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ABSTRACT 
Common grains consumed in diets to supply energy mainly are usually deficient in important amino 
acids which call for fortification. Composite flour blends from yellow maize grain, African yam bean 
seeds and rice bran were produced using a D-optimal design and 100% yellow maize serving as 
control. Chemical composition, functional properties (bulk density, loose density, dispersibility, oil 
absorption capacity (OAC), water absorption capacity (WAC), wettability and swelling index) and 
pasting properties of fifteen (15) formulated experimental trial blends were analyzed. The proximate 
composition of the composite flour ranged from 3.67 - 7.92 % moisture content; 92.09 - 96.34 % dry 
matter; 3.45 - 4.74 % crude fat; 1.26 - 1.82 % total ash; 7.53 - 8.94 % crude protein; 6.12 - 7.11 
% crude fibre and 72.35 - 73.80 % carbohydrate. The mineral composition (mg/100g) of flour 

samples ranged from 118.93 -131.66 Sodium; 311.42 - 381.12 potassium; 316.39 - 341.31 
Calcium; 178.93 - 185.32 Magnesium; 233.71 - 267.31 Phosphorus; 2.61 - 2.98 Iron; 1.09 - 
1.19 Manganese and 0.91 -1.11 Zinc.  The anti-nutritional composition of samples were 0.67 - 
1.04 % tannin; 4.91 - 5.59 % Phytate; 1.28 - 1.72 % trypsin inhibitor, and 2.06 - 2.64 % Saponin. 
The functional properties ranged from 1.40-1.96 % for WAC; OAC: 0.92-1.25 %; loose density: 
0.38-0.52 g/ dm3; bulk density: 0.66-0.80 g/dm3; dispersibility: 61-70 %; wettability: 15.35-34.59 
s; swelling index: 0.89 -1.02 g/ml. An increment in the amount of African yam bean flour, led to 
increased functionality of the composite flours in terms of WAC and OAC, as well as loose and bulk 
densities, when compared to yellow maize flour and rice bran flour. When rice bran was added to the 
flour blends, the wettability and dispersibility of the blends improved. Pasting properties of the flour 
blends revealed that peak viscosity varied from 668.50-1193.50 RVU; trough viscosity-657.50-
1113.50 RVU; break down viscosity-13.50-81.00 RVU; final viscosity-1386.50-3667.50 RVU; setback 
viscosity-716.50-2746.50 RVU; peak time-5.14-7.00 min and pasting temperature-52.74-88.05 ℃. 
The results obtained from this study demonstrate increased functionality and high pasting properties 
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INTRODUCTION 
Majority of Africans get more than 60% of 
their calories from one or more of three 
basic food groups: grains, roots, and tubers, 
with little or no animal protein (Galati et al. 
2014). Maize, rice, sorghum, and millet are 
among Africa's most frequently-eaten 
grains. These grains provide substantial 
quantities of fibre, minerals and vitamins in 
addition to being an energy source. 
However, they are deficient in the 

important amino acid: lysine. They include 
anti-nutritional elements that restrict their 
use. Despite this, diets based only on cereals 
are incapable of providing nutritional 
security (Sarwar et al. 2013).  Legumes, on 
the other hand, are low-cost excellent 
sources of protein that are higher in lysine 
content but a lower amount of methionine 

and cysteine. They are nevertheless 
important in increasing the protein quality 

of cereal-based meals. Igbabul et al. (2015) 
found that products made from a mix of 
cereals and legumes had higher nutritional 
and calorific value than those made just 
from cereals or legumes. 

 
Composite flour is obtained from the 
combination of flours from different plant 
materials sources such as cereals, roots, 
legumes, and tubers and may or may not 
contain wheat flour (Kalu et al. 2019). It is 
popularly employed in the confectionery 
industry for product development. 
Composite flour has a complete essential 
amino acid profile, since the flour is made 
from a combination of cereal and 

leguminous plants with different protein 
profile contents (George et al. 2020). The 
percentage ratio of the flour proportion 
determines the overall nutrient profile of 
foods made from composite flours (Meka et 
al. 2019). Some of the basic characteristics 
of composite flour include easy accessibility, 
culturally acceptable, affordable, and 
nutritionally and functionally equivalent to 
wheat flour (Igbabul et al. 2014). Combining 
cereals and legumes boosts the food's 
protein and calorie value since most 
African diets consist mostly of cereals as 

staple foods (Banerjee and Maitra, 2020). 
Composite flour formulation provides a 
critical solution to malnutrition in Africa. 
The importance of such crops in relieving 
malnutrition cannot be overstated. 

 

African yam bean (Sphenostylis stenocarpa) 

(AYB), also known as Odudu or Azuma, is 
an underutilized, lesser-known leguminous 
plant species cultivated widely in various 
tropical regions of Africa (Enujiugha et al. 
2012; Uchegbu, 2015). It is a perennial crop 
that belongs to the leguminous family and 
sub-family papilonacea sp. It is mostly 
cultivated for household uses (Enujiugha et 
al. 2012). AYB has high nutritional value; as 
the seed is high in protein and ranged from 
19 to 30% (George et al. 2020). About 50 % 
of the seed nutritional composition is mainly 
carbohydrates (George et al. 2020) and some 
vital minerals include calcium, iron, zinc, 

and magnesium, potassium, sodium 
(Anjorin, et al., 2019; Okolie et al., 2022)  
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and provide the basis for advancing the process of underutilized local crops in confectionery 
industries for protein/fibre enrichment.  
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Yellow maize (Zea mays) is a popular 
tropical grain crop that is rich in 
carbohydrates and some other important 
nutrients (Igbabul et al. 2014; Meka et al. 
2019). However, yellow maize is low in 
lysine and tryptophan contents but 
contains a higher amount of methionine 
and cysteine (Dabel et al. 2016). As a result, 
maize-based diets necessitate protein-rich 
foods as a supplement. Consumption of 
yellow maize in Nigeria is mainly in the 
form of roasted fresh maize, popcorn and 
boiled maize. Maize is an excellent source 
of Vitamin A, in the form of β-carotene a 
yellow-orange colour pigment (Nagarajaiah 

and Prakash, 2015). Inclusion of yellow 
maize in composite flour production im-

proves its nutritious value (Bukuni et al. 
2022). Rice (Oryza sativa L.) bran is regarded 
as an underused by-product of rice milling, 
commonly utilized in animal feed formula-
tion due to its high dietary fibre content.  
Reports have shown the production of glu-
ten-free products from rice bran sources 
(Raungrusmee et al. 2020; Skendi, et al. 
2021). Rice bran has some important health
-promoting advantages for animals. The 
presence of fibre in it has helped to alleviate 
some gastrointestinal diseases. Lipoxygenas-
es and lipases are important rancidity-
inducing enzymes in rice bran during stor-
age. Heat conditioning of rice bran before 
its usage helps to overcome the storage dif-
ficulty; the enhanced shelf life and main-
tained bioactivity have increased the use of 
rice bran for human health and nutrition 
(Prasad et al. 2011). Rice bran is rich in 
vitamins and minerals such as vitamin E, 
thiamin, niacin, calcium, iron, magnesium, 
manganese, phosphorus, potassium, sodium 
and zinc. Other important nutrients in rice 

bran include protein, fibre, ash, essential 
oil and minerals (Omarini et al., 2019; 

Manzoor et al., 2023).  

 

The total behaviour or performance of 
proteins in food is referred to as functional 
characteristics, and they represent the many 
interactions in which proteins participate 

(Onwuka, 2005). The structure/
conformation of the protein and other 
dietary components such as water, 
carbohydrates, fats, and vitamins might also 
be considered functional properties. Proteins 
react well with reducing sugars, lipids, other 
oxidation products, and phenols and a 
variety of other dietary ingredients. 
Functionality, according to Okaka (1997), 
can be defined as any physicochemical 
feature that influences the processing and 
behaviour of a component in a food 
product. The acceptability of flour, protein, 
or paste as an ingredient in food preparation 
is mostly determined by functional qualities 

(Onimawo and Egbekun, 1998). Pasting is 
an important parameter of a starch molecule 
that provides it with the ability to form a 
paste-like structure. Pasting is defined as the 
phenomenon that occurs after application of 
heat to starch granules in the presence of 
water and is characterized by swelling and, 
finally, total disarrangement of the starch 
granules. In view of the importance of 
functional and pasting characteristics of flour 
in the overall performance of food product 
development and consumer acceptance, 
there is a need to generate an adequate pool 
of data on the functional and pasting 
properties of any new composite flour 
blends. 

 
The objective of this study was to determine 
the chemical composition, functional and 
pasting properties of composite flour blends 
from yellow maize, fermented African yam 
bean seeds and rice bran flour as an alterna-
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tive source of confectionery flour from un-
derutilized local raw materials. 

 

MATERIALS AND METHODS 
Source of raw materials 
African yam bean seeds were obtained from 
a local market in Umuahia, Abia State while 

yellow maize (Zea mays) grains and food-
grade rice bran were purchased from 
Lafenwa market, Abeokuta, Ogun State.  

 
Preparation of Raw Materials 
Fermented African yam bean flour 

(Submerged fermentation) 
Fermented African yam bean (AYB) flour 
was prepared according to the method of 

Nwokeke et al. (2013) with some 
modifications. The AYB seeds which were 
sorted and cleaned to remove dirt and 

foreign materials, were subsequently 
steeped (to facilitate de-hulling) in water 

(1:4 w/v) for 48 h. The fermented seeds 
were then dehulled in water containing 0.1 
per cent sodium metabisulphite (1:5 w/v) 
and were thoroughly rinsed for safe 
consumption. The fermented AYB seeds 
were dried for 12h at 50 °C., using a cabinet 
oven dryer (Genlab Drying cabinet). The 
dried dehulled seeds were milled using an 
attrition mill (Model 3511A) and sieved 
using a mesh size 500 µm to obtain 
fermented African yam bean (AYB) flour. 
The flour was stored in an airtight container 
for further use. 

 

Preparation of yellow maize flour 
Production of yellow maize flour was done 

following the method of Adegunwa et al. 

(2014). The yellow maize grains were 
sorted; plant debris, stones and other foreign 
materials were removed by washing. The 
cleaned yellow maize grains were dried in a 
cabinet oven dryer (Genlab Drying cabinet) 
for 2 days at 50 °C and before being milled 

(attrition mill) and sieved with a mesh size 
of 500 µm to obtain a fine ground maize 
flour and packed in a high-density 
polyethene bag.  

 
Preparation of rice bran flour 
The modified method of Oluwajuyitan et al. 
(2021) was adopted in preparing the rice 
bran flour. The ofada rice bran was 
conditioned for 1 h and 30 min in a water 
bath at 80 °C. The conditioned rice bran was 
dried at 50°C for 12 h with a cabinet dryer at 
the Food processing laboratory of the 
department of Food science and technology, 
FUNAAB.  The dried rice bran was milled 
and sieved with a mesh size of 500µm, and 
packaged in an airtight polythene bag and 
stored until needed.  

 
Formulation of composite flour blends 
D-optimal mixture design (Design expert 
9.0) was used to generate different 
composite blends.  The design was based on 
yellow maize seed (55-60%), African yam 
bean seed (25-30%), and rice bran (10-15%) 

Table 1.  
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Analyses on flour blends 
D e t e r m i n a t i o n  o f  P r o x i m a t e 
composition 
Moisture content, protein, crude fat, crude 
fibre, ash and carbohydrate were 
determined by standard methods according 
to AOAC (2012) as described by Dendegh 

et al. (2019). 
 

Determination of Mineral composition 
Manganese ,  Potass ium, Sodium, 
Magnesium, Calcium, Iron, Zinc were 
determined using Atomic Absorption 
Spectrophotometer (Buck Scientific Model 
2010 VGP) and Phosphorus was 
dete rmined wi th a  UV-Vis ib le 
Spectrophotometer (LaboMed SPECTRO 

SC) as described by Nwachukwu et al., 

(2017) following a dry ashing method with 
HNO3 solution.  

 

Determination of Anti-Nutritional 
Composition 
Trypsin inhibitor was determined according 

to AOAC (2012) method. The phytate 
content of the flours was determined using 

method described by Oladele et al., 

(2009). Tannin content was determined by 

the method described by Mugabo et al. 

(2017). Total saponin content was 
determined through spectrophotometry, as 

described by Medina-Meza et al., (2016). 
 

Determination of Functional Properties 
The bulk and lose densities of flour blends 
were estimated using the method described 
by Makinde and Ladipo (2012). About 10 g 
of flour sample was measured in measuring 
cylinder (50 ml) before and after repeatedly 
tapping the base of the cylinder on a 
laboratory wooden bench several times until 
there was no further reduction in volume. 
The bulk and lose densities were calculated 
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Table 1: Experimental design for Composite Flour Blends using D-optimal design 

SAMPLE CODE YMF (%) AYBF (%) RBF (%) 

A 60.00 25.00 15.00 
B 60.00 27.50 12.50 
C 59.17 29.17 11.67 
D 58.33 28.33 13.33 
E 57.50 27.50 15.00 
F 60.00 30.00 10.00 
G 59.17 26.67 14.17 
H 60.00 30.00 10.00 
I 57.50 30.00 12.50 
J 55.00 30.00 15.00 
K 57.50 27.50 15.00 
L 60.00 25.00 15.00 
M 55.00 30.00 15.00 
N 56.67 29.17 14.17 

O = (Control) 100 - - 

YMF = Yellow maize flour; AYB = African yam bean; RBF = Rice bran flour  
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and presented in g/ml. 

 

The method of Kulkarni et al. (1991) as 

described by Adeola et al. (2020) was used 
in determining the dispersibility of the flour 
blends. About 10g of the sample was 
weighed into a measuring cylinder (100 ml) 
and mixed with distilled water up to the 100 
ml mark. The cylinder was thoroughly shak-
en and set out to stand for 3 h. The volume 
of settled particles was measured and 
subtracted from 100. The percentage 
dispersibility of the flour was calculated as 
the difference. 

 
The determination of flour wettability was 
done according to AOAC (2006) methods 
as described by Peter-Ikechukwu et al. 

(2020). One gram of flour was added into a 
25 ml graduated measuring cylinder of 1 cm 
diameter. The cylinder was inverted with a 
finger covering the lid and clamped at about 
10 cm above the surface of a beaker 
containing 500 ml distilled water. The finger 
was removed, and the flour sample was 
emptied into the distilled water. The 
wettability was calculated as the time taken 
for the flour to become wet after its 
dumping.  

 
The swelling index was determined as 
described by Abbey and Ibeh (1988). One 
gram of the flour sample was weighed into 
a 10 ml graduated cylinder with the dry bulk 
volume noted. Five milliliters of distilled 
water was added, and the volume occupied 
by the sample was recorded. The sample 
was allowed to stand undistributed in water 
for 1hr and the volume was again recorded.  

The method of Beuchat (1977) was 
adopted for the determination of water 
absorption capacity (WAC) and oil 

absorption capacity (OAC). About one gram 
of flour sample was mixed with 10 ml of 
distilled water (oil) in a 25 ml centrifuge 
tube. The mixture was shaken thoroughly 
and stationed at a fixed place at room 
temperature (30±2 ºC) for 1 hr. The 
suspensions were centrifuged for 30 min at 
2000rpm. The water (oil) on the sediment 
was measured. The water (oil) absorption 
capacity is expressed as the percentage of 
water (oil) absorbed. 

 
Determination of pasting properties 
The pasting properties of the composite 
flours were examined with a Rapid Visco 
Analyzer (RVA TECMASTER, Perten In-
strument-2122833, Australia). About 3.00 g 
of the composite flour was added into a 
metal RVA canister containing 25 ml of 
distilled water and properly mixed to form a 
uniform suspension with any lump. The 
canister was lowered into the Rapid Visco 
Analyser according to recommended 
instruction and the suspension was subjected 
to the following temperature profile of 50 °C 
for 1min, 95 °C with a holding time of 2 min 
and final cooling to 50 °C with 2 min 
holding time. The pasting profile was 
recorded in triplicate under a constant shear 
rate 160 rpm (AACC, 2000). The starch 
Pasting parameters were recorded from the 
RVA curve and include pasting temperature, 
peak viscosity, breakdown viscosity, final 
viscosity, trough viscosity setback viscosity 
and peak time. The results were reported in 
RVU for all the parameters except for 
pasting temperature, which is expressed in °
C.  

 
Statistical Analysis 
Triplicate tests were performed. The data 
was analysed using ANOVA (SPSS version 

25.0) for statistical purposes. The post-doc 
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analysis was done with Duncan's multiple 
range test at p<0.05 for the separation of 
the Means. 

 

RESULTS AND DISCUSSION 
Proximate composition of composite 
flour blends  
The moisture content of the flour blends 
ranged from 3.67 to 7.92 % with sample 

blend C (59.17:29.17:11.67) having the 
highest while sample blend G 

(59.17:26.67:14.17) had the least (Table 

2). The difference in the moisture content 
may be due to variation in blend proportion 
ratios. No definite trend was observed on 
moisture content. High moisture content is 
not desirable. The moisture content of any 
food also indicates its level of water activity 
and thus, be used to measure its stability 
and susceptib i l i ty  to microbia l 
contamination (Edem and Dosunmu, 
2011). However, the moisture content of 
the sample blends was low for a longer 
storage period depending on the packaging 
material and storage condition. The mean 
separation by Duncan’s multiple range test 
indicated a significant difference between 
the mean values. High-moisture products 

(>12/100 g) usually have shorter shelf 
stability compared with lower moisture 
products (<12/100 g). The results obtained 
are comparable with the values of 4.07%-
8.69% reported by Idowu (2014) for the 
African yam seed bean maize flour blend 

(Table 2).  

 
The dry matter content of the sample 
blends also varied between 92.09% and 
9 6 . 3 4  % .  S a m p l e  b l e n d  C 

(59.17:29.17:11.67) had the least dry matter 
content while sample blends G 

(59.17:26.67:14.17) had the highest. There 
was a significant difference in sample blends. 
These results are in line with a similar study 
on nutritional contents of processed local 
food flours by Isong (2018). 

 
Fat is one of the major components of food 
that provides essential lipids and energy and 
contribute to food flavour during food 
preparation. The crude fat content varied 
between 3.45 and 4.86 % with sample blend 

C (59.17:29.17:11.67) having the least while 

sample blend G (59.17:26.67:14.17) had 
the highest and significant difference was 
observed among the flour blends. Similar 
values (2.90%-5.69%) with the flour blends 
were reported by Ishiwu and Onyeji (2004) 
for instant gruel based on blends of maize 
and African yam bean but lower values were 

reported by Zanna and Milala (2005) on 
cowpea-millet mixes. Furthermore, fat plays 
a significant role in the shelf life of food 
products and as such relatively high-fat 
content could be undesirable in food 
products. This is because fat can promote 
rancidity in foods, leading to the 
development of unpleasant and odorous 
compounds. 

 
The ash content of any given food sample is 
a measure of the mineral level that the food 

contains (Godswill, 2019). Ash is the 
inorganic residue remaining after the water 
and organic matter have been removed by 
heating in the presence of oxidizing agent 

(Sanni et al. 2008). Mean values of the total 
ash contents varied with sample blend I 

(57.50:30:12.50) having the highest (1.82 %) 

while sample blend K (57.50:27.50:15) had 
the least (1.26 %). There was a progressive 
increase in ash content with the addition of 
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Africa yam bean and rice bran, which 
implies that the composite blend with 
higher Africa yam bean and rice bran had 
more nutrients and this is beneficial to the 
health of the consumer. The post-doc result 
showed a significant difference between 

samples of the total ash content (Table 2).  

 
The crude fibre content of the flour blends 
ranged from 6.12 to 7.11%, with sample 
blend B (60:27.50:12.50) having the highest 
while sample blend G (59.17:26.67:14.17) 
had the least. According to studies, it is now 
accepted that fibre plays a significant role in 
the prevention of several pathological dis-
eases such as cardiovascular diseases, diver-
ticulosis, constipation, irritable colon, can-
cer and diabetes (Slavin (2005); Elleuch et 
al., 2011; Mazzocchi, et al. 2023). The post-
doc result indicated a significant difference 
between the mean values of the flour 
blends.  Generally, Proteins help to build 
and repair worn out tissues in the body.  
 
The crude protein content of the sample 
blends also varied and the value ranged 
from 7.53 to 8.94%. Sample blend K 

(57.50:27.50:15) had the least crude 
protein content while sample blends G 

(59.17:26.67:14.17) had the highest. There 
were significant differences in the flour 
blends. The increases in crude protein could 
be due to enzyme hydrolysis of the insoluble 
proteins and attributed to the fact that some 
amino acids are produced in an excess 
amount of the requirement during protein 
synthesis and these tend to accumulate in the 

free amino acids pool (Echendu et al., 
2009).  
 
The carbohydrate content result is 

comparable with those from Sagbo et al., 

(2017) and Shaista et al., (2017). The 
carbohydrate content varied between 72.35 
and 73.73% with sample blends C 

(59.17:29.17:11.67) having the least while 

sample blend B (60:27.50:12.50) had the 
highest and significant difference was 

observed (Table 2). Awolu and Oseyemi, 

(2016) reported that high carbohydrate 
content is directly proportional to the energy 
content of the food product. 
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Mineral composition of yellow maize, 
rice bran and fermented African yam 
bean composite flour blends 
The sodium content of the flour blends 
ranged from 118.9 to131.66 mg/10g with 

sample blend N (56.67:29.17:14.17) 
having the highest while sample blend D 

(58.33:28.33:13.33) had the least (Table 

3). The post-hoc results indicated a 
significant difference between the mean 
values. Potassium has been reported to be 
an important mineral that helps in 
maintaining electrolyte balance in humans 

(Kumar et al. 2022). The potassium 
content of the sample blends also varied, 
and the value ranged from 311.42 to 381.12 

mg/100g. Sample blend B (60:27.50:12.50) 
had the least potassium content while 

sample blends D (58.33:28.33:13.33) had 
the highest. There was no significant 
difference in sample blends with F 

(60:30:10) and H (60:30:10) while other 
flour blends were not different.  The 
calcium content varied between 316.74 and 
341.31mg/100g with sample blend G 

(59.17:26.67:14.17) having the least while 

samples F (60:30:10) and H (60:30:10) 
had the highest and significant difference 
was observed among the flour blends. Mean 
values of the magnesium content varied 

with sample blend D (58.33:28.33:13.33) 
having the highest (185.32mg/100g) while 

sample blend K (57.50:27.50:15) had the 
least (178.92mg/100g). Magnesium is 
essential in enzyme systems and helps 
maintain electrical potential in nerves 

(Ferrao et al., 2017). Since the flour blend 
had high magnesium content, the blend 
could be considered a high source of 
magnesium. The post-hoc results showed a 

significant difference between samples of 
magnesium content. The phosphorus 
content of the flour blends ranged from 
267.31 to 233.71 mg/100g with sample 

blend D (58.33:28.33:13.33) having the 
highest whi le  sample blend C 

(59.17:29.17:11.67) had the least. Calcium 
and phosphorous has been reported to be 
necessary for supporting bone, teeth 
formation and growth in children. However, 
food products containing a Calcium or 
Phosphorus ratio of >100 mg/100g are rated 
well while <0.50 mg/100g is rated poor 

(Nieman et al., 2012). The post-hoc results 
indicated a significant difference between the 

mean values of the flour blends (Table 3). 

  
The iron content of the sample blends also 
varied and the value ranged from 2.61 to 
2.98 mg/100g. Sample blends E 

(57.50:27.50:15) and K (57.50:27.50:15) 
had the least iron content while sample 

blends A (60:25:15) and L (60:25:15) had 
the highest. Iron is an essential macro-
nutrient required for human growth. Iron is 
required for the synthesis of haemoglobin 
and myoglobin which is an oxygen carrier in 
the blood and muscle respectively and this 
suggests that samples A (60:25:15) and L 
(60:25:15) would serve as a good source of 
iron. There were significant differences in 
the flour blends. The manganese content 
varied between 1.09 and 1.19 mg/100g, with 

sample blends E (57.50:27.50:15) and G 

(59.17:26.67:14.17) having the least while 

sample blend C (59.17:29.17:11.67) had the 
highest and significant difference was 
observed. Mean values of the zinc content 

varied, with sample blend H (60:30:10) 
having the least (0.90 mg/100g) while 
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sample blend A (60:25:15) had the highest 

(1.11mg/100g). The post-hoc results 
showed a significant difference between the 
zinc content.  

 
The mineral contents of the flour blends 
show that AYB flour had higher values for 
most of the minerals analysed, this thereby 
buttressing the fact that AYB is nutrient-

dense (Idowu, 2014). Significant increase 
for the mineral elements (P, Fe, Na, Ca, 
Mn, Mg, Cu) was obtained in the composite 
flour blends, with increasing values of the 
mineral content with increasing quantity of 

AYBF (Table 3). Ijarotimi and Famurewa 

(2006) also reported increasing values of 
mineral content with the increasing quantity 
of fermented African yam bean seed flour 
in composite flour. 
 
Anti-Nutritional Composition of Yellow 
Maize, Rice Bran and Fermented 
African Yam Bean Composite Flour 
One of the major benefits of composite 
flour is the ability to enrich and improve 
the nutritional status of food. The tannin 
content of the flour blends ranged from 
0.67% to 1.04%, with sample blend E 

(57.50:27.50:15) having the highest while 

sample blend A (60:25:15) had the least 

(Table 4). Tannins impart dark colour, 
bitterness, and astringency in the prepared 
food, thus affecting the sensory quality of 

food (Kobue‐Lekalake et al. 2007). The 
post-hoc results indicated a significant 
difference between the flour blends. The 
saponin content of the sample blends also 
varied and the value ranged from 2.06% to 

2.64%. Sample blend L (60:25:15) had the 
least saponin content while sample blends I 

(57.50:30:12.50) had the highest. There was 
no significant difference between sample 

b l e n d  B (6 0 : 2 7 . 5 0 : 1 2 . 5 0), C 

( 5 9 . 1 7 : 2 9 . 1 7 : 1 1 . 6 7 )  a n d  N 

(56.67:29.17:14.17). The phytate content 
varied between 4.91% and 5.59%, with 

sample blend I (57.50:30:12.50) having the 

highest while sample blend L (60:25:15) had 
the least and significant difference was 
observed among the mean values. In 
addition, phytic acid has been recognized as 
a major inhibitor of iron and zinc 
absorption. However, there was no 
significant difference between sample blend 

F (60:30:10), G (59.17:26.67:14.17) and 

H (60:30:10). Mean values of the trypsin 
inhibitor content varied, with sample blend 

I (57.50:30:12.50) having the highest 

(1.72%) while sample blend B 

(60:27.50:12.50) had the least (1.28%). 
Table 4 showed a significant difference 
between the trypsin inhibitor content. The 
low values of anti-nutritional factors have 

been reported by (Ijarotimi and Kcshinro, 
2013) on the supplementation of flours with 
underground beans. The low levels in these 
anti-nutrients are due to heat treatments 
during the processing of the composite flour. 
Several authors have reported the values of 
treatments (physical, biochemical, and 
thermal) in reducing and eliminating these 
anti-nutrients factors and in improving the 
digestibility of these seeds (Ijarotimi and 

Kcshinro, (2013).   
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Functional properties of composite 
flour blends 
The functional qualities of food ingredients 
are the characteristics that govern how they 
are used in different food items. Sample 

blends E (57.50:27.50:15) and K 

(57.50:27.50:15) had the highest water 
absorption capacity (1.92%), whereas the 
control sample had the lowest (1.01%), 

with sample D (58.33:28.33:13.33) having 

1.48% (Figure 1). Water absorption 
capacity is the ability of flour products to 
take in water when immersed in water 
under saturated conditions (Ajatta et al. 

2016). The water absorption capacity of 
the blends improved increases with the 
addition of African yam bean flour. 
However, the blends had a significantly 
inverse trend when rice bran content 
increased. In a similar trend, inclusion of 
African yam bean flour improved oil 
absorption ability. The oil absorption 
capacity ranged from 0.92 to 1.25%.  

Sample blend I (57.50:30:12.50) had the 
lowest OAC value of 0.92 % while sample 
A recorded the highest value of 1.25 % 

(Figure 1). These values are slightly below 

the range of values reported by Idowu, 

(2015). The higher the oil in the flour the 
lower the affinity to absorb oil. The 
composite flour blends and the control 

flour was significantly different. The result 
from this study compares favourably with 
the finding of Inyang and Ekop, (2015) on 
composite flour from unripe banana and 

African yam bean flour.  The high values 
in water absorption and oil absorption 
capacities could be attributed to an increase 
in protein content of the flour blends with 
an increase in the level of African yam bean 
flour substitution. The high-water 

absorption capacity of the flour blends is an 
indication that the flours will perform a 
useful function in baked products during 
dough making stage (Inyang and Ekop, 

2015). Henshaw and Sobowale (1996) 
noted that the water absorption and oil 
absorption capacities are believed to be 
influenced by the nature and behaviour of 
seed macromolecules especially, protein. The 
hydrophilic and hydrophobic parts of 
protein molecules affect the oil absorption 

capacity of flour blends. Mohamed et al. 

(1995) hypothesized that the rate of protein 
denaturation affects oil absorption and that 
denatured proteins constitute a fat-resistant 
barrier. The oil absorption index plays an 
important role in flavour retention in 
confectionery products (Aremu et al. 2007).  
The nature of starch has also been found to 
have varying effects on water absorption 

capacity. Adebowale et al. (2005) and 
Oladipo and Nwokocha (2011) attributed 
high water absorption capacity to lose the 
structure of starch polymers while a low 
value indicates compactness of the structure.  
The bulk density of flour is a measure of its 
heaviness (Oladele and Aina, 2007). The 
control sample was bulkier (0.80 g/ml), 

while sample blends A (60:25:15) and N 

(56.67:29.17:14.17) had the least bulk 

densities of 0.66 g/ml (Figure 2). The 
values from this work were slightly below 
the report of Iyang and Ekop, (2015). There 
was a significant difference between the 
control and the composite flour blends 

(Figure 2). Bulk density forms a critical 
factor in determining the type of packaging 
requirements of a product. The bulk density 
decreases with an increase in African yam 
bean and rice bran. Bulk density describes 
how a product behaves in dry mixtures and 
changes with particle fineness.  As a result, 
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increasing bulk density is desirable because 
it provides a greater packaging advantage by 
allowing more volume to be packed within 
a given volume (Ogunmodimu et al. 2015). 
Loose density, which refers to the density 
of a powder after it is freely poured into a 
container, followed a similar reduction 
trend as the bulk density and ranged from 
0.38 g/ml to 0.52 g/ml. The control sample 
had the highest loose density and sample 

blend L (60:25:15) had the lowest (Figure 

2). The composite flour blends were  
significantly different from the control 
flour. An increment in the amounts of 
African yam bean flour, leads to a decrease 
in both bulk and loose density. The 
observed decrease in bulk and lose density 
with an increase in yam bean flour/rice 
bran substitution could be attributed to a 
decrease in carbohydrate content in the 
blends, and this is desirable in infant food 
formulation. 

 

Sample blends A (60:25:15) and L 

(60:25:15) had the least dispersibility of 
61.00, whereas sample blend I had the 

highest value of 70.00 (Table 5). The 
dispersibility index indicates the rate at 
which flour molecule separates and 
homogenizes in a medium (Olapade and 

Adeyemo, 2014). Samples with lesser 
dispersibility  values will require lesser time 
to be reconstituted in water (Oladele and 

Aina, 2007). With more rice bran, 
dispersibility increased somewhat, but with 
African yam bean, it decreased. For each 

flour blend, the mean values were found to 

be significantly different.  

 
The wettability improved considerably with 
yellow maize and rice bran, ranging from 
15.35 to 34.59 seconds. The greatest value 

was in sample N (56.67:29.17:14.17), 
whereas the lowest was in the control 
sample. However, the African yam bean 
helps to lower the amount of sugar in the 
blood. Wettability is a measure of how easily 
flour samples dissolve in water, and the 
sample with the lowest wettability dissolves 
the fastest (Iwe et al. 2017). Between the 
composite mixes, there was a significant 
difference. 

 
The water absorption index of starch-based 
flour during heating can also be used to 
calculate swelling capacity. The swelling 
index samples showed no statistically 
significant difference. Sample blend B 

(60:27.50:12.50) had the lowest 
concentration (0.89 g/ml), whereas samples 

E (57.50:27.50:15) and K (57.50:27.50:15) 
had the highest swelling index of 1.02 g/ml 

(Table 5). The amount of associative 
forces within the granules is indicated by 
swelling power (Adegunwa et al. 2014).  
The swelling capacity is a measure of the 
water reconstitution capacity of any flour 
because of the presence of the starch 
granules and it determines sample 
consistency (Ayo-Omogie and Ogunsakin, 
2013).  
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WAC: Water Absorption Capacity (ml) 

OAC: Oil Absorption Capacity (ml) 
 
Figure 1: Water and Oil Absorption Capacity of Composite Flour Blends from 
Yellow Maize, African Yam Bean Seeds and Rice Bran 

Figure 2: Loose and Bulk Density of Composite Flour Blends from Yellow Maize, 
               African Yam Bean Seeds and Rice Bran 
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P A S T I N G P R O P E R T I E S  O F 
COMPOSITE FLOUR BLENDS  
Pasting characteristics have an impact on 
food quality and processing concerns 
because they affect texture and digestibility, 
as well as the ultimate usage of starch-based 
food commodities (Adebowale et al. 2005). 
All pasting parameters of the flour blends 
differed significantly. The amylograph 
pasting profile is the most frequent 
objective method for evaluating the 
processing characteristics of starch-based 
foods. Such data have been utilized to link 
the functioning of starchy food 
components in processes including baking, 
cooking, frying and extrusion cooking 

(Ruales et al. 1993).  

 
The trough viscosity ranged from 656.50 -
1113.50 RVU for the composite flours 

while the 100% maize flour (control) had a 

value of 920 RVU (Table 6). The trough 
viscosity is significantly different among 
the sample blends.  Sample C 

(59.17:29.17:11.67) had the highest trough 
viscosity (1113.50) and sample E had the 
lowest (656.50). Increased rice bran reduced 

trough viscosity, whereas increased 
African yam bean substitution led to 

increase in trough viscosity. The minimal 
viscosity value is called the trough, and it 
indicates how well a paste can survive 
disintegration during cooling. The trough 
viscosity value showed a significant increase 
with an increase in the quantity of AYB 
flour. The value observed in this work was 
significantly higher than the finding of 
Atinuke (2015) and can be attributed to the 
varietal difference and planting location of 
the maize sample. 
The peak viscosity index is always 
associated with the quality of the finished 

product and indicates the viscosity load that 
will be faced during mixing (Maziya-Dixon et 
al. 2004). The peak viscosity of the sample 
blends ranged from 668.50 to 1193.50 RVU, 
with the control sample (100% yellow maize 
flour) having 960.50 RVU which is fairly 
above the value reported by Atinuke (2015). 

Sample blend D (58.33:28.33:13.33) had 
the less peak viscosity of 668.50 RVU while 

sample blend C (59.17:29.17:11.67) had the 
highest value. The result of the peak 
viscosity index was significantly different 

among the blends (Table 6).  

 
The breakdown viscosity values of sample 
blends ranged from 13.50 to 81.00 RVU. 

Sample blend B (60:27.50:12.50) recorded 
the least breakdown viscosity value while 
sample blend C (59.17: 29.17: 11.67) had the 
highest value. The control sample (100% 
yellow maize flour) had a breakdown 
viscosity value of 39.50 RVU and this value 
was significantly lower than the result 
reported by Atinuke (2015) on maize/
African yam bean composite flour and 

Olumurewa et al. (2019) on instant pounded 
yam/plantain composite flour. The lower 
breakdown viscosity of starch with blend B 
implies its higher ability to withstand heating 
and shearing during cooking and this give 
better rheological properties during handling 
process. 
 
The final viscosity of the blends ranged 
from 1386.50 to 3667.50 RVU, with the 

control sample (100) having the highest 
value of 3667.50 RVU and sample blend D 

(58.33:28.33:13.33) having the lowest (Table 

6). The result from this work followed the 
trend of findings from Atinuke (2015). Final 
viscosity defined the viscous paste forming 

P. I. OKOLIE,F. B. DARAMOLA, O. B. OGUNJOBI, M. T. COKER, E. C. OKOLIE, K. A. AGBOOLA, O.OKORIE AND S. O. ABAYOMI 
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ability of flour after its gelatinization. There 
was significant difference among the flour 

blends. This variation in final viscosity can 
be attributed to the starch content of the 
samples since final viscosity value indicates 
aggregation of amylose while a low final 
viscosity indicates the paste resistance to 

shear stress during stirring (Asaam, et al. 
2018). 
 
The set viscosity of the sample blends was 
significantly different from one another, 

with sample blend D (58.33:28.33:13.33) 
having the lowest set viscosity value of 
716.50 RVU. The control sample had the 
highest setback viscosity value of 2746.50 
RVU. The setback viscosity is a 
measurement of the flour's tendency to 
retrograde or syneresis as it cools. When the 
setback value is low, the starch exhibits a 
lower tendency to retrograde or undergo 
syneresis during freeze-thaw cycles 

(Ikujenlola and Fashakin, 2005). Higher 
setback values imply less dough 
 
Peak time is commonly considered as a 
measure of how long it takes each blend to 
reach its peak viscosity (Awolu and 
Oseyemi, 2016). Except for the control 
sample, all sample mixes were under 6 
minutes. As a result, food mixes with 
shorter peak times cook faster than those 
with longer peak times. The peak time was 

between 5.14 and 7.0 minutes. The peak time 
values were significantly similar, indicating 
that the composite flour had similar cooking 
characteristics. The composite flour blends 
had a pasting temperature ranging from 
52.74 °C – 84.06 °C and these values are 
below boiling temperature. The composite 
blends can form flour paste in any hot water 
below boiling temperature. Sample blend C 

(59.17:29.17:11.67) had the lowest pasting 
temperature (52.74 °C), while the 
temperature of the control sample recorded 
the highest value of 88.05 °C. The result of 
this study is similar to the findings of 

Olumurewa et al. (2019) on instant pounded 
yam/plantain flour.  Low pasting 
temperature indicates the less cooking 
temperature for a given sample, which can 
have an impact on energy consumption 

(Ragaee et al. 2006). Ocheme et al. (2010), 
observed a higher pasting temperature with 
increasing GPC and this was attributed to 
the higher water absorption capacity of the 
GPC in blends. 
Generally, the pasting evaluation of the 
flour blends revealed a significant variation 
in the setback, peak, breakdown, trough and 
final viscosities as well as in pasting 
temperature of the flour blends with 
inclusion protein/fibre from AYB/Rice 
bran. This trend of result is similar to results 

reported by Ohizua et al. (2017).  
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CONCLUSION 
Findings from this study suggested that 
substituting yellow maize flour with 
fermented African yam bean and rice bran 
flours would produce acceptable and 
nutritious composite flour. The varying 
proportion of yellow maize, Africa yam 
bean, and rice bran in the blends had a 
significant effect on pasting and functional 
properties. Increased inclusion of AYB 
and rice bran flours decreased the peak, 
final, setback, breakdown, and trough 
viscosities as well as the peak time and 
pasting temperature in all the sample 
blends expect for sample blends C 

(59.17:29.17:11.67), F (60:30:10) and H 

(60:30:10). African yam bean flour 
substitution increased the water and oil 
absorption capacity and swelling capacity 
of the flour blends. The mineral composi-
tion of the flour blends reduced with in-
creasing proportion of Africa yam bean ex-
cept for manganese and zinc. Also, increas-
ing proportion of Africa yam bean reduced 
the proximate composition of the blends 
with the exception of moisture content.  
The result of this study will boost the 
economic power of local producers 
through encouragement for increased 
utilization of neglected rice bran and 
African yam bean flour in functional food 
production.  

 

RECOMMENDATIONS 
Further research into the shelf-life of 
composite flour  and its and other 
applications in the production of ready-to-
eat snacks like Kokoro is needed. More 
emphasis should be placed on raising 
awareness about the del iberate 
commercialization of African yam bean and 
rice bran, as well as elevating its status to 
that of a widely consumed food in all 

households throughout developing 
countries. 

 
Declarations 
Author contribution statement 
All authors listed have significantly 
contributed to the development and the 
writing of this article. 

 
Competing interest statement 
The authors declare no conflict of interest. 

 
Additional information 
No additional information is available for 
this paper. 

 
Acknowledgements 
The authors wish to thank the staff of the 
Biotechnology Centre and Food processing 
laboratory of the Department of Food 
Science and Technology of the Federal 
University of Agriculture, Abeokuta, Nigeria 
for their support in terms of equipment for 
the conduct of this work. 

 

REFERENCES 
AACC 2000. Approved Methods of 
American Association of Cereal Chemists. 
Am. Assoc. Cereal Chem. Inc., St. Paul., 
Minnesota, USA.  

 
Abbey, B. W., Ibeh, G. O. 1988. 
Functional properties of raw and heat 

processed cowpea (Vigna unguiculata) flour. 

Journal of Food Science, 53(6):1178-1988. 

 
Adebowale, A. A., Sanni L. O., Awonarin 
S. O. 2005. Effect of texture modifies on the 
physicochemical and sensory properties of 
dried fufu. Food Science Technology International. 
11:373–385. 

CHEMICAL COMPOSITION, FUNCTIONAL AND PASTING PROPERTIES OF... 

32 J. Agric. Sci.  & Env. 2023, 23(1):12-39 



Adegunwa, M. O., Ganiyu, A. A., 
Bakare, H. A., Adebowale, A. A. 2014. 
Quality evaluation of composite millet-
wheat Chinchin. Agriculture and Biology 
Journal of North America. 5(1): 33-39. 

 
Adeola, A. A., Idowu, M. A., Oyatogun, 
R. M., Adebowale, A.R.A., Afolabi, 
W.A.O., Adigbo, S.O 2020. Quality of 
cassava flour as affected by age at harvest, 
cropping system and variety. Agricultura 

Tropica et Subtropica, 53(4), 187-198. 

 
Ajatta M. A.,  Akinola S.  A., 
Osundahunsi O. F. 2016. Proximate, 
functional and pasting properties of 
composite flours made from wheat, 
breadfruit and cassava starch. Applied 
Tropical Agriculture 21(3): 158-165. 

 
Anjorin, F.B., Famuyiwa, Z.O., 
Akinyosoye, S.T., Agbeleye, O.A., 
Odeyemi, O.O., Olowolafe, M.O 2019. 
Minerals and nutrients variability 
assessment in seeds and tubers of ten 
accessions of African yam bean 

(Sphenostylis stenocarpa hoshst ex a. rich). 
African Journal of Agriculture Technology and 

Environment, 8(1), 149-163. 

 
AOAC. 2006. Official Methods of 
Analysis. 15th edition, Gaithersbergs, 
Washington, DC, USA, pp 78-90. 

 
AOAC. 2012. Official Methods of Analysis 
of the Association of Analytical Chemists. 
19th ed. Washington, DC, USA,   

 
Aremu M. O., Olaofe O., Akintayo E. 
T. 2007. Functional properties of some 
Nigerian varieties of legume seed flours and 

flour concentration effect on foaming and 
gelation properties. Journal of Food Technology. 
5(2):109-115. 

 
Asaam, E. S., Adubofuor, J., Amoah, I.,  
Apeku, O. J. D. 2018. Functional and 
pasting properties of yellow maize–soyabean
-pumpkin composite flours and acceptability 
study on their breakfast cereals. Cogent Food 

and Agriculture, 4(1), 1501932. 

 
Atinuke I. 2015. Chemical composition and 
sensory and pasting properties of blends of 
Maize-African yam bean seed. Journal of 
Nutrition Health and Food Science 3(3):1-6. 

 
Awolu O. O., Oseyemi G. F. 2016. 
Physicochemical and Rheological Properties 
of Optimised Cocoyam-Based Composite 
Flour Comprising Cassava Starch. Acta 
Universitatis Cibiniensis Series E: Food Technology 
6 (2). 

 
Ayo-Omogie H. N., Ogunsakin R. 2013. 
Assessment of Chemical, Rheological and 
Sensory Properties of Fermented Maize-

Cardaba Banana Complementary Food. 

Food and Nutrition Sciences, 2013, 4, 844-850. 

 
Banerjee P., Maitra S. 2020. The Role of 
Small Millets as Functional Food to Combat 
Malnutrition in Developing Countries. 
Indian Journal of Natural Sciences, 10(60): 
20412 - 20417 

 
Beuchat, L. R. 1977. Fungal fermentation 
of peanut press cake. Economic Botany 30: 227

-234. 

 
Bukuni S. J., Ikya J. K., Dinnah A., 
Bongjo N. B. 2022. Chemical and 

P. I. OKOLIE,F. B. DARAMOLA, O. B. OGUNJOBI, M. T. COKER, E. C. OKOLIE, K. A. AGBOOLA, O.OKORIE AND S. O. ABAYOMI 

33 J. Agric. Sci.  & Env. 2023, 23(1):12-39 



Functional Properties of Composite Flours 
Made from Fermented Yellow Maize, 
Bambara Groundnut, and Mango Fruit for 

‘Ogi’ Production. Asian Food Science 

Journal, 21(2): 22-33. Article no. 
AFSJ.82015 ISSN: 2581-7752 

 
Dabels N., Igbabul, B. D., Amove J. 
and Iorliam B. 2016. Nutritional 
Composition, Physical and Sensory 
Properties of Cookies from Wheat, Acha 
and Mung Bean Composite Flours. 
International Journal of Nutrition and Food 

Sciences, 5(6), 401- 406. 

 
Dendegh T. A, Ukeyima M., Dendegh 
R. A. 2019. Proximate Composition, Func-
tional and Sensory Properties of Pearl Mil-
let, Soy Flour and Baobab Fruit Pulp Com-
posite Flour as a Complementary Food. 
Asian Food Science Journal 8(3): 1-11.   

 
Echendu C. A., Obizoba I. C., Anyika J. 
U. 2009. Effects of Germination on Chemi-
cal Composition of Groundbean 
(Kerstingiella geocarpa harm) Seeds. Pakistan 

Journal of Nutrition, 8(12): 1849-1854. 

 
Edem C. A., Dosunmu, M. I. 2011. 
Chemical evaluation of proximate 
composition, ascorbic acid and anti–
nutrients content of African star apple 

(Chrysophy l lumafr icanum) fru i ts , 
International Journal of Recent Research and 

Applied Studies, 9 (1), 146–156.  

 
Elleuch M., Bedigian D., Roiseux O., 
Besbes S., Blecker C., Attia H. 2011. 
Dietary fibre and fibre-rich by-products of 

F\food processing: characterization, tech-

nological functionality and commercial appli-
cations: A Review. Food Chemistry 124: 411-
421 

 
Enujiugha, V. N., Talabi, J. Y., Malomo, 
S. A., Olagunju, A. I., 2012. DPPH radical 
scavenging capacity of phenolic extracts 
from African yam bean (Sphenostylis 

stenocarpa). Food and Nutrition Science. 3, 7–
13. 

 
Ferrao J. E. M., Ferrao A. M. B. C., 
Anatures A. M. G. 2017. Garcia deorta Serieda 

Estudes. Agronomicos 14:35-39 

 
Galati, A., Oguntoyinbo, F.A., 
Moschetti, G., Crescimanno, M., 
Settanni, L. 2014. The cereal market and 
the role of fermentation in cereal-based food 
production in Africa. Food Reviews 
International, 30, 317–337. 

 
George T. T.  Obilana A. O., Oyeyinka 
S. A. 2020. The prospects of African yam 
bean: past and future importance. Heliyon 6. 
e05458. 

 
Godswill, A. C. 2019. Proximate 
composition and functional properties of 
different grain flour composites for 
industrial applications. International Journal of 

Food Sciences, 2(1), 43–64. https://
doi.org/10.47604/ijf.1010 

 
Henshaw, F. O., Sobowale, M. K. 1996. 
Cowpea flour produced from different bean 
varieties: Functional properties, composition 
and acceptability of products. Nigerian Food 
Journal, 14:62-70. 

 
Hu, F. S. L., Brubaker B., Anderson, P. 

CHEMICAL COMPOSITION, FUNCTIONAL AND PASTING PROPERTIES OF... 

34 J. Agric. Sci.  & Env. 2023, 23(1):12-39 



M. 1996. “Boreal Ecosystem Development 
in the Northwestern Alaska Range since 
11,000 yr BP”, Quaternary Research, 45, 188-
201.  

 
Idowu A. O. 2014. Nutrient composition 

and sensory properties of kokoro (a 
Nigerian snack) made from maize and 

African yam bean flour blends. International 
Food Research Journal 22(2): 739-744. 

 
Idowu, A. 2015. Chemical composition 
and sensory and pasting properties of 
blends of maize-African yam bean seed. 

Journal of  Nutritional Health and Food Science. 
3, 1–6. 

 
Igbabul B. D., Num G., Amove J. 2014. 
Quality Evaluation of Composite Bread 
Produced from Wheat, Maize and Orange 
fleshed Sweet Potato flours. American Journal 
of Food Science Technology. 2. 4: 109-115. 

 
Igbabul, B. D., Iorliam, B. M.,  Umana, 
E. N. 2015 Physicochemical and sensory 
properties of cookies produced from 
composite flours of wheat, cocoyam and 

African yam beans. Journal of Food Research. 
4 (2): 150-158. 

 
Ijarotimi, O. S. Famurewa J. A. V. 2006. 
Assessment of chemical composition of 
soybean supplemented weaning foods and 
nutritional knowledge of nursing mothers 
on their utilization. Pakistan Journal of 
Nutrition;5: 218-223. 

 
Ikujenlola V. A. Fashakin J. B. 2005.  
The physicochemical properties of a 
complementary diet prepared from 

vegetable proteins. Journal of Food, 

Agriculture and Environment, Vol.3 (3/4), 2 3 - 
2 6. 

 
Inyang U. E. and Ekop V. O. 2015. Physico
-Chemical Properties and Anti-nutrient 
Contents of Unripe Banana and African 
Yam Bean Flour Blends. International Journal 

of Nutrition and Food Sciences. 4 (5), pp. 
549-554. DOI: 10.11648/j.ijnfs.20150405.16 

 
Ishiwu, C. N., Onyeji A. C. 2004. 
Properties of an instant gruel based on blend 

of maize (Zea mays L.) starch, African yam 

bean (Sphenostylis stenocarpa) flour and 
soybean (Glycine max) flour. Nigerian Journal 

of Nutritional Sciences; 25:16-19. 

 
Isong N. C. 2018. “Processing and 
preservation of Nigerian fruits and green 
vegetables, “in Proceedings of the Launching and 
the first Annual conference of Nigeria Institute of 

Food Science and Technology (18 Ed), 2018. 

 
Iwe M. O., Michael N., Madu N. E., 
Obasi N. E., Onwuka G. I. 2017. 
Physicochemical and Pasting Properties 
High-Quality Cassava Flour (HQCF) and 
Wheat Flour Blends. Agrotechnology 6: 167. 
DOI: 10.4172/2168-9881.1000167 

 
Kalu C. E., Alaka I. C., Ekwu F. C. 
2019. Pasting Properties of Flour Blends 
from Water Yam, Yellow Maize and African 
Yam Bean Seeds. European Journal of Nutrition 

& Food Safety, 10(1): 64-71. 

 
Kobue‐Lekalake R. I., Taylor J. R. N.,  
DeKock R. 2007. Effects of phenolic in 
sorghum grain its bitterness, astringency and 

other sensory properties. Journal of the Science 

P. I. OKOLIE,F. B. DARAMOLA, O. B. OGUNJOBI, M. T. COKER, E. C. OKOLIE, K. A. AGBOOLA, O.OKORIE AND S. O. ABAYOMI 

35 J. Agric. Sci.  & Env. 2023, 23(1):12-39 



of Food and Agriculture, 87(10):1940 – 1948. 

 
Kulkarni, K. O., Kulkarni, D. N., Ingle, 
U. M. 1991. Sorghum malt-based weaning 
food formulation preparation, functional 
properties and nutritive values. Food 
Nutrition Bull. 13(14), 322–327.  

 
Kumar, M.; Zhang, B.; Nishad, J.; 
Verma, A.; Sheri, V.; Dhumal, S.; Radha; 
Sharma, N.; Chandran, D.; Senapathy, 
M. ;  Dey ,  A. ;  Raja l ingam,  S . ; 
Muthukumar, M.; Mohankumar, P.; 
Amarowicz, R.; Pateiro, M.; Lorenzo, 

J.M. 2022. Jamun (Syzygium cumini (L.) 
Skeels) Seed: A Review on Nutritional 
Profile, Functional Food Properties, Health
-Promoting Applications, and Safety 

Aspects. Processes, 10, 2169. https://
doi.org/10.3390/pr10112169 

 
Makinde F. M., Ladipo A. T., 2012. 
Physico-chemical and microbial quality of 
sorghum-based complementary food 
enriched with soybean (Glycine max) and 
sesame (Sesamum indicum). Journal of Food 
Technology, 10: 46–49. 

 
Manzoor A., Pandey V. K., Dar A. H., 
Fayaz U., Dash K. K., Shams R., 
Ahmad S., Bashir I., Fayaz J., Singh P., 
Khan S. A., Ganaie T. A., 2023. Rice bran: 
Nutr i t iona l ,  phy tochemica l ,  and 
pharmacological profile and its contribution 
to human health promotion, Food Chemistry 
A d van c e s ,  2 ,  1 002 96 ,  h t tp s : / /
doi.org/10.1016/j.focha.2023.1002 

 
Maziya-Dixon, B., Dixon, A. G. O., 
Adebowale, A. A. 2004. Targeting different 
end uses of cassava: genotypic variations 
for cyanogenic potentials and pasting 

properties. A paper was presented at ISTRC-
AB Symposium, Whitesands Hotel, 
Mombassa, Kenya.  

 
Mazzocchi S., Visaggi P., Baroni L. 2023. 
Plant-based diets in gastrointestinal diseases: 
Which evidence?, Best Practice & Research Clin-
ical Gastroenterology, 62–63, 101829.  
 
Meka E, Igbabul B. D., Ikya J. 2019. 
Chemical and Functional Properties of 
Composite Flours Made from Yellow Maize, 
Soybeans, and Jackfruit Seed. International 
Journal of Research and Innovation in Applied 
Science (IJRIAS), 4 (11), 57 – 63. 

 
Medina-Meza I. G., Aluwi N. A., 
Saunders S. R., Ganjyal G. M. 2016. GC–
MS profiling of triterpenoid saponins from 
28 quinoa varieties (Chenopodium quinoa 
Willd.) grown in Washington State. Journal of 

Agricultural and Food Chemistry, 64(45), 8583

–8591. 

 
Mohamed A., Bhardwaj H., Hamama A. 
and Webber C.1995. Chemical composi-
tion of kenaf (Hibiscus cannabinus L.) seed oil. 

Industrial Crops and Products, 4(3): 157-165.  

 
Mugabo E., Afoakwa E. O., Annor G., 
Rwubatse B. 2017. Effect of pretreatments 
and processing conditions on anti-nutritional 
factors in climbing bean flours. International 

Journal of Food Studies, 6(1), 34–43.  

 
Nagarajaiah, S. B., Prakash, J. 2015. 
Nutritional composition, acceptability, and 
shelf stability of carrot pomace-incorporated 
cookies with special reference to total and β-
carotene retention. Cogent Food and Agriculture. 
2; 1:1039886 

CHEMICAL COMPOSITION, FUNCTIONAL AND PASTING PROPERTIES OF... 

36 J. Agric. Sci.  & Env. 2023, 23(1):12-39 



 
Nieman D. C., Butterworth D. E. and 
Nieman, C. N. 2012. Nutrition. WMC. 
Brown, Dbugye, USA. pp. 237-312 

 

Nwachukwu T. O., Alesinloye A., 

J e g e d e  D., A d a r a m o l a  B., 

Ogunnowo A., Shokunbi O., 

Onigbinde A. 2017. Nutritional 
Enrichment of Wheat Bread using Various 
Plant Proteins. International Journal of 

Multidisplinary and Current Research, 5. 1375.  

 
Nwokeke B., Adedokun I., Osuji C. 
2013. Effect of blending on the proximate, 
pasting and sensory attributes of Cassava-
African yam fufu flour. International Journal of 

Research Publications, 3(8):1-7. 

 
Ocheme O. B., Oloyede O. O., 
Mahmud A. H. 2010. Production and 
evaluation of bread using blends of wheat 
flour and fermented plantain flour. Nigerian 

Food Journal, 28(2), 284–293. 

 
Ogunmodimu, O. O., Ijarotimi, O. S., 
Fagbemi, T. N. 2015. Evaluation of 
nutritional properties of high protein-fibre 
based snacks formulated from wheat, 
soybean concentrate and cassava fibre. Sky 

Journal of Food Science. 4(3), 030 – 041. 

 
Ohizua E. R., Adeola A. A., Idowu M. 
A., Sobukola O. P., Afolabi T. A., Ishola 
R. O., Falomo A. 2017. Nutrient 
composition, functional and pasting 
properties of unripe cooking banana, 
pigeon pea and sweet potato flour blend. 

Food Sciences and Nutrition, 5, 750–762. 

 
Okaka, J. C. 1997. Cereals and Legumes: 

Storage and Processing Technology. Enugu, 
Nigeria: Data and Microsystems Publication. 

 
Okolie, P. I., Coker M. T., Okolie, E. C., 
Oke, E. K., Agboola, K. A.,  Abayomi, S. 
O. 2022. Physiochemical and quality 
evaluation of kokoro (A Maize-based snack) 
from blends of yellow maize, fermented 
AYB and RICE bran flours, Applied Food 
Res ea r ch ,  2(1) ,  100104,  ht tps ://
doi.org/10.1016/j.afres.2022.100104. 

 
Oladele A. K., Aina J. O. 2007. Chemical 
composition and functional properties of 
flour produced from two varieties of tiger 

nut (Cyperus esculentus). African Journal of 
Biotechnology 6 (21), 2473-2476. 

 
Oladele K. A., Osundahunsi F. O., 
Yemisi O. A., Adebowale A. Y. 2009. 
Influence of processing techniques on the 
nutrient and anti-nutrient of tiger nut 

(cyperus esculentus l.). World Journal of 

Dairy and Food Sciences, 4, 88–93. 

 
Oladipo, F. Y., Nwokocha, L. M. 2011. 
Effect of Sida acuta and Corchorous olitorius 
mucilages on the physicochemical properties 
of maize and sorghum starches. Asian 

Journal of Applied Sciscience. 2011, 4:514-
525. 

 
Olapade A. A., Adeyemo A. M. 2014. 
Evaluation of cookies produced from blends 
of wheat, cassava and cowpea flours. 

International Journal of Food Studies, 3: 175-
185. 

 

P. I. OKOLIE,F. B. DARAMOLA, O. B. OGUNJOBI, M. T. COKER, E. C. OKOLIE, K. A. AGBOOLA, O.OKORIE AND S. O. ABAYOMI 

37 J. Agric. Sci.  & Env. 2023, 23(1):12-39 



Olumurewa J. A. V., Ibidapo P. O., 
Adebileje J. F. 2019. Evaluation of 
functional and pasting properties of instant 
pounded yam/plantain flour. Advances in 

Obesity Weight Management and Control,  9 

(1), 1-6. 

 
Oluwajuyitan, T.D., Ijarotimi, O.S., 
Fagbemi, T.N. 2021, Nutritional, 
biochemical and organoleptic properties of 
high protein-fibre functional foods 
developed from plantain, defatted soybean, 
rice-bran and oat-bran flour, Nutrition & 

Food Science, 51(4), 704-724. https://
doi.org/10.1108/NFS-06-2020-0225  

 

Omarini, A. B., Labuckas, D., 

Zunino, M. P., Pizzolitto, R., Fernán-

dez-Lahore, M., Barrionuevo, D.,  

Zygadlo, J. A., 2019. Upgrading the 
Nutritional Value of Rice Bran by Solid-
State Fermentation with Pleurotus sapidus, 

Fermentation, 5(2), 44; https://
doi.org/10.3390/fermentation5020044  

 
Onimawo, A. I. and Egbekun K. M., 
1998. Comprehensive Science and 
Nutrition. Ambik, Benin City, Nig. 

 
Onwuka, G. I. 2005. Food Analysis and 
Instrumentation: Theory and Practice. 
Napthali Prints, Lagos. 

 
Peter-Ikechukwu A. I., Ogazi C. G., 
Uzoukwu A. E., Kabuo N. O., Chukwu 
M. N. 2020. Proximate and Functional 
Properties of Composite Flour Produced 
with Date Fruit Pulp, Toasted Watermelon 
Seed and Wheat. Journal of Food Chemistry and 

Nanotechnology, 6(3): 159-166. 

Prasad M. N., Sanjay K., Khatokar M. S., 
Vismaya M., Swamy S. N. 2011. Health 
benefits of rice bran - a review. Journal of 

Nutrition and  Food Science, 01(3). 

 
Ragaee S., Noaman, M., Abdel-Aal S. 

M. 2006. Antioxidant activity and nutrient 
composition of selected cereals for food 

use. Food Chemistry, 98(1):32-38 

 
Raungrusmee S., Shrestha S., Sadiq M. 
B., Anal A. K., 2020. Influence of resistant 
starch, xanthan gum, inulin and defatted rice 
bran on the physicochemical, functional and 
sensory properties of low glycemic gluten-
free noodles, LWT, 126: 109279, https://

doi.org/10.1016/j.lwt.2020.109279. 

 
Ruales J., Valencia S., Nair B. 1993. 
Effect of processing on the physicochemical 
character i s t ics  of  gu inea  f lour . 

(Chenopodium guinea Wild), Starch, 46 (1); 
13-19. 

 
Sagbo, F. Y. S., Aïssi, M. V., 
Hounkpatin, W. A., Houedo, C., Dansi, 
A., Soumanou, M. M. 2017. 
Physicochemical and pasting properties of 
some local and improved maize varieties 
cultivated in Benin. International Journal of Bio-
logical and Chemical Sciences 11, 1753–1765 

 
Sanni, S., Onyeyili, P. A., Sanni, F. 
S.  2008. Phytochemical Analysis, Elemental 
Determination and Some in vitro 
Antibacterial Activity of Ocimum basilicum 
L. Leaf Extracts.  Research Journal of 
Phytochemistry, 2 (1): 77-83 

 
Sarwar M. H., Sarwar M. F., Sarwar M., 

CHEMICAL COMPOSITION, FUNCTIONAL AND PASTING PROPERTIES OF... 

38 J. Agric. Sci.  & Env. 2023, 23(1):12-39 



Qadri, N. A., Mughal S. 2013. The 
importance of cereals (Poaceae: Gramineae) 
nutrition in human health: a review. Journal 
of Cereals and Oilseeds, 4, 32– 35. 

 
S h a i s t a ,  Q . ,  M u h a m m a d ,  A . , 
Fahrulzaman, H., and Muhammad, A. J. 
2017. Comparative study for the 
determination of nutritional composition in 
commercial and non-commercial maize 

flours. Pakistan Journal of Botany. 49, 519–
523. 

 
Skendi, A.; Papageorgiou, M.; Varzakas, 
T. 2021. High Protein Substitutes for 

Gluten in Gluten-Free Bread. Foods, 10, 

1 9 9 7 .  h t t p s : / / d o i . o r g / 1 0 . 3 3 9 0 /
foods10091997 

 
Slavin,J. L. 2005. Dietary fiber and body 

weight, Nutrition, 21 (3), 411-418. 

 

Uchegbu N. N. 2015. Antioxidant 
activity of germinated African yam bean 

(Sphenostylis stenocarpa) in Alloxan diabetic 
rats. International Journal of Nutrition and Food 

Engineering. 9, 206–210. 

 
Zanna, M. S. H., Milala M. A.  2005. 
Effect of supplementation of Ogi, a pearl 
millet-based Nigerian weaning food, with 

P. I. OKOLIE,F. B. DARAMOLA, O. B. OGUNJOBI, M. T. COKER, E. C. OKOLIE, K. A. AGBOOLA, O.OKORIE AND S. O. ABAYOMI 

39 

(Manuscript received: 26th January, 2022; accepted: 13th April, 2023). 

J. Agric. Sci.  & Env. 2023, 23(1):12-39 


