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 Abstract 
 Introduction. Cereal grains are generally used as relatively 

inexpensive raw material in snack foods in developing 
countries.  In order to enhance the nutritional quality of maize 
based flour, an attempt has been made to incorporate okara (a 
by-product) from soy milk production. 

Materials and methods. Flour blends were developed by 
supplementing maize flour with okara flour (w/w) at 0, 10, 20, 
30, 40 and 50% levels. The 100% maize flour served as the 
control. Biscuits were prepared from the flour blends. The 
functional and pasting properties of the blends as well as 
physical, chemical and sensory properties of the biscuit 
samples were determined.  

Results and discussion. The flour blends developed in this 
study have distinct functional characteristics, providing added 
value to a waste product. Flour samples also varied 
significantly (p≤0.05) in the pasting properties. The results on 
biscuit samples revealed the following ranges: physical 
properties; weight 15.69 to 18.18g, diameter 11.39 to 
13.62mm, thickness 1.59 to 1.71mm and spread ratio 6.99 to 
8.06mm; Proximate parameters- moisture content 4.53 to 
5.68%,  ash 1.00 to 1.63%, protein 7.8 to 18.6%, fat 17.8 to 
21.2%, fibre 1.91 to 5.28%, carbohydrate 47.6 to 67.0% and 
energy 392.50 to 409.58kCal/100g; anti-nutrients;  phytate 
0.03 to 0.06 mg/g, oxalate 0.36 to 0.73 mg/g and tannin 0.53 
to 1.47 mg/g. The incorporation of okara increased the protein, 
fat and ash contents of biscuit samples while the carbohydrate 
content decreased. The biscuit samples presented different 
concentration of tannin; however samples prepared from 100% 
maize flour were devoid of phytate and oxalate. Sensory 
characteristics of biscuit prepared from 100% maize flour 
(control) varied significantly (p≤0.05) with those containing 
10 to 50% okara inclusion level. However, biscuits containing 
40% inclusion level of okara were most preferred.  

Conclusion. The research work provide added value to 
edible waste product of food industries offering a promising 
alternative to address food and environmental problems in 
African tropics. 
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Introduction 
 

Snacks are easy-to-prepare food eaten in place of a main meal or between main meals. Biscuit 
is a term used for a variety of baked, commonly flour based food product. They are nutritive snacks 
from unpalatable dough transformed into appetizing products through the application of oven heat 
[1]. Biscuits are widely accepted and consumed in many countries. The consumption of biscuits, 
wafers and short bread, has become very popular in Nigeria, especially among children and young 
adults [2]. Wheat flour is a critical and principal raw material in biscuit production. Its superiority 
over other cereals is due to the presence of gluten which confers unique texture and taste to wheat 
based products. Non-wheat flours are also used in baked goods with distinct attributes though they 
do not contain gluten. Some are particularly higher in protein, dietary fibre, phytochemicals and array 
of essential vitamins and minerals than wheat flour [3]. Non- wheat flours are obtained from other 
cereals, legumes, tubers, and root crops. Though, the utilization of these ingredients has gained 
ground in the production of snacks locally, but the use of composite flour of two important 
agricultural produce such as maize and okara (by-product from soy milk production) remain lesser 
known. 

Maize (Zea mays) is an annual cereal crop belonging to the Poaceae family. Maize is one of 
the oldest cultivated grains and one of the most productive crop species with a global average yield 
of more than 4 tonnes per hectare [4]. Maize has been in the diet of Nigerians for many years and 
has been processed into a wide range of varieties by the different tribes in Nigeria usually done by 
cooking, roasting, frying, pounding or crushing to produce delicacies such as “tuwo”, “ogi” and 
“dokunnu” as reported by Oladejo and Adetunji [5].The grains could also be processed into a wide 
variety of product such as starch, flour, grit, popcorn and breakfast cereals. Maize kernel is composed 
of 70–75% starch, 8–10% protein, 4–5% lipid, 1–3% sugar and 1–4% ash [6]. Maize germ contains 
about 45-50% oil which is made up of 14% saturated fatty acids, 30% monosaturated fatty acids, 
and 56% polyunsaturated fatty acids [7]. Most importantly, the yellow maize variety is a good source 
β-carotene (precursor of vitamin A) which is essential for good vision and at high concentrations 
also acts as a pro-antioxidant and induces apoptosis of colon cancer cells, leukaemia cells, melanoma 
cancer cells and gastric cancer cells, thus rendering potent chemopreventive effects [8].   

Soybean (Glycine max) probably originated in Eastern China and is widely cultivated as a farm 
crop. It has been reported that soybean is a very rich source of protein, fat, phytochemicals and 
minerals such as copper, zinc and manganese [9]. Okara is a by-product from soy milk production; 
it is solid non-soluble fraction obtained from hydrothermal treatment of the crushed soybeans. This 
residue is generally discarded causing a significant environmental problem because it is susceptible 
to putrefaction due to its high moisture content (80%) as reported by Ostermann-Porcel [10]. Though 
Asian countries have found many ways to use okara, most other countries regarded it as agro waste 
with very little value hence used as animal feed. Okara has yellowish white colour with a neutral, 
smooth flavor. Asides, it is worthy to note that this by-product contains many beneficial components; 
hence it has attracted research interest as functional food.  Okara is packed with a significant number 
of proteins, isoflavones, soluble and insoluble fibres, soya saponins, and other mineral elements, 
which are all attributed with health merits [11].   

Maize is a cereal with miniscule protein content, and like other cereal grains; it is deficient in 
lysine and tryptophan while okara is a soy derivative that provides all the essential amino acids 
needed to fulfil human nutritional requirement for growth and maintenance [10]. Moreso, there is a 
high need for the development of gluten-free food in order to attend to an increasing food demand; 
hence, a source of suitable nutrients for celiac sufferers could be found in soybean derivative (okara) 
and maize.  

The present study investigates the effect of supplementation of maize with okara on biscuit 
quality.  
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Materials and methods 
 
Materials 
 
Dried yellow maize (Zea mays) grains and soybean (Glycine max) were obtained from 

the International Institute of Tropical Agriculture (IITA), Ibadan. The varieties used were 
Sammanz 35 (maize) and TGx 1835-10e (soybean) developed by IITA in collaboration with 
National Cereal Research Institute (NCRI). Other raw materials such as margarine, food 
grade salt, granulated sugar, food flavouring and eggs were purchased from a local market in 
Iwo, Osun state, Nigeria. The chemicals used for the analyses were of analytical grade.  

 
Preparation of research samples 
 
Okara flour. Okara flour was prepared using the method reported by Ostermann-Porcel 

[10]. Soybean (TGx 1835-10e) seeds were soaked in water for 8 hr at ambient temperature. 
The soaked seeds were ground in a blender with addition of water to enhance the grinding.  
The ground paste was then thermally treated at 90˚C for 20 min in order to reduce the activity 
of the trypsin inhibitor and deactivate the lipoxygenase enzyme which causes the unpleasant 
taste. The soybean slurry is separated from the ground paste using muslin cloth and the 
residue constitutes the wet okara.  The residue was dried using laboratory drier and milled 
into flour using Phillip laboratory blender (HR2811 model). The okara flour was sifted using 
a 60 mm mesh, packed in glass container and kept in freezer (-4°C) pending analyses.  

 
Maize flour. Fully dried yellow maize (Sammaz 39) seeds were weighed and 

manually sorted to remove bad grains and foreign materials. The sorted grains were 
weighed again and milled into flour using Phillip laboratory blender (HR2811 model). The 
maize flour was sifted using a 60 mm mesh, packed in glass container and kept in freezer (-
4°C) pending analyses. 

 
Experimental plan 
 
Maize flour was supplemented with okara flour at 0% (sample A), 10% (sample B), 

20% (sample C), 30% (sample D), 40% (sample E) and 50% (sample F). Table 1 shows the 
various ingredients in the preparation of biscuit samples. 
 

Biscuits 
 
Biscuit samples were produced from the blends using reported method [12]. Maize flour 

was supplemented with okara flour at 0, 10, 20, 30, 40 and 50%. After the baking process, 
the biscuit samples were allowed to cool to ambient temperature and packed in airtight glass 
containers for subsequent laboratory analyses. The biscuit samples prepared with 100% 
maize flour served as the control. Figure 1 shows biscuit samples prepared from the flour 
blends. 
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Table 1 
Laboratory formulations of ingredients used in the preparation of biscuits (g) 

 

Sample Maize 
flour 

Okara 
flour 

Margarine Sugar Baking 
powder 

Egg Salt 

A 300 0 50 30 0.05 90 0.5 
B 270 30 50 30 0.05 90 0.5 
C 240 60 50 30 0.05 90 0.5 
D 210 90 50 30 0.05 90 0.5 
E 180 120 50 30 0.05 90 0.5 
F 150 150 50 30 0.05 90 0.5 

A-100% maize flour;   
B-90% maize flour + 10% okara flour;  
C-80% maize flour + 20% okara flour;  

D-70% maize flour + 30% okara flour; 
E-60% maize flour + 40% okara flour;  
F-50% maize flour + 50% okara flour 

 

 
Figure 1. Biscuit samples with: 

A-100% maize flour;   
B-90% maize flour + 10% okara flour;  
C-80% maize flour + 20% okara flour;  

D-70% maize flour + 30% okara flour; 
E-60% maize flour + 40% okara flour;  
F-50% maize flour + 50% okara flour 
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Description of methods 
 
Functional properties of flour blends. The bulk density (loosed and packed) of the 

flours was determined by the gravimetric method described by Appiah et al [13]. Water and 
oil absorption capacities were determined using the procedures described by Sofi et al [14]. 
Additionally, the swelling power and starch solubility of the flour samples were determined 
using the methods reported by Wani et al. [15]. 

 
Pasting properties of flour blends. The pasting behaviour of the flour samples was 

measured in a Rapid Visco Analyzer (Model: RVA-4, Newport Scientific Pty. Ltd., Sydney, 
Australia, 1995) and Thermocline for Windows software was used to evaluate the pasting 
properties.  

 
Physical characteristics of biscuit samples. The biscuit samples were analysed for 

physical properties such as diameter, thickness, weight and spread ratio as described by 
AACC [16]. The surface colour of biscuits was determined according to values based on a 
CIE L*a*b* color scale using Konica Minolta Chroma Meter CR-400. All analyses were 
carried out in triplicate. 

 
Chemical analyses of biscuit samples. Standard methods according to the AOAC [17] 

were used to determine the proximate composition. The caloric value was estimated 
(kCal/100g) by multiplying the percentage crude protein, crude lipid and carbohydrate by the 
recommended factors of 2.44, 8.37 and 3.57 respectively and then taking the sum as described 
by Ekanayake et al [18]. The titration method described by Oladele et al. [19] was used to 
determine the oxalate and phytate contents of biscuit samples. Tannin content was 
determined by the method described by Mugaboa et al [20]. All analyses were carried out in 
triplicate. 

 
Sensory characteristics of biscuit samples. The sensory evaluation of the biscuit 

samples was performed by 25 semi-trained panellists. The panellists were asked to evaluate 
each sample based on the colour, taste, aroma, sweetness, hardness, crunchiness and overall 
quality using a 5-point Hedonic scale (5- like extremely and 1- dislike extremely). 

 
Statistical analysis 
 
Statistical analyses were conducted using Statistical Package for the Social Sciences 

version 17.0software (SPSS Inc., Chicago, IL, USA). Significant differences between the 
mean values were determined using Duncan multiple range tests at a significance level of p≤ 
0.05. 

 
 
Results and discussion 
 
Functional properties of maize- okara flour blend 
 
Functional properties of the flour blends were presented in Table 2. Supplementation of 

maize flour with okara flour had significant effect (p≤0.05) on the functional parameters 
under consideration. The loosed and packed bulk densities of the composite flours varied 
between 0.45-0.55 g/cm3 and 0.62-0.72 g/cm3, respectively.  
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Table 2 
Functional properties of flour blends 

 

Sample Bulk density (g/cm3) 
Loosed            
Packed 

WAC 
(g/mL) 

OAC 
(g/mL) 

Swelling 
Power 

(%) 

Starch 
Solubility 

(%) 
A 
 

B 
 

C 
 

D 
 

E 
 

F 

0.55b±0.02 

 
0.47a±0.02 

 
0.48a ±0.00 

 
0.48a ±0.00 

 
0.45a ±0.00 

 
0.45a ±0.00 

0.70c±0.01 

 
0.72c±0.01 

 
0.67b±0.00 

 
0.63a±0.00 

 
0.62a±0.01 

 
0.62a±0.00 

1.91a±1.02 

 
1.90 a ±0.13 

 
2.38b ±1.24 

 
2.37b ±2.03 

 
2.43b ±0.37 

 
2.48 b±0.80 

1.45 b±0.07b 

 
1.44 b±0.35b 

 
1.35±0.60ab 

 
1.36 ab±1.31 

 
1.35 ab±0.04 

 
1.09 a ±0.41 

6.89d±0.09 

 

5.88c±0.09 

 
5.79bc±0.04 

 

5.57bc±0.14 

 

5.54b±0.13 

 

4.99a±0.17 

 

12.79e±0.72 

 

8.19d ±0.20 

 

7.12cd±0.11 

 

5.92bc ±0.64 

 

5.12b±0.81 

 

3.03a±0.49 

 

Key a-e: Means with the same superscripts within each row are not significantly different (p≥0.05) 
 
Highest values were identified in the control sample (100% maize flour).  Lower bulk 

density of the composite flour blends gives an indication that they were lighter compared 
with the control. This might be due to the lower particle size of okara flour than that of maize 
flour.  Such flour samples would be an advantage in preparation of complementary foods 
though their usage may produce less extensible and fluid dough due to high water uptake.  

The water absorption capacity (WAC) of the flour samples varied between 1.91-2.48 
g/mL and it showed a significant difference (p≤0.05) with okara interaction.  Composite 
flours had higher water absorption capacity than the control sample. This could indicate the 
fact that addition of okara flour improves the water absorption capacity of maize flour. This 
may be as a result of the increase in the protein content of blends containing okara compared 
with the control. Protein has both hydrophilic and hydrophobic properties, and so has affinity 
for water molecule in foods.  Moreso, more hydrophilic constituents, such as dietary fibre 
contributes to high WAC in food ingredients.  

Result shows that the maximum oil absorption capacity (OAC) was observed in the 
control sample, while the blend containing 50% maize flour and 50% okara flour had the 
lowest value. Significant decrease in OAC was observed as the percentage of okara flour in 
the blend increases. The decrease indicated the diluting effect of okara on oil absorption 
capacity of maize flour. It has been reported that variations in the content of non-polar side 
chains which might bind the hydrocarbon side chains of oil, explains differences in the oil 
binding capacity of flours [21]. 

Decrease in swelling power was noted in the flour blends as the level of okara increases. 
Swelling power of starch was reported to be inhibited by amylose and lipids [22].  In essence, 
the higher fat content observed in flour blends supplemented with okara was responsible for 
lower swelling power compared with the control. Reports on the relationship between 
swelling power, amylose content, lipids and amylopectin fine structure  concluded that 
amylose and lipids inhibited swelling power while a high proportion of amylopectin long 
chains (DP > 35 unit chains) resulted in increased swelling power [23]. 

A decline in starch solubility was noticed in the flour samples as the level of okara in 
the blend increases. Higher solubility observed in the control sample compared with 
composite blends could be associated with high content of amylose which leaches out easily 
during the swelling process as reported by Sanni et al [24]. 
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Pasting properties of maize-okara blends 
 
Significant differences (p≤0.05) were observed among pasting properties of the flour 

samples as presented in Table 3. A peak viscosity of 30.34 RVU which was significantly 
different from other flour blends was observed in the control sample, while the least peak 
viscosity of 5.34 RVU was recorded in sample F. Blended flours recorded lower peak 
viscosity compared with the control. Peak viscosity is the maximum viscosity developed 
during or soon after the heating portion of the sample. It is often correlated with the final 
product quality and also provides an indication of the viscous loads likely to be encountered 
during mixing [25].   

The trough viscosity ranged from 4.84 RVU in sample F to 26.78 RVU in sample A. 
The break down viscosities of the composite flour ranged from 0.05 RVU (sample E) to 3.55 
RVU (sample A). It is an indication of breakdown or of the starch gel during cooking which 
often is used as an index of paste stability. The final viscosity ranged from 7.50 RVU in 
sample F to 72.56 RVU (sample A). The final viscosity indicated the re-association of starch 
granules especially amylose during cooling time after gelatinization [26]. 

This study showed a setback viscosity range of 2.64 to 45.78 RVU. Sasaki et al. [27] 
indicated that lower amylase content is associated with higher peak viscosity. Generally, the 
pasting viscosities and swelling power of flour are positively correlated [28]. Thus, the higher 
the swelling power of flour, the higher the pasting viscosities. The result corroborates the 
trend earlier observed on swelling power of the composite flour (Table 2). Variation exists 
in the peak time recorded for the flour samples. The pasting temperature of the control sample 
was significantly different compared with the blends containing different level of okara flour. 

                                          
                                                                                                                                     Table  3                          
 

Pasting properties of flour blends 
 

Sample Peak 
Viscosity 

(RVU) 

Trough 
Viscosity 

(RVU) 

Breakdown 
Viscosity 

(RVU) 

Final 
Viscosity 

(RVU) 

Setback 
Viscosity 

(RVU) 

Peak 
Time 
(min) 

Pasting 
Temperature 

(oC) 
A 
 
 

B 
 
 

C 
 
 

D 
 
 

E 
 
 

F 

30.34 
±0.29a 

 
19.91 
±0.29b 

 
15.20 
±0.24c 

 
8.97 

±0.19d 

 
6.89 

±0.33e 

 
5.34 

±0.14f 

26.78 
±0.19a 

 
17.25 
±1.44b 

 
12.86 
±0.33c 

 
7.92 

±0.14d 

 
6.33 

±0.43e 

 
4.84 

±0.14f 

3.55 
±0.09a 

 
2.67 

±0.14b 

 
2.36 

±0.09c 

 
1.05 

±0.04d 

 
0.56 

±0.09e 

 
0.05 

±0.00e 

72.56 
±0.19a 

 
42.86 
±0.67b 

 
30.94 
±0.98c 

 
15.75 
±0.50d 

 
10.70 
±0.05e 

 
7.47 

±0.05f 

45.78 
±0.39a 

 
25.61 
±0.54b 

 
18.00 
±0.43c 

 
8.17 

±0.14d 

 
4.36 

±0.49e 

 
2.64 

±0.10f 

6.97 
±0.04a 

 
7.00 

±0.00a 

 
7.00 

±0.00a 

 
6.95 

±0.00ab 

 
6.87 

±0.00b 

 
6.91 

±0.07ab 

76.18 
±0.49ab 

 
74.77 

±0.49abc 

 
73.42 

±0.46bc 

 
73.42 
±0.04c 

 
76.35 
±0.43a 

 
74.97 

±1.27abc 

Key a-f: Means with the same superscripts within each row are not significantly different 
(p≥0.05) 
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Physical properties of biscuit samples 
 
The physical properties of the biscuit samples prepared from maize and okara flour 

blends are shown in Table 4. 
 

Table 4 
Physical properties of biscuits with different level of okara 

 
Sample Weight 

(g) 
Diameter 

(mm) 
Thickness 

(mm) 
Spread 

ratio 
Colour attributes 
L*        b*         a*                      

A 
 
 

B 
 
 

C 
 
 

D 
 
 

E 
 
 

F 
 

18.18 
±0.50a 

 
17.72 

±0.80ab 

 
17.73 

±0.96ab 

 
17.46 

±0.30ab 

 

17.02 
±0.39b 

 

15.69 
±0.11 c 

11.39 
±0.16b 

 
13.10 
±1.27a 

 
12.90 

±0.97ab 

 
13.07 
±1.02a 

 
12.81 

±0.98ab 

 
13.62 
±0.55a 

1.63 
±0.07a 

 
1.64 

±0.05a 

 
1.79 

±0.08a 

 
1.63 

±0.02a 

 
1.59 

±0.26a 

 
1.71 

±0.07a 

6.99 
±0.40ab 

 
7.99 

±0.68 a 

 
7.21 

±0.30ab 

 
8.02 

±0.59 a 

 
8.06 

±0.92 a 

 
7.97 

±0.04 a 

85.69 
±0.06a 

 
84.26 
±0.11b 

 
83.60 
±0.19c 

 
83.31 

±0.21cd 

 
83.18 
±0.07d 

 
81.71 
±0.10e 

0.88 
±0.09c 

 
0.93 

±0.12bc 

 
1.12 

±0.03bcd 

 
1.38 

±0.13a 

 
1.15 

±0.10ab 

 
1.35 

±0.03a 

24.56 
±0.06d 

 
25.96 

±0.18cd 

 
26.67 

±0.11cd 

 
27.62 
±0.12c 

 

28.34 
±0.35b 

 

29.64 
±0.38a 

Key a-d: Means with the same superscripts within each row are not significantly different (p≥0.05) 
 
 
The weight of the biscuit samples ranged from 15.69 to 18.18g. According to the results 

presented, the addition of okara flour into the formulation decreased the post-bake weight of 
the products. The reduction in weight is expected due to the fact that okara flour is less dense 
than maize flour.   

The diameter of biscuit samples increased with the inclusion of okara in the formulation. 
The diameter of the control sample was the lowest (11.39mm) while sample F had the highest 
diameter (13.62mm). It has been reported that the use of non- wheat flour resulted in lower 
protein gluten and subsequent decrease in viscosity of biscuits dough [29]. Consequently, 
low dough viscosity results in high flow rate (spread rate) of the dough which contributes to 
the large diameter of biscuits prepared from composite flours. The thickness of sample E 
(1.71 mm) was highest while the lowest value was noted in samples A and D (1.63 mm). 
However, there was no significant difference in the thickness of the biscuit samples.  

The diameter and thickness reflected in the spread ratio increased with increase in the 
level of okara in the formulation. The spread ratio of sample A was the lowest (6.99) while 
the highest was observed in sample E (8.06). The increase in spread ratio reflects poor 
cohesions of the net work of the protein and carbohydrates which are the major macro 
elements in the products. The poor cohesion could initiate the outflow of some ingredients 
such as sugar that could melt at high baking temperature hence increasing the spread ability 
of the material [30].  
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Evaluation of the surface colour of the biscuit samples across the space CIELAB 
indicated significant differences regarding the L*, a* and b* values. Comparing the L* 
values, statistically significant differences were found among the samples.  Lower lightness 
(L*) values were observed as the level of okara increased in the biscuit samples. This is an 
indication that samples containing different level of okara flour present darker color 
compared with the control. The increase in color values could be attributed to the interaction 
between protein and sugar during baking which resulted in higher degree of Maillard 
reaction.  

Similarly, the variation in composite formulation as marked by increase in the level of 
okara increased a* and b* values. Soybean contains high amount of carotenoid and there is 
retention of the pigment in okara flour.  Similarly, the maize variety used in this study has 
yellow (carotenoid) colour. This explains reduction in L* value and predominance of redness 
(a*) and yellowness (b*) values observed in okara supplemented biscuit samples.  
 

Chemical composition of biscuit samples 
 
The proximate composition of the biscuit samples was significantly different at 5% 

level of significance as indicated in Table 5.  
 

Table 5 
Proximate composition of biscuits with different level of okara 

 
Sample Moisture 

    (%) 
 

Ash 
(%) 
 

Protein  
   (%) 
 

Fat 
(%) 
 

Fibre  
  (%) 
 

Carbohydrate 
         (%) 
 

Energy 
kCal/100g 

A 
 
 
B 
 
 
C 
 
 
D 
 
 
E 
 
 
F 

4.53 
±0.81c 

 
4.57 

±0.19c 

 
4.72 

±0.23bc 

 
4.80 

±0.15bc 

 
5.04 

±0.06b 

 
5.68 

±0.25a 

1.00 
±0.26c 

 
0.98 

±0.09c 

 
1.26 

±0.25bc 

 
1.37 

±0.17bc 

 
1.53 

±0.13a 

 
1.63 

±0.08a 

7.79 
±0.01f 

 
11.52 
±0.03e 

 
12.32 
±0.02d 

 
14.37 
±0.01c 

 
17.86 
±0.01b 

 
18.62 
±0.02a 

17.77 
±0.01f 

 
19.55 
±0.05e 

 
19.95 
±0.01d 

 
20.42 
±0.02c 

 
20.64 
±0.01b 

 
21.15 
±0.01a 

1.91 
±0.64 f 

 
2.36 

±0.25e 

 
3.08 

±0.09d 

 
3.86 

±0.16c 

 
4.46 

±0.16b 

 
5.28 

±0.56a 

67.00 
±0.19a 

 
61.02 
±0.59b 

 
58.67 
±0.44c 

 
55.18 
±0.20d 

 
50.47 
±0.61e 

 
47.64 
±0.69f 

406.93 
±1.03ab 

 
409.58 
±1.14 a 

 
406.49 
±0.83ab 

 
402.97 
±1.00b 

 
396.51 
±0.97c 

 
392.53 
±1.11cd 

Key a-f: Means with the same superscripts within each row are not significantly different (p≥0.05) 
 
 
Moisture content of the biscuit samples was within the range of 4.53 to 5.68%.  The 

highest moisture content was noted in Sample F while there was no significant difference 
between other samples. The supplementation of maize flour with okara flour at 10 to 50% 
level significantly (p≤0.05) increased the moisture content of biscuit samples. This is 
attributed to the fact that the protein and fibre in soy flour are hygroscopic in nature hence 
absorb and retain higher amount of moisture during the baking process.  
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Significant difference (p≤0.05) was observed in the fat content of the biscuit samples. 
The fat content ranged between 17.8- 20.6%. The highest value of fat content was determined 
in biscuits prepared from 50% maize flour and 50% okara, whereas the lowest value of fat 
content recorded in biscuits prepared from 100% maize flour. The increase in fat content as 
the level of okara increases could be as a result of relatively higher amount of fat in the okara 
flour. Similar observation was reported by Rita and Adiza [31].  

Data presented in Table 5 clearly show that supplementation of maize flour with 
different level of okara flour increased the protein content of biscuit samples. Protein content 
of biscuit samples ranged from 7.8 to 18.6%. The maximum protein content was found in 
biscuits prepared from the flour blends of 50% maize flour and 50% okara flour while lowest 
protein content was found in biscuits made from 100% okara flour. The protein content was 
observed to increase with progressive increase in proportion of okara flour. The increase 
might be due to the high protein content of soybean. The results of the present study are 
supported by the earlier report of Tasnima [32] that established an increase in protein content 
of biscuits prepared from soybean and wheat flour.  

The ash content of the biscuit samples varied between 0.93 to 1.63%. The highest ash 
content was observed in samples E and F, while there was no significant difference between 
other samples. The result of this study indicated that the ash content was significantly higher 
in the biscuit samples containing okara flour compared with the control. This is an indication 
that okara flour is a good source of mineral elements. Earlier report had indicated that 
legumes are good sources of ash [32].  

The fibre content of biscuit samples varied between 1.91-5.28%. Biscuits prepared from 
blends of 50% maize flour and 50% okara flour showed the highest value. In contrast, biscuit 
sample prepared from 100% maize flour had the lowest fibre content. The fibre content was 
observed to increase with the increase in proportion of okara flour in the formulation. 
Soybeans contain appreciable quantity of fibre and much more is expected in its residue after 
milk extraction. The increased fibre content of the biscuit sample is advantageous as it will 
prevent the indigestion often associated with products from refined grain flours.  Asides, it 
has been reported that okara supplementation in human diet yielded a decrease in body 
weight, beneficial properties on lipid metabolism, protected the gut environment in terms of 
antioxidant status, as well as prebiotic effects [33].  

The carbohydrate content of biscuit samples ranged between 47.6 to 67.0%. The highest 
value was observed in biscuit sample prepared from 100% maize flour whereas biscuit 
prepared from 50% maize and 50% okara had the least.  It could be inferred that okara flour 
is not a good source of carbohydrate when compared with maize. Rita and Adiza [31] also 
authenticated that addition of soybean flour reduced the carbohydrate content in fortified 
biscuits.  

The gross energy of biscuits samples varied from 392.53 to 409.58 kCal/100g. With the 
increase of okara, a significant decrease in value of kilocalories per 100 g was obtained. The 
slight decrease in the energy density of biscuit samples containing different level of okara 
was mainly due to the lower carbohydrate content than the control sample.  

The oxalate content of the biscuit samples ranged from 0.37–0.73mg/100g as indicated 
in Table 6. The oxalate concentration was significantly affected by the proportion of   okara 
in the formulation used for biscuit preparation. The highest oxalate content was determined 
in the biscuit samples containing 50% of maize and 50% of okara while the control biscuit 
contains no oxalate. In essence, the concentration of oxalate in the biscuit samples increased 
with the level of okara in the formulation. This is a clear indication that soybean contains 
oxalate. The presence of oxalate in the biscuit samples could have effect on nutrients 
bioavailability and absorption.  
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Table 6 
Anti-nutrient composition of biscuits with different level of okara 

 
Sample Phytate (mg/g) Oxalate (mg/g) Tannin (mg/g) 

A 
 

B 
 

C 
 

D 
 

E 
 

F 

ND 

 
0.03±0.02d 

 

0.04±0.03cd 

 

0.04±0.02bc 

 

0.04±0.02b 

 

0.06±0.04a 

ND 

 
0.37±0.334b 

 

0.49±0.400b 

 

0.67±0.001a 

 

0.70±0.113a 

 

0.73±0.020a 

0.53±0.33a 

 
1.16±0.33b 

 

1.34±0.33c 

 

1.36±0.33c 

 

1.41±0.33cd 

 

1.47±0.33d 

Key a-d: Means with the same superscripts within each row are not 
significantly different (p≥0.05). 
ND: not detected   

 
Hence, oxalate is one of the factors to be considered during optimizing the proportion 

of okara supplemented with maize for biscuit production though the lethal dose of oxalate 
has been reported to be between 2 and 5 g/kg for man [34]. 

Phytate content of the biscuit samples ranged from 0.03 to 0.06 mg/100g.  Biscuits 
prepared from 100% maize flour were devoid of phytate. The highest concentration of 
phytate was recorded in the biscuit samples prepared from the proportion of 50% maize flour 
and 50% okara. In present study, phytate content increased with increase in supplementation 
with soy okara in the biscuit samples. This might be due to the high amount of phytate content 
found in okara [35]. However, the quantity of phytate in the biscuit samples is below the   
recommended limit in the diet (250–500 mg/100g) as reported by Ekop et al [36].  

Tannin content of biscuit samples ranged from 0.53 to 1.47 mg/100g and was 
significantly affected by the level of okara in the formulation. The highest tannin content was 
reported in the biscuit samples prepared from 50% of maize and 50% of okara while the 
lowest value was noted in the control sample. This indicates that the concentration of tannin 
in the biscuits increased as the level of okara in the formulation increased. Furthermore, the 
tannin concentrations in all the biscuit samples were below the level acceptable in a food 
which is 2g/100g [37]. Avoidance of products with levels of tannins exceeding this threshold 
should be a criterion in food selection. 
 

Sensorial characteristics of biscuit samples 
 
The sensorial ratings of the biscuit samples were presented in Table 7. 
The highest colour score was presented in sample C followed by sample E and lowest 

for the control sample. However, there was no significant difference among the samples.  
This could be attributed to similarity in the colour of maize flour and okara flour. Both grains 
used in this study have yellow colour which made it difficult for the panellist to identify the 
difference as the level of okara in the blend increases.   
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Table 7 
Sensorial characteristics of biscuits with different level of okara 

 
Sample Colour Taste Sweetness Hardness Crunchiness Aroma Overall 

acceptability 

A 
 
 

B 
 
 

C 
 
 

D 
 
 

E 
 
 

F 

1.75 
±0.55a 

 
1.80 

±0.77a 

 
2.15 

±1.04a 

 
1.90 

±0.85a 

 
2.05 

±0.76a 

 
2.00 

±0.80a 

2.15 
±0.75a 

 
2.05 

±0.95a 

 
2.45 

±1.00a 

 
2.30 

±1.03a 

 
2.70 

±1.03a 

 
2.60 

±0.95a 

2.15 
±0.81ab 

 
2.00 

±0.73b 

 
2.65 

±0.88ab 

 
2.50 

±1.05ab 

 
2.95 

±1.15a 

 
2.40 

±0.94ab 

2.20 
±1.11a 

 
2.45 

±1.19a 

 
2.40 

±0.94a 

 
2.45 

±0.95a 

 
3.10 

±1.02a 

 
2.25 

±0.91a 

1.80 
±0.77b 

 
2.00 

±0.80ab 

 
2.65 

±0.88a 

 
2.20 

±0.89ab 

 
2.80 

±1.06a 

 
2.70 

±0.87a 

1.80 
±0.77b 

 
2.30 

±0.92ab 

 
2.70 

±1.03ab 

 
2.25 

±0.97ab 

 
3.05 

±1.36a 

 
2.75 

±0.85a 

1.95 
±0.67b 

 
2.05 

±0.89ab 

 
2.55 

±0.89ab 

 
2.25 

±0.91ab 

 
2.80 

±1.15a 

 
2.40 

±0.94ab 

Key a-e: Means with the same superscripts within each row are not significantly different (p≥0.05).  
 
 
The scores for aroma ranged from 1.80 to 3.05. The highest value (3.05) was noted in 

sample E while the control sample had the least value (1.80). There was significant difference 
(p≤0.05) among the samples.  Likewise, in term of taste, sample E was most preferred with 
a score of 2.70 while sample B was least preferred with a score of 2.05 although there was 
no significant difference among the samples. 

There were significant differences (p≤0.05) between the samples in terms of 
crunchiness. An increase in the supplementation level of maize flour with okara resulted in 
higher scores which may be attributed to the low fat absorption capacity of okara flour as 
indicated in Table 2. The hardness measured by force applied to break the biscuits was 
significantly affected by increase in okara flour supplementation in the formulation. Biscuit 
sample containing different levels of okara are expected to be harder due to higher 
percentages of fibre and protein in okara which resulted in compact dough structure 
compared with the control.  Moreso, the hardness of the samples containing okara can be 
attributed to higher water absorption capacity of the flour blends as indicated in Table 2. 
Earlier study had reported a positive relation between dietary fibre, hardness and chewiness 
[38]. 

 The results indicated that all the biscuit samples presented good acceptability in terms 
of sweetness.  Considering overall acceptability, sample E was most preferred among the 
biscuits produced from the flour blends. The result showed that supplementation of maize 
flour with different level of okara had minimal impact on the sensorial attributes of the 
biscuits.  
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Conclusions 
 

1. In this study, it has been established that maize flour could be supplemented with 
okara flour to obtain biscuits with acceptable physical, nutritional and sensorial 
characteristics. 

2. In terms of general acceptability, biscuit formulation of 60% maize flour and 40% 
okara flour was most preferred among the biscuits produced from the flour blends. 

3. The study reveals that the application of okara could be widen with optimal 
conditions to generate not only nutritional benefits but also environmental 
significance. 
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