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ABSTRACT: The study assessed the effects of processing methods on the chemical, anti-nutritional factors and functional 
properties of African yam bean flour. The study was conducted at Michael Okpara University of Agriculture, Umudike, Abia 
State, Nigeria. African yam bean seeds were processed into flour using different methods: cracked and boiled for 60 
minutes; sprouted for 72 hours; toasted at 170℃ for 30 minutes; soaked for 12 hours and boiled for 30 minutes. 
Unprocessed African yam bean flour was used as the control. The chemical, anti-nutritional factors and functional 
properties of African yam bean flour were evaluated using standard methods of analysis. The results of the chemical 
composition of the flours revealed that the unprocessed African yam bean flour (UAF) had the highest contents of moisture, 
fat, crude fibre and amylopectin.  Sprouted African yam bean flour (SAF) had the highest contents of ash and crude protein. 
The soaked and boiled African yam bean flour (SBF) had the highest content of carbohydrate and amylose.  The results 
of anti-nutritional factors showed that there was a significant reduction in the oxalate, alkaloid, phytate and tannin contents 
of the processed African yam bean flour samples. The results of functional properties of the flour samples revealed that 
the bulk density, water absorption capacity and oil absorption capacity increased with processing, while the dispersibility 
reduced with processing. The study revealed that cracking and soaking prior to boiling were more effective in reducing the 
anti-nutritional factors and improved the ash, crude protein, fibre, amylose and the functional properties of the flour. African 
yam bean seeds should be subjected to different durations of soaking, boiling and sprouting to assess the best duration 
for improved nutrient content.  
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INTRODUCTION 
 
African yam bean is a leguminous crop belonging to the 
family Fabaceae and genus Sphenostylis (Olaniyi et al., 
2019). The legume is grown in the tropics for its seeds and 
tubers. It has several local names such as “odudu”, “akidi”, 
“ijiriji” “uzoaki” and “azama” in the Southeastern part of 
Nigeria (Nnamani et al., 2017). African yam bean is an 
underutilised legume with nutritional potential that could 
improve protein deficiency in human nutrition due to its 
high nutritional values (Nnamani et al., 2017). Omeire 
(2012) reported that the amino acid composition of African 

yam bean is higher than that of pigeon pea, cowpea and 
bambara groundnut but similar to that of soybean. 
However, utilisation and consumption of African yam bean 
is low compared to other common legumes. 

The under-utilisation of African yam bean is partly due to 
its hard-to-cook nature. Processing African yam bean for 
consumption requires a long cooking time and high energy 
cost (Adewale and Nnamani 2022). Thus, people prefer 
using legumes that can be processed within a limited time 
and   with   less   energy.  The   presence   of  anti-nutritional  
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factors in African yam bean is another factor that affects its 
utilisation (Okoye et al., 2024).  Antinutrients are 
compounds present in legumes which affect their 
nutritional quality and efficient utilisation (Popova and 
Mihaylova 2019). Mosisa (2017) noted that high levels of 
anti-nutrients such as tannins, phytate and oxalate reduce 
the availability and digestibility of proteins and interfere 
with the absorption of amino acids. Antinutrients such as 
tannin, which is mostly present in the seed coat, can 
contribute to a 7-10% reductions in protein digestibility and 
reduce iron and zinc absorption (Giuberti et al., 2019). The 
various factors limiting the utilisation of African yam bean 
seeds could be minimised by processing (Okoye et al., 
2024). 

Food processing is the transformation of food items from 
the state in which they are harvested to a consumable form 
(Weaver et al., 2014). Food processing improves the 
quality and safety of food products for human 
consumption, increases shelf-life and ensures the 
availability of a variety of food products in and out of 
season (Michel et al., 2024).  Food processing reduces 
antinutrients present in foods to a tolerable limit, thereby 
making the food safe for consumption (Sobuola et al., 
2012; Popova and Mihaylova, 2019). Food processing 
involves mechanical, chemical and thermal methods that 
modify the food matrix and also affect the chemical 
structure and physiological accessibility of nutrients (Anih 
et al., 2025). Some of these processing techniques include 
dehulling, boiling or cooking, germination, roasting or 
toasting, fermentation, radiation, extrusion cooking, as well 
as various chemicals and enzymes (Arif et al., 2012). 
Sometimes more than one technique is utilised to 
effectively reduce the anti-nutritional factors in the legume 
(El-Hady and Habiba 2003). Taiwo et al. (1997) noted that 
legumes are often soaked in water prior to cooking to 
reduce cooking time.  

Flour is a valuable raw material in the development of 
new food products due to its versatility. The suitability of 
flour for food product development is influenced partly by 
its chemical and functional properties (Eke-Ejiofor et al., 
2022). The chemical composition of flours varies due to 
the raw materials from which the flours are obtained and 
the processing method employed. The chemical 
composition provides the nutrient constituents of a feed 
ingredient present in the flour and is important when 
considering the use of the flour as a food ingredient 
(Kumari and Sangeetha, 2017). The functional properties 
of a food material are those properties that reflect the 
complex interaction between the structure, molecular 
conformation of the food components, and the nature of 
the environment and the conditions in which they are 
determined (Chandra and Samsher, 2013). These 
properties are used to evaluate and predict the behaviour 
of the chemical components of the food material during 
preparation and cooking, as well as their effect on the 
texture, appearance and taste of the finished product 
(Awuchi et al., 2019). Therefore, the objective of this study 
was to determine the effects  of  processing  methods  such  

 
 
 
 

as cracked and boiled, sprouted, toasted, soaked and 
boiled on the chemical, anti-nutritional factors and 
functional properties of African yam bean flour.  
 
 
MATERIALS AND METHODS 
 
African yam bean seeds (cream coloured variety) were 
purchased from a local market (Orie-ugba) in Umuahia, 
Abia State. All the chemicals used were of analytical grade 
and were obtained from the Laboratory of the Department 
of Food Science and Technology, Michael Okpara 
University of Agriculture, Umudike, Abia State. 
 
 

Processing of African yam bean flour  
 
The method of Abioye et al. (2018) was modified, and four 
processing methods were used to obtain African yam bean 
flour (Figure 1). These are cracked and boiled, sprouted, 
toasted and soaked, and boiled. 
 
 

Cracked and boiled African yam bean flour  
 
African yam bean seeds were sorted, cracked with a 
Corona hand grinder, boiled over a gas cooker for one 
hour, allowed to cool and dehulled manually. The seeds 
were dried in an air oven at 60°C for 12 hours, milled with 
an electric blender (Silver Crest SC 1589) and sieved 
through a 250 µm mesh size sieve to obtain the flour.  
 
 

Sprouted African yam bean flour  
 
Sorted African yam bean seeds were soaked in cold water 
(1:5 w/v) for 12 hours, drained and evenly spread on a tray 
lined with moist cotton wool, covered with cotton wool and 
left for 72 hours to sprout. The sprouted seeds were 
dehulled manually, dried at 60 °C for 12 hours in an air 
oven, milled using a Silver Crest blender (SC 1589) and 
sieved with a 250 µm mesh size sieve to obtain the flour.  
 
 

Toasted African yam bean flour 
 
African yam bean seeds were sorted and toasted in an 
electric oven at 170°C for 30 minutes. The toasted seeds 
were cracked with a Corona hand grinder, winnowed to 
remove the husk/chaff, milled using a Silver Crest blender 
(SC 1589) and passed through a 250 µm mesh size sieve 
to obtain the flour.  
 
 

Soaked and boiled African yam bean flour  
 
African yam bean seeds were sorted and soaked in water 
(1:5 w/v) for 12 hours, after which the seeds were boiled 
for 30 minutes, allowed to cool and dehulled manually. The   
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Figure 1. Processing of African yam bean flour. 
 
 
 

dehulled seeds were dried in an air oven at 60°C for 12 
hours, milled with a blender (Silver Crest blender SC 1589) 
and sieved using a 250 µm mesh size sieve to obtain the 
flour.  
 
 

Unprocessed African yam bean flour 
 

 African yam bean seeds were washed in tap water, dried 
at 60°C for one hour in an air oven, cracked using a 
Corona hand grinder, winnowed to remove the chaff, milled 
with a Silver Crest blender (SC 1589) and sieved with a 
250 µm mesh size sieve to obtain the flour.  
 
 
Determination of the chemical composition of African 
yam bean flour  
 

Moisture, ash, crude protein, crude fat and crude fibre 
contents of the African yam bean flour were determined 
according to the methods described by the Association of 
Official Analytical Chemists (AOAC, 2012).  
 
Moisture content: Moisture content was determined 
using the air oven drying method. Moisture can was 
weighed and 2 g of the sample (2 g) was weighed into the 

moisture can and the weight recorded. The sample was 
dried in a hot air circulating oven (DHG 9140A) at 105°C 
for 3 hours and transferred into a desiccator to cool for an 
hour, and then weighed until a constant weight was 
obtained. 
 

% Moisture =
W3 − W1

W2 − W1
 x 100 

 
Where: W1 = weight of moisture can, W2 = weight of 
moisture can and sample before drying, and W3 = weight 
of moisture can and sample after drying 
 

Ash content: The sample (2 g) was weighed into a clean 
crucible and reweighed. The crucible with its content was 
placed in a muffle furnace (SXL -1002, China) chamber at 
550°C for 3 hours. The crucible was removed from the 
furnace, cooled in desiccators and allowed to cool at room 
temperature and reweighed. 
 

% Ash =
W3 − W1

W2 − W1
 x 100 

 
Where, W1 = weight of crucible, W2 = weight of crucible and 
sample before ashing, W3 = weight of crucible and sample 
after ashing. 
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Crude protein content: This was determined using the 
micro-Kjeldahl method. The sample (1 g) was weighed into 
a digestion flask, two tablets of Kjedahl catalyst (each 
containing 1 g Na3 SO4 + 0.05 g selenium) and 25 ml 
sulphuric acid (H2SO4) were added and digested by 
heating at 420°C for 30 minutes in a fume cupboard. The 
digest was cooled, transferred into a 100 ml flask and 
made up to the mark with distilled water. In a 100 ml 
conical flask, 5 ml of boric acid indicator was added as well 
as 10 ml of the digest and 10 ml of 60 % sodium hydroxide 
(NaOH) solution. The solution was titrated against 0.01 N 
hydrochloric acid. A blank was also prepared without the 
sample. The nitrogen content was calculated, and the 
value was used to calculate the protein content. 
 

% Nitrogen =
VS−Vb x normality of acid x 0.014 

W
 x 100  

 

% Crude protein = Nitrogen  x conversion factor (6.25) 
 

Where: Vs = volume of acid used to titrate the sample, Vb 

= volume of acid used to titrate blank, W = weight of sample  
 
Crude fat content: This was determined using the Soxhlet 
extraction method. The sample (2 g) was weighed and put 
in a thimble. The thimble was placed in a boiling flask with 
100 ml of n-hexane added and allowed to reflux for 6 hours 
at 60 °C. The extract was dried in a hot-air oven at 100°C 
for 30 minutes for the solvent to evaporate and then cooled 
in a desiccator and weighed. 
 

% Crude fat =
W4 − W3

W2 − W1
 x100 

 
Where: W1 = weight of thimble, W2 = weight of thimble and 
sample, W3 = weight of flask, and W4 = weight of flask and 
residual oil. 
 
Crude fibre content: The sample (2 g) was weighed, 
extracted with n-hexane and transferred into a flask 
containing 100ml of 1.25 % of sulphuric acid (H2SO4), 
placed on a heating mantle and boiled for 30 minutes. The 
content was filtered; the residue was washed with distilled 
water and transferred to a beaker containing 1.25 % of 
sodium hydroxide (NaOH) and boiled for 30 minutes. The 
content was filtered again, washed with distilled water, and 
the residue dried in a hot air oven at 130°C for 30 minutes, 
cooled in the desiccator, weighed and incinerated at 550°C 
for 3 hours, then cooled and reweighed. 
 

% Crude fibre =
W2 − W3

W2 − W1
  x 100 

 
Where: W1 = weight of sample, W2 = weight of sample and 
dish after drying, and W3 = weight of sample and dish after 
incineration. 
 
Carbohydrate content: The carbohydrate content was 
calculated by difference using the formula below: 

 
 
 
 
% Carbohydrate = 100 – % (Moisture + Ash + Crude 
protein + crude Fat + Crude fibre) 
 
Amylose and amylopectin content: Amylose was 
determined using the procedure described by Ekanayake 
et al. (2018). The sample (100 mg) was weighed into a 
flask, and 9 ml of 1 M sodium hydroxide (NaOH) and 1 ml 
of 95 % ethanol were added and kept overnight to 
gelatinise. Distilled water was used to wash the flask, 
transferred into a 100 ml volumetric flask and topped with 
distilled water. The solution was mixed properly, and 5 ml 
of the solution was put into a 100 ml volumetric flask. 1 ml 
of 1 N acetic acid and 2 ml of 0.2 % iodine solution were 
added, topped with distilled water, shaken properly and 
kept in the dark for 20 minutes. Blank was prepared with 5 
ml of 0.09 NaOH, and their absorbances were read at 620 
nm using a UV-VIS spectrophotometer (1138 PG 
Instruments Ltd). A standard curve of absorbance was 
plotted against amylose concentration, and the percentage 
of amylose was calculated using the standard curve. The 
amylopectin content was obtained using the formula 
below: 
 
% Amylopectin = (100 - Amylose %) 
 
 
Determination of Anti-nutritional factors of African 
yam bean flour  
 
The anti-nutritional factors – oxalate, alkaloid phytate and 
tannin were determined as described by Nwosu (2013).   
 
Oxalate: The samples (2 g each) were weighed, extracted 
thrice at 50 °C, stirred for 1hour with 20 ml of 0.3 M HCl. 
The extract was diluted to 100 ml with distilled water and 
used for total oxalate estimation by pipetting 5 ml of the 
extract, which was made alkaline with 1ml of 5 M 
ammonium hydroxide. Phenolphthalein (3 drops) was 
added to the extract and acetic acid was added in drops. 
About 1 ml of 5% CaCl (aq) was added to the mixture and 
allowed to stand for 2 hours, after which it was centrifuged 
at 3,000 rpm for 15 min. The supernatants were discarded, 
and the precipitates were washed three times with hot 
water, thoroughly mixed and centrifuged each time. In the 
test tube, 2 ml of 3 M H2S04 was added, the precipitate 
dissolved in a water bath at 75 °C and then titrated with 
freshly prepared 0.01M KMnO4 at room temperature until 
the first pink colour appeared throughout the solution, and 
titration continued until the pink colour persisted. 
  

% Oxalate =
Vt

Ws x  Vme  x Titre
 x 100  

 

Where: Vt = Total volume of Titre = 100 ml, Ws = Weight 
of sample, and Vme = Volume – mass equivalent (i.e.1cm3 
of 0.05M KMnO4 is equivalent to 0.00225g anhydrous 
oxalic acid). 
 

Alkaloid: The sample (5 g) was weighed and dispersed  in  



 

 
 
 
 
100 ml of 10% acetic acid solution in ethanol. The mixture 
was shaken properly, allowed to stand for 4 hours at room 
temperature, and filtered through Whatman No 42 grade 
of filter paper. The filtrate was evaporated to a quarter of 
its original volume; concentrated NH3OH was added 
dropwise to precipitate the alkaloid, and the precipitate 
was filtered and dried in the oven at 60°C for 30 minutes 
and reweighed after cooling in a desiccator.  
 

% Alkaloid =
W2 − W1

W
 X100  

 

W = weight of sample, W1 =weight of empty filter paper, 
and W2 = weight of paper plus precipitate 
 

Phytate: The sample (2 g) was weighed into a test tube; 
10 ml of distilled water was added, and the sample was 
extracted using 2 ml of 0.2 M HCl (aq). About 0.5 ml of the 
extract was pipetted into a test tube fitted with a glass 
stopper, and 1 ml of ferric solution was added, covered 
with a stopper and heated in a boiling water bath for 30 
min.  The tube remained covered with the stopper for the 
first 15 minutes; then the test tube was cooled in ice water 
for 15 minutes and allowed to adjust to room temperature. 
The content of the test tube was mixed very well and 
centrifuged at 3,000 rpm for 30 min. About 1ml of the 
supernatant was transferred into another test tube, and 
about 1.5ml of 2,2 bipyridine solution was added, and the 
absorbance was measured at 420 nm against distilled 
water.    
 

% Phytate =
Au

As 
 X C x 

100

w 
 x 

Vf

Va 
 

 

Au = absorbance of sample, As = absorbance of standard 
solution, C = concentration of standard solution, W = 
weight of sample, Vf = total volume of extract, Va = volume 
of extract analysed.  
 

Tannin: The sample (5 g) was put inside a volumetric 
flask, and 50 ml of distilled water was added. The mixture 
was shaken for 30 minutes at room temperature and 
filtered to obtain the extract. A standard tannic acid solution 
was prepared; 2 ml of the standard solution and an equal 
volume of distilled water were dispersed into separate 50 
ml volumetric flasks to serve as a standard and a reagent 
blank, respectively. Then 2 ml of the sample was put in a 
flask, mixed with 35 ml of distilled water, and 1ml of the 
Folin Denis reagent was added, followed by 2.5ml of 
saturated Na2CO3 solution. The mixture was diluted to the 
50 ml mark with distilled water and incubated for 90 
minutes at room temperature. The absorbance of the 
sample and blank was measured at 250 nm in a 
spectrophotometer. 
 

% Tannin =
Au

As 
 X C x 

100

w 
 x 

Vf

Va 
 

 

Au = absorbance of  sample, As = absorbance  of  standard  
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solution, C = concentration of standard solution, W = 
weight of sample, Vf = total volume of extract, and Va = 
volume of extract analysed. 
 
 

Determination of functional properties of African yam 
bean flour  
 
The bulk density, water and oil absorption capacities and 
dispersibility of the flour samples were determined by the 
methods of Onwuka (2018). 
 
Bulk density: A graduated 10 ml measuring cylinder was 
weighed; the cylinder was filled with the sample, and the 
bottom was tapped gently on the laboratory bench several 
times until there was no further diminution of the sample at 
the 10 ml mark. 
  

Bulk density (g/ml) =
Weight of sample

Volume of sample 
 

 
Water and oil absorption capacities: The sample (1 g) 
was weighed into a graduated centrifuge tube. A waring 
whirl mixer was used to mix thoroughly for 30 seconds 
after adding 10 ml of distilled water or oil. The mixture was 
allowed to stand at room temperature for 30 minutes and 
then centrifuged at 5000 rpm for 30 minutes. The volume 
of free water or oil (the supernatant) was read directly from 
the graduated centrifuge tube.  
 
Water or oil absorption capaciy 
=  Volume of water or oil absorbed x density of water or oil  
 

Dispersibility: The sample (10 g) was weighed into a 150 
ml measuring cylinder, and 100 ml of distilled water was 
added, stirred vigorously and allowed to settle for 3 hours. 
The volume of settled particles was recorded and 
subtracted from 100 to give a difference that is taken as 
percentage dispersibility. 
 
Dispersibility  (%l) = 100 − Volume of settled pticles 
 
 

Statistical analysis 
 
Data were analysed using a one-way analysis of variance 
(ANOVA) with Statistical Package for Social Science 
(SPSS) version 26.0 software, 2019. The Duncan Multiple 
Range Test was used to separate means where significant 
differences existed. Significance level was accepted at P 
< 0.05.   
 
 

RESULTS AND DISCUSSION 
 
Chemical composition of African yam bean flour 
 
The chemical composition of African yam bean flour 
presented in Table 1 showed that the moisture contents  of  
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Table 1. Chemical composition of African Yam Bean Flour (%). 
 

Parameters (%) 
Treatments 

UAF CBF SAF TAF SBF 

Moisture 9.92a ±0.82 9.38a ±0.08 8.74a ±0.74 8.49a±0.01 7.69a±0.06 

Ash 3.23a ±0.03 1.50c±0.07 3.17a±0.07 3.30a±0.00 1.78b±0.04 

Crude protein 17.79b ±0.61 19.83ab±0.30 21.44a±0.84 20.83ab±0.00 18.78ab±0.61 

Fat 3.78a±0.26 1.79c±0.01 2.19bc±0.28 2.58b±0.27 1.24d±0.08 

Crude fibre 4.78a ±0.01 3.68ab±1.26 1.49c±0.13 3.62ab±0.24 2.80bc±0.56 

Carbohydrate 60.48b±0.26 63.81ab±1.12 62.96ab ±0.25 61.18ab±0.03 67.72a±0.16 

Amylose 21.08e ±0.38 23.23d±0.05 24.42c±0.08 27.54b±0.16 28.61a±0.38 

Amylopectin 78.91a±0.38 76.77b±0.05 75.58c±0.08 72.46d±0.16 71.38e±0.38 
 

Values are means of three replications ± standard deviations.  Means with the same superscript on the same row are not significantly 
different (p>0.05). Key: UAF =

 
Unprocessed African yam bean flour (Control), CBF = Cracked and Boiled African yam bean flour, SAF 

= Sprouted African yam bean flour, TAF = Toasted African yam bean flour, SBF = Soaked and boiled African yam bean flour. 
 
 
 

the samples were not significantly (p>0.05) different and 
ranged from 7.69% in soaked-boiled African yam bean 
flour (SBF) to 9.92% in unprocessed African yam bean 
flour (UAF). The findings agree with those of Eke-Ejiofor et 
al. (2014), who reported that different processing methods 
had no significant effect on the moisture content of jackfruit 
seed flour. The moisture content of the African yam bean 
flour samples was less than the maximum limit of 14.5 % 
for long-term storage of flour (Bodor et al., 2024). 

Ash is the inorganic constituent of food materials and an 
indication of the mineral content of the samples. The ash 
content of the flour samples varied significantly (p<0.05) 
and ranged from 1.50% in cracked boiled African yam 
bean flour (CBF) to 3.30% in toasted African yam bean 
flour (TAF). The cracked and boiled African yam bean flour 
(CBF) and the soaked and boiled African yam bean flour 
(SBF) samples had the lowest ash contents, 1.50% and 
1.78%, respectively. This could be attributed to the 
leaching of the soluble compounds during soaking and 
boiling. Previous studies have reported a significant 
reduction in ash content of soaked and dehulled cowpea 
(Yewande and Thomas, 2015) and processed ox-eyed 
bean flour (Nwajagu et al., 2021). 

There was a significant difference (p<0.05) in the crude 
protein content of the African yam bean flour samples, 
which ranged from 17.79% in sample UAF to 21.44 % in 
sample SAF. The processed flour samples had higher 
crude protein (18.78 % - 21.44 %) content than the 
unprocessed sample (17.79 %), with the sprouted sample 
having the highest crude protein content of 21.44 %. 
Processing methods such as sprouting could result in an 
increase in protein content due to enzymatic hydrolysis 
that occurs during the process, which makes certain 
nutrients more available. The findings of the study 
corroborate the study of Tura et al. (2023), who reported 
an increase in protein content of germinated mung beans. 

The fat content of the flour samples differed significantly, 
with processed flour samples having lower fat content than 
the control (UAF). The fat content of the flour reduced from 
3.78% in sample UAF to 1.24% in sample SBF. The 

processed flour samples are less likely to undergo 
rancidity due to their lower fat content. The findings agree 
with Ihemeje et al. (2018) and Bala and Rano (2022), who 
reported a reduction in fat content of processed African 
yam bean flour and Bambara groundnut, respectively. The 
toasted flour sample had higher fat content (2.58%) 
compared to other processed flour samples. This could be 
attributed to the high temperature of toasting, which made 
the oils more available. Chauhan et al (2022) reported an 
increase of 7.51 % in the fat content of roasted soybeans. 
Similar findings were reported by Oboh et al (2010) for 
roasted maize, which they attributed to high temperature 
resulting in the effective mobilisation of the oil content in 
maize after the roasting process.  

The fibre content of the flour samples varied significantly 
(p<0.05) and reduced from 4.78% in the control (UAF) to 
1.49% in sample SAF (spouted AYB flour). Different 
processing methods have varying effects on the total 
dietary fibre and fibre fractions (insoluble fibre, soluble 
fibre) of cereals and legumes (Azizah and Zainon 1997). 
The reduction in fibre content of the processed samples 
could be due to dehulling during processing, which may 
have removed a considerable amount of the fibre in the 
flours. The findings of this study corroborate the study of 
Bala and Rano (2022), who reported a significant 
reduction in the fibre content of soaked, steamed, roasted 
and boiled Bambara groundnut. Anya and Ozung (2019) 
reported a reduction in fibre content of boiled and toasted 
African yam bean seeds.  

The carbohydrate content of the processed samples 
differed significantly (p<0.05) from the unprocessed 
sample (UAF) (control) and was higher in all the processed 
samples, with the soaked and boiled African yam bean 
flour (SBF) having the highest (67.72%) content. The 
increase in the values for carbohydrate content of the 
processed samples could be due to the reduction in 
moisture, ash, fat and fibre contents of the processed 
samples, as carbohydrate was calculated by difference. 
El-Gohery (2021), reported an increase in carbohydrate 
content of lima  bean  from  60.78%  (raw)  to  62.63%  and  
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Table 2. Anti-nutritional factors of African Yam Bean flour. 
  

Samples Oxalate (%) Alkaloid (%) Phytate (%) Tannin (%) 

UAF 0.37a ±0.01 8.28a ±0.12 0.55a±0.41 0.52a ±0.01 

CBF 0.16 b±0.05 4.55b ±1.48 0.45b±0.53 0.17b±0.02 

SAF 0.27ab ±0.01 8.20a±0.56 0.47ab±0.12 0.27ab±0.19 

TAF 0.23ab±0.10 4.50b±1.55 0.45b±0.42 0.38ab±0.04 

SBF 0.28ab±0.01 3.78b±0.30 0.39b±0.10 0.42ab±0.06 
 

Values are means ± standard deviations of duplicate determinations.  Means with different superscripts in the same column are 
significantly different (P< 0.05). Key: UAF =

 
Unprocessed African yam bean flour (Control), CBF = Cracked and Boiled African 

yam bean flour, SAF = Sprouted African yam bean flour, TAF = Toasted African yam bean flour, SBF = Soaked and boiled African 
yam bean flour. 

 
 
 

63.89% in soaked and cooked samples, respectively. The 
values obtained in this study are slightly lower than the 
values (69.29% to 74.21%) reported by Ihemeje et al. 
(2018) for processed African yam bean. 

Amylose and amylopectin are components of starch that 
affect the behaviour of starch when heated (Eke-Ejiofor et 
al., 2022). The amylose content of the flour samples 
differed significantly (P<0.05) and ranged from 21.08 % in 
the unprocessed African yam bean flour (UAF) to 28.61% 
in the soaked and boiled African yam bean flour (SBF). The 
higher amylose content of the processed flour samples 
suggests they would have a lower glycemic index.  Flours 
with high amylose content have reduced gel strength due 
to their tightly packed structure, which makes them more 
resistant to digestion, thereby slowly increasing blood 
sugar levels (Eke-Ejiofor and Beleya, 2017). Iwe et al. 
(2016) reported 28.07 % as the amylose content of soaked 
African yam bean flour. Han et al. (2021a) noted that the 
molecular structure of amylose is destroyed under the 
action of high temperature and humidity, causing the 
amylose to break and form short amylose; some long 
amylopectin forms amylose with the transformation of its 
structure, which may lead to an increase in amylose 
content. There was a significant difference (P<0.05) in the 
amylopectin content of the flour samples, which ranged 
from 71.38 % in soaked boiled African yam bean flour 
(SBF) to 78.91 % in unprocessed African yam bean flour 
(UAF). Processed flour samples had a lower content of 
amylopectin than the unprocessed (control) sample. This 
implies that the processed samples would have reduced 
gel-forming ability and would be digested more slowly 
when consumed. Huynh et al. (2022) reported that Low 
amylopectin foods had a slower starch digestion rate than 
those with low amylose content.  
 
 
Anti-nutritional factors of African yam bean flour 
 
The anti-nutritional factors of African yam bean flour 
presented in Table 2 showed that the oxalate content of 
the African Yam bean flour samples differed significantly 
(P<0.05) and ranged from 0.16% in cracked and boiled 
African yam bean flour (CBF) to 0.37% in unprocessed 

African yam bean flour (UAF). This suggests that the 
processing methods had a significant effect on the oxalate 
content of the African yam bean flour samples. Bala and 
Rano (2022) also reported a reduction in oxalate content 
of Bambara groundnut from 4.60 mg in the raw sample to 
2.20 mg in the soaked sample.  

Alkaloid content of the African yam bean flour samples 
reduced from 8.28 % in unprocessed African yam bean 
flour (UAF) to 3.78% in soaked and boiled African yam 
bean flour (SBF). The significant reduction in alkaloid 
content in the soaked and boiled African yam bean flour 
(SBF) could be due to leaching as a result of soaking and 
boiling. Alkaloids are water-soluble and heat-sensitive; 
thus, cooking and soaking methods are more efficient than 
other methods in reducing alkaloid content in legumes 
(Haji et al. 2024; Abeshu and Kefale 2017). There was no 
significant difference between unprocessed African yam 
bean flour (UAF) and the sprouted African yam bean flour 
(SAF), suggesting that sprouting was not effective in 
reducing the alkaloid compared to other processing 
methods. This varies with the findings of Nwosu (2013), 
who reported a reduction in alkaloid content of malted 
African yam bean. Orhevba and Aloysius (2017) reported 
a reduction in alkaloid content from 4.00% in raw sample 
to 1.38% in cooked and 1.51% in soaked African breadfruit 
seed flours. 

The phytate content of the processed African yam bean 
flour samples was lower and significantly different 
(P<0.05) from the unprocessed sample (UAF). Phytate is 
soluble in water; thus, soaking enhanced the removal of 
phytate from legumes (Abbas and Ahmad, 2018). The 
findings of this study agreed with those of Inyang et al. 
(2018), who also reported a reduction in phytate content in 
soaked African yam bean flour. 

There was a significant difference (p<0.05) in the tannin 
content of the African yam bean flour samples, which 
reduced from 0.52% in the unprocessed sample to 0.17% 
in the cracked and boiled sample. The result implies that 
the processing methods were effective in reducing the 
tannin content of the flour samples. The values obtained in 
this study are within the range of 0.31 and 0.33% reported 
for boiled and toasted African yam bean seeds by Anya 
and Ozung (2019). 
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Table 3. Functional properties of African Yam Bean flour.  
 

Samples Bulk Density(g/ml) 
Water Absorption 

Capacity (g/ml) 
Oil   Absorption 
Capacity (g/ml) 

Dispersibility 
(%) 

UAF 0.66bc ±0.04 2.16b ±0.06 1.91a ±0.01 72.00a ±0.00 

CBF 0.76b± 0.04 2.82a±0.09 2.04a±0.25 70.50a ±0.70 

SAF 0.68bc ±0.02 2.59a ±0.01 1.90a±0.13 71.00a±1.41 

TAF 0.62c ±0.00 2.35b±0.07 2.10a±0.01 65.00b±1.41 

SBF 0.86a±0.04 2.81a±0.01 1.97a ±0.09 68.50ab±0.50 
 

Values are means ± standard deviations of duplicate determinations. Means with different superscript on the same column are 
significantly different (p<0.05). Key: UAF =

 
Unprocessed African yam bean flour (Control), CBF = Cracked and Boiled African yam 

bean flour, SAF = Sprouted African yam bean flour, TAF = Toasted African yam bean flour, SBF = Soaked and boiled African yam 
bean flour. 

 
 
 

Functional properties of African yam bean flour 
 

The result of the functional properties of the African yam 
bean flour revealed that the bulk densities of the processed 
flour samples were higher than those of the unprocessed 
sample (UAF). The processed samples would have better 
thickening ability and would require more packaging 
material due to their higher bulk density, as presented in 
Table 3. The values obtained in this study are similar to the 
values of 0.73 g/ml reported by Henry-Unaeze and Okoye 
(2022) for roasted African yam bean flour and 0.89 g/ml by 
Olawumi et al. (2014) for soaked African yam bean flour.   

The water absorption capacity of the flour samples 
increased with processing. Toasted African yam bean flour 
(TAF) had the least (2.35 g/ml) water absorption capacity 
of all the processed samples. The high fat content (2.58 
%) of sample TAF may have contributed to its reduced 
water absorption ability. Water and oil are two liquids that 
cannot mix without an emulsifier; thus, flours with high 
amounts of oils absorb less water. The higher water 
absorption capacity of the processed samples suggests 
they are hydrophilic, would require more water and are 
suitable for viscose food products. Aondona et al. (2019) 
reported a reduction in water absorption capacity of 
soaked and boiled cowpea.  

The oil absorption capacity of the flour samples did not 
differ significantly and ranged from 1.90 to 2.10 g/ml. The 
values reported in this study are higher than 0.80 ml/g 
reported for soaked white African yam bean flour by 
Olawuni et al. (2014). Eke-Ejiofor et al. (2014) reported a 
significant reduction in oil absorption capacity from 3.00 
g/ml in raw jackfruit seed flour to 1.50 g/ml in roasted 
jackfruit seed flour.  

There was a significant difference in the dispersibility of 
the flour samples, which could be due to variations in their 
chemical compositions and their water absorption 
capacities. Toasted African yam bean flour (TAF) had the 
least dispersibility of 65.00 % and differed significantly 
from the control (UAF) and other processed samples. The 
high fat content (2.58%) of sample TAF may have 
contributed to its lower (2.35 g/ml) water absorption 
capacity and subsequently to the lower dispersibility (Table 
3). Flours with high dispersibility are easier  to reconstitute, 

form smooth pastes and doughs and have better 
consistency. Adeyanju et al. (2021) reported similar values 
of 73.75% to 75.25 % for wheat/ African yam bean/acha 
flour blends.  
 
 
Conclusion  
 
The effect of processing methods on the chemical, anti-
nutritional factors and functional properties of African yam 
bean (Sphenostylis stenocarpa) flour was studied. The 
findings of the study revealed that the processing methods 
utilised improved the chemical and functional properties 
and reduced the anti-nutritional factors of the African yam 
bean flour. The use of multiple techniques (cracked and 
boiled; soaked and boiled) was more effective in reducing 
the anti-nutritional factors of the flour without negative 
impact on the ash, crude protein, fibre and amylose 
content and the functional properties of the flour. The study 
suggests further studies to assess the effects of the 
processing methods on the mineral composition and fibre 
fractions of the flour. African yam bean seeds should also 
be subjected to different durations of soaking, boiling and 
sprouting to assess the best duration for improved nutrient 
content.  
 
 
CONFLICTS OF INTEREST 
 

The authors declare no conflict of interest.  
 
 
REFERENCES 
 
Abbas, Y., & Ahmed, A. (2018). Impact of processing on 

nutritional and antinutritional factors of legumes: A review. 
Annals of Food Science and Technology, 19(2), 199-215. 

Abeshu, Y. & Kefale, B. (2017). Effect of some traditional 
processing methods on nutritional composition and alkaloid 
content of lupin bean. International Journal of Bioorganic 
Chemistry, 2(4), 174-179. 

Abioye, V. F., Olatunde, S. J. & Elias, G. (2018). Quality attributes 
of cookies produced from composite flours of wheat, 
germinated  finger    millet     flour    and     African    yam    bean.  



 

 
 
 
 

International Journal of Research–Granthaalayah, 6(11), 172-
183. 

Adewale, B. D., & Nnamani, C. V. (2022). Introduction to food, 
feed and health wealth in African yam bean, a locked-in African 
indigenous tuberous legume. Frontiers in Sustainable Food 
Systems, 6, 726458 

Adeyanju, J. A., Babarinde, G. O., Olanipekun, B. F., Bolarinwa, 
I. F., & Oladokun, S. O. (2021). Quality assessment of flour and 
cookies from wheat, African yam bean and acha flours. Food 
Research, 5(1), 371-379.  

Anih, D. C., Arowora, K. A., Boyi, R. N., Ugwuoke, K. C., 
Albukhari, A. F., Abah, M. A., Timothy, M., & Muhammad, Z. I. 
(2025). Effects of food processing on nutrient bioavailability 
and metabolic health. Asian Journal of Biological Sciences, 
18(4), 885-897. 

Anya, M. I., & Ozung, P. O. (2019). Proximate, mineral and anti-
nutritional compositions of raw and processed African yam 
bean (Sphenostylis stenocarpa) seeds in Cross River State, 
Nigeria. Global Journal of Agricultural Sciences, 18, 19-29. 

Aondona, M. M., Orkuma, T. S., Leva, I. U. & Akpe, M. E. (2019). 
Effect of traditional processing methods on pesticide residue 
dissipation in cowpea (Vigna unguiculata). The International 
Journal of Engineering Science, 8(2), 28-36.  

Arif, S., Ahmad, S., Masud, T., Khalid, N., Hayat, I., Siddique, F., 
& Muhammad, A. (2012). Effect of flour processing on the 
quality characteristics of a soy-based beverage. International 
Journal of Food Science and Nutrition, 63(8), 940-946. 

Association of Official Analytical Chemists (AOAC) (2012). 
Official Methods of Analysis. 18th ed. AOAC Int., Gaithersburg, 
M.D. (Washington D.C., USA.). 

Awuchi, C. G., Igwe, V. S., & Echeta, C. K. (2019). The functional 
properties of foods and flours. International Journal of 
Advanced Academic Research, 5(11), 139-160. 

Azizah, A. H. & Zainon, H. (1997). Effect of processing on dietary 
fibre contents of selected legumes and cereals. Malaysian 
Journal of Nutrition, 3, 131-136. 

Bala, K. S., & Rano, N. B. (2022). Influence of processing method 
on the proximate composition and antinutrient content of 
bambara nut (Vigna subterranea L.). Nigerian Journal of 
Animal Science and Technology, 5(2), 92-98.  

Bodor, K., Szilagyi, J., Salamon, B., Szakacs, O., & Bodor, Z. 
(2024). Physical-chemical analysis of different types of flours 
available in the Romanian market. Scientific Reports, 14, 881. 

Chandra, S. & Samsher, S. (2013). Assessment of functional 
properties of different flours. African Journal of Agricultural 
Research, 8(38), 4849-4852. 

Chauhan, D., Kumar, K., Ahmed, N., Thakur, P., Rizvi, Q. U. E. 
H., Jan, S., & Yadav, A. N. (2022). Impact of soaking, 
germination, fermentation and roasting treatments on 
nutritional, anti-nutritional and bioactive composition of black 
soybean (Glycine max L.). Journal of Applied Biology and 
Biotechnology, 10(5), 186-192. 

Ekanayake, E. W. M. D. S., Navaratne, S. B., Wickramasinghe, 
I.. & Abeysundara, A. T. (2018). Determination of changes in 
amylose and amylopectin percentages in cowpea and green 
gram during storage. Nutrition and Food Science International 
Journal, 6(3), 555690. 

Eke-Ejiofor, J. & Beleya, E. A. (2017). Chemical, mineral pasting 
and sensory properties of spiced ogi (gruel). American Journal 
of Food Science and Technology, 5(5), 204-209. 

Eke-Ejiofor, J., Beleya, E. A. & Allen, J. E. (2022). Chemical and 
pasting properties of cassava-bambara groundnut flour blends. 
American Journal of Food Science and Technology, 10(2), 66-
71.  

Beleya et al.        47 
 
 
 
Eke-Ejiofor, J., Beleya, E. A., & Onyenorah, N. I. (2014). The 

effect of processing methods on the functional and 
compositional properties of jackfruit flour. International Journal 
of Nutrition and Food Sciences, 3(3), 166-173. 

El-Gohery, S. S. (2021). Effect of different treatments on 
nutritional value of lima bean (Phaseolus lunatus) and its 
utilisation in biscuit manufacture. Food and Nutrition Sciences, 
12, 372-391.  

El-Hady, E. A. & Habiba, R. (2003). Effect of soaking and 
extrusion conditions on antinutrients and protein digestibility of 
legume seeds. LWT-Food Science and Technology, 36,285-
293. 

Giuberti, G., Tava, A., Mennella, G., Peccetti, L., Masoero, F., 
Sparvoli, F., Fiego, A. L. and Campion, B. (2019). Nutrients and 
antinutrients seed content in common bean (Phaseolus 
vulgaris L.) lines carrying mutations affecting seed 
composition. Agronomy, 9, 317. 

Haji, A., Teka, T. A., Bereka, T. Y., Astatkie, T., Woldemariam, H. 
W., & Urugo, M. M. (2024). Effect of processing methods on 
the nutrient, antinutrient, functional, and antioxidant properties 
of pigeon pea (Cajanus cajan (L.) Millsp.) flour. Journal of 
Agriculture and Food Research, 18, 101493. 

Han, L., Cao, S., Yu, Y., Xu, X., Cao, X., & Chen, W. (2021a). 
Modification in physicochemical, structural and digestive 
properties of pea starch during heat-moisture process assisted 
by pre- and post-treatment of ultrasound. Food Chemistry, 
360(3), 129929. 

Henry-Unaeze, H. N., & Okoye, C. R. (2022). Evaluation of 
pasting and functional properties of flour blends made from 
African yam bean (Sphenostylis stenocarpa) and corn (Zea 
mays) seeds. International Journal of Innovative Science and 
Research, 7(3), 215- 221.  

Huynh, D., Shrestha, A. K., & Arcot, J. (2016). Physicochemical 
properties and digestibility of eleven Vietnamese rice starches 
with varying amylose contents. Food and Function, 7, 3599-
3608. 

Ihemeje, A., Nwanekezi, E. C., Odimegwu, E. N., & Ekwe, C. C. 
(2018). Effect of processing methods of toasting, soaking, 
boiling, sprouting on dietary fibre and antinutrient contents of 
African yam bean and red kidney bean flour. European Journal 
of Food Science and Technology, 6(1), 40-48. 

Inyang, U. E., Ibanga, U. I. & Enidiok, S. I. (2018). Changes in 
amino acid, anti-nutrients and functional properties of African 
yam bean flour caused by variation in steeping time prior to 
autoclaving. Asian Journal of Biotechnology and Bioresource 
Technology, 3(1), 1-10. 

Iwe, M. O., Onyeukwu, U. & Agiriga, A. N. (2016). Proximate, 
functional and pasting properties of FARO 44 rice, African yam 
bean and brown cowpea seeds composite flour. Cogent Food 
and Agriculture, 2(1), 1142409. 

Kumari, P. V. & Sangeetha, N. (2017). Effect of processing and 
drying methods on the nutritional characteristic of the multi-
cereal and legume flour. Journal of Food Processing and 
Technology, 8(4), 1000667.   

Michel, M., Eldridge, A. L., Hartmann, C., Klassen, P., Ingram, J., 
& Meijer, G. W. (2024). Benefits and challenges of food 
processing in the context of food systems, value chains and 
sustainable development goals. Trends in Food Science & 
Technology, 153, 104703. 

Mosisa, M. T. (2017). Effect of processing on proximate and 
mineral composition of black climbing (P. coccineus L.) bean 
flour. African Journal of Food Science, 11(3), 74-81. 

Nnamani, C. V., Ajayi, S.  A., Oselebe, H. O., Atkinson, C. J., 
Igboabuchi,    A.   N.,   &   Ezigbo,   E.   C.   (2017).   Sphenostylis  



 

48        Res. J. Food Sci. Nutr. 
 
 
 

stenocarpa (ex. A. Rich.) Harms, a fading genetic resource in 
a changing climate: Prerequisite for conservation and 
sustainability. Plants, 6(30), 1-16. 

Nwajagu, I. U., Garba, A., Nzelibe, H. C., Chukwukezie, N. E., 
Abah, C. R., Umar, A. T., Anarado, C. S., Kahu, J. C., Olagunju, 
A., Oladejo, A. A., & Bashiru, I. (2021). Effect of processing on 
the nutrient, anti-nutrient and functional properties of Mucuna 
flagellipes (Ox-eyed bean) seed flour; an underutilised legume 
in Nigeria. American Journal of Food and Nutrition, 9(1), 45-
59.  

Nwosu, J. N. (2013). Evaluation of the proximate and 
antinutritional properties of African yam bean (Sphenostylis 
stenocarpa) using malting treatment. International Journal of 
Basic and Applied Sciences, 2(4), 157-169. 

Oboh, G., Ademiluyi, A. O. & Akindahunsi, A. A. (2010). The effect 
of roasting on the nutritional and antioxidant properties of 
yellow and white maize varieties. International Journal of Food 
Science and Technology, 45, 1236-1242.  

Okoye, J. I., Igbokwe, Q. N., & Okechukwu, C. O. (2024). Effects 
of thermal processing on the nutritional and antinutritional 
properties of African yam bean (Sphenostylis stenocarpa) seed 
flours. Research Journal of Food Science and Nutrition, 9(2), 
38-51. 

Olaniyi, O. I., Adeniran, H.  A. & Abiose, S. H. (2019). 
Antimicrobial characteristics of lactic acid bacteria in African 
yam bean-based drink. International Food Research Journal, 
26(6), 1733-1740. 

Olawumi, I., Osobie, C. C., Peter-Ikechukwu, A., Kabuo, O. N., 
Bede, N. E., & Odimegwu, N. (2014). Physicochemical and 
functional properties of flour from dehulled white African yam 
bean (Sphenostylis stenocarpa) grown in Anambra State, 
Nigeria. Natural Products an Indian Journal, 10(6), 171- 177. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
Omeire, G. C. (2012). Amino acid profile of raw and extruded 

blends of African yam bean (Sphenostylis stenocarpa) and 
cassava flour. American Journal of Food Nutrition, 2, 65-68.  

Onwuka, G.I. (2018). Food Analysis and Instrumentation: Theory 
and Practice. Second Edition, Naphtali Prints, Lagos, Nigeria. 

Orhevba, B. A. & Aloysius, F. E. (2017). Effect of some 
processing methods on selected antinutritional factors of 
African breadfruit (Teculia Africana) seed flour. Futo Journal 
Series, 3(2), 65-70.  

Popova, A. & Mihaylova, D. (2019). Antinutrients in plant-based 
foods: A review. The Open Biotechnology Journal, 13, 68-76. 

Sobuola, F., Widodo, Y., & Kehinde, T. (2012). Processing and 
utilisation of legumes in the tropics. In: Eissa, A. A. (ed.), 
Trends in vital food and control engineering (pp. 71-84). Intech 
Open. Retrieved 5th September, 2021 from 
https://cdn.intechopen.com/pdfs/35126/intech-
processing_and_utilization_of_legumes_in_the_tropics.pdf. 

Taiwo, K., Akanbi, C. & Ajibola, O. (1997). The effects of soaking 
and cooking time on the cooking properties of two cowpea 
varieties. Journal of Food Engineering, 33, 337-346. 

Tura, D. C., Isho, A. A., Yetneberk, S., & Kebede, A. (2023). Effect 
of traditional processing methods on proximate composition 
and mineral content of Mung beans (Vigna radiata L.) grown in 
Ethiopia. Journal of Nutrition and Food Sciences, 13(5), 1-7. 

Weaver, C. M., Dwyer, J., Fulgoni III, V. L., King, J. C., Leveille, 
G. A., MacDonald, R. S., Ordovas, J., & Schnakenberg, D. 
(2014). Processed foods: contributions to nutrition. The 
American Journal of Clinical Nutrition, 99(6), 1525-1542. 

Yewande, B. A., & Thomas, A. O. (2015). Effects of processing 
methods on nutritive values of Ekuru from two cultivars of 
beans (Vigna unguiculata and Vigna angustifoliata). African 
Journal of Biotechnology, 14(21), 1790-1795. 

 


