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Abstract— Yam flour was produced and fortified with African yam bean flour at different levels of 5, 10, 

15 and 20% to form a composite flour. The flour blends were analyzed for their proximate, anti-nutritional 

and functional properties while sensory qualities were evaluated on the prepared yam paste (amala) using 

standard methods. The nutritional composition of the samples showed that the protein content of the 

formulations increased with increasing supplementation with African yam bean flour from 5.95% in 100% 

yam flour (control) to 18.95% in 80:20 (YF: AYBF) samples while carbohydrate decreased with increasing 

level of AYBF inclusion. Anti-nutrient content of the composite flour was observed to be very low. 

However, phytate, tannins and saponins were observed to increase with increase in the level of African yam 

bean flour. Addition of African yam bean flour does not significantly affect the gelation temperature of the 

blends while swelling capacity reduce significantly with increase in African yam bean flour. The sensory 

evaluation carried out on different samples after reconstitution into paste with boiling water showed that the 

formulation made from 100% yam flour (control) was the most acceptable by the panelists and was also 

significantly different (P < 0.05) in colour, texture, aroma, taste and mouldability. Consumption of 

Sphenostylis stenocarpa enriched yam flour could thus help combat the effect of protein – energy 

malnutrition experienced in the Northern part of Nigeria and developing countries across the world. 

 

Keywords— Amala, Yam flour, African yam bean, anti-nutrients and sensory evaluation. 

 

1. Introduction 

Yams (Dioscorea spp) are major food crops in West Africa, the Caribbean, islands of the South pacific, 

South East Asia, India and parts of Brazil [1]. The first of these areas is by far the most important and Nigeria 

alone accounts for considerably more than half of the world’s total production of yam. It belongs to the genus 

dioscorea, family of lianes and stems are long and twine around other plants [1]. Yam is one of the staple 

foods in Nigeria and a crop of economic, social and cultural importance in many tropical countries 

particularly in West Africa, South Asia and Caribbean [2]. The yam tuber from which flour is made consists 

mostly of carbohydrates and has very low protein content which raises major concern in relation to its 

consumption alone. As a result of this, a lot of research work has been carried out to improve the nutritional 

composition and qualities of yam and its products [3]. 

 

Yam tubers consist of about 21% dietary fibre and are rich in carbohydrates, vitamin C and essential minerals. 

Worldwide annual consumption of yam is 18 million tons, with 15 million in West Africa. Annual 

consumption in West Africa is 61kg per capita because of its perishability and bulkiness, it is processed into 

yam flour [4]. Dioscorea rotundata is the usual species in the production of instant yam flour, a byproduct 

of dried and processed yam. Instant yam flour on addition of hot water and stirring, reconstitutes into dough 
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with smooth consistency similar to pounded yam. The product is so popular that considerable quantities are 

exported to other parts of the world, especially Europe and North America, where there are sizable African 

populations [5]. It is consumed in many different forms including boiled, roasted; baked, fried and conversion 

into flours. The flour can be reconstituted with hot water to form a paste or gel called “kokonte” in Ghana 

and “Amala” in Nigeria [6]. According to Lasisi [7], yam flour meal gives more sustainable energy and better 

protection against obesity and diabetes but cannot be adopted as growth and development of food because it 

is poor in protein and therefore requires supplementation with legumes and or oil seed proteins. 

 

Pounded yam is very popular delicacy in Nigeria [8]. Pounding of yam with pestle in a mortar is a special 

way of producing pounded yam in most part of Nigeria. Pounding of boiled yam in a mortar with intermittent 

addition of water makes the yam softer, finer and increases the surface area upon which digestive enzymes 

will act, thus bringing about more rapid absorption of glucose. Therefore, improving the nutritional quality 

of yam flour through fortification using a protein rich source will contribute in improving the nutritional 

status of women and children [9]. 

 

African yam bean (Sphenostylis stenocarpa) is an important legume in Africa, known among the Igbos in 

Nigeria as “Odudu”. Although, it is a lesser-known legume of the tropical and sub-tropical areas of the world. 

The African Yam Bean (AYB) is grown in Nigeria mainly for its seeds but there are evidences that the tubers 

are relished in East and Central Africa [10]. AYB is a good source of protein, fibre, carbohydrate and it is 

also rich in minerals such as phosphorus, iron and potassium [11,12]. The protein content in AYB grains is 

about 30% [13]. Onyenekwe et al. [14] reported that the protein of AYB is made up of over 32% essential 

amino acids, with lysine and leucine being predominant. The amino acids profile of African yam bean 

compares favourbly with whole hen’s eggs and mostly meeting the daily protein requirements specified by 

the Food and Agriculture Organization (FAO) and World Health Organization (WHO) for humans [15]. 

African yam bean has been reported to have the potential for supplementing the protein requirement of many 

families throughout the year [16]. Fortification refers to the practice of deliberately increasing the content of 

essential nutrients in a food irrespective of whether the nutrients were originally in the food before processing 

or not, so as to improve the nutritional quality of the food supply and to provide a public health benefit with 

minimal risk to health. Enrichment; which is defined as “synonymous with fortification refers to the addition 

of nutrients which are lost during processing of a food [17]. The levels of fortification depend on the 

nutritional needs of the population, amount consumed and regulations in the country [18]. Some research 

has been reported on the fortification of yam flour with different fortificants such as soybean and cowpea 

[19-21]. Therefore, the aim of this work is to develop and evaluate the quality of the fortified yam flour with 

a view to improve the nutritional value and also determine its acceptability.  

 

2. Materials and Methods 

 

2.1. Materials  

White  yam (Dioscorea rotundata) and African yam bean seed (Sphenostylis stenocarpa) used for this study 

was obtained from a local market in Oyigbo Town, Rivers State, Nigeria. 
 

2.2. Methods 
 

2.2.1. Preparation of Yam Flour 

Yam flour was prepared according to the method described by Enwere [22]. Whole fresh yam tubers 

(Dioscorea rotundata) was peeled, sliced, washed and sulphiting in 0.1% sodium metabisulphite was 
followed immediately. The yam slices were steam blanched before being dried in a convectional hot air oven 
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at 600C for 10hrs. After the drying process, the dried yam slices were milled using attrition mill, followed by 
sieving through a 500µm mesh size. The sieved yam flour was allowed to cool and stored in sealed polythene 

bags for blending. 

 

2.2.2. Preparation of African Yam Bean Seeds Flour 

African yam bean flour was prepared according to the method described by [23]. African yam bean seeds 

which were free from foreign particles such as stones, leaves and sticks as well as damaged and contaminated 

seeds were weighed, cleaned and soaked in tap water containing 0.1% sodium metabisulphite (NaHSO3) for 
12hrs. Thereafter, the soaked seeds were manually dehulled, drained and boiled at 1000C for 20mins. The 

dehulled and boiled seeds were spread on the trays and dried in the tray dryer (600C, 10hrs). The dried seeds 

were immediately milled (attrition mill) and sieved through a 500µm mesh sieve. The cooled African yam 
bean flour produced was finally packed in sealed polyethylene bags for blending. 

 

2.2.3. Formulation of Composite Flour 

The obtained yam flour (YF) and African yam bean flour (AYBF) were mixed thoroughly (homogenized) at 
different ratios of 95:5 (YF:AYBF), 90:10 (YF:AYBF), 85:15 (YF:AYBF), 80:20 (YF:AYBF) using an 

orbital shaker (SOI Model, Stuart Scientific, USA) for 15mins. The samples were coded A to E, respectively 

and separately stored in an airtight low-density polyethylene at room temperature (30 ± 20C) until required 
for analysis.  

 

2.2.4. Production of Yam Paste (Amala) 

One hundred grams of the fortified yam flour was poured into 210ml boiling water and stirred continuously 

until smooth consistency thick dough was obtained. Little quantity of hot water was added and re-heated to 

boiling point, to allow the paste cook properly while stirring continuously to ensure smooth thick dough. The 

paste was taken off the flame when properly cooked. Same procedure was adopted to prepare all the yam 
paste (Amala) samples and were all used for sensory evaluation.   

 

2.2.5. Determination of Proximate Compositions  

The proximate analysis of moisture, protein, ash, fat and crude fibre contents of the samples were done 

according to the official methods of analysis described by the Association of Official Analytical Chemist 

[24] while carbohydrate was calculated by difference [25]. The food energy was calculated from proximate 

composition using the Artwater factor according to the standard method described by Onwuka [26]. All 
determinations were carried out in triplicates.  

 

2.2.6. Determination of Functional Properties  

Bulk density was determined as described by Wondimu and Malleshi [27]. Water absorption capacity was 

determined using the method described by Sosulski [28] while swelling index of each sample was determined 

using the method of Leach et al. [29]. Gelation temperature was carried out according to Pearson [30] 
standard method. 

 

2.2.7. Determination of Anti-nutritional Factors  

Determination of oxalate and tannin were carried out according to the method of Pearson [30] while phytate 
and saponin content were done as described by Abelude [31] and AOAC [32], respectively.  

 

2.2.8. Sensory Evaluation 

Samples of the prepared yam paste (Amala) were presented to twenty consumers of the yam products to 

evaluate its colour, texture, aroma, taste, mouldability and overall acceptability. They were instructed to 

score the paste samples using 5-point hedonic scale as described by Iwe [33]. Each panelist sat in an enclosed 
cubicle designed for sensory evaluation and water was provided to rinse their mouth before, within and after 

tasting each sample. 

 

2.2.9. Statistical Analysis  
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All analysis was conducted in triplicate, mean scores of the result was reported. Data collected were subjected 
to Analysis of Variance (ANOVA) using Minitab, version 16.0 software and Turkey’s Test was used to 

separate the mean values.   

 

3. Results and Discussion 

 

3.1. The Proximate Composition of the Formulated Composite Flours 

Proximate composition of the fortified composite flour is presented in Table 1. The moisture content, ash, 
fat, crude protein, crude fibre and carbohydrate contents ranged from 5.0 – 6.83%, 3.13 – 3.50%, 3.0 – 4.88%, 

5.95 – 18.95%, 2.15 – 3.00% and 62.80% – 8078%, respectively. The energy content of the formulation 

ranged from 371 – 377.17 kcal/100g. Moisture content is a major determinate of shelf stability of flour 
products. The moisture values obtained in this study were lower than those (8.26 – 10.04%) reported by 

Jipara et al. [34] for powdered weaning foods fortified with germinated cowpea flour. The low moisture 

content enhances the storage stability of complimentary foods and other flour-based food products [35]. The 

moisture content of all the yam flour blend is still below the recommended safe level (12 – 13%) for storage 
of flour [36]. The ash content of the yam flour increased significantly with the increase in the addition of 

African yam bean seed flour. The high ash content of the sample implies that they are good sources of 

minerals and nutritional importance [37,38]. Crude fat content of the yam flour increased significantly with 
the increase with the blends of African yam bean seed flour. The fat content of the formulations was slightly 

higher than those reported by Powers [39] for infant porridges prepared from pearl millet with the values of 

2.32 – 3.84%. The low-fat content of the samples is an indication that they could be stored for a long period 
without the problem of peroxidation which is a major cause of fat instability [25]. 

 

The crude protein content of the samples increased significantly with increased level of African yam bean 

flour. The protein content increased from 5.95% in the control sample (100% yam flour) to 18.95% at 20% 
inclusion of African yam bean seed flour. The result however, indicates that African yam bean are good 

sources of protein [40]. Achi [41] reported an increase in protein content from 3.5% in the control (yam 

flour) to 19.7% for yam flour fortified with 40% soybean flour. The difference could be attributed to the 40% 
inclusion of soybean flour as against 20% African yam bean flour or better still processing techniques. The 

crude fibre of the yam flour ranged from 2.15 – 3.0%. It was observed that the crude fibre increased 

significantly with the increase in the addition of the African yam bean seed flour. Fibre has been credited for 

promotion of increased excretion of bile acids, sterols and fats which have been implicated in the etiology of 
certain cardiovascular diseases in humans [25]. Nwokolo [42] reported some beneficial effects of legume 

bean fibre to include increase in fecal bulk and fecal moisture, reduction in risk of plasma cholesterol level, 

improved glycemix index (GI) and reduced risk of colon cancer. The carbohydrate content of the samples 
decreased significantly (P ≤ 0.05) with increased level of African yam bean flour addition in the products. 

The ranged was between 62.82 – 80.78%. This decrease was in agreement with the findings of Jimoh and 

Olatidoye [6] who reported a decrease in carbohydrate content with increase in soybean flour fortification. 

 
Table 1: Proximate Composition of the Formulated Composite Flours 

Mean values having the same superscript within a column are not significantly different (P < 0.05), ± standard deviation 

of triplicate determinations  

 

Key:  

YF = Yam flour, AYBSF = African yam bean seed flour. 
Samples: A = 100% YF, B = 5% AYBSF and 95% YF, C = 10% AYBSF and 90% YF, D = 15% AYBSF and 85% YF, 

E = 20% AYBSF and 80% YF. 

Samples  Moisture 

(%) 

Ash (%) Fat (%) Crude 

Protein (%)  

Crude 

Fibre (%) 

Carbohydrate 

(%)  

Energy 

Kcal/100g 

A 5.00 ± 1.41b 3.13 ± 0.180b 3.00 ± 1.41b 5.95 ± 0.21c 2.15 ± 0.21b 80.78 ± 0.06a 373.91 ± 0.01a 

B 6.00 ± 2.83ab 3.33 ± 0.00ab 4.61 ± 0.01a 7.88 ± 0.11c 2.15 ± 0.21b 76.04 ± 3.16ab 377.18 ± 0.00b 

C 6.55 ± 2.19a 3.36 ± 0.03ab 4.64 ± 0.06a 11.20 ± 0.57b 3.00 ± 0.00a 71.25 ± 2.84b 371.55 ± 0.01a 

D 6.75 ± 2.33a 3.40 ± 0.00a 4.78 ± 0.04a 16.50 ± 0.99a 3.00 ± 0.00a 65.58 ± 3.29bc 371.33 ± 0.01a 

E 6.83 ± 2.37a 3.50 ± 0.00a 4.88 ± 0.04a 18.95 ± 1.20a 3.00 ± 0.14a 62.82. ± 3.47c 371.05 ± 0.07a 
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3.2. Anti-nutrient Content of Formulated Flour Blends       

Anti-nutrient content of the formulated flour blends are presented in Table 2. Anti-nutritional factors impede 

the digestion and absorption of some interesting compounds such as proteins and vitamins or in some cases, 

they are simply toxic or cause undesirable physiological side effect such as flatulence [43]. The levels of 

phytate value in this study is lower than those reported by Wordu and Akusu [44] on phytate value of 0.30% 
for unripe plantain flour except sample E. It was observed that there was an increase in the tannin content 

with increased level of African yam bean flour. However, the low levels of tannin recorded may be as result 

of the processing methods adopted. This is in agreement with the work of Tamburawa [45] who reported that 
soaking reduced the level of tannins to the barest minimum with increased duration of processing time, from 

1.08mg/100g in raw locust bean seed meal to 0.28, 0.25 and 0.17mg/100g when soaked for 1 day, 2 days 

and 3 days, respectively. Tannins, a mixture of carbohydrate and phenol plays a major role in decreasing 
protein quality, absorption of iron and a possible carcinogen [46]. However, their contents in foods are known 

to reduce through cooking [47]. The tannin content of the yam flour blend ranged from 0.05 – 0.09mg/100g. 

Saponins of the formulated flour blends is slightly higher when compared to the range of 1.03mg/100g to 

2.71mg/100g recorded for cultivated white yam as reported by Ezeocha and Ojimelukwe [48]. The oxalate 
content of the formulated flour blends ranged from 1.84 – 2.44mg/100g. Statistically, there was no significant 

difference between the respective yam flour blends. Oxalate have been accounted for to have negative impact 

on accessibility of mineral which will prompt assimilation of fundamental minerals in the body particularly 
calcium by forming insoluble salts [49]. The values obtained is quiet below the maximum limit of 

48.50mg/100g as recommended by WHO [50]. Studies have shown that high level of oxalates increases 

calcium absorption in the kidney [51]. 
 

Table 2: Anti-nutrient Content of the Flour Blends 

Sample  Phytate 

(%) 

Tannin 

(mg/100g)  

Saponin   

(%) 

Oxalate  

(mg/100g) 

A 0.19 ± 0.003c 0.05 ± 0.00b 3.00 ± 1.41a 2.44 ± 0.18a 

B 0.02 ± 0.002e 0.09 ± 0.01a 3.00 ± 1.41a 1.84 ± 0.42a 

C 0.09 ± 0.003d 0.08 ± 0.01ab 4.00 ± 0.00a 1.88 ± 0.24a 

D 0.21 ± 0.007b 0.08 ± 0.01ab 2.00 ± 0.00b 1.88 ±  0.13a 

E 0.38 ± 0.006a 0.06 ± 0.00ab 4.00 ± 0.00a 2.05 ± 0.00a 

Mean values having the same superscript within a column are not significantly different (P < 0.05), ± standard deviation 

of triplicate determinations  

 

Key:  

YF = Yam flour, AYBSF = African yam bean seed flour. 

Samples: A = 100% YF, B = 5% AYBSF and 95% YF, C = 10% AYBSF and 90% YF, D = 15% AYBSF and 85% YF, 
E = 20% AYBSF and 80% YF.   
 

3.3. Functional Properties of the Formulated Flour Blends   

The functional properties of the formulated flour blends are presented in Table 3. There was no significant 
difference between the formulated flour blends. The bulk density of the yam flour blends is considerably low 

and ranged from 0.35 to 4.0gm/ml. Plaami [52] reported that bulk density is influenced by the structure of 

the starch polymers. Bulk density is significant in package design, storage and transport of food stuff [53]. 
This revealed that bulk density depends on the particle size and moisture contents of flours. The low bulk 

density of flours could suggest their suitability for use in complimentary food preparation. The values of 

water absorption capacity (WAC) of formulated flour blends is significantly different from each other. These 
values were much higher than values reported for cowpea seed [54], locust bean seeds [55] and kolanut seeds 

[31]. Water absorption capacity is considered a critical function of protein in viscous food. Hence, these 

samples could be used for viscous food formulations. The swelling capacity of flours depends on size of 

particles, type of variety and processing methods. Statistically, swelling capacity decreased significantly as 
the level of AYBF increased in the blends. The swelling capacity of the representative samples is 

considerably low compared with the reference sample having the highest value of 322%. The swelling power 

is an indication of presence of amylase which influences the quantity of amylase and amylopectin present in 
the yam flour. Therefore, the higher the swelling power, the higher the associate forces [56]. The variation 
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in the swelling power indicates the degree of exposure of the internal structure of the starch present in the 
flour to the action of water [56]. The gelatinization temperature is a specific characteristic of each starch and 

it depends on several factors such as the size of granules, the amylose/amylopectin ratio and intra-and inter-

molecular forces, among others. Gelatinization temperature is an index of intra-granular structure and the 

greater the value, the greater the degree of association of the molecules within the starch granule [57]. The 
values of pH for the formulated flour blends ranged from 6.14 – 6.25 and significant difference exist between 

these values. The low level of pH is an indication of low acidity of the yam flour. The pH is used primarily 

to calculate consumption quantity and hidden attributes of foods [58]. Acids contribute to the post-harvest 
quality of foods like fruits as taste is primarily a balance between sugar and acid content [59]. Therefore, 

post-harvest assessment of acidity is necessary in evaluating the taste of starch. 

 
Table 3 Functional Properties of Formulated Flour Blends 

Samples  Bulk Density  

(g/ml) 

WAC  

(%) 

Swelling 

Capacity (%) 

Gelatinization 

Temperature (0C)  

pH (%) 

A 0.39 ± 0.01a 235.00 ± 7.07d 322.00 ± 2.83a 64.50 ± 0.71a 6.14 ± 0.00b 
B 0.40 ± 0.03a 270.00 ± 0.00c 300.00 ± 0.00ab 65.50 ± 0.71a 6.17 ± 0.02b 

C 0.36 ± 0.01a 315.00 ± 7.07a 290.00 ± 14.14ab 66.00 ± 0.00a 6.23 ± 0.01a 

D 0.37 ± 0.01a 280.00 ± 0.00bc 280.00 ± 0.00b 66.50 ± 0.71a 6.23 ± 0.01a 

E 0.35 ± 0.01a 290.00 ± 0.00b 274.00 ± 14.14a   66.50 ± 0.71a 6.25 ± 0.01a 

Mean values having the same superscript within a column are not significantly different (P < 0.05), ± standard deviation 

of triplicate determinations  

 

Key:  

WAC = Water Absorption Capacity, YF = Yam flour, AYBSF = African Yam Bean Seed Flour.  

Samples A = 100% YF, B = 5% AYBSF and 95% YF, C = 10% AYBSF and 90% YF, D = 15% AYBSF and 85% YF, 

E = 20% AYBSF and 80% YF.  
 

3.4 Sensory Scores of Yam Paste (Amala) 

Mean sensory scores of the formulated Amala from the blends of yam flour (YF) and African yam bean seed 
flour (AYBSF) is presented in Table 4. The sensory scores for colour, texture, aroma, taste, mouldability and 

overall acceptability ranged from 3.43 – 4.50, 3.38 – 4.33, 3.43 – 4.03, 3.40 – 3.80, 3.43 – 4.08 and 3.42 – 

4.15, respectively. Sample A being the control was preferred than others in terms of all the evaluated 

attributes. However, there was no significant difference between taste and aroma of all the samples. This 
implies that the taste of the paste samples was fairly the same irrespective of the variations in the 

compositions of the sample blends. Sensory evaluation of the composite yam flour pastes for colour ranged 

between 3.43 to 4.50. The dough prepared from control sample (0% AYBSF) was rated significantly (P ≤ 
0.05) higher than others substituted with AYBSF. This difference may be attributed to the creamy colour of 

yam flour.  

 

The sensory score for texture ranged from 3.38 – 4.33. The texture of foods has a substantial impact on 
consumers’ perception of “quality” [60]. It was noticed that as the addition of AYBSF increases, the texture 

of the yam paste (Amala) reduced significantly. This same trend was observed for mouldability and general 

acceptability. The aroma scores for the varying component samples ranged from 3.43 – 4.03. The sensory 
scores of aroma as evaluated by the panelists which are on the average indicated that the aroma of the 

products were good. The differences in sensory data for aroma of the reconstituted paste samples were not 

statistically different (P > 0.05). 
 

Table 4: Mean Sensory Scores of Formulated Flour Blends 

Samples  Colour Texture  Aroma Taste Mouldability  Overall 

Acceptability  

A 4.50 ± 0.14a 4.33 ± 0.04a 4.03 ± 0.04a 3.80 ± 0.07a 4.08 ± 0.04a 4.15 ± 0.04a 

B 3.85 ± 0.00b 3.78 ± 0.04b 3.55 ± 0.07ab 3.68 ± 0.12b 3.63 ± 0.04b 3.70 ± 0.06b 

C 3.78 ± 0.04bc 3.53 ± 0.04d 3.63 ± 0.04b 3.65 ± 0.01bc 3.53 ± 0.04b 3.62 ± 0.00bc 

D 3.53 ± 0.04cd 3.60 ± 0.00b 3.43 ± 0.04cd 3.53 ± 0.04cd 3.45 ± 0.21bc 3.51 ± 0.05cd 

E 3.43 ± 0.04d 3.38 ± 0.04cd 3.45 ± 0.36d 3.40 ± 0.14d 3.43 ± 0.04c 3.42 ± 0.04d 
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Mean values having the same superscript within a column are not significantly different (P < 0.05), ± standard deviation 

of triplicate determinations  

 

Key: 

YF = Yam Flour, AYBSF = African Yam Bean Seed Flour 
Samples A = 100% YF, B = 5% AYBSF and 95% YF, C =10% AYBSF and 90% YF, D = 15% AYBSF and 85% YF, 

E = 20% AYBSF and 80% YF. 

 

4. Conclusion  
The purpose of fortification which was to increase the protein content was achieved while at the same time 

producing a more shelf-stable product due to its low moisture content. The result of the present study 

indicated that the African yam bean seeds (AYBS) have good nutritional profile with high level of protein, 
lipids and other nutrients comparable with that of other common legume grains. Processing drastically 

reduced the level of anti-nutrients in the AYBS with little or no effect on the nutritional quality. Therefore, 

in view of the nutrient availability, low anti-nutrient content after processing was achieved. Hence, the 

consumption of Sphenostylis stenocarpa enriched yam flour could help combat the effect of protein – energy 
malnutrition experienced in the Northern part of Nigeria and developing countries across the world. 
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