymbiform raceme, open flowers, 1�3 cm long Pedicel, yellow green sepals and 6�11 mm long, clawed, yellow colored petals, siliquae fruit.
Genetic Makeup 2n = 2 x = 20
References Kalia, 2008

PlantBeta vulgaris (Beets)
Origin Mediterranean area
Morphological features/ Identification marks
� Roots/tubers The root is stout, sometimes conspicuously swollen forming a beet together with the hypocotyl, and sometimes forming a branched taproot (as in ssp. maritima).
� Stem Glabrous or slightly, hairy annual, biennial or perennial of very varied habit, from 30�120 cm (or even 200 cm) in height. Stems are decumbent, ascending or erect, and more or less branched.
� Leaf Leaves are varied in size, shape and color, often dark green or reddish and shiny, frequently forming a radicle rosette. Inflorescences are usually large and more or less branched.
� Flower/Fruits The flowers are hermaphrodite arranged in small cymes.
Genetic Makeup All Beta species are based on x = 9 chromosomes and species within Section Beta are presumed to be diploid (2x = 2n = 18 chromosomes)
References Castro et al., 2013; Kalia, 2008

PlantAnredera cordifolia
Origin Native from Paraguay to southern Brazil and northern Argentina, South American species
Morphological features/ Identification marks
� Roots/tubers Tubers occur at base of stems or clusters on leaf axils of old stems, thick rhizomes.
� Stem Perennial herb, long leafy stems, stems usually 3�6 m long.
� Leaf Succulent mucillagenous leaves. Leaves ovate or sometimes lanceolate, 1�11 cm long, 0.8�8 cm wide, producing small axillary tubercles at base.
� Flower/Fruits Large and thickened dense infloroscenses large flowers 4.5�6mm diameter, long pedicels. Subsps. gracillis has small flowers, indehiscent globose capsule fruit. Racemes simple or 2�4 branched, 4�30 cm long, pedicels 1.5�2 mm long, each flower subtended by a minute persistent bract; receptacle cup-shaped by 2 persistent hyaline bracteoles, the upper 2 greenish-white, broadly elliptic to sub-orbicular, 1�2 mm long; corolla white, the lobes ovate-oblong to elliptic, 1�3 mm long; stamens white, style white, 3-cleft nearly to base.
Genetic Makeup 2 ploidy levels, subsps. cordifolia 2n = 36 and subsps. gracillis 2n = 24.
References Starr et al., 2003; Wikipedia.org

PlantPlectranthus esculentus also known as Coleus dazo and Coleus esculentus)
Origin Endemic African species. Two centers of dispersal, one in South Africa (Malawi or Zambia) and in the Central Africa Republic with central Africa area being considered as primary center.
Morphological features/ Identification marks
� Roots/tubers A cluster of edible tubers at the base of the stem that are used as a potato substitute. Edible, thickened subterranean organs at the base of the stem. Thickened, long, cylindrical root tubers or rhizomes formed at the base of the stem. Yellow-light brown pigmentation, white epidermis, finger shape or oblong, moderate-very pubescent.
� Stem Seasonal, perennial, herbaceous plant, Biannual herb, erect, rectangular stem, moderate-very pubescent, green-dark.
� Leaf Dark green, elliptical, oblong, oval-shaped, moderately pubescent, unicostate reticulate or parallel.
� Flower/Fruits Bright yellow flowers, flowers are two-lipped and are on the short and crowded branches.
Genetic Makeup
References Allemann and Hammes, 2006; Agyeno et al., 2014; Wikipedia.org

PlantPlectranthus edulis
Origin
Morphological features/ Identification marks
� Roots/tubers Fibrous roots, stolon tuber color cultivar dependent. cv. Lofuwa tubers were creamish with incidentally a shade of red, especially around the buds, whereas the tuber skin of cv. Chankua are reddish. Tubers of cv. Lofuwa are up to 25 cm in length, while those of cv. Chankua are up to 20 cm, both with a diameter of ∼2 cm. The flesh color of both cultivars was creamish.
� Stem Ascending, herbaceous, and bushy with a maximum height of about 1.5 m. cv. Lofuwa green leaves and stem, cv. Chankua leaves are a mixture of red and green, turning redder under high irradiation levels.
� Leaf The leaves are oval, elliptical in shape, dentate, sessile, pubescent, slightly bent outward at the tip and on the margin, with conspicuous veins.
� Flower/Fruits The panicle-like inflorescences were branched with several blue flowers in clusters of bisexual flowers. Flowers were typical for the family, with 5 sepals united in a calyx and 5 petals united to a two-lipped corolla.
Genetic Makeup
References Taye et al., 2012

PlantApium graveolens Rapaceum
Origin Originating from the Mediterranean of southern Europe and the swamps of Egypt and Sweden.
Morphological features/ Identification marks
� Roots/tubers Celeriac has bulbous hypocotyls.
� Stem Chinese celery has a long and slender petiole (∼100 cm in length, 1�2 cm in diameter, celery has a short and thick petiole (∼80 cm in length, 3�4 cm in diameter).
� Leaf Celery leaves are pinnate to bipinnate with rhombic leaflets 3�6 cm long and 2�4 cm broad.
� Flower/Fruits The celery flowers are creamy-white, 2�3 mm in diameter, and are produced in dense compound umbels. The seeds are broad ovoid to globose, 1.5�2 mm long and wide.
Genetic Makeup Diploid species 2n = 2x = 22.
References Wang et al., 2011

PlantTragopogon spp.
Origin Center of distribution in the Mediterranean region, the Middle East and Eastern Europe.
Morphological features/ Identification marks
� Roots/tubers Vertical roots, spindle-shaped.
� Stem Biennial and perennial herbs, solitary, simple, or sparingly branched stems.
� Leaf Linear or linear-lanceolate leaves
� Flower/Fruits One or only a few capitula, receptacles without scales, achenes of Tragopogon are usually fusiform, with 5 to 10 more or less distinct ribs and a beak of varying length. The involucral bracts are always in one row, ligulate flowers are yellow or purplish, and the pappus is in one row of mostly plumose hairs. Distinct �Tragopogon� type of pollen that has 6 abpolar, 3 equatorial and 6 interapertural lacunae.
Genetic Makeup Most species are diploid. Morphologically variable species present. 2n = 12.
References Shi et al., 2011; Qureshi et al., 2008; Mavrodiev et al., 2005

PlantCichorium intybus
Origin Areas of northern Italy could be characterized as evolutionary hotspots.
Morphological features/ Identification marks
� Roots/tubers Stout tap root, the races grown in Italy, commonly called �radicchio amaro�. Uaually have roots brownish yellow outside and white inside, with a thin bark. Ideally, a smooth surface root, with few lateral roots, a reduced and non-woody central cylinder.
� Stem Roughly hairy or glabrous perennial herb. Stems were 15�105 cm.
� Leaf Basal leaves are short petiolate, oblanceolate, toothed to runcinate. Cauline leaves were sessile.
� Flower/Fruits Capitula was 2.5�3.5 cm broad, axillary. Outer phyllaries were ovate, inner phyllaries were lanceolate, 2�3 times longer than outer.
Genetic Makeup 2n = 18
References Hammer et al., 2013; Bernardes et al., 2013; Akçin, 2007

PlantAllium sativum
Origin Mediterranean to Southern Central Aisa
Morphological features/ Identification marks
� Roots/tubers Bulb composed of densely packed elongated side bulbs (cloves), bulb with many pure white or pink-blushed bulblets, single-layer (2�6) clove arrangement, red/purple lower and white/pale upper or brown color.
� Stem Grows up to 1.2 m (4 ft) in height, weak stalks, carry white, soft neck (nonscape-producing) garlic, hardneck (scape-producing) types, in various shades of purples, magentas, pinks and whites.
� Leaf Long protruding anthers, hermaphrodite flowers.
� Flower/Fruits No polyploid forms are found in garlic, although some varieties might be triploid.
Genetic Makeup 2n = 16
References Volk, 2009; Stavělíková, 2008; Osman et al., 2007; Fritsch and Friesen, 2002; Wikipedia.org

PlantAllium cepa
Origin Northwest India, Afghanistan, Soviet Republic of Tajik and Uzbek, Western Tien Shan. Western Asia and Mediterranean as secondary centers of development.
Morphological features/ Identification marks
� Roots/tubers Bulbs with reduced disc-like rhizome at base, Scapes 1.8 m tall and gradually tapering from expanded base. Shape from globose to bottle-like, flattened disciform. Membranous skin white, silvery, buff, yellowish, bronze, rose red, purple or violet. White to bluish red fleshy scale color.
� Stem Height 15�45 cm (6�18 in). biennial plant
� Leaf Leaves with different sized, short sheaths, near circular in cross- section and flattened on adaxial side. Yellowish-green and grow alternately in a flattened, fan-shaped swathe. Fleshy, hollow and cylindrical, with one flattened side. Base of each leaf is a flattened.
� Flower/Fruits Sub-globose umbel, dense many-flowered, short persistent spathe, pedicels are equal and much longer than white star-like flowers with spreading sepals, 5 mm long capsule fruit
Genetic Makeup diploids (2n = 2x = 16)
References Azoom et al., 2014; Fritsch and Friesen, 2002

PlantAmorphophallus galbra and other species
Origin Distributed in West Africa, the western border, east into Polynesia and south-east to Australia
Morphological features/ Identification marks
� Roots/tubers Amorphophallus tubers vary greatly from species to species, from the uniformly globose tuber of A. konjac to the elongated tubers of A. longituberosus and A. macrorhizus to the bizarre clustered rootstock of A. coaetaneus
� Stem A small plant, not higher than 30 cm.
� Leaf The petiole and peduncle bear crusty patches resembling lichen and are generally multi-colored. The spathe is multi-colored. The petiole and peduncle are green and smooth. The spathe is green.
� Flower/Fruits An inflorescence consisting of an elongate or ovate spathe (a sheathing bract), which usually envelops the spadix (a flower spike with a fleshy axis). The spathe can have different colors, but mostly brownish-purple or whitish-green.
Genetic Makeup x = 13 and 14. Most species were diploid but one, A. bulbifer, was triploid with 2n = 39.
References Mead, 2013; Sedayu et al., 2010; Chauhan and Brandham, 1984

PlantHornstedtia scottiana
Origin Australia, Hornstedtia (Zingiberaceae) is native to lowland tropical forests of Southeast Asia.
Morphological features/ Identification marks
� Roots/tubers Each rhizomatous sympodium. The rhizome bear laterally up to six inflorescence.
� Stem A 4�4.5 m tall, leafy, aerial shoot.
� Leaf
� Flower/Fruits The inflorescences are reddish, exposed and clumped. Each reddish, fusiform inflorescence stands 10�15 cm tall and is composed of a helix of tightly overlapping bracts forming a tank containing 8�11 ml of a sticky, sweet liquid in which the developing floral buds and fruits are submerged. Each inflorescence produces 0 to 3 flowers, plant produces up to 40 inflorescences.
Genetic Makeup
References Ippolito and Armstrong, 1993

PlantRaphanus Sativus Var. Longipinnatus (Daikon)
Origin Native to Southeast or continental East Asia
Morphological features/ Identification marks
� Roots/tubers An enlarged, edible hypocotyl/root shape of a giant white carrot ~20�35 cm (8�14 ′′) long and 5�10 cm (2�4 ′′) in diameter, non-white varieties.
� Stem
� Leaf
� Flower/Fruits Late-flowering annuals or biennials.
Genetic Makeup
References Campbell and Snow, 2009; Warwick, 2011; Wikipedia.org

PlantBrassica spp. (Rutabaga)
Origin Mediterranean-Middle Eastern area, with a secondary center of origin and differentiation of B. rapa and B. juncea in China.
Morphological features/ Identification marks
� Roots/tubers
� Stem
� Leaf
� Flower/Fruits
Genetic Makeup
References Gates, 1950; Soengas et al., 2008

PlantLepidium meyenii
Origin Origin in the Mediterranean basin
Morphological features/ Identification marks
� Roots/tubers An enlarged fleshy underground organ formed by the taproot and the lower part of the hypocotyls, a storage organ resembling a turnip. The �hypocotyls� display a variety of colours from purple to cream and yellow.
� Stem An annual crop.
� Leaf Dimorphic leaves
� Flower/Fruits Primary branch possesses 1000 flowers. Inconspicuous flowers, axillar racemes, 4 erect, concave sepals, and 4 small white petals, ovary is oval and bicarpelar with a short style, which develops into a dehiscent silique.
Genetic Makeup The basic genomic number of Lepidieae is x = 8, octoploid. 2n = 8 x = 64 chromosomes.
References Quirós and Cárdenas,1997

PlantArctium
Origin Native to the Old World
Morphological features/ Identification marks
� Roots/tubers
� Stem Biennial or perennial, spiny or unarmed suffruticose herbs with rootstock or taproot. Leaves leathery or herbaceous, dentate, lobed, pinnatipartite, pinnatisect or entire.
� Leaf Basal leaves in a rosette, the cauline leaves similar to bottom leaves but gradually diminishing towards the apex, the most distal ones usually sessile. Free pappus, but the basal appendages of the anthers are described as entire, fimbriate appendages occurring in Arctium, presence of verrucae on the anther filaments, synflorescence paniculate, racemose or corymbose.
� Flower/Fruits Capitula homogamous, solitary or in clusters, from sessile to long pedunculate with 3 to >100 florets, spherical to ovoid, glabrous to densely arachnoid.
Genetic Makeup x = 18
References Wikipedia.org

PlantMicroseris scapigera
Origin
Morphological features/ Identification marks
� Roots/tubers One or more tuberous roots, 33 cm long and 1�5 mm wide, tapering gradually from near insertion.
� Stem 30 mm long and 11 mm wide caudex, sparingly branched.
� Leaf Subfleshy-membranous, 8�25 cm long, 1�10 mm wide, linear to lanceolate or obovate-spathulate, acute-obuse or apiculate, lobes deeply pinnatifid leaves upto 25 mm long, blades glabrous on both sides.
� Flower/Fruits 10�30 cm long, 1�2 mm diameter, scapes; achenes fruit pattern.
Genetic Makeup Tetraploid, 2n = 36
References Sneddon, 1977

PlantBunium persicum
Origin Origin in the area between Central Asia and Northern India
Morphological features/ Identification marks
� Roots/tubers All Bunium species have spherical or oval tuberiform storage roots.
� Stem Dwarf (30 cm) to tall (80 cm) compact or spreading, moderately to highly branched, tuberous and perennial herb. The stem is often hollow in the internodal region with secretory canals containing ethereal oils and resins.
� Leaf The leaves are freely, pinnate (2�3), finely dissected and filiform.
� Flower/Fruits Convex or flat-topped flower cluster in which all the pedicles arise from the same apex. The flowers are small, white in color with readily symmetrical small sepals, petals and stamens (each 5 in number) and are present in compact umbels.
Genetic Makeup 2n =14
References Sofi et al., 2009

PlantScorzonera hispanica
Origin
Morphological features/ Identification marks
� Roots/tubers
� Stem
� Leaf
� Flower/Fruits
Genetic Makeup The chromosome number in the sub- tribe is x = 6 or 7.
References Mavrodiev et al., 2004

PlantSmallanthus sonchifolius
Origin From the Andes, introduced into the Philippines in 2000.
Morphological features/ Identification marks
� Roots/tubers Crisp, sweet-tasting tuberous root.
� Stem
� Leaf
� Flower/Fruits
Genetic Makeup
References Cruz et al., 2007

PlantHemerocallis spp.
Origin Unknown origin
Morphological features/ Identification marks
� Roots/tubers
� Stem
� Leaf
� Flower/Fruits Flowers of members in sections Fulvae Nakai and Capitatae Nakai in the genus Hemerocallis are orange-yellow, fragrant lemon-yellow flowers in section Hemerocallis.
Genetic Makeup Diploid and triploid. x = 11 basic chromosome number, 2n = 33
References Kang and Chung, 2000; Ting, 1988.

PlantStachys affinis
Origin
Morphological features/ Identification marks
� Roots/tubers Tubers are similar to those of S. palustris, but shorter and thicker, i.e. branching surface rhizomes, oblong tubers divided into segments, sometimes even 20 cm long and 2 cm broad.
� Stem
� Leaf Broader leaves
� Flower/Fruits
Genetic Makeup 2n = 66
References Tundis, et al., 2014; Roy et al., 2013; Łuczaj et al., 2011

PlantTacca
Origin Southeast Asia
Morphological features/ Identification marks
� Roots/tubers Tuberous rhizome with eyes, starchy, similar like potatoes, 10�15 cm diameter in general, reaches 30 cm in good rich soils, 70�340 gm weight in general, pale yellow skin, dull whitish flesh, raw form bitter and inedible in nature.
� Stem Perennial herb
� Leaf A single petiole, 60�90 cm long, deeply lobed 3 segment possessing 30 cm leaf blades, pinnate.
� Flower/Fruits Long-stalked inflorescence, which may arise from basal tuber, green flower umber, 3�4 cm long, with usually 6 bracts, inner bracts purplish and thread like. Ovoid, yellowish and smooth berry.
Genetic Makeup 2n = 30
References Anil and Palaniswami, 2008; www.nzdl.org site with book title �Root crops� authored by Kay, D.E. (1987); Baldwin and Speese, 1951.

PlantCochlospermum spp.
Origin Latin America, Africa, the Indian Sub-continent, and Australia.
Morphological features/ Identification marks
� Roots/tubers
� Stem
� Leaf
� Flower/Fruits
Genetic Makeup
References www.wikipedia.org

PlantSphenostylis stenocarpa
Origin Ethiopia
Morphological features/ Identification marks
� Roots/tubers 5�7.5 cm long with 50�150 g weight, spindle-shaped tubers externally similar to sweet potatoes possessing white and watery flesh.
� Stem Vigorous, herbaceous, climbing vine of 1.5�2 m height.
� Leaf Trifoliate leaves 14 cm in length and 5 cm in breadth. 2.5 cm-long mauvish-pink, purple or greenish-white colored conspicuous flowers on stout axilliary peduncles.
� Flower/Fruits Linear, flat, glabrous seed pods 25�30 cm long and 1�1.5 cm broad, raised margins, 20�30 ellipsoid, rounded or truncated seeds with creamy-white or brownish-yellow, dark brown, sometimes with black marbling color.
Genetic Makeup
References www.nzdl.org site with book title Root crops� authored by Kay, D.E. (1987)

PlantSagittaria sagittifolia
Origin China
Morphological features/ Identification marks
� Roots/tubers 4�6 small subterranean tuberous rhizomes.
� Stem 0.6�1.2 m tall robust, perennial, aquatic plant.
� Leaf Smooth, broad sagittate leaves
� Flower/Fruits Long-peduncled, glabrous, racemose, simple or branched. Erect inflorescence with white, whorled, flowers on a purple-spotted base. The flat carpels crowded into globular head.
Genetic Makeup
References www.nzdl.org site with book title �Root crops� authored by Kay, D.E. (1987)

PlantHitchenia caulina
Origin India
Morphological features/ Identification marks
� Roots/tubers Normal-sized as of an orange, white fleshed and covered with fibrous roots.
� Stem Herb with a leafy stem, 0.9�1.2 m high.
� Leaf Oblong-lanceolate, fibrous leaves 30�50 cm long and 7.5�10 cm breadth.
� Flower/Fruits Yellow flowers with long peduncle on a central spike.
Genetic Makeup
References www.nzdl.org site with book title �Root crops� authored by Kay, D.E. (1987)

PlantEleocharis dulcis
Origin First cultivated in Southeast China
Morphological features/ Identification marks
� Roots/tubers Subterranean rhizomes of two types. The young white, scaly, brown corms become sub-globose, 1�4 cm long, somewhat flattened on maturity.
� Stem Dark chestnut-brown coloured outer skin, usually rounded or onion-shaped, 1�4 cm diameter, crisp and white flesh.
� Leaf Variable, annual, stout, tufted, aquatic, sedge plant with numerous upright tubular septate stems of 0.9�1.5 m and 50�100 per plant.
� Flower/Fruits Lack leaves
Genetic Makeup 50 insignificant flowers at top of stems, achenes are found.
References Www.nzdl.org site with book title �Root crops� authored by Kay, D.E. (1987)

PlantIcacina senegalensis
Origin Indigenous to West and Central Africa
Morphological features/ Identification marks
� Roots/tubers A large, underground fleshy tuber like large turnips or beetroots and variable size, 30�45 cm in length, with 30 cm diameter and 3�25 kg weight. The greyish tubers with thin skin enclosing white flesh, usually speckled with yellow spots.
� Stem Shrubby perennial, variable form. The 1 m aerial stems are light green in color with glabrous or pubescent erect leafy shoots.
� Leaf Light green, leathery and dark green leaves, simple, ovate or obovate, pointed or rounded at the apex, 5�10 cm long and 4�7 cm breadth.
� Flower/Fruits Inconspicuous flowers, usually white or cream and pedunculate, ascending or erect, corymbose cymes, collected into a terminal leafless panicle, or the lower peduncles arising from the axis of reduced leaves. The 5 divisionsioned calyx, bright green pointed lobes; 5 narrow, white or creamy-white petals, covered with silky hairs on their outer side. The bright-red ovoid berry fruit of 2.5�3 cm length and 2�2.5 cm width covered with very short hairs and possess a thin layer of white pulp, ~0.2cm thick, surrounding a single spherical or ovoid seed.
Genetic Makeup
References www.nzdl.org site with book title �Root crops� authored by Kay, D.E. (1987)

PlantSolenostemon rotundifolius
Origin Central or East Africa
Morphological features/ Identification marks
� Roots/tubers Small dark-brown clustered tubers, smaller, with an aromatic sweetish flavor. In Sri Lanka, 2 main types are recogniszed, the small-tubered type favored for its delicate flavor and the larger type that produces heavier crops which are easier to harvest. In West Africa, there are three recognized types: nigra, widespread in Mali, with small tubers and blackish skin; rubra, with small reddish-gray or reddish-yellow tubers; and alba, which is whitish.
� Stem Small, herbaceous annual, 15�30 cm height, prostrate or ascending, and a succulent stem.
� Leaf Thick leaves with an aromatic smell resembling that of mint.
� Flower/Fruits Flowers are small, pale violet in colour, produced on an elongated terminal raceme.
Genetic Makeup
References www.nzdl.org site with book title �Root crops� authored by Kay, D.E. (1987)

PlantNelumbo nucifera
Origin Southrast Asia and possibly Africa
Morphological features/ Identification marks
� Roots/tubers Creeping white globulous rhizome, 60�120 cm in length and 5�10 cm in diameter, about 150 g�1.2 kg weight. The flesh varies in color (white or grayish-white to pink or orange-buff).
� Stem Perennial aquatic herb
� Leaf Intervals, a single leaf, Leaves are peltate, 60�90 cm in diameter on very long petioles and are often raised 1�2 m above the surface of the water and with wax coating.
� Flower/Fruits Flowers are solitary at the ends of long stems, four sepals, numerous petals and stamens, large, 15�25 cm across, very showy, variously pink shades colored and cone-shaped torus, 5�10 cm diameter, with 10�30 carpers sunk into the upper surface: these carpers mature into ovoid nut-like, edible achenes.
Genetic Makeup
References www.nzdl.org site with book title �Root crops� authored by Kay, D.E. (1987)

PlantCanna indica
Origin Andean region of South America
Morphological features/ Identification marks
� Roots/tubers The fleshy segmented rhizomes have segments like corms, borne in clumps, 60 cm in length. In the Andes, two clones are recognized: �Verdes� with gray-white corms and bright green foliage, and �Morados� with corms covered with violet-colored scales. The starchy rhizomes shaped from cylindrical to tapering and spherical to oval, usually ranging from 5�9 cm in diameter and from 10�15 cm in length, ringed by scale-scars and thick fibrous roots.
� Stem Perennial, herbaceous monocotyledon, variable in many characteristics, purple stems, normally 0.9�1.8 m in height, but can reach 3 m or even higher and are fleshy, arising in clumps.
� Leaf The large, broad, pointed leaves are entire, normally 30 cm long and ∼12.5 cm wide with a marked, thick midrib; often purplish beneath.
� Flower/Fruits The unisexual flowers, orange-red petals ∼5 cm long and 3 petal-like staminodes. The 3-celled capsule fruit has round black seeds.
Genetic Makeup
References www.nzdl.org site with book title �Root crops� authored by Kay, D.E. (1987)

PlantCurcuma zedoario
Origin Never been precisely determined, Northeastern India
Morphological features/ Identification marks
� Roots/tubers Ovoid tuber with several short, thick, horizontal rhizomes and also tuberous roots. The starchy finger rhizomes are greyish in color externally and have yellowish-white flesh, darkening in the center with age to a honey-brown color, 15 cm in length and 2.5 cm thick and have musky odor, with a camphoraceous note and a pungent bitter taste.
� Stem Robust perennial with fleshy, branching rhizomes; leafy or flowering shoots. The leafy shoots are up to 1 m tall and consist of a pseudostem.
� Leaf Compacted concentric leaf bases, with the true stem extending for only part of the way within. Each shoot has ~5 leaves, in two rows on opposite sides of the shoot. The leaf blades are elongated-elliptical, about 35 × 13 cm, with a purple band on each side of the midrib when young, and with close parallel-pinnate veins, usually brownish.
� Flower/Fruits Flowers are pale-yellow, borne on spikes about 15 cm tall, in clusters of 4 or 5 in the axils of bracts, which are green at the lower end of the spike, tipped with purple in the middle region, and entirely purple at the uppermost end.
Genetic Makeup
References www.nzdl.org site with book title �Root crops� authored by Kay, D.E. (1987)

PlantPsophocarpus tetragonolobus
Origin Africa (Madagascar or Mauritius)
Morphological features/ Identification marks
� Roots/tubers Shallow, persistent roots, cylindrical, with a brown, fibrous skin, up to 12 cm in length and weighing about 50 g. The flesh is white and solid, and after peeling they are eaten raw or boiled.
� Stem Climbing perennial, moderately thick stem, slightly ridged and grooved, and can reach 3�3.6 m in height.
� Leaf The leaves are trifoliate, on long, stiff petioles; leaflets are ovate, 7.5�15 cm long with the terminal leaf usually longer than the laterals and attached to the petiole by a marked pulvinus.
� Flower/Fruits The inflorescence is borne on an axillary raceme, up to 15 cm in length, with 2�10 flowers, which may be blue, white or lilac. The pods are 4-sided, with characteristic serrated wings running down the four corners. They contain 5�20 seeds which can vary in colour from white, through varying shades of yellow and brown to black, and may also be mottled.
Genetic Makeup
References www.nzdl.org site with book title �Root crops� authored by Kay, D.E. (1987)

PlantPueraria lobata
Origin China/Japan region of eastern Asia
Morphological features/ Identification marks
� Roots/tubers Roots elongated and often tuberous, 1 m in length and 40 cm in diameter and weighing up to 40 kg, tapering, cylindrical or a variety of irregular shapes, starchy, and in both P. lobata and P. tuberosa may be 30�60 cm long, 25�30 cm in diameter and weigh 35 kg (or larger on older plants), sometimes connected to the main roots and each other by thin, stringy roots.
� Stem Perennial twining herbs or shrubs
� Leaf Leaves are trifoliate with entire or slightly 3-lobed leaflets, pubescent, 5�12 cm long and 4�10 cm breadth.
� Flower/Fruits Flowers are borne in dense, pubescent racemes 20�50 cm long, are mauve to violet and fragrant. The pods are flat, oblong-linear, 5�10 cm long, hairy with 8�20 seeds.
Genetic Makeup
References www.nzdl.org site with book title �Root crops� authored by Kay, D.E. (1987)

Root Morphology Taxonomical description of a plant based on root morphology poses constraints such as inaccessibility of the organ due to its underground behavior, less distinctive features and lack of appropriate methods. Presence or absence of spatial scores, quantitative analysis of species� root distribution in conjugation with root densities and spread and allocation of roots to respective plant or taxa, aids in proper taxonomical study of plant on its root basis. However, the study termed �Root Research� is in its infancy. General morphological root traits, also known as gross morphology, are used for taxa identification. Concerned criteria includes study of root color, odor, resilence nature apropos to breakage, nature of inhabitant myc-orrhiza, root hairs or resins and its abundance, woody structure, study of exodermal structure or peridermis characters, root branches and its pattern, root tip density, root diameter, morphotype of mycorrhizal root tips, texture, tensile strength and overall biomass distribution.
Root staining helps in better identification of a roots� morphological and color differences (Rewald et al., 2012). Moreover, near-infrared reflectance spectroscopy is an easy, fast and low-cost intensive technique used for root biomass determination. In-situ observations on species-specific root distribution, growth and interactions are easily detected through minirhizotron pictures of fluorescent roots. In addition, intra-specific root indentification is done by incorporation of radioisotopes, mainly C13, which differentiates C3 and C4 plants based on their root tissues (Rewald et al., 2012). Though these parameters are subjected to environmental and geological changes and require excessive labor, skill and time, the low-cost intensive nature along with ease of propagation under in-situ conditions maintain the utility and applicability of roots for taxa identification.
Tubers of Amorphophallus species vary in shape, some being uniformly globose, while in others they may be clustered or elongated (Figures 2.41 and 2.42). Allium cepa (Figure 2.44) has bulbs with reduced discs with globose type scapes, 1.8 m tall tapering to base, vari-colored membranous skin contrary to Allium sativum (Figure 2.43), and side-elongated densely packed clove bulbs in a single layer arrangement. Stachys affinis (Chinese artichoke) tubers are shorter, thicker, branched surface rhizomes, segmented oblong (Figure 2.39), while its family relative, the Plectranthus species, possesses stolon-type yellow-brown pigmented tubers. Yacon is a sweet tasting, crisp tuber. Most plants of Asteraceae (Figures 2.34-2.39), classified under root and tuber crop groups, possess mainly a tap root. However, Jerusalem artichoke of the same group is marked by its fibrous nature, ginger root-shaped, with brown- to red-colored roots (Figure 2.33). Turnip has a stout fusiform tuberous root with various colors and shapes of swollen hypocotyls (Figure 2.29). Maca has a fleshy turnip-shaped, tap root with variable color hypocotyls (Figure 2.32), while radish belonging to the same family has long, tapered fleshy roots (Figure 2.30). To the contrary, the Mashua tuber (Figure 2.28), belonging to the same order as of Maca, Turnip and Radish, has black, white and purple-grey tubers with deep, narrow-eyed structures. Pachyrhizus species of the Fabaceae family have fleshy tuberous roots with succulent white interiors (Figure 2.25). Thick rhizomes and tubers are found at stem base and leaf axils in the Mignonette vine belonging to the Basellaceae family of Caryophyllales, while Ulluco of the same family which has a widely colored, twisted, round, cylindrically elongated tuber with superficial eyes (Figure 2.22).
Beets belonging to the Amaranthaceae family of the same order are characterized by their stout, swollen roots with hypocotyls (Figure 2.23). Oca is identified by its gamut color variations in tuber skin and bract covered eyes. The tubers are cylindrical, claviform and ovoid in shape (Figure 2.21). Black-brown, hard to smooth globose tubers are characteristic of Chufa (Figure 2.20). Ginger belonging to the Zingiberales order has a buff-colored surface, and is a horn-shaped rhizomatous spice (Figure 2.19), while bract-enclosed, subterranean, long pointed tubers belong to the same order as Arrowroot (Figure 2.18). Root and tuber crops of the Apiaceae family mainly possess a conical-cylindrical taproot (Figures 2.12-2.17). Yams are mainly characterized by their six short underground tubers (Figures 2.9�2.10), while corms mainly arise in the Araceae family (Figures 2.6�2.8). Cassava roots are usually accompanied by fibrous bark and yellow-white-colored flesh (Figure 2.5). Sweet potato is a long, tapered, multi-colored fleshed tuberous root (Figure 2.4), while Potato is an astolon-shaped root with a vari-colored skin covering depending on the cultivars (Figure 2.3).
The detailed root and tuber morphology of plants are illustrated in Table 2.2. In addition, the variations in root morphological characters of sundry root and tuber crops, giving them distinct appearance and identification scores, are shown in Figure 2.

2.2.2 Cytogenetics

Intra-specific changes in genomic size have been related to species divergence and evolution, thereby acting as a useful taxonomic marker (Ohri, 1998). Classical kary-otypic studies reveal alterations in chromosome number and morphology and disclose diversity, which remains unapparent in morphological studies. Different parameters supporting the study include counting of chromosome numbers, frequencies of different haploid numbers in various species and fluorescent in-situ hybridization (FISH) marking chromosomes along with Bayesian analysis.
Fruit and seed production, pollen grain size, vegetative morphology, ploidy level and exine sculpture are some of the valuable features which were studied by Xifreda et al. (2000) to cytotaxonomically differentiate two A. cardifolia infraspecific genus, namely subsp. gracillis and subsp. cardifolia. Similarly, somatic chromosome number, interphase chromosome value and heterochromatin value were analysed during karyotype studies of seven C. esculenta varieties localized in Bangladesh (Parvin et al., 2008). The close relationship between Calathea and Maranta belonging to the same family Marantaceae has been well corroborated by cytological studies (Sharma and Bhattaracharya, 1958). Nowadays, various anti-mitotic agents and inhibitors such as oryzalin, trifluralin and amiprofos-methyl (APM) have been used for the cytogenetic compression and elongation of chromosomes with accurate morphometric analysis for metaphase studies. Physical mapping, chromosome identification and evolutionary analysis, especially in species with large genomes, is done through cDNA libraries and repetitive sequences like microsatellites, etc. occurring in abundance in plant genomes transforming into extremely valuable FISH markers (Chester et al. 2010; Soltis et al., 2013). Srisuwan et al. (2006) studied hexaploid Ipomoea batatas (10 varieties), tetraploid Ipomeoa trifida (5 accessions) and six other related species by FISH apropos to organization and distribution of 5S and 18S rDNA and asserted that the higher ploidy level is often marked by decrement in the 18S rDNA loci. Data generated showed greater closeness between I. trifida and I. batatas, as well as between I. tiliacea and I. leucantha.
In another study, Propidium iodide based flow cytometry was conducted for evaluating cytogenetic variations within the Beta group for which 21 Portugal-situated populations were studied. The study revealed variation in endopolyploidy levels for B. macrocarpa and B. vulgaris subsp. maritime (Castro et al., 2013). Karyomorpho-logical study of C. endivia and C. intybus L. was done in order to reveal differences between them. rDNA probes-based FISH followed with fluorochrome staining on five accessions for each species exhibited conserved positions and rDNA-based polymorphisms in endivia and untybus species respectively (Bernardes et al., 2013). Such techniques have paved the way to solving karyotyping and taxonomical description problems of many species. However, correct modeling needs incorporation of environmental variables, molecular mechanisms and suitable karyotypic analysis for spe-ciation and genome studies. The ploidy level and genetic makeup of different root and tuber crops are given in Table 2.2.

2.2.3 Ecological Study

Features of plant ecology can prove extremely useful in its identification. A plant needs to adapt to a specific soil, water and other environmental conditions so as to facilitate its growth and proliferance. The association of the plant species with the specific surroundings and ecological niche becomes strong and distinctive, in a way restricting and limiting them.
Plants of Xanthosoma spp. in the Kulonprogo District, Yogyakarta were characterized and identified using morphological and isozyme patterns, which were further analyzed through dendogram and statistical tools like goodness of fit (Nurmiyati and Sajidan 2009). With respect to plants at different locations, Glutamate oxaloacetic transaminase (GOT) and Peroxidase (POD) isozyme banding patterns exhibited variability in contrast to other isozymes like Esterase (EST). The features adapted by the plant in response became their mark of identification and aid in taxonomical study (Givnish, 2010). The focus of this aspect covers the study of the lifespan of plants:
� Ephemerals � short life cycle, characteristic to dry and disturbed areas;
� Annuals � live for one growing season, lack woody stem or root/storage organs development;
� Biennials � proliferate in two growing seasons, possess storage organs against unfavorable periods between two seasons;
� Perennials � many seasons, develop woody parts and specialized perennating organs (i.e. bulbs and rhizomes) and their habit forms (trees, shrubs and bushes, herbs, climbers) (Wondafrash, 2008).
Study of such features narrows down the efforts needed for the identification and description of an unknown plant and increases the pace for taxonomical study. Studies on M. esculenta plants collected from the Ngawi District at three different altitudes exhibited influential effects of height on root, stem and leaf morphology (Tribadi et al., 2010). Identification of minor changes in genetic composition between taxa of a particular habitat can also be done with the help of isozymes, which prove an inexpensive method in such cases (Crawford, 2014). Nguyen et al. (1998) developed phylogenetic relationships for 84 Southeast Asia taro species through esterase isozyme polymorphism and UPGMA cluster analysis. Genetic variability as exhibited by banding patterns was found in different accessions collected from different places, such as Nepal, Vietnam, Yunnan, etc., implying a significant role of Yunnan in evolution of the species. Similarly, Kang and Chung (2000) worked on 30 Korean Hemerocallis species, genetic population structure, variability and divergence pattern with 12 isozyme loci. Higher variations with less differentiation among populations were observed in these species. Scattered distribution of these plants in focus land areas determined limited seed dispersal. The H. hakuunensis population was mainly localized to open areas, granitic or humus soils, pine-oak forest margins localized on the hillsides of the central, southern and northwestern side of the Korean Peninsula, whereas pine-oak forests harboring sandy soils situated on the Taean Gun coast (Central-western Korean Peninsula) mainly is inhabited by H. taeanensis.

2.2.4 Chemotaxonomy

Plants possess an incredible gamut of metabolites, which can be utilized as taxonomic markers and this lead to the emergence of chemotaxonomy in the 1960s. Analysis of essential oils or other targeted metabolites, assessment of chemical data among plants and use of computational data analysis for determining similarity have been a part of this approach. Flavonoids proved to be one of the successful chemotaxonomic markers for the Leguminosae family, but characteristic leaf flavonoids are yet to be developed (Rewald et al., 2012).
Tavares et al. (2014) used fruit essential oils� chemical characterization to derive distinctness among four D. carota subspecies namely, subsp. maximus, subsp. carota, subsp. halophilus and subsp. gummifer and demonstrated that instead of considering D. carota subsp. maximus as a subspecies of D. carota, it must be placed separately as a species itself, as it singly exhibited high asarone levels in oils. Subsp. carota and subsp. gummifer contain a high geranyl acetate content, whereas the elemicin content is high in subsp. Halophilus, exhibiting possible distinguishing characters for taxonomical classification. Similarly, root specific marker molecules are prime requirements for root taxa determination by this approach but is in its infancy. Neutral cumarins or anthraquinones have also aided in root taxa and biomass determination in a few genera. New advancements have included whole metabolites study formed or present in a plant in accordance with environmental, genetic and developmental changes. Tundis et al. (2014) enlisted different essential oils present in Stachys and reviewed their role in chemosystematic studies. Iridoids, Chrysoeriol sheleton, Isoscutellarein groups and Apigenin-p-coumaroyl derivatives have been reported as Stachys chemotaxonomic markers, whereas tricetin methyl esters based glycosides act as markers for Betonica taxa, which needs to be further studied and used for other suitable applications.

2.2.5 Molecular Identification

Phenotypic methods for plant identification prove inadequate to reason out evolutionary and taxonomic relations in closely related species and thus generate a need for incorporation of molecular tools for taxonomical study. Power of resolving genetic differences, data type generated and the applicability to different taxonomic levels influence the selection of molecular techniques. DNA barcoding, Random amplified polymorphic DNA (RAPD), Amplified fragment length polymorphism (AFLP), and Microsatellites and Single nucleotide polymorphisms (SNPs) are some of the techniques employed for studying diversity and phylogenetic relationships (Arif et al., 2010).
South Indian B. nothum possessing calyx teeth (well-developed) has been placed in a new section named Austrobunium, separating it from B. kandaharicum, Afghanian species by the help of nrlTS sequence data (Zakharova et al., 2014). Similarly, monophyletic genus Arctium has been broadly redefined based on ITS and cp DNA regions study on 37 species. The morphological evidences distinguishing Arctium from Causinia were also studied by further corroborating molecular data (Vinyal-longa et al., 2011). Phylogeny status of Mannihot genus due to its ambiguousness, was investigated using geneG3pdh located in the nucleus and chloroplast genes. A well-defined clade could be proposed for the Mesoamerican species, while sundry clades were formed for South American species. The estimated age of the Manihot crown was 6.6 million years and the least variations observed from data showed recent diversification in the genus (Chacon et al., 2008). Klaas and Friesen (2002) has reviewed various molecular markers like AFLP, RFLP, etc. used for studying Alliums and concluded that grouping in the phylogeny can be well resolved with the help of chloroplast and nuclear markers, though both techniques possess some gaps and exhibit variations in results, due to recombination occurring in nuclear DNA which cpDNA lacks. Large-scale genus level investigations in Alliums, presently mostly undertake ITS nuclear marker based studies. In another study, 37 alleles were identified across 120 garlic accessions based on 7 simple sequence repeats (SSRs) and average genetic diversity of about 0.586 was obtained based on which phylogram with 4 clusters was developed. The study also emphasized the role of various geographical conditions in making a local selection pressure and adaptability variations on different garlic accessions (Jo et al., 2012). The detailed status of all the root and tuber crops showing their classification level as presented in Table 2.3.

Table 2.3 Taxonomic position of Roots and Tuber crops

PlantSolanum tuberosum
Taxonomic position
� Earlier classification Past taxonomic treatments of wild and cultivated potato have differed tremendously among authors with regard to both the number of species recognized and the hypotheses of their interrelationships. Linnaeus recognized cultivated potatoes, known to him from both Europe and Peru, as a single species, S. tuberosum. De Candolle was the first to name as distinct from the Chilean populations of S. tuberosum, as var. chiloense A. DC.
� Present classification Recent classifications, however, recognize only ~100 wild species and 4 cultivated species.
� Close alliance plants/Origin taxa Arose from wild species in the Solanum brevicaule bitter complex.
Infraspecific classification Hawkes divided the cultivated potato into 7 species and 7 subspecies. Ochoa recognized 9 species and 141 infraspecific taxa for the Bolivian cultivated potatoes alone. Dodds recognized 3 species, S. curtilobum, S. juzepczukii and S. tuberosum, with 5 groups recognized in S. tuberosum, largely defined by ploidy.
Groups Section Petota contains 494 epithets corresponding to wild taxa (including nomina nuda and illegitimate names) and 626 epithets corresponding to taxa that have arisen in cultivation.
Status The taxonomy of section Petota is complicated by introgression, interspecific hybridization, auto- and allopolyploidy, sexual compatibility among many species, a mixture of sexual and asexual reproduction, possible recent species� divergence, phenotypic plasticity and consequent great morphological similarity among species.
References Ovchinnikova et al., 2011 (continued overleaf)

PlantIpomoea batatas
Taxonomic position
� Earlier classification
� Present classification Convolvulaceae
� Close alliance plants/Origin taxa Among the species within the genus Ipomoea series Batatas, 13 are considered to be closely related to the sweet potato, but the wild ancestor of this plant is still not identified. The sweet potato was thought to originate from diploid I. leucantha Jacq., from which derived tetraploid I. littoralis Blume by polyploidization.
Infraspecific classificationIpomoea trifida was considered the closest relative of I. batatas, and might be its progenitor. Ipomoea tabascana, which has so far been reported as closely allied with I. trifida and I. batatas, would be interspecific hybrid rather than progenitor of the two species.
Groups
Status Reports on cytogenetics of the genus Ipomoea and especially I. batatas complex are very scarce. The use of molecular cytogenetic techniques may contribute to resolve the relationships between the closely-related species in this Ipomoea series.
References Srisuwan et al., 2006

PlantManihot esculenta, syn. M. utilissima
Taxonomic position
� Earlier classification Bertram�s phylogenetic analysis was the first using molecular markers to infer the relationships among Manihot species.
� Present classification Schaal conducted a more recent phylogenetic analysis of the genus Manihot based on DNA sequences of the Internal Transcribed Spacer (ITS) of nuclear ribosomal DNA. The cladogram split the species into 2 main clades: one from Mesoamerica and the other from South America. In this phylogeny, M. esculenta is part of the second clade and is closely related to some species of sections Quinquelobae Pax emend. Rogers & Appan and Glaziovianae Pax emend.
� Close alliance plants/Origin taxa Domesticated from a single wild progenitor, M. esculenta subsp. flabellifolia, Cnidoscolus Pohl is its sister genus.
Infraspecific classification Compilospecies with several different wild relatives contributing to its genetic make-up. The clade composed by Manihot alutacea, M. cecropiaefolia, M. longipetiolata, M. orbicularis, and M. sparsifolia is a well- supported relationship, common to all the phylogenies obtained. All these species are found in the Cerrado ecosystem of Brazil (Goiás) and have a shrubby habit. They belong to the Quinquelobae section (except for M. longipetiolata and M. orbicularis), where species such as M. jacobinensis and M. violacea are also included. Another clade common to all the phylogenies was formed by M. glaziovii, M. carthaginensis, M. epruinosa and M. guaranitica. All the species form a part of different taxonomic sections, except for M. glaziovii and M. epruinosa, which belong to the Glaziovianae section, characterized by the presence of trees and tall shrubs.
Groups 100 wild species, but domesticated separately.
Status Knowledge about the phylogeny of the genus Manihot, essentially because few phylogenetic methods have been used and the species sampling has been limited to taxa thought to be related to cassava. Taxonomic revision of the genus Manihot is necessary due to the inconsistency of the sections proposed by Rogers and Appan.
References Mead, 2013

PlantXanthosoma spp.
Taxonomic position
� Earlier classification The last published information on cocoyam germplasm in Ghana is more than 30 years old
� Present classification Member of the Araceae
� Close alliance plants/Origin taxa
Infraspecific classification Two main species, X. sagittifolium (L.) Schott and X. violaceum Schott.
Groups Wright described a cultivar called �amankani kyirepe�, which had a sweet white corm that needs to be boiled for prolonged periods to get rid of poisonous constituents before being eaten. Karikari indicated that Wright had described 5 cultivars of cocoyam. These were referred to as amankani pa/amankani kokoo, amankani fufuo, amankani fita, amankani Serwaa and amankani kyirepe.
Status The taxonomic position of the cultivated Xanthosoma species is unclear. X. sagittifolium is often given to all cultivated forms.
References Mead, 2013; Markwei, 2010

PlantColocasia esculenta
Taxonomic position
� Earlier classification Barrau (1957) recognized two spp. namely C. esculenta and C. antiquorum Schott.
� Present classification Also recognized are 2 botanical varieties, var. C. esculenta and var. C. antiquorum.
� Close alliance plants/Origin taxa Wild form, C. esculenta var. aquatilis Hassk., is the progenitor of the cultivars.
Infraspecific classification Purseglove�s system of systematization includes one species with 2 botanical varieties: C. esculenta var. esculenta (named dasheen) and C. esculenta var. antiquorum (named eddoe), with the main difference between the two being the length of the sterile appendix of the spadix. Two principal botanical varieties of taro are recognized: C. esculenta var. esculenta, commonly known as dasheen, and C. esculenta var. antiquorum, commonly known as eddoe. Dasheen varieties have large central corms, with suckers and/or stolons, whereas eddoes have a relatively small central corm and a large number of smaller cormels.
Groups The genus Colocasia contains 7 species. Three of these are known from only a single herbarium specimen each (C. gracilis from Sumatra, C. manii from upper Assam, and C. virosa from Bengal). The better-known species are C. ffinis, C. fallax, C. gigantea and C. esculenta (taro). C. ffinis and C. fallax are both found wild in Northeast India and mainland Southeast Asia. C. gigantea is widespread in cultivation in Southeast Asia, and is wild on Java.
Status
References Mead, 2013: Prajapati et al., 2011; Parvin et al., 2008; Nguyen et al., 1998; Matthews, 1995

PlantDioscorea spp.
Taxonomic position
� Earlier classification
� Present classification Family Dioscoreaceae
� Close alliance plants/Origin taxa
Infraspecific classification Edible tubers belonging to the sections Enantiophyllum, Lasiophyton, Opsophyton and Combilium. Enantiophyllum the largest section divided into 3 geobotanical groups � an Asian-Oceanian group, a Sino-Japanese group and an African group.
Groups About 600 species in Dioscorea Linnaeus (Dioscoreaceae). About 100 species of Dioscorea are those edible after detoxification, extended or fast cooking or even raw.
Status
References Goswami et al., 2013

PlantArracacoa xanthorrhiza
Taxonomic position
� Earlier classification The last descriptions of new Arracacia species were reported in Venezuela (A. tilletti Constance and Affolter) and in Colombia (A. colombiana Constance and Affolter) by Constance and Affolter. In Peru, no taxonomical treatment of Arracacia specimens was developed for more than half a century.
� Present classification Family Umbelliferae (Apiaceae) and gender Arracacia
� Close alliance plants/Origin taxa The wild species A. incisa and the wild forms of A. xanthorrhiza, bearing storage roots and cormels and resembling more closely the cultivated arracacha (A. xanthorrhiza).
Infraspecific classification
Groups The �World Umbelliferae Database� in 2005 indicates 72 species.
Status No reliable of the Arracacia genus from the Andean region is possible due to the poor representation of the above-mentioned species in different herbaria.
References Elsayed et al., 2010; Hermann, 1997

PlantMaranta arundinacea
Taxonomic position
� Earlier classification
� Present classification Marantaceae. The last complete treatment of this genus was the work of Schumann, who subdivided the genus into the 4 subgenera currently accepted. ndersson published a taxonomic revision of Maranta subgenus. Maranta, which was established by Schumann.
� Close alliance plants/Origin taxa Closely related to the components of the exclusively neotropical Myrosma Group, which is composed of the genera Ctenanthe, Hylaeanthe A.M.J onker & Jonker, Myrosma L.f., Saranthe (Regel & Koern. Eichler and Stromanthe Sonder.
Infraspecific classification According to the informal grouping of the genera of Marantaceae of Andersson, Maranta was included in the Maranta Group, together with two other neotropical genera (Koernickanthe L.Andersson and Monophyllanthe K. Schum.) plus the Paleotropical genera Afrocalathea K. Schum. and Marantochloa Brogn. ex Gris. in the phylogenetic study of Andersson and Chase, the Maranta Group was polyphyletic. Andersson proposed a new circumscription for this taxon, described 8 new species and proposed the exclusion of 2 species (Maranta cordata Koern. And Maranta foliosa Koern.).
Groups The family currently comprises 530 species and 31 genera.
Status
References Vieira and Souza, 2008; Sharma and Bhattaharyya, 1958

PlantCyperus esculentus
Taxonomic position
� Earlier classification The first study of the infraspecific taxonomy of Yellow Nutsedge was done by Boeckeler who reduced two American species, C. phymatodes H.L. Mi.ihl. and C. lutescens Torr. & Hook. to C. esculentus var. leptostachyus Boeckeler and var. macrostachyus Boeckeler, respectively. Moreover, he recognized a cultivated taxon, C. esculentus var. sativus Boeck. (known as earth almond, tiger nuts or chufa), which is distinguished by its large edible tubers.
� Present classification Ascherson and Graebner divided the species in 2 races: the edible, cultivated sativus, and aureus, including all wild and weedy material. De Vries proposed cv. Chufa for the cultivated taxon.
� Close alliance plants/Origin taxa
Infraspecific classification In a preliminary report on the infraspecific variation of C. esculentus in the Netherlands, Ter Borg described 4 biotypes (A � D), including data on vegetative characters.
Groups In an extensive revision of Cyperaceae, Kiikenthal reviewed the varieties mentioned and described two more, var. nervosostriatus (Turrill) Kiik. (= C. nervosostriatus Turrill) and var. cyclolepis Boeck. ex Kiik.
Status Problems in and indicated several inconsistencies exist. Difficulties establishing the taxonomic position of their material. Cluster study done on paper correlate fairly well with taxa distinguished by Kiikenthal, who recognized them at the level of varieties.
References Schippers et al., 1995

PlantMetroxylon spp
Taxonomic position
� Earlier classification In the early 1970s, Harold E. Moore, Jr., collected two groups of specimens from Samoa that he had identified as Metroxylon warburgii and M. upoluense Beccari
� Present classification Order Arecales, family Palmae, and subfamily Calamoideae. There are two recognized species of Metroxylon according to Beccari (1918): M. sagu without spines and M. rumphii with spines. Presently accepted taxonomy of Rauwerdink who merged the two species into M. sagu based on the fact that seeds from spineless palms can produce spiny seedlings.
� Close alliance plants/Origin taxaM. squarrosum Becc., which according to Rauwerdink is conspecific with M. sagu.
Infraspecific classification Schuilling gives an extensive account of local taxonomy and variability. Rauwerdink recognized four forms based on the length of the spines, proposing that spine length is controlled by a 2-allele system. The question is whether morphological markers such as presence of spines and length of spines are correlated with genetic variation, and if these markers can consequently be used in an infraspecific of M. sagu.
Groups Beccari distinguishes 2 groups among the 9 species of Metroxylon. Three of the species designated by him are both hapaxanthic (the bole ends its life by flowering and fruiting) and soboliferous (the plant tillers or suckers), i.e. sagu, rumphii and squarrosum. Rauwerdink�s, the genus contains only 5 species
Status The taxonomy of the section Coelococcus of the genus Metroxylon was recently revised by McClatchey and a new species described. McClatchey�s findings should be tested using independent molecular evidence.
References Kjaer et al., 2004; McClatchey, 1998, Flach, 1997

PlantOxalis tuberosa
Taxonomic position
� Earlier classification
� Present classificationOxalis tuberosa belongs to the Oxalidaceae family, which includes 8 genera. The genus Oxalis includes >800 species.
� Close alliance plants/Origin taxa The wild progenitor of domesticated oca is unknown, as is the origin(s) of polyploidy.
Infraspecific classification The most recent monographic treatment of the entire genus is that of Knuth (1930).
GroupsOxalis is a large genus of >800 species, The species of the �O. tuberosa alliance� described by de Azkue and Martınez (1990) (footnote i, Table 1) belong to 4 of Knuth�s sections: Ortgieseae, Carnosae, Clematodes, and Herrerea (Knuth, 1930, 1935, 1936).
Status The many conflicting determinations of specimens in herbaria (E. Emshwiller, personal observations) indicate the need for basic work on species delimitation. This lack makes identification of specimens difficult, meaning identities of plants for which there are published chromosome counts uncertain, and has also complicated both sampling and interpretation of results of this study. Bru�her�s comment that the systematics of genus Oxalis is still at its beginning remains very much true today.
References Malice, 2009; Emshwiller and Doyle, 1998

PlantUllucus tuberosus
Taxonomic position
� Earlier classification Moquin-Tandon described the genera in family Basellaceae.
� Present classification The genus Ullucus of the family Basellaceae is Monospecific.
� Close alliance plants/Origin taxa Tournonia forms sister taxa.
Infraspecific classificationUllucus tuberosus comprises 2 subspecies: aborigineus and tuberosus. Cultivated ulluco belongs to the sub-species tuberosus, and is cultivated for its edible tubers.
Groups Two subspecies of Ullucus are aborigineus (stolons along entire shoot) and tuberosus (stolon at base).
Status Unresolved and uncertain relationships with other species of the family.
References Eriksson, 2007

PlantPachyrhizus erosus, P. angulatus
Taxonomic position
� Earlier classification First botanical references to the yam bean was made by Plukenet in 1696, who described a plant from Mexico as Phaseolus nevisensis. The present generic name Pachyrhizus was originally used by L.C.M. Richard. Pachyrhizus is delimited by the short hairs on the adaxial side of the ovary extending almost to the stigma, forming a �beard� along the incurved style and by the median to subterminal globular process on the adaxial side of the stigma.
� Present classification The genus is taxonomically classified in the family Fabaceae, subfamily Faboidae, tribus Phaseoleae and subtribe Diocleinae in close relationship to the subtribe Glycininae and Phaseolinae.
� Close alliance plants/Origin taxa Its close relatives are the soybean and the Phaseolus beans. P. panamensis is the common ancestor of P. ahipa and P. tuberosus and P. ferrugineus the ancestor of P. erosus.
Infraspecific classification The genus contains 5 species: The Mexican yam bean (P. erosus), the Andean yam bean (P. ahipa) and the Amazonian yam bean (P. tuberosus) are cultivated, whereas P. panamensis and P. ferrugineus are only found wild.
Groups Three cultivated species: P. erosus, from the semiarid tropics of Central America; P. tuberosus from the tropical lowlands of both slopes of the Andean mountain range. Moreover, P. erosus is cultivated in many Southeast Asian countries.
Status To evaluate a broad range of yam bean accessions under field conditions in order to obtain more detailed information about the climatic zones where yam beans can be grown, the agronomic potential of accessions as well as the genetic diversity within the yam bean gene-pool.
References Zanklan, 2003

PlantTropaeolum tuberosum
Taxonomic position
� Earlier classificationTropaeolum L. was referred to originally as Cardamindum Adans. Linnaeus introduced the name Trophaeum (= trophy), because the flowers resembled a warrior�s helmet and leaves resembled shields; he later changed the name to Tropaeolum, using the original Greek word �trópaion.
� Present classification Tropaeolaceae, Tropaeolum tuberosum was described by Ruíz and Pavón (1802) in their magnificent work �Flora Peruviana et Chilensis�. T. tuberosum has been placed within the section Mucronata by Sparre (1973). This section includes 5 well-defined species, of which T. longiflorum Killip, T. crenatiflorum Hook. and T. purpureum are endemic to Peru; T. cochabambae Buchenav. occurs in Peru and Bolivia.
� Close alliance plants/Origin taxa In the absence of a comprehensive study on the diversity of wild and cultivated forms of mashua, it is difficult to pinpoint a smaller area as the likely center of origin. Similarly, little is known about mashua crop history and dispersal.
Infraspecific classification Sparre and Sparre and Andersson recognize 2 subspecies of T. tuberosum; the cultivated T. tuberosum ssp. tuberosum and the wild T. tuberosum ssp. Silvestre,
Groups The family includes 3 genera, with 2 of them, Trophaeastrum Sparre and Magallana Cav restricted to Patagonia. The largest genus is Tropaeolum, which contains 86 species, distributed from southern Mexico throughout South America.
Status The authors� does not accommodate clearly wild but tuberous T. tuberosum, such as the �kipa isaño� used by Johns and Towers. Material known to the authors of this monograph from Paruro Province, Cusco, Peru. This material has elongated and twisted tubers, a feature retained in cultivation and setting this species apart from the domesticated variety.
References Grau et al., 2003

Plant
Taxonomic position
� Earlier classification
� Present classification
� Close alliance plants/Origin taxa
Infraspecific classification
Groups
Status
References

PlantHelianthus tuberosus
Taxonomic position
� Earlier classification An infrageneric of Helianthus has recently been proposed
� Present classification The present study uses methods of phenetics, cladistics and biosystematics to produce an infrageneric of Helianthus.
� Close alliance plants/Origin taxa
Infraspecific classification Previous investigators have subdivided Helianthus in various ways. DeCandolle placed the species into 4 groups in his key. Torrey and Gray divided the genus into 6 sections, although Gray later used only 2 groups.
Groups Watson divided the genus into 2 artificial sections based on the color of disc corollas (a trait that is variable within some species). Heiser placed the species into 3 sections and 7 series based primarily on underground characteristics and crossing results.
Status It has become an interesting research topic and it is even labeled as a new cultivated crop.
References Schilling and Heiser, 1981

PlantAlocasi macrorrhiza
Taxonomic position
� Earlier classification First published by Necker, Elem. Bot. 3rd (1791), an isonym derived from Arum macrorrhizon.
� Present classification
� Close alliance plants/Origin taxaC. gigentea
Infraspecific classification Difference in varieties may lead to their as species.
Groups The varieties are grouped as typical and nigra (longer spathe than enclosed spadices) and the second group as variegata, marmorata and rubra (spathe with equivalent or commenserate length to spadices).
Status Distinguishing different races and varieties is difficult.
References Furtado, 1941

PlantCyrtosperma chamissonis, syn.: C. merkusii
Taxonomic position
� Earlier classification
� Present classification
� Close alliance plants/Origin taxa
Infraspecific classification
Groups Wilson (1968) recorded 14 Cyrtosperma chamissonis.
Status Only edible form of its genus.
References Manner, 1993

PlantDaucus Carota Subsp. Sativus
Taxonomic position
� Earlier classification The economic importance of at least some of its members (e.g. Daucus carota subsp. sativus, the common cultivated carrot, and Cuminum cyminum, cumin), the tribe was an obvious group to study. Moreover, the group is monophyletic upon the inclusion of Laserpitieae and Scandiceae. Unfortunately, we have not examined material of Angoseseli, a rare monotypic genus of tropical Angolan distribution. This species was at one time referred to the genus Caucalis.
� Present classification Umbelliferae, The latest taxonomic monograph of Daucus was by Sáenz Laín (1981), who recognized 20 species.
� Close alliance plants/Origin taxa An ancestral wild form of Daucus carota subsp. Carota.
Infraspecific classification Among the 9 D. carota subspecies described for the Iberian Peninsula, 5 are represented in Continental Portugal from which 4 are native, namely: D. carota L. subsp. carota; D. carota L. subsp. maximus (Desf.) Bal; D. carota L. subsp. gummifer (Syme) Hook. and D. carota L. subsp. halophilus (Brot.) A. Pujadas. The first 3 subspecies are distributed throughout Portugal, while the latter taxon is a Portuguese endemism, occurring only in 3 provinces in the center and southwest regions.
GroupsDaucus carota subsp. sativus is the only cultivated form of the species. Reduron recognized 5 species within subgroup carota and 4 subspecies within subgroup gummifer, first group above. Taxonomically, there are 917 accessions identified as D. carota, with 247 of these identified as D. carota with a variety or subspecies designation (1164 D. carota total), leaving 217 accessions identified as other Daucus species.
Status Despite of the several descriptions available in different floras, the distinction of the different subspecies is difficult.
References Spooner et al., 2014; Tavares et al., 2014; Lee and Downie, 1999

PlantPastinaca Sativa
Taxonomic position
� Earlier classification Tournefort gave a drawing of an Umbellifereae plant named Pastinaca, which was adopted by Linneaus (1753). Miller mentioned three names: Pastinaca sativa latifolia, P. sylvestris latifolia, and P. sylvestris altissima. These were changed to binomial names by Linneaus: Pastinaca sativa var. sylvestris, P. sativa var. sativa, and P. opopanax, respectively.
� Present classification Adanson was the first to combine Umbelliferae (Umbellatae) with Araliaceae and recognized 9 sections in the family, putting the genus in the Pastinacae. Bieberstein, Bernhard and De Candolle studied the genus. Schischkin in Flora of the USSR, followed Boissier�s treatment of 1872.
� Close alliance plants/Origin taxa
Infraspecific classification Boissier recognized 3 subsections in the genus using the habit, bract, bracteole and petal characters, and introduced 3 new species. Calestani combined the genera Pastinaca, Malabaila, Heracleum, Zosima, Lophotaenia, Ainsworthia, Wendiana, and Tordylium under the genus name Pastinaca. He divided the genus into 6 sections. Koso-Poljansky slightly changed Calestani�s work, recognizing 2 sections, 7 subsections and 2 groups.
Groups The genus is found to contain 8 species and 4 subspecies. Pastinaca latifolia DC. is regarded as a subspecies of P. sativa.
Status The taxonomic positions of these 3 specimens also cannot be determined
References Menemen and Jury, 2001

PlantRaphanus sativus (Radish)
Taxonomic position
� Earlier classification Chloroplast and mitochondrial RFLP data suggest that Raphanus is closely related to the rapa/oleracea lineage, whereas nuclear RFLP data suggests that Raphanus is closely related to the nigra lineage, suggesting that Raphanus is a hybrid between the rapa/oleracea and the nigra lineages.
� Present classificationBrassica species were divided into 2 evolutionary lineages: the nigra lineage and the rapa/oleracea lineage.
� Close alliance plants/Origin taxaRaphanus to the nigra lineage than to the rapa/oleracea lineage. The radish is believed to have evolved from Raphanus raphanistrum, a widely distributed weed in Europe.
Infraspecific classification Ecological of radish cultivars comprises 5 main varieties, viz., Raphanus sativus var. niger (Mill) Pers.; var. radicula DC.; var. raphanistroides Makino; var. candatus (L.), and var. oleifer Netz.
Groups An Old World genus of tribe Brassiceae, composed of 2 species: radish, R. sativus (n = 9, R genome), and wild radish, R. raphanistrum (n = 9). Important R. sativus crop varieties include small radish (var. sativus or radicula) grown for its edible root, black or large radish (var. niger or longipinnatus) grown for its roots, leaves, and young seed pods (believed to be the oldest type); mougri, rat-tailed, or aerial radish (var. mougri or caudatus).
Status Some controversy as to the probable center of origin of R. sativus.
References Warwick, 2011; Kalia, 2008, Yang et al., 2002

PlantBrassica spp. (Turnip)
Taxonomic position
� Earlier classification Bailey published extensively on the morphologically- based of cultivated B. rapa and related species.
� Present classification subsp. rapa, formerly subsp. rapifera. The parents of cultivated turnip are found wild in Russia, Siberia and Scandinavia.
� Close alliance plants/Origin taxaB. septiceps, seven-top turnip or Italian kale (a vegetable grown in the eastern United States), clustered with subsp. rapa, supporting its purported affiliation with subsp. rapa.
Infraspecific classification A number of genetic or phylogenetic relationships has been proposed for taxa within B. rapa, based on morphology, geographical distribution, isozymes and nuclear restriction fragment length polymorphism (RFLP) data.
Groups Various data have indicated a division of B. rapa into �western� and �eastern� groups, perhaps corresponding to two independent centers of origin. The western, or European, group includes vegetable turnip and oilseed turnip rape; India � Asian oilseed types are putatively derived from the latter. The eastern, or Asian, group contains the various Asian vegetables indicated above.
Status Breeding work in the turnip is almost at a halt, except for the maintenance of existing cultivars marketed by the major international Japanese and European seed companies.
References Warwick et al., 2008; Kalia, 2008

PlantBeta vulgaris (Beets)
Taxonomic position
� Earlier classification The genus Beta is divided into 2 sections: Beta Transhel and Corollinae Ulbrich (the latter including the previous section Nanae). Transhel divided Beta into 3 informal groups, i.e. Vulgares, Corollinae and Patellares.
� Present classification Betoideae subfamily Amaranthaceae/chenopodiaceae alliance. B. sect. Vulgares, containing the type of the genus, was corrected to B. sect. Beta by Coons.
� Close alliance plants/Origin taxaBeta vulgaris L. subsp. maritima (L.) Arcang. (or wild sea beet) as ancestor. Sister to a clade comprising Salicornioideae, Suaedoideae and Salsoloideae.
Infraspecific classification
Groups Five taxa have been recognized by different authors, namely: B. macrocarpa Guss., B. patula Ait., B. vulgaris subsp. vulgaris (all cultivated forms), B. vulgaris subsp. adanensis (Pamukc.) Ford-Lloyd & J.T. Williams and B. vulgaris subsp. maritima
Status Relationships within Beta needs to be resolved.
References Castro et al., 2013; Kalia, 2008, Kadereit et al., 2006

PlantAnredera cordifolia
Taxonomic position
� Earlier classification Identified as Boussingaultia baselloides. New forma pseudo baselloides A.cordifolia: clarification by Sperling (1987).
� Present classificationA. cordifolia (Ten.) Steen. subsp. gracillis (Miers) Xifreda and Agrimon (Xifreda 1999).
� Close alliance plants/Origin taxaUllucus tuberosus
Infraspecific classification
GroupsA. cordifolia subsp. gracillis and A. cordifolia subsp. cordifolia
Status
References Xifreda et al., 2000

PlantPlectranthus esculentus
Taxonomic position
� Earlier classification The latest world-wide account of the 2 genera was by Briquet >100 years ago.
� Present classification Nepeteoideae in the family Labiatae Juss.
� Close alliance plants/Origin taxa
Infraspecific classification
Groups Three landraces of P. esculentus are known, namely P. esculentus �B�bot, P. esculentus �Riyom�, P. esculentus �Long at� while S. rotundufolius consists of S. rotudufolius var nigra, S. rotundifolius var alba.
Status The taxonomic aspect of the group has lagged well behind the economic one. Taxonomic delimitation has been inadequate, the major problem being the continuous nature of the variation of characters, particularly the morphological ones, which results in difficulties in circumscription of species.
References Agyeno et al., 2014; Lukhoba, 2001

PlantPlectranthus edulis
Taxonomic position
� Earlier classification Briquet gave genera details. Raymond divided the family Lamiaceae into several subfamilies, placing Solenostemon and Plectranthus in the subfamily Neteptoideae, although several other families were unplaced.
� Present classification
� Close alliance plants/Origin taxa
Infraspecific classification Poorly known taxonomically
Groups Large genus of about 300 species
Status
References Bhatt et al., 2010

PlantHemerocallis fulva
Taxonomic position
� Earlier classification Based on field surveys and morphological analysis, several papers on Hemerocallis taxonomy mainly from Japan during the past 30 years (2000)
� Present classification
� Close alliance plants/Origin taxa Unknown origin, members of Hemerocallis may have recently derived from an ancestor or progenitor harboring high levels of genetic diversity.
Infraspecific classification Recognize 5 Hemerocallis species native to Korea: H. hakuunensis Nakai (5 H. micrantha Nakai), H. thunbergii (5 H. coreana Nakai), H. middendorffii, H. hongdoensis M. Chung & S. Kang, and H. taeanensis S. Kang & M. Chung. The geographic distributions and ecological traits of each species.
GroupsHemerocallis includes 30 species of herbaceous perennials from Japan, Korea and China. Many species and 25000 cultivars of the genus are widely grown in gardens in Asia, Europe and North America for their attractive flowers.
Status Numerous nomenclatural and taxonomic problems exist within the genus. The taxonomic difficulties have been attributed to the fact that many species (e.g. H. aurantiaca Baker, H. dumortieri Morren, H. flava L., H. fulva L., H. sulphurea Nakai, and H. thunbergii Baker, etc.) were described from cultivated plants of unknown origin and the extreme differences in appearance between living plants and dried herbarium specimens. In addition, many species of Hemerocallis are so variable ecologically and morphologically that a proper species concept requires morphological, ecological and biosystematic studies.
References Kang and Chung, 2000

PlantApium, Graveolens Rapaceum
Taxonomic position
� Earlier classification
� Present classification Apiaceae widely called celery (var. dulce) or celeriac (var. rapaceum). Based on cultivar introductions, they are classified as ancient (Chinese celery or local celery with long slender petiole) and modern (celery with short thick petiole).
� Close alliance plants/Origin taxa
Infraspecific classification
Groups
Status Morphological traits have remained the basis for for a long time period. The narrow genetic variation existing in cultivated types renders difficulty in distinguishing new cultivars from present or extinct varieties. Mis may occur.
References Wang et al., 2011

PlantTragopogon spp.
Taxonomic position
� Earlier classification An Old World genus of 150 species. Linnaeus described 8 species of Tragopogon, taking as his principal characters the morphology of the leaves and the involucral bract. Artemczhyk split all Ukrainian species of Tragopogon into 3 groups, Majores, Orientalis and Dasyrhynchiformes, and recognized these groups as separate series, but gave descriptions for only the Ukrainian members of these series. The brief paper of Artemczhyk (1948) is also the first evolutionary treatment of Tragopogon.
� Present classification Lactuceae, Cichorioideae, Scorzonerinae. The monophyly of the genus was strongly supported in a recent phylogenetic analysis of Scorzonerinae based on internal transcribed spacer (ITS) sequence data
� Close alliance plants/Origin taxaTragopogon majus Jacq., T. orientalis L., and T. dasyrhynchus Artemcz. to be ancestral to all of the European species of the genus.
Infraspecific classification De Candolle (1838) split Tragopogon into 2 large groups that were not formally named. In one group he placed all species possessing peduncles thickened below the flowering capitula. In the second group the peduncles are not thickened below the capitula. Later, Boissier (1875) split Tragopogon into 2 large groups of unspecified rank based on flower color: (1) �species with yellow flowers� (Flaviflora group) and (2) �species with purplish flowers� (Rubriflora group). Following these initial treatments, other early investigators of Tragopogon described a large number of new species but did not provide any system of for the genus.
Groups According to Kuthatheladze (1957), Tragopogon is typically a Mediterranean genus; the oldest section in Tragopogon is Brevirostres, and the youngest is Profundisulcati. In the flora of the USSR, Borisova (1964) proposed a new system of for Tragopogon, based on the analysis of 79 species. Tzvelev (1985) proposed a taxonomic treatment of Tragopogon from the European portion of Russia based on 23 species.
Status Relationships within Tragopogon are poorly understood. Many species of Tragopogon have not been placed in a section; most of these are narrow endemics that have been recognized and named, but not treated taxonomically. Recent studies have revealed a proclivity for cryptic species, hence this number could be an underestimate.
References Mavrodiev et al., 2005; Guardia and Blanca et al., 1992

PlantCichorium intybus
Taxonomic position
� Earlier classification Two species have been distinguished since Linnaeus 1753. Bremer (1994) did not assign Cichorium to a sub-tribe. However, he suggested Cichorium to be closely related to either Crepidinae or Stephanomeriinae, or considered the genus to be an early divergent branch in the Lactuceae phylogeny.
� Present classification Lactuceae, Asteraceae Cichorium is closely related to Lactuca, which agrees with Vermeulen et al. (1994).
� Close alliance plants/Origin taxaC. pumilum have been suggested as the closest wild relative of C. endive, the wild form of C. intybus wild chicory.
Infraspecific classification A new and reliable of C. intybus is urgently necessary and needed.
Groups Two widely cultivated species: C. endivia (endive and curly endive) and C. intybus (witloof, red and root chicory.
Status Explicit phylogenetic analysis of Cichorium has not been performed to date.
References Hammer et al., 2013; Kiers et al., 1999

PlantAllium sativum
Taxonomic position
� Earlier classification Liliaceae (Melchior 1964) Amarylliadaceae (based on inflorescence structure).
� Present classification Alliaceae (Molecular data based)
� Close alliance plants/Origin taxaA.longicuspis, A.tuncelianum
Infraspecific classification Many selections in informal group.
GroupsLongicuspis group, Subtropical and Pekinense subgroup, Savitum group, Ophioscorodon group
Status
References Fritsch and Friesen, 2002

PlantZingiber officinale
Taxonomic position
� Earlier classification William Roscoe (1753�1831) gave the plant the name Zingiber officinale in an 1807 publication Genetic diversity analysis of Zingiber officinale cultivars using RAPD/AFLP
� Present classification Zingiberaceae
� Close alliance plants/Origin taxa Primitive-type gingers such as �Sabarimala� (Acc. No. 246), �Kozhikkalan� (Acc. No. 537), �Ellakallan� (Acc. No. 463), etc. are grouped in the first cluster and show close similarity to landraces, Acc. No. 27, Acc. No. 20 and Acc. No. 295 as well as the improved varieties, �Varada� (Acc. No. 64), �Mahima� (Acc. No. 117), and �Rejatha� (Acc. No. 35), indicating that the primitive type may be the progenitor of the present-day ginger varieties.
Infraspecific classification The ginger family is a tropical group especially abundant in Indo-Malaysia, consisting of >1,200 plant species in 53 genera.
Groups The genus Zingiber includes ~85 species of aromatic herbs from East Asia and tropical Australia.
Status Ginger is a very poorly studied crop and its molecular information is limited. There are no studies on the comparative molecular profiling of putative wild type vis-à-vis the improved varieties and exotic introductions.
References Ashraf et al., 2014; Ghosh et al., 2011; Kizhakkayil and Sasikumar, 2010; Prem et al., 2008

PlantAllium cepa
Taxonomic position
� Earlier classification Liliaceae (Melchior 1964) Amarylliadaceae (based on inflorescence structure)
� Present classification Alliaceae (Molecular data based)
� Close alliance plants/Origin taxaA. cepa and A. oschaninii as close alliance.
Infraspecific classification 3 formal subspecies, 8 formal species and 17 cultivar groups.
Groups Common onion group, Aggregratum group, Ever ready onion group
Status
References Fritsch and Friesen, 2002

PlantAmorphophallus galbra
Taxonomic position
� Earlier classification Opinion lies to put the genus under the Aroideae subfamily; Amorphophallus was first placed in the tribe Thomsoniae, consisted of two closely related genera, Amorphophallus and Pseudodracontium
� Present classification Araceae, recently Thomsoniae (Amorphophallus + Pseudodracontium) as a basal sister-clade to a clade consisting of the tribes Caladieae and Zomicarpeae.
� Close alliance plants/Origin taxa
Infraspecific classification
Groups 200 species with many with endemic nature.
Status It suggests that A. galbra needs further taxonomic revision and perhaps a redefinition of its species boundaries.
References Gong and Li, 2012; Sedayu et al., 2010; Bogner et al., 1994

PlantHornstedtia scottiana
Taxonomic position
� Earlier classification The species included in the present work, Hornstedtia scottiana (F. Muell.) Schum, is found in New Guinea and Far North Queensland (Anonymous, 2008).
� Present classification Alpinieae tribe, Zingiberoideae subfamily
� Close alliance plants/Origin taxa
Infraspecific classificationHornstedtia scottiana, the only Australian species in this genus, is found in lowland rainforest communities in the Cook and North Kennedy pastoral districts of northeastern Queensland.
Groups The 24 species in the genus Hornstedtia occur in Southeast Asia, Papua New Guinea and Australia.
Status
References Wohlmuth, 2008; Ippolito and Armstrong 1993

PlantRaphanus Sativus Var. Longipinnatus (Daikon)
Taxonomic position
� Earlier classification
� Present classification The genus Raphanus, an old world genus of tribe Brassiceae, var. niger or longipinnatus).
� Close alliance plants/Origin taxa Wild relative, R. raphanistrum
Infraspecific classification
Groups
Status
References Warwick, 2011; Campbell and Snow, 2009

PlantPetroselinum spp
Taxonomic position
� Earlier classification Complex morphological descriptions and intraspecific taxonomy containing subspecies, convarieties, botanical varieties and forms are available.
� Present classification Taxonomic of parsley (Danert, 1959).
� Close alliance plants/Origin taxa Convariety: Crispum radicosum (Alef.) Danert.
Infraspecific classification For the botanical taxonomy of parsley, the grouping of the leaf and the root parsleys fit well together with the molecular and the phytochemical data. The convarieties crispum (leaf types) and radicosum (root types) can be well separated. The intraspecific taxonomy of parsley must be revised based on the new knowledge of the molecular and phyto-chemical data.
Groups The parsley collection contains 220 accessions, including both morphological types, leaf parsley and root parsley, with modern and old cultivars as well as landraces. Molecular studies also show 2 clusters, one for the leaf parsleys and a second one for the root parsleys, together with some leaf parsleys.
Status Described botanical varieties (Danert, 1959) could not be found. Also, the forms are not clearly detectable (Lohwasser et al., 2010). The taxonomy of the lower levels needs further studies.
References Lohwasser et al., 2010

PlantBrassica spp. (Rutabaga)
Taxonomic position
� Earlier classification The name B. napobrasstca Mill. has also been applied to the swede and is recognized by Bailey. The swede turnip is commonly known as rutabaga and has been classified as B. napus var. napobrassica (L.) Reichb.
� Present classification Genus Brassica belongs to the Brassiceae. According to Prakash and Hinata (1980), rutabagas were known to the Greeks, whereas rapes were described in the low countries and England in the 18th century.
� Close alliance plants/Origin taxa Have an independent origin or domestication. Schiemann considered that rutabaga developed from var. oleifera forms by selection, but Olsson (1960), on the basis that rapifera forms can be synthesized directly from crosses between rapifera forms of B. rapa and B. oleracea, hinted at the possibility that rutabaga had swollen roots from its origin.
Infraspecific classification
Groups
Status Conclude that molecular and morphologic s are complementary and necessary to classify germplasms correctly and to clarify genetic relationships among cultivars.
References Soengas et al., 2008; Gates, 1950

PlantLepidium meyenii
Taxonomic position
� Earlier classification Traditionally delimited, the Brassicaceae include about 340 genera and some 3,350 species distributed world-wide, especially in temperate regions of the Northern Hemisphere.
� Present classification The Brassicaceae, large genus Lepidium L, the members of tribe Lepidieae sensu Schulz (1936). The genus Lepidum belongs to tribe Lepidieae and section Monoploca of the Brassicaceae family (Thellung 1906) and consists of ~175 species (Mummenhoff et al., 1992) being the largest genus in the Brassicaceae (Hewson 1982). Maca (Lepidium meyenii Walp. in Nov. Act. Nat. Leopold. Carol. 19, Suppl. 1 (1843) 249) is the only species cultivated as a starch crop.
� Close alliance plants/Origin taxa Molecular data strongly support a sister relationship between Cleomoideae (Capparaceae) and Brassicaceae.
Infraspecific classification Several classification systems were proposed from the early 19th to the mid-20th century, the most notable of which are those of de Candolle (1821), Prantl (1891), Hayek (1911), Schulz (1936), and Janchen (1942). According to these systems, the Brassicaceae can be divided into anywhere from 4 to 19 tribes and 20 to 30 subtribe.
Groups 200 sps in Lepidium (approx.), monophyletic; extensive studies on Lepidium have clearly demonstrated the genus should include Cardaria Desv., Coronopus Zinn, and Stroganowia Kar. & Kir. and that the last 2 genera are polyphyletic. Based on such data and on a critical re-evaluation of morphology, Al-Shehbaz et al. (2002) united all 3 with Lepidium. In the genus, 3 other species are cultivated. Lepidium sativum L. is grown world-wide and is used at the cotyledon or seedling stage as a salad component. Dittander (L. latifolium L.) was a cultivated salad plant of the Ancient Greeks.
Status Recent molecular studies suggest that these taxonomic subdivisions mostly do not reflect phylogenetic relationships.
References Koch et al., 2003; Quirós and Cárdenas, 1997

PlantArctium
Taxonomic position
� Earlier classification Linnaeus (1753) first described the genus. As per Kuntze, entire genus Cousinia was merged into Arctium, which was resolved on the monophyletic and polyphyletic basis by Duistermaat (1996).
� Present classification Sectional based on molecular studies led to development of 2 clades, supporting phyletic level.
� Close alliance plants/Origin taxa
Infraspecific classification
Groups One clade comprises the species of the genera Arctium, Hypacanthium and the monotypic Schmalhausenia, together with Cousinia arctioides, C. vavilovii and C. grandifolia. The second clade has remaining Cousinia species, rich mostly in the polyphyletic C. subg. Hypacanthodes species.
Status Mostly refered as the Arctium-ausiana complex, based on overlapping and related features in the 2 species.
References Vinyallonga et al., 2011; Duistermaat, 1997

PlantMicroseris scapigera
Taxonomic position
� Earlier classification Classified as a member of the Compositae tribe, Cichoriaceae, subtribe microseridinae. Recent monograph. No infraspecific taxa reognized.
� Present classification The data are inconclusive about the monophyly of the Australasian species Microseris Scapigera.
� Close alliance plants/Origin taxa Closest relatives in western North America where 6 perennial and 7 annual species of Microseris occur. An origin of the Australian and New Zealand Microseris by hybridization of a North American annual and perennial diploid species.
Infraspecific classification
GroupsM. scapigera might be further subdivided into 2 or more (sub) species, e.g. one including the Australian and Tasmanian populations of the �fine-pappus�� ecotype, one that contains all but one of the New Zealand populations, and a third that comprises the remaining New Zealand population.
Status Expanded nuclear DNA investigations are needed.
References Vijverberg et al., 1999; Sneddon, 1977

PlantBunium persicum
Taxonomic position
� Earlier classification Many species of this group were described in Carum.
� Present classification Apiaceae taxa, the critical works of Drude (1898), Korovin (1927), Wolff (1927) and Kljuykov (1988), where clearer boundaries between Carum and Bunium genera were proposed.
� Close alliance plants/Origin taxa
Infraspecific classification
Groups Three independent evolutionary lines.
Status
References Zakharova et al., 2014

PlantScorzonera hispanica
Taxonomic position
� Earlier classification The genera traditionally placed in the tribe Scorzonerinae include Koelpinia Pall., Epilasia (Bunge) Benth., Pterachaenia (Benth.) Lipsch., Tourneuxia Cass., Tragopogon L., Geropogon L., and Scorzonera L. (Bremer, 1994). The largest genera are Tragopogon L. and Scorzonera L., which have approximately 100�150 and 170�200 species, respectively.
� Present classification There has long been controversy regarding relationships within Scorzonerinae Scorzonera, the system of Boissier (1875) and Lipschiz (1935, 1964b), which recognizes a broadly defined Scorzonera, remaining the basis of treatments in floras and systematic studies.
� Close alliance plants/Origin taxaS. crispatula fell into the Hispanica, being similar to S. hispanica. The Hispanica clade contains S. trachysperma, S. deliciosa, S. glasti/olia and S. hispanica.
Infraspecific classification Lipschiz (1964b) changed this view and recognized 3 subgenera of Scorzonera: Podospermum, Pseudo-podospermum and Scorzonera. A modem variant of this treatment was provided by Kamelin and Tagaev (1986), who divided Scorzonera s.l. into 2 large subgenera: Podospermum and Scorzonera.
Groups Subtribe Scorzonerinae Dumort. (Lactuceae Cass., Cichorioideae) is an Old World group that includes 7�14 genera with ~300 species.
Status One of the major sources of taxonomic difficulty in Scorzonerinae is the circumscription of Scorzonera. No phylogenetic analysis of any kind has yet been published on subtribe Scorzonerin. The question of S. hispanica and its �subspecies� also remained unresolved.
References Owen et al., 2006; Mavrodiev et al., 2004

PlantSmallanthus sonchifolius
Taxonomic position
� Earlier classification
� Present classification Smallanthus as monophyletic
� Close alliance plants/Origin taxa The species of the first clade share several morphological characters with Rumfordia. subtribes of Millerieae; Ichthyothere was recovered as phylogenetically more distantly related to Smallanthus.
Infraspecific classification Recognize 2 clades in Smallanthus, the first including S. glabratus, S. fruticosus, S. jelskii and S. pyramidalis, and the second including S. siegesbeckius, S. macroscyphus, S. maculatus, S. riparius, S. uvedalius, S. cocuyensis, S. meridensis, S. oaxacanus, S. mcvaughii, S. sonchifolius, S. parviceps, S. riograndensis, S. apus, S. latisquamus, S. quichensis, S. lundelli, S. obscurus, S. putlanus and S. araucariophilus. These clades, however, had weak support.
Groups 24 species
Status Further studies at the level of subtribe, based on both molecular and morphological characters, would be necessary to resolve questions about the relationship of Smallanthus with other genera.
References Vitali and Barreto, 2014

PlantIpomoea costata
Taxonomic position
� Earlier classification Choisy (1845), Hallier (1893) and House (1908) provided early treatments recognizing subgenera and further infrageneric subdivisions within Ipomoea. A modern treatment of primarily African Ipomoea species was provided by Verdcourt (1957, 1963), recognizing 8 subgenera and this was essentially parallel to the 7 sections of van Ooststroom (1953) in his treatment of Asian Ipomoea species.
� Present classificationIpomoea is a member of the Convolvulaceae, one of two large families of the Solanales. Within Convolvulaceae, Ipomoea is the sole genus of the tribe Ipomoeeae, often characterized by spinulose pollen.
� Close alliance plants/Origin taxa Closely related genera are the �Merremioids�, which include Merremia Dennst. ex Endl., Operculina A. Silva Manso, and Aniseia Choisy.
Infraspecific classification The most comprehensive infrageneric treatment of Ipomoea is that proposed by Austin. The developed by Austin divided Ipomoea into 3 subgenera: Eriospermum (Hallier f.) Verdcourt ex Austin, Ipomoea and Quamoclit (Moench) Clarke. Presented, each subgenus can be generally characterized as follows: (a) sub-genus Eriospermum-perennial woody species of varying habit, glabrous coriaceous sepals, hairy seeds, and 2-locular gynoecia; (b) subgenus Ipomoea-pubescent vines, herbaceous pubescent sepals, puberulent seeds, and 2 or 3-locular gynoecia; (c) subgenus Quamoclit-glabrous vines, glabrous sepals, puberulent to glabrescent seeds, and 2 or 4-locular gynoecia.
Groups Genus is exceptionally diverse, containing >600 species of vines and shrubs widely distributed throughout the tropics and subtropics.
Status Growing understanding of the diversification of Ipomoea from both floristics, as well as a variety of comparative studies. Based on ITS, 3 clades are made.
References Miller et al., 1999

PlantPsoralea esculenta
Taxonomic position
� Earlier classification
� Present classification Millettioid Clade Phaseoleae Tribe
� Close alliance plants/Origin taxa
Infraspecific classification
Groups
Status
References Cannon et al., 2009

PlantHemerocallis spp.
Taxonomic position
� Earlier classification
� Present classification Liliaceae
� Close alliance plants/Origin taxa Unknown origin
Infraspecific classification General evolutionary and population genetic processes are key issues, taxonomic problems exist within the genus.
Groups Many species and 25000 cultivars of the genus.
Status Requires further work covering different aspects.
References Kang and Chung, 2000; Ting, 1998

PlantStachys affinis
Taxonomic position
� Earlier classification
� Present classification Lamiaceae, New World lamioid mint taxa are found in 2 lineages only: the endemic tribe Synandreae and the Stachys lineage.
� Close alliance plants/Origin taxa Systematically close genera (especially Betonica and Sideritis). South American Stachys diversified from their Mesoamerican relatives around L. Ancestors with base chromosome number x = 17 (2n = 68) gave rise to the group of temperate western NA Stachys species and the Hawaiian mints through chromosomal fusion events during meiosis resulting in 2n = 64 and 66.
Infraspecific classification Attempts made for defining an adequate infrageneric setting for the Old World species, while those species from the New World are still waiting for a satisfactory taxonomic treatment.
Groups Old World species are grouped in 2 subgenera (Betonica and Stachys), with a total of 20 sections and 19 subsections. Stachydeae, the largest tribe of Lamioideae with ~470 species, is a widespread and taxonomically complex lineage exhibiting remarkable chromosomal diversity. Stachys riederi var. riederi is strongly supported as sister to a clade consisting of 5 other Central-Eastern Asian Stachys (2 Suzukia species, Stachys affinis, S. strictiflora, and S. kouyangensis).
Status Insights into the phylogenetic relationships between the New World mints may be gathered through the study of low copy nuclear loci. There has been a relatively limited sampling of New World Stachys so far to resolve evolutionary relationships within this lineage, and among members of presumed rapid diversification within temperate North America, Mesoamerica (Mexico and Central America), South America and Hawaii. Hence, there is a strong need for further studies with greater sampling (representing the entire range of biogeographical and morphological diversity), and incorporation of more loci, to shed further light on the relationships within this lineage.
References Tundis et al., 2014; Roy et al., 2013

PlantTacca
Taxonomic position
� Earlier classification
� Present classification Monocotyledonous family Taccaceae
� Close alliance plants/Origin taxa
Infraspecific classification 15 species reported by Willis, 1948, while 30 species reported for this perennial herb by Anil and Palaniswami, 2008.
Groups
Status
References Anil and Palaniswami, 2008; Baldwin and Speese, 1951




2.3 Anatomy

The body plan of a plant established during embryogenesis includes distinct below-and above-ground structure the roots and the shoots. Plant Anatomy or Phytotomy is the branch of science in which the internal structure of plants is studied, especially at the cellular level of organization. Meristematic tissues made up of small cells with dense cytoplasm and large nuclei are responsible for primary growth of the plant, as well as root and shoot elongation and increase in girth (Abercrombie, 1990; Bruce et al., 2007; Raven and Johnson, 2001). Roots, stems and leaves form the vegetative organs in plants and share common basic tissue systems, namely ground tissue, dermal tissue and vascular tissue (Barclay, 2002; Raven and Johnson, 2001).

2.3.1 Root Structure

A developing root is marked into four zones, namely Root cap, Zone of cell division, Zone of elongation and Zone of maturation (Figure 2.45A). The root tip center protected by a cap has an inverted, concave dome of cells exhibiting higher cell division and collectively form the apical meristem. These cells are usually cuboidal and large, with centrally-located nuclei but small vacuoles. Cells produced by primary meristems develop into long and slightly wide shapes with merged vacuoles occupying maximum cell volume in the zone of elongation. These cells later differentiate into specific cell types, resulting in the zone of maturation (Raven and Johnson, 2001). Root cylinder cells mature into the epidermis, which also develops root hairs. The ground meris-tem gives rise to parenchyma cells at the interior of the epidermis, which develop into cortex tissue with many wide cells aiding in food storage. The cortex internal boundary differentiates into the endodermis (single-layered with suberin impregnated primary walls) (Figure 2.45B). A suberin, fatty substance impermeable to water, surrounds each epidermal call wall perpendicular to the root�s surface in the form of strips known as Casparian strips, consequently blocking transportation between cells. The transport of molecules does occur selectively through cell membranes (Raven and Johnson, 2001). Collectively, tissues internal to the epidermis are called the Stele, while parenchyma cells in its close vicinity form the Pericycle, which give rise to lateral roots or vascular cambium.
Root anatomical characteristics play a major role in placing strongly related allies; determination of phylogenetic relationships, evolution and developmental patterns, and determination of plant native or origin niches (Seago and Fernando, 2013). Uma and Muthukumar (2014) made an illustrated study on root anatomical characters of 23 species of Zingiberaceae belonging to 3 tribes and 8 genera, with special emphasis on 16 quantitative and 21 qualitative characters and elucidated species limitations using PCoA, PCA and UPGMA cluster analysis. The study demonstrated that traits like cortex thickness, endodermis, central cylinder, intercellular spaces, pith, vascular cylinders� arch properties, trachery elements and cell inclusions like oil cells, curcumin and starch, exhibited uniqueness and diagnostic value in species identification.

2.3.2 Changes Concomitant with Lateral Root and Storage Root

Plants in general have two root systems: the taproot system which comprises a single, long root with smaller branch roots and the fibrous root system with fixed diameter and numerous smaller roots. Besides these two systems, sundry root modification occurs in nature which ballast stem, carry out photosynthesis, accumulate oxygen, stock up food or water and parasitize other plants. Some of these are as follows:
� Food storage roots like sweet potatoes are modified types of roots, where xylem of the branch roots possess extra parenchyma cells at intervals (Raven and Johnson, 2001).
� Combination of the root and stem in plants like carrots, parsnips, radishes, beets and turnips facilitates food storage corroborated by multiple rings of secondary growth. Storage root development is often marked by anomalous cambia cell division, proliferation and its massive filling with starch. The periderm development from phellogen is an associative change observed during the process (Villordon et al., 2014).
� Crops like cassava and yam originate adventitiously in the form of a main root axis from pericycle cells adjoining the xylem pole, contrary to embryonically developed primary roots.
� The significant role of pericycle cells nearest or opposite to the internal phloem and xylem in lateral root initiation has been well described by Benfey (2005). Lateral root (LR) positioning, pericycle structure, number of originator cells, phloem-radius pericycle cells average length, presence of intermediate cell files between xylem and phloem radius, endodermis cells participation in LR formation, forms the major root based key anatomical characters, can be used for studying roots and tuber crops and implementing them for taxonomical classification. Some of the examples illustrating use of such keys have been described by many researchers. Raphanus sativus (radish: dicot) and Allium cepa (onion: monocot) show marked lateral root development in cells located at the front of the xylem (Esau, 1965; Laskowski et al., 1995; Lloret et al., 1989). Radish root founder cells were estimated to be 30 and were different from other plants like Arabidopsis (11) and Vicia faba (24). Arabidopsis has been considered as a model plant system and is usually referred to for other studies (Davidson 1965; Blakely et al., 1982; Laskowski et al., 1995). Moreover, in onion and carrot, the inner pericycle cells are longer than the outer, with significant differences in the endodermis lying intermediate to oppositely placed xylem and phloem.
� Zaki et al. (2010) examined three differently shaped radish cultivars, namely long type (Lt: cv. Taibyousoubutori), round type (Rt: cv. Fuyudorishougoin) and skinny type (St: cv. Kosena) apropos to their morphological and anatomical characters like root diameter, hypocotyls length and taproot length and found that the varieties exhibited divergence in shape at 4 weeks after sowing. The St root lacks a defined cell growth pattern attributing to its skinny and short stature, whereas in Lt and Rt roots, secondary xylem and phloem production facilitated by vascular cambium activity results in thickening of the middle sections. However, the Lt root�s growth os accompanied by enhanced cell numbers in vertical planes, resulting in incremented length of tap root.
� Belehu (2003) illustrated the types of roots present in the sweet potato plant. Two types of roots can often be encountered in this plant, namely fibrous and storage roots for which the nodal preformed root primordial plays an important role. The adventitious roots, where the vascular cylinder possesses six phloem and xylem poles (hexarch) or seven poles of xylem and phloem (septarch), lacking a central metaxylem element, are likely to produce storage organs. Moreover, cells intermediate to protoxylem points and central metaxylem cells lack lignifications accompanied with secondary thickening growth, resulting in development of storage tissue formation.

2.3.3 Stem Structure

The cortex is made up of cells situated at the edge and lies along the inner to outer epidermis of the stem (Figure 2.45C). Primary xylem and phloem cylinders surrounded by ground tissue are produced by the procambium (Barclay, 2002). Xylem tissue mainly comprises of vessel elements and tracheids, while the phloem possesses sieve tube members and companion cells (Figure 2.45D). The vascular cambium lies between the primary xylem and phloem and forms the growth favoring region. As growth takes place, cortex and epidermal layers are replaced by cork cambium, which attains a width by addition of new cells. Parallel, secondary xylem develops between the vascular cambium and primary xylem. Similarly, secondary phloem build up in between the primary phloem and vascular cambium. As the stem part achieves 2 years of age, the secondary xylem increases in width due to cell formation in that zone, whereas the secondary phloem, cork cambium and cork together constitutes part of the bark (Raven and Johnson, 2001; Sharma et al., 2005). The changes associated with stem growth and development are shown in Figures 2.45C and D.

2.3.4 Changes Associative with Stem Tuber

The stem undergoes diverse modifications serving special purposes including support, vegetative propagation and food storage. Stolons are underground growing stems possessing long internodes, whereas swelled stolons because of carbohydrate accumulation at the tip are called tubers, and scars reminiscent of scale-like leaves may also be seen on these, such as in potato. Transversal cell division and stolon elongation ceases at onset of tuber formation, followed by longitudinal divisions and cell widening of the subapical region resulting in rapid tuber radial growth. Pith and cortex exhibit growth at early tuber initiation stages but stops when tubers acquire 0.8 cm in diameter. Growth in the peri-medullary tuber region (external phloem, xylem and internal phloem) initiates once the tuber diameter reaches 0.8 cm and contributes to radial growth until the end of development, forming a major portion of mature tuber (Visser et al., 1999).
Stolon-tuberization studies in intact potato plants faces challenges such as underground growth pattern, lack of a reliable method for prediction of its occurrence, timing and order, difficulty in establishing early morphological changes and overlapping events of tuberization and stolon tip swelling. Vreugdenhil et al. (1999) utilized the method of stem cuttings and its anatomical study on single node cuttings to clarify and re-evaluate the initial anatomical changes associated to potato tuber formation, by subjecting single leaf cuttings to short-day and long-day treatment. Bud elongation was preceded by transverse cell divisions in both the treatments; however, the cell division orientation diverted to longitudinal in the case of the sub-apical zone of short-day treated cuttings on the fifth day, resulting in developing bud swelling. Results of mean cell length and width demonstrated that cell enlargement occurred ahead of cell division. The same results were obtained on in-vitro auxillary bud cultures.
Alleman et al. (2003) conducted anatomical and organographic studies to identify the nature of tubers (i.e. roots or stem tubers) produced by Plectranthus esculentus. In this study, special emphasis was laid on the branching pattern, origin, structure and position of the organs on the stem and found swelling of underground nodes with positive gravitropic nature. The tubers were directly adhered to the stem rather than being borne at stolon ends, more rod-like than elliptical potato tubers. Epidermis with mul-ticellular trichomes, thin epiderm following outer cortex layers, storage parenchyma possessing inner cortex and a pronounced vascular tissue ring between the starch containing pith and cortex, formed major distinct layers easily identifiable in the tuber cross-sections through microscopic examination. Moreover, presence of open, collateral, distinct primary vascular bundles in conjunction with endarch primary xylem and secondary vascular bundles formed the vascular ring. supporting that the plant forms a modified stem and not a root tuber.

2.3.5 Leaf Structure

Leaves are an extension of the shoot apical meristem and originate from primordial cells intended for the leaf development pathway (Raven and Johnson, 2001). Anatomy of leaves directly correlates with various functions of plants, such as balancing water loss, transport of photosynthates to other plant parts and gas exchange by structures like guard cells, cuticle, etc. (Figure 2.45E). The photosynthesis process in leaves results in formation of starch or carbohydrates, which further translocate to other plants for utilization and storage, specifying the presence of highly specialized cells for the same (Delrot and Bonnemain 1989; Geigenberger 2011). In the past, much emphasis has been laid on cuticular studies and their role in determining taxonomical delimitations, re-vegetation plants suitability, habitat and phenotypic plasticity (Illoh, 1995; Uduak and Akpabio, 2005).
Daniel and Atumeyi (2011) studied four species of genus Dioscorea, namely D. cayenensis, D. alata, D. rotundata and D. domentorum, and performed descriptive analysis for types of stomata, numbers of stomata and trichome types and numbers (at abaxial and adaxial surface). Prominent differences were observed at the two surfaces, especially with respect to the type of trichomes. Moreover, D. cayenensis and D. alata exhibited variations in trichome number and type at abaxial surface. In addition, stomatal numbers for the four species showed significant differences and concluded that these parameters may prove beneficial as anatomical delimitation characters with specific relevance to taxonomy and plant identification studies. A similar type of study was conducted on Cassava (Manihot esculenta Crantz), Taro (Colocasia esculenta (L.) Schott) and Arrowroot (Maranta arundinacea L.) plants by Sreelakshmi et al. (2014), based on types of stomata (anomocytic, paracytic, diacytic and anisocytic), stomatal slit length, stomata size and number of stomata/unit area of leaf surface. The studies showed that stomata types of Cassava and Taro are paracytic, whereas Arrowroot has the diacytic type. The leaf epidermal cells of Taro, Cassava and Arrowroot were pentagonal, irregular and sundry in shape. Besides these parameters, a significant difference was observed in stomatal index, stomata size and number. P. laxiflorus used for culinary purposes possess foliar trichomes, which were studied using Scanning Electron Microscopy (SEM) and Light Microscopy. The distribution and the morphology of these trichomes have paramount importance. Leaf material was embedded in Spurr�s resin (low viscosity), heat fixed and stained with 0.1�% sodium carbonate containing 0.5�% Toluidine Blue O (pH 11.1), whereas for SEM, liquid nitrogen quenched and freeze dried leaf pieces were placed with a carbon conductive on brass stubs and were gold sputter-coated before examination (Bhatt et al., 2010). Varied trichome morphology revealed during the study provides enhanced clues about taxonomic-based hypothesis in this large plant genus. Furthermore:
� Starch molecule size gives apparent color (either red or blue) with starch specific iodine potassium iodide (IKI) stain.
� Presence of cuticle, lipid droplets or suberin is identified by the use of Sudan dyes (Rewald et al. 2012).
Allemann et al. (2003) used formalin-acetic acid-alcohol (FAA) fixative and a combination of Safranin and fast green to study anatomical structures of P. esculentus tubers. Sreelakshmi et al. (2014) used the same chemicals for staining epidermal and foliar parts of Cassava, Taro and Arrowroot plants to study their anatomical- and taxonomy-based characteristics. Cell separation is achieved by dissolving middle lamella present between adjacent cells with the help of acid in the Maceration method and aids in studying intact cell features. Utilization of many such techniques also provides an insight into changes involved during lateral root and tuber development.




2.4 Physiology of Root and Tuber Crops

Internal activities of a plant including life-associated fundamental physical and chemical processes such as respiration, photosynthesis, nutrition, transpiration, nastic movements, dormancy, seed germination, photoperiodism, tropism, hormonal regulation, environmental change response, development, etc., are studied in the scientific discipline named �Plant Physiology�.

2.4.1 Associative Changes

Lateral root development and development of storage organs like tubers are often accompanied by several physiological changes, which are environmentally regulated and determine the overall yield of these crops (Okazawa, 1967; Visser et al., 1999). Study of these aspects has gained prime importance owing to increased tuber consumption and the food processing industry involved in production of chips, fritters, puree and other products. There is very limited knowledge about root architecture development of these crops in terms of hormonal and genetic control. Presently, the emphasis has been laid on deciphering the storage root formation fundamentals and implicated mechanism (Viola et al., 2001). The associated changes and linked aspects during the storage of root and tuber formation are shown in Figures 2.46 and 2.47.
The storage root and tuber formation mainly involves translocation of sugar and food assimilates from a region of production to a suitable storage place like roots, fruits, etc. In general, the assimilate transportation process is divided into three steps:
1.�Active loading: lateral transport from cell organelle chloroplast to leaf conducting bundle (source);
2.�Translocation: within sieve tubes (pathway) as driven by the loading phenomenon; and
3.�Unloading: lateral transport from sieve tubes to receiving cells (sink) regulated by different sink controls (Delrot and Bonnemain, 1989; Visser et al., 1999). ADP and Suc as substrates are acted upon by the Suc-synthase enzyme in leaf cytosol and ADP-Glc is synthesized, which is then imported for starch synthesis in chloroplast.
The metabolic pathway for starch synthesis is studied in depth with the help of novel techniques such as metabolomic, transcriptional, proteomic and mutation approaches. Moreover, studies have also focused on the cause-effect relationship of light/dark cycles, sink source alterations, enhancement of CO2 accumulation, and leaf structure and developmental changes apropos to non-photosynthetic storage organs (Geigen-berger, 2011). The food produced in the chloroplast of leaves during photosynthesis and assimilates not for immediate use, are stored in specific compartments like the vacuole or chloroplast and later transferred through lateral flow to conducting vessels. The process seems to involve apoplastic and symplastic loading and still is the main focus of research. Apoplatic approach of loading focus on proton-sucrose co-transport across plasmalemma of conducting complex (companion cell-sieve tube) involves specialized membrane cells with insulating nature. But, the symplastic approach includes loading with the help of plasmodesmata. Phloem loading is governed through factors, such as cell turgor and hormonal status.
Molecular techniques like rapid amplification of cDNA ends and degenerated PCR were used to identify homology, and cloning of the two sucrose transporter genes of I. batatus, namely IbSUT1 and IbSUT2. The immune-localization studies suggested IbSUT2 protein localization in source leaf companion cells aiding in phloem loading, whereas expression of IbSUT1 occurred in sink leaves. Moreover, IbSUT2 expression in roots, stems and other leaves indicate its potential role in sucrose unloading from the phloem into these plant parts, giving an enhanced view of the process (Li et al., 2010).

2.4.2 Influence Parameters

Auxin has been found as a promoter of phloem loading, while abscissic acid has a negative role on the same. Numerous solutes present in the phloem develop high osmotic pressure in its specialized cells, facilitating long distance transport of assimilates. The predominant mobile sugar is sucrose; the cation is potassium, anion is the phosphate, whereas amino acids glutamine/glutamate and asparagines/aspartate occur in these cells (Viola et al., 2001). In addition, the presence of other compounds like raffinose oligosaccharides, sucrose-galactose combinations, serine and proline has also been reported in cell sap respective to different plants. The unloading process occurring in importing root tips is found to follow the symplastic approach. The importing rate is directly dependent on metabolic activities of tissue that will utilize the imported assimilates. Sugar hydrolysis in sink cells further depends on the need of the cells. However, herbaceous stems have been seen to follow apoplastic approach, whereby sugar hydrolysis accompanies the immediate action after efflux. Osmotic and hormonal regulation plays an important role here also. Hilgert (2009) gives a detailed account of different hormones and nutrients that affect lateral root development. Elements such as iron, nitrogen, potassium, phosphorus and sulfur are prime elements, which guide the root developmental process and its architecture in relation to lateral root elongation, density and primary root growth reduction.
Kaminski et al. (2014) have studied the effects of carbon dioxide concentration and other accompanied changes associated with present climate change on potato yield and water use efficiencies, opening up a new research area for study. Besides these, it was found that seed tuber breakage into smaller pieces and planting them in a single place resulted in enhanced tuber yield and high stem number in P. edulis crop (Taye et al., 2013a). Moreover, the growth determining or yield limiting factors, seasonal growth pattern and dry matter production, were emphasized by Taye et al. (2013b) in order to develop a model for the same crop. Similarly, P. esculenthus tuberization was found to be affected by photoperiodism where short-day cycles favored the process (Allemann and Hammes, 2006). Study of these features and effects relationship will guide us in optimizing production of major root and tuber crops.

2.4.3 Physiological Age Index and Post-harvest Studies

The yield of roots and tuber crops, which affects the processing motive, highly depends on the bulking process. H. tuberosus growth and development modeling has been illustrated with major emphasis on the flower initiation stage, acting as a paradigm physiological shift shaping tuber yield and quality through linked-up changes like saturation of aerial sink and change in distribution of assimilates (Denoroy, 1996). It has been found that numerous physiological criteria such as cultivar or variety, day length, number of roots or tubers/ft2, seed size, stem numbers per hill and environmental factors like planting date, early season temperatures, nutrition and water management, mid-season temperatures and frost/hill determines the rate of tuber bulking during an early growing season and developmental stages and needs to be considered for enhancing the overall yield of the plant (Kleinkopf, 2003). In addition, these plants also undergo physiological changes during post-harvest storage after being detached from their mother plant and accompanied by death of the haulm (foliage). Aging results in dormancy, inhibition of sprouting and determines the number of stems emerging from the tuber or root plants (Delaplace et al., 2008; Wiersema and Zachman, 1985). Hence, there lies a need to develop aging markers and physiological age indices in line with bulking parameters, which can also act as a reference frame for post-harvest studies.

2.4.4 Techniques Involved in Exploring Physiological Aspects

A plant�s physiological states require characterization with respect to different perspectives such as application oriented research, marketing and consumption. Techniques employed to study this aspect include application of Electrical Impedance Spectroscopy (EIS) on in-situ plants (Borges et al., 2014). Moreover, the plant�s dependence on its root system is well illustrated by a tool named �Root con-tainerization�, where artificial ambient conditions and small root containers are used for growing seedlings and carrying out in-situ studies (Ansley et al., 1988). Recently, the chlorophyll fluorescence technique has been utilized as a non-destructive measure to study different processes like photochemical reactions, etc. in different plant parts (Rohacek et al., 2008).
Likewise, studies have also been done on tuberisation phenomena, lateral root formation and other physiological aspects through in-vitro tissue culture techniques (Jackson et al., 2000; Okazawa 1967; Visser et al., 1999). The techniques applied are rapidly advancing to meet challenges and decipher the mechanisms involved in a plant�s physiological state and will consequently help in enhancing the nutritional quality and yield of the crop.




2.5 Nutritional Perspective in Root and Tuber Crops

2.5.1 Proximate Composition

Tuber crops are the second-most group of cultivated species after cereals. These are produced with relatively low inputs and consumed as a staple mainly by the poor. Being a fair source of nutrients, tubers contribute significantly to food and nutritional security. Nutritional composition of different roots and tubers, with special reference to the tropics, is presented as Tables 2.4, 2.5 and 2.6.

Table 2.4 Macro nutrients of major tuber or root crops from tropics
Component (g/100g of crop)[1]
Common name of Crops | Protein | Fat | MUFA[2] | PUFA[3] | Carbo-hydrates | Fibre | Sugar | Reference
Arracacha | 0.96�| 0.26�| 25�| 0.85�| 1.68�| 0nlyfoods.net
Arrowroot | 4.24�| 0.2�| 0 | 0.1�| 13.39�| 1.3�| � | USDA, 2014
Beetroot | 1.6�| 0.2�| 0 | 0.1�| 9.6�| 2.8�| 6.8�| Food and Health Innovation Service, 2011
Black Cumin | 19.77�| 14.6�| 7 | 3.3�| 49.9�| 38�| 0.6�| Takruri and Dameh, 1999
Carrot | 0.93�| 0.24�| 0 | 0.1�| 9.58�| 2.8�| 4.7�| USDA 2014
Cassava | 1.4�| 0.28�| 0.08�| 0.05�| 38�| 1.8�| 1.7�| Montagnac et al., 2009
Celery | 0.7�| 0.2�| 0 | 0.1�| 3 | 1.6�| 1.8�| USDA, 2014
Chufa | 8.07�| 24.9�| � | � | 30.5�| 24�| � | Nutrition and you.com
Ginger | 1.82�| 0.75�| � | � | 17.77�| 2 | 1.7�| USDA, 2014
Oca | 0.8�| � | � | 10.4�| 8 | � | Healwithfood.org
Parsley | 2.97�| 0.8�| 0.3�| 0.1�| 6.33�| 3.3�| 0.8�| USDA, 2014
Parsnip | 1.2�| 0.3�| 0.1�| 0 | 18�| 4.9�| 9 | Food and Health Innovation Service, 2011
Potato | 2�| 0.09�| 0 | 0.04�| 17�| 2.2�| 0.78�| Hampson, 1976
Sago Palm | 0.2�| 0.2�| � | � | 71�| 0.5�| � | Slism.com
Sweet potato | 1.6�| 0.05�| 0 | 0.01�| 20�| 3 | 4.18�| Ravindran et al., 1995
Taro | 1.5�| 0.2�| 0 | 0.1�| 26.46�| 4.1�| 0.4�| USDA, 2014
Yam | 1.5�| 0.17�| 0.01�| 0.08�| 28�| 4.1�| 0.5�| Bhandari et al., 2003
Yautia | 1.5�| 0.4�| � | � | 23.6�| 1.5�| � | USDA, 2014

Table 2.5 Minor nutrients � minerals of major tuber or root crops from tropics
mg per 100 g portion
Crops | Ca | Fe | Mg | P | K | Na | Zn | Cu | Mn | Se (pg) | Reference
Arracacha | 65�| 9.5�| 64�| 55�| 17�| 35�| � | � | � | � | 0nlyfoods.net
Arrowroot | 6�| 2.22�| 25�| 98�| 454�| 26�| 0.63�| 0.121�| 0.174�| 0.7�| USDA, 2014
Beetroot | 16�| 0.8�| 23�| 40�| 325�| 0.35�| 0.075�| 0.329�| � | Food And Health Innovation Service, 2011
Black Cumin | 689�| 16.23�| 258�| 568�| 1351�| 17�| 5.5�| 0.91�| 1.3�| Takruri and Dameh, 1999
Carrot | 33�| 0.3�| 12�| 35�| 320�| 69�| 0.24�| 0.045�| 0.143�| 0.1�| USDA, 2014
Cassava | 16�| 0.27�| 21�| 27�| 271�| 14�| 0.34�| 0.1�| 0.38�| 0.7�| Montagnac et al., 2009
Celery | 40�| 0.2�| 11�| 24�| 260�| 80�| 0.13�| 0.35�| 0.103�| USDA, 2014
Earthnut | 92�| 4.58�| 168�| 76�| 705�| 18�| 3.27�| 1.144�| 1.934�| 7.2�| Nutrition and you.com
Ginger | 16�| 0.6�| 43�| 34�| 415�| 13�| 0.34�| 0.226�| 0.229�| USDA, 2014
Oca | 17.2�| 12.5�| 28.2�| � | � | 1.8�| � | � | � | Healwithfood.org
Parsley | 138�| 6.2�| 50�| 58�| 554�| 56�| 1.07�| 0.149�| 0.16�| USDA, 2014
Parsnip | 36�| 0.59�| 29�| 71�| 375�| 0.10�| 0.59�| 0.12�| 0.56�| 1.8�| Food and Health Innovation Service, 2011
Potato | 12�| 0.78�| 23�| 57�| 421�| 6 | 0.29�| 0.11�| 0.15�| 0.3�| Hampson, 1976
Sago Palm | 10�| 1.2�| 91.8�| 381�| 833�| 1000�| � | � | � | � | Slism.com
Sweet potato | 30�| 0.61�| 25�| 47�| 337�| 55�| 0.3�| 0.15�| 0.26�| 0.6�| Ravindran et al., 1995
Taro | 43�| 0.55�| 33�| 591�| 11�| 0.23�| 0.172�| 0.383�| 0.7�| USDA, 2014
Yam | 17�| 0.54�| 21�| 55�| 816�| 9 | 0.24�| 0.18�| 0.4�| 0.7�| Bhandari et al., 2003
Yautia | 9�| 1 | 24�| 51�| 598�| 21�| 0.5�| 0.3�| 0.2�| 0.7�| USDA, 2014
Ca � Calcium, Fe � Iron, Mg � Magnesium, P � Phosphorus, K � Potassium, Na � Sodium, Zn � Zinc, Cu � Copper, Mn � Manganese, Se � Selenium

Table 2.6 Minor nutrients � vitamins of major tuber or root crops from tropics
Availability per 100 g portion of tuber
Crops | VitC (mg) | Vit B1 (mg) | Vit B2 (mg) | Vit B3 (mg) | PA[4] (mg) | Vit B6 (mg) | Folate (�g) | Vit A equivalent (IU) | Vit E (mg) | Vit K (�g) | Reference
Arracacha | 23�| 0.08�| 0.04�| 3.45�| 0.03�| 1760�| � | � | 0nlyfoods.net
Arrowroot | 1.9�| 0.143�| 0.059�| 1.693�| � | 0.266�| 338�| 19�| � | � | US DA, 2014
Beetroot | 5�| 0.03�| 0.04�| 0.33�| 0.15�| 0.067�| 109�| 33�| 0.04�| 0.2�| Food and Health Innovation Service, 2011
Black Cumin | 21�| 0.383�| 0.379�| 3.606�| � | 0.36�| 10�| 363�| 2.5�| � | Takruri and Dameh, 1999
Carrot | 5.9�| 0.066�| 0.058�| 0.983�| 0.273�| 0.138�| 19�| 16706�| � | 13.2�| US DA, 2014
Cassava | 20.6�| 0.09�| 0.05�| 0.85�| 0.11�| 0.09�| 27�| 13�| 0.19�| 1.9�| Montagnac et al., 2009
Celery | 3.1�| 0.021�| 0.57�| 0.32�| 0.246�| 0.074�| 36�| 449�| � | 29.3�| US DA, 2014
Chufa | 7.3�| � | � | � | � | � | � | � | 0.21�| � | Arafat et al., 2009
Ginger | 5�| 0.025�| 0.034�| 0.75�| 0.203�| 0.16�| 11�| 0 | 0.26�| 0.1�| US DA, 2014
Oca | 39.7�| 0.05�| 0.94�| 1.09�| � | � | � | � | � | � | Healwithfood.org
Parsley | 133�| 0.086�| 0.098�| 1.313�| 0.4�| 0.09�| 152�| 8424�| 0.75�| 1640�| US DA, 2014
Parsnip | 5�| 0.09�| 0.05�| 0.7�| 0.15�| 0.6�| 67�| 0 | 22.5�| Food And Health Innovation Service, 2011
Sweet potato | 2.4�| 0.08�| 0.06�| 0.56�| 0.8�| 0.21�| 11�| 14187�| 0.26�| 1.8�| Ravindran et al., 1995
Taro | 4.5�| 0.095�| 0.025�| 0.6�| 0.303�| 0.283�| 22�| 76�| 2.38�| 1 | US DA, 2014
Yam | 17.1�| 0.11�| 0.03�| 0.55�| 0.31�| 0.29�| 23�| 138�| 0.39�| 2.6�| Bhandari et al., 2003
Yautia | 5.2�| 0.1�| 0 | 0.7�| 0.2�| 0.2�| 17�| 8 | � | � | US DA, 2014

Table 2.4 indicates availability of macronutrients in different tubers. Black cumin and Chufa were among the high protein (>5�%) tubers with total protein value reported. Other than protein content, Chufa was also reported with the highest fat content (24.9�%) among the listed tubers. However, tubers and roots are not a significant source of fat. Cumin is also a fat rich crop. The roots and tubes can considerably contribute to meet the recommended dietary needs of certain minerals and vitamins. Availability of minerals and vitamins is shown in Tables 2.5 and 2.6, respectively. Cassava possesses about twice the calories than that of potatoes and is a good source of dietary protein, minerals as magnesium, copper, iron, manganese and vitamin K and a reasonable source of the B-complex group of vitamins such as folates, thiamine, pyridoxine, riboflavin and pantothenic acid (Montagnac et al., 2009).
Yam is also an important dietary element for Nigerian and West African people. It contributes more than 200 calories per person per day for more than 150 million people in West Africa, is rich in phenylalanine and threonine, but limited in the sulphur amino acids, cystine and methionine and in tryptophan. Yam has good levels of potassium, manganese, iron and dietary fiber, while being low in saturated fat and sodium (Bhandari et al., 2003). Taro holds phyto-nutrents like dietary fiber, and antioxidants in addition to moderate proportions of minerals and vitamins. Taro is a fair source of dietary fibers; 100 g flesh provides 4.1 g or 11�% of the daily requirement of dietary fiber. It also contains good levels of some of the valuable B-complex group of vitamins, such as pyridoxine (vitamin B6), folates, riboflavin, pantothenic acid and thiamine (USDA, 2014).
Parsley is rich in anti-oxidants, vitamins such as vitamin A equivalent beta-carotene, vitamin C, vitamin E, zeaxanthin, lutein and cryptoxanthin, vitamin K and folates, minerals and dietary fiber. Parsnip is a sweet and succulent underground taproot and is considered a good source of soluble and insoluble dietary fiber along with many poly-acetylene anti-oxidants and vitamin C, B-complex group of vitamins and minerals (Onlyfoods.net).
Arrowroot, a starch-rich underground creeping rhizome, contains the B-complex group of vitamins such as niacin, thiamin, pyridoxine, pantothenic acid and riboflavin. Many of these vitamins are known to act as substrates for enzymes in carbohydrate, protein and fat metabolism in the body. Furthermore, it contains moderate levels of some important minerals like copper, iron, manganese, phosphorous, magnesium and zinc. In addition, it is an excellent source of potassium (454 mg per 100 g or 10�% of RDA). It has relatively more protein than that of other tropical food sources like yam, potato, cassava, etc.

2.5.2 Medicinal Value

Ginger root has been used since ancient times for its anti-inflammatory, carminative, antiflatulent and anti-microbiqal properties. Ginger root also contains health benefiting essential oils such as gingerol, zingerone, shogaol, farnesene, and small amounts of �-phelladrene, cineol and citral. Gingerols help improve the intestinal motility and have been seen to have anti-inflammatory, painkilling, nerve soothing, anti-pyretic as well as anti-bacterial properties. Studies have shown that it may decrease nausea induced by motion sickness or pregnancy and may help relieve migraine headache.
Celery is one of popular Mediterranean herbs recognized for its strong aromatic flavour that contain lots of non-soluble fiber which when combined with other weight loss regimens may help reduce body weight and blood cholesterol levels. Its leaves are a rich source of flavonoid antioxidants such as zeaxanthin, lutein and beta-carotene, which have anti-oxidant, cancer protective and immune-boosting functions and essential volatile oils that include terpenes, mostly limonene (75�80�%) and the sesquiterpenes like �-selinene (10�%) and humulene, and are a good source of vitamin A. Fresh celery is an excellent source of vitamin K, providing about 25�% of DRI (USDA, 2014).
Black cumin is said to improve blood circulation to the brain and is believed to treat ailments including bronchial asthma and bronchitis, rheumatism and related inflammatory diseases. It is also found effective in increasing milk production in nursing mothers, treating digestive disturbances, supporting the immune system, improving digestion and elimination, and fighting parasite attack. Oil of Black cumin has been used to treat skin conditions such as eczema and boils and is used topically to treat cold symptoms (Takruri and Dameh, 1999).
Parsley is a popular culinary and medicinal herb, which is recognized as one of the functional food for its unique antioxidants and disease preventing properties. Parsley contains health benefiting essential volatile oils that include myristicin, limonene, eugenol and alpha-thujene. The essential oil, Eugenol, present in this herb has been in therapeutic application in dentistry as a local anesthetic and antiseptic agent for teeth and gum diseases. Altogether, the herb helps control blood cholesterol, offering protection from free radical mediated injury and cancers.
Arracacha is a kind of root vegetable which originally grew in the Andes and is considered to be among the one of the most nutritious root vegetables in the world. Its high carbohydrate, vitamin and mineral contents are highly beneficial for human health (Onlyfoods.net).
Earthnuts or peanuts are one of the popular oil seeds known to humankind for centuries. Peanuts are rich in energy and contain several nutrients such as minerals, antioxidants and vitamins that help lower LDL or �bad cholesterol� and increase HDL or �good cholesterol� levels in the blood, thus preventing coronary artery disease and strokes by favoring a healthy blood lipid profile. The kernels are a good source of dietary protein and vitamin E and earthnuts contain high concentrations of polyphenolic antioxidants, primarily p-coumaric acid (reduce the risk of stomach cancer by limiting formation of carcinogenic nitrosamines in stomach) and resveratrol (Nutrition and you.com).
Oca is an excellent source of zinc (100 g of oca contains 12�% of the daily value of zinc) and vitamins B12 (55�% of daily value) (healwithfood.org).
Carrot is a significant source of phytonutrients including phenolics, polyacetylenes and carotenoids, which possess antioxidant properties and decrease the risk of degenerative diseases. Carotenoids have been identified as potential inhibitors of Alzheimer�s disease.
Black cumin oilseed possess anticancer, antidiabetic, antiradical and immunomod-ulator, analgesic, antimicrobial, anti-inflammatory, spasmolytic, bronchodilator, hep-atoprotective, antihypertensive and renal protective.
Chufa promotes the production of urine, so this is why it is a preventive measure for cysts, prostrate, hernia, rectum deformation and prolapse (anal feature, small painful flesh at the tip of the anus) and to prevent endometriosis or fibrosis as well as blockage of the tip of the fallopian tube (Arafat et al., 2009).
Beets are highly nutritious and contain certain unique pigment antioxidants that offer protection against coronary artery disease and stroke, lower cholesterol levels within the body, and have anti-aging effects. Beet root is a rich source of phytochemical compounds, glycine betaine, carotenoids, vitamin A, folates, niacin, pantothenic acid and pyridoxine (Food and Health Innovation Service, 2011).

2.5.3 Nutraceuticals and Functional Preparations of Tubers and Roots

Researchers have attempted to understand the pivotal molecular targets involved in therapeutic applications of several plant materials including tubers and roots, both in in vitro and in vivo models. However, high-quality clinical trials are needed to determine its effectiveness. Such efforts with emphasis on the active compound are summarized here.
The free radical scavenging effects of volatile oils of Black cumin and its active constituents (thymol, thymoquinone and dithymoquinone) was observed in the reactions generating reactive oxygen species, such as superoxide anion radical, hydroxyl 2-radical and singlet oxygen. Black cumin oils lower blood glucose due to the inhibition of hepatic gluconeogenesis and decrease the levels of serum cholesterol (Ramadan, 2007). Linamarin and lotaustralin are the active compounds extracted from cassava, used to treat cancer (Schmidt et al., 2008). Parsnips are a good source of polyacetylenes such as falcarinol, falcarindiol, panaxydiol and methyl-falcarindioal, which delays and hinders the development of precancerous lesions and acts as a natural pesticide, potent antifungal and antibacterial (Food and Health Innovation Service, 2011). Betalins present in beetroot, due to its radical scavenging capacity, inhibit lipid peroxidation and the formation of the precursors to cancerous tumors, and has an inhibitory effect on skin and lung cancer. Kanner et al. (2001) found that due to pH changes through the gut, around 99�% of the betalins may remain in the gut area where they have a specific and localized role in oxidative protection. Due to its antioxidant activity, researchers are focusing on exploring its uses to increase product stability and improve health benefits in poultry, pork and beef patties and to stabilize oils by using beetroot powders (Food and Health Innovation Service, 2011).
Chlorogenic acid, caffeic acid and three isomers of the dicaffeoylquinic acids were identified as the principal phenolic acids in sweet potato root and leaf tissue. High phenolic content and antioxidant activity of small, immature sweet potato roots and leaves provide useful implications in formulating new products and functional foods from sweet potatoes (Picha and Padda, 2009).
Ginger roots contain 6-gingerol and shogaols as bioactive compounds, which possess antioxidant, antidiabetic, antihyperlipidimic and hepatic anticancer effects (Motawi et al., 2011). Both �-solanine and �-chaconine, naturally present in potatoes, possess anticancer activities and psoralen, xanthotoxin and bergapten extracted from celery acts as an anticoagulant (Schmidt et al., 2008).
Yam/Dioscorea is rich in starch, allantoin, diosgenin and other phytochemicals, which may also be used as prebiotics. Allantonin accelerates the healing processes throughout the stomach and bowels, protects tissues in the stomach and increases tissue repair throughout the entire gastrointestinal tract, and diosgenin has anti-tumor effects on cancer cells (Jeon et al., 2012).
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Figure 2 (2.1) Desert yam flower (2.2) Desert yam tuber (2.3) Potato tuber (2.4) Sweet potato roots (2.5) Cassava (2.6) Yautia. Desert yam photographs were reproduced with permission from Barry FiLshie and the Australia & Pacific Science Foundation and The Royal Botanic Gardens Sydney. Link: http: // www.apscience.org.au/projects/APSF_04_3/apsf_04_3.htm Cassava photographs were reproduced with permission from Jesse, Link: http: //tongatime.com/tag/yam/. Photographs of Yautia were reproduced with permission from Andrew Grygus, Link: http: //www.clovegarden.com/ingred/am_arum.html
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Figure 2 (2.7) Taro (2.8) Elephant Ears (2.9) Dioscorea (yams) (2.10) Wild yam (2.11) Arracacha (2.12) Parsnip. Photographs of Taro were reproducedwith permission from Andrew Grygus, Link: http: //www.clovegarden.com/ingred/am_arum.html. Elephant Ears photographs were reproduced with permission from Jesse, Link: http: //tongatime.com/tag/yam/. Photograph of Yams (Dioscorea) was reproduced with permission from Nandan Kalbag, Link: http: //gardentia.net. Wild mountain yam photograph was reproduced with the permission from Alan Carter, Link: https: //scottishforestgarden.wordpress.com
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Figure 2 (2.13) Celeriac (2.14) Parsley (2.15) Pignuts or Earthnuts (2.16) Skirret (2.17) Carrot (2.18) Arrowroot. Celeriac photographs were reproducedwith permission from Frank van Kiersbilck, Link: http: //home.scarlet.be/~fk392454/Ce-Ch.html. Photograph of Pignuts and Skirret were reproduced with the permission from Alan Carter, Link: https: //scottishforestgarden.wordpress.com
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Figure 2 (2.19) Ginger (2.20) Chufa tuber in soil (2.21) Oca (2.22) Different colored UUuco (2.23) Beet (2.24) Mauka. Chufa tuber photographs werereproduced with permission from Frank van Kiersbilck, Link: http: //home.scarlet.be/~fk392454/Ch_2.html. Photographs of Oca were reproduced with the permission from Alan Carter, Link: https: //scottishforestgarden.wordpress.com. Photographs of different colored ulluco and Mauka were reproduced with permission from Frank van Kiersbilck, Link: http: //home.scarlet.be/~fk392454/Ulluco.html and http: //home.scarlet.be/~fk392454/mauka.html
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Figure 2 (2.25) Jicama (2.26) Hogpotato (2.27) Earthnut Pea (2.28) Mashua (2.29) Turnip (2.30) Radish. Photographs of Jicama were reproduced withpermission from Frank van Kiersbilck, Link: http: //home.scarlet.be/~fk392454/I-J.html. Photographs of Hogpotato and Earthnut Pea were reproduced with the permission from Alan Carter, Link: https: //scottishforestgarden.wordpress.com. Photographs of Mashua were reproduced with permission from Frank van Kiersbilck, Link: http: //home.scarlet.be/~fk392454/Mashua.html
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Figure 2 (2.31) Daikon (2.32) Maca (2.33) Jerusalem Artichoke (2.34) Salsify (2.35) Chicory root (2.36) Burdock. Photograph of Jerusalem Artichoke, Salsify and Burdock were reproduced with permission from Andrew Grygus, Link: http: //www.clovegarden.com/ingred/am_arum.html. Photographs for Chicory root were reproduced from Wikimedia Commons and the credited to by Rasbak at nl.wikipedia (seriously color balanced), licensed under Creative Commons Attribution-ShareAlike v3.0 and Michel Chauvet distributed under license Creative Commons Attribution-Share Alike 3.0 Unported., respectively, and obtained with help of Andrew Grygus. Photograph of Maca was reproduced from Wikimedia Commons and credited to �Maca". Licensed under Public Domain via Wikimedia Commons � http: //commons.wikimedia.org/wiki/File: Maca.gif#mediaviewer/File: Maca.gif
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Figure 2 (2.37) Yacon (2.38) Dandelion (2.39) Chinese Artichoke (2.40) Daylily roots (2.41) Amorphophallus Konjac (2.42) Amorphophallus paeoniifolius. Photographs of Chinese Artichoke were reproduced with the permission from ALan Carter, Link: https: //scottishforestgarden.wordpress.com. Photographs of Yacon and Dandelion were reproduced with permission from Frank van Kiersbilck, Link: http: //home.scarlet.be/~fk392454/yacon.html and http: // home.scarLet.be/~fk392454/D-E.htmL. Photograph of AmorphophaLLus konjac was reproduced from Wikimedia Commons and the credited to "Amorphophallus konjac knolle" by Sebastian Stabinger � http: //de.wikipedia.org/wiki/Bild: Amorphophallus_konjac_knolle_155gramm.jpg. Licensed under CC BY-SA 3.0 via Wikimedia Commons � http: //commons.wikimedia.org/wiki/File: Amorphophallus_konjac_knolle.jpg#mediaviewer/File: Amorphophallus_konjac_ knolle.jpg". Photographs of Daylily were "Reproduced with permission from Catherine Herms and Ohio State Weed Lab Archive, The Ohio State University. Photograph of Amor-phophallus paeoniifolius was "Reproduced from Wikimedia Commons and the credited to "cjm" by Original uploaded by Aruna (Transferred by sreejithk2000) � Original uploaded on ml.wikipedia.LicensedunderCCBY-SA3.0viaWikimediaCommons. Link: http: //commons.wikimedia.org/wiki/File: %E0%B4%9A%E0%B5%87%E0%B4%A8JPG#mediaviewer/File: %E0%B4%9A%E0 %B5%87%E0%B4%A8JPG".
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Figure 2 (2.43) Garlic and (2.44) Onion.
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Figure 2 (2.45) (A) Anatomical structure of Root. (B) Cross-sectional view of Dicot and Monocot roots. (C) Anatomical structure of stem. (D) Plant cells and structural components of xylem and phloem. (E) Leaf anatomical structure. Courtesy: Dr. G.R. Kantharaj, Principal Scientist (Retd.), Genetic Engineering Lab, IAHS, Bangalore, India.

Storage Root Formation
Appearance of cambia
� Cambia appears around the protoxylem and secondary xylem elements.
� Favors swelling
Lignification in stele
� Prevents storage root formation
Lateral root density
� Determine competency of adventitious root to undergo storage root formation
Nature of adventitious roots
� Possess arrested or non-emerged lateral root primordia, result in no swelling
� Competency to become storage root
Influence of primary root proteome
Root developmental plasticity
� Important during storage root formation stage
Intrinsic and external stimuli
� Gene regulation
� Role of hormones like Jasmonic acid and Cytokinin
� Soil moisture content
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Figure 2 (2.46) Physiological changes accompanying Storage root formation.
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Figure 2 (2.47) Physiological changes accompanying Tuberization.
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3.1 Introduction

Tropical root and tuber crops are the third-most important crops after cereals and pulses and have greater adoption in different environments with higher production potential per unit area. These crops are widely recognized as important food security crops, offer adequate calories and nutrition for around 500 million people of the tropical regions. The major tropical roots and tubers include cassava (Manihot esculenta Crantz), sweet potato (Ipomoea batatas), yams (Dioscorea spp.) and taro (Colocasia esculenta). All these tuber crops are vegetatively propagated and multiplied. Besides food value, the tropical root crops like cassava and sweet potato are of relevance for industrial uses such as in the production of starch, dextrins, alcohol, noodles, sago and glucose. The cassava and sweet potato contribute 30�% of the total production of root crops from the developing countries. While yams are important crops for the African countries, taro and tannia are of much significance in the food pattern of the people of Fiji, Samoa Islands, etc. Minor tuber crops like elephant foot yam and Chinese potato are highly valued as vegetables, while arrowroot and starchy curcuma tubers are used for medicinal purpose. Root and tuber crops are gaining importance as climate resilient crops in the changing world scenario for abiotic and biotic stress and well-adapted to changing climatic conditions.



3.2 Genetic Diversity

Genetic diversity can be determined using morphological, biochemical and molecular characterization:
� Morphological characterization allows assessment of diversity in the presence of environmental variation and is often susceptible to phenotypic plasticity;
� Biochemical analysis is based on the separation of proteins into specific banding patterns;
� Molecular analysis comprise a large variety of DNA molecular markers, which can be employed for analysis of variation.
In general, genetic diversity analysis can be carried out by involving morphological parameters of qualitative and quantitative nature. These morphological traits are highly influenced by the environment and require several replications to establish the genotypic contributions. Also, the availability of morphological markers was low.
The isozyme markers are also influenced by environmental conditions and the developmental stages of the genotypes assayed. So a search for alternate marker systems was made and this ended up with the advent of DNA-based molecular markers. Assessment of genetic diversity with DNA-based molecular markers overcomes this limitation, since the molecular markers have virtually no environmental influence (Naik et al., 2002). Molecular markers are highly heritable, available in high numbers and often exhibit enough polymorphism to discriminate closely-related genotypes. They bring new information on the determinism of trait variation and the organization of genetic diversity within plant species of agricultural interest. Molecular markers also make it possible to analyze the global organization of genetic diversity within a species and to evaluate distance/similarity between individuals and populations. Several statistical techniques are available for the analysis of genetic diversity using DNA fingerprint data NTSYS-pc.
Techniques which are particularly promising in marker assisting selection for desirable characters involve the use of several types of molecular markers, such as restriction fragment length polymorphisms (RFLP) (Botstein et al., 1980), random amplified polymorphic DNAs (RAPD) (Williams et al., 1990), inter-simple sequence repeat (ISSR) (Zietkiewicz et al., 1994), amplified fragment length polymorphic DNAs (AFLP) (Vos et al., 1995), simple sequence repeat (SSR) (Hearne et al., 1992), single nucleotide polymorphism (SNP) (Chee et al., 1996) and Diversity arrays technology (DArT) (Jaccoud et al., 2001). The utility of molecular markers in crop breeding is reviewed by Maheswaran (1997), Mohan et al. (1997) and Gupta and Roy (2002). The different methods of molecular assessment differ from each other with respect to important features such as genomic abundance, level of polymorphism detected, locus specificity, reproducibility, technical requirements and cost.



3.3 Cassava

Cassava is a major staple food and the third largest source of food carbohydrates in the tropics, providing a basic diet for over half a billion people. It is one of the most drought-tolerant crops growing well in tropical humid condition. The calorific value of cassava tubers is very high indeed and it also provides vitamins (vitamin B and C) and minerals (iron, phosphorous and calcium).

3.3.1 Origin of Cassava

Cassava is a staple crop with great economic importance world-wide, the origin of cassava by Vavilov (1951) assumed that the centre of diversity is in the Brazilian-Bolivian region, which is an elaboration of Willy�s Agend-Area hypothesis, that is the longer a given biology entity occupies an area, the greater the genetic variability of Manihot species and constitutes the primary centre of origin. This assumption finds support in the fact that species. M. stipularis. M. pusilla, M. longipetiolata, M. stricta, M. purpureo-costa and M. salicifolia. exhibiting the most primitive characters were confined to the Brazilian-Bolivian region.
Rogers and Appan (1973) regarded M. aesculifolia as native to Mexico and Mesoamerica and the closest species to cassava based on morphology. Bertram (1993) later commented that the wild species, M. aesculifolia and M. carthaginensis, are closest to cassava based on morphology and genetic nature. It has also been suggested that the cultivation of cassava in the Caribbean area resulted from the domestication of the wild species M. carthaginensis (Reichel-Dolmatoff, 1986).
Species thought to be involved in the ancestry of cassava were also reviewed by Allem (1999). One of the species, M. esculenta ssp. Flabellifolia, is regarded as the wild progenitor of modern cultivars and thus becomes part of the primary gene pool (GP) of the crop. Another Brazilian species, M. pruinosa is regarded as the nearest species to the GP1 of cassava. Morphologically, cassava shared close similarity to wild strain, M. esculenta ssp. Flabellifolia. The study also revealed the close vegetative and floral similarities of Brazilian wild strains, M. pilosa and M. triphylla, with cassava.
Oslen and Schaal (1999) investigated cassava domestication in a phylogeographic study based on a single copy nuclear gene glyceraldehydes-3-phosphate dehydrogenase (G3pdh) with 28 haplotypes identified among 212 individuals examined. The study provides insight into the cassava�s evolutionary origin that:
� cassava was likely domesticated from wild M. esculenta populations along the southern border of the Amazon basin;
� the crop does not seem to be derived from several progenitor species, as previously proposed; and
� cassava does not share haplotypes with M. pruinosa, a closely related, potentially hybridizing species.
There is little evidence of hybridization between M. pruinosa and M. esculenta (Olsen and Schaal, 1999), because only two scored in this taxon were shared with a sympatric species, M. esculenta ssp. flabellifolia. Within the M. esculenta group, hybridization is possible (Duputie et al., 2007). However, no haplotype of M. esculenta ssp. flabellifolia from the Guianas was found in cultivated cassava there, suggesting that hybridization between these two taxa is only a recent and local event.
The working hypothesis is that, because most of the biological diversity of the genus Manihot in Brazil is concentrated in the Federal District and in the neighbouring state of Goias, the original stock that gave birth to M. pruinosa and M. esculenta ssp. flabellifolia may have arisen in the lax forests of the central Brazilian Savannah, afterwards differentiating into the two species and only then did the latter colonize the Amazon (Allem et al., 2002).
Leotard et al. (2009) conducted a phylogeographic study to focus more insight into the origin of cassava. The study revealed that cassava was domesticated only once on the south-western Amazonian rim. In addition to the haplotypes reported by Olsen and Schaal (1999), Leotard et al. (2009) reported another haplotype �M� shared between Guianan cassava accessions, population of M. esculenta ssp. Flabellifolia from Jaru (Rondonia, south-western Amazonian rim), and three new haplotypes (D1, D2 and D3) directly derived from haplotypes A and �, which further supporting a single domestication of the crop.

3.3.2 Genetic Diversity in Cassava

3.3.2.1 Biochemical Characterization (Protein/Isozymes)
Lefevre and Charrier (1993), analysed isozyme polymorphism using pollen and leaves samples in two Manihot species. Ten enzymes were examined for their polymorphism in a germplasm collection of 365 cultivated and 109 wild accessions, mainly from Africa. Seventeen polymorphic loci were found for the ten enzyme systems, with 59 alleles. All the markers showed disomic heredity and three linkage groups were identified.
Adriana et al. (2000) studied the genetic diversity of cassava collected from south-western and north-western regions of State of Parana of Brazil, and cultivars produced in the south-eastern region of Brazil using isozymes. A total of 28 loci of isozyme markers were analysed and the proportion of polymorphic loci for NW, SW and IAC cultivars was 57.14, 50.0 and 53.6�%, respectively.
Cabral et al. (2002), evaluated the isoenzymatic variability of 200 cassava accessions from the germplasm bank of Embrapa Amazonia Oriental, using eight isoenzymes such as acid phosphatase (ACP), leucine aminopeptidase (LAP), glucose-6-phosphate dehydrogenase (G6PDH), malate dehydrogenase (MDH), shikimate dehydrogenase (SKDH), malic enzyme (ME), glutamate dehydrogenase (GTDH) and isocitrate dehydrogenase (IDH). Analysis revealed a polymorphic locus for each system and the average number of alleles per locus varied from 2.3�2.5. High isoenzymatic variability was observed among accessions with an average heterozygosity varying from 0.38-0.62 and the diversity index varying from 0.48-0.56. Genetic variability within groups was greater than among groups, suggesting a distribution pattern similar to what can be expected for natural populations of out-crossing plants.
The genetic diversity among 28 accessions of cassava active germplasm bank was evaluated for �,�-Esterase (EST), Peroxidase (POX), Glutamate Oxalacetic Transaminase (GOT) and Acid Phosphatase (ACP). GOT and POX were the most polymorphic systems, resulting in 6 and 8 isoenzymatic patterns when foliar and root tip tissues were analyzed, respectively. The dendrogram obtained by cluster analysis suggested that there was a similarity between leaf tissue and a morphological characterization indicating that highly inherited characters are good cassava descriptors (Montarroyos et al., 2003). Genetic diversity of cassava within two Amerindians of Costa Rica was studied using nine isozymes. Out of nine isosymes analyzed, six viz., DIA, EST, IDH, MDH, PGI, and SKD gave variations (Zaldivar et al., 2004).
Tribadi et al. (2010) studied the morphological, anatomical and protein banding pattern of cassava growing at three different heights (50, 300 and 1000 meters) of the Ngawi district, east Java. The results showed that the height of the cultivating site has much influence in the morphology of cassava (root, stem and leaf). Efisue (2013) conducted an isozyme analysis to establish a reliable means of identifying cassava genotypes in farmers� fields, Nigeria. Thirty-two cassava genotypes comprising of IITA elite cultivars, local landraces and adapted farmers� varieties were studied using four isozyme markers, and produced 31 isozyme loci and constructed phylogenetic relationship.
3.3.2.2 Molecular Characterization
Restriction Fragment Length Polymorphism (RFLP) Beeching et al. (1993) studied cassava cDNA clones to detect RFLP polymorphisms in a collection of Mani-hot germplasm consisting of African cultivars of M. esculenta together with a few M. glaziovii and M. caerulescens and some inter-specific hybrids between M. esculenta and M. glaziovii. The clones revealed significant levels of polymorphism both within and between the species, sufficient to construct dendrograms indicating the genetic diversity within the collection.
Fregene et al. (1994) investigated chloroplast (cpDNA) and nuclear ribosomal DNA (rDNA) variation in 45 accessions of cultivated and wild species. Ten independent mutations, 8 point mutations and 2 length mutations were identified, using 8 restriction enzymes and 12 heterologous cpDNA probes from the mungbean. RFLP analysis defined nine distinct chloroplast types, three of which were found among the cultivated accession and six among the wild species. The results suggest that cassava might have arisen from domestication of wild tuberous accessions of Manihot species, followed by intensive selection. M. esculenta sub-spp flabellifolia is probably a wild progenitor. Introgressive hybridization with wild forms and pressures to adapt to the widely varying climates and topography in which cassava is found, might have enhanced the crop�s present-day variability.
Randomly Amplified Polymorphic DNA (RAPD) Colombo et al. (1998) investigated the genetic diversity of 31 Brazilian cassava clones using RAPD markers. The results were compared with the genetic diversity revealed by botanical descriptors. Multivariate analysis of genetic similarities placed genotypes designated for consumption �in nature� in one group, and cultivars useful for flour production in another. Brazil�s abundance of landraces presents a broad dispersion and is consequently an important resource of genetic variability. These results showed the power of RAPD markers over botanical descriptors in studying genetic diversity, identifying duplicates, as well as validating or improving a core collection.
The study was distributed on four geographical levels ranging from local to continental to investigate the genetic diversity of South American cassava through RAPD molecular markers using 126 genotypes. Eighty-eight polymorphic bands were analyzed. Results revealed the weak genetic structure of the cassava analyzed. The pattern formed by the first two axes of the principal component analysis (PCA) revealed an overlapping of the Sao Paulo State genotype, the Brazilian group and the core collection accessions (International Center for Tropical Agriculture � CIAT). The Santa Isabel ethnocultures formed a separate group. The weak genetic structure of cassava can be explained by the common practice of exchanging botanical material among small producers as well as by recombination among genotypes. RAPD markers proved to be very useful in the genetic diversity study, resulting in important implications for cassava germplasm collections and genetic breeding (Colombo et al., 2000).
Carvalho and Schaal (2001) reported the inter-specific studies of cassava and its wild relatives. The study confirms the close relationship of cassava, Manihot esculenta ssp. esculenta to Manihot esculenta ssp. Flabellifolia, as well identifying several other closely-related wild species. PCR-based markers (RAPD, ISSR) indicate a strong grouping of varieties related to the region of cultivation in Brazil. Moreover, important regions of Brazil such as Cerrados and Amazon are relatively poorly represented in germplasm collections of CIAT. Interestingly, the relationships of accessions based on agronomic traits are not fully congruent with relationships revealed with RAPD markers. The genetic diversity of the Brazilian cassava collection is not fully represented in the core of the world core collection of CIAT.
In Ghana, 50 cassava clones were studied using the RAPD technique. It included landraces of Ghana and three improved varieties. Genetic diversity of these genotypes was studied using four primers, OPK-01, OPR-02, OPR-09 and OPJ-14. A total of 41 different bands were detected. Levels of polymorphic fragments detected by the four primers ranged from 90-100�%. By pooling bands from individual accessions together, a mean number of fragments per accession per primer ranged from 5.50 � 1.04 for the improved cultivars to 7.00 � 0.71 for populations of landraces (Asante and Offei, 2003).
The study was conducted to characterize 30 cassava accessions with yellow-orange root color from cassava gene banks of Latin America by RAPD markers. The genetic distances of the 47 analyzed primers varied from 9.0-31.7�%, demonstrating the existing genetic variability to be exploited for the development of cassava varieties with higher beta-carotene contents (Ferreira et al., 2007).
Simple Sequence Repeats (SSR) The wider genetic diversity observed using SSR markers would be valuable for efficient management of germplasm and for effective utilization of materials in breeding programmes to produce hybrids of desirable characteristics (Tetteh et al., 2013).
Olsen and Schaal (2001) investigated the evolutionary and geographical origins of cassava and the population structure of its wild relatives using five SSR markers. Seventy-three alleles were observed across all loci and populations. These data indicate the following on cassava�s origin:
� genetic variation in the crop is a sub-set of that found in the wild M. esculenta subspecies, suggesting that cassava is derived from a wild relative.
� Phenotypic analysis group cassava with wild populations from the southern border of the Amazon basin, indicating this region as the likely site of domestication.
� M. pruinosa, while closely related to M. esculenta, is probably not a progenitor of the crop. Genetic differentiation among the wild populations is moderately high.
This differentiation has probably arisen primarily through random genetic drift following recent population divergence.
Fregene et al. (2003) elucidated genetic diversity and differentiation in cassava using SSR markers. Marker variations were assessed at 67 loci in 283 accessions of cassava landraces from Africa and South America. Average genetic diversity with a heterozygosity of 0.54 was found in all countries. Although the highest was found in the Brazilian and Colombian accessions, genetic diversity in the South American and African materials is comparable. Despite the low level of differentiation found among country samples, sufficient genetic distance existed between individual genotypes to separate
African from American accessions and to reveal a more pronounced sub-structure in the African landraces.
The genetic structure of traditional landraces of sweet and bitter cassava collected from five South American sites along with 38 accessions from a world collection as reference were assessed using SSR markers (Elias et al., 2004). A total of 10 SSR markers were examined and found that 15 alleles were not represented in the sample. Ten of these had been previously detected in wild Manihot species. The geographical structure of genetic variability was weak, but the genetic differentiation between bitter and sweet landraces was significant, suggesting that each form had evolved separately after domestication.
The whitefly-transmitted cassava mosaic disease (CMD) has become a potential threat to cassava cultivation in ASEAN countries, because of its devastating impact on cassava and overgrowth of the whitefly vector regionally. To reduce the risk caused by the disease, it is necessary to evaluate the capacity of major cassava germplasms for CMD resistance to guide local farmers in adopting CMD-resistant cultivars once CMD epidemics occur. After agro-inoculation mediated infection of plantlets of collected cassava cultivars from China, Thailand and other ASEAN countries, the 18 cultivars tested developed various levels of CMD symptoms, indicating a lack of resistance to CMD. There was a positive association between symptom severity scores and accumulation levels of viral DNA in the different cultivars tested. The molecular markers RME1, SSRY28 and/or NS158, linked with the CMD resistance loci CMD2 in cassava, were found in only three cultivars (11Q, T7 and N13) with moderate resistance to CMD. The study suggests that CMD-resistance germplasms should be introduced from Africa (Bi et al., 2010).
Lokko et al. (2005b) studied the extent of genetic diversity among African accessions (clone 58308, five improved lines, 62 CMD resistant and 1��CMD susceptible landraces) resistant to CMD, using SSR markers. Genetic diversity was assessed among accessions in five cluster groups derived from UPGMA analysis on data from 18 SSR primer pairs. Average gene diversity was high in all cluster groups, with an average heterozygosity of 0.59 � 0.061. Gene diversity among all accessions was 51.4�% and, whereas it was 46.6�% within cluster groups, while 4.8�% was due to diversity between the different cluster groups. The effect of CMD on the genetic diversity in five agro-ecologies in Uganda with high and low incidence of CMD was assessed using SSR markers (Kizito et al., 2005). High genetic diversity was detected, more within populations while the diversity was very small among agro-ecological zones and the high and low CMD incidence areas. It was also noticed that there was a loss of rare alleles in areas with high CMD incidence. The high genetic diversity is maintained by the active involvement of the Ugandan farmer in continuously testing and adopting new genotypes that will serve their diverse needs.
Moyib et al. (2007) studied genetic diversity among 36 cassava genotypes comprising, 31 improved cultivars and 5 Nigerian landraces of cassava with 16 SSR primers. For the genetic diversity study, the similarity coefficients generated between improved cultivars and Nigerian landraces ranged from 0.42-0.84, and 12 distinct DNA cluster groups were identified at 0.70 coefficients. Five SSR primers that have PIC values between 0.50 and 0.67 were selected and further assessed using the simple arithmetic progression combination method. The data revealed a combination of these 5 primers from an SSR primers collection at IITA that could readily distinguish the 36 cassava genotypes at 0.93 similarity coefficient. These 5 primers clustered the 36 cassavas into 16 groups at 0.70 similarity coefficient.
Asare et al. (2011) investigated genetic diversity among 43 Ghanaian preferred accessions using 14 morphological descriptors and 20 SSR primer pairs. The size of amplified alleles ranged from 75-350 bp, and the polymorphic information content (PIC) values ranged from 0.07 for SSRY181 to 0.75 for SSRY175, with an average of 0.52. Gene diversity was high and the average observed heterozygosity was 0.77. The wider genetic diversity among accession observed better with SSR markers than morphological descriptors, which produced similar results in some accessions.
Ribeiro et al. (2011) characterized and estimated the genetic similarity among 93 cassava accessions using 14 microsatellite primers. The genetic similarity among accessions of cassava was estimated by the Dice coefficient, which ranged from 0.16-0.96. The average values for observed and expected heterozygosity were observed as 0.18 and 0.46, respectively. Twenty genetic similarity clusters suggested possibility of het-erotic hybrid generation. The genetic diversity between 12 released varieties from CTCRI and 24 central Kerala collections were assessed with 36 SSR (Lekha et al., 2011). Similarity coefficients obtained 0.60 coefficients and grouped into 2 separate DNA clusters. The similarity index for released varieties ranged from 60�93�% and in the case of central Kerala varieties it ranged from 70 to 98�%. The mean fixation index (F) for released varieties was 0.0688 and that for central Kerala collections was 0.134, indicating an overall conformance to Hardy-Weinberg equilibrium.
To determine genetic diversity within and among 51 farmer-preferred cassava lan-draces and 15 elite accessions grown in Uganda using 26 SSR markers, a total of 154 alleles were analyzed. Of unique alleles, 24�% were present only in landraces. Elite accessions clustered with some of the landraces indicated that there were some alleles in common, but 58.8�% of the landraces clustered independent of the elite accessions (Turyagyenda et al., 2012).
The genetic diversity of 43 cassava accessions was determined using 14 morphological descriptors and 20 SSR primer pairs. PCA indicated that the first three principal components accounted for 72.7�% of the total variation with PCA1, PCA2 and PCA contributing 46.6, 14.7 and 11.4�%, respectively. The size of amplified alleles ranged from 75 to 350 bp and the PIC values ranged from 0.07 for SSRY181 to 0.75 for SSRY175, with an average of 0.52. Gene diversity was high and the average observed heterozygosity was 0.77 (Tetteh et al., 2013). The genetic diversity of Kenyan cassava germplasm was assessed using SSR markers. A total of 21 polymorphic alleles were detected from 69 accessions. The cluster analysis of SSR data with 68�% similarity showed that all the accessions were grouped into 5 marker based groups (Ndung�u et al., 2014).
Elibariki et al. (2013) used 20 SSR markers to evaluate genetic diversity among 21 Tanzanian farmer-preferred cassava landraces, 2 West African cassava genotypes and 1 Kenyan cassava. Genotypes were grouped into three clusters derived from Neighbour joining analysis and was well-supported by PCA. The first 3 axes of PCA with positive Eigen values accounted for 22.76, 15.93 and 8.48�% of the total variations respectively. Average gene diversity among the Tanzanian cassava was high (0.71), with an average heterozygozity of 0.46. Total number of alleles across all loci was 127 with mean number of alleles per locus being 6.35 and SSR markers had a mean polymorphic information content of 0.67.
Amplified Fragment Length Polymorphism (AFLP) Roa et al. (1997) studied the cassava, its origin and taxonomy with other species using the AFLP marker to estimate genetic relationships within the genus. Groupings of accessions of each species by data analysis corresponded largely with their previous taxonomic classifications. A mixed group, consisting of Manihot esculenta subsp. flabellifolia and M. esculenta subsp. peruviana, was most similar to cassava, while M. aesculifolia, M. brachyloba and M. carthaginensis were more distant. Species-species markers, which may be useful in germplasm classification or introgression studies, were suggested by the unique presence of AFLP products in samples of each of the three wild species. Quantitative assessment of genetic diversity revealed greater homogeneity among cassava accessions than among its closest wild relatives. The demonstration of unique genetic diversity in the two M. esculenta subspecies and their genetic similarity to the crop supports the hypothesis that these materials may be the ancestors of cassava.
A total of 630 core accessions were chosen based on the diversity of origin, morphology, isozyme patterns and specific agronomic criteria and the genetic diversity were studied with 4 microsatellite loci. Allele diversity and frequency, and size variance of dinucleotide repeats were estimated. Microsatellite allele numbers and frequencies varied among countries: Colombia and Brazil had the largest number of different alleles across all loci. Mexico also had a high number, ranking fifth after Peru, Costa Rica and Venezuela. Unique alleles were present in accessions from Brazil, Colombia, Guatemala, Venezuela and Paraguay. Thus, the present results indicated that traditional markers have been highly effective at selecting unique genotypes for the core (Chavarriaga-Aguirre et al., 1999).
AFLP markers were used in the characterization of eight cassava varieties. EcoRI/ MseI and HindIII/MseI fragments generally gave monomorphic profiles, while ApaI/ TaqI fragments produced polymorphic profiles suggesting a genome with high G + C content. It was possible to identify the eight cassava varieties used in this study using CTG as selective bases at the TaqI primer. For cassava, the AFLP system provided a higher number of loci detected per run when compared to RAPD. The reliability accompanying AFLP analysis would thus make it suitable for the characterization of cassava varieties (Wong et al., 1999).
Elias et al. (2000) used AFLP markers to assess the genetic variability of 31 varieties of cassava from Guyana and 38 varieties from an ex situ core collection as a reference and accessions of wild cassava. While clonality of the varieties was expected due to the vegetative propagation of cassava, 21 varieties presented intra-varietal polymorphism. All wild forms of cassava clustered together and separately from the cultivated varieties in a Neighbour-Joining dendrogram. These results are consistent with the hypothesis of a limited domestication event in a restricted area, followed by rapid diffusion of cultivated phenotypes and convergent evolution.
AFLP markers studies in 20 landraces, 9 elite lines of cassava from Africa and 11 accessions from a representative core collection from Latin America were analyzed by both the unweighted pair group mean average (UPGMA) and multiple cluster analysis (MCA) methods. A genetic divergence between African and Latin American accessions was revealed based on genetic differentiation between clusters and the coefficient of genetic differentiation. AFLP analysis identified a considerable number of duplicates in the African accessions, suggesting a sizeable percentage of redundancy (Fregene et al., 2000).
Whankaew et al. (2012) studied the genetic diversity in 48 Manihot species using 12 primer pairs based on microsatellite-amplified fragment length polymorphism (M-AFLP) technique. Nine microsatellite loci that were polymorphic among these Manihot species (33 accessions of M. esculenta from 17 different countries and 3 accessions each of M. esculenta ssp flabellifolia, M. chlorosticta, M. carthaginensis,
M. filamentosa and M. tristis, which were provided by the CIAT) were identified, giving 32 polymorphic alleles and from 2�7 alleles per locus. Among the accessions from CIAT, it has been found that M. chlorosticta and M. esculenta ssp flabellifolia were the closest populations, while M. filamentosa and M. esculenta ssp flabellifolia were the most divergent. Genetic diversity within M. esculenta from 17 different countries were analysed and it was found that the samples from Nigeria and Fiji were the most closely related, while those from Venezuela and of unknown origin were the most divergent.
Inter Simple Sequence Repeat (ISSR) Zayed et al. (2013) used ten ISSR primers to measure the genetic distance and molecular profiling in four introduced genotypes viz., Indonesian, Brazilian, Thai (Rayong 60) and Thai (Huay Bong 60). A total of 79 bands produced 43 polymorphic, 36 monomorphic and 9 unique bands were identified. Out of the ten primers used, 14A ISSR primers revealed the highest level of polymorphism (80�%), followed by 98A and lowest polymorphism with HB09 primer followed by HB14. The highest similarity value of 82.8�% was observed between Brazilian cassava and Thai cassava and lowest similarity value appeared between Indonesian and Brazilian cassava (75�%). The more genetic variability was observed between Indonesian and Thai cassava (Huay Bong 60).
Single Nucleotide Polymorphism (SNP) Lopez et al. (2005) exploited the cassava expressed sequence tags (ESTs) to detect SNPs in the five cultivars of cassava used to generate the sequences. The frequency of intra-cultivar and inter-cultivar SNPs after analysis of 111 contigs was 1 polymorphism per 905 bp and 1per 1,032 bp, respectively. Further information on the frequency of SNPs in 6 cassava cultivars was obtained by analyzing 33 amplicons from 3' EST and BAC end sequences. A total of 186 SNPs (136 and 50 from ESTs and BAC ends, respectively) identified, 146 SNPs showed intra-cultivar polymorphisms, while 80 were inter-cultivar polymorphisms. Thus the total frequency of SNPs was 1 per 62 bp.
Kawuki et al. (2009) elucidated the potential of SNP for measuring genetic diversity in cassava and compared with that of SSR markers. A total of 26 SNP were identified from quality sequences of 9 genes, giving an estimated frequency of 1 SNP every 121 nucleotides. Average haplotype-based Polymorphic information content (PIC), 0.414 was higher than for individual SNP (PIC = 0.228). The Mantel test indicated inter-dependence between SNP and SSR genotypic data. Individual SNP had lower PIC values than SSR. For this reason, larger numbers of SNP may be necessary to achieve the same level of discrimination among genotypes provided by SSR.
Ferguson et al. (2011) generated expressed sequence tags (ESTs) from five drought stressed and well-watered cassava varieties. About 1,190 SNPs were identified and validated in cassava from a total of 2,954 putative EST-derived SNPs. The validated SNPs were located on scaffolds of the cassava genome sequence (v.4.1). Assessment of genetic diversity of 53 cassava varieties revealed some sub-structure based on the geographical origin, greater diversity in the Americas as opposed to Africa, and similar levels of diversity in West Africa and southern, eastern and central Africa.
Castellanos et al. (2014) discovered more than 5,00,000 genome-wide SNP genetic markers from over 450 cassava accessions from the CIAT germplasm collection and wild relative species of the genus Manihot using RAD-seq. A complex pattern of population structure among cassava accessions were revealed using 11480 newly-discovered SNPs and clustered into 5 main sub-populations. A strong differentiation between cassava and wild relative species was found using 5,137 SNPs. The genetic diversity in cassava was found low compared with previous studies, and higher within the wild Manihot species. Ultimately, the selected informative SNPs were suited for the unique identification of each one of the studied accessions.
Diversity Array Technique (DArT) Xia et al. (2005) tested three complexity reduction methods and selected the two that generated genomic representations with the largest frequency of polymorphic clones (Pstl/TaqI: 14.6�%, Pstl/BstNI: 17.2�%) to produce large genotyping arrays. Nearly 1,000 candidate polymorphic clones were detected on the two arrays. The performance of the PstI/TaqI array was validated by typing a group of 38 accessions obtained a scoring reproducibility of 99.8�% and the average call rate was 98.1�%. DArT markers displayed fairly high PIC values and revealed genetic relationships among the samples consistent with the information available on these samples. Hurtado et al. (2008) compared the usefulness of SSR and DArT marker in cassava. The following table summerises different molecular markers used for cassava diversity studies (Table 3.1).

Table 3.1 Different molecular markers used for cassava diversity studies
Population used | References
Isozymes
365 accessions, 109 wild � 10 isozymes | Lefervre and Charrier (1993)
Cassava accessions, isozymes | Adriana et al. (2000)
200 accessions � 8 isoenzymes | Cabral et al. (2002)
28 accessions � 4 isozymes | Montarroyos et al. (2003)
77 accessions � 9 isozymes � Costa Rica | Zaldivar et al. (2004)
Cassava gentotypes � 3 different heights | Tribadiet al. (2010)
32 accessions � 4 isozymes | Efisue (2013)
Restriction Fragment Length Polymorphism (RFLP)
Cassava and wild species | Beeching et al. (1993)
45 accessions and wild species | Fregene et al. (1994)
Randomly Amplified Polymorphic DNA (RAPD)
31 accessions � Brazil Colombo et al. (1998)
126 accessions � South America | Colombo et al. (2000)
Brazil and CIAT collections | Carvalho and Schaal (2001)
50 accessions � Ghana | Asante and Offei (2003)
30 accessions � Latin America | Ferreira et al. (2007)
Simple Sequence Repeats (SSR)
220 accessions, 33 wild � 5 SSR | Olsen and Schaal (2001)
283 accessions � 67 SSR markers | Fregene et al. (2003)
38 accessions � 10 SSR markers | Elias et al. (2004)
138 CMD resistant accessions � Nigeria | Lokko et al. (2005b)
245 accessions � 35 SSR markers � Uganda | Kizito et al. (2005)
36 genotypes � 16 SSR markers | Moyib et al. (2007)
18 cultivars � 3 SSR primers | Bi et al. (2010)
CTCRI varieties and Central Kerala varieties | Lekha et al. (2011)
93 cassava accessions � 14 microsatellite primers | Ribeiro et al. (2011)
43 Ghana in farmer preferred accessions � 20 SSR primers | Asare et al. (2011)
51 farmer preferred cassava, 15 elite lines � 6SSR markers | Turyagyenda et al. (2012)
21 Tanzanian farmer preferred landraces � 20SSR markers | Elibarikiet al. (2013)
43 accessions � 20 SSR markers | Tetteh et al. (2013)
Kenyan germplasm | Ndung'u et al. (2014)
Amplified Length Polymorphism (AFLP)
Cassava wild species | Roa et al. (1997)
521 accessions | Chavarriaga-Aguirre et al. (1999)
8 accessions | Wong et al. (1999)
69 accessions � cassava wild species | Elias et al. (2000)
20 landraces, 9 accessons | Fregene et al. (2000)
48 Manihot species � 12 primer pairs | Whankara et al. (2012)
Inter-Simple Sequence Repeats (ISSR)
Cassava four cultivar | Zayed et al. (2013)
Single Nucleotide Polymorphism (SNP
Cassava � SNP | Lopez et al. (2005)
Cassava � SNP | Kawukiet al. (2009)
Cassava � SNP | Ferguson et al. (2011)
450 accessions | Castellanos et al. (2014)
Diversity Array Technology (DArT)
Cassava cDNA clones | Xia et al. (2005)
436 accessions of African/Latin American cassava | Hurtado et al. (2008)

3.3.3 Genome and Gene Mapping in Cassava

The Euphorbiaceae family is a large family of flowering plants with 280 genera and around 6,000 species. Prominent economically important plants in this family include rubber (Hevea brasiliensis), castor (Riccinus communis) and cassava (Manihot escu-lenta Crantz.) with diverse utility. Mapping in outbreeding heterozygous crops, which are propagated vegetatively is not as advanced as in annual crops. They require more time and more space, given the long growing cycle and large crop size. Except for particular situations, only progeny issued from the cross between two heterozygous parents (F1 cross) are usually available.
Fourteen microsatellites containing GA repeats were isolated and characterized in cassava. Approximately 80�% of the microsatellites detected one or two alleles per accession, suggesting a low degree of microsatellite locus duplication, an unexpected finding for a highly heterozygous species. The high heterosis values of most microsatellites, their amplification in other Manihot taxa and their suitability for high-throughput, fluorescence-based genotyping, make microsatellites the marker of choice for germplasm characterization and saturation of the cassava map (Chavarriaga-Aguirre et al., 1998). Two SSR-enriched genomic DNA libraries (TMS30572 and CMC40) were constructed and about 6,000 clones were screened for the presence of the SSR motifs (Mba et al., 2001). A cDNA library constructed from leaf and root mRNA isolated from the elite cassava clone TMS30572 was also screened for the SSR motifs and more than 87 000 clones were screened. A total of 522 SSR markers were obtained from 2 different cDNA libraries respectively.
The genetic approaches to mapping polyploid genomes with molecular markers were reviewed by Ritter et al. (1991) and Wu et al. (1992). These approaches attempt to simplify the determination of allelism by analyzing a special class of markers known as single-dose restriction fragments (SDRF) (Wu et al. 1992). SDRFs are DNA markers that are present in one parent and absent in the other and segregate in a 1: 1 ratio (absence: presence) in the progeny. They represent the segregation equivalent of an allele at a heterozygous locus in a diploid or an allopolyploid genome or a simplex allele in an autopolyploid. Linkage analysis using SDRF in an F1 population requires the presence of a number of unique segregating polymorphisms (heterozygosity) and normal meiosis in either or both parents. It results in two separate linkage maps based on male and female sources of markers.
In cassava, SSR and other DNA markers used for construction of a cassava linkage map using F1, F2 population; mapping CMD1, CMD2 and CMD3 genes for cassava mosaic disease; mapping QTL associated with wound response, early root bulking, plant architecture, whitefly resistance and map-based cloning of CMD2 gene. The various mapping population used in genome and gene mapping in cassava is shown in Table 3.2.

Table 3.2 Various mapping populations used in genome and gene mapping in cassava
Mapping population | References | Purpose
11 cultivated and 1 wild species | Genome mapping | Angel et al. (1993)
TMS30572/CM2177-2 | Genome mapping | Fregene et al. (1997)
Manihot taxa | Microsatellite isolation | Chavarriaga-Aguirie et al. (1998)
TMS30572/CM2177-2 | Mapping CMD1 gene | Fregene et al. (2000)
TMS30572/CM2177-2 | Mapping bacterial blight resistant gene | Jorge et al. (2000, 2001)
TMS 30572 × CMC 40�| SSR-enriched genomic libraries/PCR-based SSR map | Mba et al. (2001)
TME3/TMS30555�| Mapping CMD2 gene | Akano et al. (2002)
TMS30572/CM2177-2 | Mapping genetic loci associated with wound response | Cortes et al. (2002)
TMS30572/CM2177-2 | Mapping genetic loci associated with early root bulking | Okogbenin and Fregene (2002)
TMS30572/CM2177-2 | Mapping genetic loci associated with plant architecture | Okogbenin and Fregene (2003)
MEcu-72/Mcol 2246�| Mapping genetic loci associated with whitefly resistance | Belloti et al. (2004)
TMS30572/TME117�| Mapping genetic loci associated with CMD resistance | Lokko et al. (2004)
TME3/TMS30572�| Map-based cloning of CMD2 gene | Moreno et al. 2004)
TME7/TMS30572�| Mapping genetic loci associated with CMD resistance | Lokko et al. (2005a)
TMS30572/CM2177-2 | Genome mapping using F2 progenies | Okogbenin et al. (2006)
TMS 97/2205 × NR 8083�| Mapping CMD3 gene | Okogbenin et al. (2012)
Namikonga × Albert | SNP, SSR based cassava map | Rabbi et al. (2012)
CO2/MNga-1 | Mapping CMD resistant gene | Mohan et al. (2013b)
CO2 × MNga-1 | True hybrid identification using SSR markers | Mohan et al. (2013a)
TMS-011412 × TMS 4(2)1425�| True hybrid identification using SSR markers | Vincent et al. (2014)
Namikonga × Albert | High density SNP for CMD study | Rabbi et al. (2014)




3.4 Sweet Potato

Sweet potato (Ipomoea batatas L. Lam) is the world�s seventh most important food crop. It is grown more in developing countries than any other root crop. It produces storage roots rich in carbohydrates and �-carotene (a precursor of vitamin A) and its leaves are rich in proteins. Purple-fleshed ones contain antioxidants such as antho-cyanins. Sweet potato is a hexaploid plant with (2n = 6x = 90), whereas the wild species, I. tabascana and I. tiliacea, are tetraploids with 2n = 4x = 60. Certain species are diploids with 2n = 2x = 30. Polyploid species are I. cordatotriloba with 2x and 4x and I. trifida with 2x, 3x, 4x and 6x (Huaman and Zhang, 1997). Crossability between various related species of the section Batatas has been demonstrated by Diaz et al. (1996). Morphological analysis of the related species indicates that I. trifida is the closest wild relative to the sweet potato, but I. tabascana is also morphologically very close (Austin, 1977,1987). Cross-pollinations between wild species, followed by selection and domestication of interesting genotypes, could have produced the hexaploid species I. batatas. Austin (1987) suggesting that natural hybridization between I. trifida and I. triloba resulted in the generation of the wild ancestors of the present I. batatas.
The genebank at International Potato Center (CIP, 1991) now maintains a total of 5,526 cultivated accessions, comprising 4,168 accessions of native and advanced cultivars from 57 countries (22 in the Americas, 26 in Asia and 9 in Africa), and 1,358 breeding lines. A number of Institutions in Latin America, Asia and Africa also maintain national sweet potato collections.

3.4.1 Origin of Sweet Potato

Cultivated sweet potato originated from South America and autopolyploidy of I. tri-fida and the occurrence of 2n gametes might also have been involved in the origin of I. batatas. It is, therefore, possible that I. batatas would have been generated by natural hybridization between several wild species rather than descending from a single ancestor. However, Austin (1987) also thought that the so-called I. trifida hexaploids are in fact I. batatas escaped from cultivation and believed that wild I. trifida tetraploids are the result of crosses between I. trifida diploids and I. batatas hexaploids.
The Sweet potato was originally domesticated at least 5,000 years ago in tropical America (Austin, 1988; Yen, 1982). Austin (1988) postulated that sweet potato
originated in the region between the Yucatan Peninsula of Mexico and the Orinoco River in Venezuela. Using molecular markers, the highest diversity was found in Central America, supporting the hypothesis that this is the primary center of diversity and most likely the center of origin of sweet potato (Huang and Sun, 2000; Zhang et al., 2000). The Europeans introduced the sweet potato to Europe, Africa and most parts of Asia. Spanish ships brought sweet potato from Mexico to the Philippines in the 16th century.
Introduction of the sweet potato to the Pacific islands apparently occurred in prehistoric times (Yen, 1982). Fossil carbonized storage roots of sweet potato found in northern New Zealand have been dated back some 1000 years (Yen et al., 1991), which strongly supports the theory of prehistoric transfer, probably by Peruvian or Polynesian voyagers (Yen, 1982). The linguistic links between the Quechua and Polynesian names for sweet potato, support the Peruvian origin and human transfer of the Polynesian sweet potato. However, studies based on molecular markers showed that Peruvian sweet potatos are not closely related to those from Papua New Guinea (Zhang et al., 1998) and are also different from those of Mesoamerica (Zhang et al., 2000).
I. trifida and I. triloba might have been crossed and might have produced the wild ancestor of I. batatas. Native people in the area may have discovered the sweet potato and brought it into cultivation. Carbon-dated sweet potato discovered in the Chilca canyon on the coast of Peru were estimated to be from 8,000 to 10 000 years before present, which indicates that sweet potato may be among the world�s earliest domesticates (Engel et al., 1970; Yen, 1974).
The primary center of diversity of sweet potato is located in north-western South America (Colombia, Ecuador and Peru) and parts of Central America (such as Guatemala) where a great diversity of native sweet potato, weeds, and wild Ipomoea exists. Secondary centers of sweet potato diversity outside of the Americas are in China, Southeast Asia, New Guinea and East Africa (Austin, 1983,1988; Yen, 1982). Sweet potato germplasm found outside the Americas, however, has been reported to contain only a small sample of the Latin American variability (Yen, 1974). New Guinea is considered the most important secondary centre of diversity for sweet potato (Roullier et al., 2013).
Molecular markers used to study the diversity existing within the CIP germplasm collection indicate that Central America presents the highest total number of alleles, number of region-specific alleles and greatest heterozygosity, while the Peru-Ecuador region presents the lowest values on all three counts. This information is used to develop core collections in order to assemble maximum allelic diversity into a minimum number of accessions. These results also support the hypothesis of Central America as the primary center of diversity and the most likely center of origin of the sweet potato (Gichuki et al., 2003).
The lower molecular diversity in the Peru-Ecuador region suggests human distribution from the primary center of origin and that the Peru-Ecuador region should be considered as a secondary center (Zhang et al., 2001). However, a study conducted with 25 SSR markers to characterize and assess the diversity of a subset of the CIP germplasm (540 accessions) has shown that within I. batatas many genepools can be observed and that among them a considerable genetic distance exists (Gruneberg et al., 2007). This result would tend to favor the case for several independent domestications in different geographical locations.

3.4.2 Genetic Diversity in Sweet Potato

3.4.2.1 Morphological Characterization
New Guinea is considered the most important secondary centre of diversity for sweet potato (I. batatas). Genetic diversity of 417 New Guinea sweet potato landraces were analysed, representing agro-morphological diversity collected throughout the island, and compared this diversity with that in tropical America. The molecular data reveal moderate diversity across all accessions analysed, lower than that found in tropical America. Nuclear data confirm previous results, suggesting that New Guinea landraces are principally derived from the northern neo-tropical gene pool (Camote and Batata lines, from the Caribbean and Central America). However, chloroplast data suggest that South American clones (early Kumara line clones or, more probably, later re-introductions) were also introduced into New Guinea and then recombined with existing genotypes. The frequency distribution of pairwise distances between New Guinea landraces suggests that sexual reproduction, rather than somaclonal variation, has played a predominant role in the diversification of sweet potato. The frequent incorporation of plants issued from true seed by farmers, and the geographical and cultural barriers constraining crop diffusion in this topographically and linguistically heterogeneous island, has led to the accumulation of an impressive number of variants (Roullier et al., 2013).
Huaman et al. (1999) characterized 1,939 Peruvian collections out of 5,000 sweet potato accessions, available at the CIP, based on morphological traits and electrophoretic banding patterns of total proteins and esterase. A total of 21 morphological descriptors were used to support a clustering pattern based on UPGMA. A total of 74 accessions, involving 53 landraces, collected from 30 households distributed among 18 settlements that practice traditional agriculture in the municipalities of Iguape and Cananeia, as well as 4 commercial varieties acquired in markets of Iguape and Piracicaba, were evaluated under an ex situ experimental condition in Piracicaba, SP, Brazil. Nine phenological and floral descriptors, nine morphological vegetative aerial descriptors and five storage root traits were recorded (Veasey et al., 2007).
One hundred and thirty-six sweet potato landraces collected from three different agro-ecological zones of Tanzania, eastern and southern Highlands Zones were characterized morphologically and agronomically using CIP descriptors in two seasons. Number of roots, weight of roots, fresh weight/plant and dry matter content differed significantly among and within agro-ecological zones. Landraces Lubisi from the southern highlands Zone had the highest number of roots (12 per plant) and Shinamugi from the Eastern Zone had the highest dry matter content of 39.4�%. PCA indicated variance accumulated by the first five components of the six major morphological characters was 52.5�% and produced similar groups corresponding to those of cluster analysis. The data indicate low genetic variation despite significant variations shown by agronomical traits. Many landraces recorded in different names from three different agro-ecological Zones showed close resemblance and grouped into two major groups suggesting presence of duplicates or mislabeling (Tairo et al., 2008).
Genetic diversity of 89 sweet potato genotypes was evaluated using morphological and molecular markers. Eighteen aerial and sixteen storage root characters were used in the morphological characterization. Analysis of variance showed that all the characters evaluated were significantly different (P < 0.01) between the genotypes. Twenty-three unique alleles, ranging from 3�6 per locus were detected using 6 SSR markers. Comparison between morphological and molecular data using the mantel test revealed a low correlation (r = -0.05) between the two data sets. Despite the poor correlation, both techniques showed a high degree of variation among the genotypes, suggesting great genetic diversity in Kenyan sweet potato genotypes that can be utilized in breeding programs (Karuri et al., 2010).
3.4.2.2 Biochemical Characterization (Protein/Isozyme)
The enzymes alcohol dehydrogenase, diaphorase, esterase, glutamate dehydrogenase, glucosephosphate isomerase, isocitrate dehydrogenase, malate dehydrogenase, malic enzyme, 6-phosphogluconate dehydrogenase, phosphoglucomutase, shikimate dehydrogenase and xanthine dehydrogenase were analyzed by starch gel electrophoresis of leaf tissue from nine sweet potato cultivars. Bands of most enzymes were well-defined. Polymorphisms were found in nine enzymes, and cultivars were identified by comparing polymorphisms (Kennedy and Thompson, 1991).
Seedling morphology and the isozyme profile of 12 species of Ipomoea were studied with a view to tracing the linkage and homology between the species, revealing the concordance of morphological findings with biochemical analysis. The trend of clustering in the dendrogram based on isozyme profiles revealed two broad clusters or groups. Inter-relationships and homology between the species revealed by the phylogenetic tree constructed from seedling morphology and from the dendrogram on isozyme data were comparable, with only minor variations (Das and Mukherjee, 1996; Jarret et al. (1992).
Two proteinaceous invertase inhibitors, designated ITI�L and ITI-R, were purified to electrophoretic homogeneity. The molecular masses of ITI�L and ITI-R were 10 and 22 kDa, respectively, as estimated by both gel filtration and SDS-PAGE (Wang et al., 2003). Based on the phylogenetic relationship of 9 Ipomoea species and the seed proteins analyzed by SDS-PAGE, a total of 50 bands were identified. The number of bands varies from 4�8 bands in I. mauritiana and I. obscura (Pragati et al., 2013).
3.4.2.3 Molecular Characterization
Recent studies on sweet potato diversity assessment using molecular markers found the highest diversity in Central America and supported the hypothesis that this region is the primary center of diversity and most likely the center of origin of sweet potato (Huang and Sun, 2000; Zhang et al., 2000). Several molecular studies have been carried out on the origin of sweet potato and its relationships with other species in the series, using restriction fragment length polymorphism (RFLP) (Botstein et al., 1980), random amplified polymorphic DNA (RAPD) (Williams et al., 1990), microsatellites (Hearne et al., 1992) and amplified fragment length polymorphism (Vos et al, 1995), are being practiced in fingerprinting.
Randomly Amplified Polymorphic DNA (RAPD) Fifteen RAPD primers were used in 26 accessions of sweet potato from Peru, Philippines and United States and between 8 Ipomoea species from section Batatas. A total of 56 polymorphic bands detected within the hexaploid I. batatas clearly delineated the South Pacific and the Peruvian sweet potato lines. Among the species examined, I. tabascana, I. trifida and the tetraploid forms of I. batatas from Mexico and Ecuador, including I. batatas var. apiculata, are the taxa most closely related to the cultivated hexaploid I. batatas. These findings support the utility of RAPD markers for evaluating genetic diversity in sweet potato and for establishing taxonomic and evolutionary relationships in Ipomoea (Jarret and Austin, 1994).
Connolly et al. (1994) studied genetic fingerprints of six clonal cultivars and estimated genetic distances between these cultivars. The level of polymorphism within the species was extremely high. From the 36 primers used, 170 fragments were amplified, of which 132 (77.6�%) were polymorphic. Out of 36 primers, 26 RAPD primers enabled the discrimination of all 6 genotypes. Harvey et al. (1997) studied nine New Zealand kumara cultivars, including 3 identified as �ancient� or �pre-European�, 2 modern, and 4 reputedly derived from 19th century introductions using RAPD primers. The cultivars derived from the 19th century introduction clustered in one group, a group which also included one modern cultivar. Two ancient cultivars were closely related to each other, but distant from the other ancient cultivar and the other groups, a result which is consistent with two separate, possibly pre-European lines. The theoretical historical origin of each cultivar was supported.
Polymorphism analysis and yield tests were conducted among �Jewel� sweet potato clones obtained from eight state foundation seed programs. Initially, 38 arbitrary primers generated a total of 110 scorable bands. The number of marker loci scored for each primer varied from 1�8 with an average of 2.89. Twenty-one bands (19.1�%) were scored as putative polymorphic markers based on the presence or absence of amplified products. Further estimation of variability within each clone source was accomplished by an assay of 10 sample plants per clone group by 14 marker loci generated by 4 selected primers. Polymorphic bands ranged from 7.1-35.7�% in 5 of 7 clone groups. Field studies showed variations in nearly all yield characters measured in the Jewel clones from different States. The results suggest the usefulness of arbitrarily-primed markers in detecting intra-clonal sweet potato DNA polymorphisms and indicate an underlying genetic cause for phenotypic variability in the crop (Villordon and LaBonte, 1995a, b).
The island of New Guinea is considered a secondary center on diversity for sweet potato, because of its range of isolated ecological niches and large number of culti-vars found within a small area. Information of genetic diversity in Papua New Guinea (PNG) sweet potato is essential for rationalizing the global sweet potato germplasm collection. Using RAPD primers, Zhang et al. (1998) compared the genetic variation and genetic diversity in 18 PNG cultivars versus 18 cultivars from South America. The analysis of molecular variance revealed large genetic diversity in both groups of cultivars. The PNG cultivars are also less divergent than their South American ancestors, as the mean genetic distance in PNG group is significantly smaller than that of South American group. This study shows that PNG cultivars, after many years of isolated evolution in a unique agro-ecological environment, are substantially divergent from their ancestors in South America. The genetic diversity level in PNG cultivars is significantly lower than that in South American cultivars.
RAPD marker was applied to analyze the genetic variability of sweet potato germplasm existing in Chile and elsewhere. Analysis of 28 cultivars from all over the world showed polymorphic bands with all 18 primers tested. A total of 124 RAPD bands were scored with an average of 6.9 polymorphic bands per primer. These results confirm that sweet potato exhibits high genetic variation. Two groups were distinguished, one containing Peruvian cultivars, and other containing cultivars from the rest of the world. Analysis of 14 accessions from central Chile and one from northern Chile showed polymorphic bands with 24 of 26 primers tested, but almost all of the 140 polymorphic bands merely showed the distinctness of the northern accession. The almost complete uniformity of the other 14 accessions shows that sweet potato germplasm collected in central Chile has very little genetic variability and may be derived from a single cultivar (Sagredo et al., 1998).
A total of 71 polymorphic RAPD molecular markers were used to assess the genetic relationships among 74 sweet potato varieties originating from a total of 23 sweet potato producing countries within 6 geographical regions. Multi-dimensional scaling (MDS) revealed that the South American and the Central American or Caribbean genotypes formed two separate clusters. East African varieties, which have unique characteristics from other traditional varieties, were distinct from other traditional varieties from South America and Oceania. These results support the reported hypothesis of the origin and dispersal of the sweet potato and indicate that the primary centre of diversity probably has two distinct gene pools. It is proposed that the dispersal of the sweet potato from its origin may have mainly involved varieties from Central America or the Caribbean as opposed to varieties from South America. There is an indication that new gene pools may be evolving in Africa and Asia due to hybridization and adaptation to the local environments (Gichuki et al., 2003).
RAPD markers were used for determining the genetic diversity among ten varieties of sweet potato developed by Central Tuber Crops Research Institute (ICAR-CTCRI), Trivandrum and its Regional Centre, Bhubaneswar with diverse parentage from diverse eco-geographical areas. A total 1,035 amplicons were generated among the 10 varieties, out of which more than 79�% bands were found polymorphic. Inter-varietal polymorphism among 10 varieties of I. batatas varied between 60.0 and 89.7�%. Clustering based on similarity index was done following the UPGMA method and intra-genetic relationships were analysed. It was evident from RAPD data that a high degree of genetic divergence exists only in varieties Kalinga and Sourin. However, not much genetic variation was found among other cultivars. This work suggests their adaptation in various conditions suitable for the specific habitat of particular varieties (Das and Naskar, 2008).
Valadares et al. (2011) studied the genetic diversity among Tocantins germplasm using RAPD primers. Cluster analysis confirmed the wide diversity among the genotypes and four genotypes highly dissimilar in all characteristics were selected for future breeding programs.
Plant morphological characters as well as RAPD fragment phenotypes were employed to study the interrelationship and clustering pattern of 12 Ipomoea species. Species pairs showing significantly greater pairing affinity values in morphological analysis also revealed higher monomorphism in RAPD band profile. Among the species, I. hispida showed least number of amplified fragments (73), whereas I. aquatica revealed the highest number of amplified fragments (213). Dendrograms computed from morphological and RAPD data showed definite clustering pattern of Ipomoea species and significantly alike relative closeness. The present study revealed a sharp congruence between the morphological and molecular approach (Das, 2011).
Korean sweet potato varieties were examined for their flowering response, self-and cross-incompatibility, and RAPD analysis was used to assess genetic variation in cross-incompatible groups. Six cross incompatible groups were obtained from complete diallel crosses with 33 Korean Ipomoea batatas varieties (Young-Sup-Ahn etal, 2015).
Inter Simple Sequence Repeats (ISSR) Huang and Sun (2000) used ISSR for restriction site variation in 4 non-coding regions of chloroplast DNA and scored 2071 bands in 40 accessions of Ipomoea. This study included I. trifida, I. ramosissima, I. umbraticola and I. triloba. The study concluded that I. triloba could be an ancestor of I. batatas.
He et al. (2007) studied the genetic diversity of 100 landraces from 6 geographical regions of China and 8 cultivars were accessed using ISSR markers. Fourteen ISSR markers revealed 239 polymorphic bands with an average of 17 polymorphic bands per primer. The cluster analysis classified the materials into two groups, a major group and a minor group.
Sixty-two main parents of sweet potato in China were assessed using ISSR markers to understand their genetic differences. Seventeen ISSR primers generated 490 polymorphic bands with an average of 28.8 polymorphic bands per primer, indicating that the ISSR marker was efficient to analyze the genetic diversity of sweet potato. Wide genetic distances (GDs), ranging from 0.16-0.93 with an average of 0.58, were observed among the tested cultivars. The cluster analysis classified the cultivars into domestic and exotic groups using the UPGMA method. The domestic group was distant from the exotic group in terms of GD. The Asian cultivars had higher genetic diversity than the African and American cultivars. The cultivars from the Chinese mainland, which had the smallest GD (0.419), were genetically close to the cultivars from Taiwan, China, whereas they had relative larger differences with the cultivars originated from other Asian countries. The results suggested that the crosses between domestic and exotic parents should be emphasized in sweet potato breeding (Qiang et al., 2008).
Ma et al. (2009) studied the Chinese germplasm material for selecting high carotene lines for sweet potato breeding programme with agronomic traits and markers (RAPD, ISSR). Fifteen sweet potato clones and their crossed seeds were evaluated. High variation (89.6�% with ISSR primer and 74.4�% with RAPD primers) for carotene content and storage root yield was observed among the different parental material.
A total of 20 ISSR primers were used to assess the 21 Ipomoea species and determine genetic relationships among these species. Out of these primers tested, 12 primers produced 218 detectable fragments, of which 207 (94.9�%) were polymorphic across the species. Each of the 12 primers produced fingerprint profile unique to each of the species studied. Forty-four unique bands specific to 15 species were detected. Genetic relationships among these species were evaluated by generating a similarity matrix based on the Dice coefficient and the UPGMA dendrogram. The results showed a clear-cut separation of the 21 Ipomoea species and were in broad agreement with the morphology. Both molecular and morphological markers will be useful for preservation of the Ipomoea germplasm collected from eastern part of India (Rout et al., 2010).
The genetic diversity of sweet potato germplasm bank of the highlands of Parana State, Brazil was estimated using ISSR primers. The PIC, marker index (MI), and resolving power (RP) were calculated in these sweet potato germplasm and the correlation between PIC and MI and between MI and RP were positive and significant. Two ISSR primers, 807 and 808, gave the best results for all attributes, and thus could be used as representative ISSR primers for the genetic analysis of sweet potato. Cluster analysis and PCA indicated high genetic variability and the genotypes collected from different countries grouped together (Camargo et al., 2013).
A collection of 240 accessions was analyzed using ISSR markers. The mean genetic similarity coefficient, Nei�s gene diversity, and shared allele distance of tested sweet potato accessions were 0.73, 0.32 and 0.27, respectively. The 240 accessions could be divided into six sub-groups and five sub-populations based on NJ clustering and, using STRUCTURE software results, obvious genetic relationships among the tested accessions were identified. The marker-based NJ clustering and population structure showed no distinct assignment pattern corresponding to flesh color or geographical ecotype of the tested sweet potato germplasm. Analysis of molecular variance (AMOVA) revealed small but significant differenced between white and orange fleshed sweet potato (OFSP) accessions. Small but significant differences were also observed among sweet potato accessions from the Southern summer and autumn sweet potato region, the Yellow River Basin spring and summer sweet potato region, and the Yangtze River Basin summer sweet potato region (Zhang et al., 2014).
DNA Amplification Fingerprinting (DAF) He et al. (1995) used DNA amplification fingerprinting (DAF) on 73 sweet potato species drawn from the USA and New Guinea along with tetraploid I. batatas and I. triloba. In this study, US cultivars formed a single cluster, indicating less diversity, while accessions from New Guinea showed wide variation.
Prakash et al. (1996) used DAF on 30 cultivars that also included Regal and Excel, lines that are developed using a population based breeding approach. Regal and Excel have shown greater divergence from other heirlooms. In this study, a total of 144 bands were used to support a phenogram depicting molecular relationships among cultivars. Wang et al. (1998) used DAF on 42 sweet potato accessions from Guangdong and Fujian provinces of China and from Japan to verify pedigree records. This study concluded that the DAF could resolve the domestication history of sweet potato germplasm.
Amplified Fragment Length Polymorphisms (AFLP) From CIP germplasm, 69 sweet potato cultivars from 4 geographical regions of Latin America were fingerprinted using AFLP markers (Zhang et al., 2000). The highest genetic diversity was found in Central America, whereas the lowest was in Peru-Ecuador. These results support the hypothesis that Central America is the primary center of diversity and most likely the center of origin of the sweet potato and Peru-Ecuador should be considered as a secondary center of diversity.
Fajardo et al. (2002) used AFLP markers to study genetic diversity in 141 accessions derived from botanical seed in different Papua New Guinea areas. Two hundred polymorphism markers were identified and utilized in the analysis. The molecular analysis revealed relatively limited genetic diversity within and between sites.
Comparative analyses of genetic diversity and phylogenetic relationships of sweet potato and its wild relatives in Ipomoea series Batatas were conducted using AFLP markers and sequence the data from the internal transcribed spacer (ITS) region of the ribosomal DNA. Low ITS divergence among 13 species of series Batatas resulted in poorly-resolved relationships. Of the species examined, I. trifida was found to be the most closely related to I. batatas, while I. ramosissima and I. umbraticola were the most distantly related to I. batatas (Huang et al., 2002).
Zhang et al. (2004) studied the 80 accessions from the Pacific region and Latin America for its genetic diversity using AFLP markers. MDS and AMOVA revealed a large genetic variation in the Oceania gene pool, far greater than that in Peru-Ecuador. The Mexican cultivars were grouped together with those of Oceania. These results suggest that Peru-Ecuador may not be the source of the Oceania germplasm. Bruckner et al. (2005) presented a comprehensive AFLP-based genetic diversity study on 775 accessions from the Plant Genetic Resources Conservation Unit USDA-ARS in Griffin and the CIP in Lima, Peru. The data of 183 polymorphic bands were subjected to ANOVA and principal coordinate analysis to conclude that several clusters existed in the collection.
AFLP analysis of 97 sweet potato accessions using 10 primer combinations gave a total of 202 clear polymorphic bands. Each one of the 97 sweet potato accessions could be distinguished based on these primer combinations. The results from the AFLP analysis revealed a relatively low genetic diversity among the germplasm accessions and the genetic distances between regions were low. A maximally diverse sub-set of 13 accessions capturing 97�% of the molecular markers diversity was identified. They were able to detect duplicates accessions in the germplasm collection using the highly polymorphic markers obtained by AFLP, which were found to be an efficient tool to characterize the genetic diversity and relationships of sweet potato accessions in the germplasm collection in Tanzania (Elameen et al., 2008).
Improved hybridization technique was used to generate three novel inter-specific hybrids by crossing Ipomoea batatas (L.) Lam. × I. hederacea Jacq; I. batatas (L.) Lam. × I. muricata (L.) Jacq and I. batatas (L.) Lam. × I. lonchophylla J.M. Black. The ploidy level of the inter-specific hybrids was determined by flow cytometry. The cross, I. batatas × I. hederacea, yielded the first artificial pentaploid Ipomoea hybrid ever. The other two hybrids, I. batatas × I. hederacea and I. batatas × I. muricata were tetraploid. The first two hybrids showed normal storage roots, a significant improvement in the storage roots of currently existing interspecific Ipomoea hybrids. AFLP molecular markers were used to explore the genetic relationship of these three novel interspecific hybrids with three other natural diploid, tetraploid and hexaploid species of the Ipomoea section batatas. Cluster analysis of AFLP bands showed that these three new inter-specific hybrids were closely related to cultivated sweet potato, which indicated that these novel hybrids can be used as an inter-specific bridge to transfer alien genes from wild to cultivated species (Cao et al., 2014).
Simple Sequence Repeats (SSR) Buteler et al. (1999) reported 63 microsatellite loci, of which only 9 were resolvable. The remaining SSRs in this study were not useful, since banding patterns were smeared or not amplified for unknown reasons. In this study, out of nine amplified microsatellites, five loci segregated in Mendelian fashion. However, this was the first attempt ever made at generating this important class of markers.
Eight SSR primers were used for genetic diversity study among Chinese, Japanese and Taiwan sweet potato cultivars, hybrids, polycross and landraces. The total polymorphism identified was 85�% and polycross-derived cultivars possessed high levels of genetic diversity and originated from various genetic resources, and suggested the usefulness of polycross breeding strategy in spite of frequent cross-incompatibility (Hwang et al., 2002).
Hu et al. (2004) screened 1,425 I. trifida sequences available from Genbank to identify 61 microsatellite containing sequences. Of these 61 sequences, they used 12 microsatellites to amplify sweet potato cultivars and wild species. A high degree of transportability was reported among species. To date, a total of 4,829 sequences are available for I. batatas that might result in potential SSR resources. Veasey et al. (2008) studied genetic diversity of 78 sweet potato accessions (58 landraces and 20 putative clones) from traditional agricultural households from 19 local communities in the Vale do Ribeira, Sao Paulo, Brazil, using 8 SSR primers.
The genetic diversity of 137 sweet potato landraces from different localities around Puerto Rico (PR) were collected and analyzed using 23 SSR primers. In addition, 8 accessions from a collection grown in Gurabo, PR at the Agricultural Experimental Station (GAES), 10 US commercial cultivars and 12 Puerto Rican accessions from the USDA repository collection were included in this assessment. The results of the analysis of the 23 loci showed 255 alleles in the 167 samples. Observed heterozygosity was high across populations (0.71), while measurements of total heterozygosity revealed a large genetic diversity throughout the population and within populations. Population structure analysis grouped PR landraces into five groups including four US commercial cultivars. This study shows the presence of a high level of genetic diversity of sweet potato across PR which can be related to the genetic makeup of sweet potato, human intervention and outcrossing nature of the plant (Rodriguez-Bonilla et al., 2014).
Thirty morphological characters and 30 SSR markers were used to assess the genetic diversity among 112 cultivars in Burkina Faso and to develop a core collection. Eight morphological characters were able to differentiate the 112 accessions and to identify 11 duplicates, while 28 SSR markers were more informative in discriminating the accessions and to identify 5 duplicates. The diversity assessment using the two approaches revealed high diversity with a coefficient of 0.73 using the phenotypic data, while moderate diversity with a coefficient of 0.49 was obtained using the SSR markers. These results show no correlation between the two approaches. A core collection was constituted using the SSR-based data, while the eight discriminative phenotypic descriptors will be used in the identification of cultivars (Koussao et al., 2014).
Selective Amplification of Microsatellite Polymorphic Loci (SAMPL) SAMPL markers were used to analyze the genetic relationship between 22 elite cultivars of sweet potato used in polycross breeding in Taiwan (Tseng et al., 2001). Among the 12 SAMPL primer pairs tested, 7 amplified 19 loci and total 55 alleles were amplified. The SAMPL data suggest that Taiwan landraces are distantly related to Chinese and Japanese cultivars. Employment of SAMPL markers is efficient compared to other molecular methods such as RAPD and SSR. The different molecular markers used for sweet potato diversity studies are summarized in Table 3.3.

Table 3.3 Different molecular markers used for sweet potato diversity studies
Population used | Reference
Morphological and Isozymes
9 accessions | Kennedy and Thompson (1991)
12 Ipomoea species | Das and Mukherjee (1996)
1939 accessions � CIP, Peru | Huaman et al. (1999)
SDS-PAGE | Wang et al. (2003)
74 accessions | Veasey et al. (2007)
136 accessions | Tairo et al. (2008)
89 genotypes | Karuri et al. (2010)
9 Ipomoea species | Pragatiet al. (2013)
Randomly Amplified Polymorphic DNA (RAPD)
26 accessions and 8 � Ipomoea species | Jarret and Austin (1994)
6 cultivars -36 primers | Connolly et al. (1994)
Sweet potato clones � 38 primers | Villordon and LaBonte (1995b)
9 cultivars � New Zealand | Harvey et al. (1997)
18 cultivars � Papua New Guinea | Zhang et al. (1998)
74 varieties � 23 countries | Gichuki et al. (2003)
10 varieties | Das and Naskar (2008)
12 Ipomoea species | Das (2011)
Brazilian cultivars | Valadares et al. (2011)
33 varieties | Young Sup et al. (2015)
Inter-Simple Sequence Repeat (ISSR)
I. batatas and 5 wild species | Huang and Sun (2000)
100 landraces and 8 cultivar from China | He et al. (2007)
62 sweet potato � China | Qiang et al. (2008)
15 high carotene lines and crosses | Ma et al.(2009)
21 Ipomoea species | Rout et al. (2010)
Sweet potato � Brazil | Camargo et al. (2013)
240 accessions | Zhang et al. (2014)
DNA Amplification Fingerprinting (DAF)
73 accessions Tetraploid � I. batatas (I. triloba) | He et al. (1995)
30 cultivars | Prakash et al. (1996)
42 accessions � Guangdong, Fujiand Japan | Wang et al. (1998)
Amplified Fragment Length Polymorphism (AFLP)
69 cultivars � CIP, Peru | Zhang et al. (2000)
141 accessions � PNG | Fajardo et al. (2002)
13 Species of Ipomoea | Huang et al. (2002)
80 accessions � Pacific region and Latin America | Zhang et al. (2004)
775 accessions � USA | Bruckner et al. (2005)
97 accessions � 10 primer combinations | Elameen et al. (2008)
Wild Ipomoea | Cao et al. (2014)
Simple Sequence Repeat (SSR)
Sweet potato � 63 primers | Buteler et al. (1999)
Cultivars and wild species | Hwang et al. (2002)
Ipomoea cultivars � China, Japan, Taiwan | Hu et al. (2004)
78 accessions | Veasey et al. (2008)
137 accessions | Rodriguez-Bonilla et al. (2014)
112 cultivars � 30 primers | Koussao et al. (2014)
Selective Amplification of Microsatellite Polymorphic Loci (SAMPL)
22 elite cultivars � Taiwan Tseng et al. (2001)

3.4.3 Genome and Gene Mapping in Sweet Potato

In sweet potato, different mapping populations are used for genetic map construction, genome mapping for carbohydrate metabolic genes, root knot nematode resistance, feathery mottle virus resistance, carotene genes and yield-related QTLs using AFLP, SSR markers. Genetic linkage analysis and gene mapping are quite challenging, because sweet potato is a hexaploid crop. The following table summerises the various mapping population used in genome and gene mapping of sweet potato (Table 3.4).

Table 3.4 Various mapping populations used in genome and gene mapping in sweet potato
Mapping population | Purpose | Reference
Tanzania/Bikilmaliya | Genome mapping | Kriegner et al. (2003)
Excel/SC1149�| Genome mapping | Nimmakayala et al. (2004)
Beauregard/Tanzania | Genome mapping using carbohydrate metabolic genes | Zhang et al. (2004)
48 � half sib | Gene mapping for Root Knot Nematode | Mcharo et al. (2005)
Beauregard/Tanzania | Genome mapping | Cervantes-Flores et al. (2008)
47 sweet potato lines � resistant and susceptible to virus diseases | Association mapping of feathery mottle virus resistance | Miano et al. (2008)
Nancy Hall(NH)/Tainung � 27 (TN27) | Yield related QTLs |
S1(WFSP)/ ST � 14 (OFSP) � 250 progenies | Gene mapping for �-carotene gene SSR marker |
E.Shu-3 � Hao/Guang 2K-30�| EST based SSR marker validation | Chang et al. (2009) Vimala and Mohan (2010) Wang et al. (2011)




3.5 Taro

Taro (Colocasia esculenta L. Schott) is a vegetatively propagated root crop that belongs to the monocotyledonous family Araceae. Although it is propagated vegetatively, it can also flower and set seed. Taro is grown in almost all tropical regions of the world and is a crop of considerable socio-economic importance in Southeast Asia and the Pacific. A wealth of genetic resources exists, but attempts to conserve the germplasm and use it to solve production problems have not been successful.
The centre of origin of taro is generally believed to be between Indo-Malayan region probably in Northeastern India and Bangladesh. It is the fourteenth most consumed vegetable in the world. There are two botanical varieties characterized by their corm shape and described as var. esculenta (dasheen type) and var. antiquorum (eddoe type). It has been suggested that of the two varieties, C. esculenta var. esculenta is diploid and var. antiquorum is triploid. It is a highly polymorphic, allogamous and protogynous species. Diploids (2n = 2x = 28) and triploids (2n = 3x = 42) have been observed both within the wild and the cultivated gene pools. It is generally accepted that the majority of triploids are of Asian origin. Lebot and Aradhya (1991) studied the
genetic relationships between taro cultivars from Asia and the Pacific using isozymes. Their results showed a higher level of genetic variation in Asia than the Pacific, with Indonesia being the area with the greatest diversity.
Assessment of the genetic diversity prevalent in the germplasm needs immediate attention for the improvement of this crop. The reports on the analysis of genetic diversity of this crop are scanty. Few reports are available on the use of molecular markers to study genetic diversity in taro, such as restriction site variation in rDNA, mitochondrial DNA (Matthew et al., 1992) and RAPD markers (Irwin et al., 1998).

3.5.1 Genetic Diversity in Taro

3.5.1.1 Morphological Characterization
Agro-morphological variation in the taro germplasm of Papua New Guinea (PNG) was estimated using 18 polymorphic descriptor states to aid in the selection of a core sample for the formation of a regional core collection currently being assembled under the Taro Network for Southeast Asia and Oceania. A total of 276 accessions were stratified into 5 homogenous groups by using a hierarchical approach according to botanical variety (dasheen or eddoe), altitude (high or low) and stolon formation (present or absent). In selecting the core sample, the eddoe group were directly included because of their rarity in the germplasm collection, while a 10�% sample fraction within each group of the dasheen types were selected based on principal component scores. A total of 31 accessions were selected for the core sample Okpul et al. (2004). Multivariate analysis of the core sample revealed wide variation, which was mainly influenced by botanical variety, plant height, lamina colour and variegation, petiole colour, corm shape, corm weight and palatability. Cluster analysis identified two homogeneous clusters based on predominant characters that should be useful to breeders. The results obtained in this study provide useful background information for further development of a national core collection.
Field studies were conducted to estimate the genetic variation, heritability and genetic advance among characters for the identification of genotypes from cultivars/lines of giant taro (Alocasia macrorrhiza) towards tuber yield. Edible aroid giant taro accessions were collected from 13 aroid growing districts in Bangladesh. Data were recorded on plant height, petiole length, petiole breadth, leaf length, leaf breadth, leaf number per plant, leaf area index (LAI), tuber/corm breadth, corm/tuber length, peduncle length, corm/tuber yield per plant, dry weight per plant, total weight per plant and yield per plant. Results showed that a high range of variation was observed for all the studied characters, which pronounced the existence of wide scale variation. Phenotypic variances for all the characters were higher than their corresponding genotypic and environmental variances but, on close comparison between the magnitude of phenotypic and genotypic variances and coefficient of phenotypic variation, it was shown that the magnitude of phenotypic variances and coefficient of variation were much higher than their corresponding genotypic values in all the characters studied (Paul and Bari, 2011).
3.5.1.2 Biochemical Characterization (Protein/Isozyme)
Isozyme variation was studied in 1,417 cultivars and wild forms of taro collected in Asia and Oceania by Lebot and Aradhya (1991), using 7 polymorphic enzyme systems. Results showed greater isozyme variation in Asia than in Oceania, with Indonesia being the area of greatest diversity. Multivariate analyses of the isozyme data indicated that the majority of the Indonesian cultivars were different from the Philippine and Oceanian taro cultivars. Oceanian cultivars constituted a continuum of clusters and are thought to have originated from a narrow genetic base introduced from Indonesia. If taro breeding is to have any future in Oceania, it is important to exchange genotypes to broaden the base of existing breeding programmes. Morphological characterization of 2,298 accessions collected in Indonesia, Malaysia, Thailand, Vietnam, the Philippines, Papua New Guinea and Vanuatu was conducted with standardized descriptors and 6 enzyme systems were for selected a core sample for sharing composed of elite cultivars representing approximately 10�% of the total number of accessions.
AFLP and isozyme fingerprinting was conducted on all cultivars included in the core taro sample of Japan. The results of these studies indicate that the genetic base of the cultivars is narrow. Only 6 zymotypes represent more than 51�% of the total number of accessions electrophoresed and only 21 zymotypes represent more than the two-thirds (70�%) of the total number of accessions. AFLP analysis confirms the isozymes results and two distinct gene pools are revealed, one in Southeast Asia and the other in the Pacific. It implies that crosses between accessions originating from only one country are not desirable and it is appropriate to cross cultivars from both gene pools (Lebot etal, 2004).
3.5.1.3 Molecular Characterization
Restriction Fragment Length Polymorphism (RFLP) RFLP at the ribosomal RNA gene loci (rDNA) was investigated in 227 accessions of taro, from China, Japan, Taiwan and Vietnam (Matthew, 2004). Eighteen different restriction fragment patterns of rDNA were observed. The results were largely consistent with a previous classification based on isozyme data. Some rDNA patterns were distributed extensively in the temperate zone from inland China to Japan. On the other hand, some other patterns ranged in coastal and/or insular areas from the tropical zone to the temperate zone (Japan). These geographical distributions may suggest two different routes for the introduction of taro into Japan: one from China, and the other most likely from Southeast Asia, via Taiwan and the Ryukyu Islands (southern Japan).
Randomly Amplified Polymorphic DNA (RAPD) Forty-four taro, 2 Xanthosoma species and 1 Colocasia gigantea accessions were evaluated for genetic diversity using 112 RAPD primers. RAPDs showed high genetic diversity in taro accessions from Indonesia, were capable in distinguishing between Hawaiian accessions, and could separate triploid from diploid accessions. UPGMA cluster analysis of genetic similarity estimates separated the accessions into three main groups with C. esculenta divided into five sub-groups. These primers will be useful for future genetic analysis and provide taro breeders with a genetic basis for selection of parents for crop improvement (Irwin et al., 1998).
Geographical differentiation and phylogenetic relationships of Asian taro, and related species were analyzed by RAPD and isozymes of 13 enzyme systems with special interest in the accessions from the Yunnan area of China, which supposedly has served the secondary center of taro diversification and dispersal into the temperate Far East Asia. The RAPD analysis was found to be better suited for detecting genetic differences within taros and among its related species. However, both RAPD and isozyme analyses estimated similar genetic relationships within taro and between related species.
Genetic differentiation was evident in the taro accessions of Nepal, Yunnan and other Asian areas. The significant local differentiation in Asian taros was clearly demonstrated by RAPD and isozyme analyses in this study, and the results of this study will serve as a base to establish evolutionary and genetic relationships among Asian taros (Ochiai et al., 2001). Taro germplasm accessions collected from different parts of India were subjected to RAPD analysis to assess the genetic diversity prevalent and also to test the genetic basis of morphotypic classification using 22 primers. High genetic diversity was revealed as the similarity coefficient values ranged from 0.50-0.98. No two accessions analysed in the present study showed a similarity coefficient value of one, thereby indicating their distinctness and presence of high genetic diversity in Indian taro germplasm. Presence of a very close gene pool of the wild, weedy and cultivated forms with extreme levels of phenotypic and genotypic variation is suggested as the reason for high genetic diversity reported (Lakhapaul et al., 2003).
Amplified Fragment Length Polymorphism (AFLP) The genetic diversity of 255 taro accessions from Vietnam, Thailand, Malaysia, Indonesia, the Philippines, Papua New Guinea and Vanuatu was studied using AFLPs. Three AFLP primer combinations generated a total of 465 scorable amplification products (Kreike et al., 2004). In each country, the gene diversity within the groups of wild genotypes was the highest compared to the diploid and triploid cultivars groups. The genetic distances between the diploid cultivars, ranged from 0.02-0.10, with the distance between the diploid accessions from Thailand and Malaysia being the highest. Two major groups of clusters were revealed, one group assembling accessions from Asian countries and the other assembling accessions from the Pacific. Surprisingly, the group of diploid cultivars from Thailand clustered among the Pacific countries. The presence of two gene pools for cultivated diploid taro has major implications for the breeding and conservation of germplasm.
More than 450 accessions of taro collected throughout Vanuatu and established in a field collection were described using 19 descriptors by grouping into 4 samples (Quero-Garcia et al., 2004). AFLP markers were used to compare the diversity between S3 and a fourth sample (S4) that included the parents of the Vanuatu breeding programme, and more diversity was found in S3. AFLPs were found to be useful to validate the hierarchical approach used for stratification. These studies have confirmed the narrow genetic base of the Vanuatu taro germplasm. They have been useful for detecting duplicates and fingerprinting of accessions.
Taro cultivated in Northern Vanuatu, Melanesia, was surveyed to:
� assess the extent of morphological and molecular variation being maintained by growers at the village level; and
� compare this diversity with the diversity found in the crops in Vanuatu.
Ethnobotanical data were combined with AFLP analysis to elucidate possible sources of variation. AFLP fingerprints successfully differentiated all these 96 morphotypes, which do not present a significant intraclonal variation (Caillon et al., 2006).
AFLP analysis was used to analyze the geographical differentiation, phylogenetic relationships and to identify molecular markers linked to leaf blight resistance genes of Indian taro. UPGMA method permitted cluster analysis of AFLP data, which showed that closely related cultivars collected from the same geographical area can clearly be differentiated and that genetic difference between cultivars can also be established. It appears from the study that when taro cultivation was introduced to a new area, only a small fraction of genetic variability in heterogeneous taro populations was transferred, possibly causing random differentiation among locally adapted taro populations. The results of the biological evaluation and molecular characterization generated by this approach may provide starting points for map-based cloning of this important gene (Sharma, 2008).
Simple Sequence Repeats (SSR) A total of 859 taro accessions from 15 provinces of Papua New Guinea (PNG) were characterized using SSR markers and a core collection of 81 accessions (10�%) was established on the basis of characterization data generated on 30 agro-morphological descriptors, and DNA fingerprinting using 7 SSR primers. The selection of accessions was based on cluster analysis of the morphological data enabling initial selection of 20�% accessions. The 20�% sample was then reduced and rationalized to 10�% based on molecular data generated by SSR primers. This represents the first national core collection of any species established in PNG based on molecular markers. The core has been integrated with core from other Pacific Island countries, contributing to a Pacific regional core collection, which is conserved in vitro in the South Pacific Regional Germplasm Centre at Fiji. The core collection is a valuable resource for food security of the South Pacific region and is currently being utilized by the breeding programmes of small Pacific Island countries to broaden the genetic base of the crop (Singh et al., 2008).
A total of 98 taro cultivars comprising 5 different populations collected from 3 different regions of East Africa were analyzed using 6 microsatellite primer pairs. PCA of microsatellite data indicated variations but did not show any distinct structure. Population diversity estimate was relatively low with the highest being 0.27, for accessions collected from Lake Victoria basin. AMOVA revealed most variations among individuals within populations at 79�%. Nei�s genetic distance showed that relatedness is not based on geographical proximity (Macharia et al., 2014). The following table sum-merises different molecular markers used for taro diversity studies (Table 3.5).

Table 3.5 Different molecular markers used for taro diversity studies
Population used | Reference
Morphological
276 accessions � Papua New Guinea | Okpul et al. (2004)
13 giant taro accessions | Paul and Bari (2011)
Isozymes
1417 cultivars and wild species � 7 isozymes | Lebot and Aradhya (1991)
2298 accessions � 23 descriptors and six enzymes | Lebot et al. (2004)
Restriction Fragment Length Polymorphism (RFLP)
227 accessions � Japan, Taiwan, Vietnem | Matthew (2004)
Randomly Amplified Polymorphic DNA (RAPD)
4 taro, 2 Xanthosoma species, 1 Colocasia gigantea | Lakhapaul et al. (2003)
Asian taro accessions � China | Ochiaiet al. (2001)
Taro accessions � India | Irwin et al. (1998)
Amplified Fragment Length Polymorphism (AFLP)
255 accessions | Kreike et al. (2004)
450 accessions � Vanuatu | Quero-Garcia et al. (2004)
Taro germplasm � Vanuatu | Caillon et al. (2006)
Taro cultivars | Sharma (2008)
Sequence Repeat (SSR)
859 accessions � 30 descriptors and 7 SSR | Singh et al. (2008)
98 taro cultivars � East Africa and 6 SSR primers | Macharia et al. (2014)

3.5.2 Genome and Gene Mapping in Taro

Taro is an important vegetatively propagated root crop species in most subtropical areas. It is an allogamous and protogynous species with a basic chromosome number of x = 14. So far two different mapping populations are used for genome mapping and taro blight resistant gene studies (Quero-Garcia et al., 2006; Sahoo et al., 2007) using SSR markers. Further mapping studies on taro should include a larger number of SSR markers, larger progenies should be created and other important traits related to yield and eating quality should be included in the QTL analysis. The details of various mapping populations used in genome and gene mapping in taro are furnished in Table 3.6.

Table 3.6 Various mapping populati ons used in genome and gene mapping in Taro
Mapping population | Purpose | Reference
VU101/VU104 X VU373/VU314�| Genome mapping | Quero-Garcia et al. (2006)
DP-25, Jhankri, Durdium � TLB resistant, N-118: susceptible | Taro blight resistant gene identification | Sahoo et al. (2007)




3.6 Yams

Dioscorea is a genus of over 600 species of flowering plants in the family Dioscore-aceae, native throughout the tropical and warm temperate regions of the world.
The vast majority of the species are tropical, with only a few species extending into temperate climates. Yams are cultivated in an area of 5.05 m.ha with an annual production of 60.2 MT all over the world, with the productivity of 11.9 tha-1. They are tuberous herbaceous perennial lianas, growing to 2-12 m or more tall. The leaves are spirally arranged, mostly broad heart-shaped. The flowers are individually inconspicuous, greenish-yellow, with six petals; they are mostly dioecious, with separate male and female plants, though a few species are monoecious, with male and female flowers on the same plant. The fruit is a capsule in most species, a soft berry in a few species. Several species, known as yams, are important agricultural crops in tropical regions, grown for their large tubers. Many of these are toxic when fresh, but can be detoxified and eaten, and are particularly important in parts of Africa, Asia and Oceania.
Cytologically, yams have a basic chromosome number n = 10, but various degrees of polyploidy exist within the same species. The chromosome number ranges wide in different species of Dioscorea viz., D. bulbifera (2n = 40-100), D. esculenta (2n = 40) and D. cayenensis (2n = 140). Within the genus Dioscorea, the most important species for cultivation in India are D. alata (Greater yam), D. esculenta (Lesser yam) and D. rotundata (African yam). Yams are normally dioecious, with male and female flowers produced on different plants. There are usually more male flowers on each male plant than female flowers on each female plant. Many yam cultivars do not flower at all. The male flowers are borne in panicles produced in the leaf axils. Each male flower is inconspicuous and small with six stamens. The female flower is larger than the male and is borne in spikes in the leaf axils. There are three stigmas and the ovary has three locules, each of which contains two ovules. Even though yam flowers are inconspicuous, their pollination is by insects. The main breeding objective of yams is to develop high yielding and good cooking quality tubers for consumption.

3.6.1 Genetic Diversity in Yams

3.6.1.1 Biochemcial Characterization (Protein/Isozyme)
Isozyme variation was analyzed among 269 cultivars of D. alata (Lebot et al., 1998) originating from the Caribbean, South America, Africa, Asia and Melanesia. In spite of the occurrence of several unusual characters within the species (e.g. presence or absence of bulbils), no clear sub-divisions could be achieved on either geographical or morphological grounds. Subsequently, the physicochemical characteristics of the tubers were compared with morphotypes and zymotypes of 139 cultivars grown in a common garden. We could not find any agreement between patterns of morphological variation, geographic origins and isozyme polymorphism. Many cultivars exhibited variation in qualitative traits, such as anthocyanin pigmentation, probably as a result 625 of human selection of somatic mutations. The most widespread D. alata cultivars exhibit a narrow genetic base.
Infra-specific classification of D. alata is problematic and genetic relationships existing among cultivars are difficult to explain. According to Martin and Rhodes (1977) the centre of variation of D. alata cultivars appears to be New Guinea, which could also be the centre of origin of the species. The existing morphological, enzymatic and physicochemical variability, observed among D. alata cultivars, is not the result of somatic mutations alone but sexual recombinations have also contributed to it. Zymograms indicate that, in the past at least, D. alata had an active sexual reproduction and some cultivars might be closely related, probably half-sibs, as revealed by their isozyme banding patterns. D. alata might be a true species and not a putative cultigen as previously reported. Because it flowers naturally in Melanesia, it might be assumed that its area of greatest diversity is also its area of origin.
3.6.1.2 Molecular Characterization
Restriction Fragment Length Polymorphism (RFLP) Phylogenetic relationships among 18 D. bulbifera accessions were studied using RFLPs (Terauchi et al., 1991) and their chloroplast genomes were classified into 9 distinct types. Genome E, from which Asian genomes were assumed to be derived, is found in the southeast edge of the Asian continent. However, in the Pacific that is in Australia, New Guinea and Polynesia two genomes, C and D, were found to be significantly distinct from E. Accessions from Polynesia were found to be closely related to accessions originating from New Guinea and Australia.
Randomly Amplified Polymorphic DNA (RAPD) RAPDs were used to study relationships in D. bulbifera accessions from Africa, Asia and the Pacific, including accessions from New Guinea, Australia and Polynesia (Ramser et al., 1996). Although this first assessment involved only 23 accessions, all methods of data evaluation resulted in similar groupings, corresponding to the 3 distinct geographical areas. In this case again, the Pacific cultivated genotypes were significantly distinct from the Asian ones and it is therefore assumed that they were domesticated from local wild sources.
Amplified Fragment Length Polymorphism (AFLP) Amplified fragment length polymorphism markers were used to assess the genetic relatedness between D. alata and nine other edible Dioscorea. These species include D. abyssinica Hoch., D. bulbifera L., D. cayenensis-rotundata Lamk. et Poir., D. esculenta Burk., D. nummularia Lam., D. pentaphylla L., D. persimilis Prain. et Burk., D. transversa Br. and D. trifida L. Four successive studies were conducted with emphasis on the genetic relationship within D. alata and among species of the Enantiophyllum section from Vanuatu. Study 1 was carried out to select a set of polymorphic primer pairs using 11 combinations and 8 species belonging to 5 distinct sections. The 4 most polymorphic primer pairs were used in study 2 among 6 species of the Enantiophyllum section. Study 3 focused mainly on the genetic relationship among 83 accessions of D. alata, mostly from Vanuatu (78 acc.), but also from Benin, Guadeloupe, New Caledonia and Vietnam. The ploidy level of 53 accessions was determined and results indicated the presence of tetraploid, hexaploid and octoploid cultivars. Study 4, included 35 accessions of D. alata, D. nummularia and D. transversa, and was conducted using two primer pairs to verify the taxo-nomical identity of the cultivars �langlang�, �maro� and �netsar� from Vanuatu. The overall results indicated that each accession can be fingerprinted uniquely with AFLP. D. alata is a heterogeneous species which shares a common genetic background with D. nummularia and langlang, maro and netsar. UPGMA cluster analysis revealed the existence of three major groups of genotypes within D. alata, each assembling accessions from distant geographical origins and different ploidy levels. The analysis also revealed that langlang, maro and netsar clustered together with the cultivar �wael� (D. transversa) from New Caledonia (Malapa et al., 2005).
Several DNA-based marker systems are available for genetic fingerprinting of plants, but information on their relative usefulness for yam germplasm characterization is lacking. The efficiency of RAPD, AFLP and SSR markers for the assessment of genetic relationships, and for cultivar identification and discrimination among 45 West and Central African white yam cultivar belonging to 22 morphotyes/cultivar groups, was investigated. Dendrograms were produced based on band pattern scores using the UPGMA method. Results showed that each of the three techniques could unequivocably identify each cultivar, but that techniques differed in the mean number of profiles generated per primer per cultivar, referred to as genotype index (GI). The order of merit based on this criterion in this study was AFLP, SSR. Yam genotypes classified in the same cultivar group based on morphology were often genetically different, emphasizing the need for molecular fingerprinting in yam germplasm characterization. AFLPs showed the highest efficiency in detecting polymorphism and revealed a genetic relationship that reflected morphological classification (Mignouna et al., 2003).
Simple Sequence Repeats (SSR) Obidiegwu et al. (2009b) conducted genetic diversity using 13 microsatellite loci in a collection of 89 water yam (D. alata L.) accessions from Benin, Congo, Cote d�Ivoire, Equatorial Guinea, Gabon, Ghana, Nigeria, Sierra Leone and Togo. These 89 are some of the D. alata accessions conserved by the International Institute of Tropical Agriculture (IITA) Ibadan, Nigeria. A total of 97 alleles were detected with an average allele number of 7.46 per locus. PIC mean value of 0.65 showed existence of variability among the accessions. Accessions from Nigeria showed highest gene diversity of 0.68, while those from Cote d�Ivoire had lowest diversity with 0.60. Observed mean heterozygosity value of 0.47 was observed. Cluster and PCA showed 8 major cluster groups. There was no relationship between relatedness of the accessions and their geographical area of collection. SSR markers proved to be effective to characterize studied D. alata germplasm.
One hundred and eighty-seven accessions comprising of 166 yam landraces and 21 yam DNA samples from IITA, Nigeria were extracted from leaf samples grown at Muguga and genotyped at Biosciences Eastern and Central Africa (BeCA). Twelve primer pairs were used for genotyping and PCR products detected on capillary electrophoresis (ABI3730). Data was analyzed for genetic diversity, ordination and analysis of molecular variance with GenAIEx software. A total of 131 alleles were amplified with a minimum of 2 alleles and a maximum of 13 alleles per primer with a minimum allele size of 64 bp and a maximum of 368 bp. Accessions from the Eastern province had the highest number of unique alleles. Shannon�s information index (I) was 0.14 for West African samples and 0.24 for Central province. Accession dispersion revealed four clusters with no distinct geographical pattern. Dense clustering of accessions was an indication of genetic relatedness. Analysis of molecular variance revealed that most variation of 88�% (P < 0.010) was found within populations or provinces. The SSR markers were polymorphic and were able to discriminate local yam landraces (Muthamia et al., 2013). The following table summerises different molecular markers used for yams diversity studies (Table 3.7).

Table 3.7 Different molecular markers used for yams diversity studies
Population used | Reference
Isozyme
269 cultivars of D. atata � Caribbean, south America, Africa, Asia and Melanesia | Lebot et al. (1998)
D. atata cultivars | Martin and Rhodes (1991)
Restriction Fragment Length Polymorphism (RFLP)
18 accessions of D. butbifera | Terauchi et al. (1991)
Randomly Amplified Polymorphic DNA (RAPD)
23 accessions of D. butbifera � Africa, Asia, Pacific | Ramser et al. (1996)
Amplified Fragment Length Polymorphism (AFLP)
D. atata and 9 edible Dioscorea | Malapa et al. (2005)
45 cultivars of white yam � west and central Africa | Mignouna et al. (2003)
Simple Sequence Repeats (SSR)
89 water Yams � 13 microsatellites | Obidiegwu et al. (2009b)
187 accessions � 12 primer pairs | Muthamia et al. (2013)

3.6.2 Genome and Gene Mapping in Yams

A genetic linkage map of the tetraploid white yam (D. rotundata Poir.) was constructed using SSR markers. The marker segregation data were split into maternal and paternal datasets and separate genetic linkage maps were constructed, since the mapping population was an F1 cross between two presumed heterozygous parents. The markers segregated like a diploid cross-pollinator population suggesting that the D. rotundata genome is an allo-tetraploid (2n = 4x = 40). Three and one quantitative trait loci (QTLs) with effects on resistance to yam mosaic virus (YMV) were identified on the maternal and paternal linkage maps, respectively. Prospects for detecting more QTLs and using marker-assisted selection in white yam breeding appear good, but this is subject to the identification of additional molecular markers to cover more of the genome (Mignouna et al., 2002a).
A genetic linkage map of the tetraploid water yam (D. alata L.) genome was also constructed based on AFLP markers segregating in an intra-specific F1 cross. The markers segregated like a diploid cross pollinator population suggesting that the water yam genome is allo-tetraploid (2n = 4x = 40). QTL mapping revealed one AFLP marker E-14/M52-307 located on linkage group 2 that was associated with anthracnose resistance, explaining 10�% of the total phenotypic variance. This map covers 65�% of the yam genome and is the first linkage map reported for D. alata. The map provides a tool for further genetic analysis of traits of agronomic importance and for using marker-assisted selection in D. alata breeding programmes. QTL mapping opens new avenues for accumulating anthracnose resistance genes in preferred D. alata cultivars (Mignouna et al. 2002b). The details of various mapping populations used in genome and gene mapping in yams are furnished in Table 3.8.

Table 3.8 Various mapping populations used in genome and gene mapping in yams
Mapping population | Purpose | Reference
TDr 93-1 × TDr 87/00211 � D. rotundata Poir | Genome mapping | Mignouna et al. (2002a)
TDa 95/00328 × TDa 87/01091 D. atata | Genome mapping | Mignouna et al. (2002b)




3.7 Future Aspects

The importance of any crop can be visualized by its germplasm wealth. Understanding the nature of the plants at the molecular level is crucial for the conservation, management and utilization of plant genetic resources. The genetic diversity of these crops is determined by using morphological, biochemical and molecular characterization. For molecular characterization, DNA markers are available in these crops and are being used to characterize germplasm and to resolve issues over domestication. Therefore, it is important to collect and evaluate the divergence of indigenous and exotic genetic resources of the crops to select resistant to abiotic, biotic and highly productive varieties. Future research on characterization may be undertaken for the unexplored tropical roots and tubers.
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4.1 Introduction

Root and tuber crops are the staple food and main source of calories for an estimated 700 million poor people in Africa, Asia and Latin America. The tropical root and tuber crops (cassava, sweet potato, yams and aroids) produce underground organs rich in major constituents (starch, sugars, proteins, minerals and cellulose) and secondary metabolites (carotenoids, anthocyanins and vitamins). A few anti-nutritional compounds (cyanogens, trypsin inhibitors, alkaloids and oxalate crystals) have been considerably reduced through domestication. Their quality has been improved by farmers� traditional selection over millennia and more recently by breeding programmes (Bradshaw, 2010; Lebot, 2012). Minor tuber crops like arrowroot, Chinese potato, yam bean, etc., are also important from the nutraceutical point of view, but yet to be explored to unravel the potential of these crops for various medicinal uses (Susan John, 2011).
Tuber crops are classified as the third-most important food crops after cereals and grain legumes. The tremendous importance of roots and tubers as a source of income for poor farmers and of food for the rural and urban poor is often overlooked in the debate about improving food security and eradicating poverty in developing countries. Many of the developing world�s poorest producers and most undernourished households depend on roots and tubers as a contributing, if not principal source of food and nutrition. Root and tuber crops produce remarkable quantities of energy per day, even in comparison to cereals. Potatoes lead the way in energy production, followed by yam (Scott et al., 2000). In addition, some roots and tubers are an important source of vitamins, minerals, and essential amino acids such as lysine (Low et al., 1997; Woolfe, 1992).
In many parts of Sub-Saharan Africa, roots and tubers are a major source of sustenance. They account for 20�% of calories consumed in the region. In 31 African countries with annual cassava production of more than 10 000 Mt each, annual per capita consumption averaged 140 kg during the last 4 decades (Phillips, 1998). More than 30 edible and non-edible species of roots and tubers are grown today. Foremost among them in terms of aggregate output and estimated value of production are cassava, potato, sweet potato and yam. Potato, cassava and sweet potato originated in Latin America (Horton, 1988). Yam includes some species that have moved from Africa to North and South America, and others that have travelled from Asia to Africa (Hahn et al., 1987). Other prominent roots and tubers include cocoyam, ginger, taro and yam bean, as well as Andean roots and tubers such as arracacha, mashua, oca and ulluco. The latter group of plants is grown in the Andean region, other parts of South America and East Asia. They are of minor importance globally in terms of total production and commercial value. Nevertheless, for particular countries, regions or agro-ecologies, one or more of these other roots and tubers can and do play an important role in food systems (Horton, 1988).
The cassava was probably domesticated in South America but possibly in Mexico, and the sweet potato probably in Mexico but possibly in South America, some 8,000 years ago. These crops have wild relatives in both Central and South America. Much later, after Columbus discovered the New World in 1492, European sailors introduced the potato to Europe and from there to many other parts of the world, and both cassava and sweet potato to Africa and then Asia. Interestingly, the sweet potato was being grown in Oceania before Columbus, but the routes of introduction are still debated. Cassava is the most important root and tuber crop in the tropics, where it is a primary staple food in many of the poorest countries, with the largest production in Nigeria, Brazil, Thailand and Indonesia. The sweet potato is also a staple food in Asia, Africa and America, but with production dominated by China, where half of the crop goes for animal feed.
Yams are also important staple food crops in tropical and subtropical regions. The four main cultivated yams were independently domesticated on three continents some
7,000 years ago: Dioscorea rotundata and D. cayenensis in West Africa, D. alata in Southeast Asia and the South Pacific and D. trifida in South America. Although taro and cocoyam are minor crops, they do provide a staple food for poor people in Africa, Asia and America. Taro was domesticated some 10000 years ago in Asia, Southeast Asia and Melanesia, whereas cocoyam was domesticated in South America and subsequently taken in the 16th century to Africa and then Asia. The relative importance of all these crops can be seen from the 2008 FAO production statistics (http: //faostat.fao.org): cassava (233 Mt), sweet potato (110 Mt), yams (52 Mt) and cocoyam (12 Mt), with sugar beet at 228 Mt. The edible storage organs are underground tubers for yams, storage roots for cassava and sweet potato, and corms/cormels for taro and cocoyam. All of these organs store energy as starch and the crops are viewed primarily as sources of carbohydrate energy when used as a staple food and to produce processed products for both human consumption and industrial use. They are, however, also valuable sources of minerals, vitamins and other antioxidants. They have high photosynthetic efficiency as well as capacity to yield in poor and marginal soils and under adverse weather conditions. This adaptation to varying edaphic and climatic situations makes them to fit into diverse cropping systems.
The extent to which the crops are benefiting from new biotechnologies reflects both their own economic importance and that of their close relatives. Thus the cassava genomes have already been sequenced and molecular markers are available in all of the tuber crops and are being used to characterize germplasm as well as to resolve issues over domestication. Molecular marker maps have been produced and there are varying degrees of progress in using them for marker-assisted selection. Likewise, genetic transformation is either available or becoming available to complement conventional breeding. It should be of particular value in the vegetatively propagated polyploids with complex inheritance patterns such as potato and sweet potato. Out-crossing is encouraged in some species by separate male and female plants (yams) or flowers (cassava and cocoyam), as well as by protogyny. Some of the crop species are regarded as diploids (cassava and cocoyam), although sweet potatoes are hexaploid (probably an allo-autopolyploid as a result of being a hybrid between a diploid and tetraploid species), and yams form a polyploid series, and incidentally are monocotyledonous.
Finally, there are also nine lesser known root and tuber crops native to the Andes of South America and cultivated by indigenous farmers. They have edible underground organs and are used both as subsistence and cash crops. Achira (Canna indica) has rhizomes which contain large starch granules and hence high-value starch. It is also grown in Viet Nam for noodles. Ahipa (Pachyrhizus ahipa) is a legume crop which produces carbohydrate-rich (starch and sugars) tuberous roots. Arracacha (Arracacia xanthorrhiza) has tuberous storage roots which provide starchy food free from undesirable substances. Maca (Lepidium meyenii) is a root crop that can be grown at upper altitude limits for agriculture and is of interest for its medicinal properties. Mashua (Tropaeolum tuberosum) produces yellow-fleshed tubers rich in carbohydrates, whereas Mauka (Mirabilis expansa) has fleshy edible storage roots rich in protein and carbohydrates. Oca (Oxalis tuberosa) is a tuber crop grown in New Zealand for over a century. Ulluco (Ullucus tuberosus) produces starchy tubers and has also been introduced to New Zealand as a new food crop having yellow and red betalain pigments. Yacon (Smallanthus sonchifolius) produces non-starchy roots which contain high levels of sugars and fructo-oligosaccharides, which can be used as sweeteners for diabetics. It was introduced from New Zealand to Japan in 1985, where a new cultivar, Saradaotome, has been bred.
Roots and tubers are highly perishable and as a result, post-harvest losses can be substantial. They therefore require specialized post-harvest handling, storage and preservation techniques in order to minimize losses, extend shelf life and maintain quality. The consumption of root and tuber crops as food in developed countries is considerably smaller than it is in developing countries, but their use as animal feeds is relatively higher. Approximately 45�% of root and tuber crop production is consumed as food, with the remainder used as animal feed or for industrial processing for products such as starch, distilled spirits, and a range of minor products. A very small proportion of root and tuber crop production (~5�%) is traded internationally. More than two-thirds of those exports come from developing countries. Processed cassava for human consumption is projected to play an important role in rural and lower- to medium-income urban populations� daily energy diets. This will be especially true in Africa, where cassava continues to play an important role in food security. Cassava starch is being used for preparation of diversified food products and can be used as a major source for production of bio-fuels.
Production and use of roots and tubers in developing countries have drawn attention to the potential benefits and raised a series of concerns regarding their impact on the environment and human health. The available evidence indicates that the incidence of potential environmental effects varies from crop to crop and genotype to genotype in the same crop. Pesticides and fertilizer use, for example, are much more important in the case of potatoes, and problems of soil erosion are more acute in the case of cassava. It is expected that new technology, institutional innovations and better policies cannot only meet the challenges but also more effectively exploit the potential of roots and tubers and thus help to sustain the natural resource base. In order to meet the rising demand of roots and tubers in food, animal feed and industrial sectors, there is a need to enhance the productivity by adopting good agronomic practices.



4.2 Cassava

Cassava (Manihot esculenta Crantz) or tapioca belongs to the family Euphorbiaceae, is the sixth-most important crop (after wheat, rice, maize, potato and barley) in the world and is the major crop among tropical roots and tubers (Meireles da Silva et al., 2003; Pujole et al., 2002). Cassava is the most important carbohydrate source for human consumption as well as livestock feed and has a variety of industrial uses including processed food, textiles, pharmaceuticals, flavouring agents such as monosodium glutamate and is a source of energy in the diet of most tropical countries of the world. It is a low-risk crop due to its drought tolerance, its ability to produce reasonable yields in poor soils and its wide range of uses. It can be processed into a variety of value-added products such as gari, dried chips and flour for both home consumption and agro-industrial applications. Cassava has long been a traditional household food security crop, but its potential for agro-industrial applications is increasingly being recognized, and this opens up important income generating opportunities for farmers.
Major cassava producing countries are Nigeria, Thailand, Indonesia, Brazil, Angola, Ghana, Mozambique, Viet Nam, Cambodia and India (Table 4.1). Currently cassava is a fundamental component in the diet of millions of people. It was estimated that for the year 1993, annual production of cassava was about 172.4 Mt, with a value of approximately US $9.31 billion. Between the years 1961-63 and 1995-97, cassava production increased at a rate of 2.35�% per year, a trend comparable to that found in other crops such as wheat (4.32�%), potato (4�%), maize (3.94�%), yams (3.90�%), rice (2.85�%) and sweet potato (1.07�%).

Table 4.1 Major cassava-producing countries in the world (2013-14)
Country | Area (Mha) | Production (Mt) | Productivity (t ha-1)
World | 20.73�| 276.72�| 13.35
Nigeria | 3.85�| 54.0�| 14.03
Angola | 1.68�| 16.41�| 14.05
Brazil | 1.53�| 21.23�| 13.91
Thailand | 1.39�| 30.23�| 21.82
Indonesia | 1.07�| 23.94�| 22.46
Ghana | 0.87�| 14.55�| 16.72
Mozambique | 0.78�| 10.00�| 12.82
Viet | Nam | 0.54�| 9.74�| 17.90
China | 0.29�| 4.60�| 16.10
India | 0.21�| 7.24�| 34.96

Between 1994 and 2005, cassava productivity was increased at 1.1�% per year. Globally it occupies an area of 20.73 Mha, with a production of 276.72 Mt and productivity of 13.35 t ha-1 (FAO, 2014). Among the cassava growing areas, Nigeria stands first in area (3.85 Mha) and production (54.0 Mt), whereas it is being grown in an area of 0.21Mha in India with a production of 7.24 Mt and highest productivity of 34.96 t ha-1. In fact, world-wide productivity has increased by about 18.4�% in the last 10 years (Ceballos, 2010).
In India, tapioca is the most important tuber crop cultivated in Tamil Nadu (1.21 lakh ha) followed by Kerala (0.71 lakh ha), Andhra Pradesh (0.18 lakh ha), Nagaland (0.062 lakh ha) and Meghalaya (0.053 lakh ha). However, its production was highest in Tamil Nadu (4.98 Mt), followed by Kerala (2.58 Mt) and Andhra Pradesh (0.37 Mt). It is being considered as a staple food crop in Kerala as well as in the tribal and northeastern hilly regions and as an industrial crop in Tamil Nadu, Andhra Pradesh and Maharashtra. It is consumed both as freshly cooked tubers and also a component of animal and poultry feeds. Industries make use of tapioca for producing starch and glucose.

4.2.1 Climate and Soil

Cassava grows better in a warm and humid climate with well-distributed rainfall. It can tolerate drought once it is established. In tropical and subtropical regions, cassava has the ability to tolerate extreme temperatures by defoliation of leaves. A large portion of cassava varieties is drought tolerant, and can produce in degraded soils (Ceballos et al., 2007).
Tapioca grows in all types of soils, but saline, alkaline and ill-drained soils are not suitable. Good fertile land is better for higher productivity. It can also be grown in marginally degraded wastelands with poor soil fertility. The crop is naturally tolerant to acidic soils and higher yields can be realized through timely and proper nutrient management practices (Ceballos et al., 2007).

4.2.2 Improved Varieties

A number of cassava high-yielding varieties and hybrids were developed and the important features are described in Table 4.2.

Table 4.2 Prominent cultivars of cassava and their characteristics
S. No. | Cultivar | Duration (Months) | Yield (t ha-1) | Special features
1. | H-97�| 10�| 25�35�| Semi branching hybrid, 27�31�% starch
2. | H-165�| 8 | 33�38�| Non-branching hybrid, 24�% starch
3. | H-226�| 10�| 30�35�| Semi branching hybrid, 29�% starch, susceptible to cassava mosaic disease (CMD)
4. | Sree Sahya | 11�| 35�40�| Multiple cross hybrid, semi branching, 30�% starch, susceptible to CMD
5. | Sree Vishakam | 10�| 35�38�| Semi branching, yellow flesh with carotene, 26�% starch, susceptible to CMD
6. | SreePrakash | 7�| 30�35�| Semi branching, 30�% starch, early maturing, suitable for lowlands as a rotation crop. susceptible to CMD
7. | Sree Harsha | 10�| 35�40�| Erect branching, early maturing, drought tolerant, Potential yield 60 t ha-1, excellent cooking quality, susceptible to CMD, 38�41�% starch
8. | Sree Jaya | 7�| 26�30�| Erect branching, early maturing, 24�27�% starch, excellent cooking quality, suitable for lowland as a rotation crop, moderately susceptible to CMD
9. | Sree Vijaya | 7�| 25�28�| Erect branching, early maturing, 27�30�% starch, moderately susceptible to CMD, suitable for low land as a rotation crop
10. | M4�| 10�| 18�23�| Non-branching, good table variety, susceptible to mites
11. | Sree Rekha | 10�| 45�48�| Erect branching, good table variety, 28�30�% starch, suitable for both upland and lowland conditions, susceptible to CMD
12. | SreePrabha | 10�| 40�45�| Semi-branching, 26�29�% starch, suitable for both upland and low land conditions, susceptible to CMD, tolerant to spider mite and scale insect
13. | Sree Pad-manabha | 10�| 38�46�| Exotic germplasm, tall and branching, resistant to CMD, starch 25.8�%, excellent cooking quality
14. | Sree Athulya | 10�| 35�40�| Triploid variety with stable and high extractable starch content (30.2�%), higher yield, ideal for cultivation in industrial areas of Tamil Nadu
15. | SreeApoorva | 10�| 35�40�| Triploid variety, 29.9�% starch, ideal for cultivation in industrial areas and plains of Tamil Nadu

4.2.3 Planting Season

Plant the setts in April-May (main season) before the onset of the South-West monsoon or in September-October coinciding with the North-East monsoon. It can be planted at any time of the year, if it is grown as an irrigated crop.

4.2.4 Methods of Planting

� Mound method: This method will be followed in poorly drained soils. In general, planting of the cassava setts will be done by preparation of the mounds to a height of 25�30 cm.
� Ridge method: This method will be followed in water-logged land for rain-fed crops and on plains for irrigated crops by preparing the ridges across the slope/along the contour to a height of 25�30 cm in order to control the soil erosion and water runoff.
� Flat method: Flat bed method of planting will be followed in uniformly levelled land having good drainage.
Sett Planting Stem cuttings (stakes) are the most common source of planting materials and are used for commercial propagation of the crop. Select planting materials from mature, healthy stems having 2�3 cm diameter. Discard the woody basal portion and use tender top portion of the stem for planting. Prepare the setts of 15�20 cm length with a smooth circular cut. Setts prepared from the stems stored for 1�2 months with leaves intact will give better sprouting.
Plant the setts vertically to 5.0 cm depth at 90 × 90 cm spacings for branching/semi branching types and 75 × 75 cm for non-branching varieties. Replace the dried-up setts with fresh setts of longer size as early as possible after planting, so as to maintain uniformity. Raise a nursery bed from healthy stems. The setts may be planted very close so as to accommodate 400 setts per m2 area. Irrigate the nursery bed in case of prolonged dry spells. Remove any plants showing mosaic infestation and replace with symptom-free setts for planting at the three-week stage in the main field. Irrigate the crop in the absence of rain and long dry spells to realize good yields.

4.2.5 Manures and Fertilizers

Low soil fertility is one of the constraints in cassava production, where the management of soil fertility can increase its yield by 32�% and cassava productivity in Asia can attain a phenomenal increase of 22�% with soil fertility management alone (Henry and Gottret, 1996). Though cassava grows on relatively infertile soils which are unsuitable for other crops, it does respond well to fertilization. A crop of cassava capable of producing 30 t ha-1 of fresh tubers removes 180�200 kg N, 15�22 kg P and 140�160 kg K from the soil (CTCRI, 1983). Incorporate 12.5 t ha-1 of well decomposed farmyard manure one month in advance of planting. In the pit method, 2�3 kg of decomposed organic manure needs to be applied. In-situ incorporation of green manures or green leaf manures is beneficial to enhance crop productivity and to sustain soil quality. A fertilizer dose of 100: 50: 100 kg N, P2O5 and K2O ha-1 is recommended (Table 4.3).

Table 4.3 Fertilizer doses for cassava
S. No. | Fertilizer | Basal dressing (kg ha-1) | Top dressing (kg ha-1) 45�60 days after planting
1 | Urea | 100�| 110
2 | Mussorie phosphate | 250�| -
3 | Muriate of Potash | (M.O.P.) | 85�| 85
or
1 | Urea | 100�| 100
2 | Single Super Phosphate (S.S.P.) | 300�| -
3 | M.O.P. | 85�| 85
or
1 | Urea | 65�| 110
2 | Di-Ammonium Phosphate (D.A.P.) | 110�| -
3 | M.O.P. | 85�| 85
or
1 | Urea | � | 110
2 | Ammonium phosphate/Factomphos (20: 20) | 250�| -
3 | M.O.P. | 85�| 85

An entire dose of P fertilizers needs to be applied before planting, whereas split doses of N and K fertilizers are beneficial to enhance the nutrient use efficiency and to minimize the losses of costly fertilizer inputs. In case the soils contain higher levels of available P, its application can be skipped for four years, and thereafter a maintenance dose of 50�% needs to be applied. Retain only two healthy shoots on opposite sides and remove the rest of the sprouts at 30�45 days after planting. Susan John et al. (2005) reported that combined application of 100 kg ha-1 each of N, P2O5 and K2O along with 12.5 t ha-1 of farmyard manure (FYM) in a long-term fertilizer experiment in a laterite soil of Kerala has recorded the highest tuber yield of cassava (cv Sree Visakham). Keep the field weed free, top dress with fertilizers and then earth up the crop. A second weeding and earthing up may be done 1�2 months after the first weeding and earthing up.

4.2.6 Crop Protection

4.2.6.1 Pests and Diseases
Cassava is affected by a few serious pests and diseases:
Insects Spider mites occur during the dry season from January-May in southern parts of India, and feed on leaf sap, causing blotching, curling and leaf shedding. Spray with Dimethoate or Chloropyriphos at 0.05�% at monthly intervals starting from January, to control mite infestation of the crop. Spraying water on the foliage at 10-days interval is also effective.
Scale insects infest the stems when stacked and occasionally in the field, causing drying of the stems. Collect the stems free of scale insects and store in the vertical position under shade to prevent multiplication of scale insects. As a prophylactic measure, spray the stems with 0.05�% Dimethoate during storage (Edison et al., 2006).
Cassava Mosaic Disease Cassava mosaic disease (CMD) is caused by the Indian cassava mosaic Gemini virus. Chlorotic areas inter-mixing with normal green tissue gives a mosaic pattern. In severe cases, leaves are reduced in size, twisted and distorted, reducing chlorophyll content and photosynthetic area, which causes a 25�80�% reduction in yield. Use disease-free planting material as a prophylactic measure. Grow CMD tolerant varieties like H-97, H-165, Sree Visakham, Sree Sahya and Sree Padman-abha. Remove infected plants and follow strict field sanitation. Keep the fields free of self-sown cassava plants, which may serve as a source of inoculum and help the spread of disease. Prompt disposal of cassava residues from the infected fields is essential.
Tuber Rot Tuber rot is caused by Phytophthora palmivora. Infected tubers show brown discoloration of internal tissues, become rotten and emit a foul smell, and so are unfit for consumption or marketing, causing heavy yield loss.
Mealy Bug The mealy bug feeds on the sap of plants and injects a toxic substance into its host, resulting in chlorosis, stunting of the plants, leaf deformation and early leaf drop. Add 20 ml of neem oil and 2�5 ml of soap solution to a litre of water, shake the solution vigorously until it looks milky white with foam on top. Dip the cassava setts for 5 minutes in this solution, so larval mealy bugs will be washed off and killed. Spray the same solution over the mealy bug infested cassava field also. The nozzle of the sprayer should be turned towards the lower side of the leaf and full coverage by the spray fluid should be ensured. A second spray after 15 days may ensure the death of any residual population and is recommended for further control of mealy bugs.
There are number of natural enemies in the field to check the population of mealy bugs, but the indiscriminate use of chemical insecticides will adversely affect these natural enemies and pave the way for pest resurgence. Insecticides like Profenophos 50 EC at 2 ml l-1, Chloropyriphos 20 EC at 4 ml l-1, and Dimethoate 30 EC at 2 ml l-1 are reported to be effective against mealy bugs (Ravindran et al., 2013). Other management practices like ploughing the land to 20�25" depth using a disc plough, adoption of the ridge method of planting, crop rotation with cereals, sugarcane and turmeric once in every two years, good provision of drainage, removal of infected tubers from the field and incorporation of Trichoderma viridae in the soil will destroy them.

4.2.7 Intercropping

Select only bushy types of intercrops like Cowpea, Groundnut and French bean, which mature within 100 days. Plant tapioca in the months of May and June at a spacing of 90 X 90 cm and dibble the intercrop seeds immediately after planting of tapioca. Apply the recommended dose of NPK fertilizers to the intercrops about 30 days after sowing followed by inter-culturing. Top dress the tapioca immediately after harvest of intercrops with the recommended dose of NPK fertilizers and earth up. Intercrops in tapioca gives an additional net income of Rs. 3000�5000 ha-1 within 3�31/2 months by utilizing light, water and nutrients more effectively from the inter-spaces of tapioca. The intercrops are able to control weeds and add organic matter and nitrogen to the soil.

4.2.8 Harvesting

Harvest the crop, depending upon the maturity of the cultivar, from 7-10 months after planting. Stack the stems vertically in well-aerated shady places for subsequent planting. Cassava roots have a very short shelf life due to a process known as Post-harvest Physiological Deterioration (PPD). PPD begins with vascular streaking, a blue-black discoloration of the storage parenchyma. Five to seven days later, microbial activity may cause further deterioration. PPD rapidly renders the roots unpalatable and roots (tubers) need to be consumed or processed soon after harvesting. The short shelf life of the roots severely limits the marketing options by increasing the likelihood of losses and overall marketing costs. Relevant traits for most cassava breeding programmes include high and stable production of fresh roots and adequate levels of starch and dry matter content. These are the characteristics typically valued by the industry and farmers as well. Its yield varies from 30�60 t ha-1, based on the cultivars, native soil fertility and good agronomic practices.




4.3 Sweet Potato

Sweet potato (Ipomoea batatas L. Lam.), belonging to the family Convolvulaceae, is an important tuberous root crop having tremendous potential for utilization in food, feed and industrial sectors, especially for the production of starch, flour, glucose and alcohol. The sweet potato is nutritionally rich and contains 28.2 g carbohydrates, 24 g sugars, 3.0 g dietary fibre and 46, 25,50, 337, 0.3, 0.8, 24,0.7 and 0.8 mg per 100 g fresh tuber in respect of Ca, Mg, P, K, Zn, Fe, Vitamin C, Niacin (Vitamin B3), Pantothenic acid (Vitamin B5) and 11 g folate (Vitamin B9). The high nutrient content coupled with its anti-carcinogenic and cardio-vascular disease-preventing properties resulted in recognizing the crop as a health food.
Sweet potato is widely grown in the tropics and warm temperate regions of the world. The major sweet potato-producing countries in the world are China, Nigeria, USA, Uganda, Indonesia, Viet Nam, Ethiopia and India (Table 4.4)). Globally it grows in an area of 8.24 Mha with a production of 110.75 Mt and productivity of 13.44 t ha-1, in which China contributes a 43�% area and 71�% production (Table 4.4). The highest productivity was recorded by Israel (44.361 ha-1) followed by Ethiopia (34.67 t ha-1) and China (22.44 t ha-1), according to the estimates during 2013-14 (FAO, 2014). In developing countries, sweet potato is ranked fifth in economic value, sixth in dry matter production, seventh in energy production and ninth in protein production (Lobenstein, 2009). In India, it is the third-most important tuber crop after potato and cassava.

Table 4.4 Major sweet potato producing countries in the world (2013-14)
Country | Area (Mha) | Production (Mt) | Productivity (t ha-1)
World | 8.24�| 110.75�| 13.44
China | 3.52�| 79.09�| 22.44
Nigeria | 1.12�| 3.40�| 3.05
Uganda | 0.55�| 2.59�| 4.70
USA | 0.28�| 3.62�| 13.01
Indonesia | 0.16�| 2.39�| 14.75
Viet Nam | 0.14�| 1.36�| 10.04
India | 0.11�| 1.13�| 10.13
Ethiopia | 0.04�| 1.35�| 34.67
Rwanda | 0.11�| 1.08�| 9.62
Bangladesh | 0.025�| 0.26�| 10.40

Globally, India occupied 12th, 10th and 11th rank in area, production and productivity, respectively during 2013. In India, sweet potato is being grown in an area of 0.112 Mha with a production of 1.132 Mt and productivity of 10.131 ha-1, according to the estimates of 2012-13 (Indiastat, 2014). It is cultivated predominantly as a rainfed crop in Eastern India, especially in Odisha, West Bengal, Uttar Pradesh, Bihar and�Jharkhand, accounting to 77�% of area and 82�% of production (Edison et al., 2009). In India, Odisha ranks first in area (0.043 Mha) followed by West Bengal (0.023 Mha), Uttar Pradesh (0.019 Mha) and Assam (0.0096 Mha), while the production was highest in Odisha (0.41 Mt) followed by Uttar Pradesh (0.265 Mt), West Bengal (0.236 Mt) and Assam (0.041 Mt). Sweet potato can be grown under wide soil and climatic regimes (Jansson and Ramon, 1991).

4.3.1 Climate and Soil

Sweet potato is a crop of tropical and sub-tropical regions having wide adaptability. It grows best in a warm and humid climate at a temperature of 21�26��C. It performs better in well drained loamy soils. According to Bouwkamp (1985), sweet potato can be grown in a wide range of soil types, but sandy or sandy loam soils having good porosity and aeration with reasonably high organic matter content and permeable sub-soil are ideal. They are sensitive to saline and alkaline conditions, but some of the genotypes, such as Samrat, CIP-440127, Sree Bhadra, Pusa safed and Kishan, are successfully grown in the moderately saline soils (ECe 16 dS m-1) of Eastern India with good-quality tubers (Dasgupta et al., 2006; Laxminarayana, 2012; Laxminarayana et al., 2012; Laxminarayana and Burman, 2013). Adequate drainage is essential for good growth. Heavy clays or soils rich in humus generally result in good growth of shoots and leaves but low yields and poor-quality tubers.
Soil acidity is a major problem in most agricultural soils of the tropics and liming with materials containing calcium and/or magnesium oxides or carbonates is commonly practiced to ameliorate the acid soils (Brady and Weil, 2006). Sweet potato is an acid tolerant crop and yields are usually high in soils with a pH of 5.5�6.5. Agricultural lime should be applied at 1.25-2.5 tha-1 to the soils with pH below 5.5 to effectively raise the pH to acceptable levels. In the United States, application of lime was found to increase tuber yields in acid soils. Maximum yields in a pH range of 6.5�7.5 in silt loam and 6�7 in fine sandy loam soils were detected (Bouwkamp, 1985).

4.3.2 Planting Season

Under rain-fed conditions, plant the vines in June-July. Under irrigated conditions, plant the vines during November-December in uplands and during January-February in lowlands as a summer crop. Several cultivars were released for cultivation based on the yield potential, suitability to the agro-climatic conditions, and consumers� acceptability (Table 4.5).

Table 4.5 Prominent genotypes of sweet potato and their characteristics
S. No. | Cultivar | Duration (days) | Yield (t ha-1) | Special features
1. | Varsha (H-268) | 120�125�| 17�25�| Semi spreading, reddish purple skin, light yellow flesh, good cooking quality
2. | Sree Nandini | 100�105�| 20�36�| Spreading, skin is light cream, white flesh, good culinary quality
3. | Sree Vardhini | 100�105�| 20�25�| Semi-spreading, purple skin, light yellow flesh, good cooking quality
4. | Kanjangad | 100�120�| 15�20�| Semi-spreading, reddish purple skin, light yellow flesh, good cooking quality
5. | Sree Rethna | 90-105�| 20�26�| Spreading, purple skin, orange flesh, excellent cooking quality
6. | Sree Bhadra | 90�95�| 20�27�| Semi-spreading, light pink skin, cream flesh, excellent cooking quality, resistant trap crop for root-knot nematode
7. | Sree Arun | 90-100�| 20�30�| Spreading, pink skin, cream flesh, good cooking quality
8. | Sree Varun | 90-100�| 20�28�| Spreading, cream skin and flesh, good cooking quality
9. | Sree Kanaka
75-85�| 12�15�| Short duration hybrid, rich in carotene (8.8-10 mg 100 g-1 fresh weight)
10. | Gouri | 110�120�| 19�30�| Semi erect, purple red skin, deep orange flesh, medium duration variety
11. | Sankar | 110�120�| 14�27�| Spreading type, red skin, pale yellow flesh, excellent cooking quality
12. | Kalinga | 105�110�| 17�28�| Open pollinated selection,spreading type, purple red skin and cream flesh, excellent cooking quality
13. | Goutam | 105�110�| 19�30�| Poly cross clonal selection, white skin and cream flesh, good cooking quality
14. | Kishan | 110�120�| 17�26�| Poly cross clonal selection, reddish purple skin and creamy white flesh, good cooking quality
15. | Sourin | 105�110�| 16�30�| Clonal selection, red skin and creamy white flesh, good cooking quality suitable for kharif and rabi seasons at 15 days after planting. Irrigate the nursery as and when required. Clip off the vines to a length of 20�30 cm at 45 days after planting and the same vines will be used for the secondary nursery.

4.3.3 Nursery

Use vines or tubers depending upon the availability for raising nursery. Since huge planting materials (83 333 vine cuttings per ha) are required for cultivation of sweet potato, raise the nursery bed in two stages: Primary nursery and Secondary nursery:
� Primary Nursery Raise the nursery bed 3 months ahead of planting in the main field. A nursery area of 100 m2 is required to raise the vines for planting of 1 ha. Make ridges 60 cm apart and plant healthy tubers (125�150 g) on the ridges at a spacing of 20 cm. Apply a good amount of manure before planting and 1.5 kg urea
� Secondary Nursery Prepare the nursery bed in an area of 500 m2 to plant vines obtained from the 100 m2 primary nursery. Apply well-decomposed organic manure in the last plough. Prepare the ridges at 60 cm apart. Plant the vine cuttings at 20 cm apart on the ridges. Top-dress the bed with 5 kg urea in two split doses at 15 and 30 days after planting. After 45 days, clip off the vine cuttings having a 20�30 cm length and plant the vine cuttings in the main field. Cuttings obtained from the apical portion of the vine are preferable for planting in the main field. Store the cut vines of sweet potato with intact leaves in bundles under shade for two days prior to planting in the main field.

4.3.4 Field Preparation and Planting

The field has to be ploughed 2�3 times to obtain a fine tilth followed by making ridges 60 cm apart having a 25�30 cm height. The vine cuttings should be dipped in 0.05�% Chloropyriphos solution for half an hour and planted at 20 cm spacing on the ridges. Plant the vine cuttings horizontally with two to three nodes (two-third portion of the vines) below the soil, leaving the remaining (one-third) portion above the soil.

4.3.5 Manures and Fertilizers

The high cost of fertilizers and unsustainable crop production calls for use of locally available low-cost organic sources, such as manures, green manures, biofertilizers, etc., along with inorganics in a synergistic manner for sustainable production and to maintain soil quality. The crop�s response to applied fertilizers depends on soil organic matter, which could be enriched either by natural returns through roots, stubble and crop wastes, as well as application of various organic resources (Ayoola and Adeniyan, 2006). Sweet potato generally responds to small doses of N application. However, excessive N application results in profuse leaf production at the expense of root yield. N deficiency is usually noticed in sandy soils and soils low in organic matter content. Delayed N application has been shown to be unfavourable for tuber formation in sweet potato grown in sandy loam soils (Morita, 1970). It is a common experience that the plants utilize only 40�50�% of applied N in the form of urea and the rest of the N is lost through leaching, volatilization and denitrification. Phosphorus deficiency and response to P application are most common in acid soils, especially in laterite and red soils such as Oxisols, Ultisols and Inceptisols, which contain high levels of Fe and Al. Rock phosphate was equally effective as a single super phosphate in direct effect, but was superior in residual effect. Since the crop does not require very large quantities of P for root development, a P2O5 dose of 25�50 kg ha-1 is considered the optimum.
Potassium plays a major role in the translocation of photosynthates from the leaves to the roots and accelerates the process by contributing to the rapid cambial activity in the tuberous roots in which starch is stored. When K was applied, the activity of the enzyme, starch synthetase, increased and when it was lacking, the enzyme activity became extremely low. Calcium plays a major role in water regulation of the plant, while Mg is a constituent of chlorophyll and is therefore essential for photosynthesis. Sulphur is a basic component of various amino acids and is required for protein synthesis. The deficiency of these nutrients is generally encountered in highly leached acid soils. Application of 200 kg ha-1 of CaO was found to be beneficial in increasing the yield and quality of sweet potato tubers in the acid laterite soils of Kerala (Nair and Mohankumar, 1984).
Apply 5-10 t ha-1 of farmyard manure before preparation of the ridges. A general recommended dose of fertilizers, such as 50: 25: 50 kg ha-1 of N, P2O5 and K2O, needs to be applied. Apply one-third of the N (36 kg ha-1 urea) and half of the K (42 kg ha-1 of Muriate of Potash) at the time of planting, one-third of the N at 30 days after planting and the left over one third of N and half K at 45�50 days after planting along the side of the ridges. The entire dose of P fertilizers needs to be applied before planting. Laxminarayana et al. (2015) reported that significantly highest mean tuber yield of sweet potato (13.69 Mg ha-1) was recorded in a long-term fertilizers experiment due to application of lime + FYM + NPK + MgSO4, with a yield response of 40�% over that of NPK in an acidic Alfisol of Odisha, India. Incorporation of organic manure (FYM) helps in better root growth and absorption of nutrients from the native as well as applied sources, which favours highest nutrient absorption resulting in higher tuber and vine yields of sweet potato. The highest yield response due to liming and addition of MgSO4 in these acidic soils attributes to neutralization of soil acidity, contributing in higher absorption of all the essential nutrients both from native as well as applied sources. The results of field experiments in a saline Inceptisol of West Bengal revealed that application of 75: 22: 63 kg ha-1 of NPK was found optimum to obtain sustainable crop yields with good-quality tubers, whereas incorporation of FYM at
5.0 t ha-1 has resulted in an almost equal yield response over that of 75�% NPK, suggesting that application of 5 t ha-1 of FYM along with 50�% NPK could have produced sustainable tuber yields rather than 100�% NPK (Laxminarayana and Burman, 2014).

4.3.6 Crop Protection

Sweet Potato Weevil (Cylas formicarious) The sweet potato weevil is the most important pest, causing very severe damage to the crop. The adult weevil punctures vines and tubers. The grubs bore and feed by making tunnels. Even the slightly damaged tubers are unsuitable for consumption due to bitterness. Yield loss may go up to 100�% in severe cases. On an average, 20�55�% tuber loss occurs due to infestation by the sweet potato weevil. The following integrated types of pest management will be effective for the control of this pest. Dip the vine cuttings in a Fenthion, Fenitrothion or Chloropyriphos solution at 2.0 ml l-1 for 30 min before planting. Install synthetic sex pheromone traps at 1 trap per 100 m2 area to collect and kill the male weevils. Destroy the crop residues after harvest by burning (Ravindran et al., 2013).
Sweet Potato Feathery Mottle Virus (SPFMV) Among the 12 virus symptoms recorded, feathery mottle virus (SPFMV) is widely occurring. The primary spread is through planting materials. The disease causes up to 50�% crop loss. The disease can be managed through cultivation of field tolerant varieties such as Sree Vardini, and use of virus free planting materials, as well as meristem derived plants.

4.3.7 Harvesting

Frost and cold weather can damage sweet potatoes at harvest time. When frost kills and blackens the vines above ground, decay can start in the dead vines and pass down to the roots. Remove the vines and dig out the tubers without injuring them. Sweet potatoes bruise easily and can suffer quickly when handled in storage. In general, the tuber yield ranges from 10�30 t ha-1; however, it has the potential to yield 30�50 t ha-1.




4.4 Yams

Yam (Dioscorea spp) is the third-most important tropical tuber crop after cassava and sweet potato. It is a perennial climber with tuberous roots. The plants are formed from their underground rhizomes, from where the vines are borne, which comprise the leaves, root and stolons of the plant. Plants produce tubers and bulblets (aerial tubers), which arise from the leaf axils. These tubers are cylindrical and rich in carbohydrates, which allow the plant to survive under very dry conditions. Yam tubers can be large, reaching 5-10 kg. The flesh may be white, yellow or purple, depending on the variety grown. The leaves of the plant are typically large, heart-shaped and bright green. Sometimes the leaves may have purple hues due to their anthocyanin content. Yam is a dioecious plant, having female flowers (most abundant) and male flowers on the same plant. They bloom at irregular times, which make the process of pollination difficult and causes low production of fruits and seeds in this crop, which is only used for the production of tubers. Yams are a primary agricultural commodity and the major staple crop in Africa, where yam cultivation began 11 000 years ago. In West Africa they are the major source of income and have high cultural value. They are used in festivals and marriage ceremonies, and a festival is held annually to celebrate its harvest. Yam tubers consist of about 21�% dietary fibres and are rich in carbohydrates, vitamin C and essential minerals. They are boiled, roasted, baked or fried. In Africa they are also mashed into a sticky paste or dough after boiling.
Yam, a tropical crop in the genus Dioscorea, has as many as 600 species out of which 5 are economically important staple species. These are Dioscorea rotundata (white guinea yam), Dioscorea alata (yellow yam), Dioscorea bulbifera (aerial yam), Dioscorea esculanta (Chinese yam) and Dioscorea dumetorum (trifoliate yam). Out of these, Dioscorea rotundata (white yam) and Dioscorea alata (yellow yam) are the most common species in Nigeria. Yams are grown in the coastal region in rain forests, wood savanna and southern savanna habitats.
Nigeria is the world�s largest producer of yams, accounting for over 70�76�% of the world production. According to estimates during 2013-14, yams are being cultivated in an area of 5.05 Mha throughout the world, with a production of 60.20 Mt and productivity of 11.911 ha-1 (FAO, 2014). Nigeria is the major producer of yams in an area of 2.90 Mha, production of 38.0 Mt and productivity of 13.10 t ha-1 (Table 4.6) followed by Ghana with an area of 0.43 Mha, production of 6.64 Mt and productivity of 15.44 t ha-1. The other major yam producing countries are the Ivory Coast, Benin and Togo. In Asia, it occupies an area of 0.01 Mha, with a production of 0.184 Mt and productivity of 18.121 ha-1.

Table 4.6 Major yam producing countries in the world (2013-14)
Country | Area (Mha) | Production (Mt) | Productivity (t ha-1)
World | 5.05�| 60.20�| 11.91
Africa | 4.81�| 57.80�| 12.02
Asia | 0.01�| 0.184�| 18.12
Nigeria | 2.90�| 38.00�| 13.10
Ivory Coast | 0.84�| 5.80�| 6.95
Ghana | 0.43�| 6.64�| 15.44
Benin | 0.21�| 3.18�| 15.07
Togo | 0.065�| 0.66�| 10.17
Cameroon | 0.054�| 0.557�| 10.38
Colombia | 0.033�| 0.363�| 10.92
Brazil | 0.026�| 0.245�| 9.61

Yam is in the class of roots and tubers that is a staple of the Nigerian and West African diet, which provides 200 calories of energy per capita daily. In Nigeria, in many yam-producing areas, it is said that �yam is food and food is yam�. However, the production of yam in Nigeria is substantially low and cannot meet the growing demand at its present level of use. It also has an important social status in gatherings and religious functions, which is assessed by the size of yam holdings that one possesses. Yams are tropical tuber crops which prefer a long moist growing season. In India, it is being grown in Northeastern states, Odisha, Andhra Pradesh, Kerala, Tamil Nadu, Jharkhand, Bihar, Madhya Pradesh, Chhattisgarh, Gujarat, Maharashtra, Rajasthan, Assam and West Bengal. There are four main species of Yams grown in India, which are the Greater yam � D. alata, Lesser yam � D. esculenta, White yam � D. rotundata and Aerial yam � D. bulbifera. The greater yam and lesser yam have been popular since ancient times, but the white yam is a recent introduction from Africa.

4.4.1 Climate and Soil

Yams grow well under warm and humid climatic conditions, but cannot withstand frost. Yams require well drained fertile soils and grow well in a mean temperature of 30��C and a well distributed annual rainfall of 1200�2000 mm. March-May is the ideal time for planting.

4.4.2 Improved Varieties

Several varieties are being cultivated in hilly areas of the northeastern states and other tribal areas. �Sree Shilpa� is the world�s first hybrid variety of D. alata developed and released by the ICAR-Central Tuber Crops Research Institute, Thiruvananthapuram, Kerala, India. Similarly, Sree Dhanya is the first dwarf variety of D. rotundata released by the Institute for cultivation by farmers. The important characteristics of the released varieties are described in Table 4.7.

Table 4.7 Prominent cultivars of yam and their characteristics
S. No. | Cultivar | Duration (Months) | Yield (t ha-1) | Special features
Greater yam
1 | Sree Keerthi | 9�10�| 25�30�| Tubers are conical in shape with brown skin and white flesh. Starch content is 20�22�%. Tubers have good cooking quality and excellent taste.
2 | Sree Roopa | 9�10�| 25�30�| Tubers are digitate in shape with black skin and white flesh tubers have good cooking quality and taste. Starch content 17�19�% and protein 1�2�%.
3 | Sree Shilpa | 8�| 28�| Tubers are swollen, oval and smooth, skin black and white flesh, good cooking quality, 17�19�% starch.
4 | Sree Karthika | 9�| 28�30�| High yielding selection with good cooking quality and shelf life; suitable for Kerala state of India.
5 | Orissa Elite | 9�| 25�30�| Suitable for rainfed irrigated conditions of Odisha, good cooking quality.
Lesser Yam
1 | Sree Latha | 8�9�| 20�25�| Tubers are oblong to fusiform in shape with greyish brown skin covered with thin hairs and creamy white flesh, good cooking quality, 18.4�% starch.
2 | Sree Kala | 8�9�| 20�25�| Tubers are round and smooth, good cooking quality, cooked tuber is sweet to taste and without fibre.
White yam
1 | Sree Subhra | 9�10�| 35�40�| Tubers are cylindrical in shape either brown partially hairy skin and white flesh, 21�23�% starch, possesses excellent cooking quality.
2 | Sree Priya | 9�10�| 35�40�| Tubers have smooth surface with good cooking quality and taste, 20�21�% starch, 2�3�% protein.
3 | Sree Dhanya | 9�| 15�20�| Dwarf type, bushy in appearance. Stacking is not required. Height of the plant is about 30 cm and each plant forms a bush of about 50�60 cm in diameter. It has spineless stems and the starch content is 23.3�%.

4.4.3 Planting Material

In the case of the greater yam and white yam, tuber pieces of 250�300 g size can be used as planting material for rapid seed yam production. Mini setts of 30 g size are ideal for planting in the nursery beds and the seedlings can be transferred to the main field during the rainy period for better survival. Medium-sized tuber cut pieces of 100�150 g are sufficient for planting of the lesser yam. The seed materials of yam should be treated in a slurry containing fresh cow dung, 0.2�% Mancozeb and 0.05�% Chloropyriphos, to enhance sprouting and to reduce incidence of pests and diseases.

4.4.4 Land Preparation and Planting

Plough or dig the land up to a depth of 20�30 cm. Open the pits of 45 X 45 X 45 cm size for planting of greater yam and white yam at a spacing of 90 X 90 cm. Fill up three-quarters of the pits with top soil with well-decomposed FYM and reform into a mound. For raising lesser yam, mounds may be formed at a spacing of 75 X 75 cm after application of FYM.
Plant the seed tubers of the greater yam or white yam on the reformed mounds. About 3000�3700 and 1800�2700 kg of yam seed material is required to cover 1 ha for planting of greater yam or white yam and lesser yam, respectively. Planting of whole tubers of lesser yam on mounds is beneficial for good establishment of the crop. After planting the tubers, completely cover them with soil. Mulching hastens the sprouting and controls weed growth, regulates soil temperature and retains soil moisture.

4.4.5 Manures and Fertilizers

Apply cattle manure or compost at 10 t ha-1 as a basal dressing before planting. A fertilizer dose of 80: 60: 80 kg N, P2O5 and K2O ha-1 is needed for yams. One-third of N (58 kg of urea), full dose of P (300 kg rock phosphate or 375 kg single super phosphate) and half K (67 kg of muriate of potash) are to be applied within a week after sprouting of yam. One-third of N (58 kg of urea) at 30 days after planting and the balance one-third of N should be applied at 2 months after planting. Top dressing of fertilizers should be followed by weeding and earthing up.

4.4.6 Management Practices for Intercrop

Yams can be raised as intercrops in coconut, arecanut, banana, rubber and robusta coffee. About 9,000 plants can be accommodated at a spacing of 90 X 90 cm in 1.0 ha of coconut plantation, leaving a 2 m radius from the base of the palms. Yam varieties such as Orissa elite, Sree Latha, Sree Keerthi and Sree Priya are suitable for intercropping. Yams can also be intercropped in the Nendran banana spaced at 3.6 X 1.8 m (1,500 plants ha-1), with 3 rows of yams being planted to accommodate 8,000 plants ha-1. The dose of FYM, N and P to the intercrop, as well as main crop, can be reduced to half in order to reduce the input cost without affecting productivity. But the quantity of potash should not be reduced as the tuber crops needs a larger quantity of K. Banana can be planted at 2.4 X 1.8 m to accommodate 2,300 suckers. In between 2 rows of banana, 2 rows of yams can be planted to accommodate 6,000 plants ha-1. In the banana-Dioscoria system, banana should be manured at the full amount, and two-third recommended level for yams is sufficient. In rubber, during the initial 3�4 years yams can be intercropped to accommodate about 6,000 yam plants in 1 ha by manuring at full dose for both the crops. When yams are intercropped in arecanut, about 7,000 yams can be accommodate at a spacing of 90 × 90 cm, leaving a 1.0 m radius from the base of the palms.

4.4.7 Trailing

Trailing is necessary to expose the leaves of yam plants to sunlight. Trailing is to be done within 15 days after sprouting by coir rope attached to artificial supports (wooden or bamboo) in the open area or to the trees where it is raised as an intercrop. Fixing of galvanized iron (G.I.) pipes and G.I. wire facilitates permanent trailing of the yams, which can reduce the production cost in subsequent years.

4.4.8 Crop Protection

Yam scale is found to occur on the tubers, both under field and storage conditions. As a prophylactic measure, dip the planting materials in 0.05�% Chloropyriphos and use the scale-free seed tubers for planting.
Anthracnose (Leaf Spot) This disease is caused by Colletotricum gloeosporiodes Penza. Dioscorea alata is very susceptible to anthracnose, whereas D. rotundata is more resistant. The disease appears as brown pin head-like spots on the leaves and stems. These spots become enlarged on the leaves, and may develop pale yellow margins. Sometimes the leaf spots run together to form large irregular blotches, the centres of which may fallout leaving a shot hole effect. Infected leaves usually fall off from the vines. This disease can be managed by adopting crop rotation, removal of debris, planting of healthy materials and destruction of infected cultivars. Ploughing immediately after harvest of tubers also helps to reduce the spread of the inoculum. Spraying with Dithane M-45 (2 g l-1) or Bavistin (2.5 g l-1) reduces the severity of the disease.

4.4.9 Harvesting

Greater yams and white yams become ready for harvest by 9-10 months after planting. Lesser yams take 8�9 months to attain maturity. Carefully dig out the tubers without causing injury. Greater yams showed a tuber yield of 20�40 t ha-1 and the potential yield may reach up to 60 t ha-1.




4.5 Elephant Foot Yam

Elephant foot yam (Amorphophallus paeoniifolius) is basically an underground stem tuber. It is of Southeast Asian origin and grows in its wild form in Sri Lanka, Philippines, Malaysia, Indonesia and other Southeast Asian countries. It has a higher dry matter production capability per unit area than most other vegetables. It is a popular tuber crop in many parts of India, especially in the South, East and Northeastern states. In India, this species as a crop is grown in Bihar, West Bengal, Odisha, Kerala, Karnataka, Andhra Pradesh and Maharashtra. It has synonyms such as oal in Bengali, suran or jimikand in Hindi, senai kizhangu in Tamil, suvarna gedde in Kannada, chena in Malayalam, oluo in Odiya and pulla ganda in Telugu. In Bihar it is used in oal curry, oal bharta or chokha, pickles and chutney (Nedunchezhiyan and Misra, 2008). Oal chutney is also called �Barabar chutney� as it has mango, ginger and oal in equal quantities, hence the name barabar (meaning �in equal amount�). In West Bengal, these yams are eaten fried or in yam curry. The plant body of the elephant foot yam is also eaten as a green vegetable, called as �ol shaak� in West Bengal.
Elephant foot yam is widely used in Indian medicine and is recommended as a remedy in all three of the major Indian medicinal systems, Ayurveda, Siddha and Unani (Khare, 2007). The corm is prescribed for bronchitis, asthma, abdominal pain, emesis, dysentery, enlargement of spleen, piles, elephantiasis, diseases due to vitiated blood, and rheumatic swellings. Pharmacological studies have shown a variety of effects (Wu and Zhu, 1999), specifically antiprotease, analgesic and cytotoxic activities (Das et al., 2009). In addition, it has been found to be a potentiator for further reducing bacterial activity when used with antibiotics (Dey et al., 2011). Along with other therapeutic applications, the Ayurvedic Pharmacopoeia of India indicates the use of corm (Ravi et al., 2009) in prostatic hyperplasia. The corm contains an active diastatic enzyme amylase, betulinic acid, tricontane, lupeol, stigmasterol, betasitosterol and its palmi-tate and glucose, galactose, rhamnose and xylose.

4.5.1 Climate and Soil

Amorphophallus is a tropical and sub-tropical crop and hence thrives well in a warm humid climate with a mean annual temperature of 30�35��C and a well distributed rainfall of 1,000-1,500 mm spread over a period of 6�8 months. It grows well in a variety of soils but a well-drained sandy loam or sandy clay loam soil with a near neutral soil reaction is ideally suited for the crop. The soil should be rich in organic matter, with adequate amounts of available plant nutrients.

4.5.2 Varieties

A selection (AM-I5) from the indigenous germplasm of elephant foot yam from Wyanad, Kerala, India with an average yield of 42 t ha-1 has been released under the name �Sree Padma� having brown skin and cream flesh, with very good cooking quality. �Sree Athira� is a hybrid selection from the cross AM-15 × AM-45, having brown skin and pink flesh, with good cooking quality and high yield (40 t ha-1) in
9-10 months. The variety �Gajendra� released from Andhra Pradesh has brown skin and cream flesh, good cooking quality, with a yield potential of 40�60 t ha-1.

4.5.3 Planting

Amorphophallus undergoes a dormancy period of 45�60 days. Traditionally farmers take the advantage of dormancy period by planting during March-April, so that the setts sprout with the pre-monsoon showers. The Amorphophallus corm is cut into setts of 500 g, each bearing a portion of the central bud. The whole corm of 500 g size, if available, can also be used as planting material. Cormel and mini-sett transplants of 50-100 g size can be used as planting material at a spacing of 45 X 30 cm. Seed materials should be treated in a slurry containing fresh cow dung, 0.2�% Mancozeb and 0.05�% Chloropyriphos, to enhance the sprouting and to reduce the incidence of pests and diseases.
Ploughing of the soil followed by pit formation (size of 45 cm3) is the traditional method of land preparation for Amorphophallus, which facilitates good bulking of the corms. The top soil excavated from the pits is then mixed with FYM or compost (2�3 kg pit-1) prior to planting. The planting material is placed vertically in the pits and then covered with soil and compacted lightly. A wider spacing of 90 X 90 cm or 75 X 75 cm has also been recommended for Amorphophallus.

4.5.4 Manures and Fertilizers

Apply farmyard manure at 2.0�3.0 kg pit-1 at the time of planting. Apply fertilizers at 40: 60: 50 kg N, P2O5 and K2O ha-1 at 15 days after emergence of sprouts along with weeding and intercultural operations. Top dress with 20 kg N ha-1 and 25 kg K2O ha-1 at one month, and the balance dose of 20 kg N ha-1 and 25 kg K2O ha-1 at 2 months after the first dose of fertilization.

4.5.5 Management Practices for Intercrop

Amorphophallus can be intercropped profitably in coconut, arecanut, rubber, banana and robusta coffee plantations. About 9,000 plants of Amorphophallus can be accommodated at a spacing of 90 X 90 cm in 1.0 ha of coconut garden, leaving a 2 m radius from the base of the palms. Half the quantity of FYM (12.5 t ha-1) and one-third of NPK doses (27: 20: 33 kg ha-1) will be sufficient for an intercrop of Amorphophallus in a coconut garden. For intercropping Amorphophallus in Nendran banana, banana should be planted at 3.6 X 1.8 m spacing so as to accommodate 1,500 plants ha-1. In between 2 rows of banana, 3 rows of Amorphophallus can be grown at a spacing of 90 X 90 cm to accommodate 8,000 plants ha-1, leaving 45 cm from the base of banana. For both the crops, FYM, N and P can be reduced to half, whereas the entire quantity of K should be applied. Care should be taken to manure both the main crop as well as the intercrop separately and adequately when intercropping Amorphophallus with arecanut, rubber and robusta coffee.

4.5.6 Intercultural Operations

Mulching with either green or dried leaves immediately after planting is perhaps one of the most important cultural operations in Amorphophallus. Mulching not only conserves the soil moisture and regulates the soil temperature, but also suppresses weed growth. If proper mulching is done at planting, weeds will be suppressed to a large extent. Despite this, one or two manual weedings can be given, first at 45 days after planting and the second, 1 month after the first weeding. Fertilizer application can be combined with these intercultural operations.
Amorphophallus is mostly raised as a rainfed crop. However, irrigation is required when the monsoon fails, specially in Eastern India, where it is grown on a large scale.
In the east and west Godavari districts of Andhra Pradesh it is extensively grown in paddy and sugarcane fields, where water requirement of the crop is met through canal irrigation.

4.5.7 Crop Protection

Collar Root This disease is caused by a soil-borne fungus Schlerotium rolfsii. Water logging, poor drainage and mechanical injury of the collar region favour the incidence of this disease. Brownish lesions first occur on collar regions, which spread to the entire pseudostem and cause complete yellowing of the plant. In severe cases, the plant collapses leading to complete crop loss. The disease can be managed by using disease-free planting material, removal of infected plant materials, improving drainage conditions, incorporation of organic amendments like neem cake, use of bio-control agents such as Trichoderma harzianum and drenching of the soil with 0.2�% Captan.

4.5.8 Harvesting

Amorphaphollus becomes ready for harvest at about 6�8 months after planting. The crop attains maturity when total senescence takes place. Rhizome yields vary from 20�40 t ha-1, whereas potential yield ranges from 40�80 t ha-1.




4.6 Taro

Taro or cocoyam (Colocasia esculenta L. Schott) is a tropical food crop with a high potential because of the high yield of the roots (or corms) and foliage. It should not be confused with the related aroid Xanthosoma spp., which is called tannia. In many parts of the Asia and the Pacific region, the name for tannia is a modification or qualification of the name for taro. World-wide it grows in an area of 1.30 Mha, with a production of 9.98 Mt and productivity of 7.681 ha-1 (FAO, 2014). Major taro producing countries in the world are Nigeria, China, Cameroon, Ghana and Papua New Guinea (Table 4.8). Cultivation of taro is widespread in India, Burma, China, Japan, Hawaii, Egypt, Africa and the Caribbean. Africa accounts for the highest cultivated area (1.11 Mha) with highest production (7.29 Mt), whereas in Asia it grows in an area of 0.135 Mha, with a production of 2.23 Mt and productivity of 16.53 t ha-1. Nigeria has recorded the highest area (0.50 Mha) with highest production (3.45 Mt) followed by Ghana with an area of 0.20 Mha and production of 1.27 Mt. Highest productivity (19.34 t ha-1) was recorded by China, followed by Cameroon (9.59 t ha-1), Papua New Guinea (7.71 t ha-1) and Nigeria (6.90 t ha-1).

Table 4.8 Major colocasia producing countries in the world (2013-14)
Country | Area (Mha) | Production (Mt) | Productivity (t ha-1)
World | 1.30�| 9.98�| 7.68
Africa | 1.11�| 7.29�| 6.57
Asia | 0.135�| 2.23�| 16.53
Oceania | 0.053�| 0.43�| 8.22
Nigeria | 0.50�| 3.45�| 6.90
Ghana | 0.20�| 1.27�| 6.35
Cameroon | 0.16�| 1.55�| 9.59
China | 0.095�| 1.85�| 19.34
Central African Republic | 0.039�| 0.13�| 3.29
Papua New Guinea | 0.035�| 0.27�| 7.71
Madagaskar | 0.038�| 0.20�| 5.33
Japan | 0.014�| 0.175�| 12.87

Taro was probably first native to the lowland wetlands of Malaysia (taloes). Estimates are that taro was in cultivation in wet tropical India before 5000 BC, presumably coming from Malaysia, and from India further transported westward to ancient Egypt, where it was described by Greek and Roman historians as an important crop. In India, it is known as �Gaderi�, with smaller ones called �arbi� or �arvi� being more common and popular. In Indonesia, it is called �talas� or �keladi� In Papua New Guinea, taro is called �taro tru�, while tannia is called �taro singapo� In Tonga, taro is called �talo Tonga�, while tannia is called �talo Futuna�. In Australia, Colocasia esculenta var. aquatilis is native to the Kimberley region of Western Australia; the variety esculenta is naturalized in Western Australia, the Northern Territory, Queensland and New South Wales.
Colocasia is nutritionally rich in carbohydrates and minerals; however, its composition varies according to the variety and country of origin. Taro leaf silage can replace up to 70�75�% of fish meal protein, with higher feed intake and N retention than with 100�% of the protein from fish meal or from taro leaf silage (Buntha et al., 2008). The mature corms and young shoots of edible aroids are mostly used as boiled vegetables, but the corms are also roasted, baked or fried and can be eaten alone or with stew. Taro chips are another important secondary product. The corms supply easily digestible starch and are known to contain substantial amounts of protein, vitamin C, thiamine, riboflavin, niacin and significant amounts of dietary fibre (Niba, 2003). Leaves of taro are cooked and eaten as a vegetable. Cocoyam flour can be used for the preparation of soups, biscuits, bread, beverages and puddings.

4.6.1 Climate and Soil

It grows well in warm and humid conditions with mean temperatures of 21�27��C and a well distributed rainfall of about 1,000 mm during the growth period. In areas where rainfall is less, supplementary irrigation is required for successful production. Taro germinates in all types of soils, but performs better in well-drained fertile loamy soils. It has the ability to grow under waterlogged conditions and in marshy tracts in the coastal regions.

4.6.2 Production Systems

There are two main production systems used in taro cultivation:
1.�Flooded or wetland taro production; and
2.�Dry land or upland taro production.
Flooded taro cultivation occurs in situations where water is abundant. The water may be supplied by irrigation, by the swampy nature of the terrain, or from diverted rivers and streams. The soil must be heavy enough to permit the impounding of water without too much loss through percolation. Apart from rice and lotus, taro is one of the few crops in the world that can be grown under flooded conditions. The large air spaces in the petiole permit the submerged parts to maintain gaseous exchange with the atmosphere. Also, it is important that the water in which the taro is grown is cool and continuously flowing, so that it can have a maximum of dissolved oxygen. Warm stagnant water results in low oxygen content, and causes basal rotting of the taro. However, flooded taro requires a longer time to mature, and involves a considerable investment in infrastructure and operational costs. Largest area and production of taro in the Asia-Pacific region occurs under dry-land conditions, which is essentially rain-fed. Sprinklers or furrow irrigation may be used to supplement the water, with the objective to keep the soil moist, not allowing the field to flood.
Land preparation for dry-land taro starts with ploughing and harrowing. If the soil is deep and friable, the crop can be grown on the flat, otherwise ridges are to be made. Ridges are usually 70-100 cm apart and plant spacing on the ridge is 50�75 cm. Unlike flooded taro, dry-land taro is frequently intercropped with cereals, pulses and oilseeds. Planting in dry-land taro production involves opening up the soil with a spade or digging stick, inserting the planting pieces, and closing up. Mulching is done to conserve moisture. Manures and composts may be applied after planting, or be incorporated into the soil during the initial land preparation.

4.6.3 Planting Material

High-yielding cultivars were released by the ICAR-Central Tuber Crops Research Institute, Thiruvananthapuram, Kerala and its Regional Centre at Bhubaneswar, Odisha, based on its special characteristics, and suitability to various agro-climatic conditions of India (Table 4.9). Cormels as well as the mother corms can be used as planting materials, but cormels are ideal. Cormels weighing about 20�30 g form good planting materials.

Table 4.9 Prominent cultivars of colocasia and their characteristics
S. No. | Cultivar | Duration (Months) | Yield (t ha-1) | Special features
1. | Sree Rashmi | 7�8 | 15�20�| All parts of the plant namely, leaf, petiole, corm and cormels (side tubers) are non acrid. Corms are big and the cormels are medium in size. The cormels have good cooking qualities and taste: starch content 15�% and protein 2.5�%.
2. | Sree Pallavi | 6�7 | 15�18�| Corms are relatively big and cormels are small and more in number. Cormels have good cooking quality and taste. Starch content 16�17�% and protein 2�3%.
3. | Muktakeshi | 6�7 | 15�18�| A tall variety with large number of small sized tubers. Protein 2�3%, resistant to leaf blight, suitable for uplands and lowlands.
4. | Pani Saru-1 | 6�7 | 15�16�| Clonal selection from variety Kantilo local suitable for waterlogged conditions of Odisha.
5. | Pani Saru-2 | 6�7 | 12�14�| Clonal selection from variety Begunia local suitable for water logged conditions of Odisha.
6. | Sree Kiran | 6�7 | 16�18�| First Taro hybrid (C-303 × C-383) from India, good cooking quality.

There are essentially four types of planting materials that are used in taro production:
1.�Side suckers produced as a result of lateral proliferation of the main plant in the previous crop;
2.�Small corms (unmarketable) resulting from the main plant in the previous crop;
3.�Huli, i.e. the apical 1�2 cm of the corm with the basal 15�20 cm of the petioles attached; or
4.�Corm pieces resulting when large corms are cut into smaller pieces.
The use of huli is particularly advantageous because it does not require much planting material and establishes very quickly and results in vigorous plants. Where corm pieces are used, it is advisable to pre-sprout the pieces in a nursery bed before planted in the main field. Side suckers and small corms may also be kept in nurseries to develop good sprouts, especially if there is a long time between the previous harvest and the next planting.
Three strategies are currently available for rapid multiplication of planting materials. The first is to use a mini-sett technique analogous to the same technique used for yams. They are sprouted in a nursery, and then planted in the main field. The resulting small corms and suckers are used as subsequent planting material. The mini-sett technique can be carried out by the farmers themselves, since the level of technology required is well within their competence.

4.6.4 Land Preparation and Planting

According to soil type and management practices, different methods of land preparation may be followed. In sandy loams, the pit method is better, whereas in alluvial soils, raised mounds or beds are preferred. Under irrigated conditions, ridge and furrow system may be adopted.
Under rain-fed conditions, planting during April-June is optimum. If grown as an irrigated crop, it can be raised throughout the year. Plant the cormels at a spacing of 50 × 30 cm and about 67 000 seed tubers (corms/cormels) are required to plant 1 ha. The cormels may be planted at a depth of 2.5�7.5 cm. Approximately 800 kg of planting materials would be required to cover 1 ha, if planted at recommended spacing.

4.6.5 Intercultural Operations

Planted seed tubers take 30�45 days for sprouting. Mulching of the planted seed tubers with green or dried leaves helps to hasten the sprouting, control weed growth, regulate soil temperature and retain soil moisture. Under field conditions, 5-10�% of the seeds fail to sprout. To overcome this situation, about 2,000-3,000 corms/cormels per ha may be planted in a nursery bed at a close spacing so that sprouted tubers from the nursery can be used for gap filling.
For flooded taro, weed infestation is minimal, but some aquatic weeds do occur. Some of these are pulled out manually, although in high-technology production systems, herbicides may be added to the irrigation water. In Hawaii, Nitrofen at 3�6 kg ha-1 has been found to be effective.
For dry-land taro, weed control is necessary only during the first three months or so, if crop spacing has been close enough. Thereafter, the crop closes the canopy and further weed control is not necessary. In the last two months of the crop�s growth, average plant height diminishes and spaces open up again between plants. Weeds may re-appear but their potential for economic damage is very low.
Weed control with hand tools is the most prevalent practice in dry-land taro. Care should be taken to confine the tools to the soil surface; taro roots are very shallow and can be very easily damaged by deep weeding or cultivation. Earthing up of soil around the bases of the plants is advisable during weeding, so that the developing corms are protected. Herbicide weed control is possible in dry-land taro production. Recommended herbicides include Promtryne at 1.2 kg ha-1, Dalapon at 3 kg ha-1, Diuron at 3.4 kg ha-1 or Atrazine at 3.4 kg ha-1.

4.6.6 Manures and Fertilizers

Long-term experiments in India suggested that under continuous cropping, changes in soil fertility due to imbalanced fertilization may be recognized as one of the important factor that limits crop yields. Application of synthetic fertilizers towards an increase in agricultural production of the farming system is well known. But their injudicious use exhibits a detrimental effect on soil health (Kanwar and Katyal, 1997). The majority of taro growers in the Asia-Pacific regions, especially those producing taro for subsistence, do not use any fertilizers. Some even believe that fertilizers diminish the quality and storability of their taro. At the same time, taro has been found to respond well to fertilizers, manures and compost. The specific fertilizer types and quantities recommended vary widely from place to place, existing agro-climatic conditions and response of the genotypes and cultivars.
Rajeswari et al. (2014) reported that significantly highest cormel yield (14.69 t ha-1) was recorded due to integrated application of lime + FYM + 1/2 NPK + ZnSO4 in an acidic Alfisol, with a yield response of 121, 61 and 12�% over that of the control, 50�% NPK and 100�% NPK, respectively. However, combined application of lime + FYM + 1/2 NPK + MgSO4 recorded an increase of 115, 57 and 9�% cormel yield over that of the control, half and full doses of NPK, respectively. Conjunctive use of lime, FYM, 1/2 NPK and ZnSO4 showed relatively higher yield response (2.8�%) over that of 150�% NPK and the percent yield response was found highest with respect to Zn (33) followed by Mg (29) and B (26) over that of lime + FYM + 1/2 NPK.
In general, it is best to apply the fertilizer, compost or manure as a split dose. The first portion is applied at planting, possibly incorporated into the soil during land preparation. This first dose promotes early plant establishment and leaf elaboration. The second dose is supplied 3�4 months later when the corm enlargement is well under way. Splitting the fertilizer dose minimizes the effects of leaching, which is potentially high in the high-rainfall areas where taro is produced.
Taro is able to form mycorrhizal associations which promote phosphorus uptake. Inoculation of mycorrhizal fungi (Vesicular Arbuscular Mycorrhiza) combined with half of the recommended doses of NPK and FYM recorded a cormel yield of 13.97 t ha-1 in an Alfisol with an increase of 110, 53 and 6�% over that of control, 50�% NPK and 100�% NPK, respectively (Rajeswari et al., 2014). In addition to the yield improvement, VAM inoculation in Colocasia combined with application of lime + FYM + 1/2 NPK has resulted a significant improvement in available P status (128.1 kg ha-1) over that of 150�% NPK (123.2 kg ha-1).
Also, in some flooded taro fields, Azolla is deliberately or inadvertently cultured in the field water, thereby improving the nitrogen supply to the taro. This is common in flooded taro fields in the Hanalei Valley, Hawaii. Malnourished taro exhibits certain deficiency symptoms. Potassium deficiency causes chlorosis of leaf margins and death of the roots. Zinc deficiency results in interveinal chlorosis, while for phosphorus, leaf petiole content below 0.23�% signals the need to apply fertilizer. Various other nutritional deficiencies and toxicities of taro have been elaborated by O�Sullivan et al. (1995).
Apply 12 t ha-1 of FYM and mix it with the soil prior to planting. Taro requires a fertilizer dose of 80: 40: 100 kg N, P2O5 and K2O ha-1 in two or three split doses. One-third dose of N (60 kg of urea or 135 kg of Ammonium sulfate), 200 kg of rock phosphate and one-third dose of potash (55 kg of muriate of potash) are to be applied at 2 weeks after sprouting. The remaining dose of N and K may be applied in two equal split doses at monthly intervals after the first application of fertilizers. The weeding and earthing-up operations are to be done along with the application of fertilizers. Small, inefficient suckers from the mother plant have to be removed along with second weeding and earthling-up operations.

4.6.7 Crop Protection

Aphids and worms are important pests that attack the leaves. Other pests include spider mites, thrips, grasshoppers, scale insects and mealy bugs. These can be controlled by spraying 0.05�% Quinolphos or Dimethoate. Mealy bugs and scale insects damage cormel and corms and hence it is advisable to select cormels free of these pests for planting. If infested, the seed cormels should be dipped in 0.05�% solution of Dimethoate or Chloropyriphos for 10 min before planting. Taro corm borer controlled by spraying of Chloropyriphos 20 EC at 0.02�% (1 ml lit-1) or Imidachloroprid 200 SL at 0.3 ml l-1 or Indoxacarb 14.5 EC at 0.5 ml l-1 or Novaluron 10 EC at 0.75 ml l-1.
Taro beetles belong to the genus Papuana (Coleoptera: Scarabaeidae). These include Papuana woodlarkiana, P. biroi, P. huebneri and P. trinodosa. It was first reported in Fiji in 1984. The adult beetle is black, shiny and 15�20 mm in length. Many species have a horn on their head. The adult beetles fly from the breeding sites to the taro field and tunnel into the soil at the base of the taro corm. They then proceed to feed on the growing corm, leaving large holes that degrade the eventual market quality of the corm. Also the wounds that they create while feeding promote the attack of rot-causing organisms. The feeding activity can cause wilting and even death of the affected plants. After feeding for about two months, the female beetle flies to neighbouring bushes to lay eggs. The eggs are laid 5-15 cm beneath the soil close to a host plant. Larvae hatch from the eggs in 11�16 days. The larvae feed on plant roots and dead organic matter at the base of the host plants. The larvae moults about 3 times in its 3�4 months of life and then pupates. After about two weeks, the adults develop from the pupa and fly to neighbouring taro plots to cause another cycle of damage. The adult lives for 4�8 months. Besides taro, the beetles attack other crops like tannia, sugarcane, banana, sweet potato, yams, etc.
Numerous efforts have been made to develop effective control measures for the taro beetle. Mulching with polythene, coconut husk or grass has only been partially effective. The earlier recommendation of lindane for taro beetle control in Papua New Guinea has proved to be environmentally unsustainable. Other insecticides have proved not to be effective; nor has the use of physical barriers such as fly wire or shade cloth spread over the soil. The most recent research efforts are now concentrating on finding an effective biological control. Certain pathogens of the beetle have been identified. These include a fungus (Metarhizium anisopliae), a bacterium (Bacillus popilliae) and the protozoa Vavraia. Much of this research is taking place in Papua New Guinea and the Solomon Islands, supported by the Pacific Regional Agricultural Programme (PRAP). Hopefully, a biological control measure for the taro beetle will become available soon.
Taro leaf blight is caused by the fungus Phytophthora colocasiae. It was first reported in Java about a century ago, and has since spread to various parts of Asia and the Pacific. The list of countries where it has been reported includes Indonesia, Papua New Guinea, the Solomon Islands, Hawaii, Samoa, American Samoa, Thailand and the Philippines. Oval or irregular purplish or brownish necrotic lesions with water-soaked periphery appear on leaves. In severe cases, the entire leaf lamina and the petioles are affected, giving a blighted appearance and collapse of the plant. Heavy incidence causes up to 50�% crop loss. The disease can be managed by use of blight resistant varieties such as Muktakeshi and Jankri; early planting to avoid heavy monsoon rains; use of healthy planting materials; removal of self-grown Colocasia plants; spraying with fungicides such as Mancozeb (0.2�%) and Metalaxyl (0.05�%); and seed treatment with bio-control agents such as Trichoderma viridae.

4.6.8 Harvesting

For dry-land taro, maturity for harvest is signalled by a decline in the height of the plants and a general yellowing of the leaves. These same signals occur in flooded taro, but are less distinct. Because of the continuous and abundant water supply, the root system of flooded taro remains alive and active, and leaf senescence is only partial. The crop duration for dry-land and flooded taro varies from 5-12 and 12�15 months, respectively, which depends on the cultivar and the prevailing conditions during the season. After drying of the leaves, the crop should not be harvested immediately and it may be retained in the soil for another 10�15 days for using the corms or cormels as seed materials for the next season, in order to harden the epidermis of the planting materials.
Harvesting is most commonly done by means of hand tools. The soil around the corm is loosened, and the corm is pulled up by grabbing the base of the petioles. For flooded taro, harvesting is more tedious because of the need to sever the living roots that still anchor the corm to the soil. Even in mechanized production systems, harvesting is still mostly done by hand, thereby increasing the labour and cost of production.
The average yield of taro in Oceania is about 8.22 t ha-1, while it is 6.57 and 16.53 t ha-1 for Africa and Asia, respectively. The global average is about 7.68 t ha-1. In the Indian Sub-continent, taro records a cormel yield of 10�30 t ha-1 and has a potential yield varying from 30�40 t ha-1.




4.7 Coleus

Coleus or Kurka/cheeva kizhangu or Chinese potato (Solenostemon rotundifolius) or Plectranthus rotundifolius is a perennial herbaceous plant of the mint family (Lamiaceae), native to tropical Africa, cultivated in parts of West Africa, South Africa, Madagascar, South Asia and Southeast Asia, India and Sri Lanka for its edible tubers. Wild varieties are found in the grasslands of East Africa. It is one of three species of the mint family that produce edible tubers and closely related to the flowering coleus plants familiar to many gardeners outside of these regions as ornamentals. The tubers that resemble potato in appearance are consumed as a vegetable after cooking. The tubers have an aromatic flavor on cooking and a delicious taste. Coleus is variously known as the Hausa potato, country potato, Kafir potato, Innala and Kurka. It is a bushy herbaceous annual with succulent stems and aromatic leaves. The plant bears a cluster of dark-brown aromatic tubers at the base and lower parts of the stem. It is cultivated on a commercial scale in the Thirunelveli district, Tamil Nadu, India and to a large extent in the northern districts of Kerala. The crop is grown in the tribal settlements throughout India. The tubers can also be roasted and eaten whole as a snack food, a preparation common in parts of West Africa. In Burkina Faso, a stew made from diced P rotundifolius tubers combined with meat, tomatoes and other vegetables is popular and served as a main course. A porridge made from the tubers is sometimes served as a breakfast food in northern Ghana. A variety grown in the Jos Plateau region of Nigeria can also be eaten raw. In both India and Africa, a preparation of its boiled leaves is used as a home remedy for dysentery.

4.7.1 Climate and Soil

Coleus thrives well in tropical and subtropical regions. It comes up well in shade with a warm humid climate. It requires very good rainfall for its growth and cannot withstand drought conditions. In case rains fail, irrigation has to be provided for satisfactory growth. It is a short duration crop, taking about 5 months to mature and is best fitted into multiple cropping systems. In Kerala it is cultivated in uplands during July-October, and in rice fallows during summer, as it is photosensitive.
A well-drained medium fertile sandy loam to alluvial soil rich in organic matter is ideal for Chinese potato. Heavy clay soils are not suitable for this crop, as it cannot withstand waterlogging or flooded soil conditions. The optimum soil pH for better tuber growth and tuber production is 6.6�7.0.

4.7.2 High Yielding Cultivar

A prominent selection (CP-58) has been released as Sree Dhara for cultivation in the state of Kerala, India. It has a yield potential of 25 t ha-1. The dry matter is about 28.5�% and the starch content is 19.5�%.

4.7.3 Nursery

Raise a nursery bed, approximately 11/2 months prior to planting. An area of 500 m2 is required to produce vines for planting 1 ha of land. Cattle manure or compost may be applied at 1.0 kg m-2 area. Top-dress with urea (5 kg per 500 m2) at about 3 weeks after planting to encourage good vine growth. Clip off the terminal portion of the vines devoid of roots to a length of 10�15 cm at about 45 days after planting. To enable rapid multiplication of the planting material, single-node cuttings can be planted directly into the secondary nursery. Such single node cuttings produce auxiliary shoots within one week.

4.7.4 Land Preparation and Planting

The field is ploughed 4�5 times to attain a fine tilth and to form ridges and furrows 60 cm apart. Plant the vine cuttings of 10 cm spacings of 30 cm on the ridges, either in vertical or horizontal positions. Horizontal planting of vines to a depth of 4�5 cm, and exposing the terminal bud ensures quick establishment and promote tuber yield. In loose sandy soils with good drainage, planting can also be done on flat beds with provision for drainage. Planting of coleus should be done during July-October in India. Planting in September has resulted in the production of fairly large tubers (Ravindran et al., 2013).

4.7.5 Intercultural Operations

The crop should be weed free and 2�3 hand weedings can be done as and when necessary. After weeding and fertilization, earthing up can be done at 45�60 days after planting. Irrigation needs to be provided at weekly intervals.

4.7.6 Manures and Fertilizers

Incorporate 10 t ha-1 of well-decomposed FYM and follow with a fertilizer dose of 60: 60: 100 kg ha-1 of NPK to realize optimum yields. Apply 30: 60: 50 kg ha-1 of N, P2O5 and K2O before planting, 15 kg ha-1 of N at 45 days after planting and 15 and 50 kg ha-1 of N and K2O should be applied at 90 days after planting (Geetha, 1983). Fertilization followed by earthing up should be followed to promote tuber formation and bulking.
It is reported that FYM at 4.5 t ha-1 along with wood ash at 1.1�2.2 t ha-1 was required. Thyagarajan (1969) observed that application of N at 30�60 kg ha-1 increased tuber yield, whereas P and K had no significant effect. At CTCRI, studies indicated that the yield increased up to 60 kg N ha-1(CTCRI, 1983). Hrishi and Mohan Kumar (1976) suggested an NPK dose of 80: 60: 80 kg ha-1, whereas the recommended dose is 60: 60: 100 kg ha-1. Rajmohan and Sethumadhavan (1980) suggested integrated application of FYM at 10 t ha-1 along with NPK at 80: 60: 80 kg ha-1 as the optimum dose. Geetha (1983) observed increased yield by increasing the N level up to 120 kg ha-1. However, an NPK dose of 60: 30: 120 kg ha-1 was found ideal for economic production. A crop yielding 26 t ha-1 of tuber removed 107 kg N, 13 kg P and 107 kg K ha-1 (Kabeerathumma et al., 1985).

4.7.7 Crop Protection

The root knot nematode is a serious pest on coleus and the infested plants exhibit serious swellings or galls in the roots, resulting in suppressed roots, stunted growth and wilting. Less than a millimetre long, the nematodes are tiny worms that enter the plant roots of the seedling when the plant is most vulnerable. Therefore emphasis may be given for the selection of seed tubers free of nematodes. Deep ploughing of the field immediately after harvest exposes the soil and kills the nematodes. Cultivation of sweet potato (cv Sree Bhadra) as a preceding crop in May-June enables trapping of root knot nematodes in the soil (Ravindran et al., 2013).
To control leaf folding caterpillars and vine borers, dipping the vines in insecticide solution (Dimethoate or Rogar 30 EC, i.e. 1.7 ml l-1) for 10 min prior to planting is helpful. In case severe damage is noticed in the field, spraying with Malathion or Fenitrothion 50 EC, at 1.0 ml l-1, may be adopted for the control of pest incidence.
One disease that can affect coleus is downy mildew caused by Peronospora sp. This mildew appears on the leaves making the plant brown in colour and results in curled and twisted leaves. Sometimes symptoms are not found on leaves, which make the disease harder to control.

4.7.8 Harvesting

Harvest the crops when the vines dry up at 4�5 months after planting. Pull out the plants and dig out the leftover tubers in the field. Separate the tubers from the plant and destroy the crop residues by burning. The crop yield varies from 15�20 t ha-1 by adoption of good agronomic practices.




4.8 Arrowroot

Arrowroot (Maranta arundinacae L.), commonly known as �West Indian Arrowroot�, is an erect herbaceous, dichotomously branched perennial, 60-180 cm high, with large, fleshy, cylindrical, obovoid subterranean rhizomes, large lanceolate leaves and white flowers arranged in twin clusters, which very rarely produce red seeds. It belongs to the family Marantaceae. Archaeological studies in the Americas show evidence of arrowroot cultivation as early as 7,000 years ago. The name may come from aru-aru (meal of meals) in the language of the Caribbean Arawak people, for whom the plant was a staple. It has also been suggested that the name comes from arrowroot�s use in treating poison-arrow wounds, as it draws out the poison when applied to the site of the injury. It can be consumed in the form of biscuits, puddings, jellies, cakes, hot sauces, and also with beef tea, milk or veal broth. Kudzu arrowroot (Pueraria lobata) is used in noodles in Korean and Vietnamese cuisine. In the Victorian era it was used, boiled with a little flavouring added, as an easily digestible food for children and people with dietary restrictions. With today�s greater understanding of its limited nutritional properties, it is no longer used in this way. In Burma, arrowroot tubers, which are called artarlut, are boiled or steamed and eaten with salt and oil. Arrowroot is primarily grown for its quality starch, which is valued as food stuff, particularly for infants and invalids (Bartolini, 1979). The extraction of starch from the crop has vast potential for use in medicines and industry. The crop is native to tropical America. In India, it is grown in Northeastern states, Uttar Pradesh, West Bengal, Assam, Odisha and in South India mostly in Kerala as a rainfed crop. Curcuma angustifolia, or East Indian arrowroot, belongs to the family Zingiberaceae, which grows wild in the Western Ghats, and forms a major chunk of India�s production of arrowroot. It is also grown in the hilly tracts of Central India, West Bengal, Maharashtra and Tamil Nadu.

4.8.1 Climate and Soil

It is grown up to an altitude of 450 m and prefers moist cool areas, growing best at temperatures of 20�30��C. A minimum annual rainfall of 950-1500 mm is required. The crop grows at lower elevations, but can survive up to an altitude of 1,000 m. The crop thrives best in deep, well drained, slightly acid, sandy loam soils under partial shade and hence hilly terrains are preferable for its cultivation. Heavy clay soils, saline and alkaline soils are not preferable. Adequate soil moisture throughout the growth period is important for optimum growth, but it cannot tolerate waterlogging. It prefers a pH ranging from 5.5�6.5.

4.8.2 Planting Method

The soil should be brought to fine tilth by deep ploughing prior to the onset of monsoon. Prepare raised beds of 15�20 cm height and convenient length and breadth. Plant the rhizome bits 30 cm apart at a depth of 5.0�7.5 cm and cover with soil. Trials conducted at the ICAR-Central Tuber Crops Research Institute (CTCRI), Thiruvananthapuram, Kerala, India revealed that planting at a spacing of 30 × 15 cm produced significantly higher rhizome (tuber) yield. If clumps are used, plant 2 clumps at a distance of 45 cm.

4.8.3 Planting Material

Arrowroot does not set seeds and is normally propagated from small pieces of rhizomes 4�7 cm in length, with 2�4 nodes known as bits. Thin rhizomes should not be planted. Suckers are also occasionally used for planting after raising them in the nursery. Shoots come up within 15 days. Suckers are separated from the clump at the time of harvest and planted 30�45 cm apart in the nursery bed during the off season. Theses suckers give rise to new plants which are uprooted and cut off to retain 10 cm of the shoot intact with roots. The requirement of planting material is about 5.5 tha-1.

4.8.4 Manures and Fertilizers

Application of 10 t ha-1 of well-decomposed FYM or compost is recommended for arrowroot cultivation. Application of 50 kg N, 25 kg P2O5 and 75 kg K2O ha-1 is required to obtain higher yields (Veena, 2000). Quality characters like starch, protein and crude fibre contents are increased by higher levels of nitrogen. Increase in potassium levels has a positive effect on starch and protein content, but the fibre content shows a declining trend.
It can be intercropped in coconut gardens by application of 20 t ha-1 FYM and 75: 50: 50 kg NPK ha-1. Farmyard manure should be applied at 21 days before planting. Full dose of P and a half dose of K are applied during planting as the basal dose. Half of the N at 60 and the balance N at 120 days after planting should be applied.

4.8.5 Intercultural Operations

It is essential to keep the field clean and free of weeds during the first 3�4 months. Earthing up should be done along with weeding. Mulching with green or dried leaves significantly influences tuber yield. The crop is grown purely as rain-fed; however, if a dry spell occurs during the initial 3�4 months, supplementary irrigation at weekly intervals becomes necessary (Ravindran et al., 2013).

4.8.6 Pests and Diseases

It is almost free from major pests and diseases. The first recorded incidence of the disease was the burning disease caused by Rosellenia bunodes. It occurs under high rainfall and poor drainage conditions. The condition known as �Cigar roots� results in long thin rhizome with much fibre and little starch. It appears to be due to poor soils and is controlled by higher doses of fertilizer application. Bacterial leaf blight caused by Pseudomonas cepasia was reported from Indonesia. Arrowroot leaf roller Calpodes ethlius occurs sporadically causing defoliation and substantial loss of starch. Stem borer attack is noticed in June and July, though it does not rise to yield reduction (Ravindran et al., 2013).

4.8.7 Harvesting

The crop attains maturity in 10�12 months after planting. Maturity is indicated by yellowing, wilting and drying up of the leaves. They contain the maximum amount of starch at 12 months, but the rhizomes turn more fibrous and it becomes difficult to extract starch. Rhizomes are harvested at 10�11 months after planting. After 12 months, starch content declines, and the sugar content increases. At this stage, the plants are dug out and the rhizomes are separated. Rhizomes are fleshy, cylindrical, covered with regular scales, and grow to approximately 2.5 cm thick and 20�45 cm long.
Rhizome yield varies enormously and ranges from 10�37 t ha-1. Fresh rhizomes contain 63.4�% moisture, 25�30�% starch, 1.6�% crude protein, 0.2�% fat, 2.1�% sugar and dextrin, 3.9�% crude fibre and 0.9�% ash (Lebot, 2013).

4.8.8 Utilization

The rhizomes are used for the production of a very fine, easily-digested starch, which appears in the world markets as a dry white powder known as arrowroot starch. It is valued as a foodstuff, particularly for infants, and is used in biscuits, cakes and puddings. Arrowroot starch possesses demulcent properties and is sometimes used in the treatment of disorders of the intestine. It may also be employed in the preparation of barium meals and in the manufacture of tablets where rapid disintegration is desirable. The starch is also used as a base for face powders, in the preparation of certain specialized glues and, more recently, in the manufacture of carbonless paper for computers. The rhizomes are sometimes eaten boiled or roasted. The pounded rhizomes may be used for poulticing wounds and ulcers. The plant leaves are occasionally used as a local packing material. The fibrous material, known as �bittie� which remains after the extraction of the starch from the rhizomes of arrowroot, can be used as cattle feed or manure (Lebot, 2013).




4.9 Yam Bean

Yam bean (Pachyrrhizus erosus L.) belongs to the family Leguminosae and sub-family Fabaceae (Papilionaceae). Yam bean, also known as Jicama, is a round, fleshy taproot vegetable. Its underground starchy root with a comparatively high sugar content and being moderate in ascorbic acid is one of the popular edible tuber-vegetables grown in many parts of Central American, South Asian, the Caribbean and some Andean South American regions. Its refreshing, crispy, ice-white, fruit-flavoured tuber can be eaten raw or cooked in a variety of sweet as well as savory dishes world-wide.
It is popularly known as Mishrikhand in Hindi. In India, tender tubers are consumed as a vegetable. Young tubers are crispy, succulent and sweet and are highly preferred for salad-making. The mature seeds have a high content of alkaloids and insecticidal properties. In many developed countries, the tubers are processed, canned and many sweet preparations are made. The crop has been cultivated in Mexico and South America from the pre-Colombian period and it originated from hot moist region of the River Amazon. The crop is now being cultivated in the Philippines, China, Indonesia, Nepal, Bhutan, Burma and India. In India, it is being grown in West Bengal, Bihar, Odisha and Assam.
Yam bean tubers weigh about 0.250-2500 g. It is a very low calorific root vegetable, carrying only 35 calories per 100 g. The tubers contain more than 82�% water, 1.5�% protein, 10�% starch and 5�6% sugar. Mature dried roots are used as a cooling agent against high fever. The stem is tough and fibrous and is used for making fishing nets. Tubers are processed, canned and made into many sweet preparations. However, its high-quality phyto-nutrients profile comprises of dietary fibre and anti-oxidants, in addition to small proportions of minerals such as Mg, Cu, Fe and Mn and the B-complex group of vitamins such as folate, riboflavin, pyridoxine, pantothenic acid and thiamin (S0rensen, 1990). Yam bean plant and mature seeds contains significant levels of a fat-soluble organic toxin, rotenone (C23H22O6), which has insecticidal properties. This toxin is concentrated especially in the leaf tops, stems and seed pods, but at much lower levels in the roots. However, peeled roots are safe for human consumption. Rotenone works at the cellular level, inhibiting several metabolic enzymes like NADH dehydrogenase in the mitochondria. Outside, it is used as an environmentally-safe broad-spectrum insecticide, piscicide (to poison fish). Petroleum ether extract of yam bean seed (YBSE) 3�% is effective against adults of Sitophilus oryzae and larvae and adults of Tribolium castaneum. Yam bean seed extract (1�%) gives very high mortality (>95�%) at 5 DAT of field pests such as Aphis craccivora Koch (cowpea aphids), Spilosoma obliqua Walker (Bihar hairy caterpillar), Spodoptera litura Fabricius (army worm) and Pericallia ricini Fabricius (castor defoliator).

4.9.1 Climate and Soil

Yam bean requires a hot humid climate and adapts well to sub-tropical and hot temperate frost-free zones. It is worth growing in cooler areas, such as warm, temperate areas with at least 5 months without frost, where it can start from seed at 8-10 weeks before the last spring frost. Bottom heat is recommended, as the seeds require warm temperatures to germinate, so the pods will need to be kept in a warm place. Yam bean requires about 14�15 h of photoperiod for good vegetative growth; however, shorter days are required for better tuberization. Seeds can be sown in tropical areas at any time of the year. Seed can be sown in sub-tropical areas once the soil has warmed in the spring. A well-distributed rainfall of 1000�1500 mm during the growth period is required for optimum tuber yield.
Fertile, well drained, sandy loam soil is best suited for cultivation of yam bean. The crop adapts well to loamy and clay loam soils. It can tolerate higher clay content if the soil is well drained with good humus content. Waterlogging adversely affects yam bean cultivation. Optimum soil pH required for the crop growth and tuberization is 6�7.

4.9.2 Planting Season and Method

Three species of yam bean, P. erosus (jicama or Mexican yam bean), P. tuberosus (jfquima, chuin or Amazonian yam bean) and P. ahipa (ahipa) are cultivated. In India, two types of cultivars (Mexican and local) are grown. Mexican types are larger in size and attain a diameter of 10�15 cm and weigh up to 1.5�2.0 kg, are less sweet than local ones and develop cracks on the tubers. Local types have smaller tubers (200�300 g), moderate to high sweetness, less fibre, conical shape, white flesh and are soft with creamy skin and do not develop cracks. Yam bean is usually raised from seed and the seed rate varies according to the spacing adopted. The normal seed rate is 20�60 kg ha-1. Traditionally, yam bean is sown during June and July with the onset of the southwest monsoon rains in Northeastern India and is usually harvested in December and January.
Deep ploughing of land followed by planking pulverizes the soil as well as conserves the soil moisture. Yam bean seeds can be dibbled on mounds at the rate of 3�5 seeds per ridge. Prepare mounds at a spacing of 0.75-1.00 m with 15 cm height. Dibbling of the seeds on ridges results in a better yield of yam bean. Today the Mexican yam bean (P erosus) is known to be cultivated in large regions outside its original distribution area, for example in Southeast Asia, India and the Pacific (S0rensen, 1990). P. erosus tubers are found on sale in vegetable markets in the Philippines, Indonesia, Malaysia, Viet Nam, Laos, Thailand, Cambodia, Burma, Taiwan and China. In China, in the provinces of Sichuan and Chengdu, P erosus or soya bean (Glycine max (L.) Merr.) are usually planted on the ridges between rice fields. This practice is unknown in Thailand, where these ridges are usually kept cleared as a precaution against rats. Several authors reported from India about details on cultivation practices in Odisha, according to Deshaprabhu (1966), the seeds are sown in June and July.

4.9.3 Manures and Fertilizers

The yam bean crop is not fertilized in Mexico and Central America. Recent studies at the Estacion Experimental de Bajfo, Celaya, Mexico, have demonstrated P erosus to be one of the most efficient crops in terms of biological nitrogen fixation, fixing 162�215 kg ha-1 (Castellanos et al., 1996). Like other members of the legume family, the genus has an efficient symbiosis with nitrogen-fixing Rhizobium and Bradyrhizo-bium bacteria. In contrast with many of the grain legumes, a substantial amount of the fixed nitrogen is returned to the soil if the vegetative above-ground parts are left in the field. The crop therefore forms an integral part of a sustainable land-use system, from both an ecological and a socio-economic standpoint.
Castellanos et al. (1996) conducted the first field test quantifying the actual amount of nitrogen fixed by two accessions of P. ahipa (58�80 kg N ha-1) and three cultivars of P erosus (162�215 kg N ha-1). Approximately 50�% of the N harvested, that is 130 kg ha-1, or close to 800 kg protein ha-1 (N × 6.25), was accumulated in the tuberous root in P erosus. The amount of N recorded in the residue (hay) of P erosus was 120�150 kg ha-1, twice the amount recorded in the P. ahipa residue, and is higher than the quantity recorded in practically all grain legumes.
Application of 15-201 ha-1 of FYM or compost and a fertilizer dose of 80: 40: 80 kg N, P2O5 and K2O ha-1 has been recommended in North Bihar to obtain optimum yields. In Tamil Nadu and West Bengal, yam bean was found to perform well at a fertilizer dose of 80: 60: 80 kg N, P2O5 and K2O ha-1. An entire dose of P has to be applied at the time of planting, along with half the dose of nitrogen and potassium, one-quarter of N at 45 days after sowing and the remaining quantity of one-quarter N and a half K is top dressed at 60 days after sowing, along with inter-culturing and earthing up.
Ramaswamy et al. (1980) suggested an NPK dose of 80: 60: 80 kg ha-1 in Tamil Nadu. In West Bengal, NPK at 80: 80: 80 kg ha-1 is recommended (Sen and Mukhopadhyay,
1989). Higher K application reduced cracking of tubers (Mishra et al., 1993). Stamford et al. (1999) studied the effects of P, K and Mg fertilizers on yam bean inoculated with Bradyrhizobium and reported that yam bean responded to low levels of these nutrients and has the ability to fix N2 with great potential for biomass production. Mondal and Sen (2006) found that by fertilizing yam bean with NPK at 50: 25: 50 kg ha-1, the seed yield could be increased. Despite the earlier evidences that there was no need to supply additional N to this leguminous crop, many workers found that yam bean responds positively to the application of N fertilizers. Nath et al. (2007) concluded that yam bean responded well to N application and 120 kg ha-1 was optimum for both tuber and seed production. Under the aegis of the All India Co-ordinated Research Project on Tuber Crops, Rajendra Agricultural University, Dholi (North Bihar), India has standardized the nutrient requirement for yam bean as FYM or compost at 15�20 t ha-1 along with NPK at 80: 40: 80 kg ha-1. Noor (2014) reported that integrated application of lime at 0.5 t ha-1 along with FYM at 10 t ha-1, 100�% NPK (80: 60: 80 kg ha-1) and ZnSO4 at 10 kg ha-1 has not only produced significantly higher tuber yields of yam bean in an acidic Alfisol, but also improved the soil quality parameters.

4.9.4 Inter-cultural Operations

Normally yam bean starts flowering at 75 days after sowing. It is desirable to remove the flowers to obtain a better tuber yield. There is a significantly negative correlation between tuber yield and pod formation. It has been observed that spraying of 2,4-D (50 ppm) at the flower initiation stage causes dehiscence of flowers and results in a better yield of tubers. Weed infestation is more prevalent in June-August sown crop compared to September sown crop. It is advisable to do the first earthing up at 40 days after sowing and the second at 60 days after sowing.
Normally there is no need to irrigate a June-July crop. In case there is scarcity of rains, irrigation is essential as yam bean requires lots of moisture. For a September sown crop, it is advisable to give supplementary irrigations as and when required, so that the crop will not face moisture stress during tuberization.

4.9.5 Harvesting

Yam bean will be ready for harvest at 150 days after sowing. Usually it is harvested on the occasion of �Saraswati Pooja�, because of market demand. If harvesting is delayed, cracking of tubers is more likely and the flesh becomes fibrous. Harvested tubers can be stored for 2�3 days without any deterioration. The average yield of local cultivars is 10�26 t ha-1, while that of improved varieties like Rajendra Mishrikhand is 36�40 t ha-1. In yam bean, dry matter varies from 9.33�29.78�%, starch varies from 3.02-7.96�% and sugar ranges from 3.02-7.96�%.




4.10 Future Perspectives

Root and tuber crops will play economically important and increasingly diversified roles in food systems of developing countries over the next two decades. In Asia, potato and sweet potato will serve as complementary vegetables, occasionally seasonal staple in parts of South Asia and China and, increasingly, as raw material for processed food products. These multiple uses will reflect the continuing segmentation of the market into city versus countryside and low-income versus high-income. Increase in annual per capita intake of potato will be much more modest, reaching only a third of the consumption levels in Europe or North America by 2020. Nevertheless, higher production and consumption of roots and tubers will help to sustain food self-sufficiency, reduce the need for imports of cereal substitutes, and to save foreign exchange. Sweet potato in China and to a lesser extent in Viet Nam will serve a much more diversified role in response to location-specific market requirements.
Sweet potato will be used mostly for feed in maize-deficit areas, such as Sichuan province of China. In other locations like Shandong province, sweet potato will be processed into starch for food products such as noodles. Improvement in sweet potato productivity (yields and quality), processing (economic and technical efficiency) and product development (new uses for starch) will propel the evolution in sweet potato use. The associated growth in employment and improvements in incomes will help to alleviate rural poverty. Growth in sweet potato feed use will reduce the cost of imports. Its role as a food security crop will be limited to the most isolated, resource-poor and least-developed food systems in Asia. In Indonesia, Thailand and Vietnam, cassava will follow a development path similar to that of sweet potato in China.
In Sub-Saharan Africa, cassava and yam will continue to be used overwhelmingly as food. Processed food products made from cassava will remain important in rural diets, particularly in West and Central Africa, where they will serve as a basic staple. Continued high rates of population growth and urbanization, combined with comparatively low levels of per capita income and limited economic growth, will promote growth in the use of cassava as food and catalyze its sustained penetration into urban markets. In East and Southern Africa, cassava will be used more as a supplementary staple and as a food security crop. The gradual emergence of processed food products from cassava in urban areas will open up new commercial outlets in cities and towns. Growth rates in cassava area and yields will be driven by the introduction of new, high-yielding, disease resistant varieties; low-cost methods of pest control; and the spread of improved processing techniques to East and Southern Africa. Yam in West Africa, as well as sweet potato and potato in East and Southern Africa, will also witness steady increases in consumption, but more modest in volume terms than for cassava. This consumption trend will be reinforced by market niches among higher-income consumers for processed food products and snacks made from yams and potato and among lower-income consumers for processed food and snacks made from sweet potato. Improved production and post-harvest technologies as well as institutional and policy innovations will facilitate the increase in output and productivity that match the increase in consumption.
Cassava and potato will dominate roots and tubers use in Latin America. Cassava will be used in processed form (both for food and industry) and as feed. Better varieties will increase yields and the strengthening of small agro-enterprises will increase the production further. Prices of all roots and tubers commodities are projected to decline by 14�23�% by 2020, depending on the commodity. The global impact of increased production and lower prices on the roots and tubers trade will be minimal. The decline in the economic value of roots and tubers in developing countries, in comparison to cereals, meat and soybean, will be modest; the rise in importance of potato, yams and aroids will compensate for the fall in importance of cassava and sweet potato.
There is a need to develop new lines in various tuber crops to perform better under biotic and abiotic stress conditions, degraded waste lands, respond to low inputs, and with short duration. More awareness creation about the cultivation practices and diversified uses among the growers and consumers is necessary to enhance the production of these roots and tubers at global levels as they can withstand climatic vagaries. Most of these roots and tubers crops have the ability to be grown as sole crops, intercrops or mixed crops under different integrated farming systems without affecting the productivity. There is ample scope for utilization of roots and tubers in the food, feed and industry sectors. Development of farm machinery in cultivation, harvesting, storage and post-harvest utilization is necessary to enhance the production of roots and tubers. Providing incentives to marginal entrepreneurs in establishment of processed industries will have great impact on expansion of the cultivated area under roots and tubers in Africa, Asia and Latin American countries. However, given adequate research effort and the appropriate policy framework, most of the problems can be easily surmounted. These roots and tubers can continue to perform their age-old functions of providing food and nutritional security, boosting the economy through internal and external cash earnings, and playing a critical role in the socio-cultural life of the people.



4.11 Summary and Future Research

The tropical root and tuber crops (cassava, sweet potato, yam and aroids) are of utmost importance for global food security, in view of changed climatic scenario and prevalence of natural calamities. The economical parts of these crops are sources of raw materials for various industrial by-products and are expected to contribute significantly to the increased income generation and nutritional well-being of the people in the tropics and sub-tropics in the next decades. Their importance in the future might come from either potential to substitute cereals as a source of starch or several processed food products. Some of the root and tuber crops have a short duration, which can be used for cultivation immediately after natural calamities, so that they play a significant role in food security. However, some other roots and tubers are drought tolerant and can withstand high temperatures, and thus these crops could be considered as climate resilient crops.
This chapter clearly establishes the need to undertake more concerted basic studies on the good agronomic practices in order to enhance the total production to meet the growing demands for dietary energy, feed and basic resource for industry. In the case of major and minor tuber crops, greater stress should be given for research on varietal development for biotic and abiotic stress conditions, development of food products based on consumers� preferences, and making connectivity between producers, industry and consumers. The several benefits and significance of these roots and tubers could be considered as future-generation crops under different production systems. It is also necessary to concentrate on the improvement of quality aspects in varietal development so that the crops can withstand market demands.
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5.1 Introduction

Root and tuber crops [cassava (Manihot esculenta Crantz), sweet potato (Ipomoea batatas L.) and yams (Dioscorea spp. colocasia (taro) (Colocasia esculenta L.), etc.] are the second-most important group of cultivated species after cereals in tropical countries (Lebot, 2009). These are the third-most important food crops of human kind, after cereals and grain legumes, and constitute either staple or subsidiary food for about one-fifth of the world�s population (Chandra, 2006). Tuber crops are considered as an important staple in several continents such as Asia, Africa and South America. They are better adapted to diverse environmental and soil conditions and contain higher amounts of edible carbohydrates as compared to other crops. Potato is mainly grown in temperate climates, hence it is not considered as a tropical tuber crop. Furthermore, root and tuber crops have a higher biological efficiency as food producers and show the highest rate of dry matter production per day per unit area among all the edible crops (Edison, 2006). These crops, because of high dry matter accumulation in the form of starch, provide enormous scope for value addition either by processing or through fermentation into foods, beverages, food additives and animal and poultry feeds. This chapter focuses on the fermented foods and beverages developed from tropical root crops, microorganisms associated with fermentation processes and functional properties of these foods.



5.2 Food Fermentation

Fermentation is an important process of food preservation and has also been adapted for value addition of perishable raw materials since Neolithic period (Prajapati and Nair, 2003, Ray and Joshi, 2014). Food fermentation has historical, philosophical, archaeological and religious significance (Steinkraus, 1997). Most of the fermented foods, including those from tropical root crops, have evolved with time and are based on the intimate relationships among man (men/women-human), microbes and foods. There is a never-ending struggle between man and microbes to see which will be first to consume the available food supplies (Steinkraus, 2002).
Fermented foods are food substrates that are produced or preserved by edible microorganisms whose enzymes, particularly amylases, proteases and lipases, hydrolyze the polysaccharides, proteins and lipids, respectively to non-toxic products with flavours, aromas and textures pleasant and attractive to the human consumers. If the products of enzyme activities have unpleasant odours or undesirable flavours or the products are toxic or disease-producing, the foods are described as spoiled. Fermentation plays at least five roles in food processing (Steinkraus, 2002), such as:

1.�enrichment of the human diet through development of a wide diversity of flavours, aromas and textures in foods;
2.�preservation of foods through inhibitory metabolites such as organic acids (lactic, acetic, formic and propionic acids), ethanol and bacteriocins;
3.�enrichment of food substrates biologically with vitamins, proteins, essential amino acids and essential fatty acids;
4.�detoxification and inhibition of pathogens during food fermentation processing; and
5.�decrease in cooking times and fuel requirements.

Steinkraus (1989) has classified food fermentation into eight categories:

1.�fermentation producing textured vegetable protein as meat substitutes in legume/cereal mixtures (i.e. Indonesian temphe);
2.�high salt/savoury meat flavoured/amino acid/peptide sauce and paste fermentation (i.e. soy sauce);
3.�lactic acid fermentation (i.e. cucumber pickle);
4.�alcoholic fermentation (i.e. grape and fruit wines;
5.�acetic acid/vinegar fermentation (i.e. palm wine vinegar);
6.�alkaline fermentation (i.e. Nigerian dawadawa);
7.�leavened breads (i.e. sour dough breads); and
8.�flat unleavened breads.

Most of the above classes of fermented foods are found in the case of root and tuber crops. However, the lines between the various classifications are not always distinct. Furthermore, fermented foods were originally household and expanded to cottage industries as consumer demand increased. Some fermented foods, such as soy sauce of China and gari and fufu of Africa, have been industrialized (Ray and Ward, 2006).
The food fermentation process can be broadly categorized into solid state (without submergence) and liquid state (with submergence).

5.2.1 Solid State Fermentation (SSF)

Solid state fermentation (SSF) is defined as the fermentation process in which microbes grow on solid materials without the presence of free liquid (Bhargav et al., 2008). This process refers to the absence of �free� water, where the moisture is absorbed into the solid matrix and the microbial growth and product formation occurs on the surface of solid materials (Pandey et al., 2000). SSF has a series of advantages over submerged fermentation, including lower cost, improved product characteristics, higher product yield, easiest product recovery and reduced energy requirement (Ray et al., 2008). Root crops like sweet potato and cassava, and their wastes have been successfully converted into numerous value-added products via SSF strategies (Ray et al., 2008).

5.2.2 Submerged Fermentation (SmF)

In contrast to SSF, SmF is the process in which the growth and anaerobic/partially anaerobic decomposition of the carbohydrates by microorganisms in liquid medium occur with availability of free water (Ray and Ward, 2006). SmF is about culturing of microorganisms in liquid broth for value addition. Fermented foods like curd and yoghurt and beverages like wine and beer are products of SmF.

5.2.3 Fermented Foods from Cassava

Cassava is a starchy crop that is the staple food for at least 500 million people in the tropics (Ahaotu et al., 2013). Cassava has been identified as a poverty alleviation crop and has developed a market-orientated strategy for the sub-sector, based on the Global Cassava Development Strategy (GCDS) (NEPAD, 2004). Cassava is considered an inferior food since the tuber is low in protein, essential minerals and vitamins and its further limitation is the presence of large amounts of toxic cyanogenic glucosides (linamarin and lotaustralin) (Ray and Ward, 2006). Linamarase enzyme is known to hydrolyze these cyanogenic glucosides to hydrocyanic acid (HCN) when the plant tissue is damaged during harvesting, processing or other mechanical processes (Ray and Sivakumar, 2009). Certain microorganisms are known to possess the enzyme linamarase that can degrade linamarin. A study conducted by Boonnop et al. (2009) demonstrated that the fermentation of cassava chips and pulp with Saccharomyces cerevisiae enhanced the protein content of the final product and reduced the cyanide content. Cassava also contains tannic acid in the root, which imparts a dull color to the processed products, which affects their market value and also acts as a growth-depressing factor by decreasing protein digestibility (Hahn, 1992). Cassava is a perishable commodity with a shelf life of less than 3 days after harvest. Microbial processing provides the way to produce stable products, and reduces loss of raw material and the logistics in marketing. Fermentation is an important means of processing cassava to improve palatability, textural quality and to upgrade nutritive value by enrichment with proteins and reduction of toxic factors (cyanogenic glucosides (CG), linamarin and lotaustralin (Mkpong et al., 1990; Padmaja et al. 1994)). The fermentation process reduces the cyanide level from 10�49 mg HCN equivalent/kg raw cassava to 5.4-29 mg HCN equivalent/kg in several fermented product (Edijala et al., 1999), which is well below the safe level of 30 mg HCN equivalent/kg recommended by Almazan (1986). Traditional fermented as well as novel food products from cassava are discussed below.

5.2.3.1 Gari

One of the most popular fermented foods derived from cassava is gari, which is eaten by nearly 200 million people across West Africa (Okafor and Ejiofor, 1990). Gari is the fine or coarse granular flour made from cassava roots. It is a typical example of fermented food produced by SSF. Cassava roots are harvested, peeled, washed and grated into coarsely knitted bags. A heavy object is placed on top of the bag to express some of the juice. The bag contents are then left to undergo natural (solid state) fermentation for several days. On garifying (the process to make gari), the grated cassava is dried to about 10�% moisture content and the starch is probably partially dextrinized (Osho and Dashiell, 2002). As described above, gari is produced manually in the African continent, but several studies have demonstrated automatic and mechanized processing for production of gari. Ajayi et al. (2014) developed and evaluated the performance of an automated gari fryer. The machine showed an optimum speed of 20 rpm and initial mash moisture content of 41.2�%, and gari of 12.6�% final moisture content was obtained at the 21st min of frying using 5 kg charcoal as source of heat energy. The gari had a good texture and was fit for consumption. Based on the microbiological safety as well as sensory aspects, it has been recommended that gari should not be stored for more than 3 months.
The storage should be done in proper packaging materials. The study showed that, out of different types of packing bags (polyester, polypropylene and hessian), polyester and polypropylene are the most acceptable from the microbiological and sensorial point of view, whereas hessian bags are unacceptable (Adejumo and Raji, 2012). Gari is classified into different types, based on the length of fermentation and the ingredients added to it. Red, white and Ijebu gari are some examples of the types. In the Eastern part of Nigeria, palm oil is often added during the frying (toasting) operation. Addition of palm oil prevents burning during garifying and has the additional desirable effect of changing the colour of the product to yellow (Jekayinfa and Olajide, 2007). Cassava fermentation to gari is associated with a community of microorganisms including yeasts (Saccharomyces cerevisiae and Candida sp.) and lactic acid (LA) (Lactobacillus, Leuconostoc, Streptococcus, etc.) and other bacteria (Alcaligenes and Corynebacterium) (Akingbala et al., 2005). Studies have shown that among the microorganisms isolated from fermenting cassava, Lactobacillus plantarum produced the most typical gari flavour and acidity, thus improving its palatability (Ngaba and Lee, 1979). Urban African consumers prefer gari since it is a pre-cooked food product with good flavour (Jekayinfa and Olajide, 2007). Fermentation of cassava with Aspergillus niger and Saccharomyces cerevisae increased the protein content of gari to the extent of 7.3�% and 6.3�% respectively (Oboh and Akindahunsi, 2003). Increase in protein content was attributed to secretion of extracellular enzymes into the cassava mash to use starch as a source of carbohydrate.
The multiplication of the fungi in the cassava in the form of single-cell proteins could also provide an explanation for the increase in the protein content of fermented cassava products (Akindahunsi and Oboh, 1999). Fermentation period for gari production affects the quality of the produce. In the animal model (weaning rats) it was observed that the highest protein efficient ratio, (0.22), was obtained from rats on the control diet (corn starch), while the least was obtained for a diet from the 24 h fermented product (0.15). The poorer performance of rats on the 24 h fermented diet might be associated with the presence of a high level of cyanogenic glucoside intermediates � cynohydrin, which readily interacts with �-glucosidase in the gut and triggers a wide range of biological effects. Hence fermenting for periods beyond 24 h makes gari safe for consumption (Owuamanam et al., 2010).

5.2.3.2 Fufu

Fufu is a fermented wet paste product, processed from cassava and ranks next to gari as an indigenous food in South Nigeria and Africa as a whole (Sanni et al., 1998). Although it is accepted in different corners of Africa, its objectionable odour it is disliked by some people. Fufu is traditionally produced and marketed as a wet, pasty food product. For production of fufu, the preliminary preparation for cassava fermentation is identical with the method for gari production, except that it is processed in the submerged state.
The roots are peeled, washed, cut into pieces and then submerged in water in earthenware pots at room temperature for 5 days. During this period, the cassava roots ferment and soften, releasing hydrogen cyanide into the soaking water, reducing pH levels and imparting the characteristic flavour of the retted cassava meal. The mash is sieved through small baskets to remove the ligneous central strands. The solid residue is pressed to drain off the water and formed into small balls. The fufu is sold to consumers in wet form in small units packaged in plastic or polypropylene bags or in ready-to-eat cooked form. The balls are boiled in water and a soft dough is produced (Uzogara et al., 1990). Assessment of fufu was carried out in two different fermentative processes and compared with that of the traditional product. In one process, fufu was produced involving the steeping of cassava tubers for 48 h followed by grating and fermenting for another 48 h, whereas another technique involved grating cassava tubers, dewatering/fermentation for 24 h before re-steeping for another 48 h.
The dominant group of microflora were lactic acid bacteria, Bacillus sp. and yeasts. The microflora was more diverse and with higher counts in the traditional product after 24 h. Initial counts were 8.88 log cfu/g, whereas the respective counts in samples after soaking and grating were 6.32 and 8.55, respectively. It then increased to 9.24 log cfu/g after 48 h fermentation. The pH decreased from 6.8�4.3 in the traditional process and from 6.6 to 4.2 in the modified process. The titratable acidity increased from 0.36-4.0�% (w/w lactic acid) in the traditional product and from 0.24-1.0�%, respectively, in the modified process. Grated mash fermentation reduced the cyanogenic glycosides content by 85.5�% in 72 h compared with 79.5�% in the traditional fermented product. Odour and flavour ratings were significantly higher (p < 0.05) for the modified process. There was no difference in colour or texture due to the processing method. Fermentation of grated cassava produces a product with a better acceptable product (Achi and Akomas, 2006). In another study, cassava mosaic resistant cultivars were processed for the production of fufu. The product had the proximate compositions, moisture (7.31-8.40�%), which were within the recommended standard for edible cassava flour, protein ranged from 0.35-2.45�%, ash (0.15-1.50�%), fat (0.12-0.61�%), fibre (0.01-0.20�%), carbohydrate (81.81�90.37�%) and dry matter (81.7-92.69�%). Sensory evaluation of dough prepared from the cassava fufu flours showed that colour, odour, elastic quality, hand feel/texture and overall acceptability were all acceptable to the panellists (Hussein et al, 2012).
Fufu is also called as akpu and Loi-loi in some parts of Nigeria. A fibrous by-product obtained during fufu production is sold as animal feed, either in its wet form or after sun drying (Obadina et al., 2008). Species of Lactobacillus, Leuconostoc and
Streptococcus (all lactic acid bacteria (LAB)) are the predominant microorganisms in fufu along with Bacillus subtilis, Klebsiella and Candida krusei (Blanshard et al., 1994, Brauman et al., 1996, Oyewole, 2001, Oyedeji et al., 2013). Production of gari and fufu has been scaled up in Nigeria (Ezedinma, 2006).

5.2.3.3 Lafun

Lafun is a fine powdery cassava product that is prepared by fermentation and is commonly consumed in the south-western states of Nigeria. The traditional method of processing cassava into lafun reduces toxic cyanogenic compounds and also imparts a strong smell to the product (Cereda and Mattos, 1996). The whole or peeled roots are immersed in a stream, in stationary water, or in an earthenware vessel for 3�4 days and fermented until they become soft. The fermented roots are then taken out and the pulp broken into small crumbs and sun-dried on mats, racks and house roofs. The dried crumbs are milled into flour. The flour is added into boiling water with constant stirring until a smooth thick paste is formed. The paste is cooled to about 35��C and is then served with soup (Uzogara et al., 1990). The fermented and dried cassava pulp, lafun, is similar to cossettes in Zaire and Rwanda, kanyanga and mapanga in Malawi and makopa in Tanzania. Microorganisms involved in lafun preparation include species of Bacillus, Klebsiella, Leuconostoc, Corynebacterium, Candida and Lactobacillus (Treche and Massamba, 1995).
A study was conducted by Padonou et al. (2009), which demonstrated the quality of two types of lafun (Chigan lafun and ordinary lafun) produced in Benin of Nigeria. The distinctive characteristics of Chigan lafun (the preferred type) were its lower solubility and fibre content and its higher hot paste viscosities compared to ordinary lafun. Both the types, Chigan lafun and ordinary lafun, were the dried and the white product with variable pH range (4.5�8.8), rich in carbohydrates (76.0�% of starch and 3.3�% of crude fibre), but poor in protein content (1.0�%) and contained fat (0.4�%) and ash (1.2�%). The products contained fat and ash content to the proportion of 0.4�% and 1.2�% respectively. The swelling power of the lafun flour (expressed by the quantity of water absorbed by 1 g of flour) was 28.9 g water/g for the both types. It has been observed that moulds such as Aspergillus spp., Fusarium spp., Mucor spp. and Rhizopus spp. could develop in lafun after several days� exposure to ambient conditions (Obadina et al., 2009). Microbiological assessment of different lafun samples collected from the Ogun and Oyo states of Nigeria showed that the spoilage of the fermented product mainly occurs due to the presence of A. niger, which ranged between 4.6 × 105 to 8.1 × 105 cfu/mL (Oyetoro etal, 2013). Lafun pastes with little or no odour, having a characteristic white colour and good texture, were preferred by consumers (Oyewole and Afolami, 2001). Cassava-fermented products similar to lafun are consumed in Angola, where it is known as Bombo or makessa; in Zaire, where it is called Luku or cossettes; in Zambia, where it is called Nshima; in Ghana, where it is known as Ezidzi; and in Malawi, where it is called Makaka, Kanyanga, Mapanga or Maphumu (Sanni et al., 2003).

5.2.3.4 Chickwanghe (Kwanga)

Chickwanghe is the most popular processed food form of cassava in Zaire. Myondo and bobolo in Cameroon, mboung in Gabon and mangbele in Central African Republic also belong to this group. Cassava roots are peeled, steeped in water and left for 3�5 days to ferment until they become soft. Fibres are removed from the pulp, which are heaped on a rack for further fermentation or covered with leaves and pressed using heavy objects to drain off excess liquid. The pulp is then ground on a stone, or pounded in a mortar. The fine pulp is steamed in pots. Chickwanghe is a very viscous paste, much thicker than fufu (Nwankwo et al., 1989). Traditional retting of cassava roots in ponds and backwaters (the medium is slightly acidic (pH, 5�6) and the pressure of dissolved oxygen is very low (pO2,1.96)) is very useful as it facilitates rapid softening of cassava roots and allows to shorten the fermentation duration by at least one day. In addition, the peeled roots after retting contain less tannin than the unpeeled roots and allow to obtain the alimentary products, fufu and kwanga, which have a higher whiteness (Mokemiabeka et al, 2011).

5.2.3.5 Agbelima

Agbelima is a fermented product popular in the Ivory Coast and Ghana. It is used in the preparation of a wide range of traditional meals including banku, akple and kenkey, and can easily be produced in larger quantities at a relatively low cost (Ellis et al., 1997). The production of agbelima involves the use of an inoculum, locally called kudeme. Many different methods exist for the processing of kudeme. The main purpose for using this inoculum is for souring and texture degrading, which helps to improve the texture, colour and flavour (Sefa-Dadeh, 1989). The cassava roots are peeled, steeped in water for initial fermentation and then ground to paste like fufu and the paste is again left to ferment for 2 days in jute sacks and then pressed. Finally, the paste is removed from the sacks, crumbled or granulated, and then steamed. The difference from fufu preparation is the steaming step in the final stages. Microflora for fermenting cassava dough into agbelima showed a dominance of LAB consisting of species of Lactobacillus, including Lb. brevis, Lb. plantarum and Leuconostoc mesenteroides, as well as yeasts such as Candida krusei, C. tropicalis and Zygosaccha-romyces bailii (Amoa-Awua et al., 1996,1997; Kofi et al., 1996). Studies conducted by Mante et al. (2003) demonstrated the inhibitory effect of LAB against different enteric pathogens during the fermentation of cassava dough into agbelima. Vibrio cholerae C-230, Salmonella typhimurium 9 and Salmonella enteritidis 226 were not detectable in 10 g of sample after 4 h, when inoculated into the 48 h fermented product, agbe-lima. The inhibitory effect was attributed to the acid production by LAB. Sensory attributes like colour, smoothness, cohesiveness, aroma and sourness determined consumer acceptability of agbelima (Dziedzoave et al., 1999).

5.2.3.6 Attieke, Placali and Kivunde

Attieke and placali are two other cassava-fermented products consumed in the Ivory Coast and neighbouring countries (Firmin, 1995). Attieke is similar to agbelima but has a slightly sour taste and is eaten with milk or meat or vegetables. To produce attieke, cassava roots are peeled, cut into pieces, washed and grated. During grating, the cassava mass is mixed with 10�% of a traditionally prepared inoculum and about 0.1�% palm oil. The inoculum is prepared by storing boiled cassava roots for three days in an unwashed jute bag previously used for inoculums preparation. The inoculated pulp is fermented overnight in covered bins. After fermentation, the pulp is filled into bags and pressed for several hours. The pressed pulp is taken from the bags and squeezed through a sieve to obtain granules that are sun-dried and then cleaned to remove fibres and waste. The dried granules are steamed to produce attieke, which is sold in small plastic bags as a ready-to-eat food. In the inoculum as well as at the start of fermentation, LAB such as Leuconostoc mesenteroides subsp. mesenteroides and Enterococcus faecalis were found as the dominant species (Coulin et al., 2006). Attieke was originally prepared and consumed exclusively by some ethnic groups in the Ivory Coast. In recent years, the product has become popular among urban consumers beyond the boundaries of the Ivory Coast, because of its suitability as convenient fast food, which is either consumed hot or cold (Assanvo et al., 2006). Attieke and placali are generally produced by fermentation of bitter cassava roots and the fermentation is controlled by several microorganisms, some of whom have positive effects such as product preservation, flavour development, cyanide reduction and changes in functional properties (Abodjo et al., 2010). Kivunde is another traditional fermented food from cassava that is popular in Tanzania (Kimaryo et al., 2000).

5.2.3.7 Abacha (Wet Cassava Chips)

Abacha or Akpu-mmiri, or wet cassava chips, are a popular fermented cassava snack product of south-eastern Nigeria. To prepare abacha, the cassava roots are washed, peeled, boiled in water for about 1 h and cut into longitudinal slices or chips. These chips are soaked in water for l-2 days, during which the water may be changed once or twice. At the end of fermentation (during which the taste of the chips becomes almost bland), the chips are removed, washed two or three times with fresh cold water for consumption (Iwuoha and Eke, 1996).

5.2.3.8 Tapai

Tapai is a well-liked Indonesian delicacy prepared by fermenting glutinous rice or cassava roots. Fermented glutinous rice is named tape ketan, while fermented cassava is named tape ketella (Indonesian), tape telo (Javanese) or peujeum (Sundanese). Both are produced in Indonesia on a home industry scale by traditional manufacturers or at home for family consumption. To prepare Tapai from cassava, roots are cut into pieces, smeared with ragi (a mixture of flour and spices in which yeast and fungi have been active), and either wrapped in banana leaves or placed unwrapped in a tray for 5�7 days. During fermentation, moulds such as Chlamydomocular oryzae converts starches to sugars, and yeast such as Endomyces fibuligera converts sugars to alcohol and flavour components (Beuchat, 1987). The tapai has a refreshing and slightly alcoholic flavour and is eaten either as it is or after baking. There are many recipes with tapai as the main substrate. The cassava tapai is ground, mixed with brown sugar, moulded into balls, dipped in flour and deep fried. The cassava tapai is ground, mixed with ingredients, wheat flour, and egg, moulded, sprinkled with shredded cheese and baked as a cake (cheese tapai cake). Cassava tapai is also cooked in coconut milk with palm sugar and pandanus leaves and consumed as a delicious snack (Gandjar, 2003). The microorganisms associated with cassava fermented foods are given in Table 5.1.


5.2.4 Novel Fermented Foods from Cassava

5.2.4.1 Fermented Sweet and Sour Flour
A technology has been developed at the Central Tuber Crops Research Institute (CTCRI), Thiruvanathapuram, India for extraction of fermented sweet and sour flour from cassava. In this process, a mixed starter culture (Lactobacillus cellobio-sus, Streptococus lactis, Corynebacterium sp. and Pichia membranaefaciens) was used to ferment cassava roots. It improved the extraction of starchy flour without liberating foul odours (George et al., 1995). This approach beneficially modifies the functional properties of the starch, while leaving the granular structure intact (Nanda and George, 1996). It also lowers the cyanide content, improves the shelf life, and gives better cooking qualities to the flour, especially the enhanced puffing characteristics suitable for bakery products (Balagopalan, 2000). Nutritional values and in vitro digestibility of the fermented cassava flour is much higher compared with non-fermented flour (Moorthy and Padmaja, 1995). The fermented cassava sweet and sour flours are used to make various bakery products such as bread, cakes, pastries, etc. (Balagopalan, 2000).

Table 5.1 Microorganisms associated with fermented foods from tropical roots/ tubers crops
Fermented foods | Type of fermentation | Microorganisms involved | Reference
Cassava
Gari | Solid state fermentation | Lactobacillus plantarum, Geotrichum candidum, Leuconostoc, Corynebacterium | Ray and Ward, 2006
Fufu | Submerged fermentation | Alcaligenes, Candida, Citrobacterfreundii, Geotrichum spp., Candida spp., Streptococcus, Clostridium spp. Lactobacillus spp., Leuconostoc spp | Ray and Sivakumar, 2009
Lafun | Submerged fermentation | Bacillus subtilis, Lactobacillus, Leuconostoc, Streptococcus, Klebsiella, Corynebacterium, Candida | Ray and Ward, 2006
Chickwanghe | Submerged fermentation | Streptococcus faecalis, Bacillus lichenoformis | Ray and Ward, 2006
Agbelima | Solid state fermentation/ Submerged fermentation
Lactobacillus spp. (Lb. plantarum, Lb. brevis); Leuconostoc mesenteroides; Bacillus spp. (B. subtilis, B. licheniformis,B. cereus, B. mycoides and B. polymixa); Penicillium spp.; Candida tropicalis, Candida krusei; Zygosaccharomyces spp. | Ray and Sivakumar, 2009
Attieke and Placali | Solid state fermentation | Leuconostoc spp., Ladobacter spp., Enterococcus faecalis | Ray and Ward, 2006
Kivunde | Submerged fermentation | Lactobacillus spp. | Ray and Ward, 2006
Tapai | Solid state fermentation | Chlamydomocular oryzae | Ray and Sivakumar, 2009
Sweet potato
Sour starch | Solid state fermentation | Lactobacillus spp.; Leuconostoc spp. Lactobacillus spp. L. manihotivorans | Ray and Ward, 2006
Soy sauce | Submerged fermentation | Aspergillus oryzae, A. sojae | Ray and Sivakumar, 2009
Vinegar | Submerged fermentation | Acetobader sp. | Panda, 2012
Sochu | Submerged fermentation | Saccharomyces cerevisiae | Panda, 2012
Sweet potato curd, yoghurt, lacto juice and lacto pickle | Submerged fermentation | Lactobacillus bulgaricus, Streptococcus thermophilus, Leuconostoc spp. | Mohapatra et al., 2007; Panda et al., 2008; Panda et al., 2009
Anthocyanin rich wine and beer | Submerged fermentation | Saccharomyces cerevisiae | Panda et al., 2013; Ray et al., 2012; Panda et al., 2012
5.2.4.2 Cassava Bread
Wheat flour is replaced by cassava flour for bread-making in Southeast Africa, as wheat is an imported commodity. Composite cassava flour is used in the manufacture of baked products in African countries. Recently, the Government of Nigeria mandated the flour mills to include a minimum of 10�% high-quality cassava flour (HQCF) into wheat flour for making composite flour meant for baking purposes (Shittu et al., 2008). Effects of differently processed cassavas (sun-dried, roasted and fermented) on composite cassava-wheat-maize bread quality containing cassava levels from 20�40�% (w/w) was evaluated in combination with high-methylated pectin (HM pectin) added at levels of 1�3% (w/w) according to a full factorial design. With a high level of cassava, bread with roasted cassava had a higher volume compared with sun-dried and fermented cassava. The pectin level had a significant effect on improving the volume in high-level roasted cassava bread. Crumb firmness similar to wheat bread could be obtained with sun-dried and roasted cassava flours. Roasted cassava bread was the only bread with a crust colour similar to wheat bread (Eduardo et al., 2013).
5.2.4.3 Fermented Starch Derived Products in Latin America
The total consumption of fermented cassava starch (polvilho azedo) and starch-based products (biscuits and �cheese� bread, etc.) in Brazil is around 50 000 tonnes per year (Cereda and Vilpoux, 2006). Fermented (sour) cassava flour is a traditional product of Latin America, especially Columbia and Brazil, which is produced by fermentation of moist starch extracted from the cassava root. Cassava starch is extracted by washing, peeling and grating the roots, then placing the paste under abundant water to release starch granules and separate them from fibres and soluble components. After fermentation of 20�70 days, the starch is extracted and sun-dried. The starch flour is in high demand in Brazil, for production of fried goods, traditional cheese breads and other baked goods (Lacerda et al., 2005). In the southern, central and western regions of Latin America, the main cassava-based fast-food is pao de queijo, which is bread made of sweet and sour cassava starches, cheese and eggs, and is consumed in every family. In Colombia, sour cassava starch is used to prepare snacks and traditional gluten-free cheese breads called pan de yuca and pan de bono.
5.2.4.4 Cheese Bread
Cheese bread is made with fermented starch or with a mixture of 50/50 fermented and non-fermented starches, supplemented with milk, fat, eggs, meat and cured cheese of the Parmesan type (Escouto and Cereda, 2000). It is found in most of the bakeries and bars in southern Brazil. The main characteristic of this product is its expansion properties during baking without using specific agents such as yeast or baking powder.
5.2.4.5 Coated Peanuts
In Brazil, peanuts coated with fermented starch called �Japanese peanuts� are common. Traditionally, the coating is made from half-natural cassava starch and half-fermented starch. This product is found in supermarkets all over Brazil.
In Paraguay and Colombia, the fermented starch is known almidon agrio. In Paraguay, the fermented cassava starch is used to make chipas, a baked product similar to Brazilian cheese bread (Cereda and Vilpoux, 2006).
5.2.4.6 Fermented Cassava Beverages
Beers and wines are the two major types of non-distilled fermented beverages. Cassava roots can be processed into wine and beer. The usual procedure is the same as making traditional rice wine or beer, whereby the starch is hydrolyzed into fermentable sugar by application of either commercial enzymes (i.e. Termamyl �-amylase and amyloglu-cosidase or a crude preparation from Aspergillus spp. grown on cereals (e.g. koji)) and the mash is subsequently fermented into beer (Rajagopal, 1977) or wine (Wanlapatit et al., 2004). Cassava wine, produced by the above processes, did not contain any harmful chemicals or hazardous metals. Yuwa-Amornpitak et al. (2012) demonstrated the production of herbal wines from cassava. Antioxidant-rich herbal wines were made from 13�% cassava starch. Natural flavour and colour was extracted from 1�% dried herb with boiled water and used for wine-making. Gelatinized starch was hydrolyzed by Sumizyme for 2 h in a rotary shaker at 30��C, thereafter dried yeast was added for converting sugar to ethanol. Ethanol concentration of herbal wines was around 48�52 g/l. TPC and DPPH activity were higher than the control wine (no herb extracted). The highest DPPH activity and TPC were detected from herbal wines make from the bud of the Nymphaea lotus.
Parakari is a fermented cassava beverage popular among the Amerindians of Guyana. Parakari is unique among New World beverages, because it involves the use of an amylolytic mould (Rhizopus sp., Mucoraceae, Zygomycota) followed by a solid substratum ethanol fermentation (Henkel, 2005). An alcoholic beverage called Tapai is also popular among the Kadazan-Dusun-Murut (KDM) ethnic group of Sabah, East Malaysia. which is used during festive occasions and gatherings. It has an alcoholic aroma with a combination of sweet-sour-bitter taste and sometimes a sparkling feel (Chiang et al., 2006).

5.2.5 Biochemistry of Cassava Cyanogens Detoxification during Fermentation

Fermentation is the major route for detoxification of cyanogens (CG) in cassava (Fau-quet and Taylor, 2001; Westby and Choo, 1994). Cassava fermentation for food processing is either induced by natural microflora consisting mainly of LAB and yeasts (in case of gari, fufu, lapun, etc.) or by use of starter cultures (Kimaryo et al., 2000). Two types of fermentation are generally distinguished: submerged (fufu, lafun) and mash (solid state) fermentation (gari). Heap fermentation of cassava roots followed by sun-drying is capable of reducing the cyanogen levels by up to 95�% (Tivana, 2012). Nearly all fermentation relies on the fortuitous presence of microbes on the roots and/or in the water, and on the prevailing favourable conditions for production of the desired product.
The effect of endogenous linamarase and LAB on cyanide detoxification during gari making was studied by several authors (Lei et al., 1999; Westby and Choo, 1994). Fermentation allowed the elimination of more than 90�% of endogenous cyanide compounds in the roots. The elimination mostly occurred after 48 h, when the endogenous cassava linamarase reached its optimum pH of 5.5 (Ampe and Brauman, 1995). LAB linamarase may participate in the cyanogens degradation (Brauman et al., 1996) and the bacterial pectinases have also been shown to help the process (Ampe and Brauman, 1995). Strains of Lb. plantarum and Lc. mesenteroides isolated from cassava produced simultaneously an intracellular linamarase and extracellular amylase (Gueguen et al., 1997; Lei et al., 1999; Okafor and Ejiofor, 1990). The use of such strains as a cassava fermentation starter for gari production had the following influences: a change from a hetero-fermentive pattern observed in natural fermentation to a homo-fermentation, a lower final pH and a greater production of LA (50 g/ kg dry matter). There are also a few reports that the starter did not play a significant role in cassava detoxification (Mkpong et al., 1990; Vasconcelos et al., 1990). But the majority of reports show that linamarase addition or the inoculation with a strain of Lb. plantarum or Lc. mesenteroides having linamarase activity improved detoxification (Gueguen et al., 1997; Lei et al., 1999).
SmF is the most efficient process for reducing the levels of cyanogens in cassava, where reduction rates of 95-100�% are often reported (Bokanga, 1995). The removal of cyanogens from cassava during SmF is probably the result of several factors, including;
� textural changes in the plant tissues that make it possible for vacuole-bound CGs to diffuse and come into contact with membrane-bound linamarase and for hydrolyzed and intact compounds to leach out;
� increase in �-glucosidase activity in cassava tissue; and
� utilization of CGs and their breakdown products by fermentation microorganisms (Onabolu et al., 1999).
The detoxification of cassava in mash (solid state) fermentation follows a different mechanism. The grating of cassava roots to obtain the mash disrupts the structural integrity of plant cells, allowing the CGs from storage vacuoles to come into contact with linamarase on the cell wall. The subsequent fermentation contributes very little to the breakdown of the glucosides (Vasconcelos et al., 1990). In fact, the low pH (~4.0) rapidly achieved during fermentation is inhibitory to linamarase activity and stabilizes cyanohydrins, thus slowing down linamarin hydrolysis and cyanohydrin breakdown.

5.2.6 Fermented Foods and Beverages from Sweet Potato

5.2.6.1 Sour Starch and Flour
Starch is the prime component of interest for food and industrial uses of sweet potatoes (Ray and Ravi, 2005). The efficiency of starch extraction from sweet potato roots was improved by LA fermentation using a mixed culture (Lactobacillus cellobiosus, Streptococcus lactis and Corynebacterium sp.) inoculum (Jyothi et al., 2005). Study of the properties of the starchy flour showed that there was a significant reduction in the starch content and consequently the soluble and apparent amylase contents of fermented samples from all six varieties of sweet potato used.
5.2.6.2 Shochu
Alcoholic beverages are prepared successfully from sweet potato biomass in various countries. Sweet potato being a potential substrate for alcohol production, because of its high starch and sugar content, is used to manufacture alcohol for human consumption, chemical and pharmaceutical industries in countries like China, Japan and Korea. A light alcoholic beverage named masato indigenously made from sweet potato is prepared by certain Indian tribes of the Peruvian Amazon region (Austin, 1985). Sometimes it is prepared from orange fleshed sweet potato (p-carotene rich) to give the drink a better colour. In China, a large amount of alcohol is produced by sacchari-fication and subsequent fermentation of the sweet potato chips. The alcohol produced from the sweet potato chips with higher purity is used in the beverage industries. Nowadays, 95�% of the sweet potato alcohol produced by the modern alcohol plants is used for preparation of alcoholic beverages in China. Another alcoholic beverage named shochu, a traditional Japanese alcoholic distilled beverage is prepared from raw materials like barley, buck wheat, crude sugar or sweet potato. Sweet potato contributes 36�% of the total shochu production.
Shochu originated from China in the early 1700s. The sweet potato mash is saccharified by using amylase used from A. niger. Then fermentation is allowed by using S. cerevisiae. After the final alcohol concentration is achieved to 13�15�%, the mash is distilled off. The alcohol is blended uniformly to 20�40�% (v/v) before bottling. Attempts are taken to add anthocyanin pigments from purple fleshed sweet potato to shochu, which can improve the quality of the beverage (Woolfe, 1992). Today, automated plants are established for shochu production.
5.2.6.3 Novel Fermented Foods from Sweet Potato
Lacto-pickles LAB influences the flavour of fermented foods in a variety of ways. In many cases, the most obvious change in LA fermentation is the production of acid and lowering of pH, which increase sourness (Ray and Panda, 2007). It not only produces LA, which imparts taste and flavour to lacto-pickles, but also preserves ascorbic acid, phenols and coloured pigments (p-carotene and anthocyanin), which are potentially considered as anti-oxidants (Shivashankara et al., 2004).
Lactobacillus plantarum is the starter culture frequently used for the lactic acid fermentation of sweet potato as well as other plant materials (Ray and Panda, 2007). Mostly acids are produced during lactic acid fermentation and hence the sourness increases and the sweetness decreases, as the sugars are fermented to acids. The lacto-pickles have been prepared both from �-carotene, as well as anthocyanin rich sweet potato roots. Anthocyanin-rich sweet potato root cubes were pickled through lactic acid fermentation by brining the cut and blanched cubes in common salt (NaCl) and then the probiotic strain of L. plantarum MTCC 1407 was inoculated. The fermentation was allowed for 28 days. The lacto-pickle obtained after the fermentation had a pH (2.5�2.8), TA (1.5�1.7 g/kg), LA (1.0�1.3 g/kg), starch (56�58 g/kg) and anthocyanin content (390 mg/kg) on pickle fresh weight basis. Sensory evaluation rated the anthocyanin-rich pickle acceptable based on texture, flavour and after taste (Panda et al., 2009). Likewise, �-carotene-rich sweet potato pickle has been prepared and the sensory analysis showed the acceptability of the product (Panda et al., 2007). Pickled sweet potato petioles have been commercialized in Japan (Panda et al., 2009). The preservative and other additives used are soy sauce, sugar, sesame seeds and chillies respectively (Woolfe, 1992).
Lacto-juice Lacto-juices processed by lactic acid fermentation bring about a change in the beverage assortment for their high nutritive value, vitamins and minerals, which are beneficial to human health when consumed (Ray and Panda, 2007). Lacto-juice is prepared by fermentation of �-carotene and anthocyanin-rich sweet potato cultivars by inoculating LAB, Lb. plantarum MTCC 1407 (Panda and Ray, 2007; Panda et al., 2008). Sweet potato roots (non-boiled/fully-boiled), rich in �-carotene are fermented with Lb. plantarum at 28 � 2��C for 48 h to make lacto-juice. During fermentation, both analytical (pH, TA, LA, starch, total sugar, reducing sugar (g/kg roots), total phenol and �-Carotene (mg/kg roots)) and sensory (texture, flavour and after taste) analyses of sweet potato lacto-juice were evaluated. The fermented juice was subjected to panellists� evaluation for acceptability. There were no significant variations in biochemical constituents (pH, 2.2�3.3; LA, 1.19-1.27 g/kg root; TA, 1.23-1.46 g/kg root, etc.) of lacto- juices prepared from non-boiled and fully-boiled sweet potato roots, except �-carotene concentration (130 � 7.5 mg/kg (fully-boiled roots) and 165 � 8.1 mg/kg (non-boiled roots) (Panda and Ray, 2007)).
Sweet Potato Curd and Yoghurt Generally curd and yoghurt are produced by lactic acid fermentation of milk and are reported to possess several nutritional and dietary advantages over milk (Berger et al., 1979; Younus et al., 2002). Curd with 12�16�% sweet potato pulp was most preferred by consumer panellists (Ray et al., 2005). There are also some instances where milk is fermented along with dietary fibres, starch, minerals, vitamins, vegetables like French bean, lemon, soybean and sweet potato for the production of better enriched curds and yoghurts. Curd is popular in Asian countries, while yoghurt is popular in American and the European countries (Younus et al., 2002). A yoghurt-like product has been prepared from sweet potato puree, milk, sucrose and freeze-dried yoghurt inoculums. The product had 0.85�% titratable acidity (TA). Rates of TA development decreased as levels of sweet potato and sugar were increased. Time of fermentation ranged from 6.25-7.25 h. The fermented mixture became slightly darker and more orange in colour as the level of sweet potato was raised. A trained panel gave a mean score of 7.7 (scale 1-10) for flavour, 3.9 (scale 1�5) for body/texture and 3.8 for appearance/colour (Collins et al., 1991). Similarly, sweet potato curd was prepared by using anthocyanin-rich sweet potato. The curd was prepared by fermenting boiled anthocyanin rich sweet potato puree (0-24�%) and cow�s milk with starter culture (Lactobacillus bulgaris, Streptococcus lactis and Diacetic lactis). Addition of anthocyanin-rich sweet potato puree improved the quality of the curd in various attributes such as flavour, texture, minerals, nutrients, anti-diabetic substances, anthocyanin pigments, dietary fibre and starch. The curd prepared by using 8-12�% of sweet potato puree was the one most preferred by the tasting panel (Panda et al., 2006). In a similar process, curd was prepared by using �-carotene-rich sweet potato puree, cow�s milk and curd starter. The curd prepared by the addition of 12�16�% of �-carotene-rich sweet potato puree was the most preferred among the other combinations. The addition of �-carotene-rich sweet potato puree (12�16�%) made the curd firm and imparted flavour, body/texture, minerals, nutrients, anti-diabetic substances, �-carotene pigments (antioxidant), dietary fibres and starch (carbohydrate) (Mohapatra et al., 2007).
Acidophilus Milk Acidophilus milk is a product prepared by the fermentation of the milk by the bacteria, Lactobacillus acidophilus. The acidophilus milk has certain therapeutic value, as it possesses the capacity of neutralizing the adverse effects of toxin-producing organisms in the intestine of human beings, especially in infants (Perez and Tan, 2006). It is known to have beneficial effects on the maintenance of normal intestinal microflora by producing inhibitors, stimulating the host immune system and reduction of serum cholesterol levels. It also helps in nutritional enhancement by reducing the levels of toxic substances (Ray and Panda, 2007). Acidophilus milk enriched with purees from anthocyanin-rich sweet potato varieties (kinampay and RC 2000) was developed. Addition of sweet potato puree to the acidophilus milk improved the sensory qualities and nutritional values (Perez and Tan, 2006). The finding suggests that the optimum conditions for the production of anthocyanin sweet potato-rich acidophilus milk are 1�% inoculum, temperature of 37��C and incubation time of 14 h. The acidophilus milk enriched with anthocyanin-rich sweet potato was most accepted at the 6.25�% sugar level.

Table 5.2 Biochemical composition of wine and medicated wine prepared from sweet potato
Parameters | Wine | Medicated wine
TSS (Brix) | 2.25�| 4.0
Total sugar (g/100 ml) | 1.35�| 0.95
Titratable acidity (g tartaric acid/100 ml) | 1.34�| 1.25
pH | 3.61�| 3.34
Lactic acid (mg/100 ml) | 1.14�| 1.92
Phenol (caffeic acid equivalent)/100 ml | 0.3�| 0.19
Anthocyanin mg/100 ml | 55.09�| 59.90
DPPH scavenging activity (at a dose of 250 pg/ml) | 58.95�% | 51.35%
Ethanol(v/v) | 9.33�% | 8.61%
Source (Ray et al., 2012; Panda et al., 2013)

Wine Yellow, red and black coloured beverages like beer (sparkling liquor) and wine are being sold in the Kyushu Province in Japan, prepared from anthocyanin-rich sweet potato (Yamakawa, 2000). Ray et al. (2012) demonstrated the production of wine from sweet potato (a special type of sweet potato having high anthocyanin pigment in the root). The starch contents of purple sweet potato (root: water homogenized in 1: 1 ratio) were enzymatically saccharified (using commercial thermostable enzymes Termamyl� (0.2�%) and Dextrozyme�GA (1�%)) to fermentable sugars and the filtrate was ameliorated with cane sugar to achieve 20�Brix, for subsequent fermentation into a red wine using 2�% yeast (Saccharomyces cerevisiae) as the starter culture. The bio-chemical composition of the wine was comparable to that of traditional grape wine (Table 5.2). Sensory evaluation was carried out by 16 trained panellists on various attributes such as clarity, colour, viscosity, odour, flavour, spritz and finish. An independent t-test confirmed that all the sensory attributes of the PSP wine scored closely (within 10�% variation) to that of a commercial grape wine. The red wine produced contains essential antioxidants and acceptable sensory qualities.
Medicated Wine This is a special product, developed by blending 18 medicinal plant parts (fruits of ink nut, Indian gooseberry, garlic cinnamon, leaves of holy basil, night jasmine, Malabar nut, roots of belladonna, asparagus, rhizome of ginger, etc.) before fermentation with wine yeast, S. Cerevisiae, into wine. The starch present in purple sweet potato (PSP) was enzymatically saccharified (using commercial thermostable enzymes Termamyl� (0.2�%) and Dextrozyme�GA (1�%)) to fermentable sugars and the homogenized medicinal plant parts were mixed to it at desirable quantities, before subjected to fermentation. The composition of the final product has been presented in Table 5.2. The herbal wine thus prepared was presumed to contain the therapeutic and anti-oxidant properties of PSP, as well as those of medicinal plant parts added as adjuncts (Panda et al., 2013).
Beer Beer was developed by the combination of PSP flakes and grist prepared from barley. Among the beer samples (prepared from 0, 30, 50 and 100�% PSP flakes as adjuncts), the beer prepared from 30�% PSP flakes as adjunct was the most preferred by the trained panellists. The beer is a lighter pink coloured beverage, because of its low anthocyanin content (2.31 mg/100 g). It is lighter in alcoholic content (3.8�%), a �lager� in type. The beer prepared with 30�% PSP flakes had the following compositions: TSS, 3.57 Brix; starch, 0.77 g/100 ml; total sugar, 6.93 g/100 ml; specific gravity, 1.02; pH, 3.05; titratable acidity, 0.76 g tartaric acid/100 ml; lactic acid, 0.10 mg/100 ml; phenol, 0.21 mg/ml; DPPH scavenging activity, 3.15�% at a dose of 250 pg/ml. The PSP beer has an advantage over the beer available on the market (prepared from malt and adjuncts other than PSP) because of anthocyanin content, higher phenolic content and DPPH scavenging activity. Strong correlation among the anthocyanin pigment, phenol and the DPPH scavenging activity in the beer sample confirms the health attributes of the beer. The beer prepared from 30�% PSP flakes+70�% grist was the best as recommended by the sensory panellists (mean value-7), followed by the beer prepared by 50�% PSP flakes+50%grist (mean value-6) (Panda, 2012: Panda et al. 2015). Some of the important novel fermented products developed at the Regional Center of CTCRI, Bhubaneswar have been displayed in Figure 5.1.
[image: ]
Figure 5.1 Novel fermented products prepared from sweet potato at RC�CTCRI, Bhubaneswar: (a) anthocyanin rich wine; (b) herbal wine; (c) beer; (d) lacto juice: (e) curd; and (f) lacto pickle.

5.2.7 Fermented Foods from Yams, Taro and Cocoyam

5.2.7.1 Fermented Yam Flour ("Amala")
Amala is a popular West African food made from rehydrated fermented yam flour. Fermentation of yams to produce flour has been found to improve product quality as well as to remove inherent coloration problems associated with the acceptability of the processed product (Achi, 1999). The moisture, protein and fat contents of the fermented flour are in the range of 7.0�7.6�%, 2.0�3.5�% and 0.3�0.4�%, respectively, depending on the varieties (Achi, 1999; Akingbala et al., 1995). Pretreated soy flour was used to replace 10,20,30 and 40�% of fermented yam flour as a protein supplement. The protein content of the yam and soy mixture increased from 3.5�% in the control to 19.7�% for 40�% soy fortification (Achi, 1999; Achi and Akubor, 2000). Similarly, a nutrient-rich fermented product was prepared using composite flours of maize and fermented yam beans flours (Nnam, 2001).
5.2.7.2 Poi
Poi is a fermented food prepared from colocasia (taro) roots traditionally in Pacific Islands (Matthews, 2000). The LAB like Lactococcus lactis, Lactobacillus plantarum, Leuconostic lactis, Tetragencoccus halophilus and Weissela confusa play a key role during fermentation, and provide taste and characteristic aroma to the product as well as improved shelf life (Huang et al., 2003). It is high in vitamins, minerals and enzymes and also reported to possess tumour specific-anti-cancer properties (Brown et al., 2005).
5.2.7.3 Sapal
Sapal is a traditional fermented food made from taro, which is popular on the northern coast of Papua New Guinea and nearby offshore islands. It is made by mixing cooked, grated taro corm with coconut cream to the extent of 5: 1 and allowing it to ferment at ambient temperatures. The sapal has a firm texture with almost jelly-like consistency. The fermentation of taro into sapal was primarily due to lactic acid bacteria such as Leuconostoc mesenteroides or Leuc. paramesenteroides, which reached populations of 1.6 × 10� cfu/ml in the final product (Gubag et al., 1996). Traditionally, sapal is made seasonally in large quantities on social occasions and for the exchange of gifts with neighbours.
An alcoholic beverage prepared by semi-solid fermentation of colocasia using steamed or autoclaved fresh colocasia grits was also reported (Cai and Nip, 1990).
5.2.7.4 Kokobele
Kokobele, a dried fermented product, prepared from fermented cocoyam (Xantho-soma sugittlfolium) tubers, is a common food in the Ondo State of Western Nigeria. The cocoyam tubers are peeled, washed, sliced and steeped in water at room temperature, and left to ferment for 2�3 days. At the end of fermentation, the steep liquor is drained off and discarded, while the cocoyam slices are sun-dried for 3�5 days and then milled into flour, giving rise to kokobele. It is usually reconstituted in water and boiled with pepper, tomatoes, palm oil, fish and spices to enhance its flavour (Iwuoha and Eke, 1996).

5.2.8 Food Additives Production

Starch, flour and bagasse from root and tuber crops serve as a substrate for production of several food additives. These are mostly organic acids, monosodium glutamate, soy sauce, etc.
5.2.8.1 Organic Acids
Lactic and citric acid have several applications in the food industry. LA can be produced by Lactobacillus sp. from potato and sweet potato flour (Panda and Ray, 2008). Cassava or sweet potato starch has been used as a substrate for citric acid production using Aspergillus niger in SSF (Bindumole et al., 2000; Zheng et al., 1999). The process necessitates the initial breakdown of starch to sugars before these sugars are fermented by moulds, for example A. niger to citric acid. In Sichuan Province, China, the largest sweet potato growing area of the country, citric acid is the fourth-most important product from sweet potato after starch, noodles and alcohol (Jiang et al., 1993). In the food industry, citric acid is added as a flavour enhancer or preservative in a wide range of products, particularly soft drinks. In Japan, a drink consisting of a mixture of citric acid from sweet potato and ascorbic acid crystals, which is added to water to taste, has been commercialized (Woolfe, 1992).
5.2.8.2 Vinegar
Vinegar is prepared by reducing the strength of acetic acid by diluting it with water. The completed vinegar must contain a minimum of 4.3 g acetic acid/100 ml (Woolfe, 1992). Recently, a new red vinegar was developed in Japan via fermentation of purple fleshed sweet potato cv. Ayamurasaki. The developed red vinegar had a higher antioxidant activity than white and black vinegars. The red vinegars contained some new compounds, probably derived from the purple fleshed sweet potato. A major component was isolated using preparative HPLC (High Performance Liquid Chromatography) and the chemical structure was determined to be 6-O-(E)-Caffeoyl-(2-0-�-d-glucopyranosyl)-�-d-glucopyranose (Caffeoylsophorose) by mass spectroscopy and NMR (Nuclear Magnetic Resonance). As the caffeoyl-sophorose shows a high antioxidant activity, it plays an important role in red vinegar like anthocyanins and other components (Terahara et al., 2003).
5.2.8.3 Soy Sauce
Soy sauce, a popular condiment used every day with Asian dishes, is traditionally prepared from a mixture of soybeans and wheat, fermented by moulds, especially Aspergillus oryzae or A. sojae, to give a dark brown salty liquid used as a flavouring agent. Sweet potato flour can replace wheat flour for soy sauce production (Ray and Ward, 2006).
5.2.8.4 Monosodium Glutamate (MSG)
MSG is an important flavour enhancer of a wide range of savoury foods. China is the largest producer and consumer of MSG in the world. The starch has first to be degraded to sugars, which are then converted by microorganisms such as Brevibac-terium glutamicum to glutamic acid. This is then converted to MSG salt (Jiang et al., 1993). China uses sweet potato starch as one of the raw materials for production of MSG. In Sichuan Province in China, it is the fifth-most important product from sweet potato, almost equal in tonnage to citric acid.
5.2.8.5 Microbial Polysaccharides (Gums)
Root crops bagasse (residues after starch extraction) serves as a substrate for production of microbial exopolysaccharides, which have a number of uses in brewing and food industries as a thickener and an emulsifier. Cassava bagasse and cassava roots have been used to produce microbial polysaccharides like pullulan (by Aureobasidum pullulans) and xanthan gums (by the bacterium, Xanthomonas campestris) and flour (Ray and Moorthy, 2007; Selbmann et al., 2002).
5.2.8.6 Biological Enrichment and Safety of Fermented Foods
Food fermentations, in general, raise the protein content or improve the balance of essential amino acids, or their availability has a direct curative effect (Steinkraus, 1997). Similarly, fermentation increases the vitamins such as thiamine, riboflavin, niacin and folic acid that can have a profound direct effect on the health of the consumers of such foods. Most of the food fermentations of roots and tubers are associated with LAB such as Lactobacillus, Leuconostoc, Streptococcus, etc. and yeasts (S. cerevisiae), which are commonly considered as �probiotics� (Agrawal, 2005). The probiotics concept has been defined by Fuller (1989) to mean �alive microbial food/feed supplements, which beneficially affect the host animal by improving its intestinal microbial balance�. Examples of health benefits associated with the consumption of probiotics include a decrease in rotavirus shedding in infants, reductions in antibiotic-associated diarrhoea, reduction in the incidence of childhood atopic eczema, and management of inflammatory bowel diseases such as Crohn�s disease (Kearney et al., 2008). Fermented foods like gari, fufu, lafun, etc., are considered as functional foods, as these are rich in dietary fibres, vitamins and essential minerals, as well as LA (Oyewole and Ogundele, 2001). Fermented foods generally have a very good safety record, even in the developing world, where the foods are manufactured by people without training in microbiology or chemistry. Cassava- or sweet potato-based fermented foods are prepared mostly in households of the African and Asian continents, in a comparatively unhygienic environment, as compared to the developed world. These are consumed by hundreds of millions of people every day, and yet they have a high safety record (Oyewole and Ogundele, 2001; Ray and Ward, 2006).
Foods enriched with �-carotene (precursor of vitamin A), lutein and anthocyanin (anti-oxidants) pigments and/or with vitamins, polyphenols, structural lipids and dietary fibres are also designated as functional foods (Agrawal, 2005), which have several health attributes like anti-aging, anti-cancer, anti-immunodilation, protection against cataracts, muscular degeneration and liver injury (Kaur and Kapoor, 2001). Fermented foods (p-carotene/anthocyanin rich lacto-pickles) and beverages like wine and lacto-juice prepared from purple-fleshed sweet potato can be designated as functional foods.




5.3 Summary and Future Perspectives

Fermented foods from roots and tubers provide and preserve vast quantities of nutritious health foods in a wide variety of flavours and textures, which enrich the human diet. Fermented foods from cassava, yams and sweet potato are part of the regular diets of people in Africa, Latin America and Asian continents. Suitable technology of microbial safety and packaging can facilitate their distribution to every corner of the world. This is likely to expand in the 21st century, when the world population reaches 8-12 billion.
The bulk of cassava in Africa and Latin America is bio-processed into fermented foods and food additives such as organic (acetic, citric, lactic, formic, propionic) acids, monosodium glutamate, etc. The fermented foods from cassava are gari, fufu, lafun, chickwanghe, agbelima, attieke and kivunde in Africa, tape in Asia, and cheese bread and coated peanuts in Latin America. Lactic acid bacteria and yeasts are the major group of microorganisms associated with cassava fermentation. In Africa and Latin America, root crops such as cassava are still the preferred food, and fermentation will probably remain the most important mode of processing of such crops into edible foods, feeds and food additives.
In China, sweet potato is a major crop, which is processed into many fermented food products like MSG and edible alcohols. Similarly, sweet potatoes can be fermented into soy sauce, vinegar, lacto-juices, lacto-pickles, yoghurt, wine, beer and sochu (an alcoholic drink produced in Japan), and yams into fermented flour. Up-scaling and commercialization of value-added products (wine, beer, vinegar, yoghurt, pickles, gari) from root crops via fermentation can improve the socio-economic status of several communities on the Asian and African continents. Viewing the production and nutritional quality of root crops throughout the world, there is ample scope for setting up industries for production of novel fermented foods from tropical roots and tubers.
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6.1 Introduction

One of the main constraints in the utilization of tropical roots and tubers is their rapid perishability during storage due to endogenous and exogenous factors (Balagopalan et al., 1992; Knoth, 1993). Storage is necessary to extend availability of fresh produce throughout the year where production is seasonal (Ray et al., 2010). It helps to avoid gluts in the market with the associated price reduction (Woolfe, 1992), and also allows producers to hold produce and sell when there is a possibility of capturing good returns (Van de Fliert and Braun, 1999; Wills et al., 1998). In addition, storage helps to even out fluctuations of produce availability, making it available whenever needed (Fowler and Stabrawa, 1993). Storage becomes prominent to fulfil the needs during the off-season and in times of scarcity to have a consistent supply for continuous production (Etejere and Bhat, 1986).
In an effort to illustrate the importance of storage, Booth and Shaw (1981) compared storage to a reservoir that controls stream water. The reservoir is designed to hold excess flood water during the rainy season, and to release it gradually during the dry season when downstream water needs are greatest. The goal is to maintain a minimum flow at all times, therefore knowing when and how much water should be released is critical in ensuring that the flow is regulated and there are no excesses in times of floods or droughts.
Storage is also necessary for the purpose of preserving plants for vegetative propagation in the following season, especially in yam (Knoth, 1993). Short-term storage is important when harvested crops take time to reach the market or the intended consumer (Etejere and Bhat, 1986). The adequate planning and controlling of storage can help to avoid gluts and scarcity of produce in the market, even where seasonality of production is a reality (Wills et al., 1998).



6.2 Problems faced during Storage and their Preventive Measures

Post-harvest losses of fresh produce result largely from physical, physiological and pathological damage (Booth and Burden, 1983) and recognizing their significance and reducing them will make a greater contribution to increasing food supply than what might be achieved by increasing primary production (Wills et al., 1998). Malformed shape of tubers is one of the major physiological defects.
The losses are often substantial, but they are difficult to quantify since they are cumulative and occur at all stages between harvest and final consumption (Snowdon, 1990). The nature of the losses may be quantitative, qualitative or both, and arise from methods of harvesting, handling, transportation and storage (Booth and Burden, 1983; Kader et al, 1985). However, the behaviour of the particular produce is influenced by genetic factors, its physical condition, agronomic practices during growth, levels of pest and disease attack and the storage environment (Booth and Shaw, 1981). The losses may occur throughout all stages of the food system, from crop maturity through harvesting, transport and storage (Table 6.1).

Table 6.1 Major causes of loss in roots and tubers
Factor | Mechanism | Stage affected | Resulting losses
Mechanical | Rupture | Harvesting | Loss of moisture
� � | Bruising | Harvesting, transportation and storage | Access to pests and diseases may cause partial to complete losses
� � | Crushing | Storage and transportation | Totality loss
Physiological | Transpiration | All stages before processing | Water loss
� � | Chilling | Cold storage | Loss of palatability
� � | Inversion of starch | End of dormancy | Increased transpiration and respiration may cause water loss
Pathogenic bacteria and fungi | Tissue degradation | Pre-harvest | Partial to complete loss
Insect/pest infestation | Chewing and boring | Pre-harvest | Partial loss
Rodent and bird damage | Chewing | Pre-harvest | Partial loss
� � | Packing | Storage | Access for decayed organisms which may cause partial to complete loss
Source: FAO (1981)

Pre-harvest factors are maximally responsible for post-harvest losses observed in roots and tubers. The factors include field pests, infection by disease organisms, infestation by insects and pests, environmental and cultural practices and also genetic factors. A further complication is the interrelationship and interaction between the different components of production and harvesting. Their effects are greatly influenced by the condition of the product itself and, during storage, the temperature and ambient relative humidity. For these reasons, the total production and marketing system (local as well as urban) needs to be addressed as a whole. The various conditions for storage of roots and tubers are presented in Table 6.2.

Table 6.2 Conditions for storage of roots and tubers
S. no. | Required conditions for storage
1 | Desiccation should be avoided
2 | Proper control of humidity
3 | Avoid chemical changes that affects firmness and taste
4 | Special care of dormancy period
5 | Proper protection from pests during storage
6 | Proper control of environmental conditions to maintain keeping quality

6.2.1 Physical Factors

Harvested roots and tubers spoil rapidly because their main component is water at 60�90�% and the skin is easily damaged during harvest and handling operations (UNIDO, 2004). Physical injury removes the skin, an effective barrier against spoilage microorganisms, thereby accelerating water loss leading to shrivelling and drying out of the root or tuber (UNIFEM, 1993; Wills et al., 1998). Most physical injuries occur as a result of careless handling of roots and tubers during harvesting, transportation, exposure in the market and in the hands of the consumer (Snowdon, 1990; UNIDO, 2004). Bruising and abrasion damages the protective skin, which may directly expose the underlying tissues to the atmosphere leading to accelerated moisture loss through the damaged area (Wills et al., 1998). It is important to avoid injury caused by the harvesting tools (Woolfe, 1992), such as wooden sticks, machetes, hoes or forks. Roots or tubers once lifted from the soil should be safely dropped into a harvesting container. The soil condition at harvest may greatly influence the damage levels of produce, with damage increasing with both extremes of wet and dry soil conditions (Booth and Shaw, 1981). Damage may be minimized by harvesting time, such as when the soil is relatively soft.

6.2.2 Physiological Factors

Roots and tubers, like all plant organs, are living biological systems composed of cells, which continue to respire and function after harvest (Wills et al., 1998). Consequently, physiological losses may occur due to the processes of respiration, transpiration and sprouting (Osunde, 2008). The permeability of the skin of the tubers is a function of its maturity and is a very significant factor in the rate of respiration. The periderm of freshly harvested immature tubers is most permeable and thus permits greater levels of respiration than similarly harvested mature tubers. Immature sweet potatoes are reported to respire at a rate of about 17 mL O2/kg/h immediately after harvest, compared to a rate of 5 ml O2/kg/h when physiological mature (Rastovski et al., 1981).
The magnitude of the resultant losses is largely influenced by the storage environment and any effort towards lowering temperature results in reduction of losses and extension of the shelf life (Booth and Shaw, 1981). Once roots and tubers are dug out of the soil, they become exposed to the drying effect of the air and substantial weight loss may occur. This has a direct effect on marketability, because weight loss before the produce is sold translates to a loss of income where sales are made by weight. In addition, losses in sales may occur due to the resultant unattractive appearance of visible symptoms on produce that has lost excessive moisture (Van Oirschot, 2000). Sprouting during storage is also undesirable, because it reduces acceptability and marketability, besides causing an increase in respiration and weight loss (Knoth, 1993; Snowdon, 1990). With the exception of cassava, tropical roots and tubers may develop �chilling injury� when held under low temperature conditions (Cooke et al., 1988). The complex sequence of biochemical reactions taking place in the plant tissues are disrupted, causing undesirable irreversible damage (Snowdon, 1990). The simplest way of avoiding chilling injury disorder is to ascertain the critical temperature for the commodity in question, and to ensure that an appropriate temperature is maintained during storage (Picha, 1987).

6.2.3 Pathological Losses

Pathological losses result from microbial activity and are the most common and easily recognized cause of post-harvest deterioration (Knoth, 1993; Wenhem, 1995). Losses are particularly high in the tropical environment, because high temperatures and relative humidity favour rapid microbial activity (Wills et al., 1998; Kihurani, 2011). In addition, the high moisture content of tropical root and tuber crops make them particularly vulnerable to post-harvest pathological deterioration (Harvey, 1978). In many instances, physical and physiological damage predisposes produce to pathogen attack (Kader et al., 1985) and pre-harvest practices may also modify post-harvest characteristics of tropical root and tuber crops during storage (Kihurani, 2011). The rate of growth of storage microorganisms is greatly influenced by the storage temperature and relative humidity. Research has shown that temperature significantly influences infection of sweet potato roots by post-harvest pathogens, Botryodiplodia theobromae, Rhizopusoryzae and Rhizopus stolonifer (Kihurani, 2011). The effect of temperature on lesion diameter on inoculated root slices of sweet potato is shown in Figure 6.1.
[image: ]
Figure 6.1 Effect of temperature on lesion diameter in root slices of sweet potato cultivar Yanshu 1 inoculated with post-harvest pathogens, Botryodiplodia theobromae, Rhizopus oryzae and Rhizopus stolonifer and incubated for 24 hours.

The various types of microbial spoilage observed in tropical roots and tubers are given in Table 6.3. The initial microbial infection usually occurs at the sites of physical damage or at the point of root attachment to the plant (Wills et al, 1998). From here the infection may spread to the rest of the affected plant organ and several saprophytes may follow, greatly magnifying the initial damage (Booth and Burden, 1983; Knoth, 1993).
Careful handling of produce during and after harvesting greatly helps to minimize injury and pathological deterioration (Lutz et al., 1951; PRIS, 1986), and since the injury sites are easy entry points for infecting microorganisms (Wills et al., 1998), it is desirable that only healthy (sound) roots or tubers should be stored (Janssens, 2001).

Table 6.3 Toxicity/microbial spoilage from/in tropical roots and tubers during storage and their preventive measures
S. No. | Root/Tuber | Micro-organisms | Salient features | Preventive measures | References
1. | Sweet potato | Rhizopus stolonifer | The formation of higher levels of furanoterpenoids and ipomeamarone formation may occur and can be toxic. | Selection of healthy roots, pretreatment using fungicide, gamma irradiation and monitoring the level under the appropriate storage conditions. | Wamalwa et al. (2015)
2. | Sweet potato | Ceratocystis fimbriata | This pathogenic fungus causes black rot and roots deteriorate severely in storage. | Transgenic sweet potato is useful in expressing antimicrobial peptide to reduce damage of sweet potato from the black rot disease and to reduce the use of agricultural chemicals | Muramoto et al. (2012)
3. | Sweet potato | Aspergillus flavus, Aspergillus niger, Rhizopus stolonifer, Trichoderma viride, Fusarium oxysporum, Penicillium digitatum, Cladosporium herbarum and Aspergillus ochraceus | Aspergillus flavus was the most dominant fungal species, occurring under different storage structures. | Adequate pre-treatment and proper storage conditions need to be maintained. | Tortoe et al. (2010)
4. | Sweet potato | Botryodiplodia theobromae, Ceratoq/stis fimbriat, Fusarium spp., and Rhizopus oryzae.The lesser important microbes includeCochtiobotus tunatus (Curvutaria tunata), Macrophomina phaseotina, Sderotium rotfsii, Rhizoctonia solani and Ptenodomus destruens | Micro-organisms, mainly fungi induce spoilage during storage. | Fungicide treatment, bio-control, gamma irradiation, hydro warming, and storage in sand and saw dust were found to have intermediate impacts in controlling spoilage and enhancing shelf life of sweet potato roots. | Ray and Ravi (2005)
5. | Yam | Aspergittus flavus,A. niger,A. ochraceus and Penicittium digitatum | A pathogenicity test proved that Aspergittus flavus, A. niger, A. Ochraceus and Penicittium digitatum isolated from the rotted tubers were responsible for the rot. | Neem seeds and ginger extracts can be used as surface protectants to inhibit rot causing fungi. | Sowley et al. (2013)
6. | Yam | Fungal rot by Dioscorea spp. | The culture filtrate of B. subtitis prevented spore germination in some spoilage fungi. | Biological control through B. subtitis | Okigbo (2005)
7. | Taro | Heterotrophic soil bacteria and micro-aerophilic nitrogen fixing Azospirillum | Organisms were found to occur in root and rhizosphere soil of Taro. Rhizosphere soil was found to harbour the highest population of both types of organisms | Effective management over various prevailing conditions | Jolly et al. (2010)
8. | Cassava | Fungi | Microbial infection due to improper handling and storage | Use disease resistant or tolerant varieties, good farm sanitation and adoption of good crop rotation practices | Okereke and Nwosu (1987)

6.2.4 Losses due to Pest Infestation

Pests, in addition to fungal diseases, are responsible for 50�% of damage in cassava (Yaninek, 1994). Due to poor storage structures and conditions, severe losses in quality and quantity of roots and tubers are inflicted annually. Quantitative assessment of losses is difficult because of the high variability of pest infestation from year to year. The various losses due to pest infestation and their preventive measures are presented in Table 6.4.

Table 6.4 Pest infestation in tropical roots and tubers
S. No. | Root/Tuber | Pests/insects | Salient features | Preventive measures | References
1. | Sweet potato and taro | Araecerus fasciculatus, Sitophilus oryzae, Cylas formicarius elegantulus and Tribolium castaneum | A. fasciculatus and T. castaneum were not appreciably inhibited by the protease isoinhibitors. The S. oryzae protease was inhibited to 51�% by isoinhibitor SPI2, while only 3�% inhibition was caused by isoinhibitor SPI4. | Effective control through potential isoinhibitors and other pesticides can be explored. | Rekha et al. (2004)
2. | Elephant foot yam | Mealybug (Rhizoecus amorphophalli) | Quality of corms is affected, which reduce field establishment and crop growth. | Adequate control measures, proper filed management, effective seed plantation and use of salt solutions | Nedunchezhiy et al. (2011)
3. | Yam | Root-knot nematodes (Meloidogyne spp.) | D. rotundata was the mostsusceptible and heavily affected among all tested species. D. alata was the least affected, and D. cayenensis was intermediately affected yam species. | Use of nematicides could resolve the problem. | Mudiope et al. (2012)
4. | Yam | Nematode (Scutellonema bradys) and Meloidogyne spp. | D. alata (4.73�%) and D. rotundata (3.35�%) were most affected. | Effective use of nematicides, crop rotation, varietal resistance, biological control and several other disease management strategies. | Coyne et al. (2006)
5. | Cassava | Large grain borer (Prostephanus truncatus) | Field infestation and storage losses. | Conventional methods and novel approaches of loss assessment need to be developed. | Boxall (2002)




6.3 Losses Observed during Various Stages at the Time of Marketing

Many forms of post-harvest losses occur during transportation from farmers� fields to the market and during storage. These losses, which have also been reported under controlled environmental conditions, tend to be high in tropical developing countries where handling and storage technologies are either simple (Woolfe, 1992) or are non-existent. Shrivelled, broken, cut, skinned roots of tubers is a common occurrence due to careless handling at the farm, during transportation, at the market and in the hands of the consumer (Tomlins et al., 2000; UNIDO, 2004). These injuries lead to a decline in quality, invasion by spoilage microorganisms (Jenkins, 1982) and other forms of post-harvest deterioration. The various losses that occur in general varied in case of roots and tubers. The factors that should be kept in mind to avoid such losses are summarized in Table 6.5.

Table 6.5 Factors to be taken into consideration at different stages to avoid losses in roots and tubers
1 Market demand
2 Cultivation
3 Harvesting and field handling
4 Packaging and storage
5 Transportation
6 Market handling (Possible storage)
7 Sales to consumers, wholesalers or agents
8 Perishability of the produce

Besides the fact that roots and tubers normally dry out due to exposure to low humidity conditions during transit and marketing (Rees et al., 2003), the rate of water loss is higher in injured produce compared to sound produce. Physiological deterioration, that is invisible to the naked eye, also takes place at a high rate, because of the prevailing high temperature conditions in the tropics (Wills et al., 1998).
In tropical developing countries, roots and tubers are traditionally handled, stored and marketed almost exclusively under ambient tropical climatic conditions of temperature and relative humidity, as this may be the only option available for many producers and traders (Snowdon, 1990). In addition, the roots and tubers are commonly handled roughly, leading to severe breaking, cutting and skinning injury among others, as they are harvested, loaded and unloaded, transported and marketed (Rees et al., 2003). In Tanzania, for example, where sweet potato roots are traditionally transported in woven polypropylene sacks weighing between 100�200 kg., root quality declines with transportation between the production areas and the port where the sacks are loaded and unloaded for further distribution (Tomlins et al., 2000). Since the ambient temperature conditions in the tropical environment favour microbial activity and metabolic rate, both pathological and physiological losses are usually high (Jenkins, 1982; Osunde, 2008), leading to high loss of quality and marketability of produce.



6.4 Methods employed for Storage of Roots and Tubers

Appropriate storage can help to reduce post-harvest losses by slowing down respiration rate, minimizing moisture loss and reducing microbial activity. To overcome the problem of post-harvest deterioration of roots and tubers, growers commonly avoid harvesting until the produce is needed for consumption (Oladele and Arowojolu, 2003), a practice commonly referred to as �in-ground storage�.It is an effective method in that cassava roots can only be stored for 24�72 hours after harvesting (FAO, 1995; Ravindran, 1995), whereas mature roots can remain in the ground for up to 2 years (UNIFEM, 1993). Sweet potato roots and yam tubers are also harvested �piece-meal�, where mature roots are harvested when needed for consumption leaving others, usually the immature small ones, to continue bulking (Bashaasha et al., 1995; Knoth, 1993). From an economic point of view, in-ground storage is feasible because no costs are incurred in erecting a storage facility, but large areas of land may become unavailable for further cropping, and this may decrease economic output of the land resource. The other disadvantage of this method is that the roots and tubers become vulnerable to attack by rodents, insects and microorganisms. During in-ground storage, pest attack, starch depletion, fibrous development and crack formation on the surface occurs, as reported in sweet potato and cassava (IITA, 1990; Pillai, 1991). Cassava roots also become more fibrous since they develop lignifications and there is a decline in their starch content (IITA, 1990). Even under other traditional storage methods, long-term storage is not possible without loss of quality due to excessive weight loss, dry matter depletion, rotting, insect damage (Pillai, 1991) and sprouting, especially in yam and sweet potato (Janssens, 2001). During the dry season, the ground may dry out excessively and increase mechanical injuries to roots and tubers during periodic harvesting.
Curing facilitates toughening of the skin of high water content produce by promoting wound periderm development over injury sites, and reducing the risk of post-harvest
infection, decay and excessive water loss, hence recognized as one of the most effective ways of increasing storage life (Padmata, 1990; Clark, 1992). Recommended curing involves exposure of produce to conditions of high temperatures and high relative humidity for 4�7 days (Van Oirschot et al., 2006), but in many developing countries, it is difficult to follow these practices because they involve high initial costs (Ray et al., 2010). Roots and tubers have the ability to heal their skin wounds when held at relatively high temperatures and humidities for a few days after harvest, whilst at the same time there is a general strengthening of the skin. The conditions required for curing of roots and tubers are presented in Table 6.6.

Table 6.6 Conditions required for curing of roots and tubers
Crop | Temperature(�C) | Relative humidity (%) | Duration(days) | Reference
Sweet Potato | 30�32�| 85�90�| 4�7 | Booth (1974)
Yam | 32�40�| 90-100�| 4�7 | Booth (1974)
Cassava | 30�40�| 90�95�| 2�5 | Kitinoja and Kader (2003)

However, research has shown that a simple solar curing technique involving the use of polythene to raise temperature and relative humidity can be used successfully to reduce post-harvest losses in sweet potatoes (Kihurani, 2011). To overcome problems associated with severe handling of sweet potato roots, Tomlins et al. (2000) recommended change of packaging materials, introduction of a curing stage, educating handlers and redesigning loading and unloading areas, which should help to reduce injuries. This is because proper handling, and the resultant reduction of injuries, is viewed as a strategic practice with the potential to reduce the risk of excessive water loss, infection and decay (FAO, 1981), thereby extending shelf life of roots and tubers (Jenkins, 1982; Rees et al., 2003).
Influencing the storage environment during storage can help to prolong the shelf life of roots and tubers, the important aspects being temperature and relative humidity. In general, a longer shelf life is possible at lower temperatures. Yam dormancy can be prolonged by storage at cool temperatures (15�17��C) or shortened by exposure to higher temperatures, although temperatures below 10��C may cause chilling injury (Janssens, 2001). The comparison of various recommended conditions for tropical roots and tubers are presented in Table 6.7.

Table 6.7 Recommended storage conditions for tropical roots and tubers
S. No. | Root/tuber | Temperature (�C) | Relative humidity (%) | Numberof days | References
1 | Taro | 7-10�| 85�90�| 120�150�| Thompson (1996)
2 | Yam | 13�15�| 85�90�| 50-115�| Thompson (1996)
3 | Cassava | 0�2 | 85�90�| � | Snowdon (1990)
4 | Sweet potato | 12.8-15.6�| 85�90�| 120�150�| Thompson (1996)

In tropical regions, storage losses can assume considerable economic importance (Wills et al., 1998) and deterioration of produce during storage may also have an adverse effect on the processed product. It is for this reason that many traditional and modern methods of storage have been devised to ensure proper storage and combat losses (IITA, 1990).
Most plant tissues have natural mechanisms for healing wounds, a physiological process whose purpose is to prevent entry of microorganisms and loss of moisture, thereby helping to inhibit post-harvest deterioration (UNIFEM, 1993; Van Oirschot et al., 2003). The different techniques can play an important role in the extension of shelf life of roots and tubers. The technique or the combination of techniques such as irradiation, refrigeration, modern atmosphere packaging can be useful for tropical roots and tubers and have shown extension of shelf life for shredded and cubed from sweet potatoes (Table 6.8). The various types of techniques employed for storage are given in Table 6.8.

Table 6.8 Various techniques employed for tropical roots and tubers to enhance quality and shelf life
S. no. | Root/tuber | Storage facilities/Treatment | Conditions | Conclusions | References
Sweet potato | X-ray irradiation and refrigerated storage | Packaged sweet potato cubes were treated with 0, 250, 500, 750 or 1,000 Gy X-ray irradiation and stored at 4 � 1��C for 14 days. | Mean day temperature during harvesting season (32�35��C) and relative humidity (80�95�%) | X-ray irradiation treatment at doses up to 1,000 Gy can reduce microbial populations while maintaining the physical quality and anthocyanin content to 14 days of storage. | Oner and Wall, (2013)
Sweet potato | Use of semi permeable packaging materials and modified atmosphere packaging |�Curing efficiency of varieties differed in response to curing periods. Other treatments like fungicide, bio-control, gamma irradiation, hydro warming, and storage in sand and saw dust were found to have intermediate impacts in controlling spoilage | Ray and Ravi (2005)
Sweet potato | Curing | Two major commercial cultivars (Beauregard and Hernandez) were packed in low and medium O2 permeability bags and flushed with gas composed of 5�% O2, 4�% CO2 and 91�% N2. The quality of shredded sweet potatoes could be maintained for 7 days at 4��C in air, but extended up to 14 days in MAP |�Best results were obtained by MAP using moderately O2-permeable film (7,000 cm3/atm/m2/24 h). Shredded sweet potatoes stored in MAP showed lesser changes in tissue firmness, dry matter, ascorbic acid and starch than shredded sweet potatoes stored in air | McConnell et al. (2005)
4 | Yam | Combined treatment of aqueous chlorine dioxide (ClO2) and ultraviolet-C (UV�C) | Samples were treated with distilled water, 50 ppm aqueous ClO2, 5 kJ m2 UV�C or a combination of 50 ppm aqueous ClO2 and 5 kJ m2 UV�C | Reduction of populations of total aerobic bacteria, yeast and mould, and coliform bacteria by 3.2, 3.4 and 3.8 log CFU/g, respectively. Moreover, the combination improved microbial safety and shelf life of the yams | Chun et al. (2013)
5 | Yam | Two traditional yam barns, one with fan to aid air circulation and the other without fan. | Intermittent air flow on stored yam tubers reduces sprouting, weight loss and rot development, thereby reducing the overall loss in stored yam tuber
6�| �"� | Treatment 1: Storage in pit (50 × 50 × 70 cm3) with alternate layers of grasses and finally covered with soil. | Temperature and relative humidity were measured three times a week and four times a day at 0800 h, 1,200 h, 1,600 h and 2,000 h. | Two storage methods moist sawdust in wooden box and pit storage with layer of river sand have good potentials for storage of sweet potatoes up to 5 months without serious change in nutrient content and could therefore be recommended to farmers | Osunde and Orhevba (2009)
�"� |��"� | Treatment 2: Storage in pit (50 × 50 × 70 cm3) sprinkled with 30 kg of fresh river sand then layers of sweet potato alternated with layers of sand and finally covered with a layer of soil. | Pits of 50 × 50 × 70 cm3 were dug and storage conditions varied. | �"� | Dandago and Gungula (2011)
�"� |��"� | Treatment 3: Storage in modified pit (50 × 50 × 70 cm3) constructed inside a hut 1.5 × 1.8 × 1.0 m3 and filled with alternate layers of 5 kg of fresh sand and potato (sprinkled with water) and finally 2 cm thick sand and soil.
�"� |��"� | Treatment 4: Storage in moist sawdust packed in a wooden box (50 × 50 × 50 cm3) and potatoes alternated with sawdust and kept wet by sprinkling water every week.
�"� |��"� | Treatment 5: Heap storage on a layer of sand in a cool corner of the laboratory and covered with a layer of grasses.
7 |�Taro |�The structures consisted of pit 1 with two PVC-vents which served as the improved pit, pit 2 with one vent which was regarded as a semi-improved pit and pit 3 without any vent and served as the control pit |�Pit air temperatures were monitored and these varied from 27.5-29.4��C with a mean of ~28.6��C in pit 1; and from 28.8-30.5��C with a mean temperature of 29.6��C in pit 2 while in pit 3 the temperatures varied from 30.0-31.8��C with a mean of 30.9��C. The relative humidities attained in the three pits were 83�%, 82.5�% and 72�% respectively. |�Corms stored in pit 1 sustained a weight loss of 1.5-11�% in 8 weeks of storage. Pit 2 sustained a weight loss of 1.5-15�% in 8 weeks while its sprouting index was 37.7�% In pit 3, weight loss was from 2.5 to 16.1�% in 2 months with sprouting index of 47�%. |�Obetta et al. (2007)

Whatever type of traditional store is used for roots and tubers, the structure should have adequate shade, good ventilation, security against animals, pests and thieves and protection from the sun to avoid overheating and excessive moisture loss (Etejere and Bhat, 1986). The types of storage structures used are also influenced by the purpose of storage, the type of building materials available and the resources of the farmer such as labour and capital (FAO, 1990; Knoth, 1993). Social conditions and the specific consumer requirements are also important considerations, and they point to the fact that storage requirements are location specific with different systems being more or less appropriate under different technical, social and economic conditions (Booth and Shaw, 1981).
The roof should be waterproof to protect the produce from rain during storage, the storage area should be cleaned before the produce is put into the store, and only sound, healthy roots and tubers should be considered for storage (Wilson, 1987). In addition, it is important to occasionally inspect the produce with the aim of ensuring continued sanitation of the store.

6.4.1 Cassava

In most areas where cassava is grown under subsistence farming conditions, the problem of storage is overcome by leaving the mature roots in the ground until needed (IITA, 1990; Knoth, 1993), where they may remain for up to 2 years (UNIFEM, 1993). The main disadvantages of this method is that large areas of land cannot be utilized for further cropping, and the roots become more fibrous, the starch content declines and they are also vulnerable to attack by biotic factors such as rodents, insects and nematodes (IITA, 1990; Knoth, 1993).
Other traditional storage methods include burying harvested roots in the soil (Knoth, 1993) or in pits lined with straw or other vegetative material (IITA, 1990). The roots are carefully harvested, ensuring that part of the aerial stem is still attached (Etejere and Bhat, 1986), a practice that ensures they are preserved in good condition since pathogen infection starts at the cut end. Roots may also be piled into heaps and kept fresh through daily watering or coating them with a paste of mud (Etejere and Bhat, 1986; IITA, 1990). To ensure that the temperature remains as low as possible and daily fluctuations are balanced out, the heap of roots is usually positioned at a corner of the farmhouse or under a shady tree (FAO, 1990). Storage of harvested cassava roots in pits and heaps is restricted to a maximum period of one week, because ventilation is poor and roots cannot be checked regularly (Etejere and Bhat, 1986).
Cassava roots are also stored under water, but for a very limited period since they normally begin to ferment or spoil in about 3 days (Knoth, 1993).
Several improved methods have been tested and used for storing fresh cassava roots for up to 3 months, including burying the roots in specially prepared trenches and in moist sawdust (Etejere and Bhat, 1986; IITA, 1990). In the trench silos, the harvested roots are arranged between oil palm or raffia leaves, and the trench is covered with a top layer of soil which is watered at intervals to keep it moist. Cassava roots stored in sawdust must be freshly harvested with 15�20 cm of the stem attached (Knoth, 1993). Different types of containers such as woven baskets, paper cartons, wooden boxes with covers (IITA, 1990) and wooden crates (Knoth, 1993) can be used for storage. The containers can be stored or transported in this way, thereby reducing handling costs and injuries to the roots (Knoth, 1993). Fresh cassava roots can also be stored in sealed polyethylene bags for 2 weeks or more. The storage method allows �curing� to take place, since the roots create the necessary temperature (30�40oC) and humidity (>80�%) environment inside the sealed bag (IITA, 1990).
Among the improved storage methods for fresh cassava, techniques involving refrigeration and freezing, waxing, gamma irradiation, and control of storage environment (relative humidity and temperature) have been reported (IITA, 1990). Reduced temperature can extend storage of cassava roots. The most favourable conditions for long-term storage of fresh cassava roots is 0�2��C at 85�90�% relative humidity (Snowdon, 1990). Coating fresh cassava roots in wax helps to extend storage duration by reducing respiration, and addition of a fungicide to the wax has been found to extend the shelf life of the roots by a further 10 days (Knoth, 1993).

6.4.2 Sweet Potato

Harvested sweet potato roots are difficult to store and their shelf life may range from a few days to a few months, depending on the cultivar and storage conditions (Ray et al., 2010). In dealing with this difficulty, roots are left in the ground after maturity and only harvested when needed (Woolfe, 1992). However, this practice is generally not recommended because of pest infestation which intensifies when the crop remains in the field and also the root quality deteriorates due to starch depletion, fibrous development and crack formation on the surface (Pillai, 1991). Freshly harvested roots are stored in heaps on the house floor, covered with straw which may also be plastered with a mixture of clay soil and cow dung, laid on shelves or placed in pits or shallow trenches with alternative layers of grass or wood ash (Etejere and Bhat, 1986; Ray and Balagopalan, 1997). The wood ash is believed to have antifungal properties (Ray et al., 2010). Packing sweet potato roots in bamboo baskets and storing them in the roof spaces, storage in barns and tying roots on racks covered with either dried grass or oil palm leaves have also been reported (Etejere and Bhat, 1986).
Sweet potato storage in well-ventilated storehouses on raised platforms, in earthenware pots, wood ash and fine sand has been successful in the short term (Pillai, 1991). Other improved methods are storage in closed cardboard boxes, constructed pits or clamps and evaporative double-walled cool brick chambers (CIP, 1997; Ray et al, 2010). In the long term, storage for up to 12 months is possible without loss of quality at low, non-freezing temperatures in the range of 12�16��C and 85�95�% relative humidity (Eckert and Ogawa, 1988; Snowdon, 1990; Woolfe, 1992).

6.4.3 Yam

There are well-developed traditional yam storage systems in the major growing regions such as West Africa, the Caribbean, parts of Southeast Asia and the Pacific (UNIFEM, 1993). Yam tubers are mature when the forage has died, but harvesting need not take place immediately since the tubers can stay underground for a further 1�4 months without much loss (Knoth, 1993). This method of storage is feasible since no costs are incurred but, as in cassava underground storage, there is opportunity cost and produce is without protection from pests. Special structures are built for yam storage consisting of a sheltered vertical framework of timber with a table made of cross pieces of bamboo or palm leaves where the tubers are placed or hanged one by one (Wilson, 1987). As in sweet potato and cassava, yams are also stored in trench silos or pits that are excavated in the ground and lined with straw. The top layer of yams is also covered with straw or similar materials and protected with soil or a conical roof arrangement made of maize or millet stalks (Knoth, 1993). Other methods include piling the tubers on the ground, underneath rocky outcrops, household floors, inside huts, underneath houses built on stilts or underneath soil and humus (UNIFEM, 1993), and then covering the heap with maize stalks, millet stalks or similar materials (FAO, 1990).
Yam tubers are stored in an improved yam barn that is designed with a roof made of organic locally available materials such as straw or palm leaves, and the tubers stored on multi-level shelves (Knoth, 1993). In high rainfall areas during the storage seasons, yams are kept dry with water-proof roofs such as iron sheets (Wilson, 1987). Highly technical yam storage methods include cold storage at 15oC and irradiation with gamma rays at low dosages before storage at ambient conditions (Etejere and Bhat, 1986).

6.4.4 Taro

Dormancy in taro is poorly understood, which creates problems in its storage. Moreover, this is likely to differ in the cultivars of tropical and temperate regions. Environmental conditions, crop rotation within the agricultural systems and many other factors make storage systems desirable for longer periods. To preserve taro tubers, the same precautions should be taken as usually adopted for other roots and tubers (Janssens, 2001). Overall storability of taro tubers has been improved and shelf life extended, when placed in perforated plastic bags (Bikomo, 1994). To maximize the length of storage in fresh taro, various combinations of relative humidity and temperature are recommended by various researchers. Taro stored at 60�% RH and 20��C can be stored for 2 to 3 weeks. However, the storage period can be further extended by changing the temperature and relative humidity. At 7-10��C, 85�90%RH, taro can be stored for 120�150 days (Thompson, 1996) (Table 6.7). Pit and fermentation are the traditional storage methods for taro. Others include drying, freezing and storage in raised shelters. Above-ground storage in a shelter probably helps to keep the taro aerated, dry and slightly cool. The individual or combination of modern techniques may be explored for taro for its long-term storage.




6.5 Commercialization

Commercial transformation of subsistence agriculture is an indispensable pathway towards economic growth and development for many agriculture dependent developing countries (World Bank, 2008). It entails production decisions based on market signals (market orientation) and significant participation in input and output markets (market participation) (Gebremedhin and Jaleta, 2010). Commercialization of staple crop production is a process that could offer pertinent options to small scale producers, hence the need for stakeholders to understand market behaviour, channels and the determinants of market participation by smallholders. This will in turn help in designing the appropriate technological, policy, organizational and institutional strategies that will ensure that small producers benefit from the process of commercialization (Gebremedhin and Hoekstra, 2008).
Research has shown that the demand for certain foods increases while that of others declines with increasing income, largely because the former are more readily available as convenient ready-to-eat foods that require minimum processing (Onyango et al., 2013). The convenience of these foods is derived from increased mechanization of food processing, therefore even home- or village-level processing has the potential to add value to the farmers� crop and increase family income considerably (Woolfe, 1992). Processed root and tuber crop products have been developed in response to an expanding demand from urban-based populations, but while they present great potential for value addition to root and tuber crops and provision of increased earnings to farmers, these products have very limited markets (UNIFEM, 1993). Since sustainable food security and welfare cannot be achieved through subsistence agriculture (Pin-gali, 1997), it is imperative that root and tuber crops farmers are supported in order to produce and supply raw materials and products that meets the demands of specific end-uses (Onyango et al., 2013).



6.6 Factors affecting Commercialization

Expansion of pilot activities to commercial operations has important implications for the product, the process, the farmers and the potential consumers. According to Wheatley (1992), they include social objectives, market and technical requirements, promotional and logistical factors, as well as funding and technical assistance. Once commercial processing begins, monitoring and evaluation of these operations become imperative. If the majority of developing countries are to successfully launch into and expand processing of roots and tubers at the commercial level, efforts must be made in capacity building of farmers, extension providers and researchers along the commodity value chain.
Despite being major carbohydrate sources, commercialization of some tropical root and tuber crops is generally poor (Ezeh, 1992) and they have been marginalized for a long time (Skogland et al. 1994; IFAD and FAO, 2000). They are commonly burdened with the stigma of being inferior, low-protein food crops which cannot compete with cereal crops such as maize, wheat and rice (Woolfe, 1992) and whose per capita consumption declines with increasing per capita income (Nweke, 2004).
Consequently, they are generally ranked behind cereal crops in their importance as food and industrial crops, and far less research and development has been devoted to them (IFAD and FAO, 2000), the result being lesser product development and utilization and limited commercial and village level processing (Makokha, 2001; Owori and Hagenimana, 2001). It is hoped that the importance of roots and tubers in developing countries will grow due to the increasing need to grow more drought tolerant crops arising from climate change (IPCC, 1990).
Although cassava is a major source of dietary energy in the tropics, it has been associated with health problems due to its cyanogenic character (Mlingi et al, 1992). Roots of some cassava varieties contain hydrogen cyanide (Knoth, 1993) that adversely affects humans and livestock consuming inadequately processed products. Since cassava varieties are classified as low-cyanide or high-cyanide according to their cyanogenic glucoside content (IITA, 1990), it is possible for producers to know the cyanide level in their fresh roots and take the necessary precautions. In addition, cassava-consuming populations have developed ways of reducing the cyanide levels and detoxify cassava roots, including simply removing the peel which can contain as much as ten times more cyanide than the flesh (Ravindran, 1995). Soaking roots in water overnight, boiling or roasting, drying, cutting or grating and fermenting are also simple but effective methods of detoxifying cassava roots (IITA, 1990). Cassava usage in commercial feed production in Africa is usually in the form of dried chips, which are milled into flour before incorporation into compound feeds. However, the quality of the sun-dried chips is highly variable and may contain significant levels of contaminants such as sand and microorganisms (Tewe, 2004). In addition, though widely used in industrial applications, the unstable viscosity and the long cohesive nature of cassava starch and its derivatives are rated as inferior to corn starch by textile industries (Balagopalan et al., 1992). Poor acceptability of cassava-based fried products, because of their low shelf-life compared to similar wheat-based products, has also been reported (Kambewa, 2010).
Sweet potato has also been affected by low acceptability in some communities, because some individuals experience flatulence after consuming the roots (Snowdon, 1990). The discomfort of flatulence results from the presence of a proteinase inhibitor in sweet potato storage roots which interferes with the function of trypsin, an important digestive enzyme in humans and animals (Ravindran, 1995). Fortunately, normal cooking methods like boiling and baking effectively destroys all or most of the activity of the inhibitors (Snowdon, 1990). The main constraint faced in industrial utilization of sweet potato is poor extractability of starch and phenolic oxidation that results in undesirable colours. Therefore novel methods are needed for maximum extraction of starch and removal of unwanted colours to enable utilization in various food industries (Balagopalan et al., 1992).
Many factors contribute to the high cost of production and processing of tropical roots and tubers, especially in Africa (Tewe, 2004). Harvesting is labour-intensive and their bulkiness and high perishable nature requires that they should be processed into storable form soon after harvesting (Tomlins et al., 2000). In addition, tropical roots and tubers are propagated vegetatively, therefore the planting materials are bulky, store poorly, further increasing handling, transportation and storage costs (IFAD and FAO, 2000; Tomlins et al, 2010). For tropical roots and tubers crops to survive as industrial crops, their processed products must favourably compete in the markets with other carbohydrate sources (grains), hence the need to lower production costs (FAO, 2001).



6.7 Key Products and Final Markets for Commercialization

Tropical roots and tuber crops are utilized in a wide variety of ways and their versatility has facilitated major changes in their importance around the world in response to shifting supply and demand in many developing countries (Dayal et al, 1991). Consequently, the development of processed products with functional attributes has the potential to improve commercialization and consumption of tropical roots and tubers (Oloo et al., 2013). The major tropical roots and tubers, sweet potato and cassava, are always used in some form and amount as animal feed wherever they are produced in developing countries (Dayal et al, 1991; IITA 1990). Cassava is an important feed ingredient in Europe, with the Netherlands, Belgium, Germany, Spain and Portugal as the largest markets for cassava feed products (IFAD and FAO, 2000).
In most cassava-producing countries, fresh cassava roots are utilized in a variety of ways. They are peeled, washed and chewed raw in the case of sweet cassava (Kam-bewa, 2010). They are also cut into pieces or sliced and then boiled, roasted or deep fried (Phillips et al., 2004). Cassava roots are marketed fresh for human consumption, and also used as a raw material for more than 300 food and non-food products such as industrial starch, liquid glucose, dextrin, Vitamin C, gums, high fructose syrup (Bal-agopalan et al., 1992), fermented and non-fermented flour, animal feed, glue, alcohol, noodles and a wide variety of fried and baked products (FAO, 2001; Phillips et al., 2004; Scott, 1992; Wiersema, 1992). Cassava is the fourth main source of industrial starch after maize, wheat and potato in Asia � Thailand, Vietnam and China (IFAD and FAO, 2000) and over 100 cassava starch derivatives (chemically-modified starch) have been developed to provide products with the physical and/or chemical properties required for specific applications in industry (IITA, 1990). Cassava flour is increasingly used as a substitute for wheat flour by both large companies and small and medium enterprises (Kambewa, 2010). Cassava starch, with its highly adhesive nature, is an ideal carbohydrate supplement in fish feeds (Balagopalan et al., 1992).
Although a variety of sweet potato products are attainable, relatively few commercialization cases of the products have been reported (Woolfe, 1992). The roots are predominantly consumed fresh (Ray et al., 2010) after boiling, steaming, baking and canning, but when excess production occurs they may be washed, sliced into small pieces, dried in the sun and milled into flour for utilization during seasons of low food supply (Kapinga and Carey, 2003; Woolfe, 1992). Dried sweet potato slices are utilized by boiling and mashing with beans, and the flour is used as a wheat substitute in sweet potato-based products (CARPA, 2007; Williams et al., 2013). The flour is also mixed with grain flours and used to make porridge, baby food and in bakeries to make bread and cakes (CTA, 2007). Cooked and mashed sweet potato roots are also used to replace some of the wheat flour in bread, cakes and other baked products (CARPA, 2007). In addition, sweet potatoes are processed into syrup, starch and starch-based food products, such as noodles, vermicelli and macaroni, candy and desserts (Bovell-Benjamin, 2010; Moorthy and Shanavas, 2010). Other possible sweet potato processed products are purees and dehydrated forms that can be used as functional ingredients in numerous food products (Truong and Avula, 2010). Industrial application of good-quality sweet potato starch is an important industrial raw material for the local market or export market (Dayal et al, 1991) for the manufacture of sweeteners, citric acid, beverages, alcohol, ethanol, fuel and derived products (Bovell-Benjamin, 2010).
Yam tubers are grown for home consumption (Tetteh and Saakwa, 1994), sold in local markets immediately after harvesting, stored and marketed later when prices are higher, or exported to Europe and the United States, where demand is high among the large immigrant population from the humid and sub-humid tropics (Asumung-Brempong, 1994). The tubers are usually prepared for eating using simple cooking methods such as boiling, baking, roasting, steaming or frying (UNIFEM, 1993). They are also processed into a popular gelatinous paste referred to as �fufu� or dried and ground or milled into flour (Janssens, 2001).
Taro is used for direct human consumption after boiling, frying, roasting and mashing. It can be processed commercially into weaning foods, flakes, breakfast foods, noodles, and canned and frozen goods (UNIFEM, 1993). But it is yet to see the commercial success of cassava and sweet potato.



6.8 Trends in Commercialization

An emerging consensus among specialists in different disciplines suggests that the goal of increasing food production in developing countries can best be achieved by an approach that emphasizes expanded utilization of agricultural commodities (Scott, 1992). At the household level, roots and tubers occupy the position of staple alternating with other staples seasonally at different times of the year, when the other competing staples are in short supply or too expensive (Woolfe, 1992). Consequently, the flow of root and tuber crops to the major markets tends to peak when the supply of competing food products is low at household and market levels (Kambewa, 2010). Increase in population growth and rapid urbanization in tropical developing countries has greatly influenced commercialization by creating demand for food in the urban centres and necessitating sourcing and transportation of produce in bulk from the major production areas including neighbouring countries (Kambewa, 2010; Ngunjiri et al., 1993). Globally, markets demand a consistent supply of products that meet new high standards for food quality and food safety, a situation that increases the comparative advantages of large-scale commercial producers and processors over the small farmers and small-scale traders who find it difficult to penetrate and exploit international markets. Development trends including demographic changes, growth in income, availability of substitute food and feed sources, government agricultural and trade policies and improved production and processing technology have been identified as the key factors influencing prospects for expanding processing and utilization of roots and tubers (Scott, 1992).
Trade policy has been instrumental in shaping the role of cassava as a fully commercial crop entering diversified markets in Asia (IFAD, 2001). According to Gebremedhin and Jaleta (2010), policy, technological, organizational and institutional interventions aimed at promoting commercial transformation of subsistence agriculture should improve market orientation of the smallholder at the production level and also facilitate market entry and participation in the output and input markets. Smallholder farmers usually fail to participate and benefit from large available markets, because their capacity and participation in the value-addition process is limited by insufficient innovative product development and diversification to meet market preferences. It is therefore important to increase the competitiveness of the smallholder producers by increasing value addition through development, introduction and distribution of labour-saving technologies such as peelers, chippers, graters, solar driers and other processing machines (Kambewa, 2010).
In addition, increasing commercialization of smallholder agriculture and international competitiveness will require investment in capacity building of the smallholder farmers, the private and government extension service providers and researchers towards innovative product development and diversification to meet market requirements (Woldewahid et al., 2011). Policy and institutional environment should be aimed at strengthening smallholder cooperatives and farmer groups that supply the agro-processing industry. Research and development institutions should also support the production and commercialization of root and tuber crops, through collaborative efforts involving public, donor and private sectors, in such areas as seed selection, multiplication and distribution of planting materials (Kambewa, 2010). Bringing together the various public and private actors (producers, researchers, extension workers, agri-businesses and service providers) in the process of planning, implementing and monitoring commodity-based research and development programmes, increases access to relevant knowledge from multiple sources and it should be encouraged for the benefit of commercialization (Gebremedhin and Hoekstra, 2008).



6.9 Future Research

A common characteristic of tropical roots and tubers is high moisture content which predisposes them to injuries during harvest and post-harvest handling and also having poor storage qualities at the ambient tropical environment. Adequate storage systems, which are cost-effective, must be brought into the producing countries for multifaceted uses to bring a consistent supply of tropical roots and tubers to the market and industry. Efforts are also required to commercialize all the potential roots and tubers for the developmental activity and growth of the producing nations.
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7.1 Introduction

Root and tuber crops are regularly grouped together because they are bulky, perishable and vegetatively propagated (Scott et al., 2000). These crops can be grown and produced under a broad variety of climatic and diverse ecological conditions, so the biological and chemical hazards may also vary. The preservation of roots and tubers is accomplished by retarding processes of putrefaction caused by inherent microorganisms and enzymes. Processing consequently improves safety, keeping quality and digestibility, promotes palatability, and inactivates enzyme inhibitors and other anti-nutritional factors (Boeke et al., 2010).
The roots and tubers contain high dry matter in the form of starch, thereby offering a wide scope for value addition into foods, food additives, beverages, and animal and poultry feeds (Ray and Sivakumar, 2009). Processors seek to transform the roots and tubers into alternate foods that are desirable and add variety to the diet. Fermentation is frequently employed in several instances to convert tropical roots and tubers into valued-added produce. The major part of cassava in Africa and Latin America is processed into fermented foods and food additives such as organic (acetic, citric and lactic) acids, mono-sodium glutamate, etc. (Ray and Sivakumar, 2009). Sweet potatoes can be fermented into products such as lacto-pickles, sochu, soy sauce, vinegar, lacto-juices, etc. (Oloo et al., 2014; Ray and Sivakumar, 2009). Likewise, other tropical roots and tubers can also be converted into different fermented products.
Biological, chemical and physical hazards exist during processing and this may vary extensively from one type of production to another, making it essential to consider manufacturing practices that promote the production of safe root and tuber produce.
With globalization and a greater movement of food across borders, quality and safety have become issues of concern (Hammoudi et al., 2009; Sylvaine, 2013). Regional authorities are taking measures to improve the quality of roots and tubers and there are efforts to assure that consumers� health is protected resulting in increased governmental and regulatory approach towards food safety. It is then critical that safety be embodied in root and tuber products from raw materials to consumption.



7.2 Good Manufacturing Practices (GMP)

Good manufacturing practices are implemented to prevent hazards or contamination from entering into foods. The products can be contaminated by number of reasons, like the actions of people, other food materials such as undeclared allergens, packaging materials, cleaning and sanitizing agents, pesticides, chemicals, lubricants, etc., along with a host of other things. These are prerequisite programmes, which may provide the basic environmental and operating conditions that are necessary for the production of safe and wholesome food. Good manufacturing practices (GMPs) describe the conditions and practices that are necessary for the processing, packaging or storage of food to ensure its safety and wholesomeness (www.foodsafetymagazine.com). GMPs are also explained as the combination of manufacturing and quality control procedures that ensure consistent quality products meeting desired specifications. GMPs are preventive controls, which assist to control microbial, chemical and physical hazards linked to different stages of production ranging from primary production to packaging (Codex Alimentarius Commission, 2014; Dunkelberger, 1995). They are the basis of preparation of safe food and are the minimum requirements in processed foods.
GMPs, which rely on risk prevention, have been made mandatory in many markets. Food safety and quality for public consumption is assured by carrying out a wide range of activities. Apart from enhancing public health, successful food safety structures preserve end user assurance and grant a sound regulatory base for domestic and global trade in food, which shores up trade and industry (Hammoudi et al., 2009; Thorpe and Bennett, 2004). The guiding principle of GMP is that quality is built into a product, and not just tested. Therefore, the product not only meets the final specifications, but also meets uniform conditions consistently. In the food safety programme matrix, GMPs becomes an integral part of quality, sanitation, regulatory compliance and hazard analysis and critical control points (HACCP) (Figure 7.1).
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Figure 7.1 GMPs as common matrix in food safety programme.



7.3 Key Importance of GMPs for Roots and Tubers

The risk analysis provides a base for defining the various threats to root and tuber produce safety, determining the extent of vulnerabilities and devizing appropriate counter measures. The plant management system should then be tailored to warranty whereby quality facets linked to food processing are built-in in a fitting manner. GMPs importance in processing of tropical roots and tubers is covered by the following points:
� Provides a high level assurance that tropical roots and tubers are manufactured in a way that ensures their safety, efficacy and quality;
� Provides manufacturing conditions in such a way that the produce comply with their marketing authorization;
� Quality can be built into the product.



7.4 GMP Components

The major requirement of GMP is that the manufacturing process is completely defined before initiation and all the necessary facilities are ensured. In practice, GMPs encompass adequately trained personnel, suitable materials, premises and equipment, approved and well defined procedures, proper storage and transport facilities along with the appropriate records. The various components of GMP for processing of tropical roots and tubers are presented in Table 7.1.

Table 7.1 Major components of GMP
S. no. | Components of GMP
1 | Quality Management
2 | Quality control
3 | Good manufacturing practices (GMPs) for roots and tubers
4 | Sanitation and hygiene
5 | Qualification and validation
6 | Complaints
7 | Contract production and analysis
8 | Inspection, supplier's audits and approval
9 | Personnel and training
10�| Premises
11�| Equipment
12�| Materials
13�| Documentation
14�| Holding and distribution

7.4.1 Quality Management

The management must ensure that the products are fit for their intended use. The success of this quality objective is the responsibility of the top management and requires active participation and commitment by the whole staff in different departments and at all levels within the organization (Karmacharya, 2012). The quality policy needs to be maintained in the root and tuber processing industry. The main elements of this component is proper infrastructure, systematic organization structure, well-defined procedures, processes, resources and necessary actions that ensure a good-quality product.

7.4.2 Quality Control

The controlling quality is of prime concern in this modern era and therefore quality is not only restricted to control but it has to be assured. Hence, quality assurance, which is a proactive approach, is adopted in most organizations. Quality Control (QC) of roots and tubers, on the whole deals with establishment, validation and implementation of all QC procedures, to ensure correct packaging and labelling of materials and products, and many other aspects that concern the quality of roots and tubers.
Quality assurance (QA) covers all aspects which influence and assure the quality of the product. The product quality can be ascertained by ensuring that all activities, related to the purchasing, production, storage, filling, control and distribution of tropical roots and tubers, are carried out in a systematic manner. Quality is a part of GMPs that deals with sampling, specifications, procedures, testing and documentation. This is not limited to laboratory testing but must also be built into all activities and evaluations concerned with the quality of the root and tuber produce.
The system should also cover cases of non-conformity with regulatory and existing procedures in system. The processors need to ensure that acceptable facilities, qualified personnel and adequate procedures are available for sampling, inspection and testing of raw materials, root and tuber produce, packaging materials, and environmental settings. The system must have measures in place to correct any breakdown to accomplish GMP and monitor the efficacy of those preventive measures.
Control of Starting Materials, Intermediate and Finished Products All standard tests should be followed as per the procedure for material/product. The result should be verified before the material/product is marketed or rejected. The sampling is an important criterion before carrying out any examination, therefore the following points need to be considered:
� Samples should be representative of the lots from which they are taken in accordance with the approved procedure.
� Sampling must be ensured without contamination or any undesirable effects on quality.
� The containers used for sampling must be marked accordingly and resealed.
� Sampling equipment should be cleaned and sanitized as per the approved plan.
Test Requirements Maintaining the quality is the prime responsibility and should be documented, which includes test procedures, approving specifications, validation plans and reports, approved standards, sampling plan, analytical investigations, evaluation of results and testing materials. The report should specify the acceptance or rejection of the sample. The quality control must have trained staff and facilities along with the well-maintained and calibrated equipment to carry out the designated responsibilities efficiently.
Defect Action Levels A ceiling for defect levels should be in place, as it will provide indications for faults that are natural or unavoidable, even when foods are manufactured under good manufacturing practices. The manufacturing operations are expected to be modified/altered to reduce the level of defect to the lowest possible levels.

7.4.3 Good Manufacturing Practices for Tropical Roots and Tubers

A good manufacturing practice (GMPs) is a part of QA that ensures consistent quality production of the produces as per the standards and requirements of the marketing authorizations or product specification. GMP is aimed primarily at diminishing the risks inherent in food production. Such risks are essentially of two types:
1.�man and machine contamination; and
2.�environmental and pest contamination.
Therefore, to prevent contamination, the basic requirements of GMP are considered, which are presented in Table 7.2.

Table 7.2 Basic requirements of GMP
S. no. | Basic requirements of GMP
1 | Clearly defined manufacturing practices
2 | Clearly defined and systematically reviewed processes
3 | Proper performance of qualification and validation
4 | Proper prov'sion of appropriate resources
5 | Trained and qualified personnel
6 | Premises, space, equipment and servces
7 | Materials, containers and labels
8 | Storage and transport
9 | Laboratories and in-process control
10�| Clear, written instructions and procedures
11�| Trained operators
12�| Records of actions, deviations and investigation
13�| Records for manufacture and distribution
14�| Proper storage and distribution
15�| Systems for complaints and recalls

Good Practices in Production:
(a) Pest Control Plan: Rodents and insects are the main pests, which would be problematic in root and tuber processing plants, therefore it is essential to preserve a non-attractive environment in a documented plan, where tidying and cleaning of technical buildings is done routinely so as not to support rodent settlement.
The plan should include the secluded storage of unused materials and machines. Externally, there should be no holes and spaces on idle land. The vegetation and the grass in the lawns should be taken care of and shortened routinely. There should not be papers, plastic film and other debris dumped on the land, as these could serve as a protective structure for rodents. An active control and pest detection plan needs to be in place.
(b) Water Quality: Water is crucial in the processing of roots and tubers, because it is used in different unit operations. It is thus necessary that sufficient potable water be available in the production areas. Water quality is fundamentally judged by its physical, chemical, microbiological and sensory characteristics.
The quality of water can deteriorate due to inadequacy of treatment plants, direct discharge of untreated sewage into rivers, in addition to inefficient management of piped water distribution systems (UNEP, 2001). In many low-income countries, growing agricultural activities, urbanization and industrialization lead to ever-increasing contamination of streams, rivers, lakes and reservoirs, which are usually the main sources of drinking water (Amajor et al., 2012).
Water used in processing is thus likely to be infected and should be intermittently tested for contamination. The quality of the water should be controlled through regular analyses, which are then weighed against conventional standards. The chemical analysis of water entails assessment of Ca2+ Mg2+, CO32-and SO42-, total hardness as well as minor ions such as Fe2+ Fe3+ NO3 and NH3(nitrate and ammonia) and nitrogen (Amajor et al., 2012). The different quality standards for drinking water are given in Table 7.3.

Table 7.3 Different water quality standards
S. no | Parameter | WHO guideline values (Maximum limit)
1 | Appearance and taste | Should be acceptable
2 | Colour | 15 TCU
3 | Turbidity | 5 NTU
4 | Total dissolved solids | 1000 mg/l
5 | pH | 6.5�8.5
6 | Total hardness | 500 mg/l
7 | Sodium | 200 mg/l
8 | Potassium | 30 mg/l
9 | Calcium | 200 mg/l
10�| Magnesium | 150 mg/l
11�| Sulphate | 250 mg/l
12�| Nitrate | 50 mg/l
13�| E. coli | 0 coliforms/100 ml
14�| Total coliform bacteria | 0 coliforms/100 ml
TCU: True colour units;NTU: Nephelometric turbidity unit 
Source: FAO (2006), WHO (2006)

(c) Microbiological Safety: Microbiological safety hazards are the root of the majority of food-borne illnesses and include pathogenic bacteria, viruses and parasites. The microbial safety is assessed on the basis of hazard identification and characterization, exposure assessment and risk characterization. Bacillus spp., Lactobacillus spp., Geotrichum spp. and Aspergillus spp. can be the potential biological hazard, besides several others, in the processing of roots and tubers, especially cassava.
Some of the problems that lead to the contamination of the products can easily be resolved with effective hygienic practices. Employee hygiene is thus of importance to the sanitation of plants and it is one of the main causes of contamination of food (Higgins, 2000). Risk analysis provides a logical and clear procedure for estimating risks, assembly of information, drawing conclusions and communicating information to reach decisions. If a risk analysis is carried out, bacteriological tests on the root and tuber produced at different manufacturing stages, enables the assessment of the effect of each processing stage to reduce or increase risk.
(d) Chemical Safety: Chemical hazards, particularly those that can be closely controlled in the food supply such as food additives, residues of crop pesticides and veterinary drugs, should conventionally been subjected to a �zero risk approach�. Other chemical hazards may also include unintentionally added chemicals (e.g. cleaning agents, solvents) and toxins (e.g. histamine in fish, mycotoxins).
(e) Physical Safety: Physical hazard is an extraneous object/foreign matter in food that can cause injury or illness in the person after consuming the product. Rocks, wood, metal, and certain other objects are sometimes found in raw ingredients. In addition, physical hazards can occur during transport, processing and distribution of foods due to equipment failure or laxity.
Extraneous substances which can arise during the processing of R (roots) and T (tubers) produce could consist of nails from boxes, machinery parts and small instruments. Separation devices/equipment should be used to separate the foreign matter from the product and the detection schemes may include metal detectors, X-ray machines, optical systems, etc.
Processing Operations Before any processing operation is started, steps should be taken to ensure that the work area and equipment are clean and free from any starting materials, products and residues. Any necessary in-process controls and environmental controls should be carried out and recorded. Measuring, weighing, recording and control equipment and instruments should be serviced and calibrated at pre-specified intervals. Repair and maintenance operations should not present any hazard to the quality of the products.
Packaging and Labelling Packing materials in direct contact with the products should not have any adverse effect on the quality. Mistakes may occur during packaging and labelling and so to make possible traceability, each product needs to be assigned a batch or lot number. Traceability, in this framework, necessitates that all steps in the root and tuber procedures be checked, wherever possible, by reference to documented results, calibrations, standards and calculations. Depending on the properties of the product and shelf life, the packaging materials may be selected. All finished root and tuber products should be identified by labelling, as required by the national legislation, bearing at least the following information (Table 7.4).

Table 7.4 Information required for identification of R and T products by labelling
S. no. | Information
1 | Name of the product
2 | List of ingredients
3 | Net contents including weight, volume, etc.
4 | Batch number
5 | Expiry date
6 | Storage conditions or handling precautions, if necessary
7 | Directions for its use
8 | Warnings and precautions that are necessary
9 | Name and address of the manufacturer
10�| Any other information, if required as per the legislative guidelines

7.4.4 Hygiene and Sanitation

Sanitation and hygiene should be practiced during the manufacture of tropical root and tuber products. The broad aspect of sanitation and hygiene covers personnel, equipment and apparatus, premises, production materials, containers and anything that could become a source of contamination to the product. Large volumes of liquid wastes are created by washing roots and tubers, equipment and floors. The drainage should be discarded to avoid polluting rivers and conform to the laws of the environment.
The potential sources of contamination are to be minimized and eliminated through an integrated plan. The responsibility of sanitation should be assigned. The sanitation is to be carried out as per the written procedures and schedule. The equipment must be kept clean. The residues (fat or greasy film and protein) may protect microbes, even against the action of disinfectants. It then becomes very important to clean the residue from surfaces first, rather than directly going for disinfectants. A wide range of disinfectants are available, which may be single substances or mixtures. Some of the disinfectants are given in Table 7.5.

Table 7.5 Different disinfectants for premises for tropical roots and tubers
S.no. | Disinfectants | Effect on micro-organisms | Merits | Demerits
1 | Ethanol | Fair-Good | Evaporates rapidly � No residue is left � Quick action | � Flammable � Limited range of effect
2 | Iodine and iodophores | Good-Excellent | Effective in low concentration � Quick acting | � Sometimes corrosive � Stains some surfaces
3 | Chlorine compounds (like hypochlorites, chloroamines, etc.) | Good-Excellent | Broad range of effect | � Corrosive
4 | Quaternary ammonium | Fair-Good | Odorless � Limited effect compounds | � Some cleaning effect � Inactivated by soap detergents

Personnel Hygiene Policy GHPs (Good Hygiene Practices) deal with the necessary principles starting from primary production to the final consumer, ensuring safe food to the consumers. By adopting good preparatory methods, storage, packaging measures, the production of safe food is assured. The root and tuber processing plant should institute a suitable policy for personal hygiene. The following aspects are needed to be maintained:
� Employees should undergo health examinations routinely.
� Persons with diseases or other conditions that could contaminate food should not be allowed in the manufacturing operations. The other requirements may include cleanliness, clothing and removal of jewellery. The protective clothing should apply to all persons entering the manufacturing area.
� Personnel should be trained and a high level of personal hygiene should be observed.
� The hands repeatedly come into direct contact with the products, therefore need to be regarded as the first operational tool. If the hands are not subjected to strict hygiene, they may constitute the first vector of contamination.
� Signs to this effect should be posted and instructions observed within the food processing plant and a training programme be implemented to establish proper techniques for hand-washing and drying.
� Eating, smoking, drinking, chewing, and personal medicines should not be allowed in the production area.

7.4.5 Qualification and Validation

Qualification is an act of assuring that any premises or systems work correctly and lead to the expected results, whereas validation provides a high degree of assurance based on the documentary evidence about consistently function of the planned process. Validation is conducted in accordance with well-defined procedures and the results are recorded for future reference and verification.
The defined process, using the materials and equipment specified for tropical roots and tubers should be shown so as to obtain a consistent product of the required quality. Any change in equipment or materials, which may affect the reproducibility of the process and quality of the product, needs to be validated. Qualification and validation may establish and provide evidence that the system, inclusive of premises, equipment, supporting activities and processes, is designed as per the requirement of GMP.

7.4.6 Complaints

Written procedures and records must be in place for complaints about the product, investigations into quality defects and product recalls. All complaints should be registered and examined according to well-defined handling procedure. The subsequent action, if any, is to be recorded. The format for complaint reports can be adopted, as given in Table 7.6.

Table 7.6 Format for complaint report
S. no. | Criteria
1 | Receiving date of report
2 | Time of receiving report
3 | Complaint received by
4 | Complaint received from (person's name, address, contact number, email ID and fax number)
5 | Name, address, contact numbers organizations/persons
6 | Name of the Product
7 | Batch/lot numbers
8 | Name of complaint
9 | Details of products returned for examination
10�| Tell whether samples are available for collection/examination
11�| Findings of the investigation
12�| Conclusions
13�| Other decisive actions
14�| Details where letter is sent (also specify date)
15�| Whether product is required to recall or not
16�| Signature
17�| Date

(i) Review of complaints: Appropriately designated and trained personnel should review the complaints.
(ii) Records of complaints: The records should be retained and the trends may be evaluated to immediately take corrective actions.
(iii) Product recalls: A written procedure must be in place, which specifies the circumstances in which a recall of products should be considered. The recall procedure should specify who should be involved in evaluating the information, which may result in a recall, how a recall should be initiated, who should be informed about the recall, and how the recalled material should be treated. In the event of a serious and potentially life-threatening situation, local and national authorities should be informed and their advice sought.

7.4.7 Contract Production and Analysis

The roots and tubers industry has not been flourishing globally for the production of different products. Therefore, contract production appears to be limited in this field in the specific region. But the companies dealing with the product of global acceptance are increasingly considering the use of other manufacturers to produce their products.
The principle underlying contract production should be very simple and easy to understand. The work has to be well-defined, agreed upon and controlled to avoid misunderstandings. There has to be a written contract and documentation specifying the duties of all parties and the standards that must be met, to avoid such misunderstandings. The course of action after the rejection of materials or products should also be specified in the contract.
The contract giver (client/company) is accountable for examining the competence of the proposed contract accepter, that the work assigned can be carried out or not. This analysis must include an assessment as to whether the organization is able to operate as per the GMP principles. The contract accepter must also look that the necessary facilities to undertake the work and should have a manufacturing authorization to carry out the work.

7.4.8 Inspection, Supplier's Audit and Approval

Self-inspection Self-inspections should be conducted in order to monitor the implementation of GMPs. A team of experts may be constituted to conduct regular self-inspections. The frequency of inspections may depend upon the company�s requirements but should preferably be at least once a year. Self-inspection findings and the corrective actions should be recorded and management should follow up actions based on the reports and findings. The inspection/reviews should normally be conducted to verify the consistency of the product. The following evaluation may be carried out:
(a) Results from the in-process control and finished product test
(b) Processes, which failed to perform
(c) Products, which failed to meet specifications
(d) Any changes, carried out in the process
(e) Complaints and recalls
(f) Stability studies
Supplier's Audit and Approval In general, the person responsible for maintaining the quality should be involved along with other relevant departments for approving suppliers, who can supply materials of desired specifications. The suppliers of raw materials, used in the root and tuber produce, must submit documented proof of conformity. This should be a guideline in contractual arrangements with the suppliers:
� The processing plant should demand that the suppliers, without any delay, inform the processing plant, and bring up to date the food contract documentation, when there is a change of the raw material and/or additives.
� The details of the end produce, showing raw materials and additives used in the process, must be compiled as a check to allocate accountability to a supplier in the case of sub-standard raw material.
� The suppliers must be evaluated before their approval based on the supplier�s history and the nature of the materials is supplied.
� The practice of supplier audit is difficult to conduct, especially when the supplier is not interested in carrying out the business with the company. This difficulty may be more complex with companies dealing with small business volumes. In these cases, the suppliers can be approved based on their history and list of customers, dealing with the suppliers. Another approach may be to form a group of small companies, which can have an audit for the approval of suppliers.

7.4.9 Personnel and Training

Personnel The organization and maintenance of an adequate root and tuber production system and the correct manufacture and control of products is reliant upon personnel. The employee needs to have the qualifications, skills and knowledge with the right tools to enable them to develop a GMP in the organization (Karmacharya, 2012). The following points need to be considered:
� The responsibilities of the individuals should be defined and clearly recorded. It should be ensured that the responsibilities are understood to the employees.
� All personnel should be encouraged to support the enterprise and maintain high quality standards within the processing facility.
� The key personnel should further have good practical experience in the manufacture and quality assurance of the root and tuber product being processed.
� Unauthorized people should be prevented from entering the production, quality control and storage areas.
Training Requirements The root and tuber processor should provide training in accordance with a written procedure to the personnel involved in the production process. The following points may be considered:
� The employee should receive training appropriate to their assigned duties. The requirements of training should be clearly defined to ensure that staff ability and training are matched.
� The employee should be receptive to the principles of GMP that concern them and get continuous training to their requirements. Training must be documented to enable management to corroborate that staff are adept to conduct the responsibility requisite of them.
� The degree of training required for each practice should be defined to ensure that the ability of an employee and training are matched to procedural requirements.
Besides the above, the requirements needed to be charted, planned and put into practice are given in Table 7.7.

Table 7.7 Requirements to be put into practice
S. no. | Requirements
1 | Investigate the training requirements,
2 | Institute a training design with clear purpose.
3 | Perform the training.
4 | Measure the result.
5 | Appraise if the learners have obtained the required proficiencies.
6 | Quantify.

Training requirements must be regularly updated so as to give consistent results. Training should be established at all levels by identifying the gaps. The skill requirements in different areas within the root and tuber processing plamt can be observed, as per the given elements in Table 7.8.

Table 7.8 Skill requirements in various areas
S. no. |�Required Skills |�Areas
1 |�Communication Skills | Oral, written and presentation � Negotiation art � Language
2 |�Leadership skills | Training � Team work � Motivation � Facilitation � Feedback
3 |�Process Skills | Quality planning � Preparation of proposals � Process management � Problem solving � Decision management � Risk analysis and management
4 |�Manufacturing skills | Formulation and manufacturing procedures for R and T products � Statistical quality control � Equipment parameters � Processing parameters for R and T � Monitoring environment
5 |�Food microbiology and food chemistry | Good laboratory practices � Automation of various instruments � Methods development � Validation of methods
6 |�Auditor skills | Process/system approach
7 |�Supplier/contractor/third parties | QA of suppliers � QA of third parties
8 |�Quality systems | Product reviews � Complaints and failure investigations � Product release � Training � Material decisions � Review � Recall
9 |�Customer awareness |�Calibration and maintenance Handling customer complaints � Customer visits � Market surveys � Bench marking

7.4.10 Premises

Premises should be of appropriate size and located, designed, constructed, adapted and maintained to suit the different operations (Karmacharya, 2012). The features which should be focused upon in the premises for the root and tuber processing are given in Table 7.9.

Table 7.9 Features required for effective layout
S. no. | Materials of construction | Important features construction
1�| Walls | Be of plaster finish � Have Smooth Finish � Have Board of high concrete blocks or gypsum � Should be washable � Should resist cleaning and disinfecting agents � Should have minimum projecting shelves, fixtures and fittings
2 | Floors | Durable � Cleanable � Resistant to chemicals � Hard wearing finish
3 | Ceilings | Should be properly provided in office areas and sophisticated laboratories � Should be of non-combustible material � Have Smooth finish � Proper design of light fittings, air outlets � Should be easily cleaned � Should have minimum property to accumulate dust
4 | Services | Proper provisions for drains, water, steam and electricity � Ease of maintenance � Easily accessible � Doors should close tightly � Emergency exit is must but be shut � Sliding doors should be avoided � Effective layout � Proper control of humidity and temperature � Exposed pipelines should not touch walls

The design of the building and layout plan must have proper provisions for drainage, electricity, water, steam and other services for ease of maintenance. The design of the processing plants for roots and tubers should be planned to minimize the potential for contamination. The factory may have different doors for raw materials, employees, finished products and waste disposal.
The productions plan should aim at decreasing the possibility of cross-contamination and to circumvent slip-ups. The processor should strive to restrict excessive traffic in the production areas. This is accomplished by applying the onward flow principle. This entails a consecutive processing guarantee for a forward chain of produce, with no rear return, from the smallest point of development to the uppermost one.
During the manufacture process, there should not be any production lines interlacing or criss-crossing. There should be a separation of cool and warm zones within the root and tuber processing plant to avoid thermal pollution. The pipe work at exposed surfaces should be identified with the direction of facilities used. The different colour codes can be used for the identification of pipe lines in the root and tuber processing plamt (Table 7.10); however, the colour codes are to distinguish the lines, therefore the company may set these as per the standard norms or can devise its own norms in this respect.

Table 7.10 Colour codes of pipelines for processing industry
S. no. | Utility | Colour code
1 | Pressurized steam | Red
2 | Vacuum | Yellow
3 | Compressed air | Orange
4 | Nitrogen | Grey
5 | Oxygen | Light blue
6 | Water for firefighting/well water | Black

There should also be separation of clean and soiled areas, so that waste produced in each stage of manufacture can be removed as soon as possible in the most direct way. The air, water, lighting, ventilation, temperature and humidity within the plant should be controlled to avoid any negative effects on the quality of the products. The ancillary, storage, weighing, production and quality control areas should be cleaned as per requirements to maintain these standards (Karmacharya, 2012). Lighting levels should be appropriate in the root and tuber processing, so that the work can be carried out in an effective manner. Lighting of the packaging areas and production should be sufficiently bright to enable good vision. The various illumination level may be recommended in root and tuber processing industry which are presented in Table 7.11.

Table 7.11 Recommended illumination in premises
S. no. | Illumination intensity[5] (in Lux) | Areas
1 | 100�| Corridor for personnel traffic � Break room � Locker room � Rest rooms � Utility rooms � Staircase lobby
2 | 200�|� Workshop � Warehouse
3 | 300�| Laboratory
4 | 500�| Offices with reading activities � Production room � First aid room
5 | 750�| Draft room
6 | 1,000�| Visual inspection
1 foot candle = 1 lumen/feet2 = 10.764 lux

7.4.11 Equipment

The equipment which is used for processing of root and tuber produce shall be smooth, non-corrosive and washable without corners. The material from which the equipment is constructed is important. The major concern regarding the equipment is that no contamination of the product could occur from the construction material and, on the other hand, the material must not be degraded into the product. Thus, the equipment needs to be suitable for processing of roots and tuber products and it should also not be reactive, additive or absorptive. Equipment should be standardized periodically and marked. The benches used for processing shall be smooth, impermeable, hard-wearing and washable, and should not be made from unfinished wood or rough concrete.
The equipment should be easy to repair and maintain and be installed in an area which is also easy to clean. Repair and maintenance operations should not affect the quality of products. The equipment should be kept cleaned and cleanliness ensured before use. Preferably, CIP (Clean-in-place), an automated procedure should be adopted as compared to COP (Clean-out-of-place). An automatic control for regulating temperature should be put in place to alert employees to a significant change in temperature. A regular programme for maintaining the facilities and equipment used in the production of the root and tuber crops needs to be in place. Such a programme lowers the possibility of product defects and maintains the validated state of the facility or equipment.

7.4.12 Raw Materials

Raw materials form one of the most important areas that must be carefully controlled. The quality of procured roots and tubers and other materials to be used in the manufacture of the produce thus need to be specified accurately.
There needs to be in place a rejection process and the rejection tag should record the reference of the rejected batch and the reason for rejection. The conditions of acceptance /rejection of batches must be clearly defined. The different materials and their properties, which can act as the criterion of accepting or rejecting raw materials, are listed in Table 7.12.

Table 7.12 Different materials and their properties: A criterion of acceptance/rejection
S. no. | Materials | Acceptance/rejection
1 | Raw materials | Physical � Chemical � Microbiological � Sensory properties
2 | Chemicals | Chemical properties
3 | Packaging materials | Various properties, i.e. tensile strength, bursting strength, oxygen transfer rate, gas transmission rate, tear strength, elasticity, seal strength, peel strength, abrasion resistance, puncture resistance, etc.

The important considerations should be followed as:
� The specifications shall be defined according to food produce and the requirements for the finished product, as specified. The frequency will depend upon the variation in raw material, processes and testing accuracy. In some cases, external factors such as customer requirements and declarations of compliance can also be important in variations in frequency.
� All raw materials and additives used must confirm to food legislation. Raw materials used in the production should be consistent with the requirements of the finished produce.

7.4.13 Documentation

Documentation is an indispensable part of GMP and needs proper control and monitoring. The documentation ensures the availability of data for review, validation and analysis. The data, which are to be incorporated under the document, may involve specifications, procedures, methods to manufacture, quality control, maintenance plan, etc. It may also have records of inspection, audit, etc.
Holding and Distribution The true plan should get to the point where the product is delivered to the consumer. The following stages are considered important:
� Holding the products: This stage is very important to ensure that the products remain in good condition. Rough handling should be avoided and the products stored under clean, tidy and proper conditions. It can be very difficult to maintain effective stock rotation unless root and tuber products are stored in an ordered fashion.
� Distribution of products: The employees/people assigned to the duties in stores and warehouses must be trained and made fully aware of their responsibilities. This is the last opportunity to check whether everything is in good order. Therefore, the data regarding quantity, name, batch number, expiry date, date of dispatch, along with customer�s name and address should be maintained. The distribution records must be constructed to identify the defective product or facilitate recall of that defective product (Karmacharya, 2012).
� Process controls, warehousing and delivery: There should be in place general sanitation processes and controls, which are necessary to ensure that roots and tubers are suitable for human consumption. The control points such as humidity, temperature and flow rate should be properly maintained to store and disseminate the root and tuber produce in a secured way. The root and tuber manufacturers must have controls against contamination, mix-ups and mistakes for the duration of warehousing and distribution. Separate areas for product testing should be made available and procedures arranged for management, storage of products and distribution records to help trace deliveries. Specifications should also be prepared for warehouses and transport facilities, which are not under the direct control of the root and tuber product processing plant.
Stability Testing and Retest Date The retest date can be decided based on the properly designed stability studies:
� Storage conditions: The conditions under which roots and tubers are stored should be based on stability studies, which consider the potential effects of storage time, temperature and relative humidity. Based on the changes observed, a date can be established. The retest dates may be different for different climatic zones.
� Stability testing: The samples to be analyzed in the stability testing programme should be stored in packaging materials/containers, simulating the physico-chemical properties of those in which the product will be marketed. After the initial retest date has been established, this should be monitored later by adding at least one batch a year to the stability programme. When the same tropical roots and tubers are produced at several sites, at least one batch a year from each site should be added to the stability programme. The potential effects of critical process changes upon established retest dates should be monitored by adding samples made by the modified process to the stability programme. Data collected during stability testing should be properly evaluated after each test point, so as to determine if there are any unexpected trends that might indicate a significant change in the retest period.




7.5 GMPs in Low-income Countries

The different food standards have swiftly infiltrated into agro-food marketplaces (Reardon and Farina, 2001) and manufacturing. Compliance with GMP is a necessary condition for marketing authorization in a number of countries. While GMP compliance is not universally adopted in low-income countries, the governments are under pressure to comply with GMP requirements when granting marketing authorization to domestic processors. GMP requirements may need additional investments in upgrading manufacturing facilities and this has implications to local producers. Concern has been raised in relation to the likely cost of standards inclusive of GMPs on smallholders in low-income nations (Fuchs et al, 2011; Vandermeer, 2006; Unnevehr, 2008). This evolves from the fact that strict GMPs could marginalize small producers, restricting access to export markets and result in higher manufacturing costs on smaller producers (ASARECA/ECAPAPA. 2004: Jaffee et al., 2005). Marketplace forces have motivated the improvement of many GMPs through the demand by consumers in developed markets for robust food safety and food quality assurances. This is often combined with traceability or identity preservation systems. The value chain approach to industrial development in the Agricultural Sector has become the standard by which agricultural investment is evaluated (UNIDO et al., 2010).
The leaving out of small-scale processors in developing countries from GMP systems is an issue of concern, since compliance with standards often necessitates substantial human, physical, financial, informational and network capital. Lack of funds and the certification expenses are on the whole common factors explaining the non-compliance of small-scale processors with standards (Hatanaka et al., 2005; Henson et al., 2011). Measures to escape seclusion, which may be put into practice, include:
� Presenting ample training to overcome human investment restraints;
� Fostering the development of the root and tuber infrastructure requisite to shore up GMPs in a low-income nation�s setting, such as third-party monitoring and quality corroboration schemes;
� Encouraging the participation of roots and tubers manufacturer associations to provide a significant group for the dissemination of information on GMPs to small-scale processors and improve the contractual influence of individual processors.



7.6 Conclusions

GMPs assure that the products can be processed consistently and controlled to the needs of the proposed use and as obligatory by the authority. Compliance with GMPs is thus important for marketing of processed root and tuber produce in many international markets. GMP compliance has not been universally adopted in low-income countries due to lack of awareness and fear of high investment. Therefore, the proper knowledge, dissemination and coordinated efforts between entrepreneurs and regulatory agencies may bring out its implementation effectively, which will boost the trade and bring economic advantages.
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8.1 Food Safety

Food serves as a rich source of nutrients, central to health and social well-being of individuals and communities, but if improperly handled, they could serve as a medium of disease transmission (Mensah et al., 2012). Food safety is the guarantee that food will not be harmful when prepared and/or consumed according to its prospective use. Food safety is of growing global concern because of its importance to public health and its influence on international trade. The avoidance of foods that are contaminated with fungi, viruses, bacteria, toxins, chemicals and other contaminants is crucial to healthy living. However, the most important food safety problem is food-borne illnesses caused by microorganisms.
Food-borne illness is any disease resulting from the ingestion of food that has been contaminated by pathogenic microorganisms, parasitized and also with chemical or natural toxins. Food-borne disease can result from the presence of toxins, which affect the environment and could also be due to food intoxication or food poisoning.
Between 2009 and 2010,1,527 food-borne disease outbreaks occurred in the United States, which resulted into 23 deaths, 29 444 cases of illness and 1,184 hospitalizations. The pathogen-commodity pairs (germs and foods) accountable for the majority of these outbreaks were Salmonella in eggs, E. coli O157 in beef, and Listeria spp in dairy products (CDC, 2013). The food-borne illness cases in Australia is estimated to be about 5.4 million cases yearly, which accounts for 120 deaths, 18 000 hospitalizations,
2.1 million absenteeism, 1.2 million doctor consultations and 300000 prescriptions for antibiotics (OzFoodNet, 2014). Salmonellosis and botulism outbreaks have been reported in Kwazulu-Natal in 2011 and Uganda between 2008 and 2009, respectively (Niel et al., 2012).



8.2 Food Safety Hazards

A hazard is a chemical, biological or physical agent contained in a food with the tendency to cause harm and hence can be classified under physical, chemical and biological hazards.

8.2.1 Biological Safety of Foods

Examples of biological hazards are viruses, disease-causing bacteria, prions and parasites. Some of these organisms are ubiquitous. These hazards are of important concern and are usually caused by poor sanitation, poor personal hygiene, contaminated ingredients, improper cooling or heating, etc.
� Bacteria: Some of the bacteria, such as lactic acid bacteria are beneficial and play an important role in many foods such as yoghurt, sauerkraut, sour beer, etc. while some are pathogenic, thereby causing food infections and intoxication, e.g. Clostridium botulinum, Bacillus cereus, pathogenic Escherichia coli, Streptococcus pyogenes, etc. The activity of some bacteria on food also leads to food spoilage, e.g. Acinetobacter, Pseudomonas and Moraxella spp cause meat spoilage.
� Viruses: Significant numbers of viruses can cause food-borne illness. The viruses are smaller in size, cannot grow and reproduce without a host, are incomplete cells and do not multiply in foods. Consuming a food with only a few viral particles is sufficient to cause an illness. Therefore, viruses are transmitted through faecal contaminated water or contact with sewage. Undercooked and raw sea foods such as scallops, mussels, clam, oysters and shellfish are the most frequently encountered foods carrying food-borne viral diseases.
� Parasites: Parasites depend on a host for survival and derive their food at the expense of their host. The most common food-borne parasites are Anisakis simplex and Cryptosporidium parvum, which are all protozoa or single-celled organisms.

8.2.2 Chemical Safety of Foods

Agricultural chemicals, such as pesticides, antibiotic, fertilizers, drugs, allergens, naturally occurring toxins and food additives are all chemical hazards. The inappropriate use of animal drugs may lead to the presence of residues in the tissues of slaughtered animals, which can be harmful to consumers. The pesticides include herbicides, insecticides, fungicides, rodenticides and disinfectants, which are used to control weeds, insects, fungi, rodents and microorganisms, respectively. It is estimated that nearly three-quarters of the pesticides are used in agriculture (mainly during the growing stages of crops). Pesticides are also used during the storage and transportation of commodities.
In addition to pesticides, which are artificial chemicals, the food chain also contains several naturally occurring toxins. Examples of naturally occurring toxins are solanine in potato, gossypol in cotton seed, hydrogen cyanide in cassava, caffeine in coffee, etc. In addition, food products are usually packaged to make them acceptable, safe and appealing to consumers but some chemical hazards may be present in foods due to packaging, residual monomers, production chemicals (e.g. lubricants) and packaging ink. The 4-Methylbenzophenone was reported to have contaminated a packaged food in Germany in 2009. It was found in breakfast cereals and other foods to the proportion of 5 mg/kg, and its source was the printing ink on the outside of the carton.
Mycotoxins are chemical hazards that have been of public health concern; they are secondary metabolites of fungi which may cause both chronic and acute toxic effects in man and animals such as carcinogenic, mutagenic, teratogenic and estrogenic effects (Bankole and Adebanjo, 2003). Mycotoxins have attracted world-wide attention due to the significant losses associated with their impact on human and animal health, and its effect on the economy in terms of food supply (Bhat and Vashanti, 1999). The five agriculturally significant toxins from fungi are aflatoxins, ochratoxin A, fumonisins, deoxynivanelol and zearalenone (IARC, 1993). Some are produced during and immediately after harvest, while some are produced predominantly during storage (Bhat and Vasanthi, 2003). Among the mycotoxins, aflatoxin is the most significant, because it is commonly found in foods in higher concentrations than others. The examples of some outbreaks due to chemical hazards are listed in Table 8.1.

Table 8.1 Examples of some outbreak due to chemical hazards
S. No. | Outbreaks | Year | Country | Reference
1 | Pyrrolizidine alkaloids | 1920�| South Africa | Kakar (2010)
2 | Acute aflatoxicosis | 2004�| Kenya | Azziz et al. (2005)
3 | Chemical intoxication due to consumption of seed beans and maize | 2008�| Nigeria | WHO (2014)
4 | Pesticide residues outbreak from cabbage and other vegetables | Senegal | WHO (2014)
5 | Scombroid fish poisoning | 2010�| Dakar, Senegal | Demoncheaux et al. (2012)

8.2.3 Physical Safety of Foods

Physical hazards are foreign objects such as insects, dirt, jewellery, pieces of metal, wood, plastic, glass, insect parts, machine filings, etc. that inadvertently get into a food and could cause harm to someone eating that food. Because it is economically impractical, and sometimes impossible to grow, harvest or process raw products that are totally free of natural defects, there are established maximum levels for natural or unavoidable defects, which are called Food Defect Action Levels.
By understanding of how to reduce or eliminate food hazards, it is then possible to set up food safety controls, which may lower the risks to consumers.




8.3 Hazard Analysis Critical Control Point (HACCP)

The hazard analysis critical control point (HACCP) is a systematic approach to the identification, assessment and control of hazards. The system offers a rational approach to the control of microbiological hazards in foods and avoids many weaknesses inherent in the inspectional approach and circumvents the shortcomings of reliance on microbiological testing. By focusing attention on the factors that directly affect the safety of a food, it eliminates wasteful use of resources on extraneous considerations, while ensuring that the desired safety and quality levels are met and maintained (Bryan, 1992). It is applicable to all phases of food production and considered as a proactive tool that focuses on preventive measures rather than end product testing.

8.3.1 Pre Steps for HACCP

Prerequisite programmes involve several steps and procedures to provide a safe environment and condition for the production of foods. The prerequisite programmes include:
1.�Assemble HACCP team: It is also critical to use a multidisciplinary team to develop the programme, especially for conducting risk assessment and determining critical control points. The team should be trained in HACCP and include members with expertise in microbiology, production, engineering, chemistry and food technology. Where such expertise is not available on site, expert advice could be obtained from other sources.
2.�Describe the product: A full description of the product should be drawn up, including relevant safety information about such as composition, how the product is to be packaged, labelling instructions, how the product is to be used, target groups, shelf life, conditions of storage, method of distribution, etc.
3.�Identify intended use: The intended use is based on the expected uses of the product by the end user or consumer. In specific cases, vulnerable groups of the population, for example, institutional feeding, may have to be considered.
4.�Construct flow diagram: The flow diagram should be constructed by the HACCP team. Through the diagram, it is easier to identify routes of potential contamination and to discuss and develop methods of control among the HACCP team. The process flow diagram will identify the important processing steps used in the production of the specific product being assessed.
5.�On-site verification of flow diagram: The processing operation is to be confirmed against the flow diagram during all stages and hours of operation. The flow diagram can be amended, if needed, during the analysis of different stages and operations.

8.3.2 The Seven HACCP Principles

HACCP plans are written documents based on seven HACCP principles (Figure 8.1) that describe the procedures to be followed. Generic HACCP plans can be a useful guide, but a HACCP system must be developed and customized to an individual company�s specific processing and distribution conditions.
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Figure 8.1 The seven HACCP principles.

1.�Conduct Hazard analysis: HACCP focuses on hazards instead of contaminants because many potentially hazardous agents may be commonly detected in very small quantities in food and may not be harmful. Therefore, the concentration of the hazard is an important consideration. Hazard analysis consists of an evaluation of all procedures concerned with the production, distribution and use of raw materials in food products to:
� identify harmful raw materials and foods that may contain hazardous substances and food borne pathogens and microorganisms;
� identify the possible sources of contamination and specific contamination points;
� determine the probability that microorganisms will survive or multiply during production, processing, distribution, storage and preparation; and
� assess the risks and severity of the hazards identified.
2.�Determine Critical control point (CCP): The Codex guidelines define a critical control point (CCP) as �a step at which control can be applied and is essential to prevent or eliminate a food safety hazard or reduce it to an acceptable level.� A CCP is the point at which control can be exercised over one or more factors in order to eliminate, prevent or minimize a hazard. In some food processes, control of a single operation can eliminate one or more microbial hazards, for example in pasteurization. It is also possible to identify control points at which a hazard can be minimized but not completely eliminated.
Prior to determining CCPs, the HACCP team must verify if any of the identified hazards are fully controlled by the application of the General Principles of Food Hygiene, good manufacturing practices (GMPs), good hygienic practices (GHPs) or good agricultural practices. Hazards that are not fully controlled by
GMPs should be analyzed to determine whether they are CCPs or not. The decision tree consists of a systematic series of questions designed to assess objectively whether a CCP is required to control the identified hazard at a specific operation of the process or not. The decision tree questions are stated in Figure 8.2.
[image: ]
Figure 8.2 The decision tree (Source: NACMCF, 1997).

3.�Establish critical limits: A critical limit represents the boundaries that are used to judge produce safe products. Factors to be monitored may include time and temperature, water activity (aw) of certain foods, pH of fermented foods, chlorine levels in treated water, humidity in storage areas for dry products, etc. All criteria selected should be documented or specified clearly with tolerance levels wherever required. Choice of control criteria will depend on usefulness, cost and feasibility, but they must provide high assurance of control. These parameters, if maintained within boundaries, will confirm the safety of the product. The critical limits should meet requirements of government regulations and/or company standards and/or be supported by other scientific data.
4.�Establish monitoring procedures: Monitoring is the scheduled measurement or observation of a CCP relative to its critical limits. The procedures for monitoring must be able to detect loss of control at the CCP. Therefore, it is expedient to state fully how, when and by whom monitoring is to be executed. Monitoring involves the systematic observation, measurement and/or recording of the significant factors to control the hazards. The monitoring procedures chosen must enable action to be taken to rectify an out-of-control situation before or during an operation. The monitoring must detect any deviation from the specification (loss of control) in time for corrective action to be taken before the product is sold or distributed. Five main types of monitoring such as observation, sensory evaluation, measurement of physical properties, chemical testing and microbiological examination, are generally employed. The monitoring includes:
� Who will monitor and what is monitored?
� Frequency of monitoring
� How critical limits and preventive measures are monitored?
� To measure the performance level of the system�s operation at the CCP (trend analysis)
� To determine when the performance level of the system results in a loss of control at the CCP
� To establish records that reflect the performance level of the system�s operation at the CCP to comply with the HACCP plan
� The monitoring specifications for each CCP should be written.
5.�Establish corrective actions: Corrective actions are procedures followed when a CCP deviation occurs. The procedures cover determining the cause and correcting it, disposing of any non-conforming product, and recording what has been done. Corrective action options include isolating and holding the product for safety evaluation, diverting the affected product or ingredients to another line where the deviation would not be considered critical, reprocessing or destroying product.
6.�Establish verification procedures: The activities that determine the validity of the HACCP plan, fall under the preview of verification. The verification also comprises to see whether the system is operating according to plan. HACCP verification is the most important factor affecting its continuing effectiveness. Regular and frequent internal audits will determine whether the HACCP system is continuing to work.
Verification may be carried out either internally or externally. For validation, the following may be considered:
� scientific studies and expert advice;
� internal evaluations based on observations;
� comprehensive verification should be conducted by neutral agency.
7.�Establish record-keeping and documentation procedures: HACCP system records generally include a summary of the hazard analysis, the HACCP plan and records generated during the operation of the plan. This includes keeping records of CCP monitoring, corrective action and verification activities. Efficient and accurate record-keeping is essential to the application of an HACCP system. Documentation and record-keeping should be appropriate to the nature and size of the operation.




8.4 Roots and Tubers

Potato and sweet potato originated in Latin America (Horton, 1988). The existence of cassava dates back to the 16th century, especially to the West coast of Africa and later to East Africa. Its further spread in Africa took place during the 20th century, probably under the influence of colonial masters, in which it was grown as a reserve famine crop due to its ability to counteract locust attack (Hillocks, 2002). It is currently grown in all countries in Africa. Yam includes some species that have moved from Africa to North and South America, and others that have travelled from Asia to Africa (Scott et al., 2000a). Figure 8.3 shows the origin of some root and tuber crops.
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Figure 8.3 Origin of some root and tuber crops.

More than 30 edible and non-edible species of roots and tubers are grown today. The important ones are cassava, potato, sweet potato, yam, cocoyam, ginger, taro and yam bean (Scott et al., 2000a, b).
Roots and tubers needs to be processed because they are highly perishable and tremendous losses occur after harvesting due to mechanical injury, bad handling practices, metabolic losses, respiration, microbial activities, actions of pests, rodents and diseases, sprouting, exposure to extremes of temperature, bulky and difficult to handle and vascular streaking amongst others. Therefore, roots and tubers are processed into various forms in order to increase the shelf life of the products, facilitate transportation and marketing, reduce toxicity and improve palatability.

8.4.1 Cassava Processing

The popular processed form of cassava tubers are meal, flour, chips and starch. The meal and the flour are the major categories used for food, especially in the tropics while cassava starch and chips are mainly industrial products that entered international trade. The meal forms include gari, High Quality Cassava Flour (HQCF), fufu, etc.
8.4.1.1 Pre-requisites for HACCP
To produce high-quality cassava flour (HQCF) and fufu flour, it is important to adopt and implement the standards and food safety programme in the processing. Before implementing a food safety programme, HACCP, it is mandatory to first implement pre-requisite programmes like GMP, GHP and standard operating procedures. These products have to be produced according to the principles of Good Manufacturing
Practice (GMP) and Good Hygiene Practices (GHP), which provide operators with the basic rules of processing cassava in order to guarantee compliance with food safety and quality of the derived food products and therefore guarantee the consumers� health, as well as to minimize quality losses.
(a) Good hygiene practices (GHP) for HQCF and/or fufu: may focus carefully on the personnel hygiene, designated eating areas, personnel hygiene facilities and hygiene establishment.
Cleaning aids required during the preparation of HQCF and fufu include the following: stiff brooms, soft brooms, soft brushes, hard stiff brushes, mop buckets, vacuum cleaners with accessories, net sponges, mechanical scrubbers, mops, sweeping brushes, long-handled brushes, water hoses and dusters. Cleaning chemicals may include detergents in the form of soaps, disinfectants, quaternary ammonium compound, etc. Responsible personnel should be put in charge of sanitation to monitor and check effectiveness of cleaning and maintenance, keep records of cleaning regimes and conduct regular auditing premises for sanitation and hygiene.
(b) Good manufacturing practices (GMP) for HQCF and/or fufu: GMPs are a combination of manufacturing and quality control procedures aimed at ensuring that products are consistently manufactured to their specifications. The good manufacturing practices are required in order to produce safe and high quality HQCF/fufu flour, are briefly illustrated:
(b.1) Fresh Cassava Production Point (Assurance of Quality of the Supplier)
� Cassava suppliers must ensure the quality and safety of the product.
In particular:
��Cassava farms must be appropriately located within environment, free from hazards.
��Plant pest and disease control measures must be undertaken with chemical, biological or physical agents often under the supervision of agricultural experts, with a thorough understanding of the hazards involving the possibility of toxic residues being retained by the crop.
��Farmers are to receive training in good agricultural practices, for example in the application of fertilizers, pesticides and how to store hazardous chemicals.
��Weeds must be controlled and destroyed from farm fields and soil must be well conditioned to allow maximum yield of crop.
��Plant diseases must also be controlled and managed effectively.
��Where possible, records on chemical and fertilizer application regimes as well as farm records should be kept for reference.
(b.2) Design and Facilities
Processing plants are not to be sited close to environments of high industrial pollution. The land must slope gently and have proper drainage system. Construction of facilities must keep out pests and permit adequate arrangement, maintenance, cleaning and functioning of equipment. The internal designs must be ideal for good hygiene practices and protection against cross-contamination during operation. Structures must be built with durable materials, which are easy to maintain, clean and disinfect. Design should minimize dust from flour during production. Walls and floors should be smooth, impervious and easy to sweep and wash. Ceilings and roofing should be well finished to minimize build-up of dirt, condensation and the shedding of particles. Windows should have insect-proof net screens that are easy to clean and allow proper ventilation to minimize the dust.
Food contact surfaces must be easy to clean, disinfect, maintain and should be non-toxic to the products. Iron reacts with cyanide so equipment made of this metal should be used with caution. All equipment used for peeling, washing, grating, de-watering, drying and milling are designed to achieve quality specification of products. There should be monitoring devices available to check product during production. Facilities should be available for handling, cleaning, waste disposal and ensuring personnel hygiene. There should also be adequate natural ventilation, good lighting and storage facilities. An example of a good layout for food processing is given in Figure 8.4.
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Figure 8.4 An example of good layout for food processing.

(b.3) Walls, Floors, Windows and Roofs
Brooms and brushes must be used to scrub and clean walls and floor. High-pressure jets may be used for relatively inaccessible spots covered with tenacious soil, which cannot be dealt with by a brush. The type of cleaning, which involves high-pressure jets, should be done often for wet processing areas of cassava such as the peeling, grating and de-watering of pressing areas. Rubber strips of squeegees must be pressed in close contact with the floor by pressure on the handle and pushed along floor. Walls and floors must be scrubbed with detergent, rinsed and dried. However, for warehouse and storage room floors, vacuum cleaning of floors must be done to remove dust or spilled dried materials. Suitable vacuum cleaning attachments should be used to remove dirt from roof girders and to collect dust. Roof girders must be cleaned before floors. Order of cleaning must be planned so that dirt is washed down onto a surface still to be cleaned and not one that has already been cleaned. All cleaning must be worked from ceiling down to the floor. Scrubbing and mopping of floors, cleaning of windows and window screens must be done using clean water or vacuum cleaning.
(b.4) Cleaning and Maintenance
Equipment should be well-maintained to facilitate correct sanitation procedures and prevent contamination. Metal deposits from an attrition mill may result from poor adjustment of the mill plates, jewellery and contaminants (greases and lubricating oils) and should be avoided in the finished products of cassava. Physical and chemical cleaning as well as disinfection should be carried out regularly.
(b.5) Pest Control
Pest control is the prime responsibility and therefore staff must be responsible for monitoring the plant for rodent infestation and their elimination. The assignment should include baiting and recommendations on repairs that are necessary to keep out rodents. Access to processing and storage facilities by rodents must be completely avoided. Cracks and holes must be sealed and filled, once observed. Containers for storing food must be rodent proof. Traps must be placed along rodent pathways. Anticoagulant rodenticides may be used to kill rodents. Regular spraying of the environment with insecticides and the use of screen netting must be ensured to eliminate insects, cockroaches, houseflies, etc. Waste from the plant must be disposed of promptly to avoid the attraction of pests.
(b.6) Control of Operations
Monitoring procedures must check against chemical, microbiological and physical contamination of product. Packaging of food products should permit adequate protection from damage, contamination and allow adequate labelling and must not react chemically with the product. Package must be impermeable to water and oxygen.
Records of processing, production and distribution are required to enhance the credibility of the food safety systems. Personnel must have requisite skills and training in food hygiene principles and practices and be able to predict potential risks, take appropriate preventive and corrective actions. If the products are exhibited to be hazardous to health, they must be recalled and must not be sold for human consumption.
(b.7) Transportation
During transportation of food products, avoid contamination of products and packaging materials. The cleaning and disinfection of vehicles are necessary. The ideal temperature and humidity must be maintained, whereas dust and water must not come into contact with products.
(b.8) Product Information and Consumer Awareness
The practice of the First-in First-out (FIFO) principle of stocking may be maintained. The product containers for lot identification and traceability are to be maintained. Products for the consumer market must bear adequate information for handling, storage, preparation and use of product safely and correctly.
8.4.1.2 Hazard Analysis and Critical Control Point (HACCP) of High-Quality Cassava Flour (HQCF) and/or Fufu Flour
The legislative guidelines and standards related to the production of HQCF and fufu flour using HACCP principles are as follows:
(a) Product description
� According to the African Organisation for Standardization (ARS) 840/2012, high-quality cassava flour (HQCF) is unfermented cassava flour prepared from
fresh cassava roots through the process of peeling, size reduction, dewatering, drying and milling. HQCF may also be prepared from any of the intermediate products such as chips and/or grits.
� Fufu is a pasty cassava mash, which is cooked in boiling water and consumed with soup. Unlike other fermented cassava products, it has a very strong odour. Fufu is very popular in East and West Africa. It is prepared from fresh cassava roots through a process of peeling, washing, steeping, pressing and boiling to form a ball. Fufu can also be prepared from the flour, which is herein referred to as fufu flour.
(b) Requirements for HQCF and fufu flour
According to ARS 840/2012, and Codex Standard 176-1989 on edible cassava flour, HQCF and fufu flour should be have following requirements (Table 8.2).
(c) Quality requirements for HQCF and fufu flour
The quality requirements for HQCF and fufu flour are given below in Table 8.3.
(d) Physico-chemical and microbiological requirements for HQCF and fufu flour
The physico-chemical and microbiological requirements for HQCF and fufu flour are given in Table 8.4.
(e) Level of contaminants for HQCF and fufu flour
The level of contaminants for HQCF and fufu flour are given in Table 8.5.

Table 8.2 Requirements of HQCF and fufu flour
S. No. | Requirements
1 | Free of extraneous matter
2 | Free of odour, insects and foreign matter
3 | Safe and suitable for human consumption
4 | Of colour characteristic of the variety

Table 8.3 Quality requirements for HQCF and fufu flour
S. no. | Composition | Amount
1 | Moisture content (max), by mass | 12%
2 | Starch content by mass (min) | 60%
3 | Cyanide content on dry matter basis (max) | 10 mg/kg
4 | Acid insoluble ash (max) | 0.35%
5 | pH | 5.5-7
6 | Total acidity (max), by mass | 0.2%
7 | Crude fiber (max) | 0.2%
Source: Codex Standard 176-1989, ARS 840/2012 FAO (1991)

Table 8.4 Physico-chemical and microbiological requirements for HQCF and fufu flour
S. No. | Properties | Components | Requirements
1 | Physical | Size | Not <95�% by mass should pass through a sieve of 250 pm mesh screen for coarse flour
2 | Chemical | Color | A blue-black coloration when tested with iodine. Pasting temperature <75��C
3 | Microbiological | Total plate count, CFU/g | 105
Vibrio cholera, CFU/g | Absent
Escherichia coli, CFU/g (Max) | Absent
Salmonella, per 25 g (Max) | Absent
Yeast and mould, CFU/g (Max) | 103
Staphylococcus aureus, CFU/g (Max) | 102
Coliforms, CFU/g (Max) | Absent
Source: Codex Standard 176-1989, ARS 840/2012 FAO (1991)

Table 8.5 The level of contaminants for HQCF and fufu flour
S. No. | Contaminant | Requirements
1 | Cyanide content (Max)[6] | 10 mg/kg
2 | Total mycotoxins (Max) | 10 pg/kg
3 | Aflatoxin B1 (Max) | 5 pg/kg
4 | Lead | 0.1 ppm
5 | Cadmium | 0.2 ppm
6 | Mercury | 0.1 ppm[7]
7 | Pesticides (Max) | 0.01 mg/kg (ppm)
Limit set as per EU (1881/2006)

The major objective of the HACCP system is to identify all the hazards related to the production of a specific foodstuff, and to define preventive measures and corrective actions to prevent them. Critical control points for HQCF and fufu flour have been identified together with preventive measures and corrective measures and verification, and these are shown in Figures 8.5 and 8.6 and Tables 8.6 and 8.7.
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Figure 8.5 Identification of Critical Control Points (CCPs) for HQCF (Obadina et al., 2014).
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Figure 8.6 Identification of Critical Control Points (CCPs) for fufu flour.

Table 8.6 An HACCP plan identifying the control point and critical control points for the production of HQCF
Critical Control point (CCP) |�Pressing/dewatering
Significant Hazard |�Chemical: Cyanide; Biological: Bacillus SPP, Staphylococcus aureous
Control/Preventive measure |�Complete pressing to remove liguor with high amount of cyanide; Proper check of raw materials; Avoid contact to the foods, use clean polypropylene sacks and clean press
Critical Limits for control measure |�50�% moisture level of press cake. Complete absence of dirt
Monitoring
� What |�Moisture of press cake. Dirt on press and sacks
� How |�Finger press feel of cake. Visual inspection
� Frequency |�Every 10 min of pressing. Before usage
� Who |�Press operator. Supervisor/operator
� Records |�Moisture of press cake. Absence of dirt
Corrective action/Records |�Repress by increasing pressure of press on press cake. Good quality of raw material, Avoid contact to the foods. Clean and sanitize press and sacks
Verification |�Proper working of press Recheck dryness. Inspect press and sacks for cleanliness
Critical Control point (CCP) |�Flash drying/solar drying/oven drying
Significant Hazard |�Biological: Bacillus spp, Staphylococcus aureous; Physical: dust; Chemical: Cyanide
Control/Preventive measure |�Complete drying of HQCF Proper check of raw materials. Avoid contact to the foods Use net screens over the dryers. Provide hard surfaces at drying sections
Critical Limits for control measure |�Less than 12�% moisture content. Absence of droppings and dust
Monitoring
� What |�Moisture content. Bird/pest. Droppings and dust
� How |�Determination of moisture content. Visual examination
� Frequency |�Every batch of product. Visual Examination
� Who |�Quality control officer. Drying operators
� Records |�Moisture Analysis. Presence of droppings and dust
Corrective action/Records |�Start drying early re-dry or use product for a different purpose. Use contaminated product for animal feed or dispose appropriately. Drive off pests
Verification |�Check drying temperature and working conditions of driers. Inspect drying area for presence of pest, birds and domestic animals

8.4.2 Hazard Analysis and Critical Control Point (HACCP) of Instant Yam Flour

(a) Product description: Instant yam flour is unfermented yam flour prepared from fresh yam tubers through a process of peeling, washing, slicing and cooking, followed by drying and milling.
(b) Requirements for Instant Yam Flour: According to the African Organisation for Standardization (ARS 53/2012) and to the Codex Standard, instant yam flour should have the same requirements as listed for HQCF and fufu flour in Tables 8.2, 8.3 and 8.4.
(c) Level of contaminants for instant yam flour: The level of contaminants for instant yam flour are total mycotoxins (10 pg/kg, max), aflatoxin B1 (5 pg/Kg, max) and pesticides (0.01 g/kg, max).
The critical control point (drying) for instant yam flour along with preventive measures, corrective measures and verification tools is given in Figure 8.7 and Table 8.7.
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Figure 8.7 Identification of critical control points (CCPs) for instant yam flour (Obadina et al., 2014).

Table 8.7 An HACCP plan identifying the critical control points for the production of fufu flour
Critical Control Point (CCP)�|�Steeping
Hazard description�|�Chemical: Hydrogen cyanide. Biological: Bacillus spp, Staphylococcus aureous
Preventive measures�|�Adequate fermentation process and growth of desirable microorganisms. Proper check of raw materials, Avoid contact to the foods.
Critical limit�|�Fermentation between 72 and 96 h. Temperature, 28�35��C. Absence of contact. Quality raw material, which is free from microbes.
Monitoring procedure�|�Check temperature and time regularly
Monitoring frequency�|�Each batch. Adequate fermentation and growth of desirable microorganisms
Responsibility�|�Quality control./assurance (QA) officer
Corrective actions�|�Adjust the temperature and time
Verification Procedures�|�*Fermentation conditions. Examination of chemical and microbiological tests. *Educate Personnel
Critical Control Point (CCP)�|�Oven drying
Hazard description�|�Biological: Bacillus spp, Staphylococcus aureous. Physical: Sand from environment. Chemical: Hydrogen cyanide
Preventive measures�|�Upgrade the drying process where necessary, Drying under an enclosed surface Adequate drying conditions. Avoid contact to the foods
Critical limit�|�Extraneous matter: <1�%. Moisture (min): 11�12�%. Mould: Nil. Drying conditions: 50�60��C for 24�48 h
Monitoring procedure�|�Moisture content testing. Microbiological tests. Physical test. HCN content. Record keeping
Monitoring frequency�|�Each batch
Responsibility�|�Quality control. (QC)/assurance department
Corrective actions�|�If moisture content is too high, then product should be subjected to more drying. The drying temperature and time can be adjusted, based on the cyanide content and microorganisms
Verification Procedures�|�*The level of HCN. content. *Drying method, time and temperature

Table 8.8 Requirements of sweet potato chips
S. No. |�Requirements
1 |�Safe and suitable for human consumption
2 |�Taste and odour shall be typical of the product
3 |�Colour shall be the characteristic of the variety
4 |�Should not be mouldy
5 |�Must be free from substances that are hazardous to human health
6 |�Foreign matters both organic and inorganic materials other than extraneous matter must be absent
7 |�Raw material shall be mature, free from diseases, not highly fibrous and spongy.

8.4.3 Sweet Potato Chips

Sweet potato is the number one root crop in Rwanda, Angola, Botswana, Burundi, Ethiopia, Kenya, Lesotho, Madagascar, Malawi, Mauritius, Mozambique, Somalia, Swaziland, Uganda, Zaire, Zambia and Zimbabwe (Ewen and Mutuura, 1991). Sweet potato chips are a type of snack made by washing, slicing, drying/frying and packaging. The sweet potato tubers are sliced, but not usually grated because grating induces enzymatic browning reactions and the fresh grated product is quickly subjected to an undesirable spontaneous fermentation.
(a) Requirements for sweet potato chips: The requirements of sweet potato chips are given in Table 8.8.
(b) Physico-chemical and microbiological requirements for sweet potato chips: The physico-chemical and microbiological requirements for sweet potato chips are given in Table 8.9.
(c) Level of contaminants for dried sweet potato chips: The level of contaminants for sweet potato chips must follow the standards given in Table 8.10.

Table 8.9 Physico-chemical and microbiological requirements for dried sweet potato chips
S. No. | Properties |
| Components | Requirements
1 | Composition |
| Moisture content (Max) | 12�% (by mass)
| Total ash (Max) | 3�% (on dry matter basis)
| Acid insoluble ash | 0.15�% (on dry matter basis)
Crude fibre (Max) | 2�% (on dry matter basis) <1cfu/g, max
2 | Microbiological |
| Coliform count |
| Salmonella count | Absent
Source: EAS 772: 2012 ICS 67.080.20

Table 8.10 Level of contaminants for dried sweet potato chips
S. No | Contaminant | Standards
1 | Food additive | CODEX standards (Codex STAN 192-1995)
2 | Pesticides | Codex Alimentarius Commission for food product (CAC/MRL 1-2009)
3 | Contaminants and toxins in food and feed | General Standard for contaminants and toxins in food and feed (CODEX STAN 193-1995)
Source: East African Standard (2012)Critical

The process flow of sweet potato chips is shown in Figure 8.8. Critical control point (frying) for this product together with preventive measure, corrective measures and verification tools are shown in Figure 8.8 and Table 8.11. Also, the preventive measures, corrective measures and verification tools of biological hazards that can occur as a result of oven drying being the other CCP are similar to that of instant yam flour in Table 8.7.
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Figure 8.8 Identification of CCPs for sweet potato chips.

Table 8.11 HACCP plan for the production of sweet potato chips
Critical Control Point (CCP) | Frying
Significant Hazard | Chemical: *acrylamide. *Trans fatty acids formation
Control/Preventive measures | *Ensure frying equipment�s are clean. *Ensure that frying is done in a clean, enclosed and well-ventilated environment. *Ensure that frying is carried out within critical limits. *Use of automated frying equipment.
Critical Limits for control measure | *Temperature and time *Dirt�s on frying equipment�s. *Cleanliness of the environment. *Temperature and time
Monitoring Corrective action/Records
� What | *Visual inspection. *Temperature regulator. *Use of automated frying equipment with regulated temperature and time.
� How | *Before and after usage. *Every batch of product
� Frequency | *Quality control officer. *Frying operators
� Who | *Absence of dirt�s. *Time and Temperature of frying.
� Records | *Clean equipment and environment. *Adjust temperature of frying
Verification | *Inspect equipment and envi- ronment. *Re-check working condition of fryer. *Educate Personnel




8.5 Summary and Future Research

In view of food safety, it has become important to apply the HACCP approach to address the guarantee of food safety in the root and tuber processing sector. However, the rationale, prerequisite, principles and requirements of HACCP need to be well understood before they can be integrated into the root and tuber processing sector, in order to control the challenges posed by physical, chemical and biological hazards. Due to the increasing awareness towards safety, there is a need of a comprehensive plan, which can be implemented for different root and tuber products. A wide gap exists in the implementation of HACCP and research carried out on this aspect, therefore this requires the attention of the researchers.
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9.�Taro: Technological Interventions




9.1. Taro Flour, Achu and Starch
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9.1.1 Taro

Taro (Colocasia esculenta), which is from the family Araceae, is a widely-produced tuber in tropical and semi-tropical areas for its underground corms. The different varieties of taro such as dasheen, eddo and kalo are popular in many parts of the world including Asia, West Africa, South America, Central America, and the Caribbean and Polynesian islands (www.wikipedia.com). The species, Colocasia esculenta (L.) Schott, in the family Araceae, contributes to important food crops. Taro corms contain nutritionally beneficial components such as resistant starch and mucilage.
World-wide, taro ranks fourteenth among staple vegetable crops, with about 12 million tonnes produced globally from about 2 million hectares with an average yield of 6.5 t/ha (FAO, 2010). It is primarily grown for its edible tubers and 81�% of its cormels contribute to the edible portion. It is consumed world-wide for its nutritional value (Oscarsson and Savage, 2007). Taro corms (Figure 9.1.1) contain a considerable amount of starch (70�80 g/100 g dw). However, the variations in starch content may be due to storage and temperature. During storage of tubers, the sucrose and starch content declines in wild-type tubers, whereas glucose and fructose levels remain unchanged (Hajirezaei et al., 2003). In transgenic tubers, starch degradation is accelerated and fructose levels increase slightly. Furthermore, a change in carbohydrate metabolism is accompanied by an elevated level of phosphorylated intermediates, and a stimulated rate of respiration (Hajirezaei et al., 2003).
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Figure 9.1.1 Taro corm.

At low temperatures, stored tubers contain significantly lower concentrations of starch than those stored at higher temperatures (Knutsson, 2012). This may be due to the impact of high temperatures on starch transformation, increased respiration losses and the fact that sugar had been used for germination by tubers stored at high temperatures. An increased storage temperature results in decreased accumulation of sugar, but it also shortens the life of the tubers, since high storage temperatures activate the physiological processes within the tubers and increase their ability to start germinating (Fogelfors, 2001).
Taro contains 77.5�% moisture per 100 g edible corm portion (Lambert, 1982), while upland cultivated taro corms contain moisture content in the range of 63.6-72.4�% (Huang et al., 2007). Taro is an excellent energy source, supplying energy in the range 97.1-118.3 kcal/100 g fresh taro (Huang et al., 2007). Taro corms are moderately good sources of water-soluble vitamins compared to other tropical roots (Amon et al., 2011). Taro contains minerals such as sodium, calcium, potassium and magnesium, whose salts regulate the acid-base balance of the body (Lewu et al., 2010) and also contains phosphorus, zinc and iron (Lambert, 1982). Taro leaves are also frequently consumed as a vegetable in different parts of the world. Taro leaves contain a good amount of protein and are an excellent source of carotene, minerals (phosphorous, calcium, potassium, iron), vitamins (vitamin A, thiamine, riboflavin, niacin, vitamin C) and dietary fiber (Opara, 2001). Taro leaves contain greater amounts of the vitamin B-complex than whole milk (Lee, 1999) and are higher in protein than that of tannia (new cocoyam; Xanthosoma sagittifolium) and all other nutrients except oil (Deo et al., 2009). The fresh taro leaf lamina and petiole contain 80 and 94�% moisture, respectively (Deo et al., 2009). The compositional pattern of taro is given in Table 9.1.1.

Table 9.1.1 Composition of taro
-�| Taro corms | Taro leaves | Taro petioles
Calories | 102.0�| 34.0�| 24.0�| 29.0
Moisture (%) | �. | 89.9�| � | 93.0
Protein (g) | 1.8�| 2.5�| 0.5�| 0.9
Fat (g) | 0.1�| 1.0�| 0.2�| 0.2
Carbohydrate (g) | 23.0�| 5.3�| 6.0�| 3.8
Fiber (g) | 1.0�| 2.1�| 0.9�| 1.0
Ash (g) | � | 1.3�|� | 1.3
Ca (mg) | 51.0�| 95.0�| 49.0�| 25.0
P (mg) | 88.0�| 338.0�| 25.0�| 12.0
Fe (mg) | 1.2�| 2.0�| 0.9�| 0.5
B-carotene equiv (mg) | Trace | 3300.0�| 180 (�g) | 180
Ascorbic Acid (mg) | 8.0�| 37.0�| 13.0�| 13.0
Thiamine (mg) | 0.1�| 0.1�| 0.02�| Trace
Riboflavin (mg) | 0.03�| 0.3�| 0.04�| Trace
Niacin (mg) | 0.8�| 1.5�| 0.4�| 0.4
References | FAO (1972) | O�Hair et al. (1982) | FAO (1972) | O�Hair et al. (1982)

9.1.2 Versatility of Taro

The digestibility of taro makes this tuber unique because of its small starch grains and hypoallergenic qualities. The starch extracted from taro corms appears as fine granules in the 0.5�5.0 micron range, and thus offers smooth-textured starch gel (Tattiyakul et al., 2005). Because of the small sizes of its starch granules, taro is highly digestible (98.5�%), and as such has been reported for use in the preparation of infant foods in Hawaii and other Pacific islands (Fetoh and Salwa, 2010). Taro corms, having yellow flesh, contain higher levels of �-carotene as compared to the corms with white flesh. Foods containing high levels of carotenoids have been shown to protect against chronic diseases, including certain cancers, cardiovascular disease and diabetes (Englberger et al., 2003). Taro has a low glycemic index and as such is an excellent food for diabetes, who require glucose to be released slowly into their bloodstream. The corms of Colocasia antiquorum are reported to have antioxidative and anti-inflammatory properties, which may be due to the presence of anthocyanins such as cyanidin-3-glucoside, pelargonidin-3-glucoside and cyanidin-3-chemnoside (Amon et al., 2011). The extracted anthocyanins from taro with 50�% methanol are identified as pelargonidin 3-glucoside, cyanindin 3-rhamnoside and cyanidin 3-glucoside (Harvey et al., 2006). Levels of anthocyanins are found highest in the skin of the corm, 16.0 mg%, with equal amounts, 4.29 mg%, in both corm and petiole (Harvey et al., 2006). Traditionally, Colocasia antiquorum is also used to alleviate stomach swelling and pain, and acts as an antipyretic. A South African study of traditional foods showed that a boiled extract of taro, or �indumbe� as it is colloquially known, possesses very high antioxidative activities (Lindsey et al., 2002).

9.1.3 Processing Constraints

The shape, internal colour and changes in colour are the problems during processing of taro. Handling and processing of the taro causes itching and considerable inflammation to the tissues of consumers, which is due to the presence of acrid factors. In its raw form, the plant is toxic (Lewu et al., 2010). Taro corms and leaves should be processed and boiled before eating, as these are bitter and can cause harm to health when consumed raw. Presumably, itchiness arises when the calcium oxalate crystals are released and inflict minute punctures to the skin when in contact with it. The crystals have to interact with a certain chemical on the raphide surface before acridity is experienced (Bradbury and Holloway, 1988). The roots and leaves can impart an acrid/sharp taste due to the presence of the calcium oxalate crystals. However, the level of acridity in edible tubers is too low for them to pose any serious problems, unless very large quantities of the tuber are consumed (Ikpeme-Emmanuel et al., 2007).
Plant toxins and anti-nutrients can interfere with the bioavailability of some nutrients, or cause harm to the biological system (Whitney and Rolfes, 1999). Some of these naturally occurring toxicants are cyanogenic glycoside, phytate, oxalate, lectin, saponins, alkaloids, etc. The anti-nutritional factors in taro include oxalates, phytates and tannins (Abdulrashid and Agwunobi, 2009). The acridity and toxicity is mainly reflected from the presence of oxalates in taro, therefore the oxalate content can be adopted as an important parameter in the assessment of the nutritional status of locally grown taro in different regions. The levels of oxalate in taro leaves and corms are 278�574 mg/100 g and 65 mg/100 g (fresh weight), respectively (Holloway et al., 1989) (Table 9.1.2). However, according to Huang and Tanudjaja (1992), taro corms contain 43-156 mg oxalate/100 g fresh weight. The various anti-nutritional factors present in taro are listed in Table 9.1.2.

Table 9.1.2 Anti-nutritional factors in taro
Taro | Antinutritional factors and their levels | Reference
Taro leaves and corms | Oxalate (taro leaf): 278�574 mg/100 g; Oxalate (taro corm): 65 mg/100 g | Holloway et al. (1989)
Xanthosoma sagittifolium�| Oxalate: 253.49-380.55 pg/100 g (red flesh); Oxalate: 302.19-322.82 pg/100 g (white flesh) | Afoakwa et al. (2003)
Colocasia esculenta | Oxalate: 328.41-459.85 pg/100 g | Afoakwa et al. (2003)
Raw taro | Oxalate: 156.33 mg/100 g; Phytate: 85.47 mg/100 g | Alcantara et al. (2013)

9.1.4 Solutions to Resolve Processing Constraints

Certain food processing methods need to be adopted at industrial levels to reduce the level of absorption inhibitors and improving the bioavailability of nutrients by eliminating the toxic components in roots and tubers (DeMaeyer, 1989). Food processing methods such as peeling, soaking, grating, fermentation and boiling may be effective in lowering the anti-nutritional factors. Taro is one of the tubers that are not readily adapted to modern processing facilities. Therefore, there is need to overcome these problems to utilize this tuber for further processing. The development of effective processing techniques can help to increase productivity, quality and income of farmers along with shelf life of the products. The various processing constraints along with their mode of elimination are given in Table 9.1.3.

Table 9.1.3 Various processing constraints in taro and their mode of elimination
Processing constraints | Mode of elimination/techniques used | Reference
Calcium oxalate crystals | Peeling, grating, soaking and fermentation during processing | FAO (1990)
�"� | Anaerobic fermentation in an underground pit for several weeks | Moy et al. (1979)
�"� | Boiling | Njintang and Mbofung (2003)
�"� | Boiling in tamarind solution | Soudy et al. (2010)
�"� | Fermentation, baking or extraction with Ethanol | Carpenter and Steinke (1983)
�"� | Boiling taro corms at 90��C for 30 min and steeping in water at 30��C for 24 h can reduce the oxalate-salt content to 32.7�% and 56.7�% of its original content | Iwuoha and Kalu (1994)
�"� | Soaking taro corm chips in 2�% w/v sodium bicarbonate solution for 20 minutes at ambient temperature | Kumoro et al. (2014)
Anti-nutritional factors (like oxalate, phytate, etc.) | Boiling | Lewu et al. (2010)

9.1.5 Taro Flour

Good-quality raw materials are needed for processing, therefore taro corms should be free from disease, infestations and damage. Proper hygienic practices should be in place to prevent contamination. Taro should be thoroughly washed and the waste generated from the processing disposed off to prevent cross-contamination. After washing the corm, trim the ends and peel away its outer skin, followed by placing its flesh in cold water to remove sticky sap (i.e. water solution rich in sugars).
Taro corms are highly perishable due to their high moisture content. Processing removes water which reduces the bulk and also increases storage life. Processing conditions for blanching and fermentation in flour may vary, depending upon the varieties of roots and tubers. The taro flour production from a fresh tuber soon after harvest serves as an effective procedure against storage loss. Converting fresh edible tubers to flours will avoid losses and ensure a supply of the products from tubers throughout the year, which may contribute to the growth of regional food industries and employability of the people.

9.1.5.1 Basic Steps in Production of Taro Flour

Taro flour processing methods involve several unit operations, including selection of raw material, cleaning, peeling, cutting, blanching, drying, milling, packaging and labelling. The specific combinations of these unit operations can provide different products from taro flour to the consumers. The general steps of preparing taro flour (Figure 9.1.2) are given as follows:
Selection of Raw Material and Grading The selection of raw materials may include simple parameters based on the physico-chemical, microbiological and sensory attributes for good yield and optimum quality of the final product. The parameters may include the various quality aspects related to wholesome taro tubers. Grading is an important step, which can help the taro producer and seller to determine its price and to widen the avenue for taro export. The quality factors such as size of taro tubers, conformity to the variety, tolerance limits for under-sized and over-sized taro tubers should be taken into consideration in this unit operation.
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Figure 9.1.2 Schematic representation of taro flour production.

Cleaning, Peeling and Trimming The cleaning operation aims to remove soil and other foreign material from the taro corm surface, portion damaged by weevils or other pests, and any other unwanted portions of the corms. Taro corms are washed properly to ensure that all sand and dirt are removed. Washing them thoroughly with water is essential to remove adhering mucilage. Clean cloth and sacking can also be used to facilitate washing. Taro corms are peeled immediately with an abrasive peeler or other tools. Various peeling machines that have been developed are not universally accepted because of the cost concern for many small-scale producers and too much wastage.
Cutting Taro cutting separates corms into small pieces and increases their drying surface, as more surface area is exposed to the air and speeds up the drying process. Slicing root and tubers prior to cooking is also important, as it allows rapid and even cooking. Manually cutting of taro corms is carried out by stainless steel knives to avoid undesirable browning reactions. The cutting of taro corms is a tedious exercise and induces enzymatic browning reactions.
Blanching Taro corms suffer from enzymatic browning reactions. The enzyme, polyphenol oxidase catalyzes the oxidation of polyphenols, resulting in the complex formation leading to change in colour. Taro slices are exposed to mild heat treatment to prevent enzymatic browning and off-flavour prior to inactivation of enzymes to preserve colour, modify texture, and preserve nutritional value. Hot water and steam are the most commonly used heating media for blanching in the food industry. The peeled taro corms undergo a pre-cooking stage in boiling water to avoid browning and improve final yield. Corms are dipped in hot water for a few minutes before drying to stop the enzymatic action, which may not be stopped by the sun-drying process (FAO, 1990). Blanching of taro corms may be carried out at 90��C using distilled water for 2 min to inactivate polyphenol oxidase enzyme (Kaushal et al., 2012). For taro (Colocasia esculenta), the pressure cooking of 7 min and blanching at temperature 65��C for 1 h are preferred (Dash and Gurumoorthi, 2011). The effects of blanching of taro are given in Table 9.1.4.

Table 9.1.4 Effects of blanching of taro (Colocasia esculenta)
S. no | Sample | Treatment | Observations | References
1 | Taro flour | Blanching in hot Water (100��C/2 min), 2�% w/v NaCl, 2�% w/v Sodium Hypochlorite and 50�% v/v Ethanol | Greatest reducing sugar content in blanched samples whereas samples treated with 2�% sodium chloride solution had the least | Baidoo et al. (2014)
2 | Taro | Blanching (98��C for 10 s) leaves | Inactivation of peroxidase enzyme. About 13.74, 43.12 and 63.19�% loss of ascorbic acid when blanched at 98��C for 10s, 1 min and 3 min resp. | Kaushal et al. (2013)
3 | Processed taro | Pressure cooking For 7 min and Blanching at 65��C for 1 h | Oxalate loss (35.58�%), Dash and protein loss (24.56�%), Calcium loss (3.57�%), phosphorous loss (0.05�%) and iron loss (4.76�%) | Gurumoorthi (2011)

Drying The drying time can be reduced by increasing the surface area of the slices in relation to their volume. Therefore, the drying properties of the larger slices can be improved by reducing the size. The rate of drying during the first stage is dependent on the ability of the air passing over the material to absorb and remove moisture. The slices, once dried, should not crumble, but rather should break easily.
A range of driers are available for the drying of taro corms, but their selection depends on the cost of the drier and type of the product being dried. Traditionally, taro is dried in the open air under the sun. Artificial drying is suggested under different climatic conditions, because then the operating parameters can be precisely controlled. Taro slices can be dried overnight in a hot air oven at 50��C (Adane et al., 2013). Opara (2003) suggested drying of taro corms at 57�60��C, whereas Nurtama and Lin (2010) dried taro corms at 45��C for 24 h.
Milling Traditionally, dried pieces of taro roots are ground in mortars and pestles. At the large scale, a range of manual or powered plate, disc mills are available (www.fao.org). Dried taro slices are passed into a milling machine (hammers mill, grinder, etc.) to obtain taro flour, which is further passed through a screen to achieve the desired particle size. After grinding, the flour is sieved to remove large particles, which are returned to the mill for further grinding. By using a vibrating or rotating sieve, sieving can be mechanized. The dried taro samples can be ground into a fine powder by a hammer mill to pass through a 250 pm sieve (Amon et al., 2011). Other milling machines used for producing taro flour are the Kenwood mill/blender (Darkwa and Darkwa, 2013), hammer mill equipped with a 500 pm sieve (Aboubakar et al., 2010) and a laboratory grinder (Kaur et al., 2013).
Packaging and Labeling The taro flour obtained is then packed into polythene bags or other packaging materials to prevent adsorption of moisture. Packing and sealing should be done immediately by removing as much air as possible from inside the package, to avoid rehydration and insect infestation. The requirement of packaging material for the product is based on transportation requirements and shelf life. The labeling should have all the information specified by the national/international regulatory agencies.

9.1.5.2 Methods for Production of Taro Flour

Taro flour can be produced by the method shown in Figure 9.1.3. In this process, taro corms are peeled, sliced (5 mm) for air drying (60��C/20 h) and freeze drying (60��C/24 h), followed by milling (Fitz mill) to 0.18 mm (Nip et al., 1989). The taro flour produced can be slow in the size reduction process due to the thickness and hardness of the dried taro slices. Traditionally, in the Pacific area, precooked taro flour is prepared by boiling tubers to a soft texture, followed by drying and grinding. Uncooked taro flour is more stable during drying than precooked flour (Njintang and Mbofung, 2003). The drying of taro flour, especially that obtained from gelatinized slices at high temperatures, affects the colour and is more susceptible to gelatinization (Njintang and Mbofung, 2003). The drying at higher temperatures is more efficient, but it adversely affects product quality, functionality and performance of the flour during reconstitution (Njintang et al., 2001a, c). Taro flour has been prepared by different researchers. The chronological progression for the production of taro flour is given in Table 9.1.5.
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Figure 9.1.3 Production of taro flour.

Table 9.1.5 Chronological progression for the production of taro flour
S. No. | Salient features | Reference
1 | Selection of raw material, peeling, slicing (5 mm), air drying (60��C/20 h), freeze drying (60��C/24 h) and milling (0.18 mm). | Nip et al. (1989)
2 | Selection of raw material, peeling, slicing, soaking(overnight in water), immersion (0.25�% sulphurous acid for 3 h), blanching (boiling water for 4�5 min), drying (57�60��C) and milling. | FAO (1990)
3 | Selection of taro corms, peeling, trimming, slicing, drying (60��C/20 h), milling, packaging and heat sealing. | Jane et al. (1992)
4 | Selection of taro corms, washing, draining, drying (45��C/48 h), milling, screening (35 screen, 0.25 mm diameter) and storage under refrigeration. | Arnaud-vinas and Lorenz (1999)
5 | Selections of taro corms, washing, peeling (0.5 cm), drying (oven at 45 � 2��C), milling (500 pm) and storage (4��C). | Njintang (2003)
6 | Selection of taro corms, washing, hand peeling and trimming, slicing, drying (air convection at 50 � 2��C), milling (hammer mill) and screening (500 pm). | Aboubakar et al. (2008)
7 | Selection of taro corms, washing, peeling, jagging, washing (90��C/5 min), drying (65��C/5 days), milling (Forplex type grinder) and screening (180�500 pm). | Andre et al. (2009)
8 | Selection of taro corms, cleaning and rinsing, peeling and slicing (2�3 cm), drying (45��C/24 h) and milling (60 mesh). | Ammar et al. (2009)
9 | Selection of raw material, peeling and washing, cutting (1�2 cm), slicing (5mm), soaking (sodium metabisulfite, 0.075�% for 5 min), drying (hot air oven at 30��C/40 h), milling, screening (300 pm) and storage (room temperature). | Aprianita et al. (2009)
10�| Selection of taro corms, peeling, steeping (25��C/10 min), washing, slicing (2 mm), cooking (30 min), draining, drying (oven at 60��C), milling (hammer mill), screening (300 micron). | Ikpeme-Emmanuel et al. (2009)
11�| Selection of taro corms, washing and slicing, blanching (90��C/2 min), drying (50��C, hot cabinet drier for 4 h), grinding (laboratory mixer) and screening (0.26 mm). | Kaur et al. (2013)
12�| Selection of taro corms, washing, peeling and draining, slicing (1/4") and washing, drying (mechanical dryer, 60��C/24 h), milling (attrition machine for 15 min), packaging (polyethylene bags) and storage. | Sanful (2011)
13�| Selection of taro corms, washing and peeling, cutting (2 cm thick), boiling (0, 20, 35 and 50 min), draining of water, exposure to air (20 min), cutting (5 mm thick), drying (52��C, ventilated oven for 48 h), grinding (hammer mill), screening (250 pm), packaging (into airtight sealed plastic bags) and refrigerated storage. | Amon et al. (2011)
14�| Selection of raw material, washing, peeling and slicing (2�2.5 cm thick), soaking (tap water), fermentation (24 and 48 h), draining, drying (cabinet dryer at 60��C/24h), milling and screening (45 pm). | Oke and Bolarinwa (2012)
15�| Selection of raw material, washing, peeling, rewashing, chipping (mechanical chipper), drying (metallic solar drier for 3 days), roasting (15�20 min), grinding, screening (180�500 pm) and packaging. | Darkwa and Darkwa (2013)
16�| Selection of raw material, washing, peeling (5 mm thick), slicing (1 cm thick), dipping in three different solutions (water; corn infusion (45�% m/v and maceration in water for 3 days)); tamarind infusion (45�% m/v and maceration for 3 h in water)], Alteration, sun drying, grinding and sieving (500 pm). | Soudy et al. (2014)

9.1.5.3 Properties of Taro Flour

The method of processing can affect physico-chemical and functional properties of taro flour. Taro flours possessing a higher water absorption capacity and a higher water solubility index give gels with a higher consistency index (Mbofung et al., 2006). Taro flours produced in a pilot level showed similar physiochemical properties to the cereal conventional flours (www.bakeryandsnacks.com).
Heat processing affects the functional properties of taro flour, therefore blanching may also induce changes in different properties. The blanching reduces the oil absorption capacity (OAC) of taro (Kinsella, 1976). Water absorption capacity is desirable in food systems to improve yield and consistency and give body to the food (Osundahusi et al., 2003). The decrease in protein solubility due to heat can impair the foaming and emulsion ability. As a consequence, raw taro flours exhibit a relatively higher foaming capacity than the gelatinized ones. Furthermore, the foam capacity, foam stability and whipping ability are generally inferior compared to wheat flour. Addition of salt up to 2�% concentration in the flour suspension increases the foam capacities of taro and wheat flours (Godoy et al., 1992). Blanching can affect the swelling capacity of taro. Reduction in swelling capacity upon blanching is attributed to starch degradation into dextrin, which does not swell. Taro flours display higher gelatinization temperatures and lower paste viscosities than those of their starch counterparts.
Increasing the drying temperature of taro slices affects the properties of the flour, such as the water solubility index and water absorption capacity, as well as its performance in gel formation (Njintang, 2003). The foaming capacity of taro flour is significantly affected by the drying temperature and the precooking time (Njintang and Mbofung, 2006). Other studies have suggested the negative effect of heat treatment on the foaming properties of flour made from taro or common bean (Tagodoe and Nip, 1994). In general, a significant decrease is observed in foam capacity with an increase in the precooking time. The effect of precooking time on the foam capacity is dominated by the precooking time, 0 and 20 minute (Tagodoe and Nip, 1994).
Large taro corms possess higher solubility than small taro corms (Tattiyakul et al., 2005). Addition of taro flour to wheat flour significantly increases WAC from 132�% (wheat flour) to 156�% (composite flour consisting of 30�% taro flour), while the Ret-rogradation Index (RI) significantly decreases from 38�% to a mean value of 22�% (Njintang et al., 2007). Taro flour is significantly different from other flours, due to its high ash, crude fiber, lower fat and protein content and exhibits lowest L*, AE, foaming capacity (FC) and highest WSI (water solubility index), WAC (water absorption capacity) and OAC (oil absorption capacity), as compared to rice and pigeon pea flour (Kaushal et al., 2012).
Njintang (2003) studied the functional properties of Cameroonian taro flour. The lower protein, fat and starch content and higher sugar and fiber content in taro flour as compared to wheat flour are reported. Water and fat absorption capacities of raw and blanched taro flours are higher, whereas the foam capacity, foam stability, whippability and nitrogen solubility are inferior compared to wheat flour (Godoy et al., 2007). The onset gelatinization temperatures of the taro flours varied from 55.2-65.49��C, whereas those of the starches were in between 48.08 � 2.46��C and 64.37 � 2.35��C. The water absorption capacity varied from 240�470�% and 60-250�% for the flours and starches samples, respectively (Aboubakar et al., 2008). Taro flours possess a higher solubility index than their starch counterparts.
The chemical composition and functional properties of taro flour differed significantly from different botanical sources (Table 9.1.6). The sorption study also revealed the high ability of the taro flours to absorb water compared to their starch components (Aboubakar et al., 2008). The taro flour exhibited highest WAC (2.2 g/g) and lowest foaming capacity (12�%) in comparison to other flours (soybean, corn and potato) (Kaur et al., 2013). The high WAC and peak viscosity of taro flour makes it a good body providing agent and can thus be used as a thickener or gelling agent in various food products. The paste formed by taro flour as a result of heating is stable upon cooling, which can prove to be advantageous in formulations where starch stability is required at low temperatures (Kaur et al., 2013).

Table 9.1.6 Proximate composition, colour values and functional properties of flours from different botanical sources
Flour
Parameter | Taro | Potato | Soybean | Corn
Moisture (%) | 7.7 � 0.21bc | 7.5 � 0.19b | 6.6 � 0.23a | 8.4 � 0.16c
Ash,% | 1.2 � 0.12b | 1.9 � 0.13c | 3.8 � 0.19d | 0.71 � 0.10a
Crude fat,% | 1.0 � 0.08b | 0.33 � 0.09a | 1.4 � 0.07c | 4.3 � 0.08d
Protein,% | 2.0 � 0.52a | 2.2 � 0.46a | 33.5 � 0.89c | 3.2 � 0.38b
Carbohydrate,% | 95.7c | 95.6c | 61.3a | 91.8b
Bulk density, g/ml | 0.689 � 0.028b | 0.998 � 0.016c | 0.539 � 0.022a | 0.585 � 0.020ab
Colour values
L | 85.5 � 1.04ab | 86.1 � 1.20b | 84.8 � 1.01a | 84.4 � 1.11a
a | 1.5 � 0.04c | -0.12 � 0.01a | 0.58 � 0.05b | 6.4 � 0.04d
b | 7.5 � 0.14a | 12.6 � 0.16b | 21.8 � 0.12c | 31.6 � 0.12d
�E | 85.9 � 1.3a | 87.0 � 1.0ab | 87.6 � 0.9b | 90.4 � 1.2c
FC,% | 9 � 1.0a | 40 � 1.9c | 58 � 2.5d | 18 � 1.2b
Mean � SD with different superscripts (a-c) in a row differ significantly (p < 0.05) (n = 3) (Kaur et al., 2013)

9.1.5.4 Storage

The important parameters, such as moisture, temperature and hygiene, need to be controlled during storage. Substantial losses can be observed in taro flour during storage. The losses may be due to endogenous, physiological and exogenous factors such as insects, pests, nematodes, rodents, rot bacteria and fungi (Osunde, 2008). Good manufacturing practices can control the exogenous and endogenous factors.
The water activity of the flour can give a prolonged shelf life. It is therefore very important to control moisture content of the foods during processing and storage. Taro flour can be stored for more than a year at 38��C, with minor changes in acidity, moisture content, colour and also with moderate changes in catalase activities and flavour (Moy et al., 1979). Both ambient and cold storage conditions do not have a significant influence on the physico-chemical properties of taro (Colocasia esculenta [L.] Schott) flour, when stored for 21 days (Baidoo et al., 2014). Taro flour stored for 21 days neither changed its colour or reduced its sugar content; however, water activity increased. Lower aw of the flour is preferred for long-term storage. An increased awduring storage can see the microbial attack and modification of chemical properties, which may lead to irreversible sensory changes (Baidoo et al., 2014). Taro flours kept in polyethylene bags at ambient temperatures may be stored for 3 months without significantly altering their physico-chemical properties, whereas 4 to 5 months is the maximum storage period in polyethylene bags at 4��C (Aboubakar et al., 2010). So the date line of storing taro flour cannot exceed 3 months kept in polyethylene bags under ambient conditions. To keep good physico-chemical and rheological parameters, flours have to be stored in a sealed polyethylene bag (Aboubakar et al., 2010).

9.1.5.5 Utilization

Taro flour can be potentially used for preparation of noodles (Kaushal and Sharma, 2014), cake (Kumar et al., 2015), bread (Ammar et al., 2009; Sanful, 2011), infant foods (Ikpeme-Emmanuel et al., 2009; Onwulata and Konstance, 2002), cookies (Nip et al., 1994) and extruded snacks (Miranda et al., 2011), etc. Taro is a good base for food preparation for infants because of the high digestibility of its starch, reasonable content of calcium and phosphorus (for bone building), vitamin B-complex and carotene (Onwueme, 1999). Taro flour can be used by the baking industry for the production of bread and other bakery products. It also imparts a distinctive, pleasing flavour and improves toasting qualities, therefore can be used advantageously in crackers, pastries, yeast raised doughnuts, cookies, cakes and cake mixes.
Taro flour can be used as an ingredient in creams, cakes, ice pie fillings, custards and other different products. Snap-type cookie formulations, with taro flour as one of the major ingredients, are developed by first modifying the taro flour and wheat flour ratios, followed by modification of the taro flour, wheat flour, sugar and shortening ratios (Nip et al., 1994). A drop-type chocolate chip cookie formulation has also been developed by replacing 51�% of the wheat flour with taro flour in a commercial formulation (Nip et al., 1994).
The substitution of wheat flour with taro flour in bread-making with substitution levels up to 10�% produce bread that has rheological and organoleptic properties similar to that of wheat flour bread (Ammar et al., 2009). Taro flour can become a spiced flour as a layer material for fried food with a sweet and crispy taste (Minantyo et al., 2014). Taro flour at higher proportions in both extrudates prepared from flour blends made with taro and nixtamalized (TF-NMF) or non-nixtamalized maize (TF-MF) did not produce a significant change of WAI, while the use of higher extrusion temperatures only caused a significant increase of WAI in TF-MF extrudates (Miranda et al., 2011). However, the flour mixtures, from taro and nixtamalized maize flour, produces puffed extruded snacks with good consumer acceptance.
Flours and other products of the milling industry can be subjected to the process of Flour Heat Treatment (FHT) in order to systematically modify their characteristics. This technique ensures the production of countless special products. FHT products can be used for different applications in the food products industry, including breadcrumb coatings, cake flours, binding agents for sausage products and cereal bars, soups and sauces, and many more (www.buhlergroup.com). Different thermal and hydrothermal methods of modifying the flours can be adopted, which may include drum drying, micronizing, turbo thin-layer technique, fluidized bed drying, etc. This treatment is appropriate in reducing or inactivating the enzymes present in the flour, affecting the microbiological status, rheological properties, colour, drying, etc.


9.1.6 Achu

Achu is a mashed taro paste traditionally obtained by cooking fresh corms until softened, followed by peeling and pounding in a mortar to obtain a smooth and homogeneous paste (Njintang et al., 2008). In Cameroon, taro is used in the preparation of a much cherished food, known as achu, which is considered as a highly digestible food. The preparation of achu is limited because of the complexity in the processing, especially its long processing time in pounding the corms and lack of mechanization (Njintang et al., 2007).

9.1.6.1 Production of Achu

Achu can be prepared by:
1.�Traditional method: Taro corms are cooked until softened, then peeled and pounded in a mortar to obtain a smooth paste locally called achu, herein referred as taro traditional achu (TTA).
2.�Flour method: Flour is mixed with water in the ratio of 1: 3 (w/v) and cooked to obtain a paste. During cooking, water is added occasionally and the paste is gently mixed and cooked until a desired consistency is obtained (Figure 9.1.4). The paste obtained from taro flour is referred as taro flour achu (TFA).
3.�Chips method: Taro chips are placed in warm water for 30 min and then pounded to form achu, which is referred as taro chips achu (TCA).
A flow diagram for the production of TTA, TFA and TCA is given in Figure 9.1.4.
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Figure 9.1.4 Flow diagram for the production of TTA, TFA and TCA.

In Asia, taro paste is prepared with cooked taro, which is mashed into a smooth paste, followed by mixing with sweeteners, shortening and/or seasoning. For the preparation of achu, the cooking of taro corms is carried out at 98��C for 20 min and then cooled to 20��C for 20 min followed by slicing (0.5 cm cubes). The slices are then lyophilized for 48 h (Njintang et al., 2008). The dried slices (chips) are further used for the preparation of achu by the chips method.
For TTA, the cooked corms are peeled and pounded in a mortar to obtain a smooth achu. Njintang et al. (2006) prepared TTA in which taro corms (2 kg) were hand peeled and pounded in a mortar for 30 min to obtain a smooth paste. However, for the preparation of achu from TFA, the flours are mixed with distilled water in the ratio of 1: 3 (w/v) and cooked while stirring to obtain a paste. During cooking, water is added occasionally and the paste gently mixed until it is ready (Njintang et al., 2007). The standard procedure from the flour method consisted of mixing 30 g of taro flour with 89 ml of boiling water, followed by stirring in a mortar and the moisture content equilibrated to 76.3�% before further stirring for 20 min to obtain a smooth paste (Njintang et al., 2007).
Achu from TCA is prepared by placing the chips in warm water for 30 min followed by pounding in a mortar to form achu. Njintang et al. (2008) prepared achu by placing chips (6 g) in a porcelain mortar followed by the addition of a defined volume of water according to suitable design. After 30 min hydration, the chips are pounded for 10 min, enough to obtain a homogeneous paste. The time of hydration and pounding may vary, depending upon the changes in process. The paste of TTA and TCA contain starch-filled cells, covered in a continuous amylose-amylopectin gel, which may have some vascular elements and mucilage (Njintang et al., 2008). The cooking of taro corms and cormels before drying is a good approach in the processing of the flour for the preparation of achu (Njintang et al. 2008). The very soft achu texture obtained from taro flour could be due to broken starch grains. The different analysis (functional, rheological and microscopic) reflects the higher degree of starch gelatinization in TCA as compared to TTA. The difference in the properties of achu, prepared from different methods, may be due to particle size (Njintang et al., 2006).

9.1.6.2 Quality Requirements

The acceptability of achu is mainly attributed to colour, texture and flavour. The texture of achu is the most determinant parameter, which is closely dependent on the processing method (Njintang et al., 2000). Achu texture is characterized by its elastic behaviour and average hardness (Njintang, 2003) (Table 9.1.7). The traditional and reconstituted achu of the six cultivars had similar creep recovery values showing an instantaneous deformation (Njintang et al., 2006). The immediate deformation resulting from the applied load per unit surface area is termed as instantaneous elasticity. After sufficient time, deformation per unit time becomes constant, showing steady state creep. Instantaneous recovery during unloading of TTA and TFA reveal the elastic properties of TTA and TFA. The creep viscosities of TTA and TFA were negatively correlated to other visco-elastic parameters (Table 9.1.7). Among the five taro culti-vars, TTA is found to be the more viscous from the varieties Sosso, Ngaoundere yellow and Ekona red, as compared to TFA. Higher values of creep viscosities in maximum cultivars indicated lesser elasticity of TTA as compared to TFA (Table 9.1.7). The trend in creep viscosities of TTA and TFA is reversed with respect to creep steady state compliance, creep compliance, recovery compliance, creep instantaneous compliance and recovery instantaneous compliance (Njintang et al., 2006) in Sosso, Ngaoundere yellow, Ekona white, Ngaoundere yellow and Ekona red varieties. The consumers in general like to have the colour of achu as creamy white as possible. Therefore, the application of taro flour in the preparation of achu becomes a limiting factor due to the browning reactions that may take place during reconstitution (Njintang et al., 2006). Achu prepared from the flour and chips methods generally does not impart the similar texture and flavour like the traditional method. These limitations need to be addressed and corrected in order to obtain good taro flour performance as an ingredient for the preparation of achu.

Table 9.1.7 Comparative visco-elastic characteristics of traditional and reconstituted-flour achu
Parameters
Cultivars | Creep viscosity (104 Pas) | Creep steady state (10-1) | Creep compliance (10-3 Pa-1) | Recovery compliance (10-3 Pa-1) | Creep instantaneous compliance (10-4 Pa-1) | Recovery instantaneous compliance (10-4 Pa-1)
Ekona red | TFA | 89.1�29.6�| 1.7�0.6�| 0.11�0.01�| 0.12�0.02�| 0.46�0.01�| 0.46�0.0
�"� | TTA | 210.5�55.6 | 1.4�0.4 | 0.07�0.01 | 0.08�0.02 | 0.43�0.02 | 0.46�0.03
Ekona white | TFA | 109.7�49.9 | 1.6�0.7 | 0.10�0.01 | 0.10�0.00 | 0.45�0.00 | 0.45�0.02
�"� | TTA | 76.9�9.6 | 2.2�0.2 | 0.10�0.01 | 0.10�0.01 | 0.43�0.01 | 0.45�0.02
Ngaoundéré white | TFA | 662.0�55.2 | 2.0�0.2 | 0.13�0.02 | 0.15�0.03 | 0.58�0.07 | 0.57�0.05
�"� | TTA | 117.4�36.3 | 1.5�0.2 | 0.10�0.01 | 0.11�0.01 | 0.46�0.00 | 0.47�0.01
Ngaoundéré yellow | TFA | 64.2�15.3 | 3.2�0.7 | 0.07�0.01 | 0.08�0.01 | 0.44�0.01 | 0.46�0.01
�"� | TTA | 169.5�16.3 | 1.6�0.2 | 0.06�0.00 | 0.08�0.00 | 0.39�0.02 | 0.40�0.00
Sosso | TFA | 122.7�41.5 | 2.1�0.5 | 0.06�0.00 | 0.07�0.00 | 0.47�0.01 | 0.46�0.01
�"� | TTA | 301.3�64.4 | 1.5�0.2 | 0.04�0.01 | 0.04�0.00 | 0.25�0.08 | 0.24�0.05
TFA = reconstituted achu; TTA = traditionally prepared achu 
Source: Njintang (2003)

9.1.6.3 Properties

Reconstituted achu is generally softer in consistency and less appreciated than traditional achu. The estimated water absorption capacity, bulk density, blue value index and penetrometric index are lower in traditional achu than reconstituted achu. In contrast, the viscosity of traditional achu is significantly higher than reconstituted achu (Njintang et al., 2006).
Functional properties of taro flour are variety dependent and affect the rheologi-cal and sensory properties of reconstituted achu, particularly the hardness and overall acceptability. A significant effect of variety on the texture of achu and force of adhesion (FOA) is examined, with the yellow variety exhibiting a higher value compared to the red variety. Achu, dried electrically, exhibits a lower force of relaxation (FOR) and rate of relaxation (ROR) and a higher viscoelasticity index (VEI) as compared to solar drying. An increase in particle size induces significant decrease in FOA, hardness and FOR, while no consistent variations are reported on VEI and ROR (Njintang et al., 2007). Achu exhibits viscoelastic behaviour, varying from more elastic to more viscous (Njintang et al., 2008). The hardness, fracturability, force of adhesion and force of relaxation of achu increased significantly with increase in moisture content, whereas reduction of unrelaxed stress was noticed (Njintang et al., 2007).
In all cases, the instantaneous compliance, both for creep and recovery, was small compared to the retarded elastic compliance and the Newtonian compliance. Significant differences were found in the zero shear viscosity, Newtonian compliance, mean elastic compliance and the viscoelastic index (Njintang et al., 2006). Precooking time induces significant reduction in penetrometric index, foam capacity and increase in least gelation concentration (LGC), emulsion stability and water absorption capacity (WAC) of achu (Njintang and Mbofung, 2006). The drying temperature reduces emulsion capacity and stability and affects the other properties in a similar way to pre-cooking time. In-vitro carbohydrate digestibility of taro achu is reduced significantly when exposed to long pre-cooking times (>45 min) and drying temperatures (>60��C) (Njintang and Mbofung, 2006). The flour which absorbs more water produces achu with Newtonian compliance and retard elastic compliance. The creep steady state shear compliance and the viscoelasticity index of achu is found to correlate to the sensory hardness (Njintang et al., 2007). The overall acceptability, hardness and the rheological properties of achu are significantly influenced by the variety (Njintang et al., 2007).
Irrespective of variety, reconstituted achu is less acceptable in terms of browning compared to traditional achu. But the flours obtained from the taro, Ibo Ekona and Ibo Ngdere had lower susceptibility to browning during reconstitution (Njintang et al., 2007). Table 9.1.8 shows the physicochemical properties of TFA, TCA and TTA. In either case, the water content of achu was not very different. On the other hand, the BVI (Blue value index) of reconstituted achu was very high and may be responsible for affecting the overall acceptability of achu. TFA represents a higher value for water absorption capacity indicating substantial differences in the texture of achu prepared from the flour as compared to TTA.

Table 9.1.8 Some physicochemical and textural properties of traditional and reconstituted achu
Characteristics | Raw taro flour | TFA | TTA | TCA
BVI (%) | 58.44 � 9.10c | 427.20 � 14.50a | 259.15 � 6.43b | 298.20 � 5.11b
Moisture content (%) | 9.02 � 1.6b | 74.71 � 0.90a | 74.46 � 0.60a | 75.61 � 055a
Flour Bulk density (g/mL) | 0.68 � 0.01c | 0.85 � 0.01a | 0.67 � 0.01c | 0.71 � 0.02b
Paste Bulk density (g/mL) | 1.11 � 0.03a | 1.07 � 0.01a | 1.09 � 0.05a
Temperature of gelatinization | 70�72�| � | � | -
WAC (%) | 290.05 � 7.64d | 739.68 � 9.80a | 535.44 � 4.00c | 612.08 � 9.09b
WSI (%) | 16.69 � 2.18a | 10.78 � 1.61b | 12.25 � 0.42b | 11.05 � 0.60b
TTA = Traditional taro achu; TFA = Taro flour achu; TCA = taro chips achu, BVI = Blue value index; WAC = Water absorption capacity;, WSI = Water solubility index
Mean �SD;n = 4; Figures in row followed by different superscripts indicate significantly (p < 0.05) different values determined by Fischer multiple comparison 
Source: Njintang (2015b)

Gelatinization curves for TTA and TFA are shown in Figure 9.1.5. The curves show faster gelatinization of TTA as compared to TCA. The faster gelatinisation temperature of TTA may be due to the variations in structural and molecular configuration of starch.
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Figure 9.1.5 Gelatinization curves of fresh taro macerate and processed taro flour (Njintang, 2015a).

Generally, TFA and TCA represent poor sensory score for colour (whiteness). Figure 9.1.6 clearly shows the difference in colour of achu, which is usually creamy white (Njintang et al., 2007). The processing of achu results in change of colour from white to brown. The responsible factors like phenolic compounds, free sugars and amino acids may individually or collectively be involved. The extent to which each substrate will contribute to the browning reaction is cultivar dependent (Njintang et al., 2001b). Browning is the major challenge in achu preparation, especially from the flour and chips.
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Figure 9.1.6 Traditional and reconstituted achu (Njintang, 2015).

9.1.6.4 Storage

Achu is easily degraded and readily deteriorated by microorganisms if not properly stored. Staling is the major problem during the storage. The retrogradation of the starch (predominantly the amylopectin fraction) may be the primary reason for staling of taro paste during long-term storage (Krog et al., 1989). The hardness of achu from the flours decreases with the storage period. The particle size also affects the texture of achu. The highest value of gumminess is observed in the paste made from flours with particle size above 250 m (Aboubakar et al., 2010).


9.1.7 Taro Starch

Taro has a higher amount of starch than potatoes or sweet potatoes (Masalkar and Keskar, 1998). The starch in taro itself is about four-fifths amylopectin and one-fifth amylose. The amylopectin has 22 glucose units per molecule, while the amylose has 490 glucose units per molecule (Raksaphol, 2009). Taro contains 13�29�% starch, 63�85�% moisture and other compounds in minor amounts such as riboflavin, vitamin C, ash, etc. (Karmakar et al., 2014). Starch accounts for approximately 78�% of the total carbohydrate (Table 9.1.9). Taro is rich in gums (mucilage) and up to 9.1�% crude taro mucilage has been extracted from taro corms (Hong and Nip, 1990). Phosphorus, which is covalently linked to the starch and affects its properties (Takeda et al., 1986), ranges from 0.76 mg/100 g (variety CE) to 1.36 mg/100 g (variety KW2). These values are higher compared to the phosphorous content for Colocasia esculenta (0.01 mg/100 g), Xanthosoma sagittifolium (0.07 mg/100 g) and Manihot esculenta (0.05 mg/100 g) (Perez et al., 2005). For starch, a relative negative linear correlation is established between the hydrolysable level and the phosphorus content. This indicates that native starch with high levels of phosphorus exhibits low digestibility. The lower phosphorus content in starch granules may result in higher resistant starch (Liu et al., 2007). The levels of phosphorous in tuber starches are typically less than 500 mg/100 g (Thomas et al., 1997).

Table 9.1.9 Fractional analysis of carbohydrate content of taro corm
Component | %
Starch | 78.0
Pentosans | 2.6
Crude fibre | 1.4
Dextrin | 0.5
Reducing sugars | 0.5
Sucrose | 0.1
Amylose | 17-28
Source: (Onwueme, 1999) in FAO (2003)

Taro starch forms a hard coating layer and its solution has clarity at even high solid concentrations. It has high swelling power, high gel strength and peak viscosity (Ade-bayo and Itiola, 1998). Taro starch, in view of its small granule size (0.5�5 pm), forms a smooth gel (Jirarart et al., 2006) and has been found to be easily digestible (Sug-imoto et al., 1986). Due to ease of assimilation, infants and persons with digestive problems can preferably use the food containing taro starch/flour, replacing other flours and starches (Moy and Nip, 1983). Taro starch has also been studied as a filling agent for biodegradable polyethylene film and as a fat substitute (Alam and Has-nain, 2009) and can be applied in puddings and white sauces (Fetoh and Salwa, 2010). The extracted starches show turbidity in the range 1.013-1.491 at zero time of storage. But the gelatinization temperature increased from 55�95��C in the samples (Fetoh and Salwa, 2010).

9.1.7.1 Basic Steps of Production

The basic steps of taro starch extraction include:
1.�Raw material selection: Loose dirt, sand and gravel are removed from the raw material. Fresh taro corms of a selected variety are chosen for the extraction of starch. The selection of the variety and harvesting methodology are important aspects in the selection, because these parameters will directly affect the starch yield.
2.�Washing: The impurities adhering to taro on delivery depends largely on weather conditions and soil. The raw taro is washed with water to remove different impurities together with soil. The washed taro is then sliced into small pieces and suspended in 10-fold of 0.1�% NaOH aqueous solution for 48 hrs at 5��C (Assefa and Admassu, 2013). Sometimes several washing steps are needed in order to remove slimy mucilage while extracting taro starch.
3.�Extraction: Starch can be extracted by a combination of grinding, starch-rich material and wet separation techniques. The sedimentation of starch granules takes place in water due to higher density. Native starch is insoluble in cold water and is a white powder with a bland flavour. Powerful washing is needed to flush the taro starch granules out from the cells and to form a filtering mat that tries to retain the starch (www.starch.dk). The extraction of starch from taro can be carried out by:
3.1. Simple process: This method involves dispersion of taro flour in the required amount of water. The mixture is then homogenized for a specific period of time, followed by holding for the required period to separate out the solid and liquid phase. The liquid layer is decanted and sediment is adequately washed with water. Hereafter, the water is decanted and starch is obtained by filteration. The obtained starch is then dried.
3.2. Wet milling process: In this method, steeping of taro flour in a sodium metabisulphite solution (150 ml, 0.45�% W/V) is carried out overnight in a refrigerator. The slurry is milled and mixed with 450 ml NaCl solution (0.1 M) and 50 ml toulene. The mixture is stirred and allowed to stand until the starch granules settle to the bottom. The protein in toluene and NaCl solution layers are siphoned off. This procedure is repeated until all of the proteins are removed. The starch layer is washed repeatedly with water and then with ethanol. The wet milled starch is recovered by filtration followed by rinsing and air drying (Ahmed and Khan, 2013; Syahariza et al., 2010). A flow sheet showing the different unit operations to manufacture starch by wet milling process is shown in Figure 9.1.7.
3.3. Centrifugation process: Taro flour is steeped in sodium metabisulphite solution of desired concentration (150 ml, 0.45�% w/v) for a specific time and temperature to separate out the liquid phase (Ahmed and Khan, 2013; Ji et al., 2004). The separated slurry/paste is placed in a tube/container with distilled water and homogenized. The homogenized slurry is filtered followed by back-washing. Protein and fiber fractions are removed during filteration. The starch-protein mixture is further separated by centrifugation with repeated washing until free from protein. The cleaned starch is then air dried.
4.�Drying: The drying of extracted starch is generally carried out in the range of 30�60��C.
[image: ]
Figure 9.1.7 Wet milling process for taro starch extraction.

9.1.7.2 Recent Developments for Extraction of Taro Starch

The chronological progression of the recent developments for the extraction of taro starch is given in Table 9.1.10.

Table 9.1.10 Chronological progression of the recent developments for the extraction of taro starch
S. No. | Method | References
1 | Selection of taro corms, addition of 0.05�% (w/v) NaOH solution, centrifugation of suspension at 3,000 g and 4��C for 10 min, and drying. | Tattiyakul et al. (2006)
2 | Selection of taro, washing, peeling, chopping (1 cm3), pulverizing (high-speed blender for 5 min), suspension of pulp (in ten times its volume of water), stirring (5 min), Alteration (using double fold cheesecloth), settling of filterate (2 h), decantation of top liquid, addition of water into the sediment, stirring (5 min) and drying (60��C for 12 h). | Nand et al. (2008)
3 | Selection of taro corms, washing, peeling, cutting, homogenization (with water for 1�2 min), sieving, settling (3 h at 4��C), washing of precipitated starch (3 times with distilled water) and drying (room temp for 2 days and then in oven at 50��C for 3 h). | Fetoh and Salwa (2010)
4 | Selection of taro tuber, slicing, drying (convection at 40 � 2��C), milling (using hammer mill), screening (200 �m), steeping of taro flour (1 kg) (10 L of 2�% NaCl solution), mixing (40��C/5 h), sieving (80 �m), holding (overnight), treating precipitate (with 10L NaOH 0.03 M), centrifugation (4,500 rpm/15 min), washing (water and ethanol), drying (30��C), collection, grinding and storage (polyethylene bags)| Himeda et al. (2012)
5 | Selection of taro tuber, cleaning, peeling, slicing, washing, drying (room temperature) and crushing (grinder). Extraction from taro powder was carried out by simple method, wet milling and centrifugation.�| Ahmed and Khan (2013)
6 | Selection of taro tuber, peeling, washing, dicing, placing in ice-cold water (100 ppm of NaHSO3), homogenization, filteration, washing the residue (with a small amount of water), centrifugation (3,000 g for 10 min), removal of sediment, further purification (by repeated suspension in water), centrifugation and drying (35��C) | Karmakar et al. (2014)
7 |�Selection of taro tuber, washing, peeling, cutting, weighing (100 g), grinding (90 s), mixing of slurry with 100 ml distilled water, enzymatic treatment of slurry (cellulase from Aspergillus Niger and xylanase from Thermomyces anuginosus and their combination), incubation (at different time and temp at 150 rpm), filteration, centrifugation (3,000 g/10 min), washing, drying (45��C/24h, hot air drying oven), grinding and sieving (100 mesh). | Sit et al. (2014)

9.1.7.3 Physical and Functional Properties of Taro Starch

The use of starch in various products is determined by its properties such as gela-tinization, pasting, retrogradation, viscosity, swelling and solubility (Yuan et al., 2007).
Functional properties are dependent on composition and molecular structures of the starches, which include amylose/amylopectin ratio, molecular weight, phosphorus content and granular size of the starches along with chain length distribution of amy-lopectin (Lu et al., 2005).
Physical and functional properties of native starch may also be improved by applying appropriate modification techniques. These modifications improve some of the inherent properties and impart new properties in native starches that make them more versatile in their applications. Chemically-modified starches are used as food additives and have a broad range of food applications such as thickening, texturizing, bulking, stabilizing and gelling agents. Therefore, knowledge of functional properties of taro starch may extend its use as a food source. Higher pasting and gelatinization temperatures of taro starches compared with those of other small granular starches, such as cow cockle, catchfly and pigweed starch, have been reported (Goering and DeHaas, 1972). This indicated higher stability of taro starch crystallites upon heating (Sasaki and Matsuki, 1998).
9.1.7.3.1 Physical Properties
� Viscosity Starch granules, when heated in excess water, swell and the ordered structure is disrupted at gelatinization temperatures, which leads to increase in viscosity (Mira, 2006). The viscosity of Bun-long taro starch starts increasing at 77��C, which is higher than the temperatures at which the viscosities of potato starch and sweet potato starch start increasing (Zeng et al., 2014). On heating above gelatinization temperatures, the process of viscosity development is called pasting. During cooking of the starch, the flow behaviour of a granule slurry changes markedly, because the suspension becomes a dispersion of swollen granules, partially disintegrated granules and molecularly dispersed granules (Petra et al., 2014). The cooked product is called a starch paste. In general, a starch paste can be described as a two-phase system composed of a dispersed phase of swollen granules and a continuous phase of leached amylose. It can be regarded as a polymer composite in which swollen granules are embedded in and reinforce a continuous matrix of entangled amylose molecules (Cui, 2005). Rheology is directly related to the microstructure of starch. The rheological properties of starch are influenced by the concentration of starch, amylose/amylopectin ratio, the chain length of amylose and amylopectin molecules, shear rate, temperature and hydrothermal treatments (Cui, 2005).
Addition of cold water-soluble polysaccharides (CWX) from taro results in increased peak viscosity with maize and rice starch and decreased peak viscosity with wheat starch. Cold paste viscosity decreases in wheat and taro starch, but not in maize and rice starch. Examination of the effects of pH and salt on changes in maize starch viscosity shows no further variation on the addition of taro CWX (Gaosong et al., 1997). The addition of mucilage on the thermal and pasting properties of yam, taro and sweet potato starches shows that the peak viscosity of taro and sweet potato starches decreases significantly (Huang et al., 2010).
� Swelling Power and Solubility The swelling power is a measure of hydration capacity of starch and indicates the water holding capacity of starch. Swelling power and solubility are a function of pH. The effects of pH and heating temperature on their swelling powers and solubilities shows that heat-moisture treated and chemically modified starches have lower swelling power (at 95��C) than that of isolated starch. The solubility of both native and the modified taro starch greatly increases at higher temperatures (80 and 90��C) (Alam and Hasnain, 2009). The rapid solubilization of pregelatinized starches can be useful in foods such as instant puddings, pie fillings, soups and cake frosting.
The starch in water suspension become viscous by heating and turns to a transparent paste. The mechanism involves amylopectin-forming crystallized micelle and amylose is arranged orderly around the gaps of the micelles in the starch particle. However, water molecules are percolating into micelles gradually, and heating of the solution loosens the hydrogen bond. The short molecules of amylose start to dissolve, and then the amylopectin swells up (www.food-info.net).
9.1.7.3.2 Functional Properties
Starch can be viewed as a set of functional properties suited to a particular application (Abbas, 2010). Raw taro starch suspended in water gives variations in viscosities of slurries. The viscosity of these suspensions may be of some technical importance. The higher viscosity of 7�% taro starch exhibited greater retrogradation tendency, which is an important factor for starch used to prepare diet shakes, but it may come across as stringy and slimy when consumed (Karmakar et al., 2014). Although this property limits its applications in foods likely to be stored for a long duration, this starch may be suitable for food products (e.g. glass noodle), where greater retrogradation tendency is required. High amylose starch shows gelling properties, while high-amylopectin starch like taro may be the choice if viscosity is needed (Karmakar et al., 2014).
The long-branch chain length of amylopectin and the intermediate size of amylose produce the greatest synergistic effect on the pasting viscosity of reconstituted starch (Jane et al., 1992). Taro starch with a high proportion of short chains and long average chain length with a long-chain fraction of amylopectin displays high elasticity and strong gel during heating (Lu et al., 2005). The higher yield of starch with better functional properties can be achieved from taro by using combination of ultrasound and enzymes (Sit et al., 2014).
Low gelatinization temperatures are obtained for starches with short average amylopectin branch chain lengths and large proportions of short branch chains (Jane et al., 1999). The functional properties of some under-exploited tuber and root starches (true yam, gourd yam, taro, lotus and sweet potato) before and after hydroxypropylation and cross-linking, using potato starch as the reference, indicated comparatively high swelling ability and high viscosity development for taro starch (Gunaratne and Corke, 2007).
9.1.7.3.3 Gelatinization and Retrogradation
Gelatinization is the process of granule swelling that breaks down the intermolecular bonds of the starch molecule in presence of heat, allowing the hydrogen bonding site to engage more water followed by disruption of the granule structure in which the loss of crystalline order can take place. The onset gelatinization temperature of taro starches ranges from 69�74��C (Jane et al., 1992). The peak temperature of gelatinization of taro starch, 80.68��C, with an enthalpy value of 10.6 J/g along with low retrogradation rate is reported, which may be due to its low amylose content (Acevedo et al., 2011). The starch isolated from giant taro shows the highest transition temperature (71.10�85.8��C) and intermediate enthalpy (14.02�16.22 J/g) of gelatinization (Nguim-bou et al., 2012). Physicochemical properties and molecular structure of starches from three cultivars (Dog hoof, Mein and KS01) of taro tubers planted in summer, winter and spring, exhibit higher elasticity of the summer planted cultivars than that of starches planted in other seasons (Lu et al., 2008).
During storage, starch may become cloudy and an insoluble white precipitate may be formed. This may be due to the re-crystallization of starch molecules. Initially the amylose forms double helical chain segments followed by helix-helix aggregation (Whistler et al., 1984). This phenomenon is termed retrogradation. The retrogradation of the taro starch, as measured by its enthalpy changes, appears to be more severe than that of corn starch (Jane et al., 1992).
9.1.7.3.4 Pasting Properties
Pasting properties are used to represent the behaviour of starches during heating and cooling cycles in excess of water. The properties can mainly be affected by amylose, branch chain length distribution of amylopectin and lipid content (Jane et al., 1999). The pasting characteristics play an important role in the selection of a starch for its use in the industry as a thickener, binder or for any other purposes. The viscosity of the gel formed during and after heating is an important factor in the selection of starch (Aryee et al., 2006). Pasting temperature (PT) is the minimum temperature required to cook the starch. Pasting temperatures of the taro flour pastes, 76�80��C, are significantly higher than those of the taro starch pastes, 70�75��C (Jane et al., 1992). The higher pasting temperature may be due to mucilage. A rapid increase in viscosity, due to swollen granules, is referred as peak viscosity (PV). The increase in viscosity with increase in temperature may be attributed to the removal of water from the exuded amylose by the granules as they swell (Ghiasi et al., 1982). PV can indicate the viscous load, likely to be generated in a mixing cooker and often correlates with the quality of the end product (Ragaee and Abdel-Aal, 2006).
Trough viscosity, measures the ability of paste to withstand breakdown upon cooling which is influenced by the rate of amylose exudation, granule swelling, amylose-lipid complex formation and competition between exuded amylose and remaining granules for free water (Sodhi et al., 2009). Breakdown viscosity measures the ease by which the swollen granules can be disintegrated. Final viscosity indicates the ability of the material to form a viscous paste. Final viscosity is largely determined by the retrogradation of soluble amylose upon cooling (Olkku and Rha, 1978). Setback viscosity measures the syneresis of starch upon cooling of cooked starch pastes. Setback value is the recovery of the viscosity during cooling of the heated starch suspension. Taro starch shows lower breakdown viscosity (5.53 cP), lower final viscosity (13.92 cP) and lower setback viscosity (4.50 cP) as compared to starches such as like yam, sweet potato, canna, arrowroot, konjac and cassava (Aprianita, 2010). The lowest breakdown of taro starch indicates paste stability. The lowest setback value of taro starch possibly indicates its lower tendency to retrograde.

9.1.7.4 Morphological Characteristics and Crystallinity of Taro Starch

Morphological properties of starch granules using Light Microscopy (LM) and Scanning Electron Microscopy (SEM) have recently been taken to characterize starch granules. LM has provided vital information about the internal structure of starch granules, giving information about the various shapes and sizes of starch grains, their refractive indices, as well as their transparent and colourless nature. SEM can potentially study the morphological changes due to the various effects and additives.
The crystallinity of starch granules is disrupted during chemical modification, and this leads to a greater degree of separation between the outer branches of adjacent amylopectin chain clusters in modified starches compared to those in native starches (Karmakar, 2005). According to the X-ray diffraction pattern, native starch granules can be classified as A, B and C-types (Eliasson and Gudmundsson, 1996). Starch is generally classified into three types (A, B, and C) according to the wide-angle X-ray diffraction (WAXD) pattern given by their amylopectin crystalline structures. Most cereal starches (e.g. normal corn, rice, wheat and oats) display the A-type, while tuber starches (e.g. potato, lily, canna, tulip) exhibit the B-type; C-type is the mixture of A-and B-types. It is believed that amylopectin is constituted of crystalline domains with the double helices arranged in the A-, B- or C-pattern (Yu et al., 2013). Starches with amylopectin of short average branch chains display the A-pattern, whereas those with long branches give the B pattern. The average chain length in between forms the C-pattern (Hizukuri et al., 1983). Crystallinity in native starch can be correlated with amylose content.
Taro starch granules show a variety of shapes with sizes between 1 and 5 pm and presents an A-type XRD pattern with a crystallinity level of 38.26�% (Acevedo et al., 2011). The X-ray diffraction of the starches to investigate the changes in crystallinity due to maturity stage of taro tubers (Sosso variety) indicates similar diffraction curves, suggesting a unique type of taro starch during growing, irrespective of the maturity stage (Himeda et al., 2012).

9.1.7.5 Modified Starches

Starch is tailor-made to meet the requirements of the end-user, giving rise to a range of speciality products but starches in their native form have limited application in industry. Native starches have low shear stress resistance, thermal decomposition, high retrogradation and syneresis (Fleche, 1985). In order to promote utilization of starches and to widen their application, there is a need to improve their functional properties. Such improvement can be achieved through modification. Modified starches usually have functional properties that native starches do not provide. Another purpose of starch modification is to stabilize starch granules during processing and make the starch suitable for many food and industrial applications (Schmitz et al., 2006).
By applying different reaction conditions, such as temperature and pH, additives and strict process control speciality products with unique properties are made. These speciality products are named modified starches, because they still retain their original granular form and thereby resemble the native (unmodified) starch in appearance. But the modification has introduced improved qualities into the starch when cooked. Recently, the modification of taro starch has been carried out by heat-moisture treatment (Eerlingen et al., 1996) and the physical method (Karmakar et al., 2014).
In the heat-moisture treatment method, the moisture contents of the taro starch samples are brought to 15,20,25 and 30�% (on a dry weight basis) by spraying appropriate amounts of distilled water. The samples are then heated in an oven, kept in air-tight bottles for 15 h at 100��C and subsequently air dried at room temperature (Alam and Hasnain, 2009). In another method, 1�% taro starch slurry in water is treated for 30 min at the desired temperatures (60,70, 80 or 95��C), cooled and air dried (Alam and Hasnain, 2009).
In the physical modification method by Karmakar et al. (2014), starch, 100 g (db) in 200 ml saturated Na2SO4 solution, is heated up to 120��C, which corresponds to the calculated osmotic pressure of 341 atm (345 bar) (assuming Na2SO4 dissociated completely) for 15, 30 and 60 min. After the heating process is over, the flasks are cooled down to room temperature and the starch is removed and washed with water (8 × 500 mL) to remove Na2SO4 by centrifugation at 4,552 g for 10 min, which is repeated twice. Then the starch is dried at 60��C in a hot air oven overnight (Pukkahuta et al., 2007).
Heat-moisture treated, oxidized and acetylated taro starches are more soluble, while cross-linked taro starch are less soluble as compared to raw taro starch (Alam and Hasnain, 2009). All these modified starches have greater swelling capacity and solubility at pH 2.0 and 10.0. Optimization of chemical synthesis of hydroxypropyl starch from two native starch sources, corn and taro, exhibits final optimum conditions for taro starch as 30�% sodium sulfate, 40�% starch slurry and 5.6�% propylene oxide concentrations. The highest value of swelling power for hydroxypropyl taro starch is 62.33, which may further be increased depending upon the conditions (Chattopadhyay et al., 2015).

9.1.7.6 Applications

Taro starch is known to have high leaching and swelling abilities when cooked like non-conventional starches (sago and tapioca). This ability allows the application of both starches (sago and tapioca) in an expanded snack product made of starch-protein mixture. The range of food products employing taro starch in one form or another can almost be without limit. But the utility of taro starch is almost entirely based upon the natural or synthesized functional characteristics. Taro starch is considered to be easily digestible, hence it can be widely used in baby foods and the diets of people allergic to cereals and children sensitive to milk.
Taro starch can be used in tomato ketchup (Sit et al., 2014). The colour of the ketchup is not affected by incorporation of starch up to 2�% concentration and is rated better than the control sample and is comparable to the ketchup prepared using maize starch. Taro starch has the potential to be used in hot extruded snacks, chips, pretzels, fried foods and ready-to-eat cereals. Snacks from rice, corn and taro starch, at 141,150 and 159��C, showed increasing expansion, decreasing density and decreasing breaking force (Bhattacharrya et al., 2006). The extrusion process parameter, such as the barrel temperature, greatly affects the texture, starch digestible characteristics and surface morphology of extrudates prepared from taro, rice and corn starch.
Because of its small granular size, taro starch has been considered a good filling agent for biodegradable polyethylene film (Lim et al., 1992) and as a fat substitute. Chemically-modified taro starch can be used as food additives in a broad range of applications such as thickening, bulking, stabilizing and gelling agents.
The small size of granules in taro starch makes it ideal in cosmetic formulations like face powder and in dusting preparations that use aerosol dispensing systems. Taro starch can also find potential applications in noodles, bakery foods, snack foods (Wan-jekeche and Keya, 1995), confectionery products (Suzuki, 1978), the textile industry (Radley, 1976) and alcohol and brewing industries (Wanjekeche and Keya, 1995).

9.1.7.7 Future Aspects

Taro�s digestibility, because of small starch grains and its hypoallergenic qualities, make it a unique product. Industries can draw nutritional advantage of taro flour and can use it as an alternative or supplement to cereal flours. The major products from taro can be flour, starch, achu, chips, cookies, noodles, etc. Lack of mechanization and awareness of the people regarding benefits provided by taro and various processing problems need to be resolved so as to promote this under-utilized tuber on the global platform. The standardized methods for different products need to be experimented on and exploited on a commercial scale. And, if required, modifications in the method can be explored. The uniform global standards for the different products from taro should also be focused.
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9.2.1 Introduction

Snacks can be defined as light meals eaten between regular meals. Also known as ready-to-eat foods, they are in greater demand as people have increasingly less time to prepare meals (Ward et al., 1998). According to Tettweiler (1991) snacks should be convenient, in small easy-to-handle portions, and satisfy hunger on a short-term basis. They include a broad range of products (Sajilata and Singhal, 2005). Snacks can take many forms and include cereals, crackers, pringles, chips, roasted nuts, milk products, candy, chips, cookies, puddings, etc. (Wadhera and Capaldi, 2012). While snacks and bakery products are common to all cultures, there are great differences on the basic ingredients and techniques used in their preparation. In Africa and Asia, families spend 15�50�% of their food budgets on snacks supplied by street food vendors (Ward et al., 1998). The interest in ready-to-eat foods is mostly observed in urban areas where people are distanced from their immediate food sources. In these areas people spend much time at the office and the demand for ready-to-eat food is increasing. Tropical roots and tubers, and in particular taro, actually play a role in the bakery and snack sector.
Taro corms and cormels are used in various parts of world for the production of bakery products and snacks. It is believed that the processing of taro snacks and bakery products started in 1935 with investigation into the utilization of taro in various food products other than the native poi (Payne et al., 1941) in Hawaii in the Pacific. In addition, research and development on taro processing and product development has been ongoing at the University of Hawaii since 1970 (Moy and Nip, 1983). Today, taro snacks and baked products are not only the subject of research, but efforts are being made to commercialize the utilization of taro in different products.
The aim of this chapter is to critically review the published literature on the technological transformation of taro into baked products, snacks and other ready-to-use taro products, in order to identify potential technological developments.

9.2.2 Bakeries

Baked products are ready-to-eat foods obtained from baking in an oven, which include bread, cakes, pastries and pies. The bakery industry is one of the largest organized food industries throughout the world (Srivastava et al., 2010).

9.2.2.1 Bread

9.2.2.1.1 Use of Raw Taro Flour in Bread Formulation
Bread is the most studied bakery product, which uses taro as one of its ingredients. Bread is a basic food dating far back to many years before Christ (Mondal and Datta, 2008) and today it is not only the most consumed but also the most acceptable form of food. The basic ingredients of bread include water (60�70�%), flour, a leavening agent such as yeast (2�%), sugar (4�%), salt (2�%) and a shortening agent (3�%). The Chorleywood method has been suggested to be the best procedure in dough preparation from which all the ingredients are mixed in an ultra-high mixer for a few minutes (Mondal and Datta, 2008). The consumption of bread and other baked products in many developing countries is constantly increasing. In this respect, the technology of composite wheat-taro flour represents an interesting option, not only for the increase in taro consumption, but also for the management of costs associated with importation of wheat flour.
The use of taro in bread-making has been the subject of many investigations. Ammar et al. (2009) studied the effects of using taro flour as a partial substitute for wheat flour in balady bread (Egyptian bread), with substitution levels of 5,10,15 and 20�% on the farinograph, extensograph and organoleptic properties of the produced dough and bread. They reported that up to 10�% substitution of wheat flour with taro flour produced bread with the same level of acceptability as that made entirely from wheat flour. In addition, the resistance of wheat dough to extension significantly decreased as the level of taro flour increased in the blend. The water absorption capacity also significantly increased with the level of taro flour in the composite.
The procedure of taro flour production used by Ammar et al. (2009) followed the procedure as described by Nip (1997). In this procedure, cleaned and peeled taro tubers were sliced and air dried at 45��C before being finely milled into flour to pass through a 60 mesh screen. A similar procedure was used by Sanful (2011) when he studied the effect of supplementing wheat flour with taro flour in the organoleptic and nutritional properties of bread. They observed that the general acceptability of taro-supplemented bread decreased with the amount of taro in the bread. However, the scores of blends with 30�% taro and 50�% taro were comparable to 100�% wheat flour for the colour and texture attributes, respectively. Nnabuk et al. (2012) also studied the industrial potential of cocoyam (Colocasia and Xanthosoma) in bread-making. In the process of flour production, the corms were subject to pre-treatment in order to reduce not only the mucilaginous material, but also the irritation principle and the browning. In this respect the corms were peeled, sliced, thoroughly washed, soaked in water overnight, rewashed and finally immersed for 3 h in 0.25�% disulphide solution. The slices were then blanched in boiling water for 4�5 min before being dried at 57�60��C and ground to pass through 40�50 mesh sieves.
The straight dough method was used in the baking, involving the mixing of the composite flour (cocoyam flour varying from 20-100�%, wheat flour varying from 0-80�%) with sugar (6�%), fat (3�%), baking powder (1.5�%), yeast (1�%) and water. The results revealed that the specific volume significantly diminished with increase of taro level in the composite, varying from 3.54 cm3/g for 100�% wheat bread to 2.58 cm3/g for 100�% taro bread. As compared to Xanthosoma, Colocasia performed best at each level of substitution. The sensory quality also showed that the 100�% wheat bread had higher acceptability at all levels of substitution. In particular, the colour of the bread was less rated as the percentage of substitution of wheat increased. According to Nnabuk et al. (2012), the poor rating in colour of cocoyam-wheat composite bread was partly attributed to the browning reaction induced by cocoyam flour, even though care was taken during the procedure of flour production. Finally, bread with 20�% taro wheat composite was rated good by the panel of 20 Nigerians associated to the study.
The differences observed in the acceptability of taro-wheat composite bread from the literature, 10�% taro for Ammar et al. (2009), 20�% for Nnabuk et al. (2012) and 30 or 50�% taro for Sanful (2011), suggested that the acceptability of bread not only depends on the taro genotype and their composition and functionality, but also on the panel�s habits and the type of bread. In fact, taro flour is poor in fat and protein, but contains appreciable amounts of minerals as compared to wheat flour (Njintang et al., 2008). In addition, taro is generally made of albumins and globulins but poor in gluten which, according to Kinsella (1976), give cereal flours the ability to form true dough upon mixing in the presence of the appropriate amount of flour. Raw taro flour has high water and oil absorption capacities, a water solubility index, and low foam and emulsion capacity.
As a consequence of the absence of gluten, it has been demonstrated that above 10�% taro flour substitution, the elasticity index of the composite dough falls within the interval of 35�60�% required for the use of wheat flour in French bread manufacture (Njintang et al., 2008). The fact that some bread was accepted with up to 50�% substitution of wheat suggested that the maximum level of taro incorporation into the composite depends mostly on the acceptability of the end product. In this respect, the type of bread and the habit of population are determinant parameters in this acceptability. One positive characteristic of taro-wheat bread quality is its low retrogradation index, and the capacity to keep its softness over a long period of time as compared to 100�% wheat bread.
9.2.2.1.2 Use of Precooked Taro Flour and Gum in Bread, an Original Research Work
Background The acceptability of the above-mentioned studies on bread taro blends did not reveal the irritating limit of the uncooked taro flour. Our recent findings on biscuit production from raw taro flour revealed that irritation induced by raw taro when it comes into contact with the body remained unchanged in the biscuits when tested organoleptically, suggesting that baking had no significant effect on taro acridity (Himeda et al., 2014). These findings were reinforced by an earlier study on Japanese taro, which reported that baking significantly increased the concentration of total oxalate (Catherwood et al. 2007). On the contrary, boiling has been shown to significantly reduce the oxalate content and rapidly annihilate irritation (Aboubakar et al., 2009 Catherwood et al., 2007; Nip 1997). It is in this respect that we recently tested the use of pre-cooked taro flour and also the incorporation of Grewia mollis gum in bread-making.
Method The pre-cooked taro flour was obtained by 25 min boiling taro corms of size of more than 284 g followed by peeling and slicing 0.5 cm thick, drying at 45��C to constant water content before milling into flour to pass through a mesh size of 500 pm using a hammer miller. The rheological and acceptability of the bread were evaluated. Taro flour, wheat flour and Grewia gum were mixed following a mixture design plan, as shown in Table 9.2.1.

Table 9.2.1 Mixture design plan for the preparation and some characteristics of taro-wheat-gum blend flour
Flours percentage in the mixture | Bread parameters
Wheat flour | Taro flour | Grewia gum | Volume(mL) | Firmness (kg Force) | Chewiness | Overall acceptability (/5) | WI of the crust | WI of the crumb
65�| 30�| 5 | 315�| 1.93�| 3.46�| 2.0�| 61.8�| 80.1
81.25�| 15�| 3.75�| 345�| 0.76�| 1.36�| 3.6�| 59.4�| 80.2
90�| 10�| 0 | 275�| 1.71�| 6.25�| 3.4�| 70.8�| 85.9
70�| 30�| 0 | 235�| 1.31�| 1.74�| 3.1�| 65.5�| 82.5
83.75�| 15�| 1.25�| 265�| 1.65�| 2.33�| 3.1�| 57.3�| 83.7
73.75�| 25�| 1.25�| 235�| 1.11�| 2.44�| 3.4�| 65.3�| 82.3
71.25�| 25�| 3.75�| 285�| 0.88�| 1.26�| 3.0�| 63.1�| 80.4
77.5�| 20�| 2.5�| 285�| 1.59�| 1.61�| 3.2�| 66.3�| 81.2
85�| 10�| 5 | 245�| 4.20�| 5.63�| 2.0�| 62.7�| 81.3
100�| 0 | 0�| 385�| 0.28�| 0.69�| 3.3�| 65.0�| 81.2
Mean value | � | � | 287�| 1.54�| 2.68�| 3.01�| 63.7�| 81.9
Standard deviation | � | � | 49�| 1.06�| 1.88�| 0.56�| 3.8�| 1.8
WI = whiteness index

In the procedure of bread preparation, 100 g of each blend was thoroughly mixed with 1.7 g salt, 5 g of leavening agent yeast and 150 g of water in a Kenwood food Mixer Moulinex, France. The mixing was done to ensure homogeneity of the dough. After fermenting for 40 min at 37��C and 75�% humidity, the dough was knocked and moulded into a loaf, proofed for 20 min at 37��C before being baked at 210��C for 20 min in a baker model Arthur martin pyrolyst under an automatic vapour injection system.
The texture profile characteristics of bread were evaluated by using a double cycle compression test protocol on a Lloyd type testing machine (Lloyd instrument LRX, Germany) provided with the software Nexigen, equipped with a 500 N load cell and a cylindrical probe with a diameter of 10 mm. The probe was allowed to compress bread (2.50 � 0.02 cm thickness) to 80�% depth, at 10 mm/min speed test, with no delay between first and second compression. All trials were done in triplicate. Firmness, chewiness and other parameters were generated automatically by the software.
The colour whiteness WI = 100 � √((100 � L)�2 + a�2 + M�2) index of the bread crush and crumb was calculated from L, a and b colour attributes measured with a Chromameter CR210 (Minolta France S.A.S., Carrieres-sur-Seine) (Nguimbou et al., 2013).
Physical Properties of Bread The effect of taro and gum flours on volume of wheat bread is presented in Table 9.2.1. Bread specific volume varied from 235�385 mL. In agreement with many other authors (Ade-Omowaye et al., 2008), all the volumes of bread made from composite flours were lower than those made from pure wheat flour.
In addition, flours containing higher levels of taro flour (30 or 25�%) associated with lower gum levels (0 and 1.25�%) resulted in lower bread volume. The reduction in bread volume with increasing levels of non-wheat flour has been attributed to lower levels of gluten network in the dough (Abdelghafor et al., 2011). The positive action of gum in bread-making has also been long demonstrated in many studies (Shittu et al., 2009).
Generally, hydrocolloids such as sodium alginate, k-carrageenan, xanthan gum, hydroxypropyl methyl cellulose and carboxy methyl cellulose have been found to affect the stability of dough during the proofing stage. But this varied with the type of gum. No significant linear relationship was observed between the bread volume and the gum or taro levels. However, the bread volume was positively linear correlated (r = 0.45; p = 0.19) with wheat flour levels in the mixture, while a negative correlation was observed with taro flour (r = -0.49; p = 0.15). We equally observed that the volume of bread was linearly correlated, though not significantly, with the texture parameters firmness (r = -0.51; p = 0.13) and chewiness (r = -0.41; p = 0.24). This observation show that as the volume of bread increased, the hardness decreased as well as the ability to chew. A similar relationship has been observed in previous studies where wheat was substituted with cereal (Abdelghafor et al., 2011).
Firmness is the first texture parameter perceived by the consumer when he comes into contact with bread. In addition, the chewiness is also an important parameter along with the color perception of bread. In the texture profile, the firmness or hardness is defined as the peak force value corresponding to the first two successive deformations. Firmness varied from 0.22 kg force to 4.2 kg force. The bread sample having 100�% wheat flour shows a lower value of firmness, while bread made from 10�% taro and 5�% gum had higher firmness (Table 9.2.1). Firmness was the only texture parameter significantly correlated with the overall acceptability. Generally breads with higher firmness had lower acceptability scores (r = -0.75; p = 0.01). Though not significant, linear relations were observed between firmness and gum level (r = 0.49; p = 0.15). This general view suggested that as the level of gum increases in the mixture, the firmness increases, but this hid the interaction between the taro and gum levels on the firmness.
The interaction plot showing the change in firmness with the levels of taro and gum in the composite is presented in Figure 9.2.1. This figure revealed that the effect of gum on bread firmness varied with the level of taro. In fact, at a taro level of less than 10�%, increase in gum induced an increase in firmness, while at taro level of more than 10�%, inconsistent change was observed. This controversial role of gum on the firmness probably reveals the interaction of gum with water on the one hand, but also the interaction of gum with other components such as starch and proteins on the other hand. In fact, we observed that Grewia gum, like other hydrocolloids, has a high ability to absorb water. The water absorption capacity of Grewia gum powder was 1220 g water/100 g gum, about 11 times that of wheat flour and 3 times that of taro flour. The decrease in firmness is probably a result of competition of gum and gluten/carbohydrates with water in the favor of gum, which probably reduced the gas retention during proofing. As reported by Shittu et al. (2009), the softening effect of gum could be attributed to the increasing hindrance of gluten-starch interaction.
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Figure 9.2.1 Effect of incorporation of Grewiamollis gum and taro flour on firmness of composite bread.

Chewiness has been reported as the most indicative characteristic of bread (Abdelghafor et al., 2011). In concordance with other reported works on wheat/cereal composite bread (Abdelghafor et al., 2011), our results revealed that chewiness values are highly dependent on hardness (r = -0.75; p = 0.01). In this respect, denser bread are generally harder to break and more difficult to chew. The chewiness of composite bread varied from 0.67 (100�% wheat flour) to 6.25 (10�% taro and 0�% gum).
Sensory Characteristics of Bread The different bread samples were rated as acceptable by the panel of Africans (N = 30; 18�25 years old), except for the sample with 5�% Grewia gum. We observed a negative significant (r = -0.67; 0.05) linear correlation coefficient between the overall acceptability and the level of gum in the composite. Though not significant, we equally observed a negative correlation (r = -0.21) between the overall acceptability of composite bread and the taro level. Generally, the literature revealed a decline in bread preference with the increasing level of taro flour in the composite.
The overall preference of bread with variation in taro and gum levels is presented in Figure 9.2.2. The graph revealed that the acceptability varied mostly with the change in gum levels in the composite. An increase in gum level up to 3�% had no significant effect on the acceptability of composite bread irrespective of the taro level in the composite; beyond this value a significant decline in overall acceptability was observed. At the gum level 3�%, the maximum acceptability was observed for taro levels of 17�20�%.
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Figure 9.2.2 Effect of incorporation of Grewiamollis gum and taro flour on overall acceptability of composite bread.

Colour and Structure of Bread The appearance of the crust and crumb of bread are the first parameters that are responsible for the acceptance or rejection of bread by consumers. The color of the crust and crumb are partly determined by the extent of the Maillard reaction during baking (Shittu et al., 2009). The variation in the Whiteness index (WI) of the crumb and the crust of the bread are presented in Figure 9.2.3. Generally incorporation of taro flour and gum induced no significant change on the Whiteness index of the crumb and crust of the bread. In fact, the coefficients of variation of the Whiteness index were 6.0 and 1.8�% for the crust and crumb, respectively.
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Figure 9.2.3 Whiteness of the crust (A) and crumb (B) of composite bread as affected by the levels of Grewiamollis gum and taro flour.

In addition, the structure of the crumb changed with the incorporation of taro and gum (Figure 9.2.4). The bread at 100�% wheat and 90�% wheat/10 taro showed very small and homogenous crumb cell largely dispersed, while in 30�% taro/70�% wheat, very large crumbs cells appeared. The size of the cell crumb diminished in 65�% wheat/30�% taro and 5�% gum. The increase in crumb size upon increase in taro flour is probably a consequence of the weakness of the dough, which does not resist to the increase in volume during fermentation.
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Figure 9.2.4 Some pictures of bread as affected by level of taro and gums in the composite: (A) 100�% wheat; (B) 70�% wheat, 30�% taro and 0�% gum; (C) 65�% wheat, 30�% taro and 5�% gum.

The optimal levels of taro and gum flour in the bread were then determined to 17�% taro flour and 2.5�% Grewia gum. The optimal substitution level of precooked taro flour was not far from 15�% substitution with taro used by Payne et al. (1941) for bread production on an industrial scale at Hawaii. According to these authors, the use of taro flour in bread preparation presents no difficulty under conditions where some precautions are respected. The first condition is general for all wheat composite flour, that hard wheat flour is preferable and the taro flour should be carefully blended with wheat in order to avoid dark and sticky lumps in the dough. Second, in order to avoid the dough to be too slack, for 1�% of taro flour used, the water added to the blend should be increased for 1�% over normal. Third, the fermentation should take less time as compared to wheat flour doughs. Lastly, the temperature of the baking oven should be lower as wheat taro blends take color much more quickly.
Payne et al. (1941) equally observed that wheat taro composite bread has superior keeping quality based on the high water absorption capacity of taro flour. Five days after baking, it was still possible to butter slices of the taro bread without crumbling, as compared to wheat bread which crumbled badly and could hardly be considered edible. As a recipe for bread formulation, they proposed mixing 794 g taro flour, 3,969 g white wheat flour, 57 g of shortening, 57 g of sugar, 114 g of salt, 85 g of yeast and 4.5 L water. The dough was produced in 2 steps of 90 and 30 min. To complete the fermentation the dough is left at room temperature for 10 min.
Payne et al. (1941) also reported the successful bread-baking test in a large scale done by the US Army. Taro flour was used in the proportion of 15�% and more precisely, 6,800 g taro flour were mixed with 38 556 g of wheat flour, 907 g of salt, 1,134 g shortening, 907 g of yeast, 1,814 g powdered milk, 1,361 g of sugars, 113 g of arkady and 34 020 g of water. They reported that the taro wheat composite bread obtained had high keeping quality as a result of its initial high moisture content, and not from any greater capacity for retaining its moisture. In using taro flour for bread preparation, they observed that taro flour was found harder to handle because it was softer. In addition, more time (10 min for each 454 g loaf and 15 min for 908 g loaves) was needed for baking.
9.2.2.1.3 Alveographic Characteristics of Composite Taro Wheat Dough: Effects of Taro Parboiling
Our studies in taro wheat composite dough revealed no remarkable difference on the dough alveographic characteristics of raw and parboiled taro corms (Himeda et al., 2014; Njintang et al., 2008). Table 9.2.2 presents the alveograhic parameters of wheat taro composite dough as affected by parboiling.

Table 9.2.2 Alveographic characteristics of wheat taro composite dough as affected by the level of taro flour, Ibo coco variety
Taro level in the composite
Alveograhic characteristics | Taro treatment | 0�| 10�| 20�| 30
P | Raw | 95�| 115�| 133�| 159
�"� | Parboiled | 99.1�| 117.2�| 137.8�| 165.7
G | Raw | 18.4�| 16.2�| 13.3�| 10.8
�"� | Parboiled | 19.7�| 15.6�| 11.5�| 10.4
L | Raw | 68�| 53�| 36�| 23
�"� | Parboiled | 78.0�| 49.0�| 26.8�| 22.3
W | Raw | 241�| 231�| 203�| 162
�"� | Parboiled | 281�| 235�| 167.5�| 161
Ie | Raw | 55.8�| 50.3�| 0 | 0
�"� | Parboiled | 59.8�| 55.7�| 0 | 0
Rupture pressure (P), extensibility (L), strength (W) and elasticity index (Ie), extensibility index (G), are parameters generated automatically by the Chopin alveograph

Generally, parboiling taro corm of the Ibo coco variety has no significant difference on the alveograhic parameters. In addition, incorporation of taro into wheat flour generally modifies the alveographic characteristics of the composite dough. In particular, up to 10�% substitution of wheat, the elasticity index of the dough, Ie, was in the range values 35�60�% reported for some wheat varieties in France. Beyond 10�% substitution, the elasticity diminished rapidly and a zero percent elasticity was observed at 15�% substitution. Himeda et al. (2014) revealed that the maximum level of substitution with precooked taro flour depends on taro variety. In fact, they obtained an elasticity value of 49.2�% for a 15�% wheat substitution with taro flour variety egg-like, while at the same taro level for the Ibo coco variety, Ie was equal to zero. In theory, the dough must exhibit an elasticity to be used in bread preparation and a minimal limit of Ie (40�%) was suggested for French bread. This suggests that substitution with taro above 10�%, and exceptionally 15�%, is not advisable (Njintang et al., 2008). This level has been shown to be improved by adding gums. In addition, the substitution level of taro can be improved by adding the taro flour to the wheat dough already prepared.
In most of the studies published on the use of taro flour in bread formulation, the wheat and taro flours are mixed at the same time. Under these conditions, the gluten is diluted and the dough gluten network also. It is worth mentioning that bread is a leavened and precisely a yeast raised product. Leavening is produced only if the CO2 gas is trapped and held in a system which expands along with it. In this respect, formation of correct dough and batter to trap leavening gases and the fixing of these structures by the application of heat is the main challenge in the preparation of composite bread. Mondal and Datta (2008) outlined three different methods used in the production of baked products: the straight dough method or one-step ingredient mixing, the sponge and dough method or the two-step ingredient mixed method, and the Chorleywood method where all the ingredients are mixed in an ultra-high mixer for a few minutes.
Adding taro flour after the formation of wheat dough will not affect the strength of the gluten network and in this respect, the expansion of the dough during fermentation. However, such a study of not mixing taro and wheat flour in the one-step method has not been done on taro wheat composite dough and bread, and needs to be investigated. In addition, taro flour has a high ability to absorb water as compared to wheat flour. In this respect the quantity of water added should vary with respect to the quantity of taro in composite, but this has not been investigated yet.

9.2.2.2 Cookies and Biscuits

Also called biscuits in the UK, cookie describes a flat crisp baked product. Biscuits are one of the most popular products, because they are economically cheaper as well as considered as gifts for infants and school-going children. Indeed cookies are made in a wide variety of styles using an array of constituents which include flour, water, sugar and fat. They can be divided into cabin biscuits, semi-sweet and hard-sweet biscuits, sugar-snap cookies, etc. Snap cookies contain 47.5-54�% of flour, 33.3-42�% of sugars and sweetener, and 9.4-18�% of fat (Teckle, 2009). Sugar snap cookies typically are made from 225 g of soft wheat flour, 64.0 g shortening, 130 g sucrose, 2.5 g sodium bicarbonate, 2.1 g salt, 33 g glucose solution (8.9 g of glucose hydrous in 150 ml of distilled water) and 16.0 g distilled water (Ryan and Brewer, 2006). The term �snap� refers to the audible sound when the cookie fails under a load (Pareyt and Delcour, 2008).
Cookies generally have a low final water contents (1�5%) (Pareyt and Delcour, 2008) and other ingredients including milk, salt and aerating agents (Olaoye et al., 2007). Soft wheat is the most widely-used cereal for cookie-making in that it provides the necessary gluten to the biscuit structure. Although gluten was found to be crucial in making cookies, it has been stated that low gluten content and weak gluten strength is generally desired for a good sugar snap cookie. Practically, biscuit manufacturing starts with creaming which is mixing of all ingredients to obtain a soft dough. In the procedure of dough production, shortening, generally margarine, and sugar are mixed for some minutes in a mixer, and refined wheat flour and baking powder are subsequently added with some quantity of water. After mixing, the dough is sheeted to a given thickness, cut into pieces of geometrical size with a die, and is baked at temperature 150�200��C for 20�30 min.
Several products can be used in cookie production, either by substitution of basic ingredients or by addition, and this may affect its quality, particularly the textural properties. In this respect taro flour has been a subject of wheat flour substitution in the production of cookies. A very long time ago, Payne et al. (1941) reported that in cookies as high as 60�% taro flour could be used. Some 50 years later in the same country, Nip et al. (1994) formulated snap-type cookie with taro flour by replacing wheat flour and drop-type chocolate chip cookie formulation by the replacement of 51�% of the wheat flour with taro flour in a commercial formulation. Both cookie formulations developed were found to be highly acceptable. Ojinnaka et al. (2009) had studied the effect of taro starch modification on functional and sensory qualities of cookie. They concluded that substitution of some part of wheat flour with taro starch in the production of snack products will help minimize the rate of post-harvest losses and encourage taro cultivation.
Teckle (2009) evaluated the physicochemical characteristics and sensory qualities of cookies made from taro-wheat composite flour as affected by the proportion of taro and the baking temperature. Taro flour was used in the blend at varying proportions of 33.3, 66.7 and 100�% following a mixture simplex lattice design, whereas 140, 150 and 160��C baking temperatures were tested for baking. Sugar snap cookie formulation was produced based on the ingredients shown in Table 9.2.3 according to the standard AACC formulation for baking quality of cookie flour (Method 10-50-D, AACC, 1983).

Table 9.2.3 Formulation of the snap taro cookie
Quantity required (%)
Raw materials | (Teckle 2009) | Ryan and Brewer (2006)
Wheat (and taro) flour | 45.5�| 47.4
Baking powder | 0.5�|
Sodium bicarbonate | � | 0.5
Vegetable shortening | 13.0�| 13.5
Sugar/sucrose | 27.0�| 27.4
Sweetener/glucose | 7.0�| 0.4
Water | 3.3�| 10
Seasoning | 2.73�| -

The physicochemical characteristics of cookies were evaluated in terms of proximate composition, energy value, water absorption capacity (WAC), oil absorption capacity (OAC), cookie diameter and thickness, spread ratio and cookie breaking strength (texture). The cookie sensory qualities were evaluated in terms of colour, flavour, crispiness and overall acceptability. They observed that increase in taro proportion from 0-100�% in the blend led to a significant increase in moisture (1.75-2.15�%), fiber (0.53-1.67�%), crude ash (2.10-3.89�%) and carbohydrates (73.18�75.30�%) contents in the cookies, while the proteins (5.37-3.70�%) and fat (17.07�13.35�%) content significantly reduced. The change in biscuit composition reflects the difference in the composition of taro and wheat flours used in the composite.
Generally, as reported earlier, taro flours are low in protein and lipid and high in carbohydrate, ash and fiber content (Himeda et al, 2014) as compared to wheat flour. The high moisture content of the biscuit was ascribed to the high water retention capacity of taro, which could have improved resistance to moisture evaporation during the baking process. In fact the water holding capacity of taro flour was 2.37 ml/g, about twice the value determined for wheat flour (1.2 ml/g). The temperature only had a significant effect on the moisture and carbohydrate contents of the cookies and not on protein, fat, crude fiber and ash contents.
Because of the low level of proteins and lipids in the taro flour, their incorporation into wheat flour is expected to reduce the protein content of the composite flour and thus to significantly influence the rheology of dough and texture of products made from such composites (Njintang et al., 2007). In this respect, Teckle (2009) observed that the breaking strength of the cookies significantly increased from 13.5-28.7 N as the taro level increased from 0-100�%. When taro level increased from 0-33.3�% in the blend, no significant change was observed on the breaking strength of cookies. According to Tyagi et al. (2006), the breaking strength of a cookie is one criterion that measures the hardness of a biscuit, an important mechanical characteristic of biscuits since it determines the perception in the mouth and acceptance of a product (Shrestha and Noomhorm, 2002). Similarly, significant decrease in diameter (4.85-4.06 cm), thickness (0.57-0.52 cm) and spread ratio (8.52-7.89) of the cookies was observed as the level of taro in the blend increased with no significant difference between taro proportions of 0 and 33.3�%. Thus increased level of taro flour densified the cookies, which may reflect the high density of taro flour (0.80 g/ml) as compared to wheat flour (0.50 g/ml).
According to some authors (Pareyt and Delcour, 2008), the high initial moisture content of the wheat flour (14�%) could have contributed to less densification of the cookies by decreasing the dough stiffness, consistency and cohesion. Theoretically, rapid partitioning of free water to hydrophilic sites during mixing increase dough viscosity, thereby limiting cookie spread (McWatters, 1978). In addition, the high water holding capacity of taro flour makes water less available to dissolve the sugar (soluble components), and therefore the viscosity will be higher causing slower rate cookie spread (Pareyt and Delcour, 2008). In relation with the texture analysis, the color, flavor, crispness and overall acceptability of the cookies diminished generally as the level of taro in the blend increased with no significant change up to 33.33�% taro level. The results of overall acceptability confirmed that replacing wheat flour with taro flour up to 33.3�% for cookie baking was fairly acceptable. The 33.3�% taro flour cookie was found not to be significantly different from the control cookies with all quality parameters except with protein, ash, carbohydrate, gross energy and crude fiber content.

9.2.2.3 Use of Parboiled Taro Flour in Biscuit Preparation: An Original Study

Teckle (2009) used raw taro flour obtained by the triple process of peeling, drying and grinding to pass through 500-pm mesh sieve (Njintang et al., 2006). As mentioned above, raw flour has the drawbacks of keeping the itching principle even after baking. This was however not highlighted by the sensory panel reported in Teckle (2009), suggesting that some taro varieties are free of the itching principle, but this is not always the case of those cultivated in most countries. We recently reported characteristics of wheat taro biscuit using parboiled taro flour (Himeda et al., 2014). Wheat flour was substituted with parboiled taro flour at 0, 5, 10, 15, 20, 25 and 30�%. Soft dough biscuit was produced by mixing fat (margarine, 150 g) and sugar (commercial sugarcane, 250 g) in the mixer (a Z-blade type, Moulinex, France) and blending for 2 min. The sodium bicarbonate (7 g) and salt (3.5 g) dissolved in some volume of eggs (2 eggs) were added, followed by the vanilla flavoured sugar (10 g). The composite flour was then introduced into the mixer, and the mixture blended for 7-10 min while during this process the remaining egg was added. The dough was sheeted 0.5 cm thickness and cut into circular shapes with a moulding shell. Baking was done at 190��C for 8-10 min in a Michael Wenze Ideal oven (Michael Wenze, Arnstein, Netherlands).
The results revealed that all the composite biscuits were as acceptable as 100�% wheat biscuits except composite with 5 and 10�% taro variety RIN, which possessed higher hedonic score for all the attributes compared to 100�% wheat biscuits (Himeda et al., 2014). Generally this study showed that composite biscuit made with taro variety RIN had attractive sensory attribute, in particular flavour and taste. The mean nutrient compositions and energy contents of taro-wheat composite biscuits showed no significant changes on the crude lipids of biscuits, while a significant (p < 0.05) decrease in protein and increase in ash was observed following the increase in taro level. In addition, available sugars significantly decreased with increasing level of substitution with taro flour.
In the continuation of Himeda et al. (2014) work, we evaluated some physicochemical and nutritional properties of the biscuits. Soluble sugars and soluble protein content of the biscuits were measured according to Fischer and Stein (1961) and Devani et al. (1989), respectively. In vitro carbohydrates digestibility of biscuits was evaluated using human saliva freshly collected. AACC (1995) Standard method was used to determine biscuit volume, diameter, thickness and spread ratio. Diameter and thickness were measured on 25 randomly selected biscuits using a digital Venier caliper with 0.01 mm accuracy (Cappera precision, China) and the average calculated. The volume of each biscuit was calculated using the equation for a solid cylinder (n.r2.h) where the height (h) was equal to the thickness of the biscuit and r the radius. The biscuit spread ratio was calculated as a ratio of diameter to thickness of biscuits. Bulk density was determined as described by Singh et al. (2008) and the result expressed as g/cm3. The water absorption capacity (WAC) and water solubility index (WSI) of ground biscuits were determined as described by Phillips et al. (1988) and Anderson et al. (1969), respectively.
Figures 9.2.5, 9.2.6 and 9.2.7 respectively show the variation in soluble proteins, soluble sugars and carbohydrate digestibility of the composite biscuits as affected by the level of taro. Generally soluble protein level increased with increase in taro level in the composite. The increase was higher for biscuits made from egg-like taro flour variety as compared to Red Ibo taro flour variety. This increase might possibly be due to soluble proteins present in the taro flour. According to Njintang et al. (2014). the soluble proteins in taro are mainly composed of mucilage, which the content varied from one variety to another.
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Figure 9.2.5 Effect of variety and level of taro flour incorporation on soluble proteins of biscuits.
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Figure 9.2.6 Effect of variety and level of taro flour incorporation on soluble sugars of biscuits.
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Figure 9.2.7 Typical surface plot for the effect of digestion time and level of taro flour on the in vitro carbohydrate digestibility of biscuits (Egg-like variety).

In addition, Jiang and Ramsden (1999) closely associated the taro corms proteins with those of the mucilage. Based on this we can assume that the egg-like taro variety used in this work was higher in mucilage as compared to red Ibo coco variety. However this needs to be investigated. In addition to soluble proteins, soluble sugars of composite biscuit increased with level of taro flour incorporation, and particularly for Red Ibo coco variety (Figure 9.2.5). The soluble sugars of wheat-taro biscuits varied between 2.61-2.84 g for biscuits made from egg-like taro flour and 2.61-3.49 g for those from Red Ibo variety. The increase in sugars also reflected the high level of soluble sugars in taro flour. Figure 9.2.7 shows that dough formulated with taro flour substantially increased in vitro carbohydrate digestibility of biscuit compared to the 100�% wheat biscuit. Replacement of wheat with 30�% egg-like flour and 30�% Red Ibo increased the in vitro digestibility of carbohydrates by 50.8 and 59.0�% respectively. The improved digestibility suggests potentially improved sugar absorption and retention in humans. In this respect, increase in digestibility with taro flour substitution could be attributed to dilution of the less soluble and digestible wheat carbohydrate with the more soluble and digestible carbohydrate content of taro flour. The high digestibility of taro starch has been associated to the small size of its granules and encouraged in the preparation of infant food in Hawaii and other Pacific islands (Nip, 1997). Indeed our study and others on the microstructural characterization of taro starch revealed the size of taro starch granules between 1 and 5 pm, one of the smallest that exists in nature (Aboubakar et al., 2008).
Physical properties of wheat-taro composite biscuits The values of the physical properties of taro wheat composite biscuit are shown in Table 9.2.4.

Table 9.2.4 Some physical characteristics of taro-wheat composite biscuits
Level and type of flour in the composite | Weight (g) | Diameter (mm) | Thickness (mm) | Density (g/cm3) | Spread ratio | Volume (cm3)
100�% Wheat flour | 5.18 � 0.41a | 4.96 � 0.03a | 0.57 � 0.03b | 0.47 � 0.03b | 8.70 � 0.56a | 10.99 �1.03 a
Level of Egg-like variety
5 | 5.23 � 0.36b | 5.06 � 0.05d | 0.56 � 0.03a |�0.47 � 0.02ab |�9.03 � 0.55b | 11.23 � 0.87 a
10�|�5.38 � 0.19c |�5.03 � 0.05c |�0.56 � 0.03a |�0.48 � 0.04c |�8.98 � 1.02c | 11.12 � 0.78 a
15�|�5.34 � 0.43a |�4.98 � 0.06b |�0.56 � 0.03b |�0.48 � 0.05ab |�8.89 � 1.09a | 11.07 �0.79a
20�|�5.36 � 0.37ab |�5.05 � 0.08d |�0.56 � 0.04a |�0.48 � 0.02a |�9.02 � 0.52ab | 11.22 � 1.02a
25�|�5.39 � 0.43ab |�5.03 � 0.08c |�0.55 � 0.04a |�0.48 � 0.02ab |�9.15 � 0.57b | 11.07 �1.06a
30�|�5.40 � 0.41c |�5.03 � 0.08c |�0.55 � 0.04a |�0.49 � 0.05c |�9.15 � 1.19c | 11.02 � 0.99 a
Red Ibo variety
5 |�5.75 � 0.52b |�5.10 � 0.13de |�0.56 � 0.04a |�0.51 � 0.06d |�9.10 � 0.90d | 11.24 � 1.26b
10�|�5.92 � 0.49cd |�5.08 � 0.11cd |�0.56 � 0.04d |�0.50 � 0.04c |�9.07 � 0.75c | 11.88 �1.19d
15�|�5.87 � 0.48c |�5.07 � 0.11bc |�0.56 � 0.03bc |�0.51 � 0.03d |�9.05 � 0.49d | 11.42 �1.14bc
20�|�5.73 � 0.36b |�5.06 � 0.10b |�0.56 �0.03d |�0.49 � 0.03b |�9.03 � 0.55b | 11.84 �0.86d
25�|�6.01 � 0.47d |�5.12 � 0.11e |�0.55 � 0.03b |�0.52 � 0.03de |�9.31 � 0.66e | 11.53 �1.01c
30�|�6.27 � 0.48e |�5.18 � 0.10f |�0.55 � 0.03c |�0.52 � 0.05e |�9.42 � 1.15f | 11.97 �1.01d
Mean � standard deviation; N = 25. Means in the same line within each variety followed by similar figure (a-e) in superscript are not significantly different at p < 0.05.

The mean weight of the control wheat biscuit was 5.18 g and the weight increased significantly (p < 0.01) with the increasing level of taro flour in the composite, irrespective of the taro variety. The weight of wheat-taro biscuits varied between 5.23 and 5.40 g for Egg-like taro flour and 5.73 and 6.27 g for Red Ibo taro flour. These results suggested that as the level of taro increased in the composite, the biscuit becomes denser as no significant variation was observed on the volume of the biscuit, irrespective of the taro variety.
It has been clearly established experimentally that biscuit density is strongly correlated to the water absorption capacity of flour (Doescher et al., 1987). We found in our earlier studies that increase in the level of taro in the composite led to significant (p < 0.05) increase, not only in water absorption capacity, but also in water solubility index and swelling index (Himeda et al., 2014; Njintang et al., 2008). The high water absorption capacity of taro flour could have contributed to the higher density of composite wheat-taro biscuit. According to Njintang et al. (2008) and in conformity with other studies on incorporation of navy beans, the observed increase in WAC could be ascribed to the high level of carbohydrate in taro flour, which was as high as 89�%. WAC also has a direct link with the dough consistency, and this was proved not only for whole wheat flour (Kitissou, 1995), but also for wheat-taro composite flour (Njintang et al., 2008). The densification of the dough with increase in level of taro in the composite was also shown recently (Himeda et al., 2014). In fact, as the level of taro in the composite increases from 0-30�%, we observed that the rupture pressure of the dough systematically increased from 99-166 mm H2O for Red Ibo, and from 99-146 mm H2O for Egg-like variety.
In conformity with the weight of the biscuit, the dough made with the Egg-like variety was weaker than that made with the Red Ibo variety, thus confirming the hypothesis of densification. The high weight of the biscuit might also be a result of difference in the spread ratio which, according to Dogan (2006), is an indication of the viscous property of the dough. It is evident that during baking as the temperature of the baking oven increases, the dough flows (spreads) until the point at which the viscosity suddenly increases, probably as a consequence of crystallization, gelatinization and gelation. The change in viscosity might presumably be a property of the flour proteins in the case of uncooked taro flour, since starches are mostly in their native form and gelatinized less. In precooked flour, as in this work, both proteins and starch might highly interact to contribute to the viscosity. From Table 9.2.4, we can see that the increase in the proportion of the taro flour in the composite flour has caused the cookies to increase in the spread factor. This result is the reverse of that observed by Teckle (2009) on composite taro wheat cookies. He inferred his observation to the increase in diameter, which was the reverse of that observed in this work. According to this author, the decrease in spread ratio and diameter is indicative of the densification of cookies. This is not the case in our study where we found a significant increase in density associated to an increase in spread ratio. The difference observed with Teckle�s report is probably due to the difference in the pretreatment of the taro corms during the flour processing. Parboiling then has caused densification of the dough and hence the biscuit.
Functional Properties of Wheat-Taro Composite Biscuits The changes on water absorption capacity and water solubility index of composite biscuits as a function of level of substitution are shown in Figures 9.2.8 and 9.2.9. Water absorption capacity is a functional property that characterizes the ability of product to rehydration. It can be seen that, irrespective of the variety, WAC of biscuits increased with increase in the level of incorporation of taro flour in dough. It varied from 119�180�% for Egg-like-based biscuits and 119�158�% for Red Ibo-based biscuits. Increase of WAC was higher with Egg-like flour compared to Red Ibo flour; it was around 44.14�% for 30�% Egg-like flour and 18.85�% for 30�% Red Ibo flour. Composite taro wheat biscuits were equally found to possess higher WSI (Figure 9.2.9) varying from 30.6-34.4�% for Egg-like-based composite and 30.6-38.0�% for Red Ibo-based composite.
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Figure 9.2.8 Effect of variety and level of taro flour incorporation on water absorption capacity of biscuits.
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Figure 9.2.9 Effect of variety and level of taro flour incorporation on water solubility index of biscuits.

Sensory scores reported for the composite biscuits showed that all the biscuits made from Egg-like and Red Ibo taro flours were as acceptable as 100�% wheat biscuits, except biscuits made from Red Ibo variety substituted to 5 and 10�%, which possessed higher hedonic score for all the attributes (Himeda et al., 2014). Biscuits made from precooked Red Ibo flour has induced attractive sensory attribute to the biscuits, in particular flavour and taste. Indeed, flavor is the main criterion that makes the product liked or disliked. The attractive taste and flavor of taro corm generally appeared during boiling, but this does not seem to be the case when taro is not parboiled. In fact, Teckle (2009) found that the flavor and colour of cookies significantly decreases with an increase in the proportion of raw taro flour in the cookie and also with an increase in baking temperature.

9.2.2.4 Other Recipes of Cookies and Biscuits Formulation

Payne et al. (1941) reported recipes for biscuits and cookies. For biscuit formulation, the ingredients included 1/4 cup of parboiled taro flour, 3/2 cup of wheat flour, 5 teaspoons of baking powder, 1 teaspoon of salt, 2 tablespoons full of shortening, and 1 cup of milk. The dry ingredients are sieved twice and the fat rubbed in with fingers or knife. Milk was added and the lot mixed to a consistent soft dough which was then flattened into a 1.25-1.50 cm thick sheet, cut with biscuit cutter (18 pieces) and baked for 15 min at 230��C. The recipe proposed for cookies and the mixing procedure were different from those of biscuit. More ingredients were used and included 1 cup of taro flour, 1/2 cup of wheat flour, 1/2 cup of rolled oats, 3/4 cup of brown sugars, 1/2 cup of shortening, 1/2 cup of milk, 1 teaspoon full of salt, 2 teaspoons full of baking powder, 1/8 teaspoon full of cinnamon and 1/8 teaspoon full of ginger. Shortening and sugar are first creamed and the milk added with mixing alternately with sifted dry ingredients. The soft dough was then rolled into a sheet and cut into uniform cookie pieces (32 pieces) using a cookie cutter and baked at 190��C for 15 min.
Ejoh et al. (2013) studied the suitability of two varieties of cocoyam (Xanthosoma sagittifolium) for making biscuits. The black and white cocoyams were transformed into flour either after blanching or not. Biscuits were obtained by substituting wheat flour at 0, 10, 20, 50 and 100�%. In the procedure of biscuits preparation, all the dry ingredients (250 g of flour were mixed with 55 g of sugars, 2.5 g of salt, 5 g baking powder, 1.5 g of grated nutmeg, 5 mL vanilla essence) were first mixed. With continuing mixing, 125 g margarine was added followed by 60�65 mL of water. The dough was then rolled out, cut into round shaped and baked at 175��C for 30�35 min. The sensory evaluation showed that the general acceptability and all the other attributes (colour, appearance, flavour, taste and texture) of the biscuit diminished with the increase in cocoyam level in the composite with no significant difference up to 30�% substitution. In accordance with other reports on tuber/wheat biscuit composites (Adeleke and Odedeji, 2010), Ejoh et al. (2013) found significant linear correlation between the general acceptability and the taste of the biscuits. They equally found that the white cocoyam was more suited for biscuits formulation.

9.2.2.5 Boiling as a Pretreatment to Annihilate Irritation Induced by Calcium Oxalate in Taro Flour

Our laboratory started the promotion of taro flour in baking products in 2008 with the evaluation of the functional properties of taro wheat composite flour (Njintang et al. 2008). The technological test of taro flour incorporation on biscuit quality revealed that irritation induced by raw taro when it comes into contact with the body remained unchanged in the biscuits when tested organoleptically, suggesting that baking had no significant effect on taro acridity. Irritation in taro-based bakeries seems to vary with variety. In fact some studies reported no irritation of the mouth or throat during or after the sensory evaluation of taro-wheat based cookies (Ojinnaka, et al., 2009; Teckle, 2009), and this has been attributed to the very low level of oxalate in the initial taro flour and the cookies.
Indeed, the high content of calcium oxalate crystals in some varieties of Colocasia has long been used to partly explain the acridity or irritation of taro corm, which constitutes a challenge in the use of taro flour as a value added product (Payne et al., 1941). Baking generally induced significant change in the level of calcium oxalate in wheat-taro composite cookies. Studies on Japanese taro reported that baking significantly increased the concentration of total oxalate (Catherwood et al., 2007). Conversely, Teckle (2009) observed no significant change in the oxalate content of the cookies with the increase in baking temperature while significant increase in oxalate content with increase in the taro amount in the formulation was observed. The observation by these authors suggested that baking a food causes rather an effective concentration of oxalates in the food following the loss of water (Oscarsson and Savage, 2007). Boiling taro corm has been suggested as the effective method to reduce the oxalate content and rapidly annihilate irritation of taro corm (Aboubakar et al., 2009; Catherwood et al., 2007; Nip, 1997). From these observations, the use of parboiled taro flour as starting material for food formulations has been proposed. The change in oxalate structure during precooked taro flour production has been reported (Aboubacar et al., 2009; Njintang, 2003).
Calcium oxalates crystals occurred in specific taro cells called idioblasts, within the cortex in two forms: the druses which are rosette shape form and the raphides which are needle shape form (Figure 9.2.10). The shape of druses (Sunell and Healey, 1985) is spherical, with an average diameter of 40 m, while the raphides are spindle-shaped with obtuse ends. Unlike druses, some raphides called defensive raphides are capable of ejecting their needles from their obtuse end. The difference between the defensive and non-defensive raphides is observable on the distribution of needles in the idioblast. In fact, while in defensive raphides, the needles are aligned parallel with the long axis of the idioblast and are ejected through one or both poles of the cell, the needles in the non-defensive raphides were tightly compacted into a bundle at the centre of the cell. We found in our earlier work that during boiling, the ejection of needles is annihilated, thus eliminating the acridity (Aboubacar et al., 2009).
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Figure 9.2.10 Some idioblasts identified in taro corm. (a) raphide idioblast with one end ejection; (b) raphide idioblast with two end ejection; (c) druse idioblast; (d) inoffensive idioblast.

Parboiling as a pretreatment for the production of taro flour was suggested a long time ago by Payne et al. (1941), who reported that as high as 60�% precooked taro flour could be used in cookies preparation. The recommended procedure for precooked taro flour production included boiling under pressure taro corms, especially the Ibo coco variety (Figure 9.2.11) for 25�35 min. Under these conditions, the pleasant taro odour is developed; the boiled corms are then hand peeled, sliced 0.5 cm thick and powdered in a hammer grinder equipped with a ventilation system which separates coarse particles from the fine ones. The flour is then packaged in polyethylene bags to avoid adsorption of moisture.
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Figure 9.2.11Colocasia esculenta corm, ecotype Ibo coco.

9.2.2.6 Other Bakery Products

Cake Cake is a baked product liked by consumers all over the world. Soft wheat flour is the basic ingredient in cake-making. In the procedure of cake preparation, wheat flour is mixed in a bowl for a time so as to obtain an homogeneous dough with other ingredients, which include ground sugar, shortening, eggs, baking powder, vanilla essence and milk. Kumar et al. (2014) reported the effect of substitution of wheat flour with taro flour on the physicochemical and sensory characteristics of composite cake. Taro flour used in the preparation of the cake was prepared by blanching slices 0.5 cm thick for 10 min in boiling water, followed by drying and grinding to pass through a 30 m mesh sieve. Wheat flour was substituted with 5,10,15 and 20�% taro flour and the composite mixed in a single stage with ground sugar, shortening, eggs, baking powder, vanilla essence and milk. The batter so obtained was immediately poured into a previously greased baking pan, then put into a baking oven at 190��C for 60 min. The effect of taro flour level, fat level, sugar and egg level was studied using a L16 orthogonal Taguchi design.
The results showed that the volume of cake increased with increasing taro flour up to 10�% over which a decrease in volume was observed. Generally higher volume of cake indicates higher gas retention and higher expansion of the product leads to higher volume (Gomez et al., 2008). Kumar et al. (2014) observed that as the level of taro increased, the cake could not withstand the structure during the last phase of baking and collapsed. They explained this by the lesser amount of gluten which mainly supports the structure and provided better stability. They inferred the decrease in volume to differences in the internal structure of batters, due to discontinuity in the batter caused by the high amount of taro fibre. They observed that the cake with 5�% taro exhibited the highest firmness value and finally was significantly rated best followed by that at 10�%, while the cake with 20�% taro flour had the least rating. The optimized ingredients proportion for the production of taro-wheat composite flour cake was then determined for 10�% taro flour, 60�% fat, 110�% sugar and 100�% egg, which gave nominal firmness, smaller chewiness and colour and a larger value of volume and overall acceptability.
Darkwa and Darkwa (2013) also investigated the use of taro flour in cake preparation. In their process, 450 g of margarine was weighed and added to 400 g of white refined sugar. The two ingredients were creamed together using a Kenwood cake mixer until the mixture became light and fluffy in texture. Ten eggs were cracked, flavoured with 2 teaspoons of the pineapple flavouring and whisked until foamy. The whisked eggs were added in small amounts to the fat mixture. One tablespoon (3 teaspoons) of baking powder and 3 large sized nutmegs were grated and added to the flour. The batter was divided into three and 200 g of wheat taro composite flour each of the flour samples were added to each and baked at a temperature of 180��C for 45 min until it had an even brown colour.
The taro wheat composite flours studied consisted of 25, 50 and 75�% of taro flour. No significant differences were observed in all the sensory qualities scored except for the overall acceptability. Composite cake made from 75�% taro flour and 25�% wheat flour was selected as the best, followed by 50�% taro flour cake and lastly with 25�% taro flour. The increase acceptability of cake with increased level of taro by the Ghanaian consumers arises probably from pleasant aroma and smells induced by taro.
Payne et al. (1941) reported a recipe for taro layer cake. The ingredients were 1/4 cup of taro flour, 7/4 cup of wheat flour, 1/2 cup of shortening, 1 cup of sugar, 4 teaspoons of baking powder, 1/4 teaspoon of salt, 2 eggs, 3/4 cup of milk and 1 teaspoon of vanilla. In the procedure of preparation, shortening and sugar are creamed; the eggs are added and whisked until fluffy. The dry ingredients were sieved and mixed to the first mixture alternatively with the milk and vanilla. The dough was baked for 25 min with a temperature rising from 175�205��C.
Pastries Darkwa and Darkwa (2013) reported processing and sensory evaluation of taro wheat composite chips (pastries). For the preparation of chips, 300 g of margarine and 1 tablespoon of adobo seasoning (salt free) were mixed to 200 g of taro wheat composite flour. Three tablespoons of water were added to form a dough. The dough was rolled into a size of about 0.4 cm in thickness and cut into straw chips. The chips were arranged on a lightly greased baking sheet and baked at a temperature of 180��C for 12�15 min to golden brown. The score of the taste, colour, flavour and texture of pastries increased as the level of taro increased (20�75�%) in the composite. Only the appearance diminished with increase in taro proportion.
Taro Doughnuts Payne et al. (1941) reported a recipe for preparation of taro doughnuts. The ingredients were 1/2 cup of taro flour, 7/3 cup of wheat flour, 3/2 teaspoon of baking powder, 1/2 cup of sugar, 3/4 teaspoon of salt, 1/8 tea of spoon cinnamon, 1/8 teaspoon of nutmeg, 5/4 tablespoon of shortening, 1 egg and 2/3 cup of milk. In the procedure of preparation, the shortening and half the sugar were creamed. The remaining sugar was added to well-beaten egg and combined with the first mixture. The milk was added, followed by the flour, baking powder, salt and the spices. The dough was then rolled to about 1 cm in thickness and fried in deep fat.
Taro Muffins The following ingredients are used: 3 tablespoons of taro flour, 5/4 cup of wheat flour, 5 teaspoons of baking powder, 1/2 teaspoon of salt, 3 tablespoons of sugar, 1 cup of milk, 2 tablespoons of melted or liquid shortening and 1 egg. All the dry ingredients are combined and sifted twice. The liquid ingredients are also combined, added to dry ingredients which were then mixed enough to dampen flour. The dough was then baked at 205��C for 35 min (Payne et al., 1941).
Taro Spice Nut Loaf (Payne et al., 1941) The shortening (1/2 cup) and sugar (1 cup) were creamed. Eggs yolks (2 eggs) were well beaten and added to the creamed mixture. The dry ingredients, taro flour (1/4 cup), wheat flour (7/4 cups), baking powder (4 teaspoons), nutmeg (1 teaspoon) and cinnamon (1 teaspoon), salt (1/4 teaspoon) were mixed and sieved twice. The dry ingredients were then added to the creamed mixture alternatively with milk, after which chopped walnuts (1/4 cup), raisins (1/4 cup), the vanilla (1 teaspoon) and folded in egg whites were added and beaten until stiff. The mixture was baked for about 50 min at temperatures varying from 160�190��C.
Parker House Rolls In the procedure of roll preparation, scalded milk (1 tablespoon), shortening (1 tablespoon), sugar (1 tablespoon) and salt (1/2 teaspoon) were combined and the softened yeast cake (dissolved in lukewarm water) was added. Taro flour (1/4 cup) and wheat flour were added gradually to make a poor batter which was beat until tough and elastic. The remaining flour was added to make a firm dough, turned onto a floured board and kneaded until smooth and no longer sticking to the board. The dough was then placed in an oiled vessel, covered and placed over hot water and allowed to double in bulk for 2.5 h. The sides were loose with a spatula placed on floured board, kneaded and rolled to about 0.5 cm thickness. The dough was lifted from the board and slapped against the board before cutting with a 5�6 cm diameter cutter. Pieces of rolls were creased in middle, brushed half of the circle with melted butter, folded and the edges pinched together, placed on a greased pan, and the top brushed with melted butter. The rolls are kept for 1 h to double in volume before being baked for 13 min at 220��C.


9.2.3 Snacks

9.2.3.1 Taro Extrudates Snacks

Extrusion cooking is a technology that has been in use since the 1950s and because of its low cost, energy efficiency and high productivity, it has become very popular. Various products are actually produced in industries based on extrusion and these include pasta, meat analogs, puffed snacks, etc. The technology is based on forcing the food material through a barrel at high temperatures and pressures, which pass through a die at the end of the barrel to form the desired shape. Harper (1989) considered the food extruder a high-temperature short-time bioreactor that transforms a variety of raw ingredients into modified intermediate and finished products.
The operations involved in extruders include grinding the food material, mixing, homogenizing, cooking, cooling, vacuumizing, shaping, cutting and filling operations (Riaz, 2000). The quality of the product obtained depends not only on the raw material used, but also on the temperature and pressure conditions, and the type of die used at the end of the channels. In addition, there exist several types of extruders functioning under various conditions (Riaz, 2000) and the choice depends on the type of product needed. The common materials used in extrusion are starchy including cereals, legumes and tubers. Some research works have been undertaken to test the extrusion of taro corm in the preparation of various food.
Taro flour has been the subject of extrusion to obtain various types of snacks. In particular, taro was extruded into noodles by adjustment of dough temperature and moisture content. Mung bean flour or soy protein was added to enrich protein content (Moy et al., 1980). Maga et al. (1993) evaluated the role of extrusion temperature on certain physical properties of taro extrudate. The maximum expansion ratio was found at the extrusion temperature of 120��C, which was also effective for gelatinization (the water absorption was >500�%). Increasing the extrusion temperature resulted in decreasing extrudate breaking strength. According to the results of Onwulata and Konstance (2001), extrudate from taro flour mixed with whey products expanded more, but absorbed less water and were less soluble than taro alone. The peak viscosities of the blends were lower than for taro flour.
Lee and Hamiday (1997) compared some physicochemical and sensory properties of taro, sweet potatoes and potatoes extrudates. Taro flour was tempered to 16�% humidity and extrudated with an extruder of 1.90 cm diameter, a barrel length to diameter ratio 20: 1 and temperature 120�150��C. Taro extrudate was lighter as compared to sweet potatoes and Irish potato extrudates. Compared to sweet potatoes, taro extrudate exhibited larger diameter, high expansion ratio, but lower density and breaking strength, which are desirable characteristics in extrudate quality and therefore the taro extrudates makes the more desirable snack. In this respect, the results of the organoleptic evaluation showed that taro extrudate had a higher overall acceptability. In particular, the colour, flavour and crispness of taro extrudate were highly rated.
Nurtama and Lin (2009) studied the effect of process variables on the physical properties of taro extrudate. Extrudates were prepared from taro flour obtained by peeling, slicing, drying at 45��C and grinding. The dried taro was extruded directly using a collet extruder. Collet extruders are high-shear machines with grooved barrels and screws with multiple shallow flights. These extruders have been used for making puffed snacks from defatted corn grits (Riaz, 2000). In collet extruders, the temperature of dry ingredients (12�% moisture) is raised rapidly to over 175��C and the resulting mass loses moisture and puffs immediately upon exit through a die to form a crisp, expanded curl or collet. Collet extruders initially were characterized by an extremely short screw (length: diameter = 3: 1), but longer L/D (1: 10) machines that rely heavily on friction-induced heat have been developed. Nurtama and Lin (2009) set up their heater temperature at 120��C. The cutter speed was in the range of 130�180 rpm. They studied the effect of moisture content of the taro flour (10 and 13�%) and extrusion screw speed (30 and 50 Hz) on the colour, moisture content and density following a 2 × 2 experimental design. After extrusion, the analyzed samples of extrudate showed that the quality of the extrudate varied mostly with the initial moisture content of taro flour, while the extrusion screw speed had only marginal effect.
Nderitu (2010) studied the development of a snack from taro enriched with meat. Taro flours were prepared by peeling, slicing, pretreatment and grinding. Four pretreatments were used: unsoaked slices, soaking in water, soaking in water followed by parboiling, and soaking in water followed by boiling. The paste obtained was mixed with minced meat, comminuted and the mixture extruded into 60 mm artificial casing and the sausage obtained was pasteurized (70�75��C internal temperature, 20 min), cut into discs and baked (160��C). Taro and meat were mixed to achieve a product of 10�% protein. In this respect, 16 g of taro (containing 0.16�% protein) were mixed with 9.48 g meat (containing 26�% proteins). The sensory characteristics revealed that soaking in water gives the taro-meat snack of very high acceptability based on the high appearance and taste. Parboiling and boiling seemed to increase the binding characteristics of the sausage, but the products were less accepted than those obtained from soaked and untreated taro sample.
Bhattacharyya et al. (2006) studied physicochemical characteristics of extruded snacks prepared from rice (Oryza sativa L.), corn (Zea mays L.) and taro (Colocasia esculenta L.) by twin-screw extrusion. The corn, rice and taro flours were blended 100: 10: 9). The moisture content of the dough was adjusted to 15�% while three temperatures of the barrel were tested at 141, 150 and 159��C. The screw speed was 475 rpm while the feed rate was constant at 28 g/min. The results obtained revealed that extractible protein decreased with extrusion probably due to inclusion of protein into new inter-chemical linkage such as non-disulfide covalent bond or the formation. The linkage was shown to be temperature-dependent with the high temperature inducing more chemical linkage, hence less solubility. This may also result from the formation of some polymers with very high molecular weight, as demonstrated by Li and Lee (1996). They observed that the breaking force of the snack decreased as the temperature of the vessel increased. During extrusion, the product expands and the molecules are reorganized, all this contributing to the change in breaking force. One of the significant changes in molecular structure occurred on starch, which was shown to gelatinize more at higher temperatures. Microscopic examination revealed that extruded samples had porous and open-celled structures, and granules at higher temperature were more flattened and sheared.
Rodriguez et al. (2011) developed extruded snacks using blends of taro and nixta-malized maize flours. A single-screw extruder with a barrel of 19 mm diameter and 20: 1 length to diameter ratio (L/D) was used. The screw compression ratio was 1: 1, the die 3 mm in diameter and the screw speed 60 rpm. The feed rate was 28g/min and extrusion temperature was varied from 140�180��C. Taro and maize flours were mixed and the extrusion temperature varied following a central composite design. The results revealed that increasing the level of taro in the composite increases the expansion of the extrudates. The authors attributed the high expansion of the extrudates to the level of starch, which was higher in taro compared to maize.
Some researchers have reported that the level of expansion during extrusion is not only related to the starch content but also to the amylose content and degree of starch gelatinization during the process (Parker et al., 1999; Rampersad et al., 2003). In this study, the water solubility index, an indicator of degree of starch gelatinization, was shown to increase with increase in proportion of taro in the blend, while the fat absorption index diminished significantly. Overall, this study revealed that flour mixtures made from taro and nixtamalized maize flours, particularly in respective proportion of 85.4 and 14.6�%, produced puffed extruded snacks with good consumer acceptance.

9.2.3.2 Taro Chips or Crisps

Ukpabi et al. (2013) studied the acceptability of taro crisps in Nigeria. In the process of taro crisps production, corms were peeled, washed, chipped and brined with 1�% sodium chloride solution (for 10 min). After the brining operation, the natural mucilaginous materials on the treated corm chippings were removed by manual washing with clean water. The washed slices were deep fried in refined and crude palm oil. The results revealed that the crisps were highly accepted, irrespective of the type of oil used. In addition, the crude palm oil exhibited a very high content of total carotenoid. Therefore producing taro crisps, a snack food, would not only increase the use of taro, but also could play a role in the management of vitamin A deficiency in children and reproductive women in endemic areas in Nigeria.
Emmanuel-Ikpeme et al. (2007) studied the acceptability and storage stability of taro chips made from four different oils. Taro slices (2 mm thick) were deep fried at 220��C for 20 min. After draining and cooling, the chips were salted and packaged. The sensory evaluation showed that the mixture of palm oil/groundnut oil (60: 40�% v/v) had the most desired flavour, while palm oil was rated significantly greater in colour intensity. The off-flavour was higher for soybean oil as a consequence of high rancidity intensity. The authors referred the off-flavour of the chips to the highest amount of linoleic acid in the soybean oil. Chips fried in groundnut oil and palm oil/groundnut oil blend had the highest rate in taste and the overall preference of chips fried in groundnut oil were rated 5.3/9, similar to palm oil/groundnut oil blend and soybean oil.
During storage, all chips underwent oxidation with the extent of oxidation depending on the type of oil. Irrespective of the storage time and condition, the peroxide value was higher in chips made from soybean flour while palm oil, palm oil/palm olein oil blend and palm olein oil had the lowest. Under dark storage the peroxide value increased less than under light storage; after 3 weeks the peroxide value increased drastically and the chips were no more acceptable.
Chinnasarn and Manyasi (2010) studied the chemical, physical and sensory characteristics of restructured strip product made from taro. Restructured taro strips were prepared by mixing native taro flour, pregel taro flour and rice flour with 15�% mal-todextrin, 1�% lecithin, 13�% shortening, 1.8�% salt, 3.5�% sugar and 75�% water. After mixing, the dough was sheeted and cut into strips of 0.5 cm thickness and 6 cm length before being fried at 160��C for 1 min. A mixture design was applied to check the optimal mixture of native starch (level 25�60�%), pregel taro flour (0-10�%) and rice flour (25�40�%). Sensory evaluation done by a panel of 30 persons revealed on a 9 point hedonic scale that the optimal mixture was 60�% native taro flour, 10�% pregel taro and 30�% rice flour. With this optimal mixture, the saltiness, the sweetness and the brown colour were highly accepted as compared to the ideal strip, but the intensity rating of crispness was lower.
A test of the effect of baking powder (0�5%) addition to the flour mixture was done and the results revealed that increasing the level of baking powder induced an increase in compression force, suggesting a high expansion of the product during frying with more crispness. At 3�% baking powder, the restructured taro strip had the highest overall acceptance score. Taro chips processing has been an interesting research subject in Hawaii and today is available on a commercial scale. Hollyer et al. (2000) reported technical considerations for taro chips manufacturing, from the farm production of taro corms to the handling and packing of the chips. Generally, low moisture corms performed well in chips processing. In this respect, the wet-grown taro variety performed badly in chips manufacturing, while upland grown taro, particularly the Chinese Bun long variety, is considered to be the best for chips. Under these growing conditions, taro corms are low in calcium oxalate, the itching principle and chips have distinctive purple strand. Because of the difference in moisture distribution in the corms, chips made from the bottom of the corm, with the lowest moisture content, are rated better in appearance than those made from the top part. The level of nitrogen fertilizer also affected the quality of the chips, with higher nitrogen yielding lower dry matter. Taro corms are recommended to peel, to slice 3/64 inches thick, and to soak for removal of sticking materials. The slices are deep fried in oil at 125�180��C for 2 min. After frying, the chips are drained on adsorbent paper and salted or flavoured while they are still warm. Exposing the chips to light in clear bags reduces shelf life, while opaque laminated plastic is the best material for chip bags.
O�Keefe et al. (2005) reported processing, marketing and financial studies of commercial taro chips. Interviews with a number of distributors and retailers suggested that taro chips would be best pitched towards the premium indulgence segment of the salty snack market. This segment of the market is growing and would best suit the proposed product�s distinctive appearance. In Hawaii, taro chips are produced predominantly for the tourism market. In the technical evaluation of the project, taro corms of 9 months old were harvested, peeled, sliced, fried, drained and salted.
Numerous trials were conducted to determine the optimal slice thickness, oil temperature and frying time. The range of slice thicknesses studied included 2.0, 1.5, 1.2 and 1.0 mm, and the slices were deep fried in sunflower oil at 185�190��C for times varying between 45 and 90 sec. After optimizing the thickness and frying time, the effect of taro maturity was studied using 10 months and 12 months taro maturities. A trial also investigated the quality of chips made from three different frying oils, namely sunflower oil, palm oil and cottonseed oil. As a result, slice thickness of between 1.5 and 1.75mm, cooked for 60 sec at 180�185��C with 7�% salt addition produced chips with the most uniform colour and texture. It was equally shown from their study that taro stirring during the initial 20 sec of frying was essential to prevent the chips for sticking together. In addition, frying operated in cottonseed yields chips of the most acceptable colour, texture and flavor. Taro harvested at 9 months was most suitable for chips preparation. At 12 months harvesting, taro needs pretreatment to offer desirable chips. In this respect, water blanching of the taro slices at 90��C for 3�5 minutes was the most effective treatment. They also found that reducing sugars and moisture were differently distributed in the corms, with the middle having the highest moisture and reducing sugars. In addition, chips made from the top of the taro corm were a darker colour than chips produced from the middle of the corm.
For the study of the effect of different storage conditions of the taro corms on the final chip quality, they found that corm stored for 1 week at either 4 or 10��C had no substantial loss in chip quality. However, two weeks storage resulted in undesirable browning in chips. Taro chips acceptability was rated between neither like and nor dislike. The taro chips were qualified as slightly on the small size and were not quite crunchy enough. Taro chips were most accepted for thickness and saltiness at 1.5�1.75 cm and 7�% of salt, respectively.


9.2.4 Conclusion and Future Aspects

Several bakeries and snack technologies have been applied successfully to taro. While bread technology is still at the research level, pastries and snacks are being tested or exploited at home or industrial scale. Taro flour, one of the major principal ingredients, is in most of the cases obtained by boiling the corms, grinding, sifting and packaging. Up to 15�% of taro flour can be used in bread, while in cookies a level of 60�% can be used. The tropics, Asia and the Pacific Islands might be the major areas where taro is being used in bakeries and snacks. These products are actually commercialized in the world under various brand names. Other regions of the world where taro is an important crop, in particular Africa, might also gain from this experience. Other bakeries and snacks need to be explored, not only from the technological aspect, but also for the financial aspect. In addition, improvements on existing technologies based on consumer�s perception will definitely make the products more attractive.
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9.3.1 Introduction

Taro is a crop that easily grows in the tropics. The underground tubers called corms and cormels are high in water content, and in this respect highly perishable. Taro is commonly sold in its raw form and has a short (3-10 days) shelf life. Because of this, many nutritious corms are wasted. In order to reduce the loss, farmers have to sell at a cheaper rate during the harvesting season, and consequently they fall short on their potential profits. This happens for most of crops in developing countries and consequently the populations limit their production during the next years and the vicious circle of poverty, food insecurity and under-development is installed. In addition, fresh taro corms contain high levels of calcium oxalate, which is responsible for its acridity. In this respect taro corms are transformed into various food products either to reduce their moisture content and improve the shelf life or to reduce the acridity, anti-nutrients and improve the digestibility. While bakeries and snacks (deep-fried taro chips and deep-fried baskets � shredded taro molded into basket shapes and then deep-fried in china � steamed taro cake, taro batter and bread, cakes and chunks in Hawaii), are gaining interest in research and industry, other products remain at the home scale.
Beside bakeries and snacks, other taro products include poi in Hawaii, fermented taro, achu in Africa, taro soup, etc. The effort to broaden the food base is of great interest in developing countries, where low industrialization and poverty are still a major problem. In particular, taro has been shown to offer alternatives to new product development based on its functional properties. This chapter highlights the major contribution to research on taro products other than bakeries and snacks.

9.3.2 Taro Ice Products

Ice cream is a frozen food typically made from milk and often combined with fruits or other ingredients and flavors. In this respect, the principal components of ice cream are fats (8-20�%), sugars (13�20�%), stabilizers/emulsifiers (0�0.7�%) and total solids (36�43�%) (Arbuckle, 1977). In comparison, ice bars are of solid texture with varying shapes, generally bar-shaped or cube-shape (Lu et al., 2002). According to the US Food and Drug Administration (FDA, 1976), an ice product comprised of at least 10�% butterfat and 20�% total milk solid should be called ice cream. Traditional taro ice products have been classified as unique by the Taiwanese consumers based on the flavor, smooth texture and special color that are particularly appreciated. Taro ice products are now the subject of industrial production throughout the world and particularly in the Pacific region.
Generally, taro ice bar products are more firm than taro ice cream products, and the firmness varies significantly among each group of products (Lu et al., 2002). The firmness of ice products is largely determined by the types of the products. It was observed that the flavor of taro ice products, and in particular ice cream products, were at the lower scores, suggesting that the flavor characteristic of the commercial taro ice products, especially for taro ice cream products, was not satisfied by their panelists. According to Chang (1997), the flavor of taro ice products may be affected more by the heat treatment during taro processing that might result in severe flavor evaporation, rather than the proportion of taro in the product.
The ice bar products were evaluated to be less greasy with better mouth feel properties, as shown by the lower fattiness scores (Lu et al., 2002). The ice bar products also received higher overall scores, indicating that there was an overall preference for the ice bar products over the ice cream products. Their compositions were shown to vary significantly within each ice product group, with differences greater among the taro ice bar products. This was thought to be due to the less homogenized solids in the ice bar products. Based on studies by Budiaman and Fennema (1987) and because the fat content has an effect on the stability of the air bubbles, it was speculated that the stability of the air bubbles in the cream is associated with the viscosity. Based on the free sugars measured from the samples, sucrose was the major sweetener employed for the commercial taro ice products collected in the present study, followed by lactose.
Huang et al. (2003) reported some trials towards the use of cooked taro paste to replace milk and other dairy ingredients in ice cream formulation. Taro ice cream was composed mainly of taro flour, hydrogenated vegetable fat and sugar. Taro ice cream (8�% fat and 1�% protein) had similar nutritional benefit as the frozen sorbet (1�% fat and 0�% protein), but with a taste and sensory attributes similar to a high fat (18�% fat and 4�% protein) premium ice cream. However, a number of minor ingredients had to be used in this taro frozen dessert to prevent the formation of large ice crystals. In addition, the patented technology suggested a longer time for taro ice cream to soften prior to serving due to its high starch content.

9.3.3 Frozen Taro

A ready-to-cook frozen taro was developed in the Northern Marianas Island (Oguromu, 2011). The processing involved boiling the corms followed by peeling, vacuum packaging and freezing. For the sensory analysis, the consumers were asked to boil the sample and analyze. No significant difference was observed among the samples. In addition, the nutritional quality of the samples also did not change significantly with the storage time. These results informed that the low-cost value-added product is highly acceptable and very helpful in extending the shelf life of taro during and after harvesting seasons.
Another variant of frozen taro is reported in Polynesia, where fresh taro corms are peeled, cut into pieces, packed in polyethylene bags and frozen (Garnier, 2004). Under these conditions, the corms are preserved for at least 6 months and highly acceptable to the consumers in that area, but a systematic study is required to look at the quality and safety of the product.

9.3.4 Preparation of Fermented Taro Paste

In Polynesia, taro is preserved and eaten in the form of a fermented paste locally called poi or �ti�oo (Garnier, 2004). Stable for over a month, it is the most consumed and commercialized form of taro in that area of the world. Traditionally, poi is obtained by boiling the corms, peeling and mashing. The mashed paste is gently diluted in some water, acidified with lemon and pounded in a mortar to obtain a homogenous paste with a consistency of bread dough. During this operation, fibers are removed and the taro dough is wrapped in ti leaves and kept for 3 weeks, during which natural fermentation occurs producing organic acids. The fermented dough, consumed in association to their daily food, are generally mixed with coco milk, banana or boiled fish. Historically, because sea and air links to isolated islands were infrequent and unreliable, poi was an important alternative food source during periods of isolation, inclement weather patterns or low productivity seasons. Today, consumption of poi seems to be increasingly more restricted, and largely confined to traditional and ceremonial feasts and to consumption by older generations.
Gubag et al. (1996) reported the procedure of Sapal processing, a traditional fermented food made from taro in the northern coast of the Papua New Guinea and nearby offshore islands. The technology of Sapal preparation is similar to that of poi in Polynesia, a neighboring area, probably as a consequence of similar ancestral origin. In Sapal preparation, taro corms are cooked, peeled, grated and mixed with coconut cream and subjected to natural fermentation at ambient temperature. Traditionally, Sapal is used as a gift to neighbors on social occasion. Around the Huon Gulf and the Siassi Islands (the north coast of Papua New Guinea), an equivalent of Sapal called porong or polom is prepared, but the grated corm-coconut mixture is directly consumed without fermentation. Similarly, a product made in the Solomon Islands differs from Sapal by the size of the balls which is smaller. Generally the ratio of taro to coconut cream is 5: 1 and the texture is firmer, with a jelly-like consistency.
Gubag et al. (1996) evaluated the microbial population and some physico-chemical properties of Sapal. The taro-coconut cream mixture is a gelatinous pudding which is sweet in taste, and highly preferred by the majority of people in Papua New Guinea. When the cream product placed in a bowl is kept at the ambient temperature for about 6 h, fermentation occurs, and the fermentation seems to be restricted to a relatively few area. Fermentation of taro-coconut cream was identified primarily due to lactic bacteria, which is generally accompanied by a decline in pH value from 6.0�4.1. The lactic bacteria were hetero-fermentative and mainly made of Leuconostoc mesenteroides and L. paramesenteroides. The initial flora of Sapal probably originated from coconut cream. The pH obtained in this fermentation was too high to inhibit microbial alterations. Hence the Sapal preparation also favored the growth of a large population of aerobic and catalase positive bacteria.
The preparation of Sapal then is liable to carry some risk of transmitting food poisoning bacteria. Studies then need to be done to identify Lactobacillus that can grow to induce a drop of pH to about 3.9, the natural sour characteristics not only needed for preservation, but also accepted by consumers. Such natural LAB microorganisms are distributed world-wide, but their identification and growth on the taro substrate needs to be investigated.

9.3.5 Taro Yogurt

During the year 1990, taro yogurt was the focus of some research in the United States. This has been a most exciting and far-reaching development of taro-based products. Worth mentioning is the definition of yogurt in the United States, which is a standardized food in the category of dairy products. In this respect, taro yogurt has been renamed taro gurt, but this is still under discussion. Taro yogurt production started with the identification of Lactobacillus sp (Lactococcus lactis, Lactobacillus plantarum, Leuconostic lactis, Tetragencoccus halophilus and Weissela confusa) in the natural poi in Hawaii. All of them form white pin-point colonies, Gram-positive, catalase-negative, facultative anaerobes. These natural LABs were tested in yogurt production as compared to traditional commercial fermentation of yogurt. The first time they tried commercially available LABs used for making regular yogurt or sour milk, these LABs failed to grow in the taro paste medium. The pH did not drop above 4.7, much higher than the pH value of 3.9 common in a sour poi. The analysis of the fermented medium revealed that acetic acid and succinic acid accumulated at the same time as lactic acid. Inversely, when the LABs isolated from poi were used as the starter, they grew much more vigorously. In particular, Weissela confusa yielded the best growth and resilience in the taro paste. However, most of these species did not resist to acid pH and it has been difficulty to sustain the growth and bacteria counts after 3 days.
Studies are required to investigate the effects of using fruit and sugar in taro yogurt, since it is believed that these ingredients highly improve the taste and mouth feel. In addition, research for LAB-producing bacteriocin and pH-tolerant microorganisms isolated from natural fermented taro (poi) is to be encouraged, since these are important attributes for probiotic microorganisms and are great assets to human health.

9.3.6 Taro Noodles

The noodle is a food made from unleavened dough by stretching, extruding or rolled-flattening and cutting. In their fresh form they are refrigerated for short-term storage, while in the dry form they are stored for a long time, mostly for commercialization. They are commercialized throughout the world in a variety of shapes including long and thin strips which are the most common, whereas other shapes may include waves, helices, tubes, strings, shells, etc. The popularity of noodles is increasing because of ease of preparation and desirable sensory attributes, and a long shelf life. The basic ingredient of the noodle is wheat and it is estimated that about 30�40�% of total wheat flour consumption goes into noodles and similar products, especially in Asian countries (Miskelly, 1993). The noodle has been shown to offer alternative uses of tropical root and tubers, including taro. The partial substitution of wheat with taro not only offers other noodles variants with many new functionalities, but also may aid reduction of incidences of celiac disease or other allergic reactions (Rekha and Padmaja, 2002), and increase the use of taro corms.
Maga et al. (1993) evaluated the performance of taro flour in noodle preparation through extrusion. For this to be achieved, the dough temperature and moisture content were adjusted while the protein content of the noodle was enriched by using mung bean flour or soy proteins. Some years later, Arnaud-Vinas and Lorenz (1999) evaluated the cooking properties, the sensory and rheological properties of noodles made from wheat and taro blend. The noodles were prepared by mixing the blend flour (wheat and taro) with eggs (initially whipped for 5 min) and water. For each 100 g flour blend, 22 g of egg was needed. Because taro flour has a high water absorption capacity, more water was required to produce machinable dough. In this respect, while 100 g wheat flour needs 31 g water to obtain the dough, 50�% wheat substitution with taro (50 g wheat and 50 g taro) needs 54.5 g water. The dough was then extruded to obtain long strips 200 mm length, 6 mm width and 2 mm thickness, which were dried and packaged. It was found that as the taro level increased, the cooked weight, which is a measure of the amount of water absorbed during cooking, increased. The highest cooked weights were seen in 50 and 45�% taro level. While recommended solid lost flour should not be more than 9�%, all the noodles from wheat taro composite had solid loss less than 6.1�%. Increasing the level of taro in the flour increased the compression force of the noodle, with no significant difference between 0�% and 20�% taro levels. Increasing taro levels increased mixograph peak times. In addition, Rapid Visco-Analyzer peak viscosities and final setback values increased with increasing levels of taro in the blend. As the substitution level increased, the noodles lost the yellow tint color, one important quality factor for consumers� acceptance in most markets.
From the sensory descriptors for 10 and 20�% taro samples and control, they found a strongly negative correlation between normal noodle aroma and taro flavor (r = -1.0, p < 0.001) and a strongly positive correlation between normal noodle aroma and overall acceptability (r = 1.0, p < 0.001). Taro aroma correlated with taro flavor (r = 0.96, p < 0.01). Texture was also affected due to substitution of red wheat flour with taro. In this respect, samples lost hardness as well as adhesiveness as the level of taro increased in the blend. In overall the aroma, the flavor and the general acceptability of the noodles decreased with increase in taro level.
Yadav et al. (2014) studied the effect of substituting wheat flour with taro flour (25�%) on the quality of noodles. Taro flour was prepared by peeling slicing, metabisulfite treatment, drying and milling through a 75 pm sieve diameter. The noodles were prepared by mixing flour with water and the dough was extruded (hand operator machine) and air dried. The results revealed that taro noodles exhibited lower cooking time, higher water absorption uptake, higher cooked weight and less gruel solid loss as compared to 100�% wheat noodles. According to Yadav et al. (2014), a good-quality noodle should have a short cooking time with little loss of solids in the cooking water. The cooking time seems to be reversely associated with the other cooking parameters. In fact, incorporation of taro into wheat may cause reduction in the force of the gluten network (Manthey et al., 2004), resulting in the faster moisture penetration and therefore leading to decreased cooking time (Table 9.3.1).
Indeed, the authors observed a negative correlation coefficient between the hardness and the water uptake of the noodles. Compared to 100�% wheat noodles, the taro wheat composite had lower peak and pasting temperature, and lower cold paste, set back and breakdown viscosity. Wheat taro noodles were generally accepted, but less than 100�% wheat noodle and wheat sweet potatoes noodle. In particular, wheat taro noodles had a less slippery surface necessary to help the product slide across tongue, were less firm probably as a result of dilution of gluten, and had a less attractive appearance due to becoming a little brownish instead of the light yellow color.

Table 9.3.1 Comparative cooking, textural and sensory properties of dough made from wheat flour and 50�% blends with taro and sweet potato
Properties | Wheatnoodles | Wheat-taronoodles | Wheat-sweet potato noodles
Cooking time (min) | 8.0�| 6.5�| 6.0
Water uptake (g/100g) | 171.3�| 181.3�| 189.0
Gruel loss (g/100g) | 7.37�| 8.33�| 8.03
Hardness (N) | 15.1�| 2.1�| 17.7
Overall acceptability | 11.0�| 9.20�| 9.80
Source: Yadav et al., (2014)

Kaushal and Sharma (2014) evaluated the noodle properties made from a blend of cooked taro, rice and pigeon pea flours. The noodles were produced by blending varying proportions (20, 30, 40, 50 and 60�% levels) of taro flour with remaining equal proportions of rice and pigeon pea flours. The noodles were evaluated for anti-nutritional, cooking, textural and sensory properties. Anti-nutritional evaluation of noodles revealed decrease in phytic acid content, as the percentage of taro flour in the noodles increased. Taro flour addition produced noodles with decreased gumminess, adhesiveness, b* value and increased a* value as compared to the control sample (100�% wheat flour). Texture and color can be adopted as distinguishing parameters for analyzing the noodle samples using a principal component analysis loading plot. Noodles containing 50�% taro flour, with remaining equal proportions of rice and pigeon pea flours, resulted in the highest scores for color, taste, firmness and overall acceptability.

9.3.7 Taro-based Baby Food

Several works reported the use of taro flour for infant food formulas. Payne et al. (1941) reported that wheat and most common carbohydrate foods produce allergic symptoms, while recipes based on taro provoke no allergy and fit the restrictions of allergic patient�s diets. In addition, taro flour is readily digestible based on the small sizes of its granules. In this same vein, taro-based foods have been recently reported to be useful for persons allergic to cereals and can be consumed by infants and children who are sensitive to milk (Kaushal et al., 2015). Studies conducted in Asia in the past have also reported that babies who were fed poi, a type of baby food prepared from taro, were found to suffer less from health conditions such as diarrhea, pneumonia, enteritis and beriberi than babies fed with rice and bread (Miller, 1971). Recently, Darkwa and Darkwa (2013) highlighted the nutritive value of poi as being hypoallergenic, rich in calcium, potassium, phosphorus, magnesium, B vitamins, vitamins A and C, high in fiber and serves as a slow release energy food source. In the recent past, taro products were contemplated in commercial scales in different forms, including chips, bread, burgers and also baby food.
Ikpeme-Emmanuel et al. (2009) studied the chemical and sensory properties of three weaning food formulation made from precooked taro corms and soy flours (Figure 9.3.1). The food differed by the relative percentage of taro and soy flours in the mixture. The mix, having proportions of sucrose 13�% and vitamin mix 0.8�%, were added to each formula, while the levels of taro for the 3 formulas were 46.2, 50.2 and 60�%. The weaning food formula contained appreciable amounts of oxalate (2.99-3.38 mg/100 g) and phytate (0.07-0.58 mg/100 g), essentially originating from taro and soy flour respectively. All the weaning formula were rated to be of extremely superior quality, but less than the commercial formula used as a reference in the study. No significant difference was observed between the reference and the weaning food prepared using 50.2�% taro and 36�% soy bean. The most accepted attributes were mouth feel and consistency.
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Figure 9.3.1 General flow sheet for formulation and preparation of weaning foods from taro and soy blend.

Ali et al. (2013) evaluated some properties of weaning food formula made from wheat and taro blend. Three weaning foods containing 15, 30 and 50�% taro flour were formulated. All the recipes contained 40�% chickpea flour, 4�% casein and 6�% whey protein concentrate. Wheat flour was added to the blend respectively at 35, 15 and 0�%. The substitution of wheat flour with taro flour slightly decreased protein, fat and phosphorus contents, while increasing the calcium, potassium and fiber content of weaning food formula. The amino acid content of the formula, especially aspartic and tyrosine, increased with increasing levels of taro, while others such as glutamic and proline diminished. Substitution of wheat flour with taro flour had induced an increase in oxalic acid content and water holding capacity, while the phytic acid content decreased.
Darkwa and Darkwa (2013) formulated and evaluated the characteristics of recipes for preparation of baby food in Ghana. The 4 formulas consisted of 300 g taro flour and 100 g of roasted corn flour (100 g), 300 g taro flour and 100 g of rice flour, 300 g taro flour and 100 g of soy bean flour, 100 g taro flour and 100 g of each roasted corn flour, rice flour and soy flour. For the preparation of baby food, 50 g flour mixture were mixed with 4 tablespoons of sugar, a pinch of salt and 3 cups of water, and boiled for 8 min. The sensory evaluation revealed that the taro-soy flour blend was the most accepted by the male panel, followed by the taro-roasted corn flour. In particular, the flavor of taro-soy flour blend was highly accepted. For female panelists, no significant difference was observed in the general acceptability of the baby food.

9.3.8 Preparation of Spherical Aggregate from Taro Starch

Starch aggregates are suitable agents of encapsulation for food and drugs. In the procedure of encapsulation, the granular starch is dissolved in a water solution containing the ingredient to be encapsulated. The gel produced is rapidly cooled, the water is then evaporated and a dried powder is obtained by grinding. Beside the encapsulating ability, the encapsulated molecule should be kept for a long period and released in specific conditions. As for starch, it has been shown that the release of the ingredient depends on intrinsic properties of the starch. In this respect, Forssell et al. (2004) showed that amylose content and granule size influence the rate of release of the encapsulated ingredient, with starch having high amylose prolonging the release. The starch with small granule size has the ability to aggregate into porous spheres when spray dried in the presence of small amounts of bonding agents, such as proteins or water-soluble polysaccharides (Zhao and Whistler, 1994a,1994b).
Gonzalez-Soto et al. (2011) evaluated the suitability of taro starch to aggregation. Freshly extracted starch suspension was dried in a spray dryer and the powder obtained was ground to pass through a 0.297 mm sieve. The result obtained showed that starch yield of the aggregate preparation was 76�% (tested as total starch content). The higher level of aggregate was attributed to the higher protein content 4.5�%, as compared to 2.6�% reported for amaranth starch with a low aggregate yield. According to Gonzalez-Soto et al. (2011), the high level of protein in the aggregate indicated that the procedure used at pilot plant-scale, leaves a product containing other non-starch components such as mucilage. The starch extraction included mashing of fresh taro tubers, solubilization and washing through screens number 50 (0.297 mm), 100 (0.149 mm) and 325 (0.044 mm) US mesh, until the washing water was clean. Indeed, the method of starch production used by Gonzalo-Soto et al. (2011) does not eliminate mucilage, which has been shown to exhibit binding and viscoelastic properties. Njintang et al. (2014) recently reported the yield of extraction of mucilage in various varieties of taro ranging from 30-190 g/kg corm (Table 9.3.2). This range value is similar to that reported earlier on other varieties in the Pacific (Jiang and Ramsden, 1999). In addition, the mucilage has been shown to contain 30�50�% proteins.

Table 9.3.2 Yields, protein and carbohydrate compositions of some extracted taro mucilage
Taro varieties | Yield (g kg-1) | Total protein (%) | Total carbohydrate (%)
RIE | 50�| 50.9�| 46.1
WSC | 30�| 48.8�| 50.2
CN | 70�| 43.6�| 55.1
KW | 70�| 40.7�| 56.3
RIN | 190�| 30.0�| 69.0
CE | 100�| 47.4�| 56.7
RIE, WSC, CN, KW, RIN and CE are taro varieties
Source: Njintang et al., (2014)

Suitability of taro starch to aggregation is not only due to the mucilage, which could have a binding role, but also to the amylose levels. In fact, amylose content in taro starch isolated from diverse varieties ranged between 15 and 31 g/100 g (Aboubakar et al., 2008; Jane et al., 1992). The structure of taro aggregates was spherical with porous structures, susceptible to carry a wide variety of food ingredients such as flavors, essential oils and vitamins (Gonzalo-Soto et al., 2011). The structure of aggregate resembled that of the taro compound, which has been shown to appear naturally; however, the structure is less porous as in the case of the aggregate (Figure 9.3.2). The natural appearance of taro starch is in the form of a cluster or compounds, which are easily dissociated during extraction (Aboubakar et al., 2008). As a consequence, taro starch granules are polygonal and irregular in shape, structures which could probably favor porosity of the starch aggregates. Such porous spheres are generally obtained from other starches, such as in the case of amaranth and rice after addition of a bonding agent (Zhao and Whistler, 1994b). The formation of aggregate did not influence the crystallinity of taro starch, which was A type. Gelatinization temperatures of taro starch aggregates were similar to those determined in taro starch isolated from five agronomic varieties (Gonzalo-Soto et al., 2011). As expected, the retrogradation temperatures of taro starch aggregates were lower than those of individual starch, probably due to reorganization of starch components and/or small crystal formation (Bello-Perez et al., 2005).
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Figure 9.3.2 Scanning electron microscopy of natural occurring compound starch in taro corms (Njintang, 2003).

In addition, lower retrogradation enthalpy compared to gelatinization enthalpy was recorded, indicating that the linkages formed during storage were weaker. Taro aggregates also exhibited water absorption and solubility behaviors similar to native taro starch, with both parameters increasing at temperatures over 70��C. However, the values of water solubility and absorption were lower for aggregates as compared to native starch, probably as a consequence of crystallization and bonding between granules.

9.3.9 Baking and Boiling of Taro Leaves

In the Pacific Islands, taro leaves are often cooked with either coconut milk or cow�s milk (Savage et al., 2009). Coconut milk is readily available and affordable in that region of the world. It contains about 20�% fat and relatively low levels of calcium, while in contrast cow�s milk contains much higher levels of calcium. Savage et al. (2009) evaluated the effect of baking taro leaves alone, or with addition of coconut milk or cow�s milk on the oxalate content. Taro leaves are very high in oxalates, which can be reduced in the food essentially by boiling (Nip, 2002). In the procedure of cooking, the taro leaves without petioles were baked at 150��C for 1.5 h, either alone or introduced into non-fat cow�s milk (ratio 1/1) containing 10�% dry matter, coconut milk (ratio 1/1), and a mixture of cow�s milk and coconut cream.
Baking taro leaves alone induced significant increase in total and soluble oxalates, irrespective of the cultivar. The total oxalates in the fresh Maori and Japanese leaves were 524.2 � 21.3 and 525.6 � 19.9 mg/100 g fresh matter respectively and these values increased after baking to 719.3 � 12.0 and 533.9 � 14.9 mg/100 g FW respectively. The increase contrasted with studies by Oscarsson and Savage (2007), which showed significant decrease in soluble oxalate after baking, but the increase varied with the maturity of leaves, which was 73.9�% for young leaves and 21.5�% for old leaves.
In traditional households in Africa, the taro leaves used for food are young, probably justifying the less toxicity induced by them after cooking. Boiling the leaves in coconut milk or cow�s milk induced significant reduction in oxalate. The reduction in total oxalate was in the same range for all the solution (298�408 g/100 g fresh matter). The level of soluble oxalate in baked leaves either alone or dissolved in milk (124.6-365.9 mg/100 g fresh matter) highlighted the potential toxicity of the food, which needs to be followed up. In fact, soluble oxalate has been shown to increase risk of calcium oxalate stone formation. The standard serving size of cooked taro leaves is a cupful (250 ml) (Alhar et al., 2006), an equivalent of 359.3 mg soluble oxalate consumed in one meal. This is a high exposure to oxalate with high risk to toxicity, and therefore the frequency of stone formation with the exposure to oxalate needs to be studied in that region.

9.3.10 Taro Flour as a Soup Thickener

Onyeike et al. (1995) reported the nutritional property of some food thickeners in Nigeria, including taro flour. According to these authors, dikanuts seeds (Irvingia gabonensis), melon seeds (Colocynthis citrullus) and taro (Colocasia esculenta) are the most conventional soup thickeners in southern Nigeria. These thickeners were sources of minerals (ash content, 2.45-4.15�%) with taro having the highest value, while melon seeds and dikanuts were higher in crude fat (range value 53.0-65.9�%) and protein (7.9-28.0�%). This chapter highlights the difference in the composition of the thickeners, while thickening properties still need to be investigated.

9.3.11 Pounded Taro (Achu)

Taro corms are boiled without peeling until soft. Usually the duration of boiling lasts for 1�8 h, depending on the variety, the quantity and the energy used. When the corm becomes soft, the color changes from white to flesh, and a pleasant aroma is released as compared to the acrid smell associated with the improperly boiled corms (Ihekoronye and Ngoddy, 1985). After boiling, the corm peels are removed and eaten either directly with koki, a steamed cooked cowpea cake, or after pounding in the form of achu. Achu is the most popular culinary product prepared from taro corm, also known throughout Africa as fufu. While achu originated from Cameroon, the word fufu is generally used to describe all thick pastes made from roots and tubers, and this is also extended to cereals.
Pounding of boiled corms is generally made using a wooden mortar and pestle until softening. In this process, the starch granular structure is broken down and a smooth, uniform consistency and gelatinous dough is formed. During pounding, only some cells are broken open and release their partially gelatinized contents, but the majority separate with the cell walls undisrupted (Njintang et al., 2006). Finally, achu consists of these starch-filled cells encased in a continuous gel. The mucilage characteristic of taro is also dispersed as lumps in the achu paste and may play a role in its viscoelastic behavior. The moisture content of the achu has been determined to be around 75�% (Njintang et al, 2006) and the dough exhibits a viscoelastic behavior. During pounding of some hard varieties, water is often added to soften the structure.
In West Africa, such as Ghana, the dough is rolled into small balls, dipped in soup and swallowed without being stewed (Figure 9.3.3b). In Cameroon, the dough is enlarged in the pan to give a flat circular form which is open at the middle and yellow soup is poured in (Figure 9.3.3a). The yellow soup is an alkaline emulsion of red palm oil containing 10�20 spices and meat. While in the past achu was reserved for special days to honorary elders, nowadays it has become a popular dish served in many specialized restaurants throughout the towns. With the shortening of the corms, the high demand of achu and the recent reduction of farm production due to the rot root disease, other starchy materials such as Xanthosoma and banana are mixed with taro corm during pounding. But the extent to which this is done and affects the texture of the achu is still to be studied.
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Figure 9.3.3 Achu and yellow soup in Cameroon (a) and served form in the West Africa (b).

From the perspective of increasing the shelf life of taro corms, some traditional populations in Nigeria produce taro chips, also locally called achicha (Ihekoronye and Ngoddy, 1985). In achicha processing, the corms are boiled until they soften, the skin is peeled off and the flesh sliced 1 cm thick and sun-dried or smoked to obtained the dried chips. During the annual famine, the chips are ground in a mortar, and the flour is made into a smooth thick paste in hot water. Worth mentioning is the cocoyam flour commercialized by the Ghanaian enterprise TROPIWAY under the brand name Cocoyam FUFU Flour (Figure 9.3.3b). During the past 10 years, we have undertaken studies to determine the conditions of producing instant taro flour for the preparation of achu. The most suited variety, the boiling time to soften the tubers, the drying, grinding and the reconstitution conditions have been determined (Njintang, 2003). The production at industrial scale of instant achu by the National School of Agro-industrial Sciences, University of Ngaoundere, Cameroon is on the way (Figure 9.3.4).
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Figure 9.3.4 Proposed flow diagram for the production of instant achu powder.

A market test of the instant taro achu proposed good-quality flour. All panelists knew how to prepare achu and all the constraints associated with it. Concerning the constraints in achu preparation, 84.2�% considered achu labour-intensive, 10.5�% time-consuming, while 10.5�% directed to other constraints. The observations made by the panel confirmed the initial problem that led to research on taro powder currently that is underway. All the consumers are unanimous that an alternative way of preparation of achu, which is less painful and less time-consuming, could foster consumption and increase incomes for producers. The commercialization will not only boost the economy but will pave the way for the commercialization of other different indigenous food products, obtained from roots and tubers.

9.3.12 Production of a Taro-based Spiced Soup: A Case Study

9.3.12.1 Introduction

Achu is very popular and is usually consumed with a yellow soup. Most often, consumers mix the soup with some quantities of achu paste to obtain a more viscous liquid before they swallow. Therefore, there is a need to develop a soup which can be served on different occasions. A soup is a liquid food prepared from meat, fish or vegetables combined with various other ingredients and often containing solid pieces. It can be thickened with different agents, including starch and cream. The spices that compose the yellow soup have been studied recently (Abdou et al., 2010, 2012) for their percentage and contribution to flavor in the soup, their macronutrient and micronutrient composition, phytochemical composition, and antioxidant and anti-inflammatory activities. It has been reported that spices, Dichrostachys glomerata, Scorodophloeus zenkeri and Xylopia parviflora, exhibited higher antioxidant and anti-inflammatory properties and provide the essential flavor of the soup. In order to promote the use of instant taro powder, the present study aimed at preparing a soup called OXISOUP with higher antioxidant properties, was undertaken.

9.3.12.2 Sampling and Oxisoup Preparation

Sampling The spices and taro corms used in this study were purchased from a market in the west region of Cameroon. Spices were carefully cleaned, sorted to remove defective ones and graded according to size followed by drying in a ventilated electric turning dryer (brand Riviera and Bar) at 40 � 2��C for 72 h. After drying, processed spice samples were ground into a fine powder using an electric grinder (Culatti, Polymix, France) equipped with a sieve of diameter 250 pm mesh. The powders obtained were sealed in polyethylene bags and stored at 4��C until analysis. The taro flour used to prepare Oxisoup was produced as described by Aboubakar et al. (2008) with the red variety of Colocasia esculenta corms, locally called Ibo coco.
Preparation of Oxisoup For Oxisoup production, 1 liter of water was heated in a stainless steel container to 100��C. Then 20 g of taro flour and the mixture of three-spice powder made of Dichrostachys glomerata, Scorodophloeus zenkeri and Xylopia parviflora, as per the Central composite rotatable design (CCRD) shown in Table 9.3.3, was gradually introduced into water. The mixture was stirred with a wooden spatula to avoid lumps. Common salt (NaCl) of 1 g was added and the whole was allowed to boil for 5 min on an electric hotplate. The resulting soup was served to the panelists for sensory analysis. The soup was stored in polyethylene bags at 4��C for antioxidant analysis within a maximum of 6 h. The spices were mixed using a central composite rotatable design of RSM, as shown in Table 9.3.1. A Central Composite Rotatable Design of Response surface methodology (RSM) was used to estimate the effect of independent variables (D. glomerata], [X. parviflora], and [S. zenkeri],) on the antioxidant and sensory properties of Oxisoup.

Table 9.3.3 Coded and actual values (g/L) of D glomerata, Xparviflora and S zenkeri used in the Central Composite Rotatable Designs
Codes values
Processing factor (g/L) | -1.682�| -1 | 0�| 1 | 1.682
D. glomerata | 1.03�| 1.36�| 1.85�| 2.34�| 2.67
X. parviflora | 0.69�| 0.91�| 1.23�| 1.55�| 1.77
S.zenkeri | 1.06�| 1.35�| 1.78�| 2.21�| 2.50

The antioxidant properties of the soup were determined as the polyphenols content, flavonoids content and ABTS+ free radical scavenging activity. The amount of polyphenol compounds expressed as g gallic acid per 100 g of dry matter of soup was determined with a Folin-Ciocalteu reagent, according to the method of Gao et al. (2000). Flavonoids content (equivalent of mg quercetin per 100 g of dry mater) of soup was determined, as described by Mimica-Dukic et al. (1993). Evaluation of ABTS+ free radical scavenging activity was determined by following Re et al. (1999), and the results were expressed as equivalent of g Trolox per 100 g of dry matter.
All the soups were subjected to sensory parameters by the Hedonic method on a 9-point scale varying from 1 (dislike extremely) to 9 (like extremely). Numerical optimization was also carried out to determine the exact optimum level of independent variables leading to the optimum quality of Oxisoup. The desired goals for the response variable were chosen as maximized, while all the independent variables were kept within range.

9.3.12.3 Effects of Spice Concentration on Polyphenols Content, Flavonoids Content and ABTS+ Free Radical Scavenging of Oxisoup

D. glomerata and X. parviflora were shown to exhibit higher content in flavonoids and phenolic compounds as compared to S. zenkeri and taro flour, which was poor in these compounds (Table 9.3.4). A correlation was established between the measured parameters using the spearman correlation. The results revealed that the total polyphenols correlated positively with the total flavonoids (r = 0.94; p < 0.001), while the ABTS scavenging activity correlated positively and significantly with the polyphenols (r = 0.97; p < 0.001) and flavonoids (r = 0.94; p < 0.001) levels.

Table 9.3.4 Antioxidant properties of individual ingredients that composed Oxisoup
Ingredients | Total polyphenols (g/100g) | Flavonoids(mg/100g) | ABTS(mg/100g)
Dichrostachys glomerata | 7.21 � 0.07a | 61.71 � 0.00a | 549.4 � 2.3bc
Xylopia parviflora | 5.64�0.14b | 58.10 � 0.02b | 514.0�4.6d
Scorodophloeus zenkeri | 0.28 � 0.01j | 9.65 � 0.01j | 2.7 � 1.0e
farine de taro | 0.09 � 0.01j | 6.37 � 0.03k | 2.2 � 0.5e
Means � standard deviation, n = 3. Means on the same row followed by different letters in superscripts are significantly different at p < 0.05.

Because of the high linear correlation coefficient between the polyphenols and flavonoids, only the effect of the levels of spices on the flavonoids and ABTS+ free radical scavenging of Oxisoup was determined. In fact, flavonoids are one of the largest and important groups of phenolic compounds in foods (Arif et al., 2010). The surface plots showing the effect of spice levels on the flavonoid content of Oxisoup are presented in Figure 9.3.5. The greater effect of D. glomerata as compared to X. parviflora and S. zenkeri can easily be seen in the graph. The increase in the level of D. glomerata induced a significant increase in the flavonoid content of Oxisoup.
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Figure 9.3.5 Typical surface plot for the effect of [D. glomerata] vs [X. parviflora] (a) and [S. zenkeri] (b) on flavonoids content of Oxisoup.

The significant effect of D. glomerata and X. parviflora on the polyphenols and flavonoids may be due to higher levels of flavonoids and polyphenols in these ingredients as compared to taro and S. zenkeri. Table 9.3.4 equally reveals that both spices D. glomerata and X. parviflora exhibit higher ABTS scavenging activity confirming the above observation, which showed that radical scavenging activity is an antioxidant mechanism devoted in general to polyphenols, and in particular to flavonoids. ABTS+ free radical scavenging is the ability of an antioxidant to provide hydrogen atoms to free radicals and to stop the chain reaction of lipid auto oxidation. As expected, ABTS+ free radical scavenging of Oxisoup changed rapidly with the change in D. glomerata, while the effect of X. parviflora and S. zenkeri were marginal.
Optimization The optimization was performed for maximization of all responses in the given range of the ingredients. The optimum level of the spices were found to be 2.66 g/L for D. glomerata, 1.43 g/L for X parviflora and 1.06 g/L for S. zenkeri, whereas total polyphenols, flavanoids, ABTS radical scavenging activity, flavor and general acceptability were 2.80 g/100 g DM, 29.6 mg/100 g DM, 760 mg/100g, 5.96 and 5.83, respectively (Table 9.3.5).

Table 9.3.5 Predicted optimum level of spices for use in the preparation of Oxisoup
Parameters | Optimum Counts
[D. glomerata] (g/L) | 2.66
[X. parviflora] (g/L) | 1.43
[S.zenkeri] (g/L) | 1.06

Taro powder can be used in the preparation of a soup with a greater acceptability, when used with 20 g instant taro powder, in 1 liter of boiled water followed by 2.66 g/L for D. glomerata, 1.43 g/L for X. parviflora and 1.06 g/L for S. zenkeri.


9.3.13 Conclusion and Future Aspects

With the successive escalation of food prices in the world, which makes food security an emergency situation, coupled to the rapid growth of population world-wide and low income food deficit in many countries, taro can play a very vital role in achieving food security. Taro has a huge potential as a base for the manufacture of convenience foods. Taro can find applications as a food ingredient in noodles, extruded paste products, baby foods, taro flour, etc. Efforts should be done to continuously generate interest for industrial production for some products, while for others improvements of existing technologies and further value addition definitely would make the products more attractive to consumers. Some of the taro products are already produced on the commercial scale, but expansion world-wide needs further effort.
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10.1 Cassava Flour and Starch: Processing Technology and Utilization
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10.1.1 Introduction

Cassava (Manihot esculentus, Crantz) is one of the root crops with growing food and industrial applications. It has been one of the mainstays of several tropical and sub-tropical countries of the world. According to FAO statistics, the world�s cassava production had been on the increase from about 176�277 metric tons per year from the years 2000�2013. Africa contributed between 54 and 58�% of the world�s cassava within these periods (Figure 10.1.1). Nigeria is the largest cassava root producer in the world. The impacts of cassava on the economies of different countries have changed in the last two decades. Previously, in some economies, it was an economic crop while in some others it constituted merely a poverty alleviation crop. Except in a very few countries, cassava has assumed a prominent position as an industrial crop with constantly growing utilization avenues.
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Figure 10.1.1 Production of cassava between 2000 and 2013 (source: FAO, 2014).

The roots are highly perishable due to their high moisture content at harvest. Besides the advantage of preserving the root, processing is also used to add value to the raw roots by converting them to several primary and secondary products of varying economic importance. Primary products are those derived from raw roots without extensive transformation (or modification) of cassava tissue via chemical, enzymatic and microbial processes. Primary processing of cassava roots merely involves physical modification to achieve either root preservation, enhanced handling or storage stability. Such products are either consumed by humans or animals, or used as raw materials in some other processing applications. These include mainly chips (dried and boiled), flours and starch. The proportion of cassava root processed to specific end products differ from region to region. Overall, the extent, direction and capacity of cassava roots-value addition in any country depends on the level of economic and technological advancement.
Flours and starch powders are the two major primary products from cassava roots traded world-wide. They are essentially dried products, often packaged, stored or marketed at low moisture levels (10�14�%, wet basis). Numerous studies aimed at improving their quality and expanding their utilization have been conducted world-wide, especially in regions where cassava potentially have comparative economic advantaged over other root crops. This chapter seeks to describe the existing and emerging cassava processing technologies, and utilization of cassava flour and starch.

10.1.2 Cassava Flours

Cassava flour (CF) refers to the dry, fibrous and free-flowing particulate product obtained from cassava roots. It is either prepared from milled dried chips or wet mash. Mashing of cassava root can be achieved by grating, pounding or milling of peeled roots. The prepared mash may either be fermented or unfermented. When the unfermented mash is dried and milled, it gives rise to a bland, odorless, white or off-white particulate product also known as high-quality cassava flour (HQCF). The flours from fermented cassava root are also known as lafun, fufu or pupuru in Nigeria. Report of the Collaborative Study of Cassava in Africa (COSCA) indicated that CF and chip production consumed about 45�% of cassava roots produced in the sub-Saharan African region (Nweke, 1994).

10.1.2.1 Processing Technology

The main processing steps in CF production are summarized in Table 10.1.1. Similar to other sub-Saharan African countries, the CF processing technology has experienced tremendous improvement in Nigeria over the last four decades. Due to the changing status of cassava from poverty alleviation to an economically important crop, there has been a shift in the level of cassava processing technology. Nowadays, improved (mechanized) processing techniques are now replacing existing manual operation. The greatest drudgeries of manual peeling, size reduction, pressing, drying and milling have now been removed by the advent of various mechanical devices that perform these operations. It has given an opportunity to increase the throughput of many plants as well as improving the quality of product.

Table 10.1.1 Description of technological effect of processing steps during CF manufacture
Processing step | Technological effect | Authors and years of study
Root washing | Mainly to remove the adhering dirt and sand particles from the root surface prior to peeling. It is done with clean water. | -
Peeling | To separate the flesh from skin. | Ezekwe (1976); Igbeka (1985); Ohwovoriole et al. (1988); Oluwole and Adio (2013)
Washing | To further clean the peeled root from adhering dirt and incompletely removed skin during peeling | -
Root Size reduction | Might involve chipping, chunking or grating of peeled cassava root. The grating process leads to lower particulate wet mash while chipping and chunking leads to larger particulates more difficult to dry. | Jones et al. (1994) Doporto et al. (2012)
Fermentation | Allowing the wet mash to ferment for 3�5 days in sacks or fermentation vats | Westby (1991); Okolie and Ugochukwu (1988); Ampe et al. (1995)
Dewatering (or Pressing) | This is done to remove excess water from the wet cassava mash after root grating and/or fermentation, It gives rise to wet cake. This makes handling easy and enhances drying of the wet mash. | -
Drying | Wet cake is pulverized and either sun dried or flash dried to moisture content below 12�%. It gives rise to dry and coarse cassava meal. | Shittu et al. (2001); Osundahunsi (2005); Bindziet al. (2014).
Dry Milling | Dried meal is milled to fine particulates (flour) also known as CF or high quality cassava flour if the whole process is completed within 24 h. | Shittu et al. (2002); Adesina and Bolaji (2013); Defloor and Delcour (1993)

Cassava Peeling Peeling of cassava roots is one of the most tedious unit operations during cassava processing. It is done to remove the dark, rough skin. Women and children are the ones mainly involved in carrying out this operation by using sharp knives. The manual peeling is slow and burdensome due to the irregular shapes and sizes. The peel, which consists of periderm and cortex, also varies in thickness, texture and strength. The manual peeling operation is still predominantly used in most cottage, micro and small cassava processing outfits. Research efforts over the past four decades have been devoted to development of mechanical means of peeling cassava roots. Various designs of peelers have since been reported (Adetan et al., 2006; Ezekwe, 1976; Igbeka, 1985; Ohwovoriole et al., 1988; Oluwole and Adio, 2013). The peeling is actualized by either abrasive or cutting mechanism. About 75�97�% peeling efficiencies have been reported for these designs. Use of abrasive peeling requires more water for washing than cutting methods. Although chemical and steam peeling methods used for potatoes have been tried for cassava peeling, the ineffectiveness and attendant quality issues have not made them satisfactory for industrial cassava processing. Use of lye (hot sodium hydroxide solution) to loosen and soften the skin of cassava root requires longer immersion time. This consequently causes objectionable heat rings in cassava flesh as well as starch gelatinization (Igbeka, 1985), making chemical peeling unsuitable for food and starch manufacture.
Size Reduction Fresh cassava roots are subjected to size reduction operations like chipping, mincing and grating (or rasping) to enhance subsequent unit operation like dewatering (pressing), drying, fermentation and starch extraction. The old-fashion method of manually grating cassava root is no longer practiced. Mechanical graters are now available in different designs and capacity (Figure 10.1.2). Size reduction also enhances biochemical detoxification of cassava roots. It breaks up tissue to release natural enzymes that catalyze conversion of toxic cyanogenic glucosides in cassava roots (linamarin and lotaustralin) to less toxic materials (glucose and cyanohydrin) in the presence of water. The cyanohydrin is further degraded to a ketone and hydrocyanic acid. Jones et al. (1994) demonstrated that mincing of cassava root caused complete degradation, while rasping and chipping caused 70�80�% and 30�% degradation of the glycosides, respectively. Besides their different influences on root detoxification, size reduction methods are also appropriate methods to achieve subsequent operations like drying and milling. Grated or retted pulps are more easily dewatered, dried and detoxified than chips, due to larger surface areas presented by the latter than the former. Literature data on the comparative effects of chipping, mincing and grating of root on the process (or energy) efficiency and quality of dried cassava products like flour and starch is generally deplete. Doporto et al. (2012) reported that the size reduction method of cassava root caused significant difference in the color of unfermented cassava flour. Grated cassava root resulted in higher lightness than sliced (chipped) root.
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Figure 10.1.2 Some mobile micro scale cassava processing units (a) mobile cassava graters; (b) mobile batch mechanical press (source: Fieldwork, 2010).

Most graters and raspers are batch motorized forms of equipment. The design of these size reduction items of equipment varies mostly in terms of the configuration of the grating unit. A manual rasper consists of a stationery grater/grinding stone against which the roots are rubbed to obtain a pulp, whereas a small-scale machine consists of a high-speed rotating wooden drum with a crushing surface fixed onto it. Nanda et al. (2004) developed a primary rasper with saw tooth blades for cassava starch extraction, which had a capacity ranging from 360�385 kg h-1. Sheriff and Balagopalan (1999) described a multipurpose starch extraction plant of lesser capacity (75-125 kg h-1) and evaluated the performance of the machine for various tuber crops. Sajeev and Balagopalan (2005) developed a multipurpose mobile starch extraction plant for the in situ starch extraction in villages for cassava, sweet potato and elephant foot yam. Capacity of the machines varied from 120�200 kg h-1 and the rasping effect from 40.32�61.10�%, depending on the type of tuber crop. In large-scale modern starch factories, the Jahn-type raspers, consisting of a rotating drum with longitudinally arranged saw tooth blades around the periphery at 10 mm apart, has been widely used (Balagopalan et al., 1988; Nanda and Kurup, 1994; Sheriff et al., 2005).
Fermentation Fermentation is the most prominent processing operation applied to make edible products from raw cassava roots. The two types of cassava root fermentation practiced are solid state (SSF) and submerged fermentation (SMF). Both SSF and SMF involve activities of lactic acid bacteria (LAB). SSF is often precluded by root grating to give a cassava mass that is heaped up in the fermenter or tied in sacks and allowed to ferment for 3�5 days. However, SMF involves soaking of whole root or its chunks in water for 3�5 days. Apart from root softening, development of flavor is a common phenomenon during SSF of wet cassava meal for producing gari � a product commonly consumed in West Africa. The root may also be submerged in water for the purpose of retting prior to further processing. It has also been established that in both processes, the role played by microorganisms in cassava root fermentation is very significant. For example, Westby (1991) investigated the ability of important microorganisms isolated from two major classes of fermented cassava products (acidic grated roots and acidic soaked roots) to hydrolyze linamarin. LAB were the commonest organisms in each product. About 64�% of the LAB was capable of causing significant reduction of the cyanogens in the respective products. Apart from detoxification, fermentation also causes significant root softening (or retting) of cassava tissue during submerged fermentation.
Okolie and Ugochukwu (1988) studied the activities of cell wall degrading enzymes isolated from Citrobacter freundii in cassava fermentation. The activities of polygalac-torase, pectinase, cellulase, amylase and phosphorylase enzymes were monitored. It was shown that pectic enzymes were of primary importance and inhibition of alpha amylase and phosphorylase had no effect on root softening. Later, Ampe et al. (1995) discovered that root softening was due to the combined action of both endogenous pectin methyl esterases and exogenous depolymerizing enzymes-mainly lyases.
CFs generally have low protein, which necessitates protein supplementation of most CF-based diets. Fungal-fermented CFs have been reported to have enhanced protein content (Akindahunsi et al, 1999; Oboh and Akindahunsi, 2003). However, some level of hepatotoxicity and cardiotoxicity was observed in rats fed with Saccharomyces cerevisae fermented CF (Oboh and Akindahunsi, 2005).
Dewatering or Pressing Only fermented or grated cassava mash is pressed to reduce the moisture content from an initial level to less than 30�%, depending on the dewatering efficiency of the press. Following pressing, the bulkiness is reduced while subsequent handling and drying of the mass is enhanced. The press may either use the screw mechanism or hydraulic force. A simple, mobile, micro-scale hydraulic press is shown in Figure 10.1.2b. There are many designs of the presses. Their capacities vary with processing scale. Manual presses are used by micro- and small-scale processors. In somnnwabueze, medium and most large processing factories, automated presses are used. The efficiency of screw presses generally are lower than hydraulic presses.
Few research efforts have been paid to development of more efficient cassava mash dewatering systems. Olusegun and Ajiboye (2009) reported the design and fabrication of a vertical double squeeze cassava pulp dewatering machine to handle about 200 kg or 4 bags of cassava pulp per batch. The dewatering was achieved in 33.72 minutes. This machine was 7 times quicker than the IITA multi-purpose press and 40 times quicker than the local method of dewatering (IITA, 1990).
Kolawole et al. (2012) reported the development of an integrated machine capable of combining wet cassava mash conveying, dewatering, pulverizing and sifting in one machine unit. The machine was capable of reducing the moisture content of the pressed mash from 68�% to about 47�% (wet basis). However, the higher conveyor screw speed led to increased product temperature. Continuous operation of the machine could increase the temperature of the mash to a level that could lead to starch gelatinization, which could be detrimental to the product quality.
Drying (or Dehydration) Dehydration or drying is often used towards the end of CF processing to finish up with a shelf stable product. The moisture content of wet chips or mash is reduced by drying to about 10�14�% on a wet weight basis after drying. The wet chips or mash may be sun or solar dried on a small scale to deliver between 50 and 100 kg per day. Although they are cheaper alternatives, their capacity and throughput are smaller, making them only suitable for small-scale processing outfits. Smoke dryers are also used mainly at the household level to produce pupuru (Figure 10.1.3). This particular method of drying cassava mash makes the product unique among other cassava flours. The smoke drying method was originally used for drying fish. It was adopted by peasants and cottage processors for drying fermented cassava mash in the riverine areas of Nigeria and some West African countries due to non-conducive climatic situations that could support sun drying of food (Shittu et al., 2005). The wet fermented cassava mash is molded into a balls of 1�2 kg weight and laid on racks under which smoky heat is supplied over 2�7 days, depending on heating rate (Figure 10.1.3). Dried or incompletely dried balls are also retailed by the roadside. The drying rate is slow and often leads to spoilage via mold growth. Spoilage organisms associated with this product are aerobic spore-forming and non-sporing bacteria, as well as potentially toxigenic molds such as Aspergillus flavus and Penicillium sp. (Shittu et al., 2010b).
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Figure 10.1.3 Typical smoke drying facility for dying fermented cassava mash in West Africa (source: Shittu et al., 2005).

The presence of these aflatoxigenic organisms in the retailed and stored pupuru balls signals some public health concern.
Kiln drying as a form of smoke drying technology was evaluated as an alternative method for making pupuru balls (Shittu et al., 2001). Kiln drying resulted in faster moisture removal from the balls. The traditionally dried pupuru gave flour with the highest setback retrogradation. Similar observation was later reported by Bindzi et al. (2014). Flour from kiln-dried balls was more acceptable than the traditional and oven dried samples. The study recommended that energy efficiency of these methods be established. Osundahunsi (2005) compared the traditional smoke drying method with oven and solar-cabinet drying of pupuru ball. The smoke dried product was more acceptable than others in terms of aroma, as similarly reported by Shittu et al. (2001). The better aroma could be due to impregnation of the ball with some volatiles from the burning wood. Further studies are required to unravel the volatile composition of the product.
Due to recent advances in cassava-processing scales, some medium- and large-scale processors have now adapted some higher capacity artificial dryers such as cabinet, rotary and flash (pneumatic) dryers (Figure 10.1.4). These dryers are still currently used for batch production of cassava flours in Nigeria. Depending on design, flash dryers are capable of delivering 1-60 metric tons of dry product per 8 h working day. To date, the maximum throughput for a Nigerian designed flash dryer is still less than 3 metric tons per day. There are, however, few imported flash dryers capable of delivering 60 tons dried products per day. Not less than 100 units of such facilities are currently operating in Nigeria, mainly for cassava products. Nigerian flash dryers ordinarily use spent automobile (black) oil or diesel as fuel. The efficiency of a flash drying facility depends on variables such as number of cyclones, fuel burner efficiency, and feed moisture content among others.
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Figure 10.1.4 Flash dryer (source: Sanniet al., 2006).

Drying of cassava is a critical operation that affects the quality of the final product. Starch granular properties and by implication of the starch-based functional properties, cassava flour may be modified by the drying process (Maziya-Dixon et al., 2005; Shittu et al., 2001). However, this depends on the drying conditions such as drying temperature, drying time, drying method and so on. Higher temperatures and longer drying times lead to increased starch granular modification and change in starch-based functional properties.
Dry Milling Milling is an energy-intensive operation which leads to production of particulates size of less than 400 pm, referred as flour in many instances. Regardless of processing scales, it is carried out mechanically with the use of milling machines. The most popular types of milling machines used are attrition and hammer mills (Nwaigwe et al., 2012). A study of cassava processing machineries used in the Oyo State of Nigeria indicated that milling machines are the third-most popular after graters and pressing machines. Dry milling operations in the processing factories surveyed are manned mainly by males (Davies et al., 2008).
Few studies have been conducted on dry milling of cassava. Nwaigwe et al. (2012) designed a mechanical mill for converting cassava chips into flour due to some ineffectiveness of existing machines to produce acceptable flour grade for the bakeries. The mill was based upon both an impact and shearing milling action, with a pneumatic conveying and classifying action. The modified milling gave an efficiency of 82.3�% with fineness modulus of 0.31 and average particle size of 0.075 mm compared to 2.35 and 0.085 mm of an existing hammer mill, respectively.
The influence of moisture content on the dry milling characteristics of dried cassava chips was studied by Shittu et al. (2002). The amount of energy used in dry milling depends on the initial particle size of feed and moisture content. Increased feed size and moisture leads to higher milling energy consumption to produces flour of specific particle size.
The effect of milling was studied by Adesina and Bolaji (2013). Although the authors did not describe moisture content and size of the cassava chips milled, they reported that milling affected the flour yield and mill recovery. Moreover, the pin milling method gave complete flour yield and recovery. Similarly, differences in the dry milling procedure led to different compositional values. Defloor and Delcour (1993) reported that insignificant differences were found in the thermal and pasting properties of CF obtained from hammer, ball and roller milling of cassava chips at two moisture content levels (11.5 and 15.9�%). However, milling cassava chips at
11.5�% gave lower yield of break roll flour but higher yields of reduction roll flour than was obtained at 15.9�% moisture.

10.1.2.2 Cassava Flour Properties

The various types of cassava flour-based products are listed in Table 10.1.2. Like any other food product, CF properties can be divided into physical, chemical, functional and microbial properties. Certain properties (also known as standard quality indices) are used to provide a guide in regulating local and international trades, only while others have been used to determine potential end uses of CF.

Table 10.1.2 The types of cassava products studied by previous authors
Flour Type | Specific product(s) | Authors
Fermented | Pupuru flour | Osundahunsi (2005)
�"� | Fufu flour | Sanniet al. (2006)
�"� | Fufu flour | Sanniet al. (1997)
�"� | Pupuru flour | Shittu et al. (2001)
�"� | Pupuru flour | Shittu et al. (2005)
�"� | Dark cassava flour | Essers (1994)
�"� | Yeast fermented cassava flour | Oboh and Akindahunsi(2003) Oboh and Akindahunsi (2005) Akindahunsi et al. (1999)
Unfermented | Tapioca flour | Chiste et al. (2012)
�"� | Cassava flour | Aryee et al. (2006)
�"� | Cassava flour | Ogbonna and OkoLi (2010)
�"� | Cassava flour | Hossen et al. (2011)
�"� | Cassava flour | Defloor et al. (1995)
�"� | Cassava flour | Derkyiet al. (2008)
�"� | Cassava flour and gari | Bradbury (2005)
�"� | Cassava flour and starch | Doporto et al. (2012)
�"� | Cassava flour | Shittu et al. (2002)
Composite | Cassava-wheat flour composite | Shittu et al. (2015b)
�"� | Cassava-wheat flour composite | Akinrele (1973)
�"� | Cassava-wheat flour composite | Shittu et al. (2008)
�"� | Cassava-wheat flour composite | EggLeston et al. (1993)
�"� | Cassava-wheat-soybean flour composite | Oluwamukomi et al. (2011)

Properties Related to Industrial Standards and Specification Published documents to guide food trade within and across national boundaries, also known as food standards, are available for different raw and finished food products. Each country and region of the world is separately responsible for developing standards. The international quality standards for food products are developed by the Codex Alimentarius Commission (CAC). The African Organization for Standardization is responsible for development and harmonization of African Standards to enhance trading within the region. The general quality specification for raw and finished food products traded within Nigeria is provided by the Standards Organization of Nigeria (SON). There is some agreement between specification by Codex Standard (CODEX STAN 176-1989), African Standard (ARS 840: 2012) and Nigerian Industrial Standard (NIS 344: 1997) for edible cassava flour.
Codex Standards for edible CF stipulated that CF be free from abnormal flavors, odors and live insects, filth (impurities of animal origin, including dead insects). The various codex standards for CF are presented in Table 10.1.3.

Table 10.1.3 Standards for CF
S. no. | Parameter | Standard
1 | Moisture (max) | 13%
2 | Fiber (max) | 2%
3 | Ash (max) | 3%
4 | Fine flour | 90�% of CF passes through 0.6 mm sieve
5 | Coarse flour | 90�% of CF passes through 1.2 mm sieve
6 | Hydrocyanic acid (db, max) | 10 mg/kg
7 | Sulfated ash (max) | 0.5%
8 | Starch | 65�70%
9 | Total acidity | 1%
Source: CAC, 1989; ARS (2012)

Nigeria is distinctly known to have a history of producing and consuming some fermented CFs (lafun, fufu andpupuru) that have many similar characteristics (Shittu et al., 2005). Out of these, fufu is the most commercially traded world-wide. However, to date, no local industrial standard is available for lafun and pupuru (ikwurikwu), probably due to their lower export (or commercial) values.
Physical Properties The color of CF is an important physical property that influences its acceptability and potential application. It varies according to root variety and processing method. The bitter cassava roots give whitish flours, whereas yellow fleshed roots give off white color. The color of CF may be measured instrumentally (using colorimeters) or may be assessed sensory-wise. The Hunter or CIE-Lab color indices are often used. Both color systems consist of lightness (L), greenness-redness (a) and blueness- yellowness (b) color spaces. It is often reported as whitish (60 < L < 110) with low yellowish tint (12 < b < 15), as found in flours from white fleshed roots (Shittu et al., 2007). Some yellow fleshed or carotenoid cassava roots may have higher values for greenness and yellowness.
Pasting Properties The pasting properties of flour shows the behavior of its flour/water suspension when cooked. It indicates the potential end use of the flour for cooking purposes. The peak viscosity indicates the maximum viscosity attainable during cooking of flour suspension to near boiling point (95��C). Breakdown viscosity also indicates the stability of the paste when retorted or subjected to prolonged heating. Setback viscosity indicates tendency of the cooked paste to undergo retrogradation. The pasting temperature and peak time are both indices of ease of cooking amount of energy required to cook the aqueous suspension of the flour. The crop type, variety, particle size of flour, relative composition of starch, protein, fiber and fat affect the pasting characteristics. Table 10.1.4 shows the typical pasting behavior of flours from some roots and tubers. CF is known to have an intermediate thickening power among flours (Table 10.1.4). The pasting viscosity is slightly higher than the new cocoyam flour (Xanthosoma sagittfolium). According to Hossen et al. (2011), potato showed the greatest paste viscosity and the least hot paste stability among the different flours studied.

Table 10.1.4 Pasting properties of some flour from root and tuber crops
Crop | Peak Viscosity | Trough | Breakdown Viscosity | Setback Viscosity | Final Viscosity | Peak Time | Pasting Temp | Source
Dioscorea dumetorum | 3180.5�| 1919.0�| 1261.5�| 2806.5�| 887.5�| 4.67�| 83.95�| Abiodun et al. (2014)
Dioscorea alata | 4115.0�| 2326.0�| 1705.0�| 4064.0�| 1750.0�| 4.87�| 68.40�| Babajide and Olowe (2013)
Dioscorea rotundata | 2544.0�| 1301.6�| 1241.0�| 2767.0�| 1469.3�| 5.74�| 880.85�| Babajide and Olowe (2013)
Manihot esculenta (Min) | 2596.8�| 627.6�| 1252.8�| 884.4�| 201.6�| 3.87�| 76.80�| Shittu et al. (2008)
Manihot esculenta (Max) | 3678�| 1850.4�| 2532�| 2706�| 861.6�| 4.47�| 81.72�| Shittu et al. (2008)
Xanthosoma sagittfolium | 1941.6�| 1870.6�| 71.0�| 2926.6�| 1056.0�| 5.77�| 61.73�| Ejoh et al. (2013)
Colocasia esculenta | 2407.1�| 1984.6�| 422.5�| 3244.6�| 1260.0�| 5.04�| 61.93�| Ejoh et al. (2013)
Ipomea batata | 496�| 215�| 281�| 192�| 302�| � | � | Hossen et al. (2011)
Solanum tuberosum | 1087�| 131�| 956�| 742�| 345�| � | � | Hossen et al. (2011)

Thermal Properties The behavior of starch granules when subjected to heating helps to explain how easily starchy material can be modified with heat treatment. CF, like cassava starch, has a single thermal event associated with the gelatinization of starch. According to Doporto et al. (2012), the onset temperature of gelatinization of cassava starch was about 52��C, whereas that of flour from the same root material was between 67 and 71��C. This indicates that presence of other materials like protein, fat and fiber in CF could have influenced the gelatinization behavior. Grated cassava gave flour with a significantly lower onset temperature than chipped cassava.
Cyanogenic Potential The cyanogenic potential (CNP) is a critical quality factor of CF for both trade and utilization purposes. Although the CNP is reduced by fermentation, flours from bitter varieties of cassava may still contain CNP higher than the acceptable limit of 10 mg/kg by standards. Farmers still cultivate high cyanide cassava varieties due to the perceived higher resistance to pests and diseases. The products are also believed to have superior sensory quality compared to the low cyanide varieties (Chiwona-Karltun et al., 1995). Bradbury (2005) reported a simple wetting method for detoxifying CF having a reasonable amount of linamarase activity. The total cyanide content reduced about 3-fold over 5 h. Addition of exogenous linamarase increased greatly the rate of breakdown of linamarin in the flour. The detoxification process was also found to be pH dependent.
Water Vapor Adsorption Properties The study of water sorption phenomenon allows us to predict the stability and quality during packaging and storage of food products. The plot of equilibrium moisture attainable by a material at constant temperature and varying relative humidity or water activity value is called sorption isotherm. CF is highly hygroscopic due to high water affinity of its starch and fiber. Regardless of whether fermented or not, previous studies on the water vapor adsorption properties of different cassava flours at various practical storage conditions indicated that CF has a type II isotherm curve (Chiste et al., 2012; Doporto et al., 2012; Sanni et al., 1997; Shittu et al., 2015a). The water vapor adsorption isotherm of fufu, pupuru and lafun flours at 27��C is given in Figure 10.1.5. A very wide range of monolayer moisture values have been reported for CF (5-23�% dry basis). This might be due to differences in the composition, processing method, and so on. The monolayer moisture contents of cassava flours from previous studies generally range between 5 and 25�% (dry basis). According to Shittu et al. (2015a), the difference in the drying method employed in producing lafun, fufu and pupuru did not yield significant differences in the adsorption data at 27 and 35��C.
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Figure 10.1.5 Water vapor adosprtion isotherm of fufu, pupuru and lafun flours at 27��C (source: Shittu et al., 2015a).

10.1.2.3 Utilization of Cassava Flour

Fermented CFs has limited applications. Traditionally, they are used to prepare stiff dough (amala), often consumed by swallowing whole with some special vegetable soups or stews in many West African countries. However, unfermented or high-quality CF (HQCF) has continued to attract growing food and non-food applications. The bakeries and confectioneries mainly use HQCF as an ingredient in gluten-free or composite baked products. Snack foods such as puff-puff, chin-chin, pies, etc. are made from 100�% HQCF or composite cassava-wheat flours. Some chemical industries use HQCF as feed materials in adhesive and glucose syrup manufacture.
Applications of HQCF in Baked Product Manufacture Use of HQCF as a composite material in wheat flour (WF) for bread-making has been explored since the 1970s in Nigeria (Akinrele, 1973). However, substitution of up to 10�% wheat flour with CF has gained legislation support in the country since 2004 (Shittu et al., 2007). The major drawback of commercial use of composite flour in baked goods manufacture is the baker�s poor technical know-how, inappropriate baking facilities and poor process controls. Most bakeries in Nigeria still use mud-baking ovens with poor baking temperature control. The manual dough preparation used predominantly by the bakers is not efficient to handle the more complex and delicate dough system presented by composite cassava-wheat flour. WF mills with government mandate are now compositing WF with varying levels of HQCF. With this development, the government and private sectors have continued to organize periodic participatory training workshops for bakers to improve their technical skills on composite baked product manufacture. A lot of research and development efforts are still required on the commercial scale to optimize the use of HQCF as a bakery ingredient. Lack of enough domestic capacity to generate the quality and volume of cassava flour needed and poor cassava flour supply chains could also militate against the implementation of the HQCF inclusion policy (Ohimain, 2014).
Studies have shown that gradual quality impairment ensued as the amount of HQCF inclusion is increased for composite bread-making (Eggleston et al., 1993; Khalil et al., 2000). In addition, the cassava root genotype had significant influence on the quality of composite bread (Eggleston et al., 1993; Shittu, 2007; Shittu et al., 2008) (Figure 10.1.6). However, studies correlating HQCF quality with product quality are scarce. Shittu et al. (2008) reported that NPK fertilizer application during cultivation of cassava caused significant differences in the cassava flour properties. This further influenced the composite bread quality (Figure 10.1.6). A recent model study has indicated the possibility of predicting the sensory quality of composite cassava-wheat bread from CF properties (Shittu et al., 2015b). Gelation capacity of CF was the most influential flour property affecting the sensory acceptability of composite bread.
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Figure 10.1.6 Composite bread sample by substituting 10�% of WF with flours from different cassava genotypes bread by IITA (98/0002, 99/6012, 98/0002, 92b/0061, 82/00058) grown with or without NPK fertilizer (source: Shittu, 2007).

Noodle Archaeological facts have shown that consumption of noodles as a food product dates back about 4000 years (Lu et al., 2014). Currently, it is consumed world-wide across all socio-economic strata. The world�s noodle market is concentrated in Asian countries, with China being the largest, consuming about 46.2 billion packets in 2013 (WINA, 2014). Noodles were originally made from mung bean flour. Later, wheat flour replaced mung bean flour due to the issue of availability and cost. Nowadays, due to some health and economic reasons, gluten-free flours are now being prospected to partially (Charles et al., 2007) or completely replace wheat flour for noodle manufacture (Nwabueze and Anoruoh, 2009; Purwandari et al., 2014).
Few scientific studies on the use of CF for making noodles have been published. Nwabueze and Anoruoh (2009) studied noodle-making properties of flours from eight cassava mosaic disease-resistant clones. The key sensory attribute responsible for difference in the noodle samples was the texture. Composite flour CF-WF mixture was used to make white noodles (Charles et al., 2007). The noodles had high tensile strength, cutting force and bite force. The texture of the product was improved by adding cassava mucilage. Vijayakumar et al. (2010) also reported reduced sensory acceptability of composite flour noodles score with increased CF content. Purwandari et al. (2014) studied the effect of water in pre-gelatinized flour as well as proportion of gathotan (a fungal fermented flour) to pre-gelatinized flour on noodle quality. Increased proportion of gathotan in the flour mixture caused greater hardness and adhesiveness. The main predictors of overall acceptability for the gathotan noodle samples were the mouth feel and aroma.
Syrups Two processes are followed to produce glucose syrup, namely enzymatic and acid hydrolysis. For the enzymatic approach, the process consists of five stages. The flour is mixed with water into slurry at 105��C. Next is conversion of starch in HQCF to dextrin by addition of �-amylase enzyme. After this, dextrin is hydrolyzed to glucose by adding glucoamylase at 60��C at 1 atm. The glucose syrup is then purified by removing color pigments and ions with the aid of activated carbon and ion exchange, respectively. Additional filtration is required when HQCF is used as a raw material instead of cassava starch. The final process is evaporation to concentrate the syrup. The proportion of glucose, maltose and maltodextrins present in the hydrolysate determines whether it will be called maltodextrin, high maltose syrup or high dextrose glucose syrup. High fructose syrup (HFS) is produced by passing glucose syrup over columns packed with immobilized glucose isomerase.
Thai and Vietnamese glucose syrup production technologies are widely adopted internationally. There is evidence also that small-scale industries in Nigeria and Ghana exist directly by using HQCF for glucose syrup production. Ekha Agro Nigerian Limited is one of the foremost private initiatives in Nigeria that established an ultramodern glucose syrup factory capable of processing 400 tons of fresh cassava root to produce 100 tons of glucose syrup per day at full capacity. It is the second largest glucose syrup factory in Africa.
The development of membrane reactor technologies developed for the improvement of traditional batch processes to overcome the limitations of conventional processes (i.e. product inhibition, cofactor regeneration, biocatalysis in non-conventional media) is a task of growing interest with potential industrial applications. Lopez-Ulibarri and Hall (1997) studied the enzymatic saccharification of CF starch with glucoamylase from Aspergillus niger in a hollow-fiber enzymatic membrane reactor (HF-EMR). The saccharification was enhanced by pre-gelatinizing the flour via extrusion.
Adhesives Adhesives mainly used by the paper, textile and packaging industries are originally made from corn starch and imported to many developing economies. In the past two decades, attention has been shifted to using alternative sources of starch such as HQCF. Cassava-based adhesives have the unique advantages of being smooth, clear, fine in texture, non-staining, more viscous, stable and neutral (Gunorubon, 2012). The non-poisonous nature makes it a desirable choice, particularly for many domestic and food applications (Masamba et al., 2003). The major drawback in the use of starch as an adhesive is the stability of the product over time.
The native starch present in HQCF does not yield good adhesive properties. Moreover, the presence of other components such as fiber, fat and protein in HQCF can also reduce its adhesive function (Derkyi et al., 2008). Therefore, when a strong adhesive property is required, attention is shifted to cassava starch. Variables that affect the adhesive properties of starch are formulation, molar mass of starch, starch modification (Emengoa et al., 2002), and so on.
Bioethanol Biodiesel is planned to be a community energy product in certain areas, whereas the bioethanol is recognized as environmentally-friendly energy due to less greenhouse gas (GHG) emission (Nguyen et al., 2007; 2008; Nguyen and Gheewala, 2008).
Co-culture of Bacillus subtilis with Clostridium butylicum enhanced acetone-butanol-ethanol (ABE) fermentation process. The benefits of using this high amylase producing aerobic Bacillus in a co-culture with anaerobic Clostridium were not only increasing substrate utilization and ABE production, but there was also no requirement to add any costly reducing agent to the medium or flushing with N2 to ensure anaerobic conditions. This may contribute greatly to developing industrialized ABE production (Tran et al., 2010). Another energy saving approach to make bioethanol directly from cassava chips, by boiling and enzymatically liquefying cassava root, is being taken up in Thailand (Nguyen et al., 2010).


10.1.3 Cassava Starch

Starch is the major food reserve of cassava. It is approximately 21.5�% of fresh cassava tuber (IITA, 1990). Like CF, cassava starch (CS) is prepared from either wet mash or dry chips. Starch extraction is easier and economical with wet mash. It also gives consistent and better-quality starch. Particle size from dry milling of chips are highly variable with very fine and coarse materials resulting in constant clogging of the sieve aperture during washing of flour to obtain starch. Also, large quantity of water is necessary to drive the material through the sieve. Since quality is of paramount importance in starch trading, extraction from wet mash is often preferred in commercial starch extraction, because of control over product quality.

10.1.3.1 Cassava Starch Production Technology

While CF is the main commercial product from cassava roots in sub-Saharan Africa, CS is an important export commodity of cassava producing countries of Asia and Latin America. Cassava starch extraction follows a similar pattern with production of CF, except that starch milk is passed through a screen of 150 microns aperture size to separate starch from fibers and other impurities. Typical starch extraction process from cassava roots is shown in Figure 10.1.7.
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Figure 10.1.7 Starch extraction process from cassava roots.

Washing Cassava starch production is on a larger scale than CF production. Its technology has undergone major transformation from subsistence to commercial production. This is in order to meet global starch demand and compete favorably with starch from other sources such as maize and potato. The technological transformation is more pronounced in Asia and Latin America, especially Thailand and Brazil. After initial quality checks on the roots with the estimation of root starch content through the determination of root apparent density using a Reiman balance, roots are fed through a hopper into mechanized rotary washers fitted with overhead water sprays. Roots are transported through the system by chain conveyors. The tumbling action in the system removes the peel alongside soil and dirt. Soil, sand, peel and other impurities are removed as the roots pass through a rotating cylindrical sieve. Thereafter, peeled roots are moved to a water chamber where these are washed as they are moved by a paddle blade. Capacity of washing in most large CS production factories in Asia is 15�20 t of roots per h (Sriroth et al., 2000).
Cutting and Rasping Rasping is done to enhance starch extraction from cassava roots. The technology is as discussed in Section 11.1.2. Most Asian CS factories rely on locally made motorized raspers. The most commonly-used locally made saw-tooth raspers in Thailand consist of a drum with 144 blades on its surface, with 201 teeth distributed along the length of each blade (Sriroth et al., 2000). This equipment can process 5�6 t of chopped roots per h. Rasping efficiency is measured by the amount of unextracted starch in the pressed pulp, so high starch content in the pulp indicates lower efficiency.
Starch Extraction Particle size and purity are important quality indices for starch. Most large-scale CS processing plants employ two levels of separation using continuous centrifugal starch extractors (coarse and fine) to ensure uniformity and purity of starch. Some plants incorporate decanters to remove proteins and other impurities. The first stage of extraction is in coarse extractors with centrifugal perforated baskets. Starch is repeatedly extracted from the pulp exiting the extractor with a screen of the same aperture (355�425 pm) as the first pass, until minimal residual starch is achieved. Starch milk from coarse extractor is passed into a fine extractor, which contains a filter cloth and sieve with aperture range from 150�125 pm to remove fine fibers. A higher degree of fineness is achieved by further passing the milk through a sieve of smaller aperture of 140�200 mesh size.
Sedimentation and Decanting The starch milk is then passed into a sedimentation channel for separation of water from the starch. The starch settles while the supernatant liquor flows over a weir and is discharged. The starch is usually allowed to settle in the channel overnight to allow for effective removal of water. Thereafter, the surface of the starch is washed to remove the layers of dirt and other impurities on the surface of the starch mass.
Drying and Milling Drying of CS cake to reduce the moisture content to between 10 and 14�% is achieved in the industry through the use of pneumatic conveying flash dryers of the type shown in Figure 10.1.2. The flash dryer is the dryer type of choice in order to prevent modification of starch, which could occur from exposure to high temperatures over long periods. Cassava starch cake fed into flash dryer is blown with hot air and dried to about 12�% moisture content within 6 sec (Sriroth et al., 2000). Milling of dried CS is necessary to obtain the right particle sizes required for different applications. Studies on effects of milling on CS are scarce. The moisture content of CS and milling duration used could affect the quality of the resultant starch. Martinez-Bustos et al. (2007) studied the effect of moisture content and milling times on the physicochemical properties of CS using a ball mill. Higher moisture contents and longer milling times caused reduction in crystallinity of CS. The starch modification also caused increased water absorption index (WAI) and the water solubility index (WSI) of CS.
Packaging and Storage The choice of CS packaging material is dictated by the structural form of starch and quality requirement. Cassava starch is a highly dusty powder of low moisture content. Prevention of moisture pick-up and leakage are important considerations in the packaging and storage of CS. Dried CS is often packed in polyethylene bags or linen cloth. A double-layered polyethylene bag is often used. A low humid environment is recommended for storage, because of the negative influence of relative humidity on the flow properties of CS (Nduele et al., 1993). Bags of CS are mounted in stores on wooden or plastic pallets, away from concrete surfaces to prevent moisture migration from the surface to the packed starch and destruction of packaging materials by insects and rodents, which could lead to loss of starch and exposure to environmental factors that could affect the quality.

10.1.3.2 Cassava Starch Productivity and Quality

The productivity and quality of CS is affected by three main factors. These are seed gene; environmental factors such as rainfall, soil characteristics and temperature; and farm practices such as irrigation, fertilizer application, intercropping system and weed control. These factors affect starch yield of cassava roots (Pardales and Esquibel, 1996; Santisopasri et al., 2000; Sittibusaya et al., 1993), root starch content (Defloor et al., 1998; Santisopasri et al., 2000), granule size distribution, swelling power (Asaoka et al., 1991; Sriroth et al., 1999a), paste viscosity, pasting temperature (Santisopasri et al., 2000; Sriroth et al., 1999ab), gelatinization temperature (Asaoka et al., 1992), amylose content (Asaoka et al., 1991) and root cyanide content (CIAT, 1990).
Root cyanide content is an important quality factor in CS trade, because of its accumulated effect on the health of consumers. Availability of water during the growth of cassava roots and soil fertility influences the root cyanide content (CIAT, 1990; Santisopasri et al., 2000). Inadequate water during the latter part of the root growth period causes concentration of cyanogenic compounds. Also, depletion of potassium content in the soil increases the cyanide content in the root. Adequate water supply throughout the growth period of cassava root and application of potassium fertilizer is beneficial to the quality of CS, as it leads to decrease in the cyanogenic content of the roots, and stimulates dry matter and starch content (Sriroth et al., 2000).
Cassava starch, like commercial starch from any other source, is traded based on quality. A documented quality standard and grade of CS found in literature is the one established by the Thailand Ministry of Industry (Table 10.1.5) (Sriroth et al., 2000). The standard and grade would facilitate and promote the trade of CS in international markets. Managing the quality as classified in the standard would improve the competitiveness of CS and encourage its application in the starch-based products.

Table 10.1.5 Standard for cassava starch
Grade
Qualifications | 1�| 2 | 3
Moisture content (% maximum) | 13�| 14�| 14
Starch (% minimum by polarimetric method) | 97.5�| 96�| 94
Ash (% maximum) | 0.15�| 0.3�| 0.5
Acid insoluble ash (% maximum) | 0.05�| 0.10�| 0.15
Protein (% maximum) | 0.3�| 0.3�| 0.3
Fiber (cm3 in 50 g starch before drying) | 0.2�| 0.5�| 1.0
pH | 4.5 to 7�| 3.5 to 7�| 3.0 to 7
Residue on 150 pm sieve (% maximum) | 1�| 3 | 5
Source: Sriroth et al. (2000)

Global CS Production World starch production was 60 million tons in 2006 (FAO, 2006). Sales from starch and its derivatives stood at $51.2 billion in 2012 and were forecast to increase to $77.4 billion in 2018 through a compounded annual growth rate of 7.1�% (BCC Research, 2013). The cassava share of the global starch production was 10�% in 2006 (FAO, 2006). Despite being the third largest producer of cassava after Nigeria and Brazil, Thailand has remained a consistent global leader in the production of CS and its derivatives (FAO 2006). Thailand produced 3.5 million tons of CS in 2006,1.3 million tons (37�%) were consumed locally, while 2.5 million tons worth $800 million were exported (Sriroth, 2008).
Utilization of CS The strengths of cassava are mainly in the areas of utilization of its starch and starch-based products. Researchers continue to find new uses for CS, because of the global availability of cassava and ease of extraction of its starch (Essers, 1994). Most importantly, some properties of CS such as bland taste, low gelatinization temperature (71oC), low retrogradation tendency, good stability, high water binding capacity and good adhesive strength (Abraham, 1993; Srirothi et al., 1999b; Jyothi et al., 2005) among others, have been reported to be responsible for its suitability as a base material in various food applications (Falade and Akingbala, 2010). Modification of CS to correct one or more of its shortcomings also gives scope to fabrication of a variety of products for food and non-food applications, thereby adding value and enhancing its versatility (Thranathan, 2005).
Cassava starch is found to be well-adapted to various applications of starch. It has the edge over other starches in bakery because of its expansion property. Based on utilization, cassava starch (like any other starch) is classified into native, modified, hydrolysates and others (Sansavini and Verzoni, 1998). Utilization of cassava starch in food and non-food sectors is presented in Table 10.1.6.

Table 10.1.6 Food and non-food utilization of CS
Sector | Industry | Form of starch | Products
Food | Local consumption | Native | Tapioca
Food processing industries | Modified/hydrolysates | Bakery and pastry products, noodles, soups, sauces, ice creams, yoghurts, lactic drinks
�"� | �"� | Modified | Fat substitutes for dietary products, processed meats, puddings
�"� | �"� | hydrolysates | Color enhancer/taste enhancer, canned fruits, juices, soft drinks, marmalades, jams, alternative protein source, seasoning
Non-food sector | Paper and plywood | Modified | Cartons, papers of different quality, plywoods
�"� | Textile | Modified | Fillers, Stiffeners, leather goods
�"� | Pharmaceutical | Modified/hydrolysates | Fillers, excipients, Vitamins C and B12, antibiotics,
�"� | Chemical | Modified/hydrolysates | Glues, cements, paints, oil drilling materials, biodegradable plastics, polyesters, water treatment agents
�"� | �"� | Hydrolysates | Soaps, detergents, bleaching agents, insecticides, explosives, cosmetics, industrial alcohols, ethanol, combustibles
�"� | Feed industry | Modified | Feed binder, protein substitutes, carbohydrate substitutes, supplements
�"� | Energy | Hydrolysates/native starch/cassava starch baggase | Biofuels

10.1.3.3 Potential Uses

Tapioca Flakes or Meal Cassava starch is being consumed in its native form at the household level in some West African countries as tapioca. Starch paste is consumed as the main meal or as an accompaniment in dishes. It is also consumed in a partially gelatinized form, also known as tapioca flakes, which is prepared by soaking in water and then cooked in water to form tapioca meal. Sugar and/or milk are added before consumption. It is consumed in many parts of West Africa and widely accepted as a convenience food (Adebowale et al., 2006). Oyewole and Obieze (1995) reported some preliminary works on the traditional processing of cassava to tapioca grits. Cassava variety and roasting methods had significant influence on the quality of the product (Adebowale et al, 2006) and the sorption isotherms of tapioca grits (Adebowale et al., 2007). Adebowale et al. (2007) reported that peak and hot paste viscosities were the principal pasting parameters for characterizing tapioca grits from different cassava varieties and roasting methods.
Sour CS Chemical and enzymatic modification of native CS through fermentation is an age-long practice in some African, Latin American and Asian countries (Srinivas, 2007). The products of such modification, which include sour starch (Latin America) (Defloor et al., 1995) and krupuk (Malaysia and Indonesia) (Howeler and Hershey, 2002), are known to possess specific property of expansion with important applications in bakery (Marcon et al., 2009). Sour CS, also known as polviho azedo in Brazil and almindon agrio in Colombia, is a gluten-free raw material use in production of cheese bread and sour CS roscas in Brazil (Marcon et al., 2009). The unusual expansion of sour starch during baking is mainly influenced by the interaction of drying and action of lactic acid (Mestres et al., 1996; Vatanasuchart et al., 2005).
Influence of drying on the degree of expansion was reported by several studies to be dependent on the method of drying; action of ultraviolet radiation in sunlight, which caused significant changes in granule structure of fermented cassava starch such as perforation of the granules; changes in the ratio amylose/amylopectin content; reduction in the polymerization of remaining amylose and amylopectin in the granules, were reported to be responsible for the most significant influence of sun-drying on cassava starch expansion (Demiate et al., 2000; Guyot and Mulon-Guyot, 2001; Mestres and Rouau, 1997). A protocol proposed by Marcon et al. (2009) showed that maximizing the expansion of sour starch dough would depend on such physico-chemical parameters as degree of polymerization, the number of carboxyl and hydroxyl groups, pH, and granule density among others. Other important factors reported to affect the expansion property of sour CS during baking includes cassava variety, genetic factors, prevailing climatic conditions during the growth and environmental conditions during fermentation (Rickard et al., 1991; Tian et al., 1991). The resulting organoleptic properties and reduction in acid were mainly driven by lactic acid (Atichokudomchai et al., 2004).
Significant improvement has been recorded in the production of sour starch through the adoption of appropriate technologies. Use of locally fabricated equipment for processing and centrifugal separators for starch extraction has contributed significantly to increased sour starch production in the producing countries. However, long fermentation periods of up to 70 days (Mestres et al., 1996), and heavy reliance on sun-drying, could be highly unpredictable and inconsistent quality standards have been identified as the major bottlenecks to large-scale commercialization of cassava sour starch production (Marder et al., 1996). It is essential to establish standard quality factors and develop effective market penetration strategies to increase utilization of the product and develop affordable technology for efficient waste management to make its production appealing on the large scale.
Controlled fermentation in a covered tank with enough water to ensure anaerobic conditions and inoculation with starter culture were recommended by Brabet et al. (1996) for reduced fermentation time. The study also recommended the use of artificial drying apparatus using UV radiation and effective starch moisture control to standardize the drying process and improve the quality of the product, which would not be at the disposition of unpredictable weather condition.
KrupukKrupuk or keropok is another important product from Southeast Asia, which also requires expansion properties specific to cassava starch. It is a traditional cracker made from starch and protein source. Processing steps are ingredient mixing, kneading, cooking, cooling, slicing and drying (Taewee, 2011). Reports from several studies show that cassava starch remains the best for the production of krupuk due to its linear expansion capacity, which was reported by Taewee (2011) to be about 80�% of the original dough volume and final crispness of the cracker (Mohamed et al., 1989; Saeleaw and Schleining, 2010; Tongdag et al., 2008). Besides the aforementioned factors which affect sour starch, protein source and content also had a significant effect on the final quality of the product. Krupuk are usually named after the added protein source.
Fish and shrimps are the most popular sources of protein for krupuk production. However, fish is often used because the final product is cheaper and affordable and therefore enjoys higher patronage. Inclusion of fish in krupuk enhances the nutrition of the product; however, it has adverse effects on the expansion of the cracker. The higher the fish ratio in the dough formulation, the lower the expansion of the cracker (Cheow et al., 1999; Kyaw et al., 2001).
Major producers of krupuk in Southeast Asia, such as Thailand and Malaysia, have developed quality standards for its trading. However, the production still remains at subsistence or small-scale levels, which makes the enforcement of the standards difficult. Taewee (2011) identified some knowledge gaps that need urgent research to provide information that could assist in standardizing the quality of krupuk and enhance production efficiency.
Chemically Modified Cassava Starch for Food Uses Certain chemicals are added to cassava starch to stabilize its paste viscosity against breakdown during heat processing and agitation. Cassava starch phosphate is utilized in transparent noodles and sauces (Maneepun and Sirirojana, 1990). Addition of acetylated CS to a certain limit was reported to enhance the texture, gloss and flexibility of jelly bean sticks (Maneepun, 1996).
Bioethanol Volatile fossil oil prices, greenhouse effect of fossil fuel emission products and uncertainty of the future of the world�s oil reserves, is pushing many countries to look for alternative energy sources. Biomass derived ethanol is the most probable alternatives because of the renewability of the sources. Countries like Thailand and China, who had comparative advantages using CS as ethanol source, formulated policies guiding the production and use of CS fuel ethanol for sustainable energy resources (Hu et al., 2004; Nguyen et al., 2008). Fuel ethanol is used in Thailand as a fuel additive for octane enhancement and also as a blend with gasoline to produce transportation fuels at different ethanol inclusion ratios such as E10, E20 and E85 (figures represent ethanol content). It is an important product from hydrolysis of starch produced through the action of yeast on fermentable sugars. It is a valuable raw material in the pharmaceutical, beverage and chemical industries. As an energy source, it is used as a fuel additive, gasoline enhancer and recently as an alternative fuel source (Ogbonna and Okoli, 2010). Recent interest towards the valorization of cheap and abundant agricultural resources led to research into its production from starch for commercial purposes (Ueda et al., 1981; Verma et al., 2000). More than 90�% of global ethanol production is from agricultural products (Rossillo-Calle and Walter, 2006). About 60�% of this is from starch crops. Abundant availability of cassava in Asia, Latin America and Africa at very cheap prices compared to corn and other potential competing crops, the high starch content and ease of its extraction, makes cassava the choice raw material for bio-ethanol production (Shanavas et al., 2011). Mussatto et al. (2010) reported that CS is the most economical source of ethanol of all starchy sources.
Production of ethanol from CS has witnessed a series of transformations to enhance production efficiency and cost reduction. Cost-effective and productive simultaneous saccharification and fermentation (SSF) processes, in which the combined operation is accomplished at ambient temperatures (�32��C) (Jaleel et al., 1988; Sriroth et al., 2010; Verma et al., 2000), was designed to overcome the identified shortcomings of the conventional bioethanol production system at industrial levels, which includes economics of production, high energy requirement and environmental concerns due to the large amounts of waste generated. Further improvement to the SSF process was the development of a low-temperature ethanol production process involving highly effective thinning and starch hydrolyzing enzymes that can co-operate with yeast (Shetty et al., 2007). Applying Stargen� 001 to starch slurry (after initial thinning of starch for 30 min) at the ratio of 1: 100 (w/w) was reported to yield 558 g ethanol/kg starch, with a high fermentation efficiency of 98.4�% within 48.5 h at 30 � 1oC (Shanavas et al., 2011). However, Mussarto et al. (2010) identified the high cost of enzymes and left-over residues after fermentation as the major problems of this new development.
To make the production more economical and efficient, a quest is bringing out more innovative methods of obtaining ethanol from CS. Roble et al. (2003) developed a system with the use of a circulating loop bioreactor with cells immobilized in loofa (Luffa cylindrical) sponge for simultaneous aerobic and anaerobic processes. The result was an improved productivity of 1.17 g/l/h, which is much higher than those reported for other systems. Ultrasound treatment of CS slurry prior to simultaneous liquefaction-saccharification and fermentation led to a significant reduction in fermentation time and enhanced ethanol yield. There was marked improvement in processing efficiency, with reduction in energy consumption (Nitoyavardhana et al., 2010). Ogbonna and Okoli (2010) developed a system for the conversion of cassava flour to ethanol through koji production (solid state fermentation). The system is a simple and cheap method of producing ethanol in rural settings, since it does not require an electricity supply and addition of enzymes.
Major concerns on the prospects of biomass (including CS) derived fuel ethanol are its energy efficiency and whether it could produce a net energy gain (Dai et al., 2006). Different studies had assessed the economic life cycle, net energy gain and societal and environmental impact of bioethanol production from CS (Dai et al., 2006; Hu et al., 2004; Jansson et al, 2009; Nguyen et al, 2007; Nguyen and Gheewala, 2008) with a view to providing a framework to guide the policymakers on the viability of the venture. These studies showed that cassava ethanol has a lower net energy, better CO2 emissions, lower external cost of CO2 to society and a higher production cost than conventional gasoline. The full benefit of cassava ethanol fuel could only be derived when its advantages are maximized and disadvantages minimized. Using biogas generated from the waste of cassava ethanol production as the main process energy would increase the net energy gains, and reduce the CO2 emissions with reduced external cost to the society. Also, reduction in the use of fertilizers in plantation stage is encouraged (Papong and Malakul, 2010).
Monosodium Glutamate Monosodium glutamate (MSG) is a popular flavor-enhancing agent and foods additive. Its use started in Asia but is now widespread (Howeler and Hershey, 2002; Jyothi et al., 2005). It is produced through the microbial (Micrococcus glutamicus or Brevibacterium spp.) fermentation of glucose from starch in the presence of urea as a nutrient supplement (Maneepun, 1996). Monosodium glutamate is the major product of cassava starch in Thailand, the global leader in its production. Efforts to residue waste generated during large-scale production of starch from cassava led to attempts to produce L-glutamic acid precursor of MSG from it by submerged fermentation using Brevibacterium divaritum (Jyothi et al., 2005). Though the amount of glutamic acid obtained from the effort was lower because of the starch content in the waste, the process was reported to be economical considering the low cost of bagasse used as the substrate and the reduction in external cost of CS processing to society.
Lactic Acid and Yeast Studies have reported production of L-lactic acid (Ghofar et al., 2005; John et al., 2006; Wang et al., 2010; Wee et al., 2008) and baking quality yeast (Ejiofor etal, 1996) from CS hydrolysates through controlled microbial fermentation. Lactic acid is utilized in food, cosmetics, pharmaceuticals, plastics and textile industries (Wang etal, 2010). They all reported CS hydrolysate to be a cheap medium for production of these important chemicals.
Paper, Textile and Biopolymers Modification of starch improves its industrial application and enhances its utilization as a substitute for fossil-derived resources. Modified starches are mostly designed for industrial applications, because of the high cost of safety studies needed to certify them by regulatory bodies for food use (Thranathan, 2005). Modified starches find important applications in paper, textile and thermoplastic industries. The paper industry is the main user of modified starch; each tonne of paper requires 55 kg of starch (Tupper, 2000). CS, due to its sterling qualities such as ability to form strong film, clear paste, good water holding capacities and stable viscosity, makes it a good choice for use in paper-making (Cassavabiz, 2005).
Cationic modified starch is widely used in large-scale paper industries to increase tensile fold and bursting strength of the paper (Howard and Jowsey, 1989; Yang et al., 2009). Several research efforts have been made to improve the functionality of cationic starch and to improve the economy of its use in the paper industry by devising processes that do not involve costly drying and heating processes, shorten the reaction time and reduce or eliminate the residual reagents in the final product (Fit and Snyber, 1984; Luo and Fu, 2010). Gao et al. (2012) attempted to improve on the functional properties of cationic modified CS for paper-making. CS was initially pretreated followed by optimization of the reaction parameters for maximum degree of substitution of cationic starch. The results were the improvement in the pasting stability of starch, increase in the surface area of granules and improved reaction process. Lower breakdown values were reported for starch granules, which indicated higher stability when exposed to heat treatment at higher temperatures and mechanical stirring (Ragaee and Abdel-Aal, 2006).
Starch is utilized in three main areas in the textile industry: sizing, finishing and printing. About 80�% of the starch used in textiles is used in sizing. China�s textile industry, which is the largest in the world, relies mostly on modified starch from CS obtained locally and through importation from neighboring cassava-producing countries like Thailand and Indonesia (Wang, 2002). Starch modified by graft polymerization is employed in textiles as a sizing agent during weaving and thickener for printing cotton fabric (Hebeish et al., 1992; Willet, 2009). Witono et al. (2012) optimized graft copolymerization of CS with acrylic acid and observed that the grafting efficiency, temperature, starch concentration and starch to monomer ratio were found to have major influences on the identified parameters.
Biodegradable Plastics Problem of degradation of synthetic polymers by soil microorganisms, which has been causing a serious environmental hazard, led to research for the development of biodegradable plastics (Nakamura et al., 2005). One of the options proposed is the incorporation of natural filler in the polyethylene, which would reduce its mechanical strength and make it porous for subsequent degradation by microorganisms. Several studies have explored the potentials of CS as a filler in synthetic polymers. These include incorporation of CS grafted by radiation with acrylic acid in polyethylene (Kiatkamjornwong et al., 2001), incorporation of native CS in low-density polyethylene and subsequent biodegradation tests in activated sludge (Nakamura et al., 2005) and cassava starch grafted with polystyrene copolymer synthesized using suspension polymerization techniques (Kaewtatip and Tanrattanakul, 2008). They all reported faster degradation and recommended further research into optimization of the processing parameters for subsequent adoption by industry.
Prospective Utilization and Research Starch-albumen powder (SAP) is a composite product of CS and poultry egg white that was developed by Shittu et al. (2010a). The functional properties of the product indicated that it has wide potential as an ingredient for food applications in the fast food, baking and confectionery industries. The product is highly hygroscopic and has the typical type II isotherm. The monolayer moisture capacity ranged between 4.9 and 6.8 g/100 g solid. The paste made from the product showed some pseudo-plastic behavior (Shittu et al, 2015c). However, it is yet to have commercial applications.
A potential product that could be of great importance to the energy industry is the hydrogen gas from CS. Cleanliness of hydrogen, high energy density and recyclability is giving its attention as a potential alternative to fossil fuels (Das and Verziroglu,
2001). Su et al. (2009) studied the potential of producing hydrogen gas from CS as a substrate and compared the hydrogen yield (HY) and production rate (HPR) using different CS concentrations, pretreatment of CS with either gelatinization or enzymatic hydrolysis, under dark, photo and combination of dark and photo fermentation. The study reported that pretreatment with either gelatinization or enzymatic hydrolysis led to HY and HPR with dramatic reduction in delay time and fermentation time. Combination of dark and photo fermentation recorded a significant increase of HY by about 59.70�% from yield in dark fermentation only and increase in energy efficiency to 27.1�% from original 18.6�% in dark fermentation for starch content of 25 g/l. The report concluded that the combination system has great potential for commercial hydrogen production.
Acetone-butanol-ethanol (ABE) is produced biologically through the fermentation of biomass by Clostridium spp. under strict anaerobic condition. This process is important because all products are useful in industry, especially as substitutes for fossil-derived fuels (Jones and Woods, 1986). Butanol is the most valuable of the three, because of its outstanding physical properties such as higher energy content, high boiling points and its compatibility with combustion engines, besides its applications in other industries like food and plastic among others (Jesse et al., 2002; Tran et al., 2010). Tran et al. (2010) investigated the potential of producing ABE from CS using a co-culture of Bacillus subtilis and Clostridium botylicum. The fermentation process was optimized to favor more butanol production. The optimum conditions for enhanced amylase activity and starch utilization was a CS concentration of 40 g/l, yeast extract to NH4NO3 ratio of 265/100. The process is economical and has great industrial application, since there is no need for cost anaerobic pretreatment and the substrate is cheap and readily available.
One of the major problems of large-scale CS production is the high amount of waste (bagasse) generated. This bagasse was reported to contain significant amounts of non-extracted residual starch (40�60�%) (Pandey et al., 2000). Efforts to reduce environmental pollution caused by the waste generated led to research on the prospects of its transformation into industrial by-products. A cardboard-like composite with characteristics similar to the molded fiber packaging from recycled paper was developed by Matsui et al. (2004) from cassava bagasse (CB) mixed with Kraft paper. A potentially high-value all-cassava nano-composite packaging material was developed from CB fibers and a thermoplastic CS matrix by Teixeira et al. (2009). The incorporation of CB cellulose nanofibrils in the thermoplastic CS matrix resulted in a decrease of the CS hydrophilic character and capacity of water uptake, especially for glycerol plasticized samples.
Products of greater additional values such as mushrooms (Barbosa et al., 1995; Beux et al., 1995), aromatic compounds like ketone, aldehydes, acid, alcohols and esters (Christen et al., 1997), yeast (Ejiofor et al., 1996) and organic acids (Shankaranand and Lonsane, 1994) have been developed through biotechnology from CB (Pandey et al, 2000). It was also shown to have potential for the removal of heavy metal ions such as Cd(II), Cu(II) and Zn(II) from waste water (Wan Ngah and Hanafiah, 2008).
Cassava has truly assumed the position of an industrial crop on which many nations of the world can base their economies. However, further research and development efforts are still needed to place many of the existing and prospective cassava products from starch and flour in a composition of high competitive advantage among other alternative sources of raw materials for industry.
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10.2.1 Introduction

Cassava-based dishes are widely consumed in Africa, South America and Asia. With the crop being a source of livelihood for an estimated 500 million people (Balagopalan, 2002), most of the cassava-based dishes have regional, national or ethnic importance. The cyanogenic potential of most cassava varieties (Aryee et al., 2006; Falade and Akingbala, 2008) makes it essential for adequate processing before consumption. Cell rupture, during various processing techniques � size reduction, fermentation, soaking, roasting, drying, steaming and boiling-usually employed in food preparation, enhance the detoxification process for consumption and simultaneously generate unique food products, most of which are limited to the region/ethnic group of origin. The preparative methodology of different cassava-based products is generally time-consuming and tedious. In addition, the methodology lacks standardization and safety aspects, therefore most of these foods are still marginalized.
Thus, there is a need to document and disseminate the available knowledge on such products to primarily serve as in-roads for research works on innovative recipes as well as enhance food baskets and foster food and nutrition security of localities where cassava is cultivated and/or consumed. In the long term, improved marketing of local cassava products would contribute positively to the livelihood of rural women, who are at the forefront of the development and sale of the products.

10.2.2 Snacks

Information on cassava-based snacks has not been well-documented; however, before the advent of some popular snacks (wheat-based pastries and biscuits) in West Africa, indigenes of various communities and ethnic groups enjoyed other carbohydrate-rich snacks, most of which are still consumed today. Some of these snacks are briefly discussed below.

10.2.2.1 Fried Grated Cassava

This is a delicacy of the Ewes (a major ethnic group in Ghana) and the Togolese, but the snack today is enjoyed in most parts of the country by people from diverse ethnic groups. It is locally referred as agbeli kaklo (agbeli meaning cassava and kaklo for doughnut). The main raw material being fermented dough is obtained during the pressing of grated cassava (usually fermented for about 3�5 days). The process of fermentation relies on wild microorganisms. The slightly fermented cassava dough is mixed with onions and spices, rolled into small balls and then deep-fried in vegetable oil (Figure 10.2.1). The snack is roughly the size of a table tennis ball, except not so smooth.
The snack is usually garnished with onions and served with well-matured coconut pulp. Traditional or local processors of this snack in the local communities often own cassava farms and use the venture for additional income resulting in improved livelihoods (Photograph 10.2.1).
[image: ]
Figure 10.2.1 Process flow for agbetikakto production.

10.2.2.2 Baked Cassava Starch

A biscuit made from dried cassava starch which is a delicacy of the Ewes hence, its name as ayigbe (Ewe) biscuit. Like most other indigenous foods, the delicacy is now enjoyed by many others in Ghana and neighbouring countries. The processing and ingredients used are similar to traditional wheat flour biscuits, except for the use of cassava starch in place of wheat flour and baking of the dough in a local mud oven. The biscuit (Photograph 10.2.2) has a relatively long shelf life compared to other traditional snacks. It retains its sensorial quality for about a month after production when well packaged. A process flow sheet for the production of ayigbe biscuits is given in Figure 10.2.2.
[image: ]
Figure 10.2.2 Process flow for ayigbe biscuit production.
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Photograph 10.2.1 Packaged agbelikaklo for sale.
[image: ]
Photograph 10.2.2Ayigbe biscuit purchased from a local seller.

10.2.2.3 Abacha

Abacha is a snack, popular with the Igbos in Eastern Nigeria and traditionally taken as an evening dessert, in-between main meals (usually with a cold drink such as palm wine) and as a side dish with most rice dishes. The wet chips, referred as abacha, have a bland taste and may either be served raw (Photograph 10.2.3a) with roasted groundnuts or sometimes mixed with palm oil, fresh vegetables and dried fish (Photograph 10.2.3b). This is popularly referred to as African salad (Oranusi et al., 2013). Vegetables commonly used in the preparation, depends on the availability, purchasing power and preference of the processor/consumer. These include Penta-clethra macrophylla (Ugba), onions, calabash nutmeg (ehu seeds), Ricinus communis (ogiri), Gongronema latifolium leaves, Gnetum africana (ukazi) leaves, Piper guineese (uzeza) leaves and salt and pepper to taste. The palm oil used in the preparation of African salad to give a yellow colour. The process flow for ready-to-prepare abacha production is illustrated in Figure 10.2.3.
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Figure 10.2.3 Process flow for ready-to-prepare abacha production and preparation.
[image: ]
Photograph 10.2.3a Ready-to-prepare abacha.
[image: ]
Photograph 10.2.3b Abacha /African salad.

A study conducted on the salad, assessed the microbial load of ready-to-eat salad served at local eateries. None of the samples out of 15 from different food vendors had total coliform counts below tolerable food limits of 106 � a sure need for research work on standardizing processing protocols and proper storage practices (Oranusi et al., 2013). There is currently a ready-to-prepare abacha in both Nigerian and other African markets. This ready-to-prepare abacha (Photograph 10.2.3a) is obtained from sundried grated cassava, as illustrated in Figure 10.2.3. Abacha in its raw form is dry. There is another kind, which is grated into larger sizes and sold in polythene bags filled with water to keep the it soft. This wet abacha is eaten as a snack with coconut or groundnut. However, the preparation of ready-to-prepare abacha is not standardized. Thus, methods, steps or constituents employed vary depending on availability, and the background and/or preference of the processor. Thus, there is a need to standardize the processing protocol for easy replication and assessment.

10.2.2.4 Fried Cassava Chips

Fried cassava chips (Photograph 10.2.4) are a delicacy in Nigeria, Indonesia, Jamaica and several South American countries. Traditionally, the fresh roots are soaked and/or blanched to reduce the cyanogenic potential (Balagopalan, 2002), and then thinly sliced and seasoned before deep fat frying. Any vegetable oil may be used, but coconut oil is often used (MacVeigh, 2008; Mbuyu, 2010). The processing method varies slightly from different communities and ethnic groups, therefore there is a need for standardization of the processing method. The three most common procedures are illustrated in Figure 10.2.4.
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Photograph 10.2.4 Fried cassava chips.

10.2.2.5 Peujeum

Peujeum is a delicacy originally from Java, Indonesia. Peeled cassava roots are steamed to soften, then cooled and mashed. The cooled mash is inoculated with ragi (active yeast and mould cultured in a mixture of flour and spices) to initiate fermentation. The inoculated mash is wrapped in banana leaves and allowed to ferment for up to two days in earthenware containers. The fermented product, Peujeum, has a pleasant acidic and alcoholic flavour, which may be eaten as it is, or baked (Tamang and Kailasapathy, 2010).
[image: ]
Figure 10.2.4 Process flow for fried cassava chips production.

10.2.2.6 Pastries from Cassava Composites

A number of studies have been done on exploiting the potential of cassava in the bakery industry (Abass et al., 1998; Balagopalan et al., 1998) and a myriad of products including bread, pancakes, bagels, cookies and doughnuts have been tried. Studies confirm up to 30�% cassava flour can be used to produce bakery products of acceptable quality (Falade and Akinbgala, 2008; Onabolu and Bokanga, 1995). One of such well-studied cassava composite products is cassava bread.

10.2.2.7 Cassava Bread

Research efforts started back in the 1960s to produce gluten-free breads for celiac patients and to find cheaper flour alternatives for baking in countries where production of wheat was impossible due to climatic conditions (Eggleston and Omoaka, 1993). In using cassava-composite flour for bread-making, the important factors are:
� Increased amount of margarine and egg white to reduce the extent of starch gelatinization and solubilization. Lower fat content results in collapsed bread, coarse and irregular crumbs and stickiness: Margarine enhances the amount of air retained in the bread batter during mixing, thereby raising the upper limit of gas retention. Egg white, on the other hand, functions as a stabilizer and its use with larger quantities of margarine (fat) increases the bread volume (Eggleston and Omoaka, 1993).
� Cassava variety and use of fertilizers during production play an important role. Cassava variety has an influence on loaf volume, and studies show cassava flours with relatively low diastatic activities and high maximum paste viscosities, which may give a more acceptable bread (Eggleston and Omoaka, 1993; Shittu et al., 2008).
� Baking time, temperature and tin size also have significant influences on some physical properties of the loaf from composite cassava-wheat flour (Oduro et al., 2007; Shittu et al., 2007).
Bread prepared from the substitution of 30�% cassava flour produces a loaf with sensory attributes, acceptability and readiness to buy, similar to bread made with 100�% wheat flour, depending on the source of the wheat flour (Eriksson, 2013). Though the cassava flour is a less expensive alternative compared to wheat flour for baking in West Africa (Sanni et al., 2009), the commercialization of ready-to-use composite flour is yet to be a reality.

10.2.2.8 Pappad

Pappad is a crisp snack originally from India, but now an accepted delicacy among many nationalities. The cassava flour is gelatinized, seasoned with salt and pepper and the paste spread on a cloth/polyethylene sheet followed by sun drying (drying time is dependent on prevailing climatic conditions). The spread dried paste (papad) is the intermediate product stored for further use. When ready to eat, the spread dried paste (pappad) is deep fried in vegetable oil until crisp. It usually swells to about three times to its original size during frying (Balagopan, 2002).

10.2.2.9 Akara-akpu

Akara-akpu is a common Nigerian delicacy. The snack, akara-akpu, or cassava balls as called by the Nigerians, is processed from sweet cassava flour/mash spiced with pepper, salt and onion. The resultant mash is rolled into balls and fried in pre-heated vegetable/palm oil (Photograph 10.2.5). The nutritional quality of akara-apku can be improved by incorporating soya bean or defatted melon flour in the production. According to Chinma et al. (2007), a significant increase was observed in the protein, ash and energy values of the improved akara-akpu (Figure 10.2.5) The improved product has also been reported to have a shelf stability of between 2 and 4 weeks (Chinma et al., 2007; 2010).
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Photograph 10.2.5 Akara-akpu as served at home.
[image: ]
Figure 10.2.5 Process flow for akara-akpu production.


10.2.3 Cassava-based Beverages

Cassava is used to prepare beverages in Africa, Asia and Latin America. Prominent among them includes the following:

10.2.3.1 Cassareep

Bitter cassava varieties are used in the preparation of cassareep. Originally from India, the extracted juice is spiced with salt and pepper and boiled for a long time until it thickens. The long boiling time significantly reduces the cyanogenic potential and the resultant syrup is often used as a base for many sauces, popular among which is the pepperpot of the Guyanese. Cassareep is also used as a traditional preservative and has antiseptic characteristics. It is currently bottled for sale in the Caribbean and United States (Jacob-Ashkenazi et al., 2014).

10.2.3.2 Chicha

Chicha is a beer originally from South America. According to Alvarez et al. (2008), it is produced from fermented cassava irrespective of the sweetness/bitterness of the variety. In Ghana, a limited company has recently introduced and commercialized a new beer (ruut extra) from cassava starch � a major breakthrough for local industrialization of hitherto not-so-important commodity.

10.2.3.3 Mingao

Mingao, a beverage common to Latin America and the Caribbean, is produced from fermented cassava starch. A small amount of fermented starch is dissolved in boiling water and cooked until it thickens. The resulting solution is flavoured with fruits such as lime, pineapple and banana to mask the unpleasant smell (Balagopalan, 2002).


10.2.4 Major Popular Meals

10.2.4.1 Tapioca (Cassava Starch)

Tapioca, a name sometimes used for cassava starch in general, here refers to starch grits, which is a common breakfast meal among the Ewes of Ghana. It is also enjoyed in Togo, Benin and other neighbouring countries. Tapioca is obtained by pan roasting moist cassava starch and the resultant grits (Photograph 10.2.6a) stored for other end uses. Common among these is the preparation of porridge, flour and sometimes as a snack with roasted groundnuts (Photograph 10.2.6b). The process flow for tapioca is presented in Figure 10.2.6.
To prepare tapioca porridge, the grits are soaked for about 30 min to soften, followed by gentle heating and stirring of the solution until desired consistency and texture is reached. The porridge may be enjoyed with sugar and milk to taste. Efforts have been made in recent years to improve the nutritional quality of the meal. Balogun (2012) reported an addition of 20�% defatted soy flour produced tapioca with a protein content of 10.73�%, compared to the initial protein content of 1.20�%, with acceptable sensorial attributes.
[image: ]
Photograph 10.2.6a Tapioca grits as sold in a Ghanaian market.
[image: ]
Photograph 10.2.6b Value-added tapioca from Benin.
[image: ]
Figure 10.2.6 Process flow of tapioca production.

10.2.4.2 Boiled Cassava Root

Boiling is the most common method of preparing cassava for immediate consumption in most areas of cassava cultivation (Ameny, 1990). The boiled roots, together with meat sauce, is a popular appetizer or side dish in East Africa, but generally consumed as a main meal in West Africa, notably Northern Nigeria, Cameroon, Sierra Leone, Liberia and Ghana. Bankye ampesie, as it is known among the Akans in Ghana, is eaten with ground pepper sauce with palm oil as a late morning or afternoon meal (Photograph 10.2.7).
[image: ]
Photograph 10.2.7 Cassava bankye ampesie with pepper sauce and egg.

The dish, is best enjoyed when made from sweet cassava varieties with higher dry matter. Thus, its consumption is currently common only in the farming communities where such varieties are readily available. Lesser popularity among urban dwellers may be due to the existing perception that the dish is a poor man�s food. Therefore, there is a need to educate the populace on the nutritional and economic importance of cassava to erode the misconceptions about the crop. The boiled roots are also put to other food uses, prominent among which is the Ghanaian fufu.

10.2.4.3 Fufu

Fufu is the main traditional meal of the Ashantis in Ghana. Originally called fufuo by the Ashantis, the dish is enjoyed by many other ethnic groups and is now a common meal in most households in both urban and rural areas. Typically, cassava roots and cocoyam/plantain is peeled, washed, cut into smaller sizes and cooked. After cooking, they are pounded to a soft and elastic texture, made into balls of sizes preferred by the consumer and then served with soup (Photographs 10.2.8b and c).
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Photograph 10.2.8a Lady pounding fufu.
[image: ]
Photograph 10.2.8b A bowl of pounded fufu (cassava and plantain).
[image: ]
Photograph 10.2.8c Fufu as served at home.

The process is such that one person (usually the female in the family) sits by the mortar to turn the fufu with her hands (occasionally dipping hands in water, placed beside the mortar), while another person (usually a teenage male in the family) either sits or stands to pound using the pestle. In some cases, the woman does both the steering and pounding concurrently, depending on the quantity of the fufu being prepared and the size of the pestle being used.
There are other types of fufu across the sub-region and prominent among them are dumby and Nigerian fufu. Dumby is originally from Liberia and is similar to the Ghanaian fufu in many respects, except no one steers the mixture in the mortar during pounding but the pestle is intermittently dipped into water to prevent sticking (Balagopalan, 2002). Thus, the process involves only one individual who does the pounding.
Nigerian fufu also known as akpu by the Igbos or loi-loi in some other parts of Nigeria, and is prominent among the indigenous dishes of natives of Southern Nigerian states. Unlike the processing of the Ghanaian fufu, the process requires the cassava being used to be fermented, similar to the processing of gari (elaborated in Figure 10.2.7). Thus, the roots are peeled, washed, cut into pieces and soaked in water at room temperature for 5 days. Through the fermentation, there is the release of hydrogen cyanide, reduction in pH level and softening of the roots producing the characteristic flavour of fermented cassava meal. The mash is then sieved through small baskets to remove ligneous central strands, drained of excess water and moulded into small balls which are boiled in a saucepan lined with plantain or banana leaves to produce a softer dough (Ray and Sivakumar, 2009). This is usually served with any local soup of choice (Photograph 10.2.9). Loi-loi is available in ready-to-eat forms in the Nigerian markets. According to Tomlins et al. (2007), it can be dried to produce fufu flour for commercial purposes. To reconstitute the fufu, a fine paste is prepared from flour with cold water in the ratio 2: 3. This is then heated with constant stirring using a wooden pestle to form a stiff paste.
[image: ]
Figure 10.2.7 Process flow for Nigerian fufu.
[image: ]
Photograph 10.2.9 Nigerian fufu served with bitter leaf soup.

A similar type of loi-loi is also consumed among the Akyems, Krobos and Gas in Ghana, except they do not boil the balls from the fermented mash but rather stir it in a pot on the fire (with intermittent addition of water) using a flat wooden ladle to produce a soft meal often eaten with okra soup or sauce.
Extensive work has been done on fufu in Nigeria and Ghana, resulting in a number of innovations for convenience and ease of preparation. Popular among these is the fufu pounding machine (now extensively used in local eateries) and fufu flour (Jumah et al., 2008) for both the Nigerian and Ghanaian types. In fufu flour, water is added and cooked on the fire to desired consistency. The resultant dough is then moulded into desired shape and size. Thus, pounding is eliminated and preparation time is greatly reduced. A number of studies have been conducted to investigate key processing parameters of the Nigerian fufu. Assanvo et al. (2006) found lactic acid bacteria, Bacillus spp. and yeast as key microbes during the fermentation stage of fufu processing. Fayemi and Ojokoh (2012) investigated the effect of different fermentation techniques on the quality of fufu. The study showed back slopping and brine fermentation to be the most efficient processes for reducing the cyanogenic potential of cassava. According to their report, fufu flour from back slopping and brine fermentation processing were characterized by low moisture and increased protein, fat and mineral content (i.e. calcium, sodium and potassium); however, the traditional processed samples recorded higher functional properties (i.e. bulk density, swelling power and water absorption capacity).
Distinctive flavour profiles have been identified by different consumer groups in sensory studies of fufu from different processing protocols. Traditionally prepared fufu (made from fermented paste) was the most accepted, although acceptance levels differed from community to community (Tomlins et al., 2007). The authors recommended further studies in enhancing processing protocols of fufu flour to improve its sensorial attributes.

10.2.4.4 Roasted Cassava Grits

Roasted cassava grits, popularly known as gari across West Africa, is a common food product in most communities of the sub-region. According to Okafor and Ejiofor (1990), it is eaten by over 200 million people across West Africa. However, the quality of gari in different processing zones differs, which results in variations of product quality, hindering its commercialization and potential end uses. Thus, some studies have been conducted on its quality and standardized garification (gari-making) for industrial use (Akingbala et al., 2005; Oduro and Clarke, 1999), as well as to improve the nutritional quality using other indigenous products (Alakali et al., 2008; Sanni, 2012). The process flow for gari production is elaborated on in Figure 10.2.8. Gari is readily available in local markets and supermarkets across the sub-region (Photograph 10.2.10a).
[image: ]
Figure 10.2.8 Process flow for gariand kpokpo gariproduction.

A number of good practicing centres for gari production and commercialization have been established in Ghana and Nigeria. Because of the importance of gari in the sub-region, studies have been conducted on the potential use of other roots and tubers in its production (Oduro et al, 2002). The roasted grits are put to several end uses, including eba (gari fufu), gari soakings, and gari and shito � a must-have among students in boarding schools in Ghana and Nigeria.
Eba usually served with ayoyo soup, is originally from Nigeria, but now commonly consumed across Ghana, Togo and La Cote d�voire, where it is eaten with various sauces and soups. It is prepared by adding hot water to gari in a pot/saucepan and stirring to the desired consistency. The resultant product is brownish in colour with a texture similar to that of fufu. In Ghana, it is referred as gari fufu among the Akans (Photograph 10.2.10b).
Gari and Shito Gari may also be moistened with water at room temperature. This is often eaten with shito (Ghanaian black-pepper sauce) and sardines (Photograph 10.2.10c). The physicochemical properties and specifications of gari are given in Tables 10.2.1 and 10.2.2 respectively.
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Photograph 10.2.10a Packaged garisold at a local market.
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Photograph 10.2.10b Eba and agushi soup.
[image: ]
Photograph 10.2.10c Dumped gari and "shito" with sardine.
[image: ]
Photograph 10.2.10d Gari soakings with roasted groundnuts.

Gari Soakings It is a gari suspension, which is generally perpared at room temperature in cold water with the addition of different ingredients. Other condiments such as sugar, milk and roasted groundnuts are added as desired, depending on the purchasing power of the consumer (Photograph 10.2.10d). Gari is a rich source of carbohydrate. The approximate composition of gari is given in Table 10.2.3. Due to the unique swelling capacity of gari at room temperature and convenience in its transportation and use, the meal is liked by many, especially students and fishermen who take it to boarding schools and along on fishing trips. Oduro et al. (2000) reported 3.23�% swelling capacity of gari (Table 10.2.1). Currently, there is a commercial gari soakings mix in both local and international markets.

Table 10.2.1 Physicochemical properties of gari
Constituent | Gari
Total Acidity (%) | 1.16
pH | 3.97
Swelling capacity (%) | 3.23
Particle size (mm) | 1.56
Source: Oduro et al., (2000)

Table 10.2.2 Specification of garifrom selected African Standard and Codex
Parameter | Nigeria | Ghana | Togo | Benin | Code Food
Moisture (%), max | 12�| 12�| 12�| 10�12�| 12
Starch | � | � | � | � | -
Fiber (%), max | 2.0�| 2.0�| 2.0�| 2.0�| 2.0
Cyanide (mg/kg), max | 2.0�| 2.0�| 2.0�| 2.0�| 2.0
Ash (%), max | 2.75�| 2.75�| 2.65�| 2.75
Source: Oti et al., (2011)

Table 10.2.3 Proximate composition of gariand lafun
Amount per 100 gedible portion (wb)
Constituent | Garia | Lafuna | Garib
Moisture (%) | 14.0�| 13.0�| 6.0
Protein (g) | 1.0�| 1.9�| -
Fat (g) | 0.3�| 0.8�| -
Carbohydrates (g) | 80.9�| 80.8�| -
Fibre (g) | 2.0�| 1.1�| 2.0
Ash (g) | 1.8�| 2.4�| 1.2
Source: aOguntona and Akinyele (1995) bOduro et al., (2000)

10.2.4.5 Kpokpo Gari

Kpokpo gari is a common meal in mid-western parts of Nigeria. Unlike conventional gari, the grated, fermented cassava mash is not sieved before garification, thereby forming relatively big amorphous cakes during roasting (Sanni et al., 2009). This is traditionally served with roasted edible maggot and palm wine, but is also enjoyed with dried fish, groundnut and/or coconut kernel (Etejere and Bhat, 1985).

10.2.4.6 Attieke

Attieke is a popular meal from Southern La Cote d�voire and considered a main meal, which is enjoyed on almost all occasions. In Ghana, it is a traditional dish of the Ahantas and Nzemas (major tribes in the Ghanaian Western border with La Cote d�voire), although enjoyed by many others today. It is commonly referred as akyeke in Ghana. Attieke looks more like moistened couscous or gari. Processing of attieke has similarities to gari production: in both processes, the method is the same except in attieke production the roasting (garification) stage is replaced with steam cooking/baking. However, the production methods for attieke may further slightly vary, depending upon the communities (Obilie et al., 2003). A well-known protocol as accepted in Ghana, La Cote d�voire and Burkina Faso, is elaborated in Figure 10.2.9.
[image: ]
Figure 10.2.9 Process flow for attieke and attoukpou processing.

Attieke is usually served with ground pepper or sauce with fish and chopped/sliced vegetables as a main meal (Photograph 10.2.11). The inoculum and fermentation stage plays an important role in its characteristic flavour, texture and organoleptic properties, as well as in enhancing the stability and safety of the final product. Daouda et al. (2012), Firmin (1995) and Obilie et al. (2003), investigated the effects of different inoculum concentrations and fermentation times on the sensorial qualities of attieke. The study showed that 10�% inoculum and 12 h fermentation are the best conditions for production of quality attieke.
[image: ]
Photograph 10.2.11 Attieke served at home.

10.2.4.7 Attoukpou

Attoukpou is a common traditional meal of the Ivorians and the processing is similar to that of attieke, except attoukpou is softer with a higher moisture content and is moulded into larger cakes instead of grits. The difference in their preparation lies in the fact that attoukpou grits after fermentation are moulded into flattened shapes before steam cooking. The dish, relished for its convenience, is usually served with sauce and vegetables with fish/meat. It is less common in other West African states (Nevry et al., 2007), but known and consumed in Ghana, especially among the Ewes as yakeyake (Photograph 10.2.12).
[image: ]
Photograph 10.2.12 Attoukpou sold on the market.

10.2.4.8 Kokonte

Kokonte is similar to fufu in Nigeria, except for the method of preparation and colour of the final product. Cassava flour from sundried cassava chips is added to boiling water in a pot over a fire and stirred constantly until a smooth, thick paste is formed. It is said to be a traditional dish, especially for lactating mothers of the Krobos and Gas (who refer it as jiji) in Ghana. The Krobos prefer to serve it with ground pepper and fish/meat, while the Gas generally eat it with soup (groundnut or palm nut soup). The consumption of kokonte has spread across the other tribes in Ghana, mostly the Akan tribes with slight variations in their mode of preparation. Traditionally, it is said that cassava which does not satisfy the cooking and sensorial properties for fufu preparation is used in the making of kokonte flour (Figure 10.2.10a and b) (Photograph 10.2.13).
[image: ]
Figure 10.2.10a Process flow for kokonte flour production.
[image: ]
Figure 10.2.10b Process flow for kokonte preparation.

In the southern parts of Ghana, konkonte used is to be regarded as a poor man�s food, limiting its consumption, especially in public eateries, but the trend is now changing with a number of high-end chopbars (local restaurants) serving it (Photograph 10.2.13b).
[image: ]
Photograph 10.2.13a Packaged kokonte sold at a local market.
[image: ]
Photograph 10.2.13b Ball of kokonte served with groundnut soup at a local restaurant.

10.2.4.9 Lafun

Lafun is a delicacy with a similar processing method to konkonte, except the flour is from fermented cassava. However, the processing of the fermented flour differs from other fermented cassava foods. Here, either the whole or peeled roots are soaked in water and allowed to ferment for up to 4 days. The softened pulp is then broken into smaller sizes, dried and milled into flour, which is then added to boiling water over a fire and stirred to desired consistency until cooked. Lafun is enjoyed with various kinds of soups, especially by indigenes of the South-western States of Nigeria. A study by
Oyewole and Afolami (2001) showed that consumers preferred white, odourless and a lump-free lafun and the characteristics were found to be influenced by cassava variety. The dish is also similar to cossettes in Zaire and Rwanda, as well as Kanyanga and Mapanga in Malawi. It is also eaten in Angola, Zambia, Malawi and Tanzania, where it is referred as Bombo/Makessa, Nshima, Makaka, and Mapanga, respectively (Ray and Sivakumar, 2009). Carbohydrate is one of the predominant constituents present in lafun. The proximate composition of lafun is given in Table 10.2.3.

10.2.4.10 Placali

Placali ranks second after attieke as the most popular cassava products consumed in La Cote d� Ivoire. Placali and lafun both require the use of fermented cassava flour; however, the mode of preparation for eating involves addition of flour to boiling water by stirring using a wooden ladle and cooking until a sweet creamy or white slurry is obtained. The slurry is then kneaded and shaped into variable portions (Photograph 10.2.14). Placali can be served with fish, meat and vegetables (Koko et al., 2012; Soro-Yao et al., 2013). Similar to lafun, consumers prefer a characteristic white, odourless and lump-free product and these quality attributes are significantly influenced by cassava variety (Oyewole and Afolami, 2001).
[image: ]
Photograph 10.2.14 Ball of placaliprepared at home.

10.2.4.11 Chickwangue

Chickwangue is originally from Zaire. For preparation of this product, peeled cassava roots are fermented for 3 days and the fibres removed from the fermented pulp before being piled on racks. The heaped pile is sometimes covered with leaves and then pressed with heavy objects to remove excess moisture. The dewatered pulp is then ground and wrapped in leaves of plantain or any plant of the Zingiberaceae family in lengths of about 20 cm. This is secured firmly with fibres from banana and then steamed. The end product can last for about a week under ambient conditions, although it can keep longer if recooked. Similar products are found in Cameroon, Congo, Central African Republic, Sudan, Gabon and Angola (Bhat et al., 2012).

10.2.4.12 Kondugbala

Kondugbala is an intermediate convenience food product common in Sierra Leone. Peeled cassava roots are cut into small pieces, partially cooked, dried and stored for further use. To prepare for consumption, kondugbala is soaked to soften and then boiled until cooked (Sanni et al., 2009).

10.2.4.13 Cassava Dough

Agbelima is cassava dough in Ewe. The dough is popular among various ethnic groups in the sub-region and put to several end uses. Nigerians, Ivorians and Ghanaians employ similar processing methods in the dough production (Figure 10.2.11).
[image: ]
Figure 10.2.11 Process flow for the production of agbelima.

Popular end uses of abgelima include banku and akple in Ghana (Ellis et al., 1997) and �cassava fufu� (Section 9.2.4.3) in Nigeria. Cassava dough is not typically employed in the production of kenkey, since kenkey is mostly from maize, but some tribes, especially in La Cote d�voire, use it. The preparation of both banku and adkpl are similar. The dough (corn and cassava for banku and only cassava for akple) is mixed with water and the pot put on the fire. The mixture is stirred with a flat wooden ladle to form a stiff paste. This is done until it is ready to serve. Water may be added intermittently while stirring to obtain the desired texture.
[image: ]
Photograph 10.2.15 Agbelima sold at a local market.
Cassava dough is sold in the markets of Ghana, Nigeria and Ivory Coast (Photograph 10.2.15). Studies for investigating fermentation of cassava in agbelima production indicate the importance of the inoculum in the souring and overall colour, texture and flavour of the products (Sefa-Dadeh, 1989). These quality attributes were found to be the sensorial indicators for acceptability among consumers (Dziedzoave et al., 1999). However, there are varying traditional methods for the processing of the inoculum (kudeme), thereby resulting in the production of doughs with inconsistent qualities (Sefa-Dadeh, 1989). There is yet to be any published work on extending shelf life and improving packaging of the product for convenience and ease of distribution.

10.2.4.14 Cassava Leaves

Cassava leaves are used in sauces and soups in Nigeria, Sierra Leone, Liberia and Ghana. The leaves consist of about 29.3-32.4�% protein (Awonyinka et al., 1995), but significantly high cyanogenic potential. A number of studies confirm the positive effect of traditional processing methods in reducing the cyanogenic potential of the leaves (Attah Daniel et al., 2013; Hidayat et al., 2002). It has also been established to have equal taste, flavour and overall acceptability, as that of Amaranthus when used in soups (Awonyinka et al., 1995).


10.2.5 Recent Findings and On-going Studies

Efforts have been made to employ cassava flour in a blend with wheat flour for pasta production (Obadina et al., 2011). According to Baah et al. (2005), pasta made from 50�% cassava (Abasafitaa variety) and 50�% hard wheat had no significant difference from that made from 100�% hard wheat flour. Bagalopalan (2002) also reported that macaroni made from a blend of cassava, groundnut and wheat flours in the ratio 60: 12: 15, respectively, produced more nutritious pasta suitable for children and vulnerable groups. Research works are currently underway for the development of cassava-sweet potato drink and packaged ready-to-eat atieke/akyeke. The baby food industry has not been left out, with on-going studies on developing instant complementary baby food from a blend of cassava (fermented and unfermented), soya bean and mango/cashew.

10.2.6 Summary and Future Research

Cassava-based foods continue to play significant roles in national and regional food security, as well as improving living standards and livelihoods of households. However, there are limited studies on a number of these food products in terms of value addition for ease of marketing and storage, convenience in preparation and use and standardization of processing methods to enhance their safety and improve their commercial potential. Collaborative and innovative research works should be encouraged to improve the processing and possible standardization of these food products for convenience and enhanced nutritional value, which will ultimately boost their marketability. Thus, any venture to improve the marketability of these snacks and main meals will go a long way to improve the livelihood of the rural and urban poor, as well as small-scale cassava businesses and producers who will benefit from the ripple effects of improved and new markets for cassava-based products.
Therefore, there is the need to standardize these recipes, improve them for consistency in product quality and for potential industrialization. It is also essential for studies to be done to develop appropriate packaging materials to enhance the shelf life and safety of the products. Investigations into equipment fabrication to provide affordable tools for ease of preparation of most of these dishes would contribute significantly to expanding cottage or small-scale processing.
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11.1.1 Introduction

Sweet potato (Ipomoea batatas L.) is a dicotyledonous plant that belongs to the family Convolvuceae. It is believed to have its center of origin in tropical America (Salawu and Mukhtar, 2008). However, sweet potato is now cultivated wherever there is sufficient water to support its growth. China was the leading producer of sweet potatoes, with an annual production of 79090068 tons. The Asian countries contribute more than 80�% of total world production of sweet potato. In China, Vietnam, Indonesia, Thailand and India, sweet potatoes are important food crops grown throughout those countries (Tan et al., 2009). According to FAO (2013), the annual production of sweet potatoes world-wide was estimated at approximately 110746162 tons.
It is grown in more than 100 countries in tropical, sub-tropical and temperate climates and is the major staple food in Africa, Asia, the Caribbean and South America, where it is an important source of carbohydrates, vitamins A and C, fiber, iron, potassium and protein (Woolfe, 1992). It is a perennial crop (Shekhar et al., 2015) and classified into soft-fleshed, firm-fleshed and white-fleshed (Farley and Drost, 2010). The crop has limited production costs and does well even under marginal conditions (poor soils with limited water supplies). The composition pattern of sweet potato is presented in Table 11.1.1.

Table 11.1.1 Composition of sweet potato
- | Sweet potato tuber | Sweet potato peels | Sweet potato leaves
Dry matter | 28.72�| � | 12.45
Crude Protein (%) | 5.24�| 4.64�| 24.65
True Protein (%) | 3.81�| � | 22.58
Ether Extract (%) | 0.46�| � | 3.58
Crude Fiber (%) | 0.41�| 3.80�| 9.1
Nitrogen free Extracts (%) 91.49�| 74.70�| 51.2
Reference | Oyenuga (1968) | Faramarziet al. (2012) | Oyenuga (1968)

Being the fifth-most important food crop in developing countries, sweet potato is rich in dietary fiber, minerals, vitamins and antioxidants such as phenolic acids and P-carotene (Ishida et al., 2000). Phenolic acids, primarily chlorogenic (a family of esters formed from certain cinnamic acids and quinic acid), isochlorogenic and cinammic, and the anthocyanins, cyanidin and peonidin aglycones, are present in sweet potato (Oki et al., 2002). Hou et al. (2001) reported that the 33 kDa trypsin inhibitor, one of the major sweet potato root storage proteins, had scavenging activity against the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical and the hydroxyl radical.
Philpott et al. (2003) reported that hydroxycinnamic acid was the major antioxidant component of sweet potatoes. Sweet potato phenolics were found to inhibit the growth of human colon, leukemia and stomach cancer cells (Kurata et al, 2007) and to ameliorate diabetes in humans (Ludvik et al., 2008). Color and variety can influence levels and profiles of phenolics as well as of anthocyanins (Steed and Truong, 2008) and carotenoids (Van den Berg et al., 2000). Purple-fleshed sweet potatoes have an intense purple color due to the accumulation of anthocyanins (Terahara et al., 2004).

11.1.2 Sweet Potato Flour

Currently, sweet potato is being utilized in various forms in different parts of the world. These uses can be adapted to boost production and consumption of the crop. Sweet potato roots are bulky and perishable, therefore the roots can be dried and ground to produce flour. Sweet potato, either fresh, grated, cooked or mashed, or made into flour, could replace the more expensive wheat flour in making buns, chapattis, mandazis, etc. (Hagenimana et al., 1998). The flour is used as a dough conditioner for bread, biscuit and cake processing (it may substitute for up to 20�% of wheat flour), as well as in gluten-free pancake preparations (Shih et al., 2006). Sweet potato flour can add natural sweetness, color and flavor to processed food products. It can also serve as a source of energy, nutrients and minerals and contributes to the daily nutrient needs for P-carotene, thiamine, iron, vitamin C and protein. Sweet potato flour provides 14�28�% of the dietary reference intake (DRI) for magnesium and 20�39�% for potassium (Van Hal, 2000). When sweet potato flour in whole or in part replaces wheat flour to form bread, additives are selected to improve bread volume, texture, flavor, shelf life and overall quality.

11.1.3 Basic Steps in Production of Sweet Potato Flour

Sweet potato flour processing methods involve several unit operations including selection of raw material, cleaning and trimming, washing and brushing, slicing, drying, milling, packaging and storage. The specific combinations of these unit operations can give different products to consumers. The general steps of preparing sweet potato flour (Figure 11.1.1) are as follows:
The quality factors like size of sweet potato tubers, conformity to the variety, and tolerance limits for under-sized and over-sized sweet potato tubers, can mainly be taken into consideration during the selection of raw materials. In the processing of flour using sweet potato, experiments have shown that there is no need of peeling since the root�s skin is extremely thin and has a very minor influence on the color and final composition of the product.
[image: ]
Figure 11.1.1 Schematic representation of sweet potato flour production.

The washing and brushing steps are the most critical in the production of sweet potato flour. It has been noted that the skin has a protective effect on water diffusion from the roots towards the surface, and consequently slices having a portion of the skin take a long time to dry and their structure becomes harder and not easily breakable. Sweet potato roots should be submerged in water so that impurities which adhere to the skin can be freed. The second washing is for cleaning and brushing concomitantly with removal of possible damaged portions of the roots escaped from the previous step. The third washing is for fine cleaning with very clean water. Pre-drying of clean and washed roots is desirable to reduce the moisture at the surface of the roots and improve the cleanliness of the end product. The sweet potato slicing separates roots into small physical sizes and increases their drying surface. The slicing of sweet potato roots sometimes may become a tedious exercise, but it has been observed that the slicing or chipping gives a sweet potato flour of high-quality color. The sweet potato grating induces a lot of enzymatic browning reactions and the fresh grated product is quickly subjected to an undesirable spontaneous fermentation. Sweet potato balanced chemical composition makes fresh sweet potato a suitable medium for the growth of a wide range of microorganisms and other agents involved in the deterioration of the fresh roots.
Many different techniques exist to carry out the drying of food products. The approximate sun-drying time of sweet potato chips is from 2�4 days and the residual humidity should be between 10 and 12�%. For grinding, any hammer mill can be used. Over-drying of slices produces a lot of dust and loss of material during the milling. It is recommended to grind sweet potato dried chips immediately after drying to avoid any risk of rehydration. After grinding, packaging and sealing is done immediately to avoid rehydration and insect infestation. Materials with little permeability to water vapor, such as cellophane, polyethylene or polypropylene should be used. The decision on packaging materials is based on transportation requirements and storage time. As soon as the product is placed in its package it should be sealed immediately, removing as much air as possible from inside the package. This is to avoid direct exposition of the product to the surrounding air and to minimize any insect attack. The packed products should be stored in a fresh, dry and preferably dark place until it is shipped to the consumer.

11.1.4 Methods for Production of Sweet Potato Flour

The sweet potato flour can be produced by washing, peeling, slicing and air drying (60��C/6 h), followed by grinding and sieving (70 mesh) (Srivastava et al, 2012). The drying of sweet potato flour at high temperatures affects the color. Sweet potato flour has been prepared by different researchers. The chronological progression for the production of sweet potato flour is given in Table 11.1.2.

Table 11.1.2 Chronological progression for the production of sweet potato flour
S. No. | Salient features | Reference
1 | Selection of sweet potato tubers, cleaning, sorting, peeling, washing, blanching (hot water at 98��C/3 min), slicing (2�4 mm thick), oven drying (70��C/8h), milling, sieving (300 microns) | Adeyemiand Ogazi (1985)
2 | Selection of sweet potato tubers, washing, peeling, slicing (3 cm thick), conditioning (in water 50��C/3 h), steeping (72 h, ambient temperature), decanting, washing, sun drying (45��C), milling (hammer mill), screening (0.5�1 mm) | Ukpabiet al. (2008)
3 | Selection of sweet potato roots, peeling, slicing (2 mm thick), soaking (0.2�% metabisulphite/5 min), tray drying (40��C/24 h), grinding (hammer mill) and sieving (300 micron) | Mais (2008)
4 | Selection of sweet potatoes, peeling, cutting, immersion (1�% NaCl solution and then immersed in solution containing KMS, 1�% and citric acid, 0.5�% for 30 min), tray drying (55��C until 7�8% moisture content), storage | Singh et al. (2008)
5 | Selection of sweet potato tuber, cleaning, peeling,shredding (4 × 4 mm cross-section), drying (60��C/ 5 h), grinding and milling (pin mill, 100�150 pm) | Reungmaneepaitoon (2009)
6 | Selection of sweet potato roots, washing, trimming, peeling, cutting, immersion (in solution containing potassium meta-bisulphite, 0.5�%/15 min), drying (tunnel dehydrator at 60��C till 10�% moisture content), milling and sieving (80 mesh) | Saeed et al. (2012)
7 | Selection of sweet potato tuber, peeling, washing, slicing (5 mm thick), blanching (95��C/10 min, cabinet drying (60��C/8 h), milling (hammer mill), screening (0.8 mm), sweet potato flour, packaging (low density polyethylene bag) and storage | Olapade and Ogunade (2014)
8 | Selection of sweet potato tubers, sorting, washing, peeling, slicing (1�3 mm thick), immersion (in a 0.2 N potassium meta-bisulphite solution for 10 min), draining, blanching (in hot water at 80��C/5 min), draining, cabinet drying (60��C/24 h), grinding (hammer mill), sieving (0.3 mm thick) and packaging (in cellophane bag) | Adeyeye and Akingbal (2014)

11.1.5 Properties of Sweet Potato Flour

The processing can affect physico-chemical and functional properties of sweet potato flour. Jangchud et al. (2003) studied and compared the effects of blanching on physico-chemical properties of flours and starches prepared from two varieties of sweet potatoes (Mun-Kai and Negro). The pasting temperature and peak viscosity of starches, respectively, were 74 and 80��C and 381 and 433 RVU. The pasting temperature (74.0-94.8��C) of flours was greater than that of starch, depending on the variety and blanching process. However, the peak viscosity (103�120 RVU) of flours was lower than that of the corresponding starches. Partial gelatinization of starch granules was observed as a result of a 1 min blanching. Compositions of starch and flour was found to affect swelling power and solubility.
The rheological properties of the hydrated spray dried sweet potato powders, when compared with sweet potato puree, reveal that spray drying significantly reduced the �-carotene and ascorbic acid contents and all-trans form of beta-carotene was transformed into cis-isomers at the same solid concentration. The viscosity of the reconstituted solutions was much lower than that of the puree at the same solid concentration. Rheologically, the reconstituted sweet potato slurries behaved similarly to pre-gelatinized starch solutions (Grabowski et al., 2008).
Blending sweet potato flour with wheat flour up to the 20�% level produced samples which can be used for production of bakery goods with improved functional properties and reduced retrogradation, staling rate and production time (Adeleke and Odedeji, 2010). Decrease in peak viscosity and an increase in cold paste viscosity was observed following heat-moisture treatment, as compared to native sweet potato (Putri et al., 2014). The changes observed between yellow sweet potato and purple sweet potato indicated that different starches may respond differently to physical modification.
The effects of addition of orange sweet potato flour to tapioca starch indicated that fried extruded fish crackers with 30�% fish, 14�% orange sweet potato flour and 56�% tapioca starch had a high crispness score and were accepted by the trained panellists (Noorakmar et al., 2012). Singh et al. (2008) prepared cookies by utilizing sweet potato flour and wheat flour. Sweet potato flour lowered the spread factor from 6.666-6.150, while increasing its level from 0-100�%. Sensory evaluation revealed that increasing levels of sweet potato flour (60�%) lowered the overall acceptability, because of the distinct flavor developed during baking. Substitution of maize flour with sweet potato flour to the level of 40�% produced acceptable cookies (Adeyeye et al, 2014). The protein content reduced from 6.8�4.4�%, moisture from 5.3�5.0�%, crude fiber from 3.4�2.5�% and fat from 9.8�8.5�% of the composite flours and the cookies

11.1.5.1 Storage

The important parameters like moisture, temperature and hygiene need to be controlled during storage. The substantial losses can be observed in sweet potato flour during storage. The losses may be due to various factors like insects, pests, nematodes, rodents, etc. The water activity of the flour can give a prolonged shelf life. It is therefore very important to control moisture content of the foods during processing and storage. The storage of sweet potato flour in plastic bags covered by aluminium foil was able to preserve the content of total carotenoids over a period of 2 weeks. After this time, the carotenoids degraded rapidly. It was concluded that although sweet potato was protected from light and restriction of gas exchange, the oxidation of carotenoids was rapid, suggesting a need for more studies on other types of packaging and modified atmospheric conditions (Rodriguez-Amaya, 1999).
Alves et al. (2011) studied the effect of the type of package and packaging system of the product to preserve carotenoids in bio-fortified sweet potato flour. The flour was packed with and without vacuum in packs with different barriers to oxygen, water vapor and light (PET/Al/LDPE, PETmet/LDPE, LDPE/PA/LDPE and LDPE) and stored at 25��C/75%RH with and without exposure to light. Losses of 50�% total carotenoids and B-carotene occurred in the flour of the LDPE and PETmet/LDPE without vacuum after 50-day storage and in LDPE/PA/LDPE with vacuum after 90 days with or without exposure to light. Under vacuum and in PETmet/LDPE, contents of carotenoids in flour were slightly degraded and were preserved in PET/Al/LDPE up to 360 days of storage. The major problems faced during storage of sweet potato flour along with their preventive measures are listed in Table 11.1.3.

Table 11.1.3 Problems encountered during storage of sweet potato flour
Problem | Causes |
Problem 1. Brown discoloration
Causes�Improper drying due tonon-uniformity in chip sizes and mould growth
Solution
1.�Slice the chips into uniform sizes.
2.�Use solar dryer with alternative energy source.
Problem 1. Bad or fermented smell
Causes�Microbial growth and insufficient drying due to high moisture content in flour
Solution
1.�Drying thoroughly until brittle
Problem 1. Weevils and rodents
Causes Storing flour on ground and bushy surrounding
Solution
1.�Pack flour in strong plastic bags.
2.�Store packed flour in cartoons on racks or raised surface.
3.�Ensure storage area is free of pests and rodents.
4.�Clear area around store.

11.1.5.2 Utilization

Sweet potato flour can be potentially used for preparation of cakes, cookies, amala, biscuits, bread, sausage, crunchy snacks, etc. It can be used by the baking industry for the production of bread and other bakery products. The use of sweet potato in livestock feed will help to improve livestock nutrition and lead to cheaper meat production. Wheat flour could be substituted with African breadfruit and sweet potato flour by up to the 20�% level in cake-making and 30�% in biscuits with improved nutritional and sensory properties (Eke-Ejiofor, 2013).


11.1.6 Starch

Starches are polymers that naturally occur in a variety of botanical sources such as wheat, potato, pearl millet, corn, sweet potato and many others. They are useful for numerous applications in the food industry and their functional properties depend on the source, but are also affected by other factors such as chemical modifications, system composition, pH and ionic strength of the media (Fama et al., 2005). Starch plays a vital role in developing food products, either as a raw material or as a food additive, such as thickener, stabilizer or texture enhancer (Aina et al, 2012). Starch is a polymeric carbohydrate composed of anhydroglucose units and is not a uniform material and most starches contain two types of glucose polymers, amylose and amylopectin. Amylose is a linear polymer and amylopectin is a highly-branched polymer (Van Soest et al., 1996).
Starch is the major polysaccharide in plants and is in the form of granules that exist naturally within the plant cells. It is semi-crystalline in nature with varying levels of crystallinity. The crystallinity is exclusively associated with the amylopectin component, while the amorphous regions mainly represent amylose (Zobel, 1988a, 1988b). Starch is useful in maintaining the quality of stored food products; it improves moisture retention and consequently controls water mobility in food products.
The root starches have unique functional properties compared to cereal starches. Generally, root and tuber crops are rich sources of starch containing 70�80�% of water, 16�24�% of starch, and less than 4�% of trace quantities of protein and lipids besides other minerals and vitamins (Hoover, 2001). Sweet potatoes are rich in starch (6.9-30.7�% w/b) and starch production is its main industrial utilization (Chen et al., 2004). The starch of sweet potato is composed of a mixture of amylose and amylopectin and is reported to possess an A-type (high swelling) pattern and like those from many other roots and tubers, its starch granules are of medium size with a smooth round oval shape (Moorthy, 2002).
Sweet potato contains 75�80�% amylopectin and 20�25�% amylose and gave 2 peaks when it was thermally treated at temperatures from 0-100��C, at a rate of 5��C/min. It was found that the first peak corresponds to the gelatinization of the starches and the second peak could be attributed to the presence of other ingredients and/or disorganization of amylose-lipid complexes (Ahmed and Ramaswamy, 2006). Legumes contain 30�40�% amylose and 60�70�% amylopectin in their starch granules, while most other food starches contain 25�30�% amylose and 70�75�% amylopectin (Hoover and Zhou, 2003). Amylopectin is a much larger molecule than amylose, with average molecular weight at 105 and 106, whereas the average molecular weight for amylose is 104. The comparison of characteristics of sweet potato starch with other starches is presented in Table 11.1.4.

Table 11.1.4 Comparison of characteristics of sweet potato starch with other starches
S. no. | Starch source | Type | Size (pm) | Shape | Reference
1 | Sweet potato | Root | 12�21�| Oval, round and Polygonal | Woolfe (1992)
2 | Cassava | Root | 4-35�| Oval and truncated | Swinkels (1985)
3 | Canna | Root | 5-44�| Oval and polyhedral | Swinkels (1985)
4 | Arrowroot | Root | 9-40�| Oval and truncated | www.fao.org

11.1.7 Basic Steps of Production

11.1.7.1 Selection of Raw Materials

Fresh sweet potato tubers of selected variety are chosen for the extraction of starch. The selection of the variety and harvesting methodology are the important aspects in the selection, because these parameters will directly affect the starch yield.

11.1.7.2 Washing of Raw Materials

The impurities adhering to sweet potato tubers depend largely on weather conditions and soil. The raw tuber is washed with water to remove different impurities together with soil. Sometimes several washing steps are needed to be carried out in order to remove slimy mucilage while extracting sweet potato starch.

11.1.7.3 Extraction

Isolation using Sodium Metabisulfite Starch can be extracted from the sweet potato as described by Vasanthan (2001). Blending of sweet potato with water was done at a ratio of 1: 10 until a smooth slurry was formed. Sodium metabisulfite, 0.01�% (w/v) was added during slurrying. After slurrying, the filtration was carried out with double-layered cheese cloth then filtered through a series of polypropylene screens (250, 175, 125 and/or 75 pm) and centrifuged for 20 min at 5000 × g at 20��C. Starch settled at the bottom of centrifuge tube was washed with toluene, followed by oven drying at 30�40��C. The dried starch was ground with a mortar and pestle into a fine powder.
Isolation using Sodium Chloride According to the method of Riley et al. (2006), the edible portion of sweet potato was cut into small pieces and homogenized with 1 M NaCl solution using a blender. The mixture was filtered through a triple-layered cheese cloth and the starch was further washed with distilled water. The granules were allowed to settle and water was decanted. The sediment was centrifuged at 3,000 × g for 10 min. Starch was removed, allowed to dry overnight at room temperature and the dried starch was ground with a mortar and pestle into a fine powder.
Isolation using Distilled Water As described by Wickramasinghe et al. (2009), with slight modification, the edible portion of sweet potato was cut into small pieces and homogenized with distilled water for 1�2 min. The slurry was then passed through a double-layered cheesecloth and the filtrate was allowed to settle for a minimum of 3 h at room temperature. The precipitated starch was washed 3 times with distilled water, dried at room temperature for 2 days and then kept in an oven at 50��C for 3 h and ground with a mortar and pestle into a fine powder.


11.1.8 Recent Developments for Extraction of Sweet Potato Starch

The chronological progression of the recent developments for the extraction of sweet potato starch is given in Table 11.1.5.

Table 11.1.5 Chronological progression of the recent developments for the extraction of sweet potato starch
S. No. | Method | References
1 | Selection of sweet potato tubers, peeling, cutting (4�6 cm), Mais (2008) soaking (0.2�% sodium metabisulfite solution for 5 min), extraction of juice (5 min), starch slurry, filtration of starch slurry (firstly through 200 micron and then through 100 micron), collection of filtrate, resting of filtrate (1 h), collection of white starch fraction, re-suspension in water, settling, oven drying of collected starch (40��C/24 h), grinding, sieving (120 micron), packaging (polypropylene bags), storage (room temperature) |
2 | Selection of sweet potato tubers, washing with water, peeling, slicing, rewashing and grating to obtain the pulp, sieving, filtrate (starch milk) was allowed to stand for sometime for the starch to settle, decanting the supernatant to obtain wet starch cake, sun drying of wet starch cake, grinding, packaging (transparent polyethylene bags) | Oladebeye et al. (2009)
3 | Selection of sweet potato tuber, washing, peeling, cutting, homogenization (1�2 min), passing of slurry through sieve, settling of filtrate (4��C/3 h), precipitated starch washed 3 times with water, drying (room temperature for 3 days and then in oven at 50��C/3 h) | Fetoh and Salwa (2010)
4 | Selection of sweet potato roots, washing, peeling, cutting (4 × 4 × 4 mm), soaking (0.2�% sodium metabisulfite solution with ratio of 1: 2 w/w for 15 min), grinding (5 min), filtration of slurry (100 mesh sieve), resting (3 h), collection of starch, re-suspension of starch with water, settling of starch, repeated 3 times, drying of starch (hot air oven at 50��C for 12 h until ~10�% MC wet basis), grinding, packaging (polypropylene bags) and storage (cold room, 4��C) | Thao and Noomhorm (2011)
5 | Selection of sweet potato tubers, washing, peeling, cutting, weighing, grinding, dilution of grinding material with water, sieving, 0.1 N NaOH was added to the slurry filtrate and allowed to stand for ~3 h. Supernatant water was decanted off carefully, and fresh water was added again to wash the starch, the supernatant water was then decanted off after 3 h. The starch sediment was then air-dried | Jubril and Mohammed (2012)

11.1.9 Physicochemical Properties of Sweet Potato Starch

The physicochemical properties of starches dictate their functionality in various applications. For instance, starches with low amylose content gelatinize easily and produce clear pastes, suggesting its usefulness in paper-manufacturing industries. The amylose content of the starch granules varies with the botanical source of the starch and is affected by the climatic conditions and soil type during growth (Morrison et al., 1984). The activity of the enzymes involved in starch biosynthesis may be responsible for the variation in amylose content among the various starches (Krossmann and Lloyd, 2000). Amylose content, WAC and OAC of sweet potato starch was observed to be 15.8, 92 and 130�%, respectively (Table 11.1.6):

Table 11.1.6 Amylose content, water absorption capacity and oil absorption capacity of sweet potato starch
Component | Value
Amylose content (%) | 15.8
WAC (g/g) | 92
OAC (g/g) | 130

Tsakama et al. (2011) reported amylose content in the range 7-11.5�% for different sweet potato cultivars. The formation of hydrogen bonds between the hydroxyl groups of different starch chains lowers the water binding capacity (Hoover and Sosulski, 1986). High amylose starches are characterized by their high gelling strength, which suggests their usefulness in the production of pasta, sweets, bread and in the coatings of fried products (Hung et al., 2005; Vignaux et al., 2005). Differences in amylose content of sweet potato starches have been reported and ascribed to genotypic differences, environmental factors and starch-processing methods (Garcia and Walter, 1998; Oduro et al., 2000).
Amylose complexes with fats and emulsifiers in foods such as mono- and diglycerides can alter the temperature of gelatinization and the texture and viscosity profile of the paste, and can limit retrogradation (Thomas and Atwell, 1999). Das et al.
(2010) reported the water and oil binding capacity of sweet potato starch as 77.38 and 66.77�%, respectively. The water absorption capacity is observed to be higher in the starch where the amylose and amylopectin are loosely associated. The differences in availability of water binding sites among the starches may have also contributed to difference in water absorption capacity (Wotton and Bamunuarachchi, 1978).
Chibuzo (2012) reported that the water absorption capacity (WAC) and oil absorption capacity (OAC) of the starches ranged from 0.80-4.80ml/g and 0.35-4.14 ml/g, respectively. The oil-binding capacity of native sweet potato starch was 66.77�%, whereas it varies from 77.6-82.6�% and 74.3-78.9�% for acetylated and dual-modified starches, respectively (Das et al, 2010). It was observed that the oil-binding capacity of modified starches was higher as compared to its native starch sample, but decreases with the increase in substitution level. In acetylated starch samples, the oil-binding capacities gradually decrease because of reduction of the amorphous region in the starch granules. This reduces the number of available binding sites for oil in the starch granule.
Swelling power and solubility pattern of the starches have been studied to understand the interactions between the water molecules and the starch chains in the crystalline and amorphous regions during heating. When starch molecules are heated in excess water, the crystalline structure is disrupted and water molecules become linked by hydrogen bonding to the exposed hydroxyl groups of amylose and amylopectin, which causes an increase in granule swelling and solubility (Singh et al., 2003). The swelling power of sweet potato starch (SPS) at different temperatures was observed in the range between 1.1 and 24.4 g/g (Table 11.1.7). Abegunde et al. (2013) reported swelling power of the starches from the various sweet potato cultivars in the range from 13.46�26.13 g/g. The swelling power of starch depends on the water-holding capacity of starch molecules by hydrogen bonding (Lee and Osman, 1991).
The solubility of the starches from the various sweet potato cultivars has been reported in the range of 8.56�19.97�%, whereas the solubility of SPS at different temperatures was observed between 2 and 12�% (Table 11.1.7). The differences between swelling powers and solubilities of starches from different sources may also be due to differences in morphological structure of starch granules. It has been suggested that amylose plays a role in restricting initial swelling, because this form of swelling proceeds more rapidly after amylose has first been exuded. The increase in starch solubility, with the concomitant increase in suspension clarity is seen mainly as the result of granule swelling, permitting the exudation of the amylose.

Table 11.1.7 Swelling power and solubility of sweet potato starch
Temperature | 60��C | 70��C | 80��C | 90��C
Swelling power (g/g) | 1.1�| 12.5�| 21.6�| 24.4
Solubility | 2�| 6 | 10�| 12

The extent of leaching of soluble substances mainly depends on the lipid content of the starch and the ability of the starch to form amylose-lipid complexes. The amylose-lipid complexes are insoluble in water and require higher temperatures to dissociate (Morrison, 1988; Raphaelides and Karkalas, 1988). The differences of the swelling and solubility behavior of the starches between botanical sources and among the cultivars of any one botanical source are caused by the differences in the amylose and the lipid contents, as well as the granule organization (Singh et al., 2003).
X-ray diffraction diffractometry has been used to reveal the presence and characteristics of the crystalline structure of the starch granules (Hoover, 2001). In normal and waxy starches, the branched molecule, amylopectin constitutes the crystallites. The branches of the amylopectin molecule form double helices that are arranged in crystalline domains (Sarko and Wu, 1978). The �A�, �B� and �C� pattern are thus the different polymeric forms of the starch that differ in the packing of the amy-lopectin double helices. The amylopectin component inside starch granules crystallizes into either A- or B-type structures (Katz and Van Itallie, 1930). The A-type structure is characteristic of cereal starches and the B-type of many tuber and high amylose starches. The C-type structure, which is a mixture of A- and B-type X-ray patterns, is characteristic of legumes and some tuber starches. The A-type starch has a mono-clinic unit cell, which is closely packed. In contrast, the B-type polymorphic starch has a hexagonal unit cell, which is relatively loosely packed with an open channel of water in the unit cell (Imberty et al., 1991). Most of the tuber and root starches exhibit the typical B-type X-ray pattern (Zobel, 1998b) with the peaks that are both broad and weak and with two main reflections centered at 5.5 and 17o 20 angles.

11.1.10 Pasting Properties of Sweet Potato Starch

The pasting behaviour is helpful in understanding the textural change or retrogradation potency of the applied products (Chen et al., 2003). The viscosity parameters during pasting are co-operatively controlled by the properties of the swollen granules and the soluble materials leached out from the granules (Doublier et al., 1987; Eliasson, 1986). The pasting properties of SPS are shown in Table 11.1.8.

Table 11.1.8 Pasting properties of sweet potato starch
Pasting properties | Value
PV (cP) | 2 603
TV (cP) | 1888
BV (cP) | 185
FV (cP) | 2 660
SV (cP) | 772
PT (�C) | 74.8

In the rapid visco-analyzer, swelling of starch is a function of temperature and is continuously recorded as a change in viscosity. When the temperature rises above the gelatinization temperature, the starch granules begin to swell, and viscosity of the solution increases on shearing when these swollen granules squeeze past each other. The temperature at the onset of this rise in viscosity is known as the pasting temperature. Granule swelling is accompanied by leaching of amylose into the external matrix, resulting in dispersion of swollen granules in a continuous matrix (Bili-aderis, 1992; Noel et al., 1993).
When a sufficient number of granules become swollen, a rapid increase in viscosity occurs, known as peak viscosity. The increase in viscosity with temperature may be attributed to the removal of water from the exuded amylose by the granules as they swell (Ghiasi et al., 1982). Peak viscosity occurs at the equilibrium point between swelling and polymer leaching. As the mixture is subsequently cooled, viscosity will increase to a final viscosity. Miles et al. (1985) reported that increase in final viscosity might be due to the aggregation of the amylose molecules. The setback is the measure of retrogradation tendency or syneresis upon cooling of cooked starch pastes. The values of PV, TV, BV, FV and SV for sweet potato starch was 2,603,1,888,185, 2,660 and 772 cP, respectively. The pasting properties of starch are listed in Table 11.1.9.
Peak viscosity of SPS ranged from 403�473 RVU (Thao and Noomhorn, 2011). whereas Collado and Corke (1997) reported the peak viscosity of sweet potato starches in the range 377�428 RVU. They also reported that peak viscosity has a negative correlation with the amylose content, because amylose restricts the starch granules swelling, which may result in low peak viscosity. The tendency of starch retrogradation can be predicted by using the setback ratio obtained from the RVA curve. A higher setback value indicates higher rate of retrogradation.

Table 11.1.9 Pasting properties of sweet potato starch
No. | Method | Starch content (%) | Peakviscosity | Breakdown | Setback | Pasting temp. (�C) | References
21�| RVA | 10�| 143�288�| 29-163�| 15�79�| 73.5-87.7�| Aina et al., 2012
3 | RVA | 6�| 133�152�| 18�37�| 42�59�| 77.6-80.8�| Wickramasinghe et al., 2009
1 | RVA | 10�| 465�| � | 78�| Tetchi et al., 2007
1 | RVA | 9�| 281�| � | 73�| 72.4�| Peroni et al., 2006
20�| RVA | 7�| � | 85-206�| 106�176�| 53.8-66.6�| Kartayama et al., 2004
2 | RVA | 10�| 381.9-433.4�| 197.5-237.3�| 125.4-176.4�| 74.8-80.5�| Jangchud et al., 2003
2 | BA | 10�| 240�275�| � | 380�405�| 75�79.5�| Osundahunsi et al., 2003
7 | RVA | 8�| 275�330�| 124�154�| 32�68�| 73.5-77.6�| Noda et al., 2002
25�| RVA | 10�| 145-1260�| � | � | 73.5-81.1�| Waramboi et al., 2011
11�| RVA | 8.9�| 268�469�| 149�247�| 51�76�| � | Zhu et al., 2011
5 | BV�| 6 | 666�887�| 37-417�| 275�396�| 54.9-73.6�| Kitahara et al., 2005
8 | RVA | 8�| 348�385�| 128�189�| 69�98�| 74.1-77.2�| Toyama et al., 2003
4 | RVA | 710�| � | 52.6-73.651.4-72.6�| Katayama et al., 2002
9 | RVA | 7�| 126�190�| 33�84�| 119�199�| 60.4-76.0�| Takahata et al., 2010
No., number of genotypes tested in the specific study; RVA, Rapid visco-analyzer; BA, Brabender amylograph; BV, Brabender viscograph; Viscosity unit of peak viscosity, breakdown, and setback for RVA, BA and BV are RVU, AU and BU, respectively.

11.1.11 Rheological Properties

Rheological properties of a material reflect its structure. During gelatinization, starch granules swell to several times their initial volume. Swelling is accompanied by leaching of granule constituents, predominantly amylose, and the formation of a three-dimensional network (Steeneken, 1989; Tester and Morrison, 1990). The storage dynamic modulus (G') is a measure of the energy stored in the material and recovered from it per cycle, while the loss modulus (G'') is a measure of the energy dissipated or lost per cycle of sinusoidal deformation (Ferry, 1980).
The ratio of the energy lost to the energy stored for each cycle can be defined by tan 5, which is another parameter indicating the physical behavior of a system. The G' of starch progressively increases at a certain temperature (TG') to a maximum (peak G') and then drops with continued heating in a dynamic rheometer. The initial increase in G' could be attributed to the degree of granular swelling to fill the entire available volume of the system (Eliasson, 1986) and intergranular contact might form a three-dimensional network of the swollen granules (Wong and Lelievre, 1981). Compared with cereal starches, information on the rheological behavior of tuber and root starches under well-defined flow regimes is limited (Hoover, 2001). The rheological properties of sweet potato starch is shown in Table 11.1.10.

Table 11.1.10 Rheological properties of sweet potato starch
Rheological properties |�Value
T G′ (�C) |�70
Peak G′ |�819
Peak G′′ |�70
Breakdown in G′ |�274
Peak tan � |�0.08
G′: storage dynamic modulus, G′′: loss modulus

The rheological properties of sweet potato cultivars in Peru were also examined by Garcia and Walter (1998). Starch exhibits unique viscosity behavior with change of temperature, concentration and shear rate (Nurul et al., 1999). This can be measured in terms of rheological/pasting curves (plots of viscosity versus temperature) obtained with the Brabender Viscoamylograph or the Rapid Viscosity Analyzer (RVA) and rheometer. Information obtained from rheology/pasting curves is vital when considering a starch as a possible component of a food product (Adebowale and Lawal, 2003). Chemical modification leads to a considerable change in the rheological and pasting properties of starches. Starch paste viscosity can be increased or reduced by applying a suitable chemical modification (Agboola et al, 1991).

11.1.12 Morphological Properties

The morphological characteristics of starches from various botanical sources vary with the genotype. The variation in the morphology such as size and shape of starch granules is attributed to the biological origin (Singh et al., 2007). The granule size is variable and ranges from 1-110 pm (Hoover, 2001). The shapes of the various SPS granules varied from polygonal, round to cupoliform/bell shapes (Chen et al., 2003; Zhu et al., 2011). Hoover (2001) reported SPS granules as round, oval and polygonal, with sizes ranging from 2 to 42 pm. Thao and Noomhorm, (2011) reported that the mean length of SPS granules ranges from 14�17 pm. The ratio of large particles to small ones for all sweet potato starches was nearly equal. Granule size and particle size distribution influences water binding capacity, swelling power and paste clarity, as well as applicable ability of starches in food processing (Chen, 2003).
Two types of angular granules were present in SPS granules with axial diameters of 5-12 and 15�25 pm. Physico-chemical properties, such as percent light transmittance, amylose content, swelling power and water-binding capacity were significantly correlated with the average granule size of the starches separated from different plant sources (Singh and Singh, 2001; Zhou et al., 1998). The differences in the granule size of the starches are presumably attributed to cultivar differences, growing conditions and plant physiology. Moreover, starch granule size plays a significant role in influencing the pasting parameters of starches (Noda et al., 2004; Zaidul et al., 2007). Fine starch granules could be used as fat substitutes in high fat foods (Ma et al., 2006). Based on optical micrographic observations of gelatinization, a pomegranate structure for sweet potato granular structure was described. The outer layer of granule is equivalent to the skin of pomegranate, blocklets are the same as the garnet of pomegranate, and the amylopectin cluster with one reducing end at hilum is equivalent to the primary body of pomegranate (Lian et al., 2012).

11.1.13 Modified Starches

Starches have many useful properties as a food ingredient, but the native starches have limitations that reduce their use at the industrial level. The diversity of the modern food industry and the enormous variety of food products require that starch would be able to tolerate a wide range of processing techniques as well as various distribution, storage and final preparations (Sodhi and Singh, 2005). Depending on the end use, any of these aforementioned properties can be altered by suitably modifying the starch to provide starch products with properties to meet the needs for specific uses. Starch modification involves the alteration of the physico-chemical characteristics of the native starch to improve its functional characteristics, which can be used to tailor starch to specific food applications (Hermansson and Svegmark, 1996; Light, 1989).
Starch modification can be accomplished through physical alteration, chemical degradation, enzymatic modifications or genetic transformation (Yiu et al., 2008). The main source of starch is corn, but the availability of corn to the Indian starch industry is decreasing day by day, because of increased demand by industries involved in the production of breakfast cereals and snacks. For this reason it has becoming necessary to utilize non-conventional starches such as tuber starch to fill this gap. Sweet potato is an important crop in many developing countries, which is seasonal, cheaper, available in abundance, and can be used in the production of modified starch (Singh et al, 2005). A few studies have been reported on native and modified sweet potato starch (Oladebeye et al., 2009; Takeda et al, 1986).
Microscopy (light and SEM) has played an important role in increasing the understanding of granular structure of modified starches. It has been used to detect structural changes caused by the modifications and the most substituted regions in starch granules (Kaur et al., 2004).

11.1.13.1 Hydrothermal Treatment

Hydrothermal treatment of starch has proved to increase gelatinization temperature (Lim et al., 2001), restrict swelling and increase starch paste stability (Hoover and Vasanthan, 1994; Jacobs, et al., 1998). Annealing (ANN) and heat-moisture treatment (HMT) are two hydrothermal methods that have been used to modify starch digestibility. ANN of starch is a physical treatment of starch granules in the presence of heat and water. During ANN, starch granules in excess (>60�% w/w) or at intermediate water content (40�% w/w) are held at a temperature above the glass transition temperature (Tg), but below the onset (To) temperature of gelatinization for a set period of time (Hoover and Vasanthan, 1994; Tester et al., 2000). The following changes have been shown to occur in all starches on ANN:
� increase in granule stability
� crystalline perfection
� starch chain interactions within the amorphous and crystalline domains of the granule
� formation of double helices
� increase in gelatinization temperatures
� narrowing of the gelatinization temperature range
� decrease in granular swelling
� decrease in amylose leaching.
HMT of starches is defined as a physical modification in which starch granules are subjected to lower moisture levels than required for gelatinization for a certain period of time, at a temperature above the glass transition temperature but below the gelatinization temperature (Jacobs and Delcour, 1998). HMT modifies the physico-chemical properties of starches without destroying granule structure (Gunaratne and Hoover, 2002). HMT decreases the swelling power and solubility of starch compared to native starch, due to decrease in granular stability, resulting from uncoiling of double helices that may have been present in a crystalline array in the native granule. Starch gel structure was altered and gel hardness increased following HMT (Chung et al., 2000). Tuber starches have been shown to be more susceptible than legume or cereal starches towards heat-moisture treatment (Hoover and Vasanthan, 1994; Jacobs and Delcour, 1998). Sweet potato starch was also subjected to heat moisture treatment and it was discovered that the starch paste became short and shear-stable and the starch gel exhibited marked increases in hardness and adhesiveness (Collado and Corke, 1999).

11.1.13.2 Chemical Modification

Cross-linking treatment is intended to add chemical bonds at random locations in a granule. The cross-linking stabilizes the granules and strengthens the relatively tender starch (Acquarone and Rao, 2003). Pastes from cross-linked starches are more viscous and less likely to break down with extended cooking times, increased acid content or severe agitation (Wurzburg, 1986). Cross-linked starches offer acid-, heat-and shear-stability better than their parental native starches (Mason, 2009). Commonly used cross-linking agents for food application include phosphorus oxy-chloride (POCl3), sodium trimetaphosphate (STMP) and mixtures of adipic acid anhydride and acetic acid anhydride (Thomas and Atwell, 1999).
The rheological properties appeared much more affected by cross-linking than the thermal properties (Gunaratne and Corke, 2007; Kim and Yoo, 2010). For example, cross-linking hardly altered the melting enthalpy of sweet potato starch by DSC, but decreased the peak viscosity of pasting by more than four times (Gunaratne and Corke, 2007).
Hydroxypropylated starches are generally prepared by the etherification of native starch with propylene oxide in presence of an alkaline catalyst. The hydroxypropyl groups are hydrophilic in nature, and when introduced into starch chains, weaken or disrupt the internal bond structure that holds the granules together, and thus influence physico-chemical properties depending on the source of starch, reaction conditions, the type of substituent groups employed, and the extent of substitution (the molar substitution, MS) (Rutenberg and Solarek, 1984; Schmitz et al., 2006; Xie et al., 2005). Pastes of hydroxypropylated starch show improved clarity, higher viscosity, reduced syneresis and better freeze-thaw stability (Gunaratne and Corke, 2007; Mason, 2009).
Acetylated starch is obtained by esterification of native starch with acetic anhydride (Jarowenko, 1986). Acetylation depends upon factors such as reactant concentration, reaction time, pH and the presence of a catalyst, which finally determines the number of acetyl groups incorporated into the molecule (Betancur-Ancona et al, 1997). The properties of starch acetates are a function of the acetyl content, the type of starch, the size and shape of its molecular components, and the method of pre-treatment. Measurement of the acetyl content is a prime method for characterizing starch acetates. When a starch is acetylated, it can be obtained by a variable degree of substitution. In food applications, Food and Drug Administration (FDA) allows only a low degree of substitution (0.01-0.2).
Oxidized starches have attracted much attention and are widely used in food and industrial applications to provide surface sizing and coating properties (Lawal et al, 2005). The food products where oxidized starch is used are neutral tasting and low-viscosity, such as a lemon curd, salad cream and mayonnaise (Lawal, 2004). Oxidized starch is commonly prepared by reacting starch with a specified amount of oxidant under controlled temperature and pH. Periodate, chromic acid, permanganate, nitrogen dioxide and sodium hypochlorite have been commonly used to oxidize starches. The commercial production of oxidized starch generally employs sodium hypochlorite as the oxidizing agent. The factors affecting hypochlorite oxidation include pH, temperature, hypochlorite concentration, starch molecular structure and starch origin (Kantouch and Dokki, 1998; Wang and Wang, 2003).

11.1.13.3 Enzymatic Modification

Starch may be hydrolysed by amylolytic enzymes such as �-amylase. For example, when potato starch is the substrate, its hydrolysis yields mixtures of different saccharides, such as maltodextrins, and their precise compositions are of considerable commercial interest. The hydrolyzed products are widely used in the food, paper and textile industries (Marchal et al., 1999; Pandey et al., 2000). Amylases have many applications in the food, textile, paper and pharmaceutical industries (Gupta et al., 2003).
Generally, fungal glucoamylase, as well as bacterial or fungal �-amylase, may be used together to convert starch to simpler sugars. Zhang and Oates (1999) reported that the enzymatic susceptibility of starch is influenced by several factors, including the ratio of amylose to amylopectin, the crystalline structure and the size of the particles. Among these factors, the crystalline granular structure is perhaps the most important. A study reported the modification of sweet potato starch using 4-�-glucanotransferase, resulting in a more rigid and thermo reversible gel (Lee et al., 2008).


11.1.14 Utilization

Starches have wide applications in the food and related industries. Starch plays an important role in food systems by stabilizing it and creating the structure of the food. It also interacts with other components to deliver or maintain nutrient and flavor (Cui, 2005). Sweet potato starch (SPS) can be used in many products, including noodles, cakes, bread, biscuits, desserts, alcoholic and non-alcoholic drinks, puddings and confectionery products. Applications of starch in food systems are primarily governed by gelation, gelatinization, pasting, solubility, swelling, color and digestibility (Adebowale and Lawal, 2002). This starch is also used to manufacture starch syrup, glucose and isomerized glucose syrup, lactic acid beverages, bread and distilled spirits, called shochu in Japan. Noodles and isomerized saccharides as a sweetener for soft drinks are also made from sweet potato starch in China, Japan and Vietnam (Prain et al., 1997). The importance of sweet potato starch in some food applications is further described below.

11.1.14.1 Snack Foods

In snack foods, starch is frequently used to assist in achieving desired textural and sensory attributes by improving crispness, oil binding properties, expansions and overall eating quality (Cui, 2005). Properties of amylose and amylopectin as the main components of starch are important for the texture.

11.1.14.2 Baked Products

Starch exerts its contribution in baked products through its important properties, such as gelatinization, water absorption and retrogradation (Cui, 2005� Taggart, 2004). Starch gelatinization is very important in building the structure and texture of baked products. The ability of starch to bind water could reduce the stickiness of dough, improve handling and increase cake volume. This property could also increase moistness and soften the texture of baked products (Taggart, 2004). Mais (2008) prepared bread and biscuits by utilizing sweet potato flour and starch. Biscuits and bread containing sweet potato flour and starch are low in amylose and are digested slowly, whereas wheat control biscuits were able to gelatinize starch and exerted a greater effect upon digestibility.

11.1.14.3 Gravies, Soups and Sauces

Application of starches in these food products depends on the production process, which is usually influenced by pH of products and heat during processing (Taggart, 2004). Compared to neutral products, a higher-degree of cross-linking starch is required for high acid products (pH < 4.5). Fetoh and Salwa (2010) studied the physicochemical properties of starch extracted from different sources (tiger nut, sweet potato and taro) and their application in puddings and white sauces. The highest value of swelling power was observed in the case of sweet potato starch at 95��C followed by tiger nut starch at 85��C and taro starch at 95��C of gelatinization.


11.1.15 Future Aspects

The sweet potato could be considered as an excellent novel source of natural health-promoting compounds, such as beta-carotene and anthocyanins, for the functional food market. Also, the high concentration of anthocyanin and beta-carotene in sweet potato, combined with the high stability of the color extract make it a promising and healthier alternative to synthetic coloring agents in food systems. Starch and flour processing from sweet potato can create new economic and employment activities for farmers and rural households. Sweet potato starch is particularly valued as a food starch in the form of thickener and stabilizer and is used in the manufacture of sweeteners, sizing of paper and textile. Efforts are needed to add value to the sweet potato on a commercial scale in the producing countries for the higher returns to farmers.
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11.2.1 Introduction

Sweet potato is an abundant resource and also inexpensive as a raw material. Besides being directly used in food preparation, vigorous development of sweet potato comprehensive processing and construction of corresponding industrial chains, have strong economic and practical significance in taking full advantage of this resource, expanding product application, improving diet structure, and also increasing the income of farmers. Considering that China has many varieties of sweet potato processing products, this chapter will mainly introduce a series of processing methods of common baked sweet potato food and snacks.

11.2.2 Sweet Potato Bread

Adding a certain amount of sweet potato flour during bread processing is simple, reduces production costs and improves economic efficiency. The technological process of sweet potato bread (Peng et al., 2003) is summarized in Figure 11.2.1.
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Figure 11.2.1 Technological process of sweet potato bread.

The operating procedure includes:
1.�Dry yeast activation: Before using, dry yeast should be activated by first dissolving in 30��C warm water and set aside for 30 min before use. During its use, mixing with sugar has to be avoided.
2.�Primary dough preparation: Mix together 60�% of sweet potato flour, milk powder, sugar, bread improver and additives and stir well, then add eggs and the activated dry yeast. Knead the dough for approximately 10 min until it reaches the �smooth stage�.
3.�Primary dough fermentation: Yeast is propagated in an effort to expand the dough as a seed dough. The fermentation temperature is controlled between 27 and 28��C, with the relative moisture content around 75�80�%, and the fermentation time of 2 h. During fermentation, the dough needs to be punched back once or twice.
4.�Secondary dough preparation: Mix the remaining flour and supplemental ingredients with the mature dough for further preparation. Sweet potato should be washed, cleaned, cooked, peeled and mashed before mixing. For the best quality bread, the percentage of sweet potato should be controlled to under 30�%.
5.�Secondary dough fermentation: Seed dough is obtained from the primary fermentation, so the secondary fermentation time is shorter, approximately 1.5 h. The fermentation temperature is controlled between 28 and 30��C, with the relative moisture content around 75�80�%. In order to achieve the stage of full fermentation and a uniform distribution of small holes in the dough, during this procedure the dough also needs to be punched back once or twice.
6.�Shaping and fermenting: According to the product desired, the dough is divided into small pieces. The weight loss, 10�12�% during baking, should be considered when weighing. Fermenting temperature is 35��C, with the relative moisture content around 85�90�%. Let the small dough naturally rise until its volume is doubled after fermenting.
7.�Baking: The baking temperature is controlled between 200 and 220��C, and needs to be baked for 10 min. The high-humidity baking method would be beneficial for bread rising.
In the above-described processes, three key factors, time, temperature and humidity, should be scientifically and rationally controlled and regulated. It is best to avoid temperature and humidity fluctuations to maintain the product quality. Sweet potato bread and bread stuffed with sweet potato is presented in Figures 11.2.2 and 11.2.3 respectively.
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Figure 11.2.2 Sweet potato bread.
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Figure 11.2.3 Bread with sweet potato stuffing.

11.2.3 Sweet Potato Cookies

Cookies, one of the convenience foods, is widely popular among consumers. When adding sweet potato to the flour, a convenience food with unique flavor can be prepared. The cookies with the incorporation of sweet potato can be prepared by the method shown in Figure 11.2.4.
[image: ]
Figure 11.2.4 Technological process for sweet potato cookies.

The operating procedure includes:
1.�Sweet potato pretreatment: Sweet potato is placed into the steamer for 30 min. When steamed, sweet potatoes are taken out for cooling, peeling and stirring until smooth.
2.�Dough preparation: Open shortening in flour mixing machine, add phospholipid and whisk together; add sugar, egg, dissolved baking soda, ammonium bicarbonate, salt, milk powder, vanillin and water, then whisk thoroughly. In the following, add sweet potato batter and stir until emulsified. Then evenly add wheat flour and milk powder into a flour mixing machine, and stir until smooth. The dough preparation temperature should be controlled between 22 and 28��C.
3.�Cookie extruding and shaping: Place the prepared mixed batter into a cloth bag with a pastry tip. Squeezing the batter onto clean iron pans with the right hand clenching the upper opening, and the left hand holding the pastry tip at the lower end of the cloth bag. Squeeze the batter onto the iron pans to form the circular cookies with a diameter of 2 cm and 1 cm thick.
4.�Baking: Place the bake ware with the cookies into a baking oven, for 5�6 min at 230�250��C. Spray with a little water before placing the cookies into the oven, which will improve water absorption on the surface of the cookie and increase starch pasting, to obtain a smoother surface.
5.�Cooling and packaging: Remove the cookies from the oven and cool to 38�40��C.
The following precautions may be observed during the processing of sweet potato cookies:
Firstly, the added amount of sweet potato has a significant impact on the product property. As shown in Figure 11.2.5, the flavor and feature of sweet potato cookies were restricted when the added amounts of sweet potato were limited, while adding an extra amount of sweet potato would make the bread dough less elastic, tough, disorganized, and with uneasy extrusion. Therefore, by experimental analysis, the most appropriate added amount ratio of flour to sweet potato was 7: 3.
[image: ]
Figure 11.2.5 Impact of amount of added sweet potato on cookie property (cited from Li et al., 2008).

In addition, the order of adding ingredients during dough preparation should be addressed. Before dough preparation, all the ingredients except wheat flour should be mixed until emulsified, then add the wheat flour and prepare the dough to reach the stage of moderate stiffness. Easily clumped ingredients such as milk powder or flour need to be sifted before use. It also needs to be noted that monoglyceride or lecithin should be added if fat and dairy products are abundant. The best formulation of sweet potato cookies is (Figures 11.2.6 and 11.2.7) given in Table 11.2.1.
[image: ]
Figure 11.2.6 Sweet potato cookies.
[image: ]
Figure 11.2.7 Purple sweet potato cookies.

Table 11.2.1 Formulation of sweet potato cookies
S. No. | Ingredients | Amount (g)
1 | Wheat flour | 70
2 | Sweet | potato | 30
3 | Shortening | 30
4 | Soft white sugar | 35
5 | Whole milk powder | 5
6 | CTlLU | 4
7 | Vanillin | appropriate amount
8 | Monoglyceride | 0.8
9 | NaHCO3 | 0.4
10�| NH4HCO3 | 0.2

11.2.4 Purple Sweet Potato Cakes

Purple sweet potato cake has a relatively high nutritional value and health benefits. It is also considered to have the efficiency of dietotherapy and meets people�s currently novel demands for food. Although the price is higher than ordinary wheat flour cake, the purple sweet potato cake exhibits big market potential because of the improved living standards of the people and greater awareness of health issues.
In the preparation of purple sweet potato cake, the primary step is to prepare the purple sweet potato flour, by following the methodology given in Figure 11.2.8.
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Figure 11.2.8 Ready to use sweet potato flour.

The operating procedure includes:
1.�Flour preparation: Sift wheat flour through 100-mesh sieve. Weigh purple sweet potato flour and wheat flour according to required amounts. Prepare 100 g mixed flour, which is ready for use.
2.�Whipping eggs: Whip mixed egg whites and sugar for 15 min until the mixture is frothy, color turns to ivory white, sugar is totally dissolved, and the volume increases 2�3 times.
3.�Batter preparation: Add prepared mixed flour, egg yolk, 10 g milk powder, water and 8 g butter into the prepared egg whites (milk powder needs to be dissolved in water before use). Mix well until smooth.
4.�Filling molds: Pour prepared batter into mold, pre-coated with a thin layer of oil film.
5.�Baking: Bake for 15 min at 175�180��C.
The best ingredient formulation of purple sweet potato cake is given in Table 11.2.2. As a result, the color of the surface of the trial product is dark purple, which could be caused by non-enzymatic browning and may slightly affect the appearance of the product, although the color of the cross-section of the cake is bright purple and very attractive. By using microwave baking instead of far-infrared baking, the color of both the surface and the cross-section of the cake exhibit attractive prunosus. This method can be used to improve the appearance of the product. But it should be noted that the far-infrared baked product has a better smell than the microwave baked one, and also has a smoother taste. The purple sweet potato cake not only has a smooth and soft taste, but also presents a unique purple sweet potato smell and an attractive prunosus color, so that it becomes as a new member of the cake family. Sweet potato cake and purple sweet potato cake are presented in Figures 11.2.9 and 11.2.10 respectively.

Table 11.2.2 The formulation of purple sweet potato cake
S. No. | Ingredients | Amount (g)
1 | Purple sweet potato flour | 90
2 | Mixed flour | 100
3 | Egg | 200
4 | Sugar | 80
5 | Water | 15
Source: Sun et al. (2013)
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Figure 11.2.9 Sweet potato cake.
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Figure 11.2.10 Purple sweet potato cake.

11.2.5 Instant Nutritious Sweet Potato Chips

The technological process of instant nutritious sweet potato chips is shown in Figure 11.2.11.
[image: ]
Figure 11.2.11 Technological process for instant nutritious sweet potato chips.

The operating procedure include:
1.�Cleaning and washing: Select high-quality fresh sweet potatoes and place them in water for 0.5�1 h, then wash off surface slit and drain for drying.
2.�Peeling: The skin of sweet potato contains a variety of pigments, which will significantly influence the color of the final product. Therefore, the peeling process has to be carried out before the following operating procedures. Mechanical or alkali peeling is preferred. In case of alkali peeling, concentration of alkali solution is in between 0.5 and 1.0�%.
3.�Slicing: Sweet potato is sliced with a fruit and vegetable slicer, for the purpose of thorough steaming and cooking. The appropriate thickness is about 1 cm.
4.�Color protection: Immediately place the sliced sweet potato into a 0.1�% citric acid solution. To prevent oxidation and discoloration, it is better to minimize the period of exposure to air.
5.�Slurring: After color protection, blanch the sweet potato slices in boiling water. Then grind the sweet potato with a grinding wheel and sift through an 80-mesh sieve. Later, appropriate amounts of other ingredients, such as milk powder, sugar, palm oil and emulsifier are added and stirred together according to the desired flavor of the final products.
6.�Homogenization: All the well-mixed ingredients are added to a colloid mill for homogenization. The diversity of ingredients will influence the final mixing effect, especially the oil ingredients, which are not easily soluble in water. To overcome this problem, the colloid mill is used to grind the slurry into fine particles to approach emulsification and effectively improve the product quality.
7.�Pre-gelatinization: The surface temperature of a common steam drying roller is over 140��C. When the slurry is transferred onto the reservoir of the steam drying roller and accumulated to a certain amount, the pre-gelatinization reaction then occurs.
8.�Roller drying: This is the key process of producing instant sweet potato chips, and the product flavor is determined by this process. The steam roller drying has strong thermal stability. If rotation speed and temperature are co-ordinated well, the gelatinization degree and drying effect are easy to control.
9.�Granulation and packaging: The size of sweet potato chips is controlled by the adjustment of the granulator mesh density. After granulation, the product is packed according to different requirements and divided into small, medium and large pieces. The appearance of instant sweet potato chips is shown in Figure 11.2.12.
[image: ]
Figure 11.2.12 Instant sweet potato chips.

11.2.6 Puffed Sweet Potato Food

With high market demand, puffed snacks are one of the most popular products favored by consumers. So far, production of this kind of food has mainly used grains (rice, corn, milt and wheat) as raw materials. Puffed sweet potato food is a new category of deep processed food produced by screw extrusion and puffing. Compared to grain puffing, sweet potato puffing is more difficult to puff and mold, easily burns inside the extruder barrel, has poor flavor, bitter taste and so on.
Extrusion technology is one of the advanced processing methods in the modern food engineering field. The mechanism is the melting of materials into a molten state under high pressure and temperature by shearing and rubbing inside machine. Once the materials are forced to squeeze out through a die hole, the pressure immediately drops to a normal value, water is instantaneously evaporated, and the materials are then correspondingly inflated. The extrusion technology belongs to one of the non-fried processing methods. With the advantages of high production efficiency, low energy consumption, good product quality and waste-free features, extrusion technology widely applied in starch-based food (like corn) is a scientific and nutritious processing method (Li and Mu, 2005). The double screw extrusion machine is presented in Figure 11.2.13.
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Figure 11.2.13 Double screw extrusion machine.

Based on investigations, crisp and delicious puffed sweet potato food is prepared by mixing 80�% sweet potato and 20�% rice or millet with addition of 2.5�% water and 2�% vegetable oil, puffing in a screw extrusion machine, and seasoning. The specific processing is given in Figure 11.2.14.
[image: ]
Figure 11.2.14 Preparation of crisp and delicious puffed sweet potato food.

The operating procedure includes:
1.�Selection and cleaning of raw materials: The selected fresh sweet potato are cleaned and washed.
2.�Shredding and drying: The moisture content of fresh sweet potato is very high, and so not suitable for puffing. Therefore, dehydration treatment is necessary. To accelerate the dehydration process as well as to facilitate further crushing procedures, sweet potato needs to be first shredded into 3�4 mm strips, then dried to the moisture content of 11�% by oven or sun drying. The dried materials can be stored for a relatively long period under moisture-proof condition.
3.�Material crushing: The materials added into the screw extrusion machine should be presented as an appropriate granulated size, because powdery material is easily aggregated and burnt inside the screw roller, while larger-sized material causes transportation problems and puffing inhomogeneity, and even increases the wear and tear of the equipment. Therefore, raw materials should be crushed into 2�3 mm particles.
4.�Ingredients preparation: Ingredients preparation is the process of adding an appropriate amount of water, vegetable oil and rice or millet to the sweet potato before puffing, to ensure smooth puffing and also provide the product with a better color and taste. The effect of different additives on the puffing effect is given in Tables 11.2.3 and 11.2.4 respectively:
5.�Puffing: Firstpre-heat extrusion machine,then gently feed raw materials, and later gradually increase the materials feeding rate, when normal operational level is achieved. Continue feeding at a constant speed, and collect the puffed products, which are well-distributed into strip shapes. The extrusion puffed sweet potato crisps are shown in Figure 11.2.15.
6.�Seasoning: Evenly spray the proportionally prepared various seasonings onto the surface of the puffed products, to yield the product in a variety of flavors.
7.�Drying: After seasoning, place the puffed products at 120��C for drying (until the moisture content is <3�%), to make the product crisp.
8.�Packaging: Choose good airtight plastic packaging materials for product packaging to prevent damage during transportation and good shelf life. Packaging should be carried out under sterile conditions.

Table 11.2.3 Effect of water and oil addition on puffing
Proportion of raw materials (g)
Sweet potato | Water | Vegetable oil | Puffing effects
100�| 0 | 0�| Puffed products are easily cracked, shapeless, burnt
100�| 2.5�| 2 | Good puffing effect, puffed products are well mixed and loose
100�| 4.5�| 4 | Puffed products are tiny, dense and soft
Cited from: (Tan, 1996)

Table 11.2.4 Effect of rice and millet addition on puffing
Proportion of raw materials (g)
Sweet potato | Rice | Millet | Puffing effects
100�| 0 | 0�| Khaki color, strong sweet potato smell, bitter taste
80�| 20�| 0 | Yellow color, sweet potato smell, no bitter taste, good | comprehensive flavor
60�| 40�| 0 | Light yellow color, light sweet potato smell, no bitter taste
80�| 0 | 20�| Orange color, sweet potato smell, no bitter taste, good comprehensive flavor
60�| 0 | 40�| Golden yellow color, light sweet potato smell, no bitter | taste
Cited from: (Tan, 1996)

Quality standards of the puffed sweet potato food mainly include physico-chemical, microbiological and sensory parameters, which are given in Table 11.2.5.

Table 11.2.5 Quality standards of the puffed sweet potato food
S. No. | Quality parameters | Attributes
1 | Sensory attributes | Yellow or orange color � Loose and porous � Particles are well-distributed � Product tastes crispy � Palatable flavor � No bitter taste or other strange flavor � Moisture content: 3%
2 | Physicochemical parameters | Carbohydrate content: 78�% � Fat content: 9�% � Protein content: 4.7�%.
3 | Microbial index | Absence of pathogens

11.2.7 Airflow Puffed Sweet Potato Chips

Airflow puffing technology removes part of the water from fruit and vegetable materials in advance, then the fruit and vegetables are heated inside a pressure tank to achieve a relatively low-temperature but high-pressure state. After insulating the target temperature for a certain period of time, release the pressure instantly so that the water inside the materials produces the effect of �flash evaporation�. In this way, a puffing effect is achieved. The fruit and vegetable puffed crispy product is produced by continuous dehydration under vacuum. The equipment for airflow puffing, shown in Figure 11.2.15, is composed of expansion tanks, heating elements, rotating, safety and vibration damping devices, frame and a base. A certain amount of material is loaded into the cover-sealed steel tanks, heated by gas, and rotated continuously at a certain speed. When the tank temperature reaches above 100��C, moisture on the surface of the material vaporizes, resulting in the increase of pressure inside the tank. When the pressure reaches 0.8�1.25 Mpa, the lid of the tank is suddenly opened and the pressure is released. The volume of the material then increases by nearly ten-fold. Compared to hot air drying and freeze drying, the airflow puffed drying processing of sweet potato chips have the advantages of energy saving, high drying efficiency, and could be applied to large-scale production. The airflow explosion puffing machine is presented in Figure 11.2.16.
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Figure 11.2.15 Extrusion puffed sweet potato crisps.
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Figure 11.2.16 Airflow explosion puffing machine.

When processed with airflow puffed processing equipment only, the pressure of produced vapor is too low, hence there is the possibility that the sweet potato may not achieve the expected puffing effect. However, before the airflow puffing process, if the sweet potato is pre-treated by the vacuum microwave puffing processing method, the expected puffing state of the sweet potato product can be achieved. The processing steps of airflow puffed sweet potato chips are given in Figure 11.2.17.
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Figure 11.2.17 Processing steps of airflow puffed sweet potato chips.

The specific treatments include:
1.�Washed and cleaned selected sweet potatoes are peeled, sliced into pieces of 5 mm thickness and then blanched at 95��C (water bath) for 3 min. Remove them from the water and drain the surface water off, then place in the hot air drying oven in a single layer (initial moisture content of the sweet potato is 79.9�%). After hot air drying at 65��C, the moisture content decreases to 37�%. Place the slices into a sealed container at 5��C and store for 12 h to soften and mellow to obtain pre-dried sweet potato chips.
2.�Place pre-dried sweet potato chips inside the vacuum microwave dryer chamber in a single layer, after dialling a microwave power of 27.4 Watt, vacuum degree of 0.085 MPa, and 34 s continuous heating, to obtain the pre-puffed sweet potato chips (moisture content is 18�%).
3.�Place 2,000 g pre-puffed sweet potato chips inside the puffing tank of the airflow puffing equipment. The pressure difference between the puffing tank and vacuum tank is 110 kPa, which should remain for 6 min under certain puffing temperatures, then the pressure will instantly drop to the vacuum state (0.095 MPa). Then decrease the temperature to the degree that is needed for vacuum drying of the chips for a certain period of time. Then move the chips to a sealed container and cool at 10�20��C for 45 min. The final product, airflow puffed sweet potato chips with a moisture content of 3�%, is obtained. The last step of the processing procedure is nitrogen charging and packaging of the chips with a volume fraction of N2 of 99.99�%, and a pressure of 0.5 Mpa and charging for 2 s. The airflow puffed sweet potatoes are presented in Figure 11.2.18.
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Figure 11.2.18 Airflow puffed sweet potatoes.

4.�The precautions during the processing may include:
i.�Puffing temperature, vacuum drying temperature and vacuum drying time have significant influences on the hardness index and crispness index. The puffing temperature has significant effects on the lightness L* of sweet potato chips, while the effects of vacuum drying temperature and vacuum drying time are not significant.
ii. The airflow puffed sweet potato chips can be produced with optimum quality based on the selected range of hardness. The optimum processing parameters under the selected range of hardness (0.2143 N < Y1 < 0.2857 N) is shown in Table 11.2.6. The sweet potato chips produced under the processing conditions are assured to have a crispy taste and satisfactory color.

Table 11.2.6 Optimum processing parameters for air puffed sweet potato chips
S. No. | Processing parameters | Range
1 | Puffing temperature | 91��C
2 | Vacuum drying temperature | 75��C
3 | Vacuum drying time | 47 min

11.2.8 Aromatic and Crispy Sweet Potato Chips

The processing steps of aromatic and crispy sweet potato chips are illustrated in Figure 11.2.19.
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Figure 11.2.19 Processing steps of aromatic and crispy sweet potato chips.

The key processing steps include:
1.�Pretreatment of raw materials: Wash and clean the qualified sweet potato and potato (at the ration of 6: 1) and pre-boil in boiling water for 10�20 minutes. After peeling and slicing, re-boil them until completely cooked. Sodium sulfite, 0.05�%, is added into the pre-boiling water in advance.
2.�Slurring: Crush thoroughly cooked potato and sweet potato slices into a slurry. If necessary, add a small amount of water, but not too much.
3.�Stirring and fermentation: Add 0.4�% dry yeast, 8�% sucrose and 0.2�% salt into mixed slurry and ferment for 2 h at 28��C.
4.�Drying: Dry the fermented slurry at 80��C for 60�80 min (until it can be flaked). Keep turning during the drying process to prevent burning.
5.�Flaking and chip dicing: Evenly flake dried slurry into 2�3 mm thick flakes, then cut flakes into small pieces with a uniform size of about 3 × 4 cm2.
6.�Baking, cooling and frying: Bake the small slices at 60�70��C for 3�5 min. After spreading and cooling, fry the sweet potato slices for 0.5 min at 170 � 2��C. Remove the slices and drain off the remaining oil. When cooled, the sweet potato slices are packaged. The aromatic and crispy sweet potato chips are presented in Figure 11.2.20.
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Figure 11.2.20 Aromatic and crispy sweet potato chips.

11.2.9 Low Temperature Vacuum Fried Sweet Potato Chips

Technological process of low temperature vacuum fried sweet potato chips is shown in Figure 11.2.21.
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Figure 11.2.21 Technological process of low temperature vacuum fried sweet potato chips.

The operating procedure and precautions during processing includes:
1.�Selection of raw material: During selection of sweet potato cultivars and pre-treatment of raw materials, high-quality and fresh yellow-core, red-core and purple-core sweet potatoes should be without lesions, mildew, germination and of moderate size. After cleaning with a cleaning machine and peeling, cut into 2�3 mm slices or 6 × 6 × (50�80) mm3 strips with a slicing machine. Then treat with color protection solution, blanch in water (95��C for 2 min) and drain. Later, sweet potato slices or strips are dipped in 30�% (mass fraction) mixed sugar solution (2 parts maltose and 1 part dextrin) at 50��C for 1 h and then frozen overnight at -18��C. The frozen sweet potato slices or strips are then ready for vacuum frying.
2.�Color protection treatment: Treat the sliced materials with a certain mass fraction of color protection solution as described above. After the solution is prepared, soak the sweet potato chips for 15 min.
3.�Vacuum drying: Certain degree of vacuum, different temperatures and frying times are selected to determine the temperature influence on water and fat of the sweet potato slices. After comparison is made, a relatively ideal frying temperature is chosen. The vacuum degree influences on water and fat of sweet potato slices are determined together by the degree of vacuum and frying time.
4.�Vacuum frying and oil removing: At 85��C and vacuum degree of 0.085 MPa, fry the product for 20 min. Then lift the frying basket off the oil, and remove the remaining oil by vacuum de-oiling centrifugation for 5 min at 350 rpm. The low temperature vacuum frying machine is presented in Figure 11.2.22.
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Figure 11.2.22 Low-temperature vacuum frying machine.

The processing procedures demonstrate that satisfactory products are determined by good raw materials. The requirements of the sweet potato materials may depend on shape, appropriate size, smooth skin, well-distributed flesh color, delicate quality, low fiber content, browning resistance, etc.
During the process of vacuum frying, moisture content changes are in accordance with the falling rate drying rule of traditional drying technology. High temperature and high vacuum degrees could improve the sweet potato drying rate. Fat absorption rule is consistent with water evaporation rule, and the enhancement of fat mass fraction is proportional to the water content reduction of sweet potato chips. With increase of drying temperature and vacuum degree, and decrease of breaking forces of sweet potato chips, crispness is gradually improved. Moreover, the fat content of sweet potato processed by regular frying is relatively higher, and would directly affect product color, taste and shelf life, so it is necessary to remove oil in plenty of time. Therefore, after optimization of the factors of moisture content, fat mass fraction and crushing force, it is concluded that the sweet potato chips should be fried under 0.085 MPa vacuum degree at 85��C for 20 min followed by centrifugation at 350 rpm for 5 min (for fat removal) to achieve full shape and high-quality sweet potato chips. The low temperature vacuum fried sweet potato chips are presented in Figure 11.2.23.
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Figure 11.2.23 Low temperature vacuum fried sweet potato chips.

11.2.10 Vacuum Microwave Drying Sweet Potato Chips

Vacuum microwave drying is the combination of two technologies, vacuum drying and microwave drying and also fully exerts the advantages of these two technologies. Under vacuum conditions, heat is easily transmitted in between water or solvent molecules, so that drying time is greatly shortened and production efficiency is improved. The vacuum microwave drying equipment is presented in Figure 11.2.24.
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Figure 11.2.24 Vacuum microwave drying equipment.

The processing steps of vacuum microwave dried sweet potato chips are shown in Figure 11.2.25.
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Figure 11.2.25 Processing steps of vacuum microwave dried sweet potato chips.

Select fresh sweet potato without mildew and pests, and control the slice thickness within 5.0 � 0.3 mm. Blanch sweet potato slices at 95��C (water bath) for 5 min then remove and drain off surface water. Then place slices into a freezer at -18��C for 12 h, then process with forced air drying for 4 h at 65��C in a drying oven. When the moisture content of pre-drying sweet potato chips is decreased to 31�%, place the chips into a sealed container at 5��C for 10 h to attain uniform moisture.
Weigh 10 � 0.5 g pre-dried sweet potato chips and place inside a vacuum microwave drying equipment chamber. Then open the water circulating vacuum pump and adjust the valve to obtain the desired vacuum degree. Set the appropriate heating power and time of the microwave, and then start microwave heating. Finally, vacuum microwave dried sweet potato chips are obtained.
The precautions during processing include:
1.�Moisture content, vacuum degree, microwave power and heating time have extremely significant influences on the puffing ratio and crispness index of the pre-dried sweet potato chips. Chips with high moisture content have a relatively higher puffing ratio, which could result in lower crispness. On the other hand, lower moisture content not only decreases the puffing ratio, but also increases the appearance of stiff pieces.
2.�Higher microwave power could increase puffing ratio and crispness of the sweet potato chips, so as to improve the sensory quality. Moreover, a high vacuum degree could not only increase the puffing ratio and crispness of the sweet potato chips, but also reduce the boiling point of water, therefore increase the thermal efficiency.
3.�The best vacuum microwave drying technology parameters for sweet potato chips are given in Table 11.2.7.

Table 11.2.7 The parameters for vacuum microwave drying technology
S. No. | Parameters | Value
1 | Vacuum degree | 0.085 MPa
2 | Moisture content of pre-dried sweet potato chips | 31.23%
3 | Microwave power | 771.38W
4 | Heating time | 39 sec

Sweet potato chips with satisfactory quality could be prepared by following these processing conditions. The vacuum microwave dried sweet potato chips are presented in Figure 11.2.26.
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Figure 11.2.26 Vacuum microwave dried sweet potato chips.

11.2.11 Sun Dried Sweet Potato Slices

Sun dried sweet potato slices are one kind of novel delicious health food, which are sweet, soft, masticable, with good fragrance and rich in nutrition. The product is favored by consumers and has great market potential.The processing steps include:
1.�Materials selection: Select long-term stored long and thin sweet potato with the starch transformed into sugar as the raw material.
2.�Boiling: Thoroughly boil sweet potatoes in large pot. When boiling, separate sweet potatoes into large, medium and small size groups, and prevent over boiling. Also, do not cover the pot when boiling; if covering is required, cover with one layer of non-toxic plastic film tied along the pot with string. Peel the boiled sweet potatoes, when cooled down.
3.�Slicing: After peeling and thorough cooling, the sweet potatoes can be cut into slices 4 cm wide and 8 cm long.
4.�Sun curing: Place sliced sweet potato in a well-ventilated place for sun drying. If placed on a roof, dust prevention needs to be considered (preferably on a sunny day without wind). A dryer could also be used. When 80�% of the slices are dried (can be bended but not broken by hand), then sweet potato slices can be collected and stored. It is required to prevent 100�% drying, because 100�% dried sweet potato slices are unable to secrete white powder on the sweet potato slice surface. The curing of sweet potato slices are presented in Figure 11.2.27.
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Figure 11.2.27 Sun curing of the sweet potato slices.

5.�Sealing and powdering: Place the dried sweet potato slices with a moisture of about 20�% into tanks that are covered by a wooden lid (without sealing). Place the tank into a well-ventilated and cool place until the surface of sweet potato slices inside of the tank are covered by a layer of white powder, which is sugar crystallized in the natural drying process. At this stage the sweet potato slices can be packaged in non-toxic plastic bags for selling. The surface is thoroughly covered by a layer of white sugar powder, looks like dried persimmon, and tastes like soft dates, which makes it is very saleable and can be stored for a very long time because of the high sugar content. The sweet potato slices covered with sugar icing are presented in Figure 11.2.28.
[image: ]
Figure 11.2.28 Sweet potato slices covered with sugar icing.

11.2.12 Summary and Future Research

Sweet potatoes are a good choice to make into various processed food. This chapter has given processing technologies of the different products. The technology needs to be commercialized globally for better economic returns and growth of nations, especially those producing sweet potatoes in large amounts. It is expected that the existing process can be made simpler and make use of other processed foods other than sweet potatoes. In future studies, products with little use of the sugar and salt and other unhealthy food additives should be considered, because more and more people tend to choose foods that are beneficial for their health.
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11.3.1 Introduction

The consumption of sweet potatoes as such and in the form of different value-added products is very popular across the world. In developed countries, health food with superior quality have been particularly emphasized. Many developed countries also consume sweet potato stems and leaves as high-grade edible vegetables, which have the reputation of �queen of the vegetables�.
This chapter mainly introduces sweet potato in the form of jellies, instant noodles, quick-frozen products, healthcare teas, shoot-tips, sweet beer beverage, purple sweet potato juice, whole flour, health foods and leaf powder.

11.3.2 Sweet Potato Jelly

Sweet potato jelly (Figure 11.3.1) has a natural sweet taste, and its quality is better than the jelly products sold at market, which only contain food flavorings. Therefore, sweet potato jelly is a novel kind of deep-processed sweet potato product.
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Figure 11.3.1 Sweet potato jelly.

The following method (Figure 11.3.2) can be adopted for sweet potato jelly:
The processing mainly includes:
1.�Pre-treatment: Peel the sweet potato with a stainless steel peeler, and dig out bugs and any black spots. After cleaning and washing off surface silt, cut into regular small pieces.
2.�Soaking, color protection and cleaning: Soak the sliced sweet potatoes in a color protection solution (e.g. ascorbic acid, citric acid, etc.) for 1�2 hours, then wash off the impurities and remaining color protection solution with clean water.
3.�Ingredients weighing and preparation: Weigh the cleaned sweet potato after color protection processing, then weigh all the ingredients according to the recipe ready for the following use.
4.�Steaming: Put the cleaned sweet potatoes into a steamer, and steam until thoroughly cooked. The steamed sweet potatoes are weighed again to evaluate the changes of moisture content before and after steaming. Then prepare water according to the recipe for the following use.
5.�Slurring: Mix the steamed sweet potatoes, ingredients and water, and stir with a high-speed beater into a slurry.
6.�Boiling: Place the sweet potato slurry into a stainless steel pot and heat up to 80��C.
7.�Filtration: While the slurry is hot, filter it through a 80-mesh stainless steel sieve.
8.�Blending: Continuously heat the filtered slurry until boiling, and keep boiling for 5�8 min, then add appropriate amount of acidic agents (e.g. citric acid, ascorbic acid, L-malic acid, etc.), buffer (e.g. sodium dihydrogen phosphate, potassium phosphate monobasic, etc.), gelling agent (e.g. konjac refine flour, carrageenan, etc.), for blending according to practical requirements.
9.�Filling: Immediately fill the blended slurry into sterile jelly cups, and seal immediately.
10.�Heating and cooling: Heat the sealed jelly in 85��C hot water for 10 min, then quickly cool to 38�42��C, to ensure retaining the color and flavor. Moreover, in the process, hot water soaking and cold water spraying methods can be carried out to prevent the growth of heat-resistant bacteria.
11.�Drying: Clean and dry the cooled product with a clean, dry towel, to prevent mildew during storage and marketing. During processing, the moisture remaining on the jelly cup surface can be evaporated by the hot air drying method at 50�60��C.
12.�Packaging: After inspection for quality, the jelly can be packaged.
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Figure 11.3.2 Processing steps of sweet potato jelly.

Based on investigations, it can be concluded that larger the proportion of sweet potato as an ingredient, the greater should be the natural flavor of sweet potato. However, if the proportion of sweet potato is too large, the particular taste of the jelly is unacceptable. It could be estimated that more sweet potato will lead to a larger amount of starch content in the total recipe and less moisture content, therefore the taste of the jelly would be influenced. In contrast, if the proportion of sweet potato is smaller, the natural flavor is weaker. Therefore, it is important to determine the appropriate proportion. As shown in the following Table 11.3.1, the optimum amount of sweet potato content is in between 25 and 35�%.
In short, after optimization, take konjac refined flour and carrageenan as the gelling agent. When the ratio of konjac refined flour and carrageenan is 1.25: 1, but the total use of two gelling agents accounts for 0.9�% and the amount of sweet potato ingredient is in between 25 and 35�%, the quality of sweet potato jelly (Figure 11.3.1) is the highest.

Table 11.3.1 Effect of ingredient content (%) on the quality of sweet potato jelly
Sweet potato | Water | Quality status | Results
15�| 85�| Good sweet potato taste, good elasticity and fragility, extremely delicate texture | Better
25�| 75�| Good sweet potato taste, good elasticity and fragility, delicate texture | Good
35�| 65�| Good sweet potato taste, good elasticity and fragility, delicate texture | Good
45�| 55�| Strong sweet potato but rough taste, good elasticity, poor fragility, and sticky | Poor
Source: Zhang (2013)

11.3.3 Instant Sweet Potato Noodles

The manufacturing of instant sweet potato noodles mainly includes sweet potato starch as the main ingredient. After cleaning, extruding and gelatinizing by single screw, as well as drying and molding, seasoning is added. The instant sweet potato noodles that are edible after 3 min soaking in boiling water can be prepared by the following processing steps:
1.�Starch treatment: Select sweet potato starch and potato starch of high quality, and soak in water, then remove sand with a sand-removing machine. Sift through a 120-mesh sieve to remove coarse residues and then add the acid solution, which accounts for 30�% of the dry starch amount. After thorough stirring, soak for 6�8 h in the acid solution to bleach, then thoroughly rinse with water three times.
2.�Flour mixing: Pour the prepared sweet potato starch and potato starch into a flour mixer at a certain ratio, then add a small amount of vegetable oil and sodium alginate; stir for 8�12 min to ensure dough of moderate moisture.
3.�Extruding and gelatinization: Directly put the prepared dough into a single-screw extruding machine, pass the sweet potato noodles through a 0.8 mm sieve, and soak the shaped sweet potato noodles in water at 95��C, which is essentially known as starch dextrinization, also known as �-dextrinization. After this process, the noodles are cooled with an air blower.
4.�Retrogradation and loosening: Gelatinized sweet potato noodles are retrogradated at room temperature for 4�5 hours, or frozen in cold storage (�4��C) for 2�3 hours, then loosened in a loosening machine.
5.�Drying and packaging: When the sweet potato noodles are loosened, drained off the water, and evenly spread onto a tray for hot air drying in a drier. The noodles are dried at 65�75��C until the moisture reaches a level of 12�%. Seasoning is then added and the product is finally prepared by sealing and shrink packaging (Figure 11.3.3).
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Figure 11.3.3 Instant sweet potato noodles.

11.3.4 Quick-frozen Sweet Potato Product

The technological process of preparing quick-frozen sweet potato product is given in Figure 11.3.4.
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Figure 11.3.4 Technological process of preparing quick-frozen sweet potato.

The operating procedure includes:
1.�Materials check and acceptance: Select the sweet potato with uniformly round shape, yellow and orange flesh, and showing no pathological changes and mechanical damage.
2.�Slitting: Slit the sweet potato into strips with a cross-section area of 2.8 × 2.8 cm2 and length of 8�10 cm with a multi-function cutter.
3.�Steaming: After cleaning, evenly spread the sweet potato strips onto a steam- ing tray and drain off water, then steam for 3�5 minutes at a pressure of 0.2 MPa.
4.�Quick freezing: It is recommended to use a fluidized continuous quick-frozen machine. The materials are loaded when the quick-frozen temperature drops down to �40��C. Adjust the operating speed within 25�30 min, so that the core temperature of the product is controlled between �18 and �25��C to avoid cracking on the surface and touching each other.
5.�Cold storage: Send packaged frozen sweet potato chips to a freezing store, where the temperature is maintained at -18��C or lower. During cold storage, temperature fluctuations should be controlled within 2��C. The different frozen products from sweet potatoes are shown in Figure 11.3.5.
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Figure 11.3.5 Quick-frozen sweet potato products.

11.3.5 Sweet Potato Healthcare Tea

The technological process of preparing sweet potato healthcare tea is given in Figure 11.3.6.
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Figure 11.3.6 Preparation of sweet potato healthcare tea.

The processing include:
1.�The selection and treatment of sweet potato leaves: Select fresh and tender sweet potato leaves, remove any worm-eaten, mildewed and rotten leaves and also any leaf spots. After removing stalks, clean the leaves in water, then chop into 0.5 × 0.5 cm square pieces.
2.�Enzyme inactivation: Decoct Perilla frutescens and Pericarpium citri reticulatae into an enzyme inactivator, then spray on to the chopped leaves at a ratio of 1.25�%, in order to inactivate the polyphenol oxidase in the leaves.
3.�Drying: Dry the treated sweet potato leaves in an oven at 25�40 ∘ C for 30 h.
4.�Heating tea: Fry the commercially available tea leaves in a tea-frying pot, which will reduce the moisture content of the tea to 6�7�%.
5.�Blending and crushing: After blending the tea and sweet potato leaves at a ratio of 3: 2, crush them in a hammer mill, then sift through a 16-mesh sieve. The sweet potato healthcare tea is shown in Figure 11.3.7.
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Figure 11.3.7 Sweet potato healthcare tea.

11.3.6 Sweet Potato Shoot-tip Canning

The technological process of preparing sweet potato shoot-tips is given in Figure 11.3.8.
[image: ]
Figure 11.3.8 Technological process of preparing sweet potato shoot-tips.

The processing include:
1.�Material selection and treatment: Clean the fresh sweet potato shoot-tips by removing any worm-eaten, spotted, withered and broken leaves. After evenly cutting and then draining, soak the product in 0.2�% Na2SO3 color protection solution for 18�24 h. After that, rinse in water until the slimy feeling disappears, then can the treated sweet potato shoot-tips, and inject liquid (a solution consisting of different ingredients and flavors) at 80�90��C into the above-mentioned can.
2.�Exhausting and sealing: After canning, the exhausting process is taken at 80��C for 10 min, then sealed.
3.�Sterilization and cooling: Sterilize at 115��C for 3 min and then rapidly cool to 40��C or below. The sterilization formula is 5-3-5 min/115��C.
4.�Inspection and packaging: After removing broken or swelled cans, sampling inspections of sensory, physicochemical and microbial indexes are taken.

11.3.7 Sweet Potato Beer

Fresh sweet potato beer (Figure 11.3.9) can be prepared by carrying out mixed fermentation with Saccharomyces cerevisiae and Saccharomyces ellipsoideus. This beer has a pleasant sweetness and sourness and pure flavor, along with a rich and white head of foam.
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Figure 11.3.9 Sweet potato beer.

The technological process of preparing sweet potato beer is given in Figure 11.3.10.
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Figure 11.3.10 Technological process of preparing sweet potato beer.

The processing include:
1.�Liquidation: Add 0.1�% �-amylase and then liquidate at 70��C, pH 5.6 for 60 min.
2.�Saccharification: Add 0.1�% glucoamylase, then saccharify at 55��C, pH 4.5 for 30 min.
3.�Mash adjustment: Adjust the concentration of soluble solids in the slurry to 4�5%, with pH 4.8�5.2, which contains 1�% dry beer hops.
4.�Inoculation and fermentation: Add 2�3% Saccharomyces cerevisiae liquid culture medium and 2�3% (w/w) immobilized Saccharomyces ellipsoideus seeds. Ferment for 3�4 days at 10�12��C. When the soluble solid content reaches 2�2.5�%, terminate fermentation.
5.�Fermentation after blending: Add jujube juice with the soluble solid content of 5.5�6%, adjust pH between 4.2 and 4.3, then ferment at 10�12��C for 2�3 days. When the soluble solid content reaches 2�2.5�%, terminate fermentation.
6.�Clarification: Cool and keep the container temperature at about 0��C for 12 h, then remove supernatant. Light transmittance of the liquid should be over 95�%.
7.�Pasteurization: The final pH of the clarified liquid is in between 4.0 and 4.2, which means an acidic food. The product should be pasteurized at 70��C/30 min.

11.3.8 Purple Sweet Potato Juice

Purple sweet potato juice can be prepared by the enzymatic method by taking purple sweet potato as raw material. The processing into juice is illustrated in flow chart (Figure 11.3.11).
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Figure 11.3.11 Preparation of purple sweet potato juice.

The optimum processing conditions of enzymatic (amylase) and secondary hydrolysis are given in Table 11.3.2 whereas the optimum processing conditions of the secondary enzymatic hydrolysis are given in Table 11.3.3.

Table 11.3.2 Optimum processing conditions of enzymatic (amylase) hydrolysis
S. No. | Processing conditions | Optimum value
1 | Ratio of ingredient and water | 1: 4
2 | Temperature | 80��C
3 | pH | 5.5
4 | Amylase additive dosage | 0.15%
5 | Enzymatic reaction time | 40 min

Table 11.3.3 Optimum processing conditions of the secondary enzymatic hydrolysis
S. No. | Processing conditions | Optimum value
1 | Temperature | 50��C
2 | pH | 4.5
3 | Glucoamylase additive dosage | 0.1%
4 | Pectinase additive dosage | 0.04%
5 | Enzymatic reaction time | 20 min

By following the given optimum processing conditions, a clear purple sweet potato juice (Figure 11.3.12) can be prepared with a color value of 0.16 (530 nm) and total solid content of 7�9 Brix. The fermentation method should be carefully controlled to prevent undesirable microorganisms and unwanted biochemical reactions.
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Figure 11.3.12 Purple sweet potato juice.

11.3.9 Sweet Potato Whole Flour

Sweet potato whole flour (Figure 11.3.13) is one of the dehydrated sweet potato products. It is prepared by using fresh sweet potato as the raw material, processed by selecting, cleaning, peeling, slicing, color protection, blanching, cooling, drying, and grinding. The final product contains all the powdered dried contents except the sweet potato skin and is generally known as sweet potato whole flour. The sweet potato whole flour retains its original nutrients, color, and flavor of the sweet potato, and contains all the dried contents, such as starch, protein, carbohydrate, fat, fiber, vitamins and minerals, except the skin. The loss ratio of the healthcare functional components in sweet potato is extremely limited, while its utilization rate is in between 85 and 90�%. Moreover, after rehydration, the sweet potato whole flour presents a similar appearance to steamed and mashed fresh sweet potato, and has the same nutrients and flavor of fresh sweet potatoes. In addition, sweet potato whole flour is convenient to use, and easy for digestion and nutrients absorption.
[image: ]
Figure 11.3.13 Sweet potato whole flour. (a) Purple sweet potato whole flour. (b) Yellow flesh sweet potato whole flour.

Recently, in Japan, the United States and other developed countries, sweet potato whole flour (Figure 11.3.13) is used as the primary product of sweet potato dried products. The FOB (free on board) value of 100�120 mesh sweet potato whole flour in international markets is about $2.000-2.500 per ton, which is 2�4 times the sweet potato starch value. Moreover, appreciation rate of the food mainly prepared by sweet potato whole flour is 10�20�% over sweet potato starch food (silk noodles/starch sheets/starch noodles). Therefore, a large number of peeled, steamed and dried sweet potato chips from Shandong, China are imported by Japan each year, while US companies have built factories in Kunshan, Jiangsu Province, to produce sweet potato whole flour by using the sweet potato source in China. Nevertheless, China�s domestic market has limited knowledge of the sweet potato whole flour, so its application still needs further exploration in the future.

11.3.10 Sweet Potato Healthcare Food

The sweet potato is rich in nutrients and functional components such as protein, dietary fiber, pectin, �-carotene, polyphenols, anthocyanins, �-amylase, and so on. Therefore, it may have broad market prospects if developed and applied to health food. The following health foods can be obtained from sweet potato:

11.3.10.1 Sweet Potato Protein

Besides plentiful starch and soluble sugars, sweet potato has 1.73-9.14�% protein (dry weight), which can be easily utilized by human body. As most of the protein is solubilized, sweet potato protein is not lost during starch preparing processes. As a result, effluent with waste water will finally lead to water pollution of rivers and lakes. Researches have demonstrated that sweet potato protein is one kind of plant protein of high quality and its amino acid ratio is relatively balanced (Tables 11.3.4 and 11.3.5). Meanwhile, the sweet potato protein has many excellent functional features, such as solubility, emulsibility, gelling property, water absorption, oil protection properties and good foaming, etc. (Mu et al., 2009b). By different technological procedures of extraction, separation and purification, sweet potato can be processed into sweet potato protein powder with varying content, which can be widely applied in various technological processing areas.

Table 11.3.4 Amino acid composition of protein derived from sweet potato variety 55-2a
Amino acid | Content (mg/g dry weight) | % of SPP
Aspartic acid (Asp) | 154�| 18.5
Threonine (Thr)b | 55.8�| 6.70
Serine (Ser) | 60.3�| 7.24
Glutamic acid (Glu) | 77.5�| 9.30
Glycine (Gly) | 34.3�| 4.12
Alanine (Ala) | 13.4�| 1.61
Cystine (Cys) | 24.3�| 2.92
Valine (Val)b | 62.0�| 7.44
Methionine (Met)b | 16.1�| 1.93
Isoleucine (Ile)b | 43.7�| 5.25
Leucine (Leu)b | 57.9�| 6.95
Tyrosine (Tyr) | 40.1�| 4.81
Phenylalanine (Phe)b | 54.3�| 6.52
Lysine (Lys)b | 43.3�| 5.20
Tryptophan (Trp)b | 5.85�| 0.71
Histidine (His) | 12.9�| 1.55
Arginine (Arg) | 44.2�| 5.30
Proline (Pro) | 32.9�| 3.95
Total | 833�| 100
% Essential amino acid | 339�| 40.7
a The values reported represent the average of three determinations.
b Essential amino acids.
Source: Mu et al. (2009a)

Table 11.3.5 Essential amino acid composition of SSP compared to the WHO "ideal protein"
Amino acid | WHO ideal protein (% of total protein) | SPP % of total amino acid | % amino acid/ ideal protein×100
Isoleucine | 2.8�| 5.25�| 188
Leucine | 6.6�| 6.95�| 105
Lysine | 5.8�| 5.2�| 89.7
Methionine + cysteine | 2.5�| 4.85�| 194
Phynylalanine + tyrosine | 6.3�| 11.3�| 179
Threonine | 3.4�| 6.7�| 197
Tryptophan | 1.1�| 0.71�| 64.5
Valine | 3.5�| 7.44�| 213
Source: Mu et al. (2009a)

Several techniques for recovering sweet potato protein have been developed, including biochemical, membrane separation and electrochemical technologies (Feng et al., 2009; Guven et al., 2012; Zhu et al., 2008). However, these technologies are expensive, time-consuming and complex. Therefore, it is of utmost importance to explore new technologies, which are simpler, inexpensive, non-polluting, and efficient and effective at recovering target compounds (e.g. proteins). If proteins can be recovered using a technology that can be used in food and pharmaceutical industries, the added value of sweet potato would increase.
Foam separation, also known as adsorptive bubble separation, uses foam bubbles to concentrate surface active materials (Stowers et al., 2009). During the early 20th century, foam separation was only used in mineral flotation and surfactant treatment. In the 1970s, it was used for proteins and enzymes recovery (Charm and Lemlich, 1972; Fenton and Hossain, 1998); the technology required only air or inert gas, making it a suitable method for processing diluted solutions (Backleh-Sohrt et al., 2005). Currently, foam separation is used in the metallurgical, fish, food and biochemical fields. Several studies have used foam separation to extract proteins, polysaccharides and bioactive compounds (Burghoff, 2012).
The technological process of protein recovery (Figure 11.3.14) from sweet potato starch waste water by foam separation is shown in Figure 11.3.15.
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Figure 11.3.14 Sweet potato protein.
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Figure 11.3.15 Technological process of protein recovery from sweet potato starch waste water by foam separation.

A foam separation apparatus, which consists of air compressor, gas flow meter, three-way valve, gas sparger, solution outlet, solution inlet and bent collection tube is shown in Figure 11.3.16.
[image: ]
Figure 11.3.16 Schematic representation of the foam separation apparatus.

11.3.10.2 Sweet Potato Dietary Fiber

As the living standards of people improve, the increased intake of high-calorie, high-protein, high-fat and, conversely, the gradually decreased intake of dietary fiber, has lead to the emergence of a series of �affluenza� diseases. Dietary fiber is capable of regulating human�s absorbing function of nutrients such as fat and sugar, and has great significance in nutritional balance in the human body. After starch extraction, the remained sweet potato residues have dietary fiber contents of over 20�%. Prepared by physical sieving, combined sieving and enzymatic hydrolysis, biotechnology, chemical separation, or combined chemical agents and enzyme methods, sweet potato dietary fiber can be applied to beverages, meat products, staple food products, seasonings and other foods.
The AO AC official method (Enzymatic-Gravimetric method) is commonly used for the extraction of total, soluble and insoluble dietary fiber in foods. The procedure of the method is continuous use of thermostable �-amylase, protease and glucoamylase at different temperatures and/or at different pH values to extract dietary fiber. However, the consecutive enzymatic extraction of dietary fiber has tedious steps, high costs and may result in interfusion of a lot of salt ions into the dietary fiber. Therefore, the single enzymatic method of extracting dietary fiber has been attracting the attention of the researchers gradually.
The technological process of extracting dietary fiber from sweet potato residues by the thermostable �-amylase method is shown in Figure 11.3.17 and a line of production is shown in Figure 11.3.18.
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Figure 11.3.17 Technological process of extracting dietary fiber from sweet potato residues by the thermostable �-amylase method.
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Figure 11.3.18 Production line for sweet potato dietary fiber.

11.3.10.3 Sweet Potato Pectin

Numerous research projects have shown that at least 20�30�% pectin remains in sweet potato residues. Nowadays, in China�s food industry, pectin is usually extracted from citrus skin and apple residues, while there is no report about preparing pectin by using sweet potato residues as raw materials and the corresponding applications in actual industrial manufacturing. High-purity sweet potato pectin can be prepared from sweet potato dietary fiber through the processes of acid extraction, concentration, precipitation and drying. Furthermore, sweet potato pectin has the physiological activities such as influencing nutrition and substance metabolism of fat and proteins, adjusting the growth of intestinal flora, promoting the apoptosis in cancer cells, tumor growth and transfer inhibition, and a stronger binding ability to metal ions. Therefore, sweet potato pectin can be added into preserved fruit, bread, frozen food, yogurt and beverages, etc.
Conventional pectin extraction involves treatment of the raw material in acid solution (pH 1.5) at about 90��C for at least 1 h (Iglesias, and Lozano, 2004; Pagan et al, 2001); however, the pectin is readily degraded under these conditions. It has been reported that high methoxyl pectins can be extracted from raw materials using water or mineral acids or bases. However, low methoxyl pectins are not easily removed with the above-mentioned solvents, because certain low methoxyl pectins are bound to polyvalent metal ions via salt bridges. The addition of salt solution, which readily binds these polyvalent metal cations via a replacement reaction, results in the formation of soluble pectin salts (Turakhozhaev and Khodzhaev, 1993; Turquois et al., 1999). The extraction solvents consist mainly of polyphosphates, oxalates, monovalent metals of hydrochloric, nitric, sulfuric and phosphoric acids (Turakhozhaev and Khodzhaev, 1993). A production line for pectin from sweet potato is shown in Figure 11.3.19.
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Figure 11.3.19 Production line for sweet potato pectin.

The extraction procedure of sweet potato pectin is explained in Figure 11.3.20.
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Figure 11.3.20 Extraction procedure of sweet potato pectin.

11.3.10.4 Sweet Potato Anthocyanins

Anthocyanins can be extracted from purple sweet potato by the ultrasonic-assisted ethanol solvent method or the ethanol-ammonium sulfate aqueous two-phase extraction method. Compared to the anthocyanins from purple grape, basil, purple rice, black bean and other resources, sweet potato anthocyanins have similar thermal stability against purple rice, which is better than other pigments and has the strongest light stability (Pu and Fu, 2010). Moreover, the purple sweet potato is rich in source, the price is reasonable, and it also has high productivity. Animal experiments and clinical experimental results have demonstrated that when sweet potato anthocyanins are taken up by the human body, they can be absorbed into serum and thus increase serum antioxidant capacity as an intact molecular form, so that the observed physiological functions (from the in vitro experiments) can be achieved when anthocyanins reach the predetermined places in vivo. Therefore, sweet potato anthocyanins are attracting increasing attention.
It is well known that anthocyanins are soluble in polar solvents and commonly extracted by aqueous mixtures of organic solvents such as ethanol, methanol or acetone (Kano et al., 2005). The addition of a small amount of hydrochloric acid or formic acid is recommended to prevent the degradation of the non-acylated compounds. Besides the conventional solvent extraction, new methods based on more advanced extraction techniques were reported, such as microwaves (Sun et al., 2007; Yang et al., 2008; Yang and Zhai, 2010) and ultrasonic methods (Ghafoor et al., 2009; 2011). However, these methods have drawbacks due to the higher cost, special equipments and stringent operating conditions.
Aqueous two-phase extraction (ATPE) has been widely applied to the separation of biomacromolecules, such as proteins (Klomklao et al., 2005) and antibiotics (Paula, 2007), because of its mild conditions and high capacity. Up to now, most ATPE was based either on polyethylene glycol (PEG)/salt or polymer/polymer (e.g. PEG/dextran) systems. However, because of the high cost of the polymers and difficulty in isolating the extracted molecules from the polymer phase by back extraction, these systems cannot be used for large-scale production (Ozlem et al., 2011).
Recently, short-chain alcohol/inorganic salt systems have been used as a novel ATPE system to purify natural compounds (Jiang et al., 2009). This ATPE system has many advantages such as low cost, low interfacial tension, good resolution, high yield, high capacity and simple scale-up (Rito-Palomares, 2004). Moreover, because of its structure, these are suitable for hydrophilic compounds. Short-chain alcohols (ethanol, methanol and 2-propanol) can form stable and adjustable ATPE system with inorganic salts (e.g. phosphate and sulfate) (Gunduz, 2000). This might be because of the salting-out effect and the low solubility of inorganic salt in alcohols. When an ATPE system is formed, the top phase is rich in alcohol and the bottom phase is rich in inorganic salt. The water content of the two phases are both 80�% or more, and show very low surface tension (Yuan et al., 2011). Ethanol-ammonium sulfate is a common and economic ATPE system, which has been applied to extraction of anthocyanins from mulberry (Wu et al., 2011) piceid, emodin and resveratrol (Wang et al., 2008). Purple sweet potato anthocyanins under different pH conditions are shown in Figure 11.3.21. The extraction procedure of sweet potato anthocyanins is shown in Figure 11.3.22.
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Figure 11.3.21 Purple sweet potato anthocyanins under different pH conditions.
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Figure 11.3.22 Extraction procedure of sweet potato anthocyanins.

11.3.10.5 Sweet Potato Polyphenols

Research has shown that there are large amounts of polyphenol substances contained in sweet potato stems and leaves, and 70�% of the polyphenols is chlorogenic acid and its derivatives. Prepared by the ultrasonic-assisted ethanol solvent method, sweet potato polyphenols have biological activities such as free radical scavenging, anti-bacterial and anti-inflammatory properties, tumor inhibition, hepato-protection and gall bladder benefits, promoting blood circulation and lowering blood pressure (Huang et al., 2010; Kurata et al., 2007, 2011), Therefore, these may have broader prospects in food, medical care and chemical industries.
The purification methods for plant polyphenols are mainly organic solvent extraction, the membrane separation method and supercritical fluid extraction (Dai and Mumper, 2010; Farias et al., 2013; Nawaz et al., 2006; Turkmen et al., 2006). However, these methods have some disadvantages, such as long production cycles and high cost, which make them unsuitable for use on an industrial production scale. Macroporous resins are durable polar, non-polar or slightly hydrophilic polymers with high adsorption capacities for organic molecules (Fu et al., 2006). They can selectively adsorb the targeted constituents from aqueous and non-aqueous systems through electrostatic force, hydrogen bonding interactions, complexation and size sieving (Gao et al., 2007). Therefore, macroporous resins have been widely used in the separation and purification of biologically active substances due to their physicochemical stability, high adsorption selectivity and easy recycling (Wan et al, 2014). AB-8 macroporous resins are weak polar resins and have been widely used in the purification of plant polyphenols because of their appropriate surface area and nuclear pore size (Gao et al., 2013; Zhao et al., 2013).
The extraction procedure of polyphenols from sweet potato leaves is given in Figure 11.3.23:
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Figure 11.3.23 Extraction procedure of polyphenols from sweet potato leaves.

Preparative Purification of Sweet Potato Leaf Polyphenols Crude polyphenol solutions are dynamically adsorbed and desorbed by an AB-8 macroporous resin column. The eluted solution is collected and concentrated in a rotary evaporator at 45��C to remove the ethanol and then freeze-dried.
The possible products of sweet potato stem and leaf polyphenols may include bread, cakes, desserts, beverages, ham, facial masks, cosmetics, medicine, standard substances, etc.


11.3.11 Sweet Potato Leaf Powder

China is one of the largest sweet potato producing countries, and has abundant resources of sweet potato leaves. Nevertheless, most of the sweet potato leaves are discarded or used as animal feedstuffs, and research on biological active ingredients in sweet potato leaves are limited. Recently, a series of products towards sweet potato leaves have been developed, such as quick-frozen, dried, healthcare beverage, concentrated protein and canned products, but these products are still in the promotion stage. Moreover, the processing, storage and transportation conditions of the above-described products are limited, which can easily cause the loss of processing materials and the deterioration of nutrients, so that these products are not suitable for production by small- and medium-sized enterprises. Therefore, it is extremely urgent to develop the sweet potato leaf processing products for the processing, storage and transportation in small- and medium-sized enterprises with high nutrients, strong healthcare functions, good taste and flavor, and wide application.
Sweet potato leaf powder is prepared by using fresh sweet potato leaves as the raw material, which are then cleaned, dried and finely ground. In this way, the product retains the original color of the sweet potato leaves, without adding any sugar, preservatives or other food additives. It is rich in various nutrients and functional components, such as proteins, polyphenols, dietary fiber, fat and minerals, which can make up for insufficient intake of vegetable nutrients in daily life. The sweet potato leaf powder has an unbelievably wide range of applications, which can be added to cakes, bread, ice cream, beverages, noodles, dumplings, agar jelly, and so on. The possible products of sweet potato powder may include cakes, desserts, ice cream, beverages, noodles, steamed bread, dumplings, porridge, agar jelly, etc.
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12.1 Introduction

Yam belongs to the family Dioscoreaceae and the genus Dioscorea. The genus includes about 600 species of which 50�60 are cultivated for food and pharmaceutical purposes (Craufurd et al., 2001). The important food species are D. rotundata (white yam), D. cayenensis (yellow yam or yellow guinea yam), D. esculenta (lesser yam, potato yam or Chinese yam), D. bulbifera (aerial potato yam), D. trifida (cush-cush yam) and D. opposita also known as D. japonica (cinnamon yam) (Craufurd et al., 2001). The varieties of yams grown are recognized by the range and colour of their leaves and tubers as well as by the direction of their stem twining as they climb (Okigbo and Nwakamma, 2005). It contributes more than 200 dietary calories per capita daily for more than 150 million people in West Africa and serves as an important source of income for the people (Babaleye, 2003).
Yam is highly regarded and closely integrated into the social, cultural, economic and religious aspects of life in some production areas (Maalekuu et al., 2014). Like other agricultural produce, yams are generally abundant and sold cheaply at harvest time, but later become scarce and expensive (Osunde, 2008). The scarcity of yam during the off-season in the yam zone may be due to wastage during storage, poor handling of the crop and inefficient methods of processing and preservation. A substantial amount of yam is lost during storage due to two major factors, namely the endogenous factors such as physiological factors which include transpiration, respiration and germination and exogenous factors like insects, pests, nematodes, rodents, rot bacteria and fungi on the stored yam product (Osunde, 2008; Wilson, 1980).
Maalekuu et al. (2014) estimated 4-40�% of losses often incurred after harvest and in storage due to injuries (31�%), pests (23�%), weight loss (4�%), sprouting (21�%) and decay (40�%). In order to prevent these post-harvest losses, the tuber can be converted into varieties of yam products and modern storage techniques may be adapted. Many researchers have studied and developed different techniques and methods of processing yam tubers into chips, flours, flakes, snacks and other products (Ekwu et al., 2005; Ezeocha et al. 2011; Hsu et al., 2003; Konan et al. 2014; Ojokoh and Gabriel, 2010; Onayemi and Potter, 1974).



12.2 Importance of Yam in Tropical Regions

The importance of yam varies in the diets of the various tribes. Yam is an important food in many tropical countries, particularly in West Africa, South Asia and the Caribbean, where it also has a social and cultural importance for about 300 million people throughout the world (Ettien et al, 2009; Manuel et al., 2005). Yam is one of the most preferred among roots and tubers by millions of people in the yam zones of Africa (Chukwu and Ikwelle, 2000) and accounts for about 32�% of farm income earned from these crops. As a source of foreign exchange, these tubers are exported from Caribbean countries to Europe and North America, primarily to meet the needs of Africans and African descendants in these regions (Chukwu and Ikwelle, 2000). Yams are increasingly used as livestock feed and raw materials for industrial purposes.



12.3 Yam Production

Yam (Figure 12.1) is the second-most important tropical crop in West Africa, next to cassava (Opara, 1999). Fu et al. (2011) reported that yam (Dioscorea species) constitute the predominant starchy staple in sub-Saharan Africa and most of the world. Africa production is concentrated in the �yam belt� stretching from the Cote d�ivoire through Ghana, Togo, Benin and Nigeria (Onwueme and Charles, 1994). Table 12.1 shows the cultivated area and yield of yam in the years 2005�2013 in the yam zone. In 2005, 48.7 million tons of yams was produced world-wide, West and Central Africa accounted for 94�%, while Nigeria (the leading producer) produced 34 million tons, which accounted for 69.8�% (FAOSTAT, 2006; IITA, 2007). In addition, in years 2007 and 2008, 46 and 52 million tons of yams were produced world-wide with the highest value in Nigeria (71 and 67.7�%, respectively) (FAO, 2010; Fu et al., 2011; IITA, 2007).
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Figure 12.1 Yam tubers.

Table 12.1 Cultivated areas ('000 ha) and yield (t/ha) of yam in 2005�2013 in yam zone
Year | Nigeria (Area/yield) | Cote d'ivoire (Area/yield) | Togo (Area/yield) | Ghana (Area/yield) | Benin (Area/yield) | Africa (Area/yield) | World (Area/yield)
2005�| 2,957/11.5�| 609/8.5�| 577/10.2�| 363/10.8�| 178/11.7�| 4,221/19.7�| 4,600/10.6
2006�| 3,035/12.1�| 657/8.5�| 603/10.3�| 325/13.2�| 196/11.4�| 4,543/11.3�| 4,747/11.2
2007�| 3,123/10.0�| 692/8.0�| 585/10.6�| 324/13.5�| 166/11.6�| 4,641/9.8�| 4,855/9.7
2008�| 3,045/11.5�| 787/7.6�| 628/10.3�| 348/14.1�| 180/14.0�| 4,703/10.8�| 4,919/10.7
2009�| 2,776/10.5�| 810/6.6�| 692/10.2�| 379/15.3�| 168/14.2�| 4,513/10.1�| 4,776/9.9
2010�| 2,869/11.9�| 830/6.5�| 715/9.9�| 385/15.4�| 201/13.0�| 4,689/10.9�| 4,941/10.8
2011�| 2,889/12.9�| 834/6.6�| 712/10.2�| 404/15.6�| 182/15.0�| 4,729/11.6�| 4,961/11.5
2012�| 2,900/13.0�| 835/6.8�| 840/10.3�| 426/15.6�| 200/13.7�| 4,803/11.9�| 5,043/11.8
2013�| 2,900/13.1�| 835/6.9�| 650/10.2�| 430/15.4�| 211/15.1�| 4,807/12.0�| 5053/11.9
Source: FAOSTAT (2015)

There were reductions in yam production in the years 2007 and 2009, but production improved rapidly in the year 2010/2011 (Table 12.2). The total yield of yam per acre in Ghana and Benin were higher than Nigeria and the Cote d�ivoire, but the cultivated areas in Nigeria were more extensive than other countries in the yam zone (FAOSTAT, 2015). Increase in the area of land cultivated had been reported to cause only a slight improvement in productivity due to low soil fertility, increased pest problems and backward farming technology (FAO, 2010; Fu et al., 2011).



12.4 Consumption of Yam

Annual per capita consumption in West Africa is 61 kg. World-wide annual consumption of yams is 18 million tons, with 15 million in West Africa (IITA, 2007). A larger percentage (40�59�%) of the annual yam production world-wide and in African countries are consumed as food, while some are used as animal feeds and seeds for planting in the next rainy season (Table 12.2). The use of yam for food increased from the years 2005�2011, despite reduction in yam production in the years 2007 and 2009. About 10�12�% of the annual yam production is wasted during harvesting, transportation and storage.

Table 12.2 World-wide and African consumption (1000 ton) of yam in year 2005�2011.
Year | Production (World/African) | Feed (World/African) | Seed (World/ African) | Waste (World/African) | Food (World/African) | Processed (World/African) | Other (World/African)
2005�| 48770/47337�| 7499/7269�| 1913/1874�| 5242/5134�| 20214/19167�| � | 13726/13725
2006�| 52606/51177�| 8007/7847�| 1917/1879�| 5663/5553�| 22561/21466�| � | 14293/14292
2007�| 46996/45455�| 7003/6739�| 1968/1927�| 4892/4780�| 23835/22705�| � | 9739/9738
2008�| 52466/50924�| 7770/7553�| 2017/1980�| 5695/5585�| 24565/23388�| � | 12132/12131
2009�| 47262/45449�| 6585/6331�| 2052/2013�| 5189/5067�| 27953/26551�| � | 5321/5320
2010�| 53116/51174�| 7634/7377�| 2029/1990�| 5792/5627�| 28275/26787�| � | 9501/9500
2011�| 56677/54766�| 8235/7982�| 2115/2081�| 6116/5948�| 29102/27640�| � | 11181/11180
Source: FAOSTAT (2015)

According to FAOSTAT (2015) statistics, no data had been recorded for processed yam products from the years 2005�2011. This cannot be compared to data obtained for other roots and tubers such as cassava and potatoes (FAOSTAT, 2015). This may be due to the insignificant amount of yam being processed into instant yam flour, yam flakes, etc. In fact, most of these processed yam products are experimental work or made at the small-scale level. Although, some yam species are used industrially for pharmaceutical purposes, there is a need for improvement and production of processed yam products in order to reduce post-harvest losses.



12.5 Composition of Yam

The nutritional composition of yam varies from place to place depending on the climate, soil, crop varieties, species and other factors. The moisture content ranges between 58 and 86�% (Table 12.3) (Degras, 1993). The head end of the tuber is 18�% lower in moisture content than the value at the tail end (Akanbi et al., 1996; Dje et al., 2010). The tuber is highly perishable due to its high moisture content, large size and high respiration rates (Glover-Amengor et al., 2013). Yam tubers are reportedly low in ether extract, with values ranging between 0.03 and 0.27 on a wet basis. Thus, yam tubers cannot be considered as rich sources of fats and fat soluble vitamins (Eka, 1998). The methods of preparation or processing of yam before consumption may adversely affect the vitamin content of the material (FAO, 1990).

Table 12.3 Composition of yam tuber
Nutrient | Range
Moisture (%) | 58-86
Carbohydrate (%) | 11-38
Ash (%) | 0.50-2.56
Fat (%) | 0.03-0.27
Protein (%) | 0.94-3.10
Crude fibre (%) | 0.18-1.57
Starch (%) | 60-89
Amylose (%) | 14�31.56
Magnesium, mg/100 g | 0.49-1.10
Calcium, mg/100 g | 1.20-2.00
Potassium, mg/100 g | 0.39-1.00
Sodium, mg/100 g | 0.14-0.22
Phosphorus mg/100 g | 0.16-0.29
Alkaloid, mg/100 g | 0.29-1.68
Phenol, mg/100 g | 0.00-0.05
Tannin, mg/100 g | 0.00-0.06
Oxalate, mg/100 g | 0.20-0.63
Phytate, mg/100 g | 1.02-4.16
Source: Degras (1993), Muthukumarasamy and Panneerselvam (2000), Okwu and Ndu (2006), Wireko-Manu et al. (2011), Polycarp et al. (2012)

Yam tubers are good sources of energy, which is derived mainly from carbohydrate (Eka, 1985). Some yam species have been found to contain sugars such as rhamnose, galactose, arabinose, xylose, maltose, glucose, fructose and sucrose (Degras, 1993; Ketiku and Oyenuga, 1973). The content of sugars in the yam tuber is influenced by variety, age, location and cultural treatment (Ketiku and Oyenuga, 1973; Osagie, 1992). The protein content in yam varies between 0.94 and 3.10�% on a wet basis (Degras, 1993). Yam is not a rich source of protein, therefore deficiency diseases, especially kwashiorkor, are prevalent in yam-growing areas, especially those that are below average in the population (FAO, 1990).
Crude fibre of yam tuber ranged from 0.18-1.51�% (Degras, 1993), whereas the crude fibre content of the water yam flour ranged from 4.4�5.7�% (Harijono et al., 2013). D. armata and D. minunflora have been reported to contain exceptionally high crude fibre content (Eka, 1985). Fibre increases satiety with appetite reduction, slow rate of glucose absorption, reduced bile salt re-absorption, alters colonic microflora composition, and increases water, sodium and mineral absorption (Harijono et al., 2013). Calcium, potassium and magnesium are the major mineral constituents of yam tubers, while alkaloid, phytate and oxalate are the major anti-nutrients in yam tuber. The levels of anti-nutrients in the yam tuber depend on the species, cultivars and maturity. Most of the anti-nutrient compositions in yam are eliminated during processing into meal.



12.6 Yam Processing and Utilization

12.6.1 Boiled and Roasted Yam

Boiling of yam tuber is the easier and common method of preparing yam in most households. Boiled yam tuber is prepared by peeling, slicing, washing and boiling in water at 100 � 2��C. The yam tuber may be boiled with or without peel. Nutrient losses depend on the degree/extent of peeling. Boiling with peel gives the best nutritional balance, while peeling after boiling makes available a large part of the edible portion (Bell and Favier, 1981).
Roasting is another method of cooking yam tubers and recently has become a popular street or fast food in urban areas (Oke, 2013). The tubers are roasted whole or cut up into various sizes and roasted on charcoal. The traditional way of roasting is stressful but involves regular blowing of air to ensure a constant heat supply from the charcoal and regular changing of the position of the food item to prevent burning (Oke, 2013).

12.6.2 Yam Porridge

Yam porridge �asaro� is a popular dish in Nigeria (Figure 12.2). Processing of a typical porridge is shown in Figure 12.3. It is made by peeling the yam tuber, washing, dicing into cubes and boiling with other ingredients such as pepper, tomatoes, onions, vegetable, meat, palm oil, salt, crayfish, etc. The cooked spiced yam cubes are then mashed with a wooden spoon. This type of yam porridge is usually made from the white yam (Dioscorea rotundata) species. Another type of porridge which is common among the Ijebu�s of the South-west region of Nigeria is known as �ikokore� The Dioscorea alata yam tuber is used for this type of delicacy and is also used by the Efik/Ibibio people of the south region of Nigeria to prepare a local dish known as �ekpang nkukwo� (Baba-jide and Olowe, 2013; Lawal et al., 2012). Processing yam tubers into porridge brought a highly significant improvement in its nutrient and energy content due to the contribution of the added ingredients (Adepoju, 2012). Yam porridge is still prepared locally according to the ethnicity. The major improvement on this product is the fortification of yam tubers with other ingredients such as legumes, which are added to improve the nutritional quality of the product (Echendu et al., 2009; Tortoe et al., 2014b).
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Figure 12.2 Yam porridge.
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Figure 12.3 Flow chart of processing of yam tuber into porridge.

12.6.3 Pounded Yam

Pounded yam is a very popular food product in West and Central Africa. It is a glutinous dough made by peeling the yam, cutting to pieces, boiling, pounding and kneading (Figure 12.4) (Adeyeye and Oluwatola, 2014; Otegbayo et al., 2006). For consumption, the dough is usually cut with the fingers, moulded in the palm, dipped into a stew and swallowed without mastication (Otegbayo et al., 2006). Onwueme and Charles (1994) and Asiedu (1989) observed that the consistency of pounded yam depends on the species or cultivar of yam used and the characteristic of the starch grains in the yam. Dioscorea rotundata and Dioscorea cayenensis tubers produced better characteristic pounded yam dough than other yam species.
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Figure 12.4 Processing of yam tuber into pounded yam.

Some yam tubers, such as D. alata and D. dumetorum tubers, have been reported to be unacceptable for pounded yam production (Abiodun, 2008; Otegbayo et al., 2006). The indigenous process of producing pounded yam is very laborious and tedious to obtain a smooth consistency (Mayaki et al., 2003; Odior and Orsarh, 2008). It requires physical pounding by two or more men or women, depending on the quantity, in mortars with pestles (Odior and Orsarh, 2008). The composition of pounded yam is given in Table 12.4.

Table 12.4 Composition of pounded yam
Parameter | Value
Moisture (%) | 62.30
Ash (%) | 2.80
Crude fibre (%) | 1.60
Protein (%) | 1.80
Fat (%) | 0.90
Carbohydrate (%) | 30.60
Ascorbic acid (%) | 40.82
Phosphorus (mg/kg) | 1166.7
Calcium (mg/kg) | 135.2
Source: Adepoju (2012);Akin-Idowu et al. (2009)

12.6.4 Yam Chips

In some West African countries such as Nigeria, Benin and Ghana, yams are processed into chips and flour. Dry yam tubers and slices are processed by peeling, slicing, blanching in hot water (40�60��C for 1�3 h), steeping for a day and then sun dried (Figure 12.5) (Achi and Akubor, 2000; Akingbala et al., 1995; Akissoe et al., 2001; Babajide et al., 2006a; Onayemi and Potter, 1974). The processing of fresh yam tubers into yam chips is an activity that is carried out in Nigeria all through the year, regardless of seasonal variations due to high demand of this product by indigenes of South-west, North-western Nigeria (Abiala et al., 2011). The quality of the yam chips varies from processor to processor and from location to location (Akissoe et al., 2001; Mestres et al., 2004; Ojokoh and Gabriel, 2010).
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Figure 12.5 Yam tuber processing into dried yam chips.

Blanched yam tubers are usually spread to dry on rock surfaces, road sides and on old yam vines (Babarinde et al., 2013) (Figure 12.5). However, the drying period is mostly much longer and frequently takes between two and three weeks (Mestres et al., 2004), depending on the thickness of the yam slices (Figure 12.5). During the long drying period, the tubers often become mouldy and fermented, thereby affecting the colour and aroma of product. Tubers laid out to dry are often soiled by rain (uncontrollable climatic conditions), dust, sand and animal excrement, which leads to losses in quality due to poor hygiene (Adams and Moss, 1999; Liberty et al., 2013).

12.6.5 Fried Yam Products

Fried yam chip is a popular, convenient and ready-to-eat snack in sub-Saharan Africa (Alimi et al., 2013) (Figures 12.6 and 12.7). The potential use of yam in producing deep-fried crisps snacks were studied by Toure et al. (2012) and Tortoe et al. (2014a). Fried yam chips are made by peeling, slicing, washing and frying in hot oil. The fried chips may be coated with whipped whole egg (Alimi et al., 2013). Another type of fried yam product is called �ojojo� (fried yam cake) eaten in the South-western part of Nigeria. The water yam (Dioscorea alata) tuber is the best species for this type of product. The product is prepared by grating peeled yam tuber, and ingredients such as pepper and salt are added to taste and fried in hot oil, as shown in Figure 12.8.
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Figure 12.6 Yam chips dried at road side.
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Figure 12.7 Yam chips of different thickness.
[image: ]
Figure 12.8 Processing of fried yam cake.

Fried yam balls are another type of product from cooked yam. They are available in most fast food establishments and well accepted by consumers. The cooked yams are mashed and added to other ingredients such as pepper, salt and egg. The mashed cooked yam is moulded into a ball shape, wrapped with breadcrumbs and fried in hot oil. Sobukola et al. (2008) and Tortoe et al. (2014a) used deep frying machine to cook yam crisps. Fried slices were drained, transferred to a colander lined with tissue paper and allowed to cool. Yam crisps were then packaged in polypropylene bags and sealed.

12.6.6 Paste/Stiff Dough

Yam flour is the major ingredient in making stiff dough/paste (amala), largely eaten by ethnic Yorubas of the South-western part of Nigeria and kokonte in Ghana (Babajide et al, 2006a; Degras, 1993). Amala is a popular starchy food prepared by reconstituting (cooking and stirring with boiling water) fermented or unfermented yam flour (elubo), produced traditionally from the processed tuber flesh of the white yam (D. rotundata or D. alata) (Awoyale et al., 2010). It is a traditional thick paste prepared from blanched dried yam flour with a particular texture (Akissoe et al., 2006). Stiff yam dough is prepared by reconstituting the flour with boiling water in the ratio of 1: 4 (flour/water, weight by volume [w/v]). The mixture is stirred using a wooden paddle until a smooth thick paste is obtained. Hot water is added to the paste, depending on the texture and left to boil for about 3 min until cooked (Ayodele et al., 2012). There is literature available on the production and preparation of amala from white yam, water yam, trifoliate yam and other yam species (Abiala et al., 2011; Abiodun and Akinoso, 2014a, 2014b, 2014c, 2014d; Babajide et al., 2006b; Jimoh et al., 2009). Abiala et al. (2011), Adejumo et al. (2013), Ojokoh and Gabriel (2010) and Sankat and Mujaffar (2004) reported that the dark colour observed in reconstituted dough using the sun drying method may be due to the inability to control the drying process and parameters, weather uncertainties, high labour costs, the requirement of a large drying area, insect infestation, and contamination with dust and other undesirable materials. The composition of the stiff dough is shown in Table 12.5.
Table 12.5 Composition and brown index of stiff dough
Composition | Value
Moisture (%) | 78.72
Fat (%) | 0.34
Fibre (%) | 1.10
Protein (%) | 5.73
Ash (%) | 1.74
Carbohydrate (%) | 12.38
Sodium (mg/100 g) | 473.95
Potassium (mg/100 g) | 435.36
Calcium (mg/100 g) | 198.72
Magnesium (mg/100 g) | 140.23
Iron (ppm) | 3.64
Brown index (oven sried) | 20.57
Brown index (sun dried) | 46.72
Source: Karim et al. (2013);Abiodun and Akinoso (2014b)

12.6.7 Instant Yam Flour

Instant yam flour is a modern invention to simplify the tedious traditional process of preparing pounded yam (Mayaki et al., 2003). According to Adeola et al. (2012), the technology of instant yam flour is simple. It involves peeling, washing, dicing, sulphit-ing, blanching, drying and milling of yam tubers. The resulting powdered yam flour is the instant pounded yam flour which only requires being stirred in boiling water to obtain the pounded yam. Akinoso and Olatoye (2013) observed that instant-pounded yam flour requires a shorter processing time and less energy. This was to preserve yam and reduce human drudgery associated with pounded yam production (Komolafe and Akinoso, 2005; Konan et al., 2014). The proximate composition of instant yam flour is presented in Table 12.6.

Table 12.6 Proximate composition of instant yam flour
Composition | Value
Fat (%) | 0.7�5.86
Fibre (%) | 1.20-3.27
Protein (%) | 2.81-4.65
Ash (%) | 0.92-1.90
Carbohydrate (%) | 72.85�83.50
Source: Olaoye and Oyewole (2012);Adeola et al. (2012)

Textural Qualities of Yam Flour Pasting properties of yam flours varied, depending on the species, cultivars, location, harvesting periods and treatments given to the yam tuber (Abiodun and Akinoso, 2014a; Akinwande etal, 2007; Wireko-Manu et al., 2011). D. alata, D. rotundata and D. cayenensis had higher peak and final viscosities than D. dumetorum. A high peak viscosity corresponds with a higher thickening power of starch (Table 12.7) (Adewole et al., 2011). Higher final viscosities were observed for yam species (Abiodun, 2008), which may be due to a higher degree of association between starch-water systems and the high ability to re-crystallize leading to higher viscosities during cooling of yam starches (Wireko-Manu et al., 2011). Peroni et al. (2006) observed higher setback viscosity in yam starch as a result of retrogradation when compared to other roots and tuber crops. This retrogradation tendency limits the use of yam starch in the food industry (Wireko-Manu et al., 2011).

Table 12.7 Pasting properties of flour from Dioscorea species
Yams pecies | Peak viscosity (RVU) | Holding strength (RVU) | Break down (RVU) | Final viscosity (RVU) | Set back (RVU) | Pasting time (RVU) | Pasting temperature (RVU)
D. cayenensis | 286.63�| 136.88�| 149.75�| 364.25�| 224.88�| 4.67�| 79.15
D. dumetorum | 120.17�| 89.42�| 30.75�| 149.13�| 59.75�| 4.94�| 80.73
D. atata | 328.34�| 250.00�| 78.13�| 353.55�| 103.34�| 4.77�| 84.53
D. rotundata | 306.71�| 157.21�| 149.50�| 396.88�| 239.67�| 4.84�| 80.93
Source: Abiodun (2008)

Gelatinization and pasting of starch/flour are of importance to the food industry, in particular because they influence the texture, stability and digestibility of starchy foods and thus determine the application and use of flour/starch in various food products (Oke et al., 2013a). Starch imparts texture to a great diversity of foodstuffs such as soups, potages, sauces and processed foods (Fetoh and Salwa, 2010; Thebaudin et al., 1998).
Blanching water temperature and soaking time had a significant effect on the bulk density (loose) of the yam flour (Adejumo et al., 2013). The effect of blanching water temperature and soaking time on the protein content of yam flour was probably due to the denaturating of protein caused by the effect of heat on the yam cubes during blanching. In a study conducted by Abiodun and Akinoso (2014d) on the effect of processing and harvesting periods on the physical and functional properties of trifoliate yam, it was discovered that the type of processing methods (soaking, parboiling) affected the yam properties significantly. Parboiling and boiling methods caused significant increase in the functional properties of yam flour (Table 12.8).

Table 12.8 Effect of processing on the functional properties of yam flour
Species | WAC (ml H2O/g) | Solubility (%) | Bulk density (g/cm3) | Swelling Power | Author
D. dumetorum
Raw | 2.53�| 4.95�| 0.78�| 1.75�| Abiodun and Akinoso (2014d)
Parboiled | 3.69�| 5.96�| 1.03�| 6.57�| �"�
D. alata
Raw | 1.68�| � | 0.86�| 2.8�| Harijono et al. (2013)
Boiled | 2.02�|�� | 0.88�| 5.9�| �"�
D. rotundata
Raw | 1.50�| 5.33�| 0.70�| 2.23�| Abiodun (2008)
Steamed | 2.33�| 6.63�| 0.86�| 3.40�| �"�
Note:�� is not determined

12.6.8 Yam Flakes

In an attempt to reduce post-harvest losses of yam and provide convenience food for the ease of preparation, many researchers have investigated the use of the drum dryer in yam flakes production (Hsu et al., 2003; Konan et al., 2014; Onayemi and Potter, 1974; Rodrfguez-Sosa and Gonzalez, 1972; Rodrfguez-Sosa et al., 1972). Fresh yam is processed by peeling, washing and cutting the yam tubers into slices. The sliced yam pieces were steamed cooked, mashed and blended in a mixer. Water was added to the puree at 10�% level and dehydration was performed in a drum dryer (Konan et al., 2014; Onayemi and Potter, 1974). The resulting dried film was broken into flakes in a granulator and stored in plastic bags. The instant pastes were prepared by adding water heated to 70��C to the flakes in the ratio of 1: 2 (g: g) and mixed gently with a fork for 4�6 min to produce a dough (Konan et al., 2014).

12.6.9 Extruded Products

Extrusion cooking had been used increasingly in the food industry for the development of new products such as snacks, baby foods, breakfast cereal foods and modified starches from cereals and tubers. Development of snack products from yam further diversify its culinary uses and increase its premium as a root and tuber crop (Tor-toe et al., 2014a). The extrusion of yam flour led to the production of snacks and pre-gelatinized flours of diverse properties. In addition, extruded yam flour can be successfully used in the preparation of �fufu� (pre-cooked compact dough), a yam-based food, popular in Western Africa (Sebio and Chang, 2000).
The use of food extruders has increased considerably, mainly because of a greater demand for convenience and snack-type foods (Kpodo and Plahar, 1992). Kpodo and Plahar (1992) observed that the application of extrusion technology for the development of extruded yam products would be an economic boost to the producing countries, as well as a means of introducing variety to the utilization of the crop. Yam flour (Dioscorea alata) can be processed in a single-screw extruder, for manufacturing snacks.
The moisture, barrel temperature and feed rate play an important role in the quality of extrudates. According to Alves and Grossmann (2002), a better yam snack was obtained when extruded at 17�% moisture, 170��C and 4 mm die diameter. Sebio and Chang (2004) and Oke et al. (2013b) also reported a maximum expansion ratio for fine yam flour and water yam flours at the barrel temperature, 120�150��C and moisture content, 8-18�%. Increase in yam flour level decreased the expansion ratio of a yam-corn-rice based snack significantly (Seth et al., 2015). One of the most desirable physical properties for extruded snacks is the degree of expansion, because it determines their structure and consequently their quality (Oke et al., 2013c). The degree of expansion affects the density, fragility and softness of extruded products. The textural properties of the extrudates also play a significant role in determining the ultimate utilization potential of the extrudates, either as a snack or as meal (Oluwole et al., 2011). Jyothi et al. (2013) made an acceptable pasta product from D. alata and wheat flour.

12.6.1��Composite Flours

Composite flours are made from yam flour and other flours to improve the nutritional value of the product, improve utilization of the yam and provide varieties of yam products. The flours can be stored over longer periods and thus reduce post-harvest losses in yam production (Glover-Amengor et al., 2013). Yam flour used for these products was made by peeling, washing, dicing, drying in hot air ovens and milling into flour (Okorie et al., 2011; Udensi et al., 2010). In most cases, yam tubers are soaked in a sodium metabisulphite solution to prevent a browning reaction mediated by the enzymes in the oxido-reductase family, the polyphenol oxidase (Ngoddy and Onuoha, 1985). Bread was made by replacing up to 25�% of wheat flour with yam flour. Although the loaf volume decreased with the addition of yam flour, the results showed that up to 20�% of yam flour could be included in bread formulation without altering the sensory acceptability of the blended bread (Hsu et al., 2004).
The incorporation of yam flour in bread was reported to increase the antioxidant capacity of the bread, as tested by both free radical scavenging and total anti-oxidation tests (Hsu et al., 2004). Also, Ukpabi (2010) blended D. alata flour with wheat flour for bread production and recommended 20�% of D. alata flour for the production of bread that is comparable to those made with sole wheat bread flour in Nigeria. Siddaraju et al. (2008) likewise incorporated D. alata flour in Indian dehydrated products and the products were comparable to the control. Yam flour had also been substituted with wheat flour, sorghum, plantain, cassava flour and legumes for snacks and stiff yam paste (Abiodun and Oladapo, 2010; Abulude and Ojediran, 2006; Akingbala et al., 1995; Awoyale et al., 2010; Babajide and Olowe, 2013; Eke-Ejiofor and Owuno, 2012; Glover-Amengor et al., 2013 Oluwole and Olapade, 2011). However the production of yam flour for baking had only been practiced at laboratory and small-scale levels.

12.6.11 Starch

Starches are widely available, naturally occurring carbohydrates, found in almost all organs of plants, most especially in roots, rhizomes, fruits and seeds (Bharath et al., 2012; Okunola and Odeku, 2009). Yam is a significant and highly prized starchy crop in West and Central Africa, but largely under-utilized industrially (Otegbayo et al., 2013). The high starch content of yam tubers (70�80�% dry weight) makes it potential source of starch that can be explored commercially (Bharath et al., 2012).
Starch consists primarily of two components, amylose and amylopectin (Taghvaei-Ganjali et al., 2010). Starches are used to take up water and to produce viscous fluids/pastes and gels and to give desired textural qualities (BeMiller and Whistler, 1996). There is variability in the starch granule shapes, which are oval, round, triangular, ellipsoidal triangular and polyhedral (Figure 12.9) (Otegbayo et al., 2013; Sahore and Amani, 2013). The distribution of starch granule size frequency depended on the species (Sahore and Amani, 2013). Starches from D. rotundata, D. alata, D. cayenensis, Dioscorea burkilliana and D. bulbifera had large starch granules (11.5-90 pm), while D. esculenta and D. dumetorum had small granules (0.83�12 pm) (Table 12.9) (Akinoso and Abiodun, 2013; Otegbayo et al., 2013; Sahore and Amani, 2013). Moorthy (2004) and Riley et al. (2006) observed that the granule size of starch affects some functional properties such as swelling, solubility and digestibility. However, the smaller granule sizes improve the digestibility due to greater surface area, which is more rapidly digested by amylases (Yuan et al., 2007).
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Figure 12.9 A typical morphological structure of trifoliate yam starch using light microscopy (LM) (x800) (a) and scanning electron microscopy (SEM) (×3000) (b).

Table 12.9 Starch shape and average granule size
Yam species | Starch shape | Average granule size (pm) | Author
D. alata | Oval, spherical, polyhedric, Ellipsoid | 19�46�| Riley et al. (2006), Harijono et al. (2013), Otegbayo et al. (2013)
D. bulbifera | Ovo triangular | 21.8-50�| De Vizcarrondo et al. (2004), Sahore and Amani (2013) Otegbayo et al. (2013)
Dioscore aburkilliana | Ovo triangular | 11.5-90�| Sahore and Amani (2013)
D. dumetorum | Polyhedric | 0.83�12�| Sahore and Amani (2013), Akinoso and Abiodun (2013), Otegbayo et al. (2013)
D. rotundata-cayenensis | Ovo triangular, oblong, oval, polyhedral and ellipsoid | 10�70�| Hoover (2001); Moorthy (2002); Lindeboom et al. (2004); Brunnschweiler et al. (2005), Tetchi et al. (2007); Dabonne et al. (2010)

Smaller granule size is useful in some easily digestible foods like infant foods, as fillers in talcum powders, biodegradable plastics and aerosols, while larger granule size are useful in hydrolyzed products (Jyothi et al., 2013). Yam starches can be used as thickeners and gelling agents in the food industry, as well as disintegrants in tablet formulation in the pharmaceutical industry (Adetunji et al., 2006: Okunola and Odeku, 2009) and aquatic feed binder (Orire et al., 2010).
12.6.11.1 Starch Modification
Starch is often used as a food ingredient to improve physical properties of the host foods, and to overcome undesirable changes during processing or storage. Starch can be structurally modified by various means to enhance its functions as an ingredient (Chung et al., 2008; Eliasson and Gudmundsson, 1996). Native starches, according to Odeniyi and Ayorinde (2012) and Otegbayo et al. (2013), have some limitations in their use in the food industry due to low shear resistance, thermal resistance, thermal decomposition and a high tendency towards retrogradation. Native starches are modified in order to improve their functional properties. These can be done using physical (heat-moisture, steam-pressure, microwave, irradiated), chemical (acid, oxidized, cross-linked, acetylated, succinylated, phosphorylated, hydroxypropylated and carboxymethylated modified starches) and enzymatic technique (Abbas et al., 2010; Jyothi et al., 2013). The major methods for modification of yam starches are described as follows:
Acid Modified Starches Native Dioscorea starches (dried) were hydrolyzed by incubating the starch in 600 ml, 6�% HCl solution at 23 � 1��C for 192 h without stirring (Atichokudomchai and Varavinit, 2003; Okunola and Akingbala, 2013). The suspension was neutralized with 10�% (w/v) NaOH solution, and the starch slurry was washed 5 times with distilled water and dried in a hot air oven at 40��C for 24 h. The starch was milled and passed through a 125 pm sieve.
Alkali Modified Starches Yam starch was mixed with distilled water with constant stirring. Then 7.5 g of sodium sulphate (Na2SO4) was added while maintaining constant stirring. The pH was adjusted again to 10.5 with 2.5�% NaOH and heated in a water bath at 45��C with constant agitation. Once this temperature was reached, 4.5 g of sodium trimetaphosphate (STMP) was added. The mixture was stirred for 3 h and neutralized to pH 7 with 2.5�% HCl. The starch obtained was centrifuged and washed 3 times with distilled water. Subsequently, the obtained starch was placed in aluminum pans, dried, sieved and milled (Gutierrez et al., 2014).
Acetylated Starch Native yam starch was dispersed in distilled water and stirred magnetically for 20 min. The pH of the slurry obtained was adjusted to 8.0 using 1.0 M NaOH. Acetic anhydride (10.2 g) was added slowly to the mixture while maintaining a pH of 8.0�8.5. The reaction proceeded for 5 min after the addition of acetic anhydride. The pH of the slurry was finally adjusted to 4.5 using 0.5 M HCl and was filtered, washed 4 times with distilled water and air dried at 30��C for 48 h (Iheagwara, 2012; Sathe and Salunkhe, 1981).
Oxidized Starch This can be obtained by mixing native yam starch with 500 ml of distilled water and the pH of the mixture adjusted to 9.5 with 2.0 M NaOH. Ten grams (10 g) of NaOCl was added to the slurry over a period of 30 min with constant stirring while maintaining a pH range of 9.0�9.5. The reaction was allowed for 10 min after all the NaOCl had been added. The pH was adjusted to 7.0 with 1 M H2SO4 and the oxidized starch was filtered, washed 4 times with distilled water and air dried at 30��C for 48 h (Forssel et al., 1995; Iheagwara, 2012).
Pre-gelatinization Method Pre-gelatinized starches are pre-cooked starches that can be used as thickeners in cold water. Heat-treatment processes, heat-moisture and annealing treatments cause a physical modification of starch without any gelatiniza-tion, damage to granular integrity or loss of birefringence (Abbas et al., 2010). Different methods are suggested for pre-gelatinized starch samples. Oladebeye et al. (2011) increased the moisture levels of the starch sample by adding appropriate amounts of distilled water. The mixtures were stirred in a sealed jar and heated in an air oven at 100��C for 16 h. After cooling, the jars were opened and the starch samples were air dried to a moisture content of 10�%. But Ibrahim and Achudan (2011) suspended yam starch in distilled water and heated until the temperature reached 80��C by slow manual stirring. Then the pre-gelatinized starch was placed into stainless steel trays in the form of a thin film (1�2 mm) and dried in an oven at 40��C for 48 h.
Cross-linking Phosphorylation Starch suspension (200 ml of 45�%) was mixed with 10 g of sodium sulphate and 4 g of trisodium trimetaphosphate. The pH of suspension was adjusted to 9.5 by adding 10�% aqueous hydrochloric acid or sodium hydroxide. The slurry was stirred for 1 h at room temperature, and washed 3 times with distilled water. The slurry was dried in an oven at 40��C to 12�% moisture and heated in an oil bath for phosphorylation for 2 h at 130��C. After cooling at room temperature, the starch cake was washed with distilled water and the starch was recovered by centrifugation at 1,500 rpm for 10 min. Finally, the pH of the suspension was adjusted to 6.5 and the recovered starch was dried at 40��C in a vacuum oven. The starch obtained was ground and sieved with a 250 pm screen (Ibrahim and Achudan, 2011; Waliszewski et al., 2004).
Enzymatic Modification This involves the exposure of starch suspensions to a number of enzymes, primarily including hydrolyzing enzymes that tend to produce highly functional derivatives (Neelam et al., 2012). Enzymatic modification of starch is hydrolysis of some part of starch into a low molecular weight of starch called maltodex-trin, or dextrin using amylolytic enzymes (Abbas et al., 2010; Miyazaki et al., 2006).
Modification of starch generally widens the possible exploitation of starch in industrial products as a result of its better viscosity, higher gel strength, improved film forming capacity, clarity and lower retrogradation tendency (Jyothi et al., 2013). Modified yam starch had been studied and incorporated into drugs (Adedokun and Itiola, 2011; Adetunji et al., 2006; Bharath et al., 2012; Odeku and Picker-Freyer, 2011), hydrogel (Odeniyi and Ayorinde, 2012), aquatic feed binder (Orire et al., 2010) and food application (Abbas et al., 2010; Adewole et al., 2011; Oke et al., 2013b; Otegbayo et al., 2013).




12.7 Effects of Processing on the Quality of Yam

Effects of processing on the nutrient composition of yam tuber is shown in Table 12.10. Boiling and roasting had been reported to reduce the nutrient composition of yam. Cooking improves digestibility, promotes palatability and improves keeping quality of root crops. Bell and Favier (1981) studied the effect of charcoal grilling on the nutrient composition of yam tubers and reported this method as the most detrimental to the nutritional quality of the yam. Likewise, Olayaki et al. (2007) reported that ingestion of roasted yam could induce haemolysis in rat. Bell and Favier (1981) also suggested that boiling unpeeled tubers and tubers fried in palm oil is the most advantageous methods. Various processing techniques like blanching, boiling, baking, etc. before consumption can reduce the level of the oxalate, alkaloid, saponin and flavonoid drastically and considerably (Table 12.11) (Eka, 1998; Sakai, 1983). Boiling can reduce the soluble oxalate content of a food, if the water used for the boiling is discarded (Oscarsson and Savage, 2007). Boiling resulted in reduction of all the anti-nutritional components in the yam (Adepoju, 2012; Ezeocha et al., 2012). It may also cause considerable skin (epidermal) rupture and facilitate the leakage of soluble oxalate into the cooking water (Albihn and Savage, 2001).

Table 12.10 Effect of processing on the nutrients in yam
Species | Protein (%) | Fat (%) | Ash (%) | Crude fibre (%) | Carbohydrate(%) | Author
D. dumetorum
Raw | 11.41�| 0.71�| 2.23�| 2.03�| 77.55�| Ezeocha et al. (2012)
Boiled (30 min) | 10.3�| 0.65�| 1.91�| 1.86�| 80.09�|
D. bulbifera
Raw | 1.25�| 1.02�| 3.88�| 1.76�| 79.64�| Sanful et al. (2013)
Boiled | 1.17�| 1.17�| 3.23�| 2.17�| 81.31�|
D. rotundata
Raw | 3.35�| 0.73�| 1.99�| Adegunwa et al. (2011)
Boiled | 3.91�| 0.58�| 1.99�| � | - |
Roasted | 3.86�| 0.59�| 2.76�| � | - |
D. alata
Raw | 4.59�| 0.3�| 2.68�| � | - | Adegunwa et al. (2011)
Boiled | 3.41�| 0.5�| 1.88�| � | - |
Roasted | 3.18�| 0.46�| 2.5�| � | - |
Note: � is Not determined

Table 12.11 Effect of processing on anti-nutrients composition in yam
Species | Phenol | Oxalate | Phytate | Alkaloid | Author
D. dumetorum (mg/100 g)
Raw | 0.32�| 4.01�| 0.91�| 0.70�| Abiodun and Akinoso (2014c)
Parboiled | 0.12�| 0.28�| 0.79�| 0.21�|
Blanched/soaked | 0.02�| 0.16�| 0.34�| 0.18�|
D. bulbifera (mg/100 g FW)
Raw | � | 67.79�| 56.74�| � | Bhandariand Kawabata (2006)
Boiled | � | 31.78�| 44.73�| � |
Baked | � | 63.72�| 55.74�| � |
D. rotundata-cayenensis (mg/100 g)
Raw | � | 0.96�| 31.32�|- | Kouassiet al. (2010)
Baked | � | 0.34�| � | 29.29�|
Boiled | � | 0.03�| � | 17.81�|
D. alata (%)
Raw | � | 1.91�| 2.77�| � | Ezeocha and Ojimelukwe (2012)
Boiled (30 min) | 1.21�| � | - | 1.91
Note: � is Not determined

Oxalate causes an intense irritation of the skin and mucous membranes (e.g. in the mouth) when in contact with mucilage, due to the presence of calcium oxalate crystals (raphide) (Sakai, 1983). Vitamins (especially the vitamin B group) were lost during cooking, depending on the method of preparation used (Bell and Favier, 1981). Blanching, however, effectively decreases the action of amylases on D. dumetorum starch during storage, with subsequential increase in the paste viscosities of the stored tubers. Domestic cooking methods were found to be very efficient in removing bitterness, thus making the bitter yams palatable (Bhandari and Kawabata, 2005; Ogbuagu, 2008). Extrusion cooking, explosion puffing and instantization produced products are more readily digestible (Brand et al., 1985). Hydration of granules (gelatinization) and disruption of organized granule structure increases the availability of starch to amylase digestion and are more likely to occur under processing factory cooking conditions when higher temperatures and pressures are utilized (Allen et al., 2012).



12.8 Technological Application to Yam Processing

Over the years, there has been technological advancement to the processing of yam products. Various machines and equipment have been employed to give a more acceptable and hygienic end product. Examples of such machines employed are yam peeler, yam slicer/dicer, dryer (drum dryer, solar dryer, vacuum dryer, freeze dryer) blancher, steamer, pounding machine, grinding machine and extruder. Recently, Okafor (2014) developed a yam flour processing system with three units, namely the slicing, the drying and the grinding units. There have been improvements on the major unit operations in yam tuber processing. Apart from the use of equipment, which improves and facilitates faster yam processing, modifications in methods of processing of yam and starches (chemical, physical and enzyme hydrolysis) are reported.

12.8.1 Major Equipments used in Yam Processing

Yam Peeler The yam peeler was designed by Ukatu (2002) for industrial yam peeling processes. This machine consists of three peeler arms. Peeler blades are fixed to the peeler arms, which scrape the tuber body to a pre-set depth. It also consists of a peeler ring on which the peeler arms are mounted and driven through a chain drive and the peeler ring housing the peeler arms have toothed structures that act as an aperture, which initiates the opening of the aperture when in contact with tuber. Adetoro (2012) also improved on the existing yam peeler by considering a wide variation in the size and shape of the tubers and variations in the mechanical properties with the age of the tubers. The major parameters determined were the effectiveness of the peeler, thickness of peel, time of harvest (age), feed of the cutter, and relative speed of rotation. The machine made use of punched holes in the drum to perform the peeling action. The punched holes can be adjusted by increasing the size of the centre punch. Peeling efficiency ranges between 80 and 85�%.
Yam Slicer/Dicer Slicing involves using sharp blades to reduce the yam tuber into smaller thicknesses purposely meant to increase the surface area of the product for faster drying (Ehiem and Obetta, 2011). Ehiem and Obetta (2011) designed a motorized yam slicer which consists of powered shaft, bevel gears, blades and feeding chutes. Manual slicing machines are common and produce slices of uniform thickness for snack foods or dried root crops (UNIDO, 2004). Various sizes of kitchen slicers with adjustable stainless steel blades are also available for slicing yam. Likewise, manual dicing machines first cut the material into strips and then further cut into uniform sized cubes (UNIDO, 2004).
Yam Dryer Drying is an appropriate preservation method and important unit operation in the processing of yam tubers into flour (Ehiem and Obetta, 2011; Satimehin, 2014). Satimehin (2014) classify changes occurring during drying of yam tubers as chemical, physical and biological changes of the tuber. These include changes in shape and structure, colour, shrinkage, cracks, case hardening and denaturation of unstable components. These changes are influenced both by the external process conditions such as air temperature, humidity and air velocity, and by the mechanisms of internal moisture (Satimehin, 2014). The drying characteristics of yam tubers are controlled or regulated using artificial drying methods. Artificial drying methods had been tested and reported to be more effective in drying yam tubers (Liberty et al., 2013). This method of drying improves the quality of the product, prevents contamination, and saves time and floor space requirements.
Artificial drying allows for the continued drying during the night, especially during the peak period of harvest (Liberty et al., 2013). Abiodun and Akinoso (2014b) and Akissoe et al. (2001) reported improvement in the colour and texture of oven dried yam chips and its reconstituted dough (amala) when compared to the sun dried method. Major yam drying equipment included drum dryer, hot air oven, solar dryer, cabinet dryer, automatic batch dryer, platform dryer, flatbed dryer and tray batch dryers (Jimoh et al., 2009; Liberty et al., 2013).
Drum dryers have high drying rates and high energy efficiencies and are suitable for slurries (Fellows, 2000). Figure 12.10 showed a typical fabricated drum dryer. The use of a drum dryer in yam flakes production comparatively improves the sensory and nutritional qualities of dried food. The yam tubers are mashed or made into a slurry before drying in the dryer. The hot air oven method involves the use of heated air to dry food samples and this facilitates heat transfer through the convection process. The cabinet dryer consists of a heating chamber having one electrical coil connected directly to a centrifugal fan and drying chamber. The heater is connected to the temperature regulator, which controls the temperature of the dryer by switching the heater on and off. The dryer consist of trays and vents which help to prevent moisture condensation at the top of the drying chamber (Owa et al., 2014). The solar drier has a wide range of possible applications in the drying of foodstuffs (Otunyo, 2011) and uses radiation from the sun and heated air is trapped in the drying chamber. The use of a solar dryer for yam processing has been reported to produce better-quality yam products (Adesina et al., 2011; Agoreyo et al., 2011; Otunyo, 2011).
[image: ]
Figure 12.10 Fabricated drum dryer.

Various sizes of yam crushers and grinders are available. Hammer and attrition mills are the major milling machines used for converting yam chips into flour. In most cases, the yam chips are crushed into smaller sizes using the yam crusher and then milled into flour using the yam grinder.
Yam Blancher/Steamer/Parboiler Blanching and steaming of yam tubers prior to other treatments has been one of the major unit operations in yam processing. Blanching reduces microbial load, inactivates enzymes and reduces bulkiness. Many works have been generated on blanched yam tubers (Abiodun et al., 2013; Harijono et al., 2013; Okorie et al., 2011; Oyewole and Olaoye, 2013; Quansah et al., 2010). Various steaming equipment was used to steam yam tubers, among them the water bath (Ekwu et al., 2005; Iwuoha, 2004; Leng et al., 2011), the Barlett steamer (Akinwande et al., 2008) and steam blanchers, which consist of a pan and a removable mesh base to hold the roots above the boiling water (UNIDO, 2004). The yam parboiling machine was developed by Ayodeji and Abioye (2011) and Ayodeji et al. (2012) for instant pounded yam flour processing. It consists of a chamber which is properly insulated to prevent heat loss for an effective parboiling of the yams.
Roasting Machine The use of a locally-fabricated manual roaster for roasting yam has been reported (Adegunwa et al., 2011). Likewise, a multipurpose roasting machine was recently developed by Oke (2013). According to Oke (2013), the multipurpose roasting machine is made up of a roasting chamber, heating chamber, two blowers and driving (power transmission) mechanism. The roasting chamber houses ten food hangers, five on each side of the chamber. The food hanger is used to hold the food items and the hangers are subjected to continuous rotation for uniform and smooth roasting.
Pounding Machine Pounding of cooked yam tubers had been relieved with the invention of the pounding machine. A mechanical yam pounding machine has been developed for both the domestic and commercial consumers (Odior and Orsarh, 2008). Most researchers now use the pounding machine for their research work, involving pounded yam (Omonigho and Ikenebomeh, 2000; Otegbayo et al., 2006). The yam pounding machine involves the design and fabrication of some principal components, which include the shaft, pulleys, yam beaters, bowl and frame (Odior and Orsarh, 2008). The machine produces a more hygienic pounded yam, and eliminates the tedious and laborious indigenous process of preparing pounded yam (Odior and Orsarh, 2008).




12.9 Summary and Future Research

Yam is one of the most highly valued crops in the world, with high potential for both household and industrial use. A lot of research work has been carried out on various yam processes and the results have proved to be successful. However, implementation of the successful research work on yam processing is expected to be done in the food industry, so as to improve its utilization as it has been done for other roots and tubers such as cassava and potato. Future research work on yam tuber may include processing yam into snacks such as yam crisps, biscuits, candies and canned products. These are convenience foods and could be easily accessible and available. To facilitate the production of these snacks, equipment and thorough process design must be put in place to achieve successful product development.
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13.1 Introduction

The plant genus Amorphophallus (commonly known as the Elephant Foot Yams, EFY), is a tuberous root crop, which belongs to the Araceae (aroidae) family of the Order Nudiflorae of Monocotyledenae and is estimated to encompass some 170 species (Mukherjee et al., 2014; Sedayu et al., 2010). These species are distributed in tropical Africa, India, the Indo-Malayan archipelago, Melanesia and Australia; however, none are found in the neo-tropics. They mostly grow in secondary forests or disturbed clearings in primary forests and forest margins. Considering the extent of endemism and the number of species recorded (in the genus) from the region, the Indo-Malayan may be considered as the centre of origin of the crop (Mukherjee et al., 2014).
Amorphophallus species are herbs with an underground storage organ called tubers. One single leaf emerges from the tuber, consisting of a vertical spotted petiole and a horizontal leaf-blade (lamina) like an umbrella (Figure 13.1). The leaf blade growing horizontally is dissected into a few or numerous small leaflets. Once plants are mature, an inflorescence may develop. The inflorescence may replace the leaf in one season, or develop alongside it. As a characteristic typical to the family Araceae, the inflorescence consists of a foliar organ, the spathe, which usually envelops a stalk-like organ, the spadix. The elongated and elaborate spadix is how the genus got its name, Amorphophallus.
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Figure 13.1 Structure of Amorphophallus paeoniifolius (var. Gajendra) plant (a) with tuber insert (b) of two years old.

EFY (also called Konjac in China), is grown as a cash crop due to its high production potential and popularity as a vegetable in many Asian and African countries (Nedunchezhiyan et al., 2011). China and India are the major EFY producing countries in Asia. Several value-added products and indigenous medicines are also prepared from its tubers (Misra et al., 2003; Nedunchezhiyan et al., 2011). In this chapter, the various aspects related to nutritional and anti-nutritional factors, traditional processes for the removal of anti-nutrients, processing for flour, starch and resistant starch from EFY, are discussed. Also, industrial utilization of Amorphophallus konjac into konjac flour and gum, glucomannan (KGM) and its applications as a food and pharmaceutical supplements are reviewed.



13.2 Habit, Habitat and Distribution

Amorphophallus is a perennial tuberous herb with a highly compressed stem called a corm, an underground stem modification, serving the function of storage. It is persistent and continues to put forth shoot growth annually producing new corms, cormlets or side tubers. The aerial portion of the plant is represented by a single leaf, which has a long cylindrical petiole, the �culm� or pseudo-stem and a partite lamina. The petiole is adorned with several stripes and markings of different hues and shapes, and the nature of spathe, spadix (inserted or excerted) female, neutor and male flowers and their distribution on the peduncle (sparsely or closely arranged), tuber characteristics and the features of the sterile appendage, the nature of the partite �leaf lets�, their venation and presence or absence of marking or �bulbils� at their inter-junction, are some of the morphological characters that help in species characterization and identification. The inflorescence character is the most important distinguishing feature of the species. Species characterization helps us to understand the habit along with geo-climatic distribution of individual species.
The genus Amorphophallus with about 170 species primarily occurs in tropical Asia and Africa (Bogner et al., 1985; Hay, 1998). Ten species are endemic to India, such as A. carnosus, A. longistylus and A. oncophyllus to the Andaman Islands, A. arunachalensis and A. bognerianus to Arunachal Pradesh, A. mysorensis to Karnataka, A. longicon-nectivus to Madhya Pradesh, and A. bonaccordensis, A. nicolsonianus and A. smithso-nianus to Kerala (Mukherjee et al., 2014). A. paeoniifolius, A. hirsutus, A. brooksi, A. jijas and A. prainii are species that occur in Sumatra. A. konjac is abundantly found in Korea and China. The tall type with largest inflorescence (10 ft height) A. titanium occurs in Indonesia. A. konjac and A. jaijas (A. brooksi) also have tall spadices (4-10 ft height). A. bulbifer, A. kachinensis, A. hirsutus, A.nepalansis, A. paeoniifolius and A. sylvaticus are the species with a wide distribution in India, Myanmar, Thailand, Laos, China, Sumatra, Bhutan, Nepal, Srilanka and the Pacific Islands. The edible species are A. paeoniifolius (Dennst) Nicols var. campanulatus (Decne) Sivad, A. konjac K. Koch, A. mulleri Bl, and A. variabilis Bl. (Mukherjee et al., 2014).



13.3 Nutritional and Anti-nutritional Factors

The functional foods of natural origin, such as EFY and their derived nutritional products can act as functional ingredients and have a beneficial effect on human health (Reddy et al., 2014). EFY is considered to be a healthy low-fat food and a rich source of essential fatty acids (Omega-3 fatty acids), which are known to increase good cholesterol levels in the blood. Eating elephant yam helps to increase the estrogen levels in women�s bodies, thus helping to maintain the hormonal balance (Lenka and Nedunchezhiyan, 2014).

13.3.1 Nutritional Factors

EFY is a highly nutritious crop. The proximate compositions of EFY tubers are given in Table 13.1. It is also rich in minerals, vitamin A, thiamine, niacin and riboflavin (Sankaran et al., 2008a.b). The mineral contents (mg/100 g tuber, dry weight basis) are as follows: Na (26.22�26.77), K (26.12�26.55), Ca (2.20-2.28) and Mg (1.2�1.42) (Lenka and Nedunchezhiyan, 2014).

Table 13.1 Proximate biochemical composition of EFY (on dry weight basis)
Nutrients/species | Percent composition
Moisture | 65.06�71.79
Crude protein | 1.12-1.63
Crude fat | 0.105-0.141
Total ash | 4.78-3.98
Crude fibre | 2.66-2.81
Starch | 23.37�18.58
Total sugar | 1.93-1.57
Updated from: Singh et al. (1999);Sreerag et al. (2014)

13.3.2 Anti-nutritional Factors (Acridity)

The edible part of EFY is the tuber (corm). Historical reports of these EFY suggest that tubers are acrid, causing irritation and inflammation, which causes swelling of mouth and throat. The EFY may result in gastrointestinal disturbances and is also responsible for several health complications when large amounts are ingested into the human body (Bhandari and Kawabat., 2004; Saadi and Mondal, 2011). Moreover, this health complication is related to the presence of needle-like raphides composed of toxic anti-nutrients and calcium oxalate crystals. The intensity of irritation has been found to differ widely among different species. Among edible species, acrid cultivars show calcium oxalate levels in the range of 660�850 mg/100 g, while non-acrid cultivars have acridity in the range of 120�140 mg/100g (Srivastava et al., 2014; Sundaresan and Nambian, 2008). In addition, phytate is widespread in roots and tubers. Oxalates and phytate are well-known anti-nutrients of plant food, and are associated with a decrease in the bioavailability of nutritionally significant mineral elements. These organic substances can bind essential minerals to form insoluble or indigestible complexes in the lumen of intestinal tracts, thereby preventing their absorption (Jayachandran et al., 2010; Kumar et al., 2014).
Processing to Remove Anti-Nutrient Factors from EFY Acridity of the tubers can be reduced/eliminated by suitable processing methods, such as boiling, baking, frying and drying by different modes. The traditional processing systems like pre-soaking and the addition of ingredients like tamarind, curd, etc., in the cooking medium can reduce acridity. Among the various methods, boiling is found to be the most effective method in reducing the calcium oxalate content by 50�% (Sundaresan and Nambisan, 2008). Studies on drum drying of EFY have indicated a reduction of about 25�% in calcium oxalate content in the dried product (Sundaresan and Nambisan, 2008). Indigenous people in Southern Yunnan and Hunan, Central China, cook konjac tubers with plant ash or plaster in hot water to eliminate acridity. The Jinuo people of China use young konjac leaves (A. yunnanensis, A. yuloensis, A. krausei) as vegetables. They cook them in boiling water and fry in oil to eliminate bitterness and acidity (Chattopadhyay et al., 2009; Kumar et al, 2014; Long, 1998).




13.4 Traditional Processing and Value Addition of EFY

As mentioned earlier, five species of Amorphophallus have been used as a food source (Chua et al., 2010). Flour extracted from the corm of this species is used to make noodles, tofu and snacks. The gel prepared from flour of the corm has been used by the Chinese for detoxification, tumour-suppression, blood stasis alleviation and phlegm liquefaction. In Japan, Amorphophallus is a household name and is used in the preparation of konyakku. The edible aroid like Amorphophallus is a tuberous vegetable with good taste and nutritive value. It forms an important food source throughout the world due to the indisputable palatability, cooking quality, medical utility and therapeutic value of its tubers (Suja et al., 2014).

13.4.1 EFY as Food

The corms and cormels of EFY are usually boiled or baked and eaten as vegetable. The sprouts and petioles which resemble asparagus sprouts are used as vegetables in some parts of Asia (Misra et al., 2007). In Tripura, the tribal people consume the leaf lamina, petiole (pseudostem), corm and cormels of wild species of EFY (Sankaran et al., 2008a, b). In China, the bulbils of A. yuloensis are eaten by indigenous people in the southern and south-western Yunnan Provinces (Long, 1998).
Traditional Indian Foods The EFY-based traditional food products like deep fried chips and roasted cubes are common in the Tamil Nadu State of India. The roasted yam cubes are prepared by cutting EFY into cubes and cooking with fresh spices (ginger and garlic paste) followed by slow cooking in a pan until crispiness is obtained. Also, it is a common ingredient of sambar, a savory vegetable stew of drumsticks, okra (ladies finger), potatoes, egg plant, onion and tomatoes prepared with ground spices and seasoned with tamarind juice, very common in South India (Ray, 2015). In the Tamil Nadu and Kerala states of India, the traditional curry dishes like Kaalan, Mezukku Puratti, Poriyal and Aviyal are also prepared using EFY as an ingredient. In Goa, the EFY-based soup khatkhatem is prepared by cutting tubers into cubes, which are deep fried before being added to a simmering pot of vegetarian stew. Also, the EFY chutney (mixed paste) is also prepared, which has an important place in Goan dishes. In the Car Nicobar Islands of India, the tribes consume wild EFY tubers collected from the forest. They are boiled in hot water with salt and chilli powder and consumed along with wild pork (Damodaran et al., 2008).
Traditional Japanese Foods in JapanA. kojac is used in many traditional foods. Konnyaku, a traditional Japanese recipe, is a gel-like food having a light taste and an elastic texture. It is made by adding slaked lime to the colloidal solution of the flour obtained from the dried tubers of A. konjac (Nagayama et al., 1975). The Ito konnyaku is a type of Japanese food consisting of konjac cut into noodle-like strips. It is usually sold in plastic bags with accompanying water. The konnyaku made in noodle form is called shirataki and used in other Japanese foods like sukiyaki and gyudon (Akesowan, 2002, 2008). Konjac can also be made into a popular Asian fruit jelly snack, known as konjac candy, served in plastic cups. The indigenous people make noodles and sauce from EFY tubers. The konjac snack is a very popular food item in the Western Hunan province of China (Long, 1998).
Traditional Chinese and Korean foods Encouraged by Japanese needs and an opening up of the Western food industry, it has been reported that China and Korea have been planting thousands of hectares of konjac as a cash crop in poor rural areas. Official policies in China and Korea have existed since the mid-1990s, encouraging rural regions, including minority-held provinces, to grow konjac for food and health products (Parry, 2010). Kojac curd can be braised with duck and chicken meat, because it has a high amount of absorbing flavour, for example., �konjac braised with duck� has become a traditional Chinese dish, which can also be processed as canned food (Liu et al., 1998). In addition, konjac curd can be properly dehydrated and puffed, adjusted in flavour and colour and made into various foods such as astringent and hot dried beef (Liu et al., 1998). Chinese steamed bread (CSB), a kind of wheat-based traditional fermented Chinese food, has been consumed for almost two millennia in China. It is gaining popularity and widely consumed by people living in Southeast Asia. The basic ingredients for making CSB are wheat flour, water, yeast and salt; sugar and shortening are optional. In general, KGM addition was found to produce dough with a weak network. Moreover, the bread became softer and more resistant to staling on storage (Liu et al., 2014; Sim et al., 2011; Zhu, 2014).

13.4.2 Flour and Starch

The commonly-used method for making flour and starch involves dry processing. It involves milling of dried EFY chips into crude flour, which is subsequently purified via wind-sifting. EFY flour produced using such methods is of low purity and sold as a food commodity at a low price (Parry, 2010; Ye et al., 2014).
Flour The preparation of crude EFY flour from fresh corm requires the following procedure. The corm is weighed, washed, with its epidermis removed and sliced into pieces, 2�3 mm in thickness. The corm slices are then immersed in 1�% (w/v) sodium bisulphite, for 1 min, followed by oven-drying at 120��C for 40 min. The drying process is continued at 60��C until a constant weight is obtained. The dried corm slices are subsequently ground and the resultant flour is sieved (425 pm aperture) to produce flour (Li and Xie, 2002, 2004; Liu et al., 2005; Xu et al., 2014). The flow-chart for producing konjac flour is given in Figure 13.2 (Chua et al., 2012). Crude flour is used to make low-grade noodles. Glucomanan, the hydrocolloidal dietary fibre which is an important biomaterial as food supplement is extracted from the flour, especially from the A. konjac species.
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Figure 13.2 Preparation of crude EFY flour (CEF) from fresh corm material (adapted from Chua et al. (2012).

Starch The procedure for starch extraction from EFY is described by Amani et al. (2004). The tuber was peeled, cut into small pieces and immediately suspended in 0.1�% (w/v) sodium metabisulphite solution. Then the samples were homogenized in a Warring Blender and the homogenate was suspended in a bulk amount of water containing 4�% NaCl. The supernatant water was discarded and the wet starch oven-dried for 48 h at 45��C. The average yield of EFY (A. Paeoniifolius) starch has been found to be 9-10�% of the matrix on fresh weight basis (Lenka and Nedunchezhiyan, 2014).
Babu and Parimalavalli (2012) have studied the functional and chemical properties of EFY starch. Three different methods were used to isolate starch from Amor-phophallus paeoniifolius (EFY). Functional properties such as water absorption capacity, oil absorption capacity, swelling capacity and chemical properties such as moisture content and dry matter, were analyzed. A significant difference in swelling capacity (0.62-1.25 g/g) and water absorption capacity (0.22-0.64 ml/g) was seen among the EFY starches. EFY starches exhibited no significant difference in moisture content (9.99�12.13�%) and dry matter (88.46�89.99�%).

13.4.3 Indigenous Medicines

The EFY has many medicinal properties. In India, it is used in Ayurvedic drugs in the treatment of inflammatory conditions, hemorrhoids, rheumatism and gastrointestinal disorders (Raghu et al., 1999; Ray, 2015). This herb is also used for earache, pain, intercostal neuralgia, puerperal fever and swelling of the throat (Joshi, 2000). The paste of tubers is applied externally to reduce pain arthritis. In China, the A. konjac has been used in Traditional Chinese Medicines as an immune-regulation and health food for a long time (Huang et al., 1998; Vuksan et al., 2001).
Studies have shown that the chloroform-acetone-ethanol extracts of the wild EFY tubers exhibited significant antibacterial and anti-inflammatory properties (Shilpi et al., 2005). Ethanol extracts of the tubers of A. campanulatus have also been reported to possess antibacterial, antifungal and cytotoxic activities (Khan et al., 2007).
Several indigenous technologies have also reported on the biomedical applications of EFY. In Tripura (India), the tribal people consume the banana flesh coated EFY balls for controlling stomach disorders and piles (Sankaran et al., 2008b). The high acrid wild EFY corms are used for the treatment of mouth ulceration and tympanitis in cattle in India. The farmers provide 100 g of ground EFY as a drench in the affected cattle. The EFY creates a stinging effect on the lips and the tongue of the cattle, causing an increase in salivary secretions, thereby helping the animals to get temporary relief from typany (Deo Shankar et al., 2008).




13.5 EFY Processing with Technological Interventions

The value addition of EFY has taken a flip recently because of the re-discovery of the crop�s many functional properties applicable to food and pharma sectors.

13.5.1 Resistant Starch

In order to meet the growing demands of the consumers for functional foods, carbohydrates of natural origin, such as resistant starch (RS) can act as functional ingredients and have a beneficial effect to human health, and are favoured over carbohydrates of high glycemic index (Reddy et al., 2014). RS is the one of non-digestible naturally occurring carbohydrates in the small intestine of humans and when reaching the large intestine, it undergoes biochemical reactions, by the commensal intestinal microflora to produce short chain fatty acids (Annison and Topping, 1994). These short chain fatty acids can be partially absorbed in the small intestine and become a source of energy to the microflora. whereas undigested biomass is excreted in the stool. Though several researchers have investigated the flour and starch obtained from EFY tubers in order to find new applications in food, a limited number of studies on resistant starch RS are available (Reddy et al., 2014).
Enzymatic hydrolysis and preparation of resistant starch (RS) Reddy et al. (2014) studied the enzymatic hydrolysis of EFY (A. paeoniifolius) starch. The EFY starch (10�% w/w db) was suspended in sodium acetate buffer (0.1 M and pH 5.3) and mixed with pullulanase enzyme (40 U/g dry starch), and the mixture was incubated in a shaking water bath at 60��C for 10 h. The sample was heated in a boiling water bath for 10 min to inactivate the enzyme. Starch gelatinization, prior to adding the enzyme, was performed by boiling the sample in a water bath for 10 min. The starch samples were autoclaved at 121��C for 30 min, cooled and kept at 37��C for 24 h. The samples were then lyophilized to obtain RS (Figure 13.3). After preparation of resistant starch, the morphological, physical, chemical and functional properties were assessed. The enzymatic and retrogradation process increased the yield of resistant starch from starch with a concomitant increase in its water absorption capacity and water solubility index. A decrease in swelling power was observed, due to the hydrolysis and thermal processes. The reduced pasting properties and hardness of RS were associated with the disintegration of starch granules due to the thermal process. The viscosity was found to be inversely proportional to the RS content in the sample. The thermal properties of RS increased due to retrogradation and recrystallization.
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Figure 13.3 The isolation and preparation of RS from EFY (updated from Reddy et al. (2014).

13.5.2 Processing EFY (Konjac) Flour for Gum and Gel

Konjac flour, a water soluble dietary fibre, has been extensively used for thickening and gelling in various food products. This flour produces a high viscosity and forms a gel by alkaline coagulant such as calcium hydroxide or by combining with secondary gum or co-gelated gum such as K-carrageenan and xanthan gum (Huang and Lin, 2004). The gel can be applied as a fat analogue in low or reduced fat food products such as sausages, bolognaise, burgers, cakes and mousses (Jimenez-Colmenero et al., 2010,2013). Regarding its linkage structure and health benefits, including triglycerides and cholesterol reduction, weight control and constipation alleviation, it is popular in health food products (Delgado-Pando et al., 2010).
When konjac flour is dissolved in alkaline coagulants (i.e. calcium hydroxide, sodium or potassium carbonate), deacetylation occurs and a thermally stable gel is formed (Thomas, 1997). The rate of gel formation is dependent upon the pH and processing temperature. Usually gel formation occurs over a pH range from 9-10 and gels are thermally stable to temperatures greater than 200��C (Akesowan et al., 2014; Thomas, 1997).
A thermally stable konjac gel can be formed by deacetylation in a mild alkali (calcium hydroxide) solution, but the resulting gel is hard and brittle (Hsu and Chung, 2000). The sensory quality of Chinese-style sausage, containing 10�20�% konjac gels was acceptable, but had a harder gel texture when compared with regular sausage with 30�% fat (Huang et al., 1998).




13.6 A. konjac K. Koch as Industrial Crop

One of the most valuable components found in the Amorphophallus tuber is glu-comannan (GM). GM is a water-soluble dietary fibre derived from idioblast cells inside the Amorphophallus tuber matrix. The GM content is about 5�9% (w/w, db) of the original Amorphophallus matrix (An et al., 2010). GM is a non-ionic (neutral), high molecular weight, natural polysaccharide. It is a �-1, 4 linked polysaccharides composed of a D-glucose and D-mannoses backbone lightly branched, with branches through �-1,6-glucosyl units (Figure 13.4).
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Figure 13.4 The chemical structure of a selection of GM; G, glucose or acetylated glucose at 6th position; M, mannose.

Not all EFY species are rich in GM. GM content (% of total dry weight) in the corm of the Amorphophallus species varies from 5�6%. Only the species, A. konjac K. Koch, is gifted with this highly valuable biomaterial. Konjac glucomannan (KGM), one of the richest natural polysaccharides, is derived from this species (Huang and Lin, 2004). It is the main constituent in konjac flour (KF) and has been recognized as GRAS (Generally Regarded as Safe) since 1994. As a kind of non-caloric food, KGM had been applied in many kinds of food as a high-quality dietary fibre, thickening agent and fat replacer (Charoenrein et al., 2011; Fang and Wu, 2004; Jimenez-Colmenero et al., 2013; Khanna and Tester, 2006; Xu et al., 2014). In recent decades, methods for the extraction and purification of KGM have been studied and developed. KGM is extracted either by mechanical means (dry processing) or by wet (chemical) processing methods.

13.6.1 Extraction and Purification of KGM

There are several studies describing methodologies for the extraction and purification of KGM. The general procedure is as follows: Konjac flour (KF) is dissolved in 10�% NaOH solution to give 1�% solution and the GM is precipitated by adding Fehling solution. The precipitate is decomposed with 1�% HCl solution in ethanol, filtered, successively washed with 50�% ethanol, ethanol and ether, and dried in a vacuum. Due to strong alkali treatments, the purified GM does not accompany acetyl groups, which are present in native KGM (Chua et al., 2012; Maekaji, 1978).
Dimethyl sulfoxide (DMSO) is a good starch solvent used for the purification of KGM. Ye et al. (2014) purified KGM by using DSMO. In this, 20.00 g KF was added into 120 mL DMSO or its aqueous solutions. The mixtures were refluxed at 80��C for 4 h under constant stirring and then cooled down to room temperature. The product was collected by vacuum filtration and rinsed with 95�% ethanol 3 times. Finally, the purified KF was dried in a vacuum oven at 80��C for 2 h. In another study, Xu et al. (2014) developed a simple, straightforward extraction route in the ethanol/water system for the preparation of purified KGM via the temperature controlled method. KF was dissolved in 40�% (v/v) ethanol solution with feed liquid ratio of 1: 6. While stirring, the mixture was heated at a series of temperatures (28, 38, 48, 58, 68 and 78��C) and refluxed for 4 h. After purifying, filtering and washing with 40�% ethanol solution at the pre-temperature, the precipitates were vacuum dried at 8��C. By controlling the temperature, a series of KGM products with different characteristics can be obtained.

13.6.2 Konjac Glucomannan (KGM)-based Food Products

The KGM flour is prepared by washing, slicing, drying and milling the mature A. Konjac tubers. It contains significant amounts of KGM ranging from 51.3-96.9�% (dB) (Xiao et al., 1999). The KGM consists of mannose and glucose in a molar ratio of 1.6: 1, with � 1�4 linkage (Chin et al., 2000, 2009). It has a strong water-binding ability and when combined with other polysaccharides (e.g. carrageenan and starch), it exhibits a synergistic effect on protein gelation and water-binding in comminuted meat products. When konjac flour is dissolved in alkaline coagulant (i.e. calcium hydroxide, sodium or potassium carbonate), deacetylation occurs and a thermally stable gel is formed (Thomas, 1997). So it is used as a gelling agent in many meat products (Chin et al., 2000; Kao and Lin, 2006). It has high solubility and can be used in hot or cold liquids. The konjac flour is also used as a thickener in sauces, gravies, puddings and pie fillings without affecting the taste. These konjac-based foods are called moyu or juruo in China, and konnyaku or shirataki noodles in Japan (Thomas, 1997). KGM is also a source of soluble dietary fibre (Fang and Wu, 2004). It has wide applications in food (Cheng et al., 2002; Huang and Lin, 2004) and biomedical (Alonso-Sande et al., 2006; Alvarez-Mancenido et al., 2006; Chen et al., 2005; Lu et al., 2008; Yu and Xiao, 2008) domains (Table 13.2).

Table 13.2 Summary of nutritional aspects of konjac Glucomannan (KGM)
KGM as food products /associates | Nutritional properties | References
Food additives | Preserving quality in frozen rice starch-based food products; possessed a better color with a slight fishy smell | Charoenrein et al. (2011); Xu et al. (2014)
Cryoprotectant agents | Effective and healthy cryoprotectant in the surimi products made from different fishes | Xiong et al. (2009)
Potential fat analogue/ fat replacers | Reducing the fat content in frankfurters prepared with konjac gel as a fat substitute; Freezing/thawing process strongly affected and enhanced | Lin and Huang (2003); Jimenez-Colmenero et al. (2010); Shen et al. (2011); Li et al. (2014)
Gel reinforcement | Restructured seafood products are processed from minced and/or chopped muscle, usually with added ingredients such as KGM to make products with a new appearance and texture | Dave et al. (1998); Iglesias-Otero et al. (2010); Chanarat and Benjakul (2012)
Prebiotic properties | Glucomannans hydrolyzates (GMH) can act as a prebiotic by stimulating selectively the growth of gut-friendly bacteria and serving as valuable functional foods | Elamir et al. (2008); Al-Ghazzewi amd Tester (2012); Bateni et al. (2013); Al-Ghazzewi and Tester (2014)
Traditional food products | Konjac based foods, are called as Moyu or Juruo in China, and Konnyaku or Shirataki noodles in Japan | Thomas (1997); Fang and Wu, (2004); Chua et al. (2012)

13.6.3 KGM in Bio-film Production

The konjac glucomanan flour, after absorbing water, can swell by 800-1,000 times with a good viscosity. Therefore, it has industrial uses in textiles, paper matting, petrol and chemical processes. Among natural polymers, KGM is a good additive for packaging materials. It has attracted great interest since it has excellent film-forming ability, good biocompatibility and biodegradability. Several articles reported that the blended films of KGM and other natural or synthetic polymers, such as pullulan (Yue et al., 1995), cellulose (Yang et al., 1998; Zhang et al., 1997), polyvinyl alcohol (Li and Xie, 2004) and methylcellulose (Li et al., 2006), are being used in the food and pharmaceutical industries. Lu et al. (2008) prepared a novel anti-bacterial film by blending KGM and poly-diallydimethylammonium chloride in an aqueous system. The films exhibited an excellent antibacterial activity against Bacillus subtilis and Streptomyces aureus. When KGM is blended with chitosan and nisin, it inhibits the growth of pathogenic bacteria like Staphylococcus aureus, Listeria monocytogenes and Bacillus cereus (Li et al., 2006).

13.6.4 Other Uses of KGM

Glucomannan has been used in Asia for centuries as traditional foods, such as noodles, tofu and heat stable gelled food products. Zhou et al. (2013) investigated the effects of KGM on Chinese noodles made from low-protein wheat flour. The noodles were prepared from wheat flour/KGM blends by replacing low-protein flour at 1, 2, 3, 4 and 5�% with KGM. The cooking and textural properties, microstructure and sensory characteristics were evaluated. KGM addition contributed to a higher cooking yield and lower cooking loss for the resultant noodles. The sensory quality of KGM noodles was better than that of the control, indicating the potential for improving textural defect of noodles prepared from low-protein wheat flour by using KGM. To briefly summarize:
� KGM is a natural vegetable gum, affirmed as GRAS (generally recognized as safe) for use as a food ingredient since 1997.
� It is generally used in the food industry as a gelling agent, thickener, film former, emulsifier, stabilizer and soluble fibre.
� KGM has applications as a food additive, including bakery products, beverages, breads and batters, candies and confections, condiments, dairy products, processed
foods, salad dressings, soups and gravies, snack foods, frozen and refrigerated dishes, and many other products (Chua et al., 2010).
� KGM is regarded as a non-caloric food ingredient, due to one of its primary benefits as an indigestible dietary fibre, which has been demonstrated to be effective in weight reduction, modification of intestinal microbial metabolism and cholesterol reduction (Chua et al., 2010; Zhou et al., 2013).
� KGM is an effective filler for improving both strength and adhesiveness of myofibrillar protein gels (Xiong et al., 2009).
� In Europe, KGM has been given an E425 agreement number by the European Food Safety Authority (EFSA) (FSA, 2007). Since 1994, KGM has been approved as a food additive by the US Food and Drug Administration (FDA) (Takigami, 2000; Zhang etal, 2005). In 1996 it was also passed as a binder in meat and poultry products by the US Department of Agriculture (USDA).




13.7 Processing as Pharmaceutical Supplements

The EFY tuber is also widely used in many Ayurvedic preparations. In recent years the popularity of complementary medicine has increased. Over 50�% of all modern drugs are from natural product origin and they play an important role in drug development programmes in the pharmaceutical industry. Epidemiological evidence suggests that dietary factors play an important role in human health and in the treatment of certain chronic diseases including cancer. The tubers of wild plants are highly acrid and cause irritation in the throat and mouth due to excessive amounts of calcium oxalate present in the tubers. The tubers are traditionally used as anodyne, anti-inflammatory, anti-haemorrhoidal, haemostatic, expectorant, carminative, digestive, appetizer, stomachic, anthelmintic, liver tonic, aphrodisiac, emmenagogue and rejuvenating tonic. They are also used in arthralgia, elephantiasis, tumours, inflammations, hemorrhoids, hemorrhages, vomiting, cough, bronchitis, asthma, anorexia, dyspepsia, flatulence, colic, constipation, helminthiasis hepatopathy, splenopathy, amenorrhea, dysmenorrhoea, seminal weakness, fatigue, anemia and general debility. The tuber is reported to have antiprotease activity, central nervous system (CNS) depressant activity, analgesic activity and cytotoxic activity (De et al., 2010).
EFY has many medicinal properties. In India, it is used in Ayurvedic drugs in the treatment of inflammatory conditions, hemorrhoids, rheumatism and gastrointestinal disorders (Raghu et al., 1999). This herb is also used in earache, pain, intercostal neuralgia, puerperal fever and swelling of the throat (Joshi, 2000). The paste of tubers is applied externally to reduce pain in arthritis. In China, A. konjac has been used in Traditional Chinese Medicines as an immune-regulation and health food for a long time (Vuksan et al., 2001).
KGM, a delicacy in foods and rich in nutrients, is popular as a vegetable in various delicious cuisines. They possess blood purifier properties and have been used traditionally for the treatment of piles, abdominal disorders, tumours, enlargement of spleen, asthma and rheumatism. They are traditionally used in arthralgia, elephantiasis, tumours, inflammations, hemorrhoids, hemorrhages, vomiting, cough, bronchitis, asthma, anorexia, dyspepsia, flatulence, colic, constipation, helminthiasis, hepatopa-thy, spleenopathy, amenorrhea, dysmenorrhoea, seminal weakness, fatigue, anemia and general debility. The tuberous roots of the plant have also been reported to possess tonic, stomachic and appetizer properties (Singh and Wadhwa, 2014).

13.7.1 Obesity and Weight Loss

Dietary supplements are available to promote weight loss. Several groups of researchers evaluated the safety and efficacy of KGM, a water-soluble fibre supplement, for achieving weight loss in overweight and obese individuals (Chen et al., 2003; Keithley et al., 2013). More recently, Zalewski et al. (2014) systematically evaluated the effects of KGM on body weight (BW) and body mass index (BMI) in otherwise healthy obese or overweight children and adults. The results concluded that short-term KGM may help to reduce BW and BMI.

13.7.2 Diabetes Management

Despite significant achievements in treatment modalities and preventive measures, the prevalence of diabetes has risen exponentially in the last decade. Moreover, an increasing number of people are using dietary and herbal supplements, even though there is a general lack of evidence for their safety and efficacy. KGM has been considered as potentially emerging alternative therapies for type 2 diabetes. KGM is useful in improving diabetes control, reducing associated risk factors such as hyperlipidemia and hypertension, and ameliorating insulin resistance (Chearskul et al., 2007; Estiasih et al., 2012; Harijati et al., 2011; Vuksan et al., 2001). Moreover, KGM showed hypoc-holesterolemic effects. Gallaher et al. (2002) studied the effect of both chitosan and KGM in 21 overweight normo-cholesterolemic subjects (11 males and 10 females). They were fed 2.4 g/day of a supplement containing equal amounts of chitosan and GM. The results showed that the serum total, HDL and LDL cholesterol concentrations, were significantly lower in the final period compared to the initial period. However, the serum triacylglycerol concentration did not change between periods. Therefore, KGM restricts the diffusion of glucose into the blood from the gut (Poddar etal, 2014).

13.7.3 Probiotic Properties

The colon of healthy humans contains a diverse bacterial population. The colon is dominated by strict anaerobes including Bacteroides spp., Clostridium, Bifidobacterium spp., Atopobium spp., and peptococci. Facultative anaerobes occur less in numbers and include lactobacilli, enterococci, streptococci and Enterobacteriaceae. Yeasts occur in much lower numbers. Among the bacteria, lactobacilli and bifidobacteria are the most significant organisms in terms of human health. The growth of these bacteria is stimulated specifically by prebiotics (Al-Ghazzewi et al., 2012; Connolly et al., 2010; Liebman and Al-Wahsh, 2011). Glucomannans hydrolyzate (GMH) acts as a prebiotic by stimulating selectively the growth of gut-friendly bacteria and serving as valuable functional food. Like other polysaccharides, the polymers can be depolymerized with acids and enzymes (Al-Ghazzewi et al., 2014; Bateni et al., 2013; Elamir et al., 2008).

13.7.4 Effects on Immune System

Administration of pulverized KGM prevented the development of allergic rhinitis-like symptoms and the increase of plasma immunoglobulin E (IgE) and G (IgG) levels in mice (Onishi et al., 2007; Tester and Al-Ghazzewi, 2013). In this context, Suzuki et al. (2009) reported that consuming hydrolyzed KGM can help to prevent atopic diseases by suppressing IgE production in mice. More recently, Onitake et al. (2014) investigated the role of pulverized konjac glucomannan (PKGM) in intestinal immunity in a mouse model of oxazolone (OXA)-induced colitis.

13.7.5 Processing for Drug Delivery

In recent year, cases of colonic diseases are increasing. Researches have found abundant microflora in the colon and amounts of drugs, which are colon-specific absorbable. The colon specific drug delivery is an important and new therapeutic entity due to controlled drug delivered to its site of action (in sufficient amounts) at the appropriate rate (Singh et al., 2012). The natural polysaccharides such as chitosan, guar gum, inulin, konjac glucomannan (KGM) and locust bean gum are usually used to prepare and study controlled drug delivery system. They are biodegradable in the colon and have good gel-forming abilities (Patel-Parul et al., 2012; Yu and Xiao, 2008). KGM are involved in many other types of applications, such as encapsulation, controlled release, etc. More recently, KGM has also been used in controlled drug delivery systems (Alvarez-Mancenido et al., 2006; Alonso-Sande et al., 2009; Mrsny, 2012; Zhang et al., 2014).

13.7.6 Other Activities

Dey et al. (2010) investigated the effects of methanolic extracts of the tuber of Amorphophallus paeoniifolius for its antihelmintic activity against Pheretima posthuma and Tubifex tubifex. Moreover, Sahu et al. (2009) evaluated the anti-oxidant property of various fractions of Amorphophallus tubers, such as hexane, chloroform, ethyl acetate, alcohol and hydro alcohol by in vitro methods like ferrous ion-induced lipid peroxidation, reducing power, total anti-oxidant activity, DPPH and nitric oxide scavenging activity. The in-vitro antioxidant activity guided fractionation of the tuber revealed that the alcoholic fractions showed more activity as compared to chloroform, ethyl acetate and hexane fractions.




13.8 Summary and Future Perspectives

From the aforementioned content, Amorphophallus have broad application prospects in many fields. The unique rheological and gelling properties of EFY starch and flour are widely employed to emulsify and stabilize the products for the food, drinks, cosmetic and pharmaceutical industries. Nowadays, it is well-known that EFY powder is mostly used as a health food. However, KGM is still a promising polysaccharide as an excipient for controlled drug delivery systems with relatively low cost and desired properties. Moreover, KGM is a very promising bioactive material for drug nanocarrier systems, since its amphiphilic structure can incorporate diverse biomolecules, potentially providing novel nanostructure drug delivery systems. EFY is increasingly attracting attention in different pharmaceutical applications, such as promote immune system, control agents for diabetes, maintaining blood cholesterol levels, coating material, and skeleton material for tissue engineering applications.
However, for application as pharmaceutical excipients, its characteristic parameters have not been assured to give a guidance for further study and applications. These will be challenging and heavy works for future standard use. With deepening of research, a general conclusion is that EFY will be a promising and versatile choice for the preparation of food and pharmaceutical applications. More modifications on EFY can be done and advanced formulations can be developed for better applications.
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Achu, 338�343, 404
� browning, 341�342
� gelatinization temperature, 342
� production, 338, 339
� properties, 341�342
� quality requirements, 339�341
� storage, 342, 343
� taro chips achu (TCA), 338�339
� taro flour achu (TFA), 338�339
� taro traditional achu (TTA), 338�339
� textural, 341
active loading, 107
African salad, 454
Agbeli kaklo, 452
aggregates, 402
� mucilage, 402
� starch, 402
aging, 109
Ahipa, 34, 36, 39
airflow puffed sweet potato chips, 520
Akyeke, 467
Alliums, 38, 53, 55, 70, 91, 92
Alocasia, 46, 83
Amorphophallus, 55, 66, 93, 591
� acridity, 594
� composition, 594
� habitat and distribution, 592
� nutritional and antinutritional factors, 593
� vitamins and minerals, 593
amplified fragment length polymorphism (AFLP), 70
amylopectin, 343
anatomy, 70
annuals, 68
Anredera, 50, 88
Apium, 52, 89
Arctium, 38, 57, 97
aromatic and crispy sweet potato chips, 523
Arracacha, 35, 38,111,112,113,114
Arracacoa, 43, 76
Arrowhead, 37
Arrowroot, 35, 37, 39,110,111,112,113, 213
climate and soil, 214
� harvesting, 215
� intercultural operations, 215
� manures and fertilizers, 214
� pests and diseases, 215
� planting material, 214
� planting method, 214
� utilization, 215
Artichoke, 34, 35, 37, 38, 39
Auxin, 108
Ayigbe biscuit, 452

baked products, 497
� bakeries, 363
� bakery products, 384
� � cake, 384
� � doughnuts, 385
� � muffins, 385
� � parker house rolls, 385
� � pastries, 385
� � spice nut loaf, 385
� bread, 363
� � alveographic characteristics, 371
� � precooked taro flour, 364
� � raw taro flour, 363
� calcium oxalate irritation, 382
� cookies and biscuits, 372
� parboiled taro biscuits, 375, 376
� recipes of cookies and biscuits, 381
Bankye ampesie, 460
Beets, 34, 36, 49, 87, 111, 112, 113, 115
biennials, 68
biochemical characterization, 141�142, 154,163�164,168
� �,�-Esterase (EST), 141
� acid phosphatase (ACP), 141
� alcohol dehydrogenase, 154
� diaphorase, 154
� esterase, 154
� glucose-6-phosphate dehydrogenase (G6PDH), 141
� glucosephosphate isomerase, 154
� glutamate dehydrogenase (GTDH), 141, 154
� glutamate oxalacetic transaminase (GOT), 141
� Ipomoea, 154
� isocitrate dehydrogenase (IDH), 141, 154
� isozymes, 149,161,167
� ITI�L and ITI-R, 154
� leucine aminopeptidase (LAP), 141
� malate dehydrogenase (MDH), 141, 154
� malic enzyme (ME), 141, 154
� peroxidase (POX), 141
� phosphoglucomutase, 154
� 6-phosphogluconate dehydrogenase, 154
� SDS-PAGE, 154
� shikimate dehydrogenase (SKDH), 141, 154
� xanthine dehydrogenase, 154
Black cumin, 34, 36, 38,110,111,112, 113,114,115
Black salsify, 34, 36, 38
Bombo, 469
Bread root, 34, 37, 39
bulbs, 34
Bunium, 58, 98
Burdock, 34, 36, 39
bush carrot, 34, 36, 39
bush potato, 34, 36, 39

Canna, 63
Carrot, 34, 35, 38, 111, 112,113,114
Cassava, 2,14, 34, 35, 110, 111, 112, 113, 115, 138�150, 186
� antinutrients, 20
� applications, 23�27
� areas, yield and production, 8-10 classification, 13�15
� climate and soil, 187
� crop protection, 190�191
� cyangenic glucoside, 21
� fermentation, 21
� harvesting, 191�192
� HCN, 21
� improved varieties, 187, 188
� intercropping, 191
� linamarin, 21
� M. aesculifolia, 140, 146
� manihot species, 140, 144
� manures and fertilizers, 189�190
� M. carthaginensis, 140, 146, 147
� M. chlorosticta, 146
� M. esculenta, 138, 140, 143
� M. esculenta ssp. Flabellifolia, 140, 141, 142, 143, 146, 147
� M. esculenta subsp. Peruviana, 146
� methods of planting, 187
� M. filamentosa, 146
� M. longipetiolata, 140
� M. purpureo-costa, 140
� M. pusilla, 140
� M. salicifolia, 140
� M. stipularis, 140
� M. stricta, 140
� M. tristis, 146
� origin, 2
� planting season, 187
Cassava-based beverages, 459
� Cassareep, 459
� Chicha, 459
� Mingao, 459
Cassava-based dishes, 451
Cassava-based snacks, 451
� Abacha (see African salad) Akara-akpu, 458
� baked cassava starch (see Ayigbe biscuit)
� bread (see Cassava composites) fried cassava chips, 455 fried grated cassava (see Agbeli kaklo)
� Pappad, 457
� Pastries, 457 (see also Cassava composites)
� Peuyeum, 455 (see also Raji)
Cassava composites, 457
Cassava fermented foods, 227
� Abacha, 232
� Agbelima, 231
� Attieke and Placali, 231
� Chickwanghe, 230
� Fufu, 229
� Gari, 228
� Kivunde, 231�232
� Lafun, 230
� Tapai, 232
Cassava flour(s)
� dewatering or pressing, 420
� drying/dehydration, 420
� dry milling, 421
� fermentation, 419
� processing technology, 416
� size reduction, 418
Cassava flour properties, 423�427
� cyanogenic potential, 426
� industrial standards and specification, 423
� pasting properties, 424
� physical properties, 424
� thermal properties, 426
� water vapour absorption properties, 426
Cassava mosaic disease (CMD), 144
Cassava peeling, 417
Cassava starch, 430
� biodegradable plastics, 439
� bioethanol, 437
� biopolymers, 438
� cutting and rasping, 430
� drying and milling, 432
� global production, 433
� Krupuk, 435
� lactic acid, 438
� modified starches, 436
� monosodium glutamate, 437
� packaging and storage, 432
� paper, 438
� potential uses, 434
� production technology, 430
� productivity and quality, 432
� prospective uses, 439
� root washing, 430
� sedimentation and decanting, 431
� sour starch, 435
� starch extraction, 430
� Tapioca flakes or meals, 434
� textile, 438
� utilization, 433
� Yeast, 438
Celery, 34, 36, 38, 52, 111, 112, 113,114
Chavar, 37
chemotaxonomy, 69
Chicory, 34, 36, 38
Chufa, 35, 39,110,111,113,114
Cichorium, 53, 91
classical taxonomy, 67
Cochlospermum, 60
Coleus, 211
climate and soil, 211
� crop protection, 213
� harvesting, 213
� high yielding cultivar, 211
� intercultural operations, 212
� land preparation and planting, 212
� manures and fertilizers, 212
� nursery, 212
Colocasia, 42, 75
commercialization aspects of storage, 269�273
� different trends, 272, 273
� factors affecting process, 269, 270
� flatulence, 270
commercialization aspects of storage, (continued) high fructose corn syrup, 271
� key products and final markets, 271
components of GMP, 283
compositions of Yam, 562
contaminant, 301
corms, 34
Cossettes, 469
Curcuma, 64
cyanogen(s), 235
cyanogens detoxification, 235
� LAB Linamarase, 236
� Linamarase, 236
cyanogenic potential, 451, 455, 459, 463, 472
Cyperus, 44, 78
Cyrtosperma, 47, 83
cytogenetics, 67

Daikon, 34, 36, 39, 56, 93
Dandelion, 34, 37, 38
Daucus carota Subsp. Sativus, 38, 47, 84
Daylily, 34, 36, 37, 39
Dazo, 34, 37
desert yam, 34, 37, 39
Dioscorea, 42, 75, 115
documentation, 297

Earthnut pea, 34, 37, 39
effect of processing on alkaloid, 575
� oxalate, 575
� phenol, 575
EFY, 592 see Elephant Foot Yams (EFY)
EFY flour, 596
� gum and gel, 598
� preparation, 598
Eleocharis, 61
Elephant ears, 34, 35
Elephant Foot Yams (EFY), 2, 15, 201, 592
� applications, 23�27
� classification, 13�15
� climate and soil, 202
� crop protection, 204
� harvesting, 204
� intercultural operations, 203-204
� management practices for intercrop, 203
� manures and fertilizers, 203
� origin, 2
� planting, 202, 203
� varieties, 202
Ephemerals, 68
equipment in yam processing, 577�579
� pounding machine, 579
� roasting machine, 579
� yam blancher/steamer/parboiler, 579
� yam dryer, 577
� yam peeler, 577
� yam slicer/dicer, 577
extrusion cooking, 570

false yam, 37
fermentation, 225
fermented cassava beverages, 235
fermented foods and beverages from sweet potato, 236
� acidophilus milk enriched with puree, 239
� beer, 240
� lacto juice, 238
� lacto-pickles, 237
� Puree, 239
� Shochu, 237
� sour starch and flour, 236
� wine, medicated wine, 239
� yoghurt/curd, 238
fermented foods from Yams, Taro and Cocoyam, 240
� Amala, 240
� Kokobele, 242
� Poi, 240
� Sapal, 242
� Yam flour (Amala), 240
fermented sour flour, 232
fermented sweet flour, 232
fermented taro paste, 397
� Poi, 397
� Sapal, 397
FISH see fluorescent in-situ
� hybridization (FISH)
flour, 596 flower, 39
fluorescent in-situ hybridization (FISH), 67, 68
food additives, 242
� lactic acid and citric acid, 242
� microbial polysaccharides, 243
� MSG, 243
� safety of fermented foods, 233�244
� soy sauce, 243
� vinegar, 242
food safety, 301
food safety hazards, 302
� biological hazards, 302
� chemical hazards, 302
� physical hazards, 303
Frozen taro, 396
Fufu, 308
Fufu flour, 312

Gari, 464
Garlic, 34, 36, 39
genetic diversity, 139, 141�148, 153�160, 163�166, 168�171
genome and gene mapping, 148, 151, 160, 162, 166, 167, 170, 171
Ginger, 34, 36, 39, 110, 111, 112, 113, 115
good manufacturing practices, 282
� food safety programme matrix, 282
� hazard analysis, 282
� risk prevention, 282
� undeclared allergens, 282
good manufacturing practices for tropical roots and tubers, 285
� microbiological safety hazards, 286
� risks inherent, 285
� sensory characteristics, 286
� zero risk approach, 287
granule size, 573
� acetylated starch, 574
� acid modified starches, 573
� alkali modified starches, 573
� cross-linking phosphorylation, 574
� enzymatic modification, 574
� oxidized starch, 574
� pre-gelatinization method, 574
� starch shape, 573
gravies, 497
gum kondagogu, 37

HACCP plan, 307
Hausa potato, 37
Hazard Analysis Critical Control Point (HACCP), 304
� corrective actions, 306
� critical control point, 305
� critical limits, 306
hazard analysis, 305
� monitoring procedures, 306
� verification procedures, 306
Helianthus, 46, 83
Hemerocallis, 59, 69, 89,101
high quality cassava flour, 308
Hitchenia, 60
Hog potato, 34, 37, 39
Hornstedtia scottiana, 38, 56, 93

Icacina, 61
ice products, 395
importance of GMPs for roots and tubers, 283
� efficacy, 283
� plant management system, 283
� quality facets, 283
inflorescence, 39, 66
instant nutritious sweet potato chips, 515
instant sweet potato noodles, 535
instant yam flour, 314
internal transcribed spacer (ITS), 70
introduction, 281
inherent microorganisms, 281
� mono-sodium glutamate, 281
� putrefaction, 281
introduction about Good agricultural practices, 183�186
Ipomoea batatas, 38, 41, 72
Ipomoea costata, 100
ITS see internal transcribed spacer (ITS)

Jicama, 35, 39
jiji, 468

Kanyanga, 469
Kembli, 34, 37
Konjac, 592
Konjac glucomannan (KGM), 592
� application, 601
� biofilm, 601
� drug delivery, 604
Konjac glucomannan (KGM), (continued) extraction and purification, 600
� Glucomannan, 596
� nutritional aspects, 602
Konyakku, 594
Kudeme/Agbelima, 471
Kudzu, 37

lateral root, 103, 104
leaves, 39, 106
Lepidium, 57, 96
loi-loi/dumby/fufuo, 461
Lotus root, 37
Low Temperature vacuum fried sweet potato chips, 523

Maca, 34, 36, 39
major popular meals, 468
� Attieke, 466 (see also Akyeke)
� Attoupkou, 467 (see also Yakeyake)
� boiled cassava root, 460 (see also Bankye ampesie)
� Cassava dough, 471 (see also Kudeme/Agbelima)
� Cassava leaves, 472
� Chickwangue, 470
� Fufu, 461 (see also loi-loi/dumby/fufuo)
Kokonte, 468 (see also jiji)
Kondugbala, 471
Kpokpo gari, 466

Lafun, 469 (see also Bombo; Cossettes; Kanyanga; Makaka; Makessa; Mapanga; Nshima)
� Placali, 470
� roasted cassava grits, 464 (see also gari)
� Tapioca, 459 (see also starch grits)

Makaka, 469
Makessa, 469
Mangelwuzrel, 34, 37
Manihot, 41, 73
Mapanga, 469
Maranta arundinacea, 38, 43,77
Mashua, 35
Mauka, 34, 36
medicinal values, 38, 110
metabolites, 69
Metroxylon, 44, 79
microorganisms in fermented foods, 233
� cassava bread, 234
� fermented starch, 234
� � cheese bread, 234
� � coated peanuts, 235
Microseris, 58, 97
Mignonette vine, 36
modified starch, 493
� chemical modification, 495
� enzymatic modification, 496
� hydrothermal modification, 494
� utilization, 496
molecular characterization, 142�148, 154�160, 164�166, 168-170
� Diversity array technique, 148,150
� amplified fragment length polymorphism (AFLP), 145�147, 149, 158�159, 161, 165�166, 167, 169, 171
� DNA amplification fingerprinting (DAF), 158, 161
� inter simple sequence repeat (ISSR), 147, 149, 156�158
� randomly amplified polymorphic DNA (RAPD), 142�143, 149, 154�156, 161, 164�165, 167, 169, 171
� restriction fragment length polymorphism (RFLP), 142, 149, 164, 167, 168, 171
� selective amplification of microsatellite polymorphic loci (SAMPL), 160, 162
� simple sequence repeats (SSR), 143�145, 149, 159�160, 162, 166, 167, 170, 171
� single nucleotide polymorphism (SNP), 147�148, 150
molecular tools, 70
morphological characterization, 153, 154, 163, 167
morphology, 39, 66

Nelumbo, 63
noble fermented foods, 232�235
Nshima, 469

Oca, 35, 39, 111, 112, 113, 114
Onion, 34, 36, 39
orange daylily, 34, 36
origin of cassava, 140�141
origin of sweet potato, 151�152
Oxalis tuberose, 38, 44, 80

Pachyrhizus, 45, 81
Parsley, 34, 36, 38, 110, 111, 112, 113, 114
Parsnip, 34, 35, 38, 110, 111, 112, 113, 115
Pastinaca sativa, 38, 47, 85
pasting properties of yam, 569
Perennials, 68
personnel and training, 291
Petroselinum, 94
pharmaceutical supplements, 603
� diabetes, 604
� obesity, 604
� pro-biotic, 604
phloem loading, 108
physiological age index, 109
physiology, 107
Pignut, 34, 36, 38
Plecranthus, 34, 38, 39, 51, 88
polymorphism, 69
post harvest, 109
Potatoes, 34, 35, 39, 111, 112
pounded taro, 404
� Fufu, 405
� Taro flour, 406
� Yellow soup, 405
premises, 292
processing methods, 575
� blanching, 569
� boiling, 575
� parboiling, 569
� roasting, 575
� soaking, 569
processing techniques, 451
proximate composition, 109
Psophocarpus, 65
Psoralea, 100
Pueraria, 65
Puffed sweet potato food, 516
purple sweet potato cakes, 511
� juice, 540
� quality control, 284
� analytical investigations, 284
� defect levels, 285
� filling, 284
� standard tests, 284
� validation plans, 284
� quick-frozen sweet potato product, 536

Radish, 34, 35, 39, 86
Raji, 455
Raphanus sativus, 38, 48, 86
ready-to-eat, 454, 457, 462, 473
resistant starch, 598
isolation and preparation, 598, 599
restriction fragment length polymorphisms (RFLP), 70
RFLP see restriction fragment length polymorphisms (RFLP) root(s), 34, 66, 103
root containerization, 109
roots and tubers, 1, 2, 253, 315
� agronomic practices, 254
� annual, biennial and perennial, 5
� antinutritional factors, 16�20
� applications, 23�26
� bruising, 255
� Cassava, 303
� cause of losses in storage, 254
� characteristics, 16
� chilling injury, 256
� classification and salient features, 12�15
� Cocoyam, 308
� comparison, 17�20
� composition and nutritional value, 12, 15, 16
� conditions for storage, 255
� constraints in production, 11, 12
� crop rotation, 260
� curing, 261
� gamma irradiation, 259
� insect/pest infestation, 254
� lesion diameter, 256
� methods for storage, 264�266
� microbial spoilage, 258-260
� roots and tubers, (continued)
� modified atmosphere packaging, 263
� nematicide, 260
� Nematode, 260
� new frontiers, 26, 27
� pathological losses, 256
� post harvest losses, 254
� Potato, 303
� pre harvest factors, 254
� preventive measures for storage, 255
� Sweet potato, 308
� Taro, 308
� types, 4
� world production and consumption, 7-10
� Yam, 308
Rutabaga, 34, 36, 39, 56, 95

Sagittaria, 60
sago palm, 35, 39, 111, 112
salsify, 34, 36, 38
sauces, 497
Scorzonera, 58, 98
shelf life, 452, 472, 473
Shoti, 37
single nucleotide polymorphisms (SNPs), 70
Skirret, 34, 37, 38
Smallanthus, 58, 99
snack(s), 386
� chips/crisps, 388
� extrudates snacks, 386
snack foods, 496
SNPs see single nucleotide polymorphisms (SNPs)
Solanum tuberosum, 38, 40, 71
Solenostemon, 62
solid state fermentation, 227
soup thickener, 404
Sphenostylis, 60
Stachys, 59, 69, 101
staining, 66
standardization, 451, 455, 473
starch, 106,107, 571, 596�597
� acetylated starch, 574
� acid modified starches, 573
� alkali modified starches, 573
� cross-linking phosphorylation, 574
� enzymatic modification, 574
� functional and chemical properties, 597
� granule size, 573
� oxidized starch, 574
� pre-gelatinization method, 574
starch modification, 572
starch shape, 573
starch grits, 459
stem, 34, 104
stolon, 105
storage, 263�268
� aeration, 268
� Cassava, 263, 267
� cold storage, 268
� freezing, 267
� refrigeration, 267
� Sweet potato, 267
� Taro, 268
� Yam, 268
storage root, 103
submerged fermentation, 227
sun dried sweet potato slices, 529
Sweet potato, 2,13, 34, 35, 39, 103, 111, 112, 113, 150�160, 192
� applications, 23�27
� classification, 13�15
� � crude fiber, 21
� � flatulence, 21
� � fungal, 22
� � inhibitors, 21
� � raffinose, 21
� climate and soil, 193
� crop protection, 196
� field preparation and planting, 195
� harvesting, 197
� hexaploid, 150
� I. aquatica, 156
� I. cordatotriloba, 150
� I. hispida, 156
� I. mauritiana, 154
� international potato center, 150
� I. obscura, 154
� Ipomoea batatas, 150
� I. ramosissima, 157
� I. tabascana, 150
� I. tiliacea, 150
� I. trifida, 150
� I. triloba, 150
� I. umbraticola, 157
� manures and fertilizers, 195�196
� nursery, 193, 195
� origin, 2
� planting season, 193�194
� production, 9, 10
Sweet potato-based products, introduction, 532
Sweet potato beer, 539
Sweet potato bread, 507�509
Sweet potato cookies, 509
Sweet potato flour, 479
� flour properties, 482
� production steps, 480
� storage, 484
� utilization, 484
Sweet potato healthcare food, 545
� sweet potato anthocyanins, 550
� sweet potato dietary fiber, 547
� sweet potato leaf powder, 554
� sweet potato pectin, 550
� sweet potato polyphenols, 553
� sweet potato protein, 545
Sweet potato healthcare tea, 537
Sweet potato, introduction, 507
Sweet potato jelly, 532
Sweet potato chips, 319
Sweet potato shoot-tip canning, 538
Sweet potato starch, 485
� morphological properties, 493
� pasting properties, 490
� physico-chemical properties, 487
� rheological properties, 491
� steps in production, 486
Sweet potato whole flour, 542

Tacca, 59, 102
Taro, 2, 13, 34, 35, 39, 110, 111, 112, 113, 160�166, 204, 326
� acridity, 11, 12, 328
� anthocyanins, 328
� antinutrients, 20
� antinutritional factors, 329
� applications, 23�27
� calcium oxalate, 22
� classification, 13�15
� climate and soil, 205
� composition, 328
� crop protection, 209�210
� energy source, 327
� glycemic index, 327
� harvesting, 210�211
� indumbe, 328
� intercultural operations, 207�208
� land preparation and planting, 207
� manures and fertilizers, 208�209
� minerals, 327
� origin, 2
� planting material, 206�207
� processing constraints, 328, 330
� production, 9, 10
� production systems, 205�206
� starch, 326
� toxicity, 329
� versatility, 327
� yield, 326
Taro based baby food, 400
Taro flour, 329�330
� blanching, 331, 332
� drying, 332
� FHT, 337
� methods of production, 329�333
� milling, 332
� milling machine, 332
� packaging, 333
� poly phenol oxidase, 331
� properties, 333�336
� sieving, 332
� storage, 336
� utilization, 337
Taro leaves, 404
Taro noodles, 398
Taro soup, 407
� antioxidant, 408
� preparation, 407
Taro starch, 327, 343�344
� amylose, 343
� amylopectin, 343
� applications, 351�352
� carbohydrate, 344
� centrifugation process, 345
� developments in extraction, 347
� digestibility, 344
� functional properties, 348, 349
� gelatinization and retrogradation, 349
� gums, 343
� heat moisture treatment, 351
� method of production, 344, 345
� modified taro starch, 351
� morphological characteristics and crystallinity, 350
� pasting properties, 349, 350
� phosphorus, 344
� physical modification, 351
� physical properties, 346, 348
� simple process, 345
� starch extraction, 345
� wet milling process, 345
Taro yogurt, taro gurt, 398
taxonomy, 38
Tragopogon, 52, 90, 98
translocation, 107
Tropaeolum tuberosum, 38, 45, 82
Tuber, 34, 105
tuberization, 105, 108
Turnip, 34, 35, 39, 49, 87

Ullucu, 35
Ullucus tuberosus, 38, 45, 81
unloading, 107
utilization of cassava flours, 427
� adhesive, 429
� applications of HQCF in baked products, 427
� bioethanol, 429
� noodle, 427
� syrup, 428

vacuum microwave drying sweet potato chips, 527

Water chestnut, 37
Winged bean, 37

Xanthosoma, 41, 68, 74

Yacon, 34, 37, 38
Yakeyake, 467
Yam, 2, 14, 35, 39,110, 111, 112, 113, 166�171, 197
� antinutrients, 20
� � bitter principles, 23
� applications, 23�27
� classification, 13-15
� climate and soil, 197�198
� crop protection, 201
� D. alata, 168,171
� D. bulbifera, 168
� D. esculenta, 168
� dioecious, 167
� Dioscorea, 166
� Dioscoreaceae, 166
� D. rotundata, 168,170
� harvesting, 201
� improved varieties, 198�199
� land preparation and planting, 200
� management practices for intercrop, 200�201
� manures and fertilizers, 200
� origin, 2
� planting material, 200
� production, 9, 10
� trailing, 201
� white yam, 170
� yam mosaic virus, 170
Yam bean, 37, 39, 216
� climate and soil, 216�217
� harvesting, 219
� inter-cultural operations, 218
� manures and fertilizers, 217�218
� planting season and method, 217
Yam consumption, 559
Yamdaisy, 34, 36, 38
Yam production, 559
Yam products, 563
� boiled and roasted yam, 563
� composite flours, 571
� extruded products, 570
� fried yam products, 566
� instant yam flour, 568
� paste/stiff dough, 567
� pounded yam, 564
� yam chips, 565
� yam flakes, 569
� yam porridge, 563
Yautia, 35, 39, 111, 112, 113
Yellow lily yam, 34, 36

Zingiber officinale, 38, 54, 92



Примечания

1 Rounded off

2 MUFA � Monounsaturated fatty acids

3 PUFA � Polyunsaturated fatty acids

4 Pantothenic acid

5 Illumination intensity of 20 and 50 lux can be used for narrow corridor and warehouses Source: ASEAN (2000)

6 FAO, 1991

7 Parts per million
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