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ABSTRACT 
This paper dwells on planning for food security using roots and tubers as functional foods in Nigeria as 

global food crisis imposes a serious risk towards world peace and security. This review becomes 

necessary as it is to examine the potential values of these roots and tubers.  Roots and tubers play 

important roles in human diet and they are widely grown and consumed as staple foods in Nigeria. The 

principal roots and tubers of Nigeria are cassava (Manihot esculentus Crantz), yam (Dioscorea spp), 

sweet potato (Ipomoea batatas Poir), potato (Solanum spp) and edible aroids (Colocasia spp and 

Xanthosoma sagittifolium Schott). The potential of these crops is particularly high as they make up 

extensive biodiversity and add variety to human diet. They also have a lot of medicinal benefits. The 

plants considered in this paper are cassava (Manihot esculentus Crantz), yam (Dioscorea rotundata Poir, 

D. bulbifera L., D. Cayenensis Lam, D. alata Linn, D. Dumentorium Pax and D. esculenta (Lour.) Burk) 

sweet potato (Ipomoea batatas Poir), potato (Solanum tuberosome Linn) and edible aroids (Colocasia 

esculenta (L) Schott and Xanthosoma sagittifolium Schott).These plants of numerous benefits to man are 

at risk due to population growth, urbanization and changing food preferences. They have also not been 

fully utilized for their nutritional and health benefits. It is discovered that these plants are of high 

nutritional values and are also used traditionally for various medicinal benefits. These plants of great 

benefit should be given more attention in areas of production, preservation and consumption as this will 

go a long way in improving food security in Nigeria. 
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INTRODUCTION 

Roots and tubers include potatoes, cassava, sweet potatoes, yams, and aroids belonging to different 

botanical families but are grouped together as all types produce underground food are the most important 

food crops for direct human consumption in Africa (Nteranya and Adiel, 2015). Potatoes and yams are 

tubers, whereas edible aroids are derived from corms, underground stems, and swollen hypocotyls. 

Cassava and sweet potatoes are storage roots. An important agronomic advantage of root and tuber crops 

as staple foods is their ability to adapt to diverse soil and environmental conditions and they can all be 

propagated by vegetative propagation process. Roots and tubers are believed to be cheap sources of 

energy, minerals, essential vitamins and valuable nutrients in Nigeria unfortunately they are underutilized. 

Underutilized crops are those plant species traditionally used for their food, fibre, fodder, oil, or medicinal 

properties but have been overlooked by scientific research and development workers through lack of a 
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coherent strategy for their evaluation and development (ICUC 2006). Roots and tubers constitute 

important component in traditional diets and play central role in food economy in Nigeria as they help to 

meet the increasing demand for food and nutrition, medicines, and industrial needs. They are also highly 

efficient of edible carbohydrates when compared to other food crops.  Although there are opportunities 

for diversification of eating habits with various choice of food available root and tuber crops remain in 

high demand, but this demand is often unsatisfied because of the inherent limitations of the traditional 

production systems which impose serious constraints. High increases in food prices have caused more 

suffering from silent hunger and poverty leaving the world extremely vulnerable  due to the large 

population migration from the rural areas, which has continued for years and shows no signs of abating 

(FAO, 2006; Mohammed and Byong, 2014; McKersie, 2015).  Roots and tubers are generally high in 

moisture content (70% to 80%), have large unit size (100 grams to 15 kg), have high respiration rate. 

Their heat production is 0.5 to 10 megajoules/ton/day at 0°C to 5 to 70 megajoules/ton/day at 20ºC, Soft 

texture, easily bruised, Perishable, natural shelf life is a few days to few months, Losses usually caused by 

rotting (bacteria and fungi), senescence, sprouting and bruising. These plants risk falling into disuse yet 

they lay a crucial role in food security, income generation, and culture of the rural poor. This review 

assess utilization levels, availability,  nutritional value and discussed how roots and tubers can help us 

provide functional food for food security and also act as a valuable tool to reduce poverty. 

 

MATERIALS AND METHODOLOGY  

The study is essentially a review work which dwells on planning for food security using roots and tubers 

as functional foods in Nigeria as global food crisis imposes a serious risk towards world peace and 

security. 

The data were collected by the researcher using the previous data of some authors who have done similar 

work. This review becomes necessary as it is to examine the potential values of roots and tubers in human 

diet and the role they are to play in bringing about food security in Nigeria. The plants considered in this 

paper are cassava (Manihot esculentus Crantz), yam (Dioscorea rotundata Poir, D. bulbifera L., D. 

Cayenensis Lam, D. alata Linn, D. Dumentorium (Kunth) Pax and D. Esculenta (Lour.) Burk) sweet 

potato (Ipomoea batatas Poir), potato (Solanum tuberosome Linn) and edible aroids (Colocasia esculenta 

(L) Schott and Xanthosoma sagittifolium Schott).  

 

Table 1: Roots and Tubers common names 

Roots and Tubers Common name 

Solanum tuberosome Linn  Irish Potato White and Red flesh 

Ipomoea batatas Poir Sweet potato Yellow and White flesh 

Manihot esculenta L  Cassava   

Dioscorea esculenta (Lour.) Burk.   Lesser yam, potato yam 

Dioscorea rotundata Poir White yam, White Guinea yam 

Dioscorea cayenensis Lam Yellow yam, Yellow Guinea yam 

Dioscorea dumetorium (Kunth) Pax  Bitter yam, Three leaved or Trifoliate yam.  

Dioscorea bulbifera L Air yam Aerial yam, Aerial potato yam 

Dioscorea alata L Water yam, Winged yam, Greater yam 

Colocasia esculenta (L) Schott   Cocoyam Taro white and purple/red fleshed 

Xanthosoma sagittifolium (L) Schott Cocoyam Tannia 

 

 

 

 

 

Ojone et al. ….. Int. J. Innovative Biosciences Res 7(2):1-9, 2019 



3 

 

Fig 1: Various roots and tubers 
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Colocasia esculenta (L) Schott             Xanthosoma sagittifolium (L) Schott   
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Table 2: Nutritional composition of selected roots and tubers 

 Potatoes   Sweet potatoes  Cassav

a    raw 

Yam raw Taro  Tanni

a  

 White 

flesh 

and 

skin, 

raw 

Red 

flesh 

and 

skin 

raw 

Russet 

flesh 

and 

skin 

raw 

Orange 

flesh 

raw 

White 

flesh 

raw 

 D. alata 

D. bulbifera 

D. cayenensis 

D. rotundata 

D. dumetorum  

D. esculenta   

  

Proximate composition  

Water (g) 75.43 79.25 78.58 77 77.3 60. 69.6 70.64 68.3 

Energy (kcal)  92    77 79 86 103 160 118 112 98 

 Protein (g) 2.10 2.05 2.14 1.6 2.0 1.4 1.5 1.50 1.46 

Total lipid (fat) (g) 0.15  0.09  0.08 0.1  - 0.3 0.2 0.20 0.4 

Carbohydrate, by difference (g)  21..08 17.49  18.07 20.1 24 38.1 27.9 26.46 23.63 

Fibre, total dietary(g)  2.1 2.1  1.3 3 4 1.8  4.1 4.1 1.5 

Sugars, total (g)g  1.53 0.82 0.62 4.2  6.6 1.7  0.5 0.40 1.1 

Ash  1.24      0.82 1.20  

Minerals 

Calcium, Ca (mg)  10  12 13 30  99 16  17 43 9 

Iron, Fe (mg) 0.64 0.81 0.86 0.61 2.8  0.54 0.55 0.98 

Magnesium, Mg(mg)  27 23 23 25  99 21 21 33 24 

Potassium, K (mg)  544  425  417 337 1400 271   816 591 598 

Phosphorus, P (mg)  75 61 55 47  47 27  55 84 86 

Sodium, Na (mg)  7  6 5 55 41 14  9 11 21 

Zinc, Zn (mg) 0.35 0.30 0.29 0.3 0.6 0.34 0.24 0.23 0.50 

Copper, Cu (mg) 0.127 0.110 0.103 0.6 0.6 0.18 0.178 0.172 0.172 

Manganese, Mn (mg) 0.189 0.153 0.157 2.30 2.26 0.40 0.397 0.383 0.383 

Selenium (𝜇g) 0.3 0.3 0.3 0.6 0.6 0.7 0.7 0.7 0.7 

Vitamins 

Total ascorbic acid (mg)  12.6 19.7  5.7 2.4  2.4  20.6 17.11 4.5 5.2 

Thiamin (mg)  0.048  0.081 0.082 0.08  0.08  0.09  0.11 0.095 0.097 

Riboflavin (mg)  0.043  0.032  0.033 0.06  0.06  0.05  0.03  0.025 0.040 

Niacin (mg)  1.528 1.061 1.035 0.56  0.56  0.85  0.55 0.600 0.667 

Pantothenic acid B-5 (mg) 0.30   0.80  0.11 0.31 0.303  

Vitamin B-6 (mg)  0.211  0.298 0.345 0.209  0.21  0.088  0.293 0.283 0.237 

Folate (𝜇g-DFE)  38  15  14 11  11  27  23 22 17 

Vitamin E (mg)  0.01  0.01  0.01  0.26   0.30   0.19  0.35 2.38 2.4 

Vitamin K (𝜇g)  2.7  2.  1.8 1.8  1.8 1.9  2.3   

Vitamin A (IU)IU  10   2 1 14187  14187  13  138 7.6 8 

Fats          

Saturated fatty acids (g) 0.040  0.03  0.026 0.02  0.02  0.074 0.04 0.041 0.042 

Monounsaturated fatty acids (g) 0.003 0.00  0.001 0.00  0.00  0.075 0.01 0.016 0.016 

Polyunsaturated fatty acids (g) 0.066 0.04 0.043 0.01  0.01  0.048 0.08 0.083 0.083 

Phyto-nutrients 

Carotene β (𝜇g) 6 6 6    83 35 35 

Source: USDA, Ndabikunze et al 2011 

Roots and tubers as functional foods 

Roots and tubers provide a substantial part of the world’s food supply for man and animals and are also 

an important source of processed products for human consumption and industrial use. Nutritionally, roots 

and tubers have a great potential to provide economical sources of dietary energy, in the form of 

carbohydrates as such become functional foods. The energy from tubers is about one-third of that of an 

equivalent weight of rice or wheat due to high moisture content of tubers. In general the protein content of 

roots and tubers is low ranging from 1 to 2% on a dry weight basis (Okwu and Ndu, 2006). Potatoes and 
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yams contain high amounts of proteins among other tubers. Cassava, sweet potatoes, potatoes, and yam 

contain some vitamin C and yellow varieties of sweet potatoes, yam, and cassava contain β-carotene. 

Taro is a good source of potassium. Roots and tubers are deficient in most other vitamins and minerals 

but contain significant amounts of dietary fibre (FAO, 1990). Roots and tubers are important diet 

components for humans and add variety to it. In addition to the main role as an energy contributor, they 

provide a number of desirable nutritional and health benefits such as anti-oxidative, hypo-glycemic, hypo-

cholesterolemic, antimicrobial, and immune-modulatory activities. A variety of foods can be prepared 

using roots and tubers although type and usage vary with the country and region; they serve as functional 

foods and ingredients for the treatment of some diseases and to maintain wellness. 

Cassava is a perennial shrub belonging to the family Euphorbiaceae. The genus Manihot comprises 98 

species and Manihot esculentus is the most widely cultivated member. It is almost entirely produced and 

consumed in developing countries and is the most widely cultivated root crop in the tropics and because 

of long growth season (8–24 months), is highly productive, tolerant of poor soils, periods of drought and 

is relatively disease free and pest resistant, its production is limited to the tropical and subtropical regions 

in the world. Cassava plays an important role as a major source of energy for many people in the world 

due to its high carbohydrate content (Blagbrough et al., 2010).  

Yams (Dioscorea sp.) is a member of the monocotyledonous family Dioscoreaceae, they are of a very 

high nutritional value as they have valuable nutrients and minerals which are essential to maintain good 

health. They are a major source of carbohydrate,  minerals,  phosphorus,  calcium,  iron  and  vitamins  

such  as thiamine,  riboflavin  and  vitamins B  and C, they are also rich in phenylalanine and threonine.  

Some species of yam have been used medically to treat diseases like Diabetes melitus, to increase 

coronary flow and prevent high hyperchosteromia (Coursey, 1967; Undie and Akubue, 1986).  Yam, like 

other root crops, is not a good source of essential amino acids such as sulphur amino-acids, cystine and 

methionine and tryptophan. They are  among  the  most  important  staple  food  crops  in  the  world  

particularly  in  the  tropical  and  sub  –  tropical  regions  and  play  a  central  role  in  food security and 

food  economy  in most west African  countries especially Nigeria (FAO, 2006; Okigbo  and  Ogbonnaya, 

2006; Okigbo. Opara and Anuagusi, 2015;  Agbo, Agbulu and Ekele, 2016). The  species  of  yam  

cultivated  in  Nigeria  include  Dioscorea rotundata  (white  yam),  Dioscorea  alata  (water  yam),  

Dioscorea  cayenesis  (yellow  yam),  Dioscorea  dumentorum (bitter or  trifoliate yam), Dioscorea 

esculenta (Okigbo, Opara and Anuagusi, 2015; Ike and Inoni, 2006, Onwueme, 1998). Dioscorea  

rotundata and Dioscorea alata are the most economical and popularly cultivated species of yam in 

Nigeria due to  their  high  yielding  qualities. There are over 600 species but only a few are cultivated for 

food and medicine (IITA, 2006).  The yam tuber is the only economical part of the crop, The yam tuber is 

prepared for consumption in a variety of ways including roasting, boiling, frying and baking; but the most 

important culinary preparations is pounded yam or as 'fufu', a stiff, glutinous dough flour for baking and 

steaming for swallowing with soup, which is eaten by almost every household in Nigeria. Yams are 

sometimes dried and made into flour; this is often the case with damaged yams or with yams that are 

surplus to requirements, essentially as a method of storage. In  addition  to  its  nutritional  value,  yam  

has  considerable  social  and cultural  significance,  especially  among  the  people  of  South-Eastern  

Nigeria although its research  and  documentation is still limited (Sangoyomi,  2004).  Peelings and waste 

from yams are often used for feeding poultry and livestock. Yam leaves and tubers are used to treat a 

variety of ailments. The leaves of air yam and water yam are used as a poultice for pimples and tumours 

and in bath water to soothe skin irritations and stings (Blust 2010, GRIN 2011). Air yam is also used to 

treat sores, swelling, haemorrhoids, sore throats, diabetes, leprosy and tumours.  These characteristics 

make yam a preferred food and a culturally important food security crop in some sub-Saharan African 

countries. 

a. Dioscorea dumetorum (Kunth) Pax is commonly called Bitter Yam which shows great variation in 

colour, form and quality. The tubers may be single or form a cluster. The flesh may be white, pale-

yellow, or dark-yellow, the last being bitter. The wild forms are usually toxic and the degree of 

toxicity is generally in inverse proportion to the depth to which the tubers penetrate in the soil. Bitter 
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yam is used as a vegetable. Owing to its soft texture it is favoured by old people with poor teeth. The 

dried tubers can be used to prepare flour. The tubers of wild varieties mixed with bait are sometimes 

used for poisoning animals in parts of Africa. This species is sometimes deliberately planted in fields 

of other edible yams in order to discourage thieves.  

b. Dioscorea alata (Water yam) have white flesh which is extremely watery. It is used in a variety of 

desserts, cakes and other pastries, fried chips, portage and fufu. D. alata is also valued for the starch 

that can be processed from it. In folk medicine, D. alata has been used as a laxative and vermifuge, 

and as a treatment for fever, gonorrhoea, leprosy, tumours, and inflamed haemorrhoids. 

c. Dioscorea bulbifera L. (Aerial yam) is a bulbil bearing yam. The bulbils are normally cooked and 

eaten in a manner similar to other starchy root crops. The flavour is reported to be inferior to that of 

most common yams and some are bitter. Some yellow fleshed varieties darken during cooking. The 

bulbils and tubers have moderate protein levels and are occasionally used for the production of flour. 

In folk medicine a paste from the tuber is used as a cure for snakebite, scorpion and centipede stings.  

d. Dioscorea esculenta (Lour.) Burk is very thin-skinned and has a yellow flesh, and thus appears pale-

yellow even before the skin is removed. The surface is smooth except for some fine adventitious roots 

and a few depressions like the eyes of a potato; these are not buds, but are local wounds resulting from 

minor injuries to the tuber during its growth. The flesh is floury to succulent, crisp, with little fibre and 

a characteristic bland but rather sweet flavour.  

e. Dioscorea rotundata Poir. (White yam) are yams with white flesh tubers, they can be harvested twice 

in a year; they are eaten boiled, mashed, fried, etc. In Africa they are used in large quantities for the 

preparation of 'fufu'. Instant yam flakes can be made from suitable cultivars, though D. cayenensis 

yams are not favoured because of their yellow colour. Yam flour is also prepared.  

f. Dioscorea cayenensis Lam. (Yellow yam) have yellow flesh and color caused by the presence of 

carotenoids. which are eaten boiled, mashed, fried, etc. though they are not favoured because of their 

yellow colour. Yam flour is also prepared. (Martin and Sadik, 1977.)  

Constraints  in  yam  production  include;  disease  and  pest  attack,  cost  of planting materials, cost of 

labour and other technical challenges in breeding and selection which  include;  the  long breeding cycle, 

very  low multiplication ratio of propagules and the existence of a juvenile phase during the seminal and 

early clonal  stages  of  development  (Sangoyomi,  2004).  Considerable losses occur during prolonged 

storage of yam, losses up to 10-20% may be observed in the first 3 months and 30-60% after 6 months in 

the barns (Coursey, 1967). Storage losses are normally caused by rotting which is greatest in amount, 

pests’ activities and sprouting.  

Potatoes (Solanum tuberosum) are currently the fourth most important food crop in the world after 

maize, wheat, and rice, with a production of 368million tonnes (FAOSTAT, 2013). In developed 

countries potatoes play a pivotal role in the diet compared to those of the developing ones. The energy 

intake from potatoes by an individual in developed and developing countries was 130 and 41 kcal/day, 

respectively (Burlingame, Mouill´e, and Charrondi`ere, 2009). Potatoes provide significant amounts of 

carbohydrates, potassium, and ascorbic acid in the diet (Hale, Reddivari, Nzaramba, Bamberg and Miller, 

2008). In addition, ascorbic acid present in potatoes protects folates from oxidative breakdown (McNulty 

and Pentieva, 2004). About 50% of the recommended dietary allowance of vitamin A may be provided by 

250 g of genetically carotenoid enriched potatoes (Diretto, Al-Babili, Tavazza, Papacchioli, Beyer, and 

Giuliano, 2007). Potatoes have several secondary metabolites which demonstrated antioxidant as well as 

other bioactivities (Ezekiel, Singh, Sharma and Kaur, 2013). 

Whilst mainly used as a staple food, potatoes do also have a number of medicinal virtues. A juice made 

from the tubers, when taken in moderation, can be helpful in the treatment of peptic ulcers, bringing relief 

from pain and acidity. Excessive doses of potato juice can be toxic - do not drink the juice of more than 

one large potato per day. A poultice has been made from boiling potatoes in water. This is applied as hot 

as can be borne to rheumatic joints, swellings, skin rashes, haemorrhoids etc. Peeled but uncooked 

potatoes have been pounded in a mortar and then applied cold as a soothing plaster to burns and scalds. 

Potato skins are used in India to treat swollen gums and to heal burns. The tubers contain very small 
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quantities of atropine alkaloids. One property of these alkaloids is the reduction of digestive secretions, 

including acids produced in the stomach. The root and leaf diffusates of growing potato plants possess 

cardio-tonic activity. Dried ethanol extracts of above-ground parts of the plant show marked hypotensive 

and myotropic action and a spasmolytic and soothing effect on intestinal musculature. Ethanol extracts of 

the leaves have antifungal properties, active against Phytophthora infestans. The leaves, seeds, and tuber 

extracts show antimicrobial activity against Gram-positive and Gram-negative bacteria. The leaves are 

antispasmodic. 

Sweet Potatoes (Ipomoea batatas L.) is widely grown in many tropical and subtropical countries in 

different ecological regions. It is the seventh largest food crop, grown in tropical, subtropical, and warm 

temperate regions in the world (Scott, 1992). Sweet potato can be grown all around the year under 

suitable climatic conditions and complete crop loss under adverse climatic conditions is rare; thus it is 

considered as an ―insurance crop‖ and are considered as a typical food security crop for disadvantaged 

populations as the crop can be harvested little by little over a long period of time. The consumption of 

125g orange fleshed sweet potatoes, rich in carotenoids, improves vitamin A status of children, especially 

in developing countries (Van Jaarsveld, Marais, Harmse, Nestel and Rodriguez-Amaya, 2006). In 

addition, sweet potatoes are rich in dietary fibre, minerals, vitamins, and bioactive compounds such as 

phenolic acids and anthocyanins, which also contribute to the colour of the flesh. 

Edible Aroids. Aroids are tuber or underground stem bearing plants belonging to the family Araceae. 

There are several edible aroids including taro (Colocasia esculenta (L) Schott), and tannia (Xanthosoma 

sagittifolium (L) Schott) these are commonly called cocoyam and are relatively neglected crop. Cocoyam 

is an ancient crop grown for its edible corms, cormels, leaves and other traditional uses by subsistence 

farmers (Miyasaka et al. 2003; Ekanem and Osuji 2006). Both are generally cultivated for their enlarged 

underground starch-rich corms and cormels (tubers). The dietary importance of these crops has led 

several workers to evaluate the chemical composition of their tubers (Bradbury and Holloway 1988). 

Although cocoyams are neglected tuber crops in many parts of the world, their nutritional value is high. 

They contain digestible starch, good quality protein, vitamin C, thiamin, riboflavin, niacin and high scores 

of proteins and essential amino acids. Nigeria is the world’s leading producer of cocoyam, accounting for 

about 40%of total production (Eze and Okorji 2003). However, Onwueme (1991) noted that the global 

average yield is only about 6,000 kg/ha. High dietary potassium in humans plays a protective role against 

hypertension, stroke, cardiac dysfunctions, renal damage, hypercalciuria, kidney stones and osteoporosis 

and in edible aroids the potassium content is high (Demigne et al. 2004). 

Potato and cocoyam both have low shelf life in storage at ambient temperature except when stored under 

low temperature. Cold storage aims at preserving the physical appearance of the tubers by controlling 

sprouting, rotting and loss in weight. Storage at higher temperatures may be satisfactory, except that this 

induces sprouting (Hale et al., 2008). Unlike potato, post-harvest technology for cocoyam is very limited, 

thereby contributing minimally to food security. 

Roots and tubers for food security 

Low crops production is considered to be the main reason for poverty and food insecurity in the world. 

High percentage of poor and food insecure people are living in developing countries and in rural areas 

where roots and tubers are mostly grown. Root and tubers are grown mainly for food; therefore, they can 

be eaten, boiled, fried, baked or prepared as flour, chips, porridge or pottage. They contain high amount of 

mineral nutrients such as potassium, magnesium, sodium and calcium, whose salts regulate the acid–base 

balance of the body (Njoku and Ohia 2007).  Consumption of such micronutrient-rich foods helps in 

building a strong immune system, thereby helping the body to absorb, utilize and digest nutrients. They 

could as well be used as animal feed and as industrial raw materials. In addition to being good sources of 

nutrients, they have some medicinal properties (Lachman et al. 2000). 
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CONCLUSION AND RECOMMENDATIONS 

The review illustrates that roots and tubers can be used to produce nutritious and acceptable foods as they 

are rich in carbohydrate with other functional nutrients considering the chemical and nutritional 

characteristics of available alternative energy supplements, roots and tubers have potential for increased 

use. 

Increasing the yield of such important crops is a major facet of increasing food security, and one way to 

do this is from understanding plant biology. Once we understand the underlying biology, we can optimise 

those inputs key to plant growth, and minimise disruptive factors, as well as ensuring plants are resilient 

to potential climate changes. Within the Initiative, this is approached from the study of several aspects of 

plant biology: from the study of insect pests, and how they spread diseases; of efficient forms of 

photosynthesis, and of how epigenetically encoded variation can be exploited in breeding, as well as how 

RNA silencing can act in development. 

Biotechnology should be used as a tool to improve production of roots and tubers: Low crops production 

is considered to be the main reason for poverty and food insecurity in the world. Therefore, biotechnology 

can:  

1. Increase the crops yield through introducing high-yielding varieties resistant to biotic and abiotic 

stresses;  

2. Reduce pest– associated losses; and  

3. Increase the nutritional values of foods which are a very important factor in rural areas or 

developing countries.  

Furthermore, in order to reduce or eliminate food insecurity, postharvest approach in wasting less is of a 

vital strategy to supplement increasing food productivity. Hence, the environmental issues in supplying 

safe and nutritious foods in a sustainable manner should be taken into account. 
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