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ABSTRACT 

Fermented yam flour called „elubo‟ among „Yorubas‟ is a product from yam tubers and is one of the most 
staple foods in West African countries which provide a good source of carbohydrate for people. 
Knowledge of the anti-nutritional factors and the physicochemical properties of this flour would reduce 
the detrimental effects on human health and provide information on their end use quality, thereby 
leading to increased utilization of the flour. In this study, white yam samples were sorted, blanched and 
dried in the tunnel dryer at a temperature of 50, 60 and 70℃. The samples were then cooled, milled, 
sieved and packaged. The results for moisture, protein, fat, ash, crude fibre and carbohydrate ranged 
between (7.32 to 10.74) %, (5.19 to 5.32)%, (3.98 to 4.39)%, (3.02 to 3.78)%, (2.69 to 2.82)%, (73.27 to 
75.50)% respectively.  The result obtained on swelling power, solubility index, bulk density and water 
absorption capacity ranged from (4.83-5.21) %, (16.71-16.81)%, (1.01-1.15)g/ml and (143.02-151.50)%  
respectively. The tannin, saponin and phytate content ranged between (0.37-0.42) %, (2.16-
2.80)mg/100g and (52.23 to 58.48)mg/kg respectively. The thermal diffusivity, specific heat capacity, 
thermal conductivity, energy property also ranged from (2.81-2.95) x107 m2/s, (1.62-1.75) kJ/kgk, (0.17-
0.21) W/mK and (1497.91 kJ - 1549.68) kJ respectively. The results showed that drying of „elubo‟ at 
70℃ produced better quality in terms of reduction in moisture content and anti-nutritional factors, high 
values in functional properties and also high energy values. 
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1. INTRODUCTION 

Yam is one of the major food crops in Nigeria. The crop is important in household food security, diet 

diversification, employment and income generation as well as alleviation of poverty [7]. It is ranked as the 

fourth major root crop in the world after cassava, potatoes and sweet potatoes, with annual production of 

above 28 million metric tonnes [17]. Nigeria is the world‟s largest producer of yams, with D. rotundata and D. 

alata as the two most cultivated yam species and ranked 2
nd

 after cassava as root crop in the country [7]. The 
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best food among the „Yorubas‟ tribe is pounded yam. This food is gotten from yam. To produce it, yam is 

peeled and boiled. The boiled yam is put inside mortal and pounded to form thick dough. This dough can be 

eaten with various soups.  Yam is also consumed when boiled with salt; it may also be spiced and boiled to 

make red porridge. Other tribes grate  and boiled it with spices to form „ikokore‟. Other form of eating is by 

frying to form yam chips. Because, it is a tuber that get spoiled easily if not processed, the traditional 

preservation methods often used is to convert the yams to fermented yam flour known as „elubo‟. In the olden 

days, „elubo‟ was made only from yam tubers that are partly rotten at the time of harvest, or that for some 

other reasons are unsuitable for storage. But today, it is a staple food that is available round the year, hence 

good yam tubers are used for its processing. In this modern time, one or two industries are beginning to 

produce unfermented instant pounded yam powder. This powder has been precooked; when it is put in hot 

water and stirred together, it forms a whitish thick dough as conventional pounded yam. However, these 

industries are so limited that they cannot process more than 0.1% yam produced annually. This implies that 

most of the yams are processed into fermented yam flour („elubo‟). This „elubo‟ when put into hot water and 

stirred forms a deep brown gelatinized paste called „amala‟. This „amala‟ is widely accepted in South-West 

Nigeria as a staple food which can be consumed with different kind of soups. Production of fermented yam 

flour involves peeling and dicing the yams. These yams are blanched in hot water and left for 24 - 48 hours for 

fermentation to take place. The fermented yams are then spread under the sun for 3-4 days to dry. During this 

drying operation, insect and rodent invade the products to feed on them. At these points, contamination could 

occur due to dust, insect and rodents. So the products are susceptible to food contamination and poisoning. 

The popularity of this flour calls for the critical examination of the food vis-à-vis it‟s functional and energy 

properties. Study of this important food will provide adequate information for the consumers who depend 

largely on its nutritional contents. Therefore, the aim of this work is to examine („elubo‟) in terms of its 

proximate, functional, anti-nutritional content and its thermal properties   

 

2. MATERIALS AND METHODS 

(a) Materials 

Yam (Dioscorea rotundata) tubers were purchased at a local market in Ogbomoso, Oyo state, Nigeria. All 

other reagents used were of analytical grade. 

 

(b) Methods 

The yams were washed with water to remove dirt and soil particles. They were peeled, washed and cut 

into slices of 2mm thickness. The sliced yams were then blanched in hot water at temperatures of 50℃  for 

about 2 hrs, and then steeped for 24 hours. Decantation of the surface water was done after 24 hrs. They 

were then rinsed and then dried using tunnel dryer at temperature of 50℃ 60℃ and 70℃. The dried yam chips 

were then milled into flour using milling machine and packaged into polythene bags for further analysis. The 

detail of the production is as presented in Figure 1 
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(c) Chemical analyses of the samples 

(i) Proximate determination of ‘elubo’ flour 

Moisture content, ash, crude protein, crude fat, crude fibre and carbohydrate content analyses were 

carried out using the [11]  method. 

(ii) Determination of functional property of ‘elubo’ flour 

The functional analyses namely water absorption capacity, bulk density, swelling power and solubility 

index of the samples were carried out using the [11] method  

(iii) Determination of Anti-nutritional factor of ‘elubo’ flour 

Phytate, saponin and tannin were determined using [11] method 

    

 
Figure-1. Flowchart of yam flour 

                                                    Source:[2]-modified 

 

(iv) Determination of Thermal Properties  

Thermal diffusivity of the samples was determined using the method below as described by [41] in 

Equation 1: 

   = 
 

           
                                                                                 1   

Where   is thermal diffusivity,   is thermal conductivity,   is density and    is specific heat capacity. 

The specific heat capacities of the samples were obtained from the method of [13] and is as shown in 

Equation 2 

                                                                     2              
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Where Cp is the specific heat capacity in KJ/Kg K and X are the respective mass factions of water, protein, 

fat, carbohydrate and ash present in each yam flour sample and obtained from proximate compositions. 

Thermal conductivity may be defined as the rate of heat flow through unit thickness of materials per unit 

area normal to the direction heat flow and per unit time for the unit temperature. The thermal conductivities of 

the samples were determined using the expression developed by [42] and is as expressed in Equation 3 thus: 

                                                                                             3                 Where 

K= is thermal conductivity of sample in        

   = Carbohydrate,     = Protein,    = Crude fat,    = Ash content,    = Moisture content 

The energy value of the food sample was calculated using model given by [41] as presented in Equation 4:  

Energy value (KJ) =                                                            4     

The value was then converted to kilojoules per 100g. 

 

(d) Statistical Analysis 

The statistical analysis of each sample was performed using the statistical package for social scientists 

(SPSS 20.0 versions). The data generated from these investigations were analyzed using analysis of variance 

(ANOVA) and Duncan multiple range tests was used to separate the means. 

 

3. RESULTS AND DISCUSSION 

(a) Proximate Composition of ‘Elubo’ Flour  

The result obtained from the proximate analysis carried out on the „elubo‟ flour is as shown in Table 1. The 

moisture content of each samples ranged from 7.32 to 10.74% and were significantly different from each other 

at p<0.05. This falls within the maximum level of 14% recommended for flour and flakes, [6] and thus a good 

index for storage. Sample A has the least moisture content of 7.32% which makes it better than sample B and 

C for storage , while the moisture content of the sample C was high indicating that the sample were more 

prone to microbial attack in the course of storage. The lower moisture content of all the samples however 

indicated that they can be stored favorably for a long period. The value of moisture content for „elubo‟ reported 

in this study was in close range with the value reported by [2]. 

The protein content results ranged from 5.19 to 5.39% and indicated that there was no significant 

difference among the sample as shown in Table 1. These values are both significantly higher than 1.53% 

(1.53g/100g) given as the average protein content of Dioscorea spp [43]. This is because during fermentation, 

some complex carbohydrate molecules have been broken down to form protein. The protein content level in 

this work were greater than the values reported of „elubo‟ by [3] but in close range with the values reported by 

[1] and [32] but less than the value of 7.73 % reported by [25]. 

The fat compositions ranged from 3.98 to 4.39% and were not significantly different from each other as 

shown in Table 1. The values of fat content were higher than the value reported by [3] with value of 2.00% and 

[33] with 1.5%. Fat serve as energy store in the body. It can be broken down in the body to release glycerol 

and free fatty acids. The glycerol can be converted to glucose by the liver and used as a source of energy. It 

has been reported that 1 g of fat provides 37 kcal of energy [18].  
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The crude fibre composition ranged from 2.69 to 2.82% and was not significantly different from each other. 

The values compared well with other research findings such as [5]; [25] and [43]. Dietary fibre reduces the 

risks of cardiovascular diseases. Report have shown that increase in fibre consumption might have contributed 

to the reduction in the incidence of certain diseases such as diabetes, coronary heart disease, colon cancer 

and various digestive disorder [23].  

The result of the ash content range between 3.02 to 3.78% and sample A and B were not significantly 

different but sample C was significantly different at p<0.05. This result showed the ash contents value of the 

samples were higher when compared to 0.6-1.7% reported for cultivated yam species in Nigeria by [35] and 

0.94% reported by [25]. They are also higher than 1.84% reported for Dioscorea rotundata by [26]. Although 

the values are lower than those for Dioscorea alata, Dioscorea esculenta and rotundanta as reported by [16]. 

The reason could be due to difference in varieties of yam used for the „elubo‟. However, the result indicates 

that the samples could be good sources of nutritionally essential minerals and trace elements. 

All the samples have high carbohydrate content values ranging from 73.27 to 75.50%. This is because 

yams are rich in carbohydrate as other tubers. Samples A and C were significantly difference from each other 

while sample B was not significantly different. Carbohydrate supplies energy to cells such as brain, muscles 

and blood. It contribute to fat metabolism and spare proteins as an energy source and act as mild natural 

laxative for human beings and generally add to the bulk of the diet [22]; [19]. 

 

Table-1. Result of proximate composition of Yam flour (%) 

Sample Moisture Protein Fat Fibre Ash Carbohydrate 

A 7.32
a 0.01 5.32

a 0.09 4.29
a 0.23 2.80

a 0.31 3.78
b 0.06 75.50

b 0.50 

B 8.96
b 0.24 5.39

a 0.02 4.39
a 0.02 2.69

a 0.02 3.60
b 0.13 73.99

ab 0.35 

C 10.74
c 0.41 5.19

a 0.22 3.98
a 0.11 2.82

a 0.52 3.02
a 0.05 73.27

a 0.64 

Mean value of different superscript along the same column are significantly different from each other at (p<0.05). 

Sample A = Dried at 70℃, Sample B = Dried at 60℃, Sample C = Dried at 50℃ 

 

(b) Functional Properties 

The values of the swelling capacity of the fermented yam flour are as shown in Table 2. The swelling 

power ranged from 4.83 to 5.21 (%). There was no significance difference at (p<0.05) between samples A and 

B but sample C had significant difference when subjected to analysis of variance. These results for swelling 

power were in agreement with the earlier finding of [24]. From the table, swelling power increased with 

increase in temperature of drying from 50 to 70 
o
C. The reason could be that as temperature of drying affected 

the moisture content of the sample with inverse relationship, this in turn affected the swelling capacity of the 

samples. It may also be that swelling power increased with temperature which may be attributed to swell in 

granule over a range of temperature. Swelling power and solubility index provide evidence of the magnitude of 

interaction between starch chains within the amorphous and crystalline domains and also evidence of 

association bonding within the granules of yam starches.  The swelling power is an indication of presence of 

amylase which influences the quantity of amylose and amylopectin present in the yam flour [27], [30]. 

Therefore, the higher the swelling power, the higher the associate forces as reported by [40] in [27]. The 

variation in the swelling power indicates the degree of exposure of the internal structure of the starch present 
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in the flour to the action of water. The values of solubility index ranged from 16.71 to 16.81% as shown in 

Table 2. There was no significant difference between all the samples. The values are in close range with the 

values of yam flour reported by [27] with values of 16.19 %. Sample C gave the least value for solubility index 

and this may be attributed to its low swelling power. Swelling power has been associated with flour functional 

properties. High amylose content has been linked to low swelling power due to greater reinforcement of the 

internal network by amylose molecules as reported by [39]. 

The results obtained for bulk density ranged from 1.01 to 1.15g/ml as shown in Table 2. There was 

significant difference between the samples A and C. The values of bulk density in this report are greater than 

the results obtained by [33] with value of 0.65g/ml. The differences in bulk densities obtained may be as a 

result of corresponding moisture content available in their particle sizes. The bulk and packed density is 

generally affected by the moisture content in flour [6]. [37] reported that bulk density is influenced by the 

structure of the starch polymers and loose structure of the starch polymers could result in low bulk density. 

The results obtained for water absorption capacity ranged from 143.02 - 151.50 % as shown in Table 2. 

There was no significant difference between samples B and C but sample A was significantly different at 

p<0.05. The values were less than the value reported by [27] with value of 267.76%. Water absorption 

capacity depicts the amount of water that an insoluble starch is able to hold in relation to its weight. Therefore, 

the water absorption index measures the extent of water retention in yam flour and this affects the ability of the 

yam flour to form paste. 

 

Table-2. Functional Properties of „Elubo‟ Flour 

Sample Swelling capacity 
(%) 

Solubility 
(%) 

Bulk density 
(g/ml) 

Water absorption  
capacity (%) 

A 5.21
b 0.04 16.81

a 0.04 1.01
a 0.004 151.50

b 2.30 

B 5.17
b 0.01 16.76

a 0.03 1.10
ab 0.02 146.60

a 0.01 

C 4.83
a 0.05 16.71

a 0.08 1.15
b 0.05 143.02

a 0.01 

Mean value of different superscript along the same column are significantly different from each other at (p<0.05). 

Sample A = Dried at 70℃, Sample B = Dried at 60℃, Sample C = Dried at 50℃ 

 

(c) Anti-nutritional Properties of the ‘ELUBO’ FLOUR 

The results obtained for tannin ranged from 0.37 to 0.42% and is as shown in Table 3.  There was no 

significant difference between all the samples. The values of tannin reported in this work compared were in 

close range with the results gotten in [4] of yams with values range from 0.463 to 0.603%. The level of tannin 

in the flour decreased as the drying temperature increased from 50-70
o
C. The same observation was reported 

for sorghum flour by [20]. Tannin affects the nutritive value of food products by forming complex with protein 

(both substrate and enzyme) thereby inhibiting digestion and absorption as reported by [36]. They also bind 

iron, making it unavailable [8]. Reduction to safe level of the anti-nutritional factors is essential to improve the 

nutritional quality of yam and effective utilization of its full potentials as human food. 

Table 3 shows the results of saponin in the ‘elubo’ flour obtained which ranged from 2.16 to 2.80mg/100g which was 

higher than the results gotten in [4]. Sample A was significantly different from sample C but sample B was not 

significantly different from A and C. The levels of the saponin reported was within the range values of cultivated white 
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yams reported by [15] with values of 1.03 o 2.71 mg/199 g . In ‘amala’, preparation, heat and most processing 

applications significantly reduce or totally eliminate most of these anti-nutrients [34].  

Table 3 shows the values of phytate present in the ‘elubo’ samples. The values ranged from 52.23 to 58.48mg/kg. 

There was no significant difference between samples A and B but sample C was significantly different. [28] have shown 

that cassava, cocoyam and yam contain 624mg, 855mg and 637mg of phytate per 100g respectively. These values of were 

higher than the values reported in this work because fermentation and processing had reduced the phytate level of yam 

flour by 91.8% thus reducing its adverse effect. As temperature increased from 50 to 70 
o
C, the value of phytate content 

reduced drastically. Higher temperature does deactivate the activity of phytate as reported by [14]. Phytate content has 

been known to lower the bio-availability of minerals. 

 

Table-3.  Anti-nutritional analysis of Yam Flour 

Sample Tannin (%) Saponin (mg/100g) Phytate (mg/kg) 

A 0.37
a 0.04 2.16

a 0.05 52.23
a 1.14 

B 0.41
a 0.02 2.62

ab 0.08 52.59
a 0.05 

C 0.42
a 0.004 2.80

b 0.33 58.48
b 2.18 

Mean value of different superscript along the same column are significantly different from each other at (p<0.05). 

Sample A = Dried at 70℃, Sample B = Dried at 60℃  Sample C = Dried at 50℃ 

 

(d) Thermal and Energy Properties of ‘Elubo’ Flour 

Table 4 shows the inherent thermal diffusivity of the samples. There was no significant difference between 

the thermal diffusivity of the samples which ranges from 2.81 to 2.95 x10
7 

m
2
/s). The values compared well 

with thermal diffusivity values which were published for some other foods as reported earlier, [41]; [38]; [31]. 

The results obtained for specific heat ranged from 1.62 to1.75 KJ/kg k as shown in Table 4. There was no 

significant difference among the samples at p< 0.05. The values obtained in this report were higher than that 

of [21] who obtained 1.205 KJ/KgK using scanning calorimeter, for bone dry native cassava. However in 

processing foodstuffs, higher values of specific heat usually lead to more energy transfer and improved heat 

transfer conditions.  

The values of thermal conductivity are as presented in Table 4. The samples did not exhibit significant 

difference. The values ranged from 0.18 to 0.19 W/mK. Increase in thermal conductivity may be due to an 

increase in moisture content of the samples. From Table 2, it can be deduced that thermal conductivity 

increased with an increase in density and, therefore, more mass of the sample was contained per unit volume. 

The greater the density of a sample, the lower the volume of air in the particle interstices. Since air is a poor 

conductor of heat, the less the quantity present, the better the conduction. In addition, the greater the density, 

the greater the contact between particles, hence, higher thermal conductivity. Thermo-physical properties are 

significantly dependent on changes in moisture content and temperature as reported by [12]. Thermal 

conductivity is important to predict or control heat flux and processing time. Published results on thermal 

properties have shown that it is also influenced by a number of factors which include porosity, moisture 

content, composition of the agricultural material and fiber orientation [29]. 

The energy values of the fermented „elubo‟ flour are as presented in Table 4.  The calculated energy 

values ranged from 1497.91 kJ to 1549.68 kJ. Sample A and B were not significantly different while sample B 
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and C were not significant difference but sample A and C were significantly different.  The values of energy 

reported in this work are greater than the values of 731.75 kJ reported for Dioscorea rotundata by [9]. The high 

energy value is attributed to the high carbohydrate content. Carbohydrate supplies energy to cells such as 

brain, muscles and blood. It contributes to fat metabolism and spare proteins as an energy source and act as 

mild natural laxative for human beings and generally add to the bulk of the diet [22], [19].  

 

Table-4. Thermal and Energy properties of Yam flour 

Sample Thermal 
diffusivity(x10

7
m

2
/s) 

Specific heat 
capacity(KJ/kgk) 

Thermal 
conductivity(W/mK) 

Energy (KJ) 

A 2.95
a
±0.03 1. 62

a
±0.06 0.17

a
±0.01 1549.68

b
±1.39 

B 2.81
a
±0.01 1.66

a
±0.03 0.19

a
±0.00 1526.33

ab
±10.40 

C 2.88
a
±0.05 1.75

a
±0.14 0.21

a
±0.01 1497.91

a
±18.85 

Mean value of different superscript along the same column are significantly different from each other at (p<0.05). 

Sample A = Dried at 70℃, Sample B = Dried at 60℃, Sample C = Dried at 50℃ 

 

4. CONCLUSION 

From the results obtained in this study, it can be concluded that drying at a temperature of 70℃ produced 

better sample of fermented white yam flour (D. rotundata) in terms of reduction of the anti-nutritional factors, 

high proximate and functional properties and also high energy values.  
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