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Abstract 
Awareness of fortified yellow cassava is to appreciate the 

crop more for cultivation and consumption of its products 

in Nigeria. The study compared superiority of yellow and 

white tuber cassavas for product acceptability. It makes 

systematic information available on the nutritional value of 

the crop with significant improvement in the health of 

consumers, by alleviating vitamin A deficiency. Proximate 

analysis was carried out in the laboratory to ensure 

potential of nutrients, minerals and vitamin A of food 

samples prepared from yellow and white gari by official 

standard method. The findings shown that yellow food 

sample has 0.35±0.02, 0.43±0.02, 2.09±0.04, 0.52±0.03 

and 18.75±1.08 of ash, fibre, crude protein, fat and 

carbohydrate, respectively which are better than white food 

sample. Also revealed that calcium, potassium, 

phosphorous and sodium (22.8±0.46, 301.02±1.46, 

12.70±0.35, and 283.49±2.81) mg/100g respectively were 

more appreciable values in yellow eba but deficient in iron 

(7.77±0.57) mg/100g. It implies that fortified yellow 

cassava is good source of nutrients. Sampled food of yellow 

tuber cassava contains significant value of beta-carotene 

(131.25±0.79 µg/g) and vitamin A (21.88±0.13 µg/g) which 

justified it superiority over the white tuber. Adoption of 

Yellow cassava cultivar for cultivation will give us meals 

that are highly nutritious to alleviate vitamin A deficiency, 

particularly among school age children, pregnant and 

lactating mothers.  
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Introduction 

Rural economy in Nigeria has generally been associated with agriculture which still 

depends on manual and local efforts (IFAD, 2011). Farm holdings across Nigeria as 

generally small with less than 3 ha on aver1age and are often inherited. Nigerians are 

poor and hungry despite efforts made by various government and development 

partners in improving agricultural productivity and efficiency of rural farmers 

(Adeyemo and Akinola, 2010). According to Simonyyan et al. (2002), cassava is a 

major staple for about half of Nigeria’s population and nearly 50 million tons of fresh 

cassava is produced annually in the country. FMARD(2010)and Gegionset al. 

(2010)reported that yellow cassava variety is important in alleviating the vitamin A 

deficiencies by providing about 20% of recommended daily allowance of an adult’s 

needs for vitamin A. A crop that is likely to produce more food calories per unit area 

than any other lowland crop grown in Nigeria is cassava and can supply 70% of the 

total calories intake of about 60 million people in Nigeria. Bio-fortified yellow cassava 

has great potential to alleviate vitamin A deficiency in Sub-Sahara Africa and can be 

used as a complementary approach to other intervention (Bouis et al. 2011 and Ezulike 

et al. 2006). The collaboration of HarvestPlus, International Institute of Tropical 

Agriculture (IITA), and National Roots Crop Research Institute (NRCRI) has yielded 

positive result on the six newly released bio-fortified yellow cassava varieties that are 

high in beta-carotene contents. These varieties include TMS 01/1371, TMS 01/1412, 

TMS 01/1368, TMS 07/539, TMS 07/593, and NR 07/0220, and it is a strategy to 

reduce vitamin A deficiency in Nigeria. However, dissemination of these varieties is 

ongoing in the country but the need to intensify effort is crucial for wider acceptability. 

 

Fortification of Cassava 

An innovation for leverage agriculture to improve nutrition is bio-fortification 

(breeding of new varieties) of food crops with improved nutritional content. Bio-

fortification in agriculture improves health through improved nutrition, income, and 

social well-being of farm families. Vitamin A deficiency affects about 20% of 

pregnant women and 30% of children under five. Sommer and Davidson (2002) 

reported that deficiency can impair immune system and vision which could course 

blindness, and death in some cases. The main course of vitamin A deficiency is low 

dietary intake of bio available vitamin A.  However, yellow cassava is cloned for 

vitamin A (fortified cassava tuber), originated by International Institute of Tropical 

Agriculture (IITA) at Umudike, and it products (gari or fufu) are not common in the 

West part of Nigeria as it is the case in the Eastern Nigeria but the common yellow 

gari in the Western region is being fried with palm oil which contains carotenoid. 

Yellow cassava contains high levels of beta-carotene (B-carotene) which is a precursor 

to vitamin A and major source of carbohydrate, containing 80% of starch (Bouis et al., 
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2011). Therefore, it is highly risky to change the colour during gari frying process 

because of colour preference which may negatively affect consumer adoption rates. 

However, this study is an important to provide evidence to government, development 

partners and farmers across Nigeria for endorsement and effective dissemination and 

delivery system of yellow cassava crop. It aims to compare the nutritional contents of 

yellow and white food products, so as to establish it superiority for acceptability 

enhancement. 

 

Methodology 

Yellow and white eba were made from gari prepared from processed yellow and white 

tuber cassava, respectively. The food samples packaged in nylon and stored at normal 

temperature for the analysis. The proximate analysis constituencies are moisture fat, 

ash, fibre, crude protein and dry matter was carried out using standard method (AOAC, 

1975). Total carbohydrate was obtained by difference while iron (Fe), calcium (Ca), 

potassium (K), phosphorous (P) and sodium (Na) were determined using atomic 

absorption Spectrophotometric flame photometric method as Fashakin et al. (2006) 

reported. 

 

Moisture 

Moisture content was determined by the standard method using 1 g (w1) of the sample 

in a hot air-oven (Uniscope, SM 9053, England) at 105±10C until constant weight (w2) 

was obtained. The result is expressed in percentage as in the equation i. 

M.C = w1 – w2   x 100                                                      eq………………………… i 

               w1 

Note: MC = Moisture content, w1 = mass of sample before drying (g), 

                    w2 = mass of sample after drying (g) 

 

Ash 

Ash content was determined by the official method using muffle furnace (Carbolite 

AA1100, United Kingdom). 2 g (w3) of the sample was weighed into weighed (w2) 

ashing crucible and placed in muffle furnace chamber at 700 0C for 3 hrs for the sample 

to turn into ashes. The crucible was removed cool and weighed (w1) as in equation ii. 

 

A.C = w1 – w2   x 100                                                      eq………………………… ii 

               w3 

 

Crude fibre 

Fibre was determined by standard using 2 g (w3) of the sample. Surphoric acid was 

added at 200 ml of 1.25% (v/v) H2SO4 and boiled for 30 min. The content was filtered 
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using filter paper (Whiteman No 1) and the residue on the filter paper was washed with 

50-70 ml distilled water. The washed residue was transferred back into the flask 

containing (v/v) NaOH and boiled for 30 min. It was filtered again and the residue was 

put into a dish and dried for 130 0C for 2 hrs, cooled and weighed (w1). It was later 

ashed 550 0C for 30 min, cooled and reweighed (w2). The difference is hereby 

expressed as percentage in the equation. 

C.F = w1 – w2   x 100                                                      eq………………………… iii 

               w3 

Note: AC= Ash content, w1 = mass of crucible + dried residue (g) 

                  w2 = mass of crucible + ash (g), w3 = mass of sample (g) 

 

Crude Protein 

The total protein content was determined using the Kjeldahl method.3 Ground sample 

0.02 g was weighed into Kjeldahl flask, 10 milliliter concentrated sulphuric acid was 

added followed by one Kjeltee tablet (Kjeltee-Auto 1030 Analyzer, USA). The 

mixture was digested on heating rocket to obtain a clear solution. The digestate was 

cooled and made up to 75 ml with distilled water and transferred onto Kjeldahl 

distillation set, followed by 50 ml of 40% sodium hydroxide (NaOH). The ammonia 

formed in the mixture was subsequently distilled into 25 ml of 2% boric acid solution 

(prepared by dissolving 100 mg of methyl red in 100 ml methanol) indicator. The 

distillate collected was titrated with 0.05 M HCL. Black determination was carried out 

by excluding the sample from the above procedure. The equation is given as 

 

CP = 1.401 x M x F (ml titrant – ml black) 

                Sample weight 

Note: CP = Crude protein, M = Molarity of acid used 0.05mol/dm), F = Kjeldahl factor 

(6.25)  

 

Fat 

Fat was also determined using Soxhlet apparatus (Sunbim, India). Approximately 5 g 

(w3) of the ground sample was placed into a thimble which was placed inside Soxhlet 

extractor and n-hexane was pureed into a pre-weighed round bottom flask (w2), used 

to extract the oil from the sample. The extraction was carried out for about 6 hrs, later 

the solvent was removed from the extracted oil by distillation. The oil in the flask was 

further dried in a hot-air oven at 90 0C for 30 min to remove residual organic solvent 

and moisture. The weight of content (w1) was taken and cooled in a desecrator.     

   Fat = w1 – w2   x 100                                                      eq………………………… v 

                  w3 

Note: w1= weight of fat + oil, w2= weight of empty flask, w3= weight of sample 
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Carbohydrate 

Carbohydrate was expressed as a percentage of the difference between the addition of 

other proximate chemical compounds and 100% as in the equation.  

Carbohydrate = 100 – protein + crude fat + ash + fibre + moisture 

note: all experiment was conducted in triplet and the mean and standard deviation were 

calculated. 

 

Beta-carotene and vitamin A 

5 g of sample was placed in conical flask containing 25 cm3 of 90% of ethanol and 

maintained at a 60 - 80oc in a water bath for 20 min with periodic shaking. The extract 

was decanted, allowed to cool and it volume was measured by measuring cylinder and 

recorded as volume (V1). The ethanol concentration of the sample was brought to 85% 

by adding 7.5 cm3 of distilled water and allowed to cool in a container of ice water for 

5 min. into a separate furnel, 12.5 cm3 of petroleum ether (pet-ether) were poured and 

cool; ethanol extract was added to obtain homogenous mixture and allow standing 

until separate layers were obtained. The bottom layer run into a beaker while the top 

layer was collected in 250 cm3 conical flask. The bottom layer was returned to the 

separate furnel and re-extracted with some of the pet-ether for 5 min until the ethanol 

extract becomes fairly yellow. The entire pet-ether extract was collected into 250 cm3 

conical flask and returned into separating furnel for re-extraction with 25 cm3 at 85% 

ethanol. The final extract (the clear layer) was measured and pour into sample bottle 

for further analysis. However, the absorbance of the extract was measured by 

Spectrophotometer, sample of each extract was placed in a cuvette containing pet-

ether and reading was taken when the figure becomes steady. The operation was 

repeated three times for each sample and beta-carotene was calculated from the 

calibration curve of the standard. After the concentration of beta-carotene was 

calculated; the vitamin A (Retinol) was also calculated using this: 

6µg of beta-carotene         1µg of retinol equivalent 

 

Results and Discussion 

The result in the Table 1 shows the proximate composition of yellow and white food 

substances (eba), which is an important traditional staple food in the South part of 

Nigeria. The protein content of yellow food sample is 2.09±0.04 though lower than 

the value reported Okigbo (1980) for yellow tuber cassava but higher than 1.92±0.03 

in white eba. However, 2.09% protein content contained in yellow eba is high enough 

to contribute to the protein intake of household as better alternative food protein 

supplement. The fat content in yellow food sample (0.52±0.03) is also greater than 

white sample (0.16±0.02). According to Amoo (2006), these values were small but an 

indication that high fat content contained in yellow food sample increases the 
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palatability of the food, absorbing, and retaining flavor. Higher fibre content 

(0.43±0.02) of yellow eba in the finding is a nutritional advantage over white eba 

(0.42±0.02). Leed et al. (1979) made it known that fibre is important for facilitating 

faccal elimination and being helpful in dealing with diverticular diseases and cancer 

of the small intestine. The result further revealed that, ash content (0.35±0.02) of the 

yellow sample is a reflection of better amount of essential minerals contained if 

compare with the white food sample (0.22±0.03). For carbohydrate contents, yellow 

food sample contains a lower value of carbohydrate (18.75%) while white sample has 

record of 19.24%, a bit higher. The implication of the findings is that, yellow flesh 

cassava and it product (eba), is richer in nutrients than white food sample which could 

therefore be useful for growing school children, pregnant or lactating women and older 

ones because it is highly nutritious. This result substantiates the finding at FIIRO 

(2006). 

 

Table 1: Proximate Analysis of Food Samples        

Component                    Calorific Value (%) 

                 Yellow Food Sample           White Food Sample 

Moisture content                                    77.80±1.03                                78.04±1.04 

Ash                                                        0.35±0.02                                  0.22±0.03 

Fibre                                                      0.43±0.02                                  0.42±0.02 

Crude protein                                          2.09±0.04                                  1.92±0.03 

Fat                                                         0.52±0.03                                  0.16±0.02 

Carbohydrate                                          18.75±1.08                               19.24±1.03 

Source: Laboratory Treatment, FST, OAU 

 

The result in the Table 2 revealed that, yellow-tuber food sample contains high levels 

of calcium (22.80±0.46) mg/100g, potassium (301.02±1.46) mg/100g, sodium 

(283.49±2.81) mg/100g, and appreciable level of phosphorous (12.70±0.35) than the 

mineral contents in white-tuber food sample (16.36±1.01, 262.65±1.54, 208.43±2.64, 

and 7.21±0.11) mg/100g respectively. The finding indicates that yellow eba is a good 

source of essential minerals though deficient in iron (7.77±0.57) mg/100g if compare 

with the white-tuber food sample (8.11±0.74) mg/100g. This finding justifies 

observation of Salzmanet al. (2013) that, yellow-tuber cassava is a good source of 

nutrients but generally poor in iron (Fe) and zinc (Zn). However, the meal (yellow 

eba) is not only nutritional friendly for growing school children, nursing mother and 

other old age categories of people but the yellowness of the sample added to the 

appetites and colour preference. 
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Table 2: Mineral Composition of Food Samples  

 Minerals            Mineral Composition (mg/100g) 

    Yellow Food Sample  White Food Sample 

Iron (Fe)          7.77±0.57                8.11±0.74 

Calcium (Ca)        22.80±0.46              16.36±1.01 

Potassium (K)                 301.02±1.46            262.65±1.54 

Phosphorous (P)       12.70±0.35                7.21±0.11  

Sodium (Na)                 283.49±2.81            208.43±2.64   

Source: Laboratory Treatment, FST, OAU 

 

Result in Table 3 shows that food sample of yellow-tuber cassava has appreciable and 

significantly higher beta-carotene (131.25±0.79 µg/g) and vitamin A (21.88±0.13 

µg/g) better than white-tuber food sample, having 0.43±0.01 µg/g and 0.07±0.0 µg/g, 

respectively. This is an evident that yellow cassava contains high levels of beta-

carotene (b-carotene) which is a precursor to vitamin A. Although pretreatment during 

processing and storage may have significant effect on the level of beta-carotene 

retention. It is good to promote cultivar with better performance than the existing 

varieties for further increase the beta-carotene content of cassava plant.  

 

Table 3: Analysis of Vitamin A and beta - carotene 

Contents    Yellow eba (µg/g)     White eba (µg/g)       

Carotene       131.25±0.79      0.43±0.01 

Vitamin A     21.88±0.13    0.07±0.00 

Source: Laboratory Treatment, FST, OAU 

 

Conclusion 

Based on the results of the analysis, it was obvious that when fortified yellow cassava 

and it products is given wider acceptability for consumption in Nigeria, is a signal for 

greater potential to alleviate vitamin A deficiency in the country.  

 

Recommendations 

i. Accepting yellow cassava and it products as food-based complimentary 

strategy will not only reduce vitamin A deficient but will supplement food 

of sufficient quantity (enough calories) and quality (vitamin and minerals) 

needed by the human body for a healthy and productive live. 

ii. Food-base strategy is hereby recommended to meet vitamin A need and the 

benefit is not only intakes of specific nutrients but improve diet and health 

status. 
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iii. Bio-fortification must be rigorously supported within the broaden context 

of promoting a healthy food-based for improved nutrition. 

iv. Creating public awareness campaign leverages the power of mass media 

including Nollywood in educating farmers on micronutrient deficiency and 

benefits of yellow tuber cassava. 
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