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ABSTRACT 
 

Aims: Rice-based ready-to-eat extruded snack was developed by incorporating the rice flour with 
kidney bean, fermented surgum and unfermented sorghum flours with the sole aim of accessing 
the effect of the addition of the kidney bean and sorghum on the nutritional quality of the extruded 
snack developed. 
Methodology: Rice-dried kidney bean composite flours were supplemented with fermented and 
unfermented sorghum grains were optimized using optimal design model of response surface 
methodology; the dependent variables were the proximate and mineral compositions. The 
extrusion process was also optimized using central composite design of response surface 
methodology. The sensory evaluations of the extrudates were carried out.  
Results: The result of the product optimization of the composite flours gave the R-squared and 
adjusted R-squared of the ash, crude fibre and crude protein to be between 0.9961 and 0.9987. R-
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squared and adjusted R-squared close to unity is an indicated of statistical model that is fit, and 
hence, show that the independent variables support the dependent variables strongly. So, we can 
deduce that the independent variables strongly supported the ash, crude fibre and crude protein 
contents. The extrusion results showed that screw speed was the most potent factor required for 
the extrusion process, followed by temperature. Sample 19 having independent variables of 21.7% 
screw speed, 80

o
C temperature and 105 rpm resulted in extruded snack with the highest overall 

sensory acceptability. 
Conclusion: Acceptable snacks with over 70% sensory qualities were developed. Addition of 
fermented sorghum flour resulted in composite flour with protein content were well above 100%.  
 

 
Keywords:  Extruded snack; fermented sorghum flour; optimization; protein content; response surface 

methodology; rice flour. 

 
1. INTRODUCTION 
 
Developments in functional foods production 
continues to attract research interests. There is a 
shift from nutritionally-rich foods to foods that are 
both nutritionally-rich and health-promoting [1,2] 
This shift might not be unconnected to increase 
in several diseases associated with stress and 
production of free radicals in the living systems.  
Another development in healthy food baked 
products is the reduction or total removal of 
gluten from the foods. Gluten-free products as 
rightly called are meant to address consumers 
who are gluten intolerant, resulting in celiac 
diseases. Production of gluten-free foods 
products and development of functional foods 
have promoted the utilization of several other raw 
materials aside wheat. Several researches have 
been carried out on utilization of non-wheat food 
materials for the production of health foods. 
Some of the non-wheat materials that have been 
utilized include several cereals, psudo cereals, 
legumes, tubers, oil seeds [3,4]. 
 
Baked food products are one of the most 
promising food products for the actualization of 
nutraceuticals. This is basically because of the 
easy possibilities of utilizing raw materials with 
healthy components such as antioxidant 
properties in addition to their rich nutritional 
properties. This development of utilizing several 
raw materials (composite flours) to developed 
nutraceuticals and nutritionally-rich foods are 
being utilized in the production of bread, snacks, 
cookies and others that can be regarded as 
nutraceuticals. 
  
Red kidney bean (Phaseolus Vulgaris L.) 
contains high amounts of dietary fibre, starch, 
vitamins, minerals as well as an extensive array 
of phytochemicals. However, the most important 
component of its nutritional significance is its 
high protein content which is 2-3 times that of 

cereal grains [5]. Due to its high protein content, 
red kidney beans are used as supplements in the 
human diet and are also used in the production 
of snacks in their composited forms [6]. Several 
researches on the incorporation of legumes for 
the enhancement of the nutritional and functional 
qualities of baked and other food products have 
been carried out [7]. 
 
Sorghum (Sorghum bicolour L. Moench) grains 
has been found to contain about 68 – 75% 
starch, in addition to its rich antioxidants, fibre, 
iron and protein contents [8]. The antioxidants 
components are phenolic compounds and 
anthocyanins which help to reduce inflammation 
and lower free radical damage. 
  
Rice (Oryzae sativa) is widely used for the 
production of baked products, and it is a good 
alternative to wheat in preparing gluten-free 
foods [9]. In addition to being a rich source of 
energy, it has high digestibility, a good source of 
vitamin B1, B2 and B3, minerals (calcium, 
magnesium and phosphorus) and other trace 
elements like iron, zinc and manganese [10]. 
 
Extrusion is a HTST process which involves 
simultaneous thermal and pressure treatment 
along with mechanical shearing, resulting in 
changes such as gelatinization of starch, 
denaturation of protein and at times, complete 
cooking of the extrudate [11] to obtain ready to 
eat products [12]. Extrusion brings variability into 
snacks, hence, it has great potentials among 
snack consumers [13]. 
  
The present study optimized the physico-
chemical composition of the rice, sorghum and 
kidney beans composite flour. The pasting 
characteristics and in-vitro antioxidant activities 
of the optimized composite flour were evaluated. 
The samples with the best physicochemical 
composition, pasting characteristics and in-vitro 
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antioxidant activities were extruded. The sensory 
assessment of the extruded snack was also 
carried out to evaluate its acceptability. 
  
2. MATERIALS AND METHODS 
 

2.1 Materials 
  
Rice, Sorghum, Kidney-bean and wheat grains 
were obtained from Oja-Oba, Akure, Ondo State, 
Nigeria. Locally fabricated food extruder 
fabricated by NASOD Engineering Ltd, Ogun 
State, Nigeria was sourced in the Food 
Processing Laboratory of the Federal University 
of Abeokuta (FUNAAB) Nigeria. All reagents 
used were of analytical grade. 
 

2.2 Processing of Raw Food Materials 
into Flours 

  
Local rice grains obtained were winnowed to 
remove extraneous materials. It was then 
washed in distilled water until properly cleaned, 
and subsequently sun-dried to to an acceptable 
moisture content required for milling. The rice 
was milled into fine flour using an attrition mill, 
and then sieved through a 212 µm sieve size to 
obtain fine flour [14]. 
 
Sorghum grain were processed into flour 
according to the method described by [15]. The 
sorghum was sorted to remove debris and other 
extraneous matters. It was then cleaned in 
distilled water and sun-dried to reduce the 
moisture content to an acceptable level before 
milling using a hammer mill. The flour was then 
sieved through a 212 µm sieve to obtain the fine 
flour. The sorghum was divided into fermented 
and unfermented samples.   
 

Kidney beans flour was prepared by using the 
method of [16] and modified by [17].  Exactly 250 
g kidney beans seeds were thoroughly washed, 
soaked in water for 30 min, manually dehulled, 
boiled at 100°C for 30 min, oven-dried (in a 
thermostated oven, Model MC-1959 K, China) at 
65°C for 6 h, milled using locally fabricated 
attrition mill and made to pass through 212 μm 
sieve. It was subsequently stored in a sealed 
plastic container at room temperature.  
 

2.3 Experimental Design for Composite 
Flour Formulation using Response 
Surface Methodology 

 

The experimental design for the blends of rice, 
sorghum and kidney beans flours was carried out 
using optimal mixture design of response surface 

methodology (Design expert 8.3.0.1 trial version). 
The independent variables were rice flour (A), 
kidney bean flour (B), unfermented sorghum flour 
(C) and fermented sorghum flour (D). Xanthan 
gum was added to the composite flours at 0.5% 
of total weight. The samples were then blended 
together using a laboratory mixer. The composite 
flour samples were stored in air tight containers 
and were analyzed for Proximate, Minerals, 
Functional, Pasting properties, Antioxidant and 
Anti-nutritional composition. Wheat flour was 
used as a control sample. 
 

2.4 Proximate Determination of 
Composite Flours 

 

Proximate compositions, that is, moisture 
content, ash, crude fibre, crude fat and crude 
protein contents of experimental food samples 
were determined using the standard methods 
[18]. Carbohydrate content was determined by 
difference. 
 

2.5 Minerals Composition Determination 
of Composite Flours 

  
The mineral compositions of calcium (Ca), and 
zinc (Zn) were determined using Atomic 
Absorption Spectrophotometer (AAS Model 
SP9). Sodium (Na) and potassium (K) were 
determined using flame emission photometer 
(Sherwood Flame Photometer 410, Sherwood 
Scientific Ltd. Cambridge, UK) with NaCl and KCl 
as the standards [18]. 
 

2.6 Extrusion Processing 
 

This was carried out according to [12] procedure 
using locally fabricated food extruder fabricated 
by NASOD Engineering Ltd, Ogun State, Nigeria 
and sourced from the Department of Food 
Science and Technology, Federal University of 
Agriculture, Abeokuta, Nigeria. The 
configurations of the extruder are 304:18.5 L/D 
ratios, 18 mm screw diameter, 1.74 KW Power 
and 304 mm barrel diameter. Optimizing the 
extrusion processes, the variables were moisture 
content, A, (15-29 g/100g), temperature, B, (63-
97

o
C), and screw speed, C, (70-120 rpm), while 

the responses were throughput, lateral 
expansion and residence time. 
 

2.7 Sensory Evaluation of Extruded 
Snacks 

 
The extruded snack was subjected to sensory 
test using 10 semi-trained panelists, where 
evaluation using [19] was done on the basis of 
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appearance, taste, texture, mouth-feel and 
overall acceptability using a 9-point hedonic 
scale (9-like extremely, 8-like very much, 7-like 
moderately, 6-like slightly, 5-neither like nor 
dislike, 4-dislike slightly, 3-dislike moderately, 2-
dislike very much and 1-dislike extremely). 
 

2.8 Statistical Analysis 
 
All data were analyzed using SPSS version 20.0 
and RSM Design Expert 8.3.0.1 design expert 
trial version. The mean and standard error of 
means (SEM) of the triplicate analyses were 
calculated. The analysis of variance (ANOVA) 
was performed to determine significant 
differences between the means, while the means 
were separated using the New Duncan Multiple 
Range Test (NDMRT). 
 

3. RESULTS AND DISCUSSION 
 

3.1 Proximate Composition of the 
Optimised Composite Flours 

 
The result of the proximate composition of the 
flour blends is presented in Table 1. Sample run 
21 is the control consisting 100% wheat flour. 
The moisture contents of all the samples are 
lesser than the recommended value of 10 g/100 
g recommended for flour samples [20]. Moisture 
contents lesser than 10 g/100 g guarantees 
better shelf life of the food materials [21]. 
  
The ash content of the composited flour blends 
ranges between 1.04 g / 100 g to 1.70 g / 100 g. 
Ash content is a useful indication of the amount 
of minerals present in the flour which can be 

attributed to a specific number of functions in the 
body [22]. The analysis of variance (ANOVA) 
result for ash content showed the model was 
special cubic, and the model terms (linear 
mixture, AB, AC, BC, CD, ABC, ACD and BCD) 
were significant (P ≤ 0.05). The R-squared and 
Adjusted R-squared values were 0.9987 and 
0.9958, respectively. High R-squared and 
Adjusted R-squared indicated that the raw 
materials support the ash contents. In addition, 
the contour plot showing the effect of the 
composite flour on the ash content Figs. 
1a,1b,1c) clearly indicated that both fermented 
and unfermented sorghum had almost the same 
effect on the ash content. The effect of the 
sorghum on the ash content was however the 
highest. 
 
The crude fibre content of the composited flour 
blend ranges from 4.23 g/100 g to 6.33 g /100 g. 
Dietary fibre have been reported to aid the rate of 
digestion and absorption of nutrients and 
chemicals [23]. Also, soluble fibre supplements 
may be beneficial for alleviating symptoms of 
irritable bowel syndrome, such as diarrhea or 
constipation and abdominal discomfort [24] and 
are effective in reducing total blood cholesterol 
[25]. The analysis of variance (ANOVA) result for 
crude fibre content showed the model was 
special cubic, and model terms (linear mixture, 
AB, AC, BC, CD, ABC, ACD and BCD) were 
significant (P ≤ 0.05). The R-squared and 
Adjusted R-squared values were 0.9957 and 
0.9864 respectively and close to 1.000, indicating 
a good model. The contour plots Figs. 2a,2b,2c 
showed that unfermented sorghum had the 
highest contribution to the crude fibre. 

 

 
Fig. 1a. Contour plot showing the effects of the composite flour on ash content 

Design-Expert® Sof tware
Component Coding: Actual
Ash

1.734

1.043

X1 = A: rice f lour
X2 = B: Kidney  bean
X3 = C: Unf ermented sorgum

Actual Component
D: Fermented sorghum = 5.625

A: rice flour
79.375

B: Kidney bean
39.375

C: Unfermented sorgum
24.375

0.000 15.000

55.000

Ash

1.1

1.2

1.3

1.3

1.4

1.4

1.5

1.5

1.6



 
 
 
 

Awolu and Akintade; AFSJ, 20(4): 1-21, 2021; Article no.AFSJ.66597 
 
 

 
5 
 

 
 

Fig. 1b. Contour plot showing the effects of the composite flour on ash content 
 

 
 

Fig. 1c. Contour plot showing the effects of the composite flour on ash content 
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flours. The most important component of 
nutritional significance of kidney beans is their 
high protein content which is 2-3 times that of 
cereal grains [5]. The analysis of variance 
(ANOVA) result for protein content of the 
composited flour blend showed the model was 
special cubic, and model terms (linear mixture, 
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AB, AC, BC, CD, ABC, ACD, and BCD) were 
significant (P ≤ 0.05). The R-squared and 
Adjusted R-squared values were 0.9959 and 
0.9869, respectively, which showed that the 
model was good. 

The carbohydrate content of the composited 
blends ranged from 72.84 g/100 g to 77.22 g/100 
g. Rice is a good source of starch and will 
therefore, enhance the energy content of the 
products.  

 
Table 1. Proximate composition of composite flour 

  
Samples formulation (%) Proximate composition of blends (g/ 100g) 
Run RF  KBF USF FSF Moisture Ash Fibre Fat Protein Carbohydrate  
1 63.01 35.00 0.98 1.01 7.65 1.04 5.43 1.83 9.71 74.34 
2 64.95 25.33 9.62 0.11 7.42 1.29 5.02 1.73 9.49 75.05 
3 55.00 35.00 10.00 0.00 6.63 1.70 4.63 1.95 9.02 76.09 
4 55.00 15.00 15.00 15.00 6.45 1.15 5.97 1.90 10.19 74.34 
5 70.00 15.00 15.00 0.00 7.16 1.55 6.31 2.03 9.98 72.97 
6 61.95 16.29 14.99 6.77 7.31 1.48 6.33 1.95 9.36 73.58 
7 55.00 35.00 0.00 10.00 6.30 1.69 4.95 1.86 10.24 74.97 
8 72.37 27.63 0.00 0.00 6.22 1.38 4.32 1.87 9.480 75.40 
9 77.40 15.00 0.19 7.41 6.17 1.45 5.41 1.40 9.89 75.69 
10 70.01 15.00 7.79 7.20 6.89 1.28 5.80 1.44 9.19 75.40 
11 55.00 35.00 0.00 10.00 6.35 1.69 5.135 1.85 10.27 74.94 
12 55.00 25.21 4.79 15.00 7.14 1.55 4.39 1.52 9.98 75.44 
13 62.91 22.09 0.00 15.00 6.93 1.73 5.21 1.63 9.89 74.61 
14 70.00 15.00 15.00 0.00 7.21 1.55 6.32 2.03 9.98 72.84 
15 70.00 15.00 0.00 15.00 6.23 1.70 4.47 1.61 9.63 76.38 
16 85.00 15.00 0.00 0.00 6.08 1.50 4.23 1.82 9.45 76.94 
17 55.00 15.00 15.00 15.00 6.46 1.15 5.97 1.90 10.19 74.36 
18 85.00 15.00 0.00 0.00 6.08 1.48 4.23 1.84 9.39 77.22 
19 55.00 25.18 15.00 4.82 6.33 1.70 4.62 1.74 9.54 74.33 
20 55.00 35.00 10.00 0.00 6.65 1.69 4.62 1.95 8.96 75.97 
21 0.00 0.00 0.00 0.00 6.58 1.50 5.00 1.65 9.54 75.74 

Values are mean and are significantly different across the column at (p≤0.05) 
Key: RF: Rice flour; KBF: Kidney bean flour; USF: Unfermented sorghum flour; FSF: Fermented Sorghum Flour 

 

 
 

Fig. 2a. Contour plot showing the effects of the composite flour on fibre content 
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Fig. 2b. Contour plot showing the effects of the composite flour on fibre content 
 

 
 

Fig. 2c. Contour plot showing the effects of the composite flour on fibre content 
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Fig. 3a: Contour plot showing the effects of the composite flour on protein content 
 

 
 

Fig. 3b. Contour plot showing the effects of the composite flour on protein content 
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best source of zinc.  
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Fig. 3c. Contour plot showing the effects of the composite flour on protein content 

 
Table 2. Mineral composition of composite flour 

 
Samples formulation (%) Mineral composition of blends (ppm) 
Run RF  KBF USF FSF Ca Mg Zn Na K Na/K 
1 63.01 35.00 0.98 1.01 2.12 4.98 1.86 2.52 6.75 0.37 
2 64.95 25.33 9.62 0.11 2.43 4.87 1.67 2.86 6.97 0.41 
3 55.00 35.00 10.00 0.00 2.11 5.02 2.02 2.65 6.39 0.41 
4 55.00 15.00 15.00 15.00 2.51 4.91 1.43 2.55 6.45 0.40 
5 70.00 15.00 15.00 0.00 2.62 4.84 1.34 2.62 6.23 0.42 
6 61.95 16.29 14.99 6.77 2.38 4.93 1.51 2.73 6.33 0.43 
7 55.00 35.00 0.00 10.00 2.71 4.88 1.86 2.19 6.78 0.32 
8 72.37 27.63 0.00 0.00 2.53 4.65 1.62 2.28 6.64 0.34 
9 77.40 15.00 0.19 7.41 2.46 4.68 1.38 2.44 6.82 0.36 
10 70.01 15.00 7.79 7.20 2.55 4.85 1.73 2.53 6.34 0.4 
11 55.00 35.00 0.00 10.00 2.80 4.78 1.92 2.17 6.69 0.32 
12 55.00 25.21 4.79 15.00 2.44 4.89 1.51 2.41 6.54 0.37 
13 62.91 22.09 0.00 15.00 2.48 4.57 1.22 2.34 6.55 0.36 
14 70.00 15.00 15.00 0.00 2.66 4.90 1.37 2.68 6.19 0.43 
15 70.00 15.00 0.00 15.00 2.56 4.74 1.13 2.76 6.67 0.41 
16 85.00 15.00 0.00 0.00 2.36 4.28 1.22 2.81 6.57 0.43 
17 55.00 15.00 15.00 15.00 2.55 4.87 1.61 2.61 6.42 0.41 
18 85.00 15.00 0.00 0.00 2.29 4.33 1.25 2.84 6.48 0.44 
19 55.00 25.18 15.00 4.82 2.70 4.81 1.52 2.58 6.30 0.41 
20 55.00 35.00 10.00 0.00 2.13 5.11 2.10 2.69 6.41 0.42 
21 0.00 0.00 0.00 0.00 2.63 4.82 1.34 2.71 6.81 0.37 

Values are mean and are significantly different across the column at (p≤0.05) 
Key: RF: Rice flour; KBF: Kidney bean flour; USF: Unfermented sorghum flour; FSF: Fermented Sorghum Flour; 

Ca: Calcium; Mg: Magnesium; Zn: Zinc; Na: Sodium; K: Potassium 
 

Figs. 6a,6b and 6c showed that the sodium 
contents were minimal in the absence of kidney 
beans. Rice flour supported low sodium content 
such that fermented flour had almost no 
contribution to sodium content Fig. 6b. Sodium is 

useful for the generation of nerve impulses and 
for maintenance of electrolytes balance and fluid 
balance, for heart activities and certain metabolic 
functions. 
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Table 3. Sample blending formulation/ratio and extrusion parameters of composite flour 
 

 Moisture 
(g/100 g) 

Temperature 
(
o
C) 

Screw 
Speed 
(rpm) 

Throughput 
(g/s) 

Lateral 
Expansion (%) 

Residence 
Time (s) Run 

1 2.12 4.98 1.86 2.52 6.75 0.37 
2 2.43 4.87 1.67 2.86 6.97 0.41 
3 2.11 5.02 2.02 2.65 6.39 0.41 
4 2.51 4.91 1.43 2.55 6.45 0.40 
5 2.62 4.84 1.34 2.62 6.23 0.42 
6 2.38 4.93 1.51 2.73 6.33 0.43 
7 2.71 4.88 1.86 2.19 6.78 0.32 
8 2.53 4.65 1.62 2.28 6.64 0.34 
9 2.46 4.68 1.38 2.44 6.82 0.36 
10 2.55 4.85 1.73 2.53 6.34 0.4 
11 2.80 4.78 1.92 2.17 6.69 0.32 
12 2.44 4.89 1.51 2.41 6.54 0.37 
13 2.48 4.57 1.22 2.34 6.55 0.36 
14 2.66 4.90 1.37 2.68 6.19 0.43 
15 2.56 4.74 1.13 2.76 6.67 0.41 
16 2.36 4.28 1.22 2.81 6.57 0.43 
17 2.55 4.87 1.61 2.61 6.42 0.41 
18 2.29 4.33 1.25 2.84 6.48 0.44 
19 2.70 4.81 1.52 2.58 6.30 0.41 
20 2.13 5.11 2.10 2.69 6.41 0.42 
21 2.63 4.82 1.34 2.71 6.81 0.37 

Values are mean and are significantly different across the column at (p≤0.05) 
Key: RF: Rice flour; KBF: Kidney bean flour; USF: Unfermented sorghum flour; FSF: Fermented 

 

 
 

Fig. 4. Contour plot showing the effects of the composite flour on magnesium content 
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The contour plot showing the effects of the 
composite flour on potassium are shown in the 
Fig. 7a,b,c. The result showed that unfermented 
sorghum and kidney beans flour combination 
resulted in the highest potassium contents           

Fig. 7c flowed by unfermented sorghum and rice 
flour Fig. 7b. The R-squared and Adjusted R-
squared values for potassium contents were 
0.9893 and 0.9661 respectively, which signaled a 
very good model. 

 

 
 

Fig. 5. Contour plot showing the effects of the composite flour on zinc content 

 

 
 

Fig. 6a. Contour plot showing the effects of the composite flour on sodium content 
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The Na/k ratio were lesser than one for all the 
samples. This could indicate that the products 
from the composite flours would be beneficial for 
consumers with cardiovascular diseases such as 
high blood pressure.  
 

3.3 Effects of Extrusion Variable 
Conditions on the Responses 

 
The highest throughput was obtained at the 
highest screw speed and lowest water content 
Fig. 8a. Overall, screw speed had the most 
positive effect on the throughput compared to 

other parameters considered Fig. 8a, 8b and 8c. 
Nest to screw speed was the temperature. 
Moisture had the least positive effect on the 
throughput. The contour plots showing the effect 
of the variables on throughput are shown in the 
Figs. 8a,8b and 8c. The final equation 
representing the effect of the variables on 
throughput is shown in the equation below: 
 

�ℎ����ℎ��� = 1.16 − 0.12� − 0.010� +
0.11� − 0.044�� + 0.10�� − 3.750	 ×
10���� + 																																	0.098�� −
0.063�� + 0.17��        

 

 
 

Fig. 6b. Contour plot showing the effects of the composite flour on sodium content 
 

 
 

Fig. 6c. Contour plot showing the effects of the composite flour on sodium content 
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Fig. 7a. Contour plot showing the effects of the composite flour on potassium content 
 

 
 

Fig. 7b. Contour plot showing the effects of the composite flour on potassium content 
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Fig. 7c. Contour plot showing the effects of the composite flour on potassium content 
 

 
 

Fig. 8a. Contour plot showing the effects of the composite flour on throughput 
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Fig. 8b. Contour plot showing the effects of the composite flour on throughput 
 

 
 

Fig. 8c. Contour plot showing the effects of the composite flour on throughput 
 
The lateral expansion of the extrudates was 
positively affected by the temperature and screw 
speed Figs 9a,b and c. High screw speed could 
also generate heat which indicates heat is a 
bacic factor that affects lateral expansion. The 
final equation representing the effect of the 
variables on lateral expansion is shown in the 
equation below: 
 

�������	���������
= 0.087 − 0.013� + 6.155	�	10���
+ 7.256	�	10��� − 6.250	�	10���� 

																					−3.125	�	10���� − 0.013�� + 5.495	�	10����

+ 0.015�� + 3.590	�	10���� 

 
The residence time was lower at high screw 
speed Figs. 10a,b,c and d. Moisture and 
temperature seemed not to be strong factor to be 
considered for residence time. 
 
In general, the screw speed was the strongest 
factor that affects all the dependent variables. 
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Fig. 9a. Contour plot showing the effects of the composite flour on lateral expansion 
 

 
 

Fig. 9b. Contour plot showing the effects of the composite flour on lateral expansion 
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Fig. 9c. Contour plot showing the effects of the composite flour on lateral expansion 
 

 
 

Fig. 10a. Contour plot showing the effects of the composite flour on residence time 
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Fig. 10b. Contour plot showing the effects of the composite flour on residence time 

 

 
 

Fig. 10c. Contour plot showing the effects of the composite flour on residence time 
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Fig. 10d. Contour plot showing the effects of the composite flour on residence time 

 

3.4 Sensory Evaluation of the Extruded 
Snacks 

 

The results of the sensory evaluation were 
presented in Table 4. Sample 19 had the highest 
consumer acceptability in terms of appearance, 
and also had the highest overall acceptability. 

The screw speed of the single screw extruder 
also contributes to the appearance of the snacks 
as a slow to moderate screw speed allow for 
adequate cooking for a considerable length of 
time. The attractive colour of sample 19 may be 
attributed to the moisture content of the 
composite flour during the extrusion process. 

 

Table 4. Sample blending formulation/ratio and sensory attributes of extruded snacks 
   
Run %Moisture 

g/100 g 
Temperature 
(0C) 

Screw 
speed(rpm) 

Throughput 
(g/s) 

Lateral 
expansion(%) 

Residence 
time (s) 

1 15 90 90 1.75 0.13 134 
2 15 79 120 1.41 0.13 52 
3 15 70 90 1.52 0.13 181 
4 15 90 120 1.27 0.15 73 
5 17.5 63.18 105 1.07 0.07 128 
6 17.5 96.82 105 0.9 0.08 127 
7 17.5 80 105 0.9 0.08 127 
8 17.5 70 105 0.79 0.07 125 
9 17.5 80 105 1.23 0.13 124 
10 17.5 80 105 1.32 0.075 128 
11 17.5 80 79.77 1.04 0.07 142 
12 17.5 80 105 1.20 0.1 79 
13 17.5 80 105 1.10 0.08 128 
14 17.5 80 105 1.10 0.08 128 
15 20 70 120 1.36 0.09 76 
16 20 90 120 1.40 0.11 47 
17 20 70 90 1.41 0.07 85 
18 20 90 90 1.11 0.11 132 
19 21.70 80 105 1.09 0.12 73 
20 13.30 80 105 1.68 0.09 78 

Values are mean and are significantly different across the column at (p≤0.05) 
Key: RF: Rice flour; KBF: Kidney bean flour; USF: Unfermented sorghum flour; FSF: Fermented

Design-Expert® Sof tware
Factor Coding: Actual
Residence time

Design Points
181

47

X1 = A: Moisture
X2 = B: Temperature

Actual Factor
C: Screw Speed = 120.00

15.00 16.00 17.00 18.00 19.00 20.00

70.00

75.00

80.00

85.00

90.00
Residence time

A: Moisture

B
: T

em
pe

ra
tu

re

687072747678



 
 
 
 

Awolu and Akintade; AFSJ, 20(4): 1-21, 2021; Article no.AFSJ.66597 
 
 

 
20 

 

From the results, it can be said that increase in 
moisture content yielded snacks with better 
appearance and colour compared to samples 
having lower moisture content. As the moisture 
increases, the taste of the samples also 
improved which is a useful indication that 
moisture enhances adequate mix ability of 
ingredients and cooking of the extruded snacks. 
The results for the texture shows the correlation 
between the screw speed and screw  
temperature during extrusion cooking; high 
temperature cooking with high screw speed 
resulted in a more uniform and good textured 
product that when cooking is done under high 
temperature and low screw speed. 
 

In general, most of the samples were generally 
acceptable while few others were not. Panelists 
show very high interest in sample 19 compared 
to the other samples. From the sensory 
evaluation, it was seen that sample 19 was the 
most preferred and generally. 
 

4. CONCLUSION 
 

The composite flours from rice with kidney beans 
supplemented with fermented and unfermented 
sorghum resulted had high acceptable ash, 
crude fibre and protein contents. Samples with 
fermented sorghum had the highest protein 
contents of over 10%. The use of response 
surface methodology gave insights into 
independent variables with significant (p≤ 0.05) 
effect on dependent variables such as the 
protein, ash and crude fibre contents. Screw 
speed was the most potent independent 
variables for the production of the extruded 
snacks, and the sensory acceptability of some of 
the snacks were over 70%.  
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