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Abstract

Article History

Corn is one of the most versatile grains with nutritional benefits and can be found all over the world.
The use of indigenous raw materials like red kidney beans and onion serves as an alternative means to
improve the nutritional and sensory qualities of corn flour without reducing the viability of its nutritional
attributes. This study investigated the haematological, biochemical evaluation and nutritional indices of
albino rats fed with crunchy snack produced from corn, red kidney beans and onion flour and the
sensory evaluation of the formulated product using standard methods. White maize, red kidney beans
and onions were obtained from Shasha market, Akure, Nigeria, other ingredients such as salt, sugar and
pepper were purchased from Oba market, Akure, Nigeria. They were prepared at different proportions
of WRKBO1 (white maize flour 70%, red kidney beans 25% and onion flour 5%), WRKBO2 (white
maize flour 70%, red kidney beans 15% and onion flour 15%) and WRKBO3 (white maize flour 70%,
red kidney beans 20% and onion flour 10%). The formulated blends were used to produce crunchy
snacks in the laboratory of Food Science and Technology FUTA, Akure, Ondo State, Nigeria. The
proximate analysis results showed that the moisture, fiber, protein and fat contents were higher in the
formulated crunchy snacks than in the control snack. The following range of values were obtained for
moisture (4.03-15.33%), fiber (14.92-18.45%) and fat (1.91-5.06%) and sample WRKBO3 had the
highest value of 15.33%, 18.45% and 5.06% respectively and was significantly different (p < 0.05) from
the control. The protein content value ranged from (3.33-9.52%); sample WRKBO1 had the highest
value of 9.52% and was significantly different from the control. The result of the sensory evaluation
was based on a nine-point hedonic scale and it was observed that sample WRKBO1 (white maize flour
70%, red kidney beans 25% and onion flour 5%) was more acceptable to the panelists.
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Introduction

The local production of corn (major raw material for crunchy
snacks production) in Nigeria is far below domestic
consumption due to unfavourable climatic conditions.
Consequently, Nigeria like other tropical countries is still
depending on importation to augment local production and this
places a considerable burden on the economy of the country.
In Nigeria, reliance on wheat flour in the pastry and bakery
industries has over the years restricted the use of other cereals
available to domestic use (Adegbanke and llesanmi, 2018).
Legumes are often eaten together with cereals and used as a
substitute source of protein and calorific value for humans and
livestock (Ojuederie and Balogun, 2017).

Corn (Zea mays) is among one of the most consumed grains
and it can contribute to more than 50% of the total caloric
intake in sub-Saharan Africa. Cereals in general are relatively
low-priced as compared to other food commodities and are
cultivated and utilized all around the world by people
belonging from all economic classes (Masood et al., 2020).

Red kidney beans (Phaseolus vulgaris L.) are a variety of the
common bean (P. vulgaris), so named because of its kidney-
like shape and its colour. Red kidney beans have extraordinary
health benefits due to high quantities of folic acid, calcium,
carbohydrates, fibre, and proteins amongst the proper
functioning of the body (Noah and Banjo, 2020). The seed coat
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of red kidney beans indicates that it may be a good source of
polyphenols (Sutedja et al., 2020).

Over the years, onions (Allium cepa. L.) have been valued for
their medicinal as well as gastronomic qualities. (Bala et al.,
2021). It is among the initially cultivated crops of the world
probably due to its greater shelf life and portability (Masood
et al., 2020). Phenols, flavonoids, and antioxidants are much
more abundant in the skin. Because of their bioactive
components, onions and their byproducts have a number of
positive health effects both in vitro and in vivo (Sagar and
Pareek, 2021).

Materials and Methods

Source of Materials and Animals

Corn, red kidney beans and onion bulbs were obtained from
Shasha market in Akure, Ondo state. Other materials and
equipment were obtained from the Food Processing laboratory
of the Department of Food Science and Technology, FUTA.
Twenty-five (25) healthy weanling male Albino Wistar rats
used in this study were obtained from the Department of
Biochemistry, FUTA, Nigeria. The study was approved by the
Federal University of Technology Akure ethical committee
under the ethical number FUTA/SAAT/2016/015. All reagents
used were of analytical grade.

Sample Preparation
The raw materials were bought, prepared and portioned into
different blending ratios. They were then kept in an air tight
container prior to use.

Composzite Flour (Corn, Kidney Beans, Onion)
¥
Mixing
¥
Kneading
¥
Rolling & Cutting
¥

Frving (170°C for Smins)

Draining and Cooling

¥
Packaging

¥
Crunchy Snacks

Figure 1: Flowchart for the Production Process of Crunchy
Snacks Source: (Akoja et al., 2017).

Table 1: Proximate Composition of Crunchy Snacks

Research article

Determination of Proximate Composition of Crunchy
Snacks

The proximate composition of 3 crunchy snacks formulated
from corn, red kidney beans and onion flour was carried out
using the methods outlined by AOAC (2012).

Animal Experimental Design

Twenty-five healthy weanling male albino Wistar rats were
obtained from the Department of Biochemistry Animal
Laboratory, Federal University of Technology Akure. The rats
were randomly distributed in metabolic cages and fed with
normal rat pellets for 7 days for acclimatization before
commencement of the experiments (Oluwajuyitan et al.,
2021).

Collection of Blood Sample

At the end of 28-day experimental period, the Albino rats were
fasted overnight with access to water ad libitum and sacrificed
under chloroform anaesthesia. The blood samples were stored
in a deep freezer prior to haematological and biochemical
analyses (Oluwajuyitan et al., 2021).

Sensory Evaluation of the Crunchy Snacks from White
Corn, Red Kidney Beans and Onion

The sensory evaluation carried out on the samples were
appearance, taste, aroma, shape, crunchiness mouth feel and
overall acceptability. Thirty panel members evaluated them
using a nine-point Hedonic scale (da Silva et al., 2013).

Statistical Analysis

Determinations were made in triplicates and data generated
were subjected to One-Way Analysis of Variance (ANOVA)
using Statistical Package for Social Sciences (SPSS) version
23.0. The means were separated using New Duncan Multiple
Range Test (NDMRT) at 95% confidence level (p < 0.05).

Results and Discussion

Proximate composition of the crunchy snacks is presented in Table 1.
The data reviewed that the moisture contents of the formulated snack
samples were lower than the moisture content (16.66%) of rice snack
reported by (Folorunso et al., 2016). The highest level of protein was
observed in sample WRKBO1 (9.52%) having white maize flour
70%, red kidney beans 25% and onion flour 5%. The combined
consumption of beans and cereals can ensure a balanced protein diet
due to the nutritional complementation of essential amino acids
(Hayat et al., 2014).

Nutritional Quality and Relative Weight of Rats Fed with
Crunchy Snacks

The nutritional quality of crunchy snack produced from corn,
red kidney bean and onion composite flour depicting the
protein quality and relative weight gain of experimental
animals is shown in Table 2.

Samples Moisture Content Crude Fibre  Crude Protein Ash Fat Carbohydrate
WRKBO1 5.92¢ 15.42¢ 9.522 9.50° 1.91¢ 57.73°
WRKBO2 10.81° 17.71° 7.42° 6.74¢ 2.98P 54.36°
WRKBO3 15.332 18.452 5.39¢ 9.60° 5.062 46.16°
CONTROL 4.03¢ 14.92¢ 3.33¢ 10.678 2.41° 64.64°

Mean value with the same superscript across the same column are not significantly different (p<0.05)

Keys:

CNTL: Oyato crunchy snack; WRKBOL1: Corn: Red Kidney Bean: Onion (70:25:5%); WRKBO2: Corn: Red Kidney Bean:

Onion (70:15:15%); WRKBO3: Corn: Red Kidney Bean: Onion (70:20:10%).
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Table 2: Nutritional quality and relative weight of rat fed with crunchy snacks

Parameters Corn-starch CNTL WRKBO1 WRKBO2 WRKBO3
Weight gained (g) 2.13¢ 45.70 60.03 35.58° 35.75¢
Food intake (g) 270.85¢ 651.41¢ 886.152 775.700 589.20¢
Feed Efficiency Ratio 0.014 0.072 0.06° 0.05¢ 0.06°
Nitrogen Retention 0.81¢ 2.63¢ 5.812 3.76° 3.49¢
Biological Value (%) 31.09¢ 71.33° 81.052 65.29°¢ 60.114

Net Protein Utilization (%) 30.38¢ 70.98° 79.60°2 64.97°¢ 59.06¢
Protein Efficiency Ratio 0.31¢ 2.03° 2.202 1.98¢ 1.72¢

Mean value with the same superscript across the same row are not significantly different (p<0.05)

Keys:

CNTL: Oyato crunchy snack; WRKBOL1: Corn: Red Kidney Bean: Onion (70:25:5%); WRKBO?2: Corn: Red Kidney Bean:

Onion (70:15:15%); WRKBO3: Corn: Red Kidney Bean: Onion (70:20:10%).

Growth Performance of Experimental Rats Fed with
Crunchy Snacks

The nutritional status in terms of the growth performance of
experimental rats fed with crunchy snacks is shown in Figures
1, 2 and 3 respectively. In the present study, the growth pattern
and performance of animals fed with WRKBO1 was better
than those of the other groups performance Hence, a low cost
food that is high in protein and energy-density such as
WRKBO1 may be a desirable substitute for expensive
imported foods and low qualities local foods (Oluwajuyitan
and ljarotimi, 2019).
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Figure 1: Weight-For-Length (wasting) of rats fed with
crunchy snacks.

Keys: CNTL: Oyato crunchy snack; WRKBO1: Corn: Red Kidney Bean:
Onion (70:25:5%); WRKBO2: Corn: Red Kidney Bean: Onion (70:15:15%);
WRKBO3: Corn: Red Kidney Bean: Onion (70:20:10%); Corn starch:
Animal fed with corn starch.
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Figure 2: Length-For-Age (stunting) of rats fed with crunchy
snacks.

Keys: CNTL: Oyato crunchy snack; WRKBO1: Corn: Red Kidney Bean:
Onion (70:25:5%); WRKBO2: Corn: Red Kidney Bean: Onion (70:15:15%);
WRKBO3: Corn: Red Kidney Bean: Onion (70:20:10%); Corn starch:
Animal fed with corn starch.
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Figure 3: Weight-For-Age (underweight) of rats fed with
crunchy snacks

Keys: CNTL: Oyato crunchy snack; WRKBO1: Corn: Red Kidney
Bean: Onion (70:25:5%); WRKBO2: Corn: Red Kidney Bean: Onion
(70:15:15%); WRKBO3: Corn: Red Kidney Bean: Onion (70:20:10%); Corn
starch: Animal fed with corn starch.

Haematological Properties of Rat Fed with Crunchy
Snacks

The haematological property of the crunchy snhack (Table 3)
shows that the packed cell volume (PCV) and red blood cells
(RBC) obtained from the rats fed with the formulated shacks
were significantly higher compared with animal fed with
commercial crunchy snack and corn-starch. It was also
observed that rats fed with formulated crunchy shack Red
Blood Cell (6.48+0.03 to 8.36+0.02) and White Blood Cell
(6.89+0.02 to 8.70+0.03) were within the recommended
normal range of 6.76-9.75 and 6.6-12.6 respectively It was
observed from the present study that the developed samples
show high percentage of packed cell volume and were within
the recommended value of 37.60-50.60% for healthy rat
(Diana, 2007).

Biochemical Parameters of Rat Fed with Crunchy Snacks
The creatinine and urea values of rats fed with crunchy snacks
and the urea values of rats fed with corn-starch and
commercial crunchy snack were observed to be within the
normal range (Table 4), in line with what was reported by
(Giannini et al., 1999), which implies that the formulated diets
had no negative side effect on the kidney functionality and was
observed to be lower than the creatinine value (2.1) as reported
by (Oluwajuyitan et al., 2021). The AST and ALP values for
experimental food samples were within the normal range
values (45.70-80.80 and 56.80-128.00 UJ/L) respectively
(Giannini et al., 1999; Diana, 2007) and was observed to be
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lower than the AST (55.2) and ALP (114.8) values as reported consumption of these food samples may not damage liver
by (Oluwajuyitan et al., 2021). This observation implies that cells.
the crunchy snacks may be suitable for consumption, and that

Table 3: Haematological Properties of Rat Fed with Crunchy Snack

Parameters Corn-starch CNTL WRKBO1 WRKBO2 WRKBO3 *NR
PCV (%) 14.80+0.08° 30.27+0.03¢ 45.80+0.072 34.70£0.06° 38.93+0.03° 37.6-50.6
Hb (g/dl) 5.30+0.02¢ 12.90+0.05¢ 16.00+0.028 13.84+0.02° 15.00+0.02° 11.5-16.1
WBC (x10°mm®) 3.00£0.03¢ 6.28+0.03¢ 8.70£0.032 6.89+0.02° 7.51+0.06° 6.6-12.6
RBC (x103mm3) 4.84+0.01° 5.28+0.044 8.36+0.022 6.48+0.03° 7.99+0.05°  6.76-9.75
MCHC (g/dL) 28.91+0.02¢ 31.61+0.05¢ 33.90+0.01° 32.46+0.02° 33.48+0.04°> 28.2-34.1
MCH (pg) 17.30+0.03¢ 19.20+0.02¢ 22.75+0.042 20.88+0.03°¢ 22.31+0.02° 16.0-23.1
MCV (fl) 61.40+0.07¢ 70.81+0.03¢ 74.13+£0.01° 71.95+0.04°¢ 72.07°+0.03° 50.0-77.8
Neutrophils (%) 3.05%+0.03¢ 14.50+0.05¢ 26.09£0.052 18.22+0.03° 20.67+0.03° 5.3-38.1
Lymphocytes (%) 45.60+0.06° 53.85+0.05¢ 69.84+0.07° 57.80£0.05°¢ 62.39+0.05° 56.7-93.1
Monocytes (%) 0.00+0.00¢ 0.00+0.00 3.00+0.012 1.00+0.03°¢ 2.00+0.02°  0.00-7.7
Eosinophils (%) 0.00+0.00°¢ 0.00+0.00° 2.00%+0.002 1.00+0.00° 1.00£0.00° 0.0-3.4
Basophils (%) 0.00? 0.002 0.00? 0.00? 0.00? 0.0-0.4

Mean (xSD) with the same superscript across the same row are not significantly different (p>0.05)
Key: CNTL: Oyato Crunchy Snack; WRKBO1: White Maize: Red Kidney Bean: Onion (70:25:5%); WRKBO2: White Maize: Red Kidney
Bean: Onion (70:15:15%); WRKBO3: White Maize: Red Kidney Bean: Onion (70:20:10%); Cornstarch: animal fed with corn starch

*NR: Anonymous (1996); Giannini et al. (1999); Diana (2007).

Table 4: Biochemical Parameters of Rat Fed with Crunchy Snacks

Parameters Corn-starch CNTL WRKBO1 WRKBO2 WRKBO3 *NR
Creatinine (mg/dl) 2.06+0.032 1.01+0.01P 0.82+0.02¢ 0.54+0.02¢ 0.73+0.02¢ 0.2-0.8
Urea (mg/dl) 19.22+0.012 10.86+0.09° 7.82+0.06° 5.95¢+0.09¢ 6.46+0.02¢ 7-20
Total protein(g/dL) 2.69+0.05¢ 4.71+0.05¢ 5.22+0.05° 6.38+0.03? 5.90+0.07° 5.6-7.6
Albumin (g/dL) 2.29+0.07¢ 3.91+0.07¢ 4.1240.02°¢ 4.53+0.072 4.37+0.02° 3.8-4.8
Globulin (g/dL) 0.40+0.02¢ 0.80+0.03¢ 1.10£0.01°¢ 1.85+0.022 1.53+0.09° -
AST (WL) 73.69+0.08? 51.78+0.06° 46.33+£0.02¢ 40.01+0.09¢ 40.08+0.03¢ 45.7-80.8
ALT (WL) 67.48+0.06° 52.84+0.05° 49.57+0.05°¢ 43.77+0.08¢ 45.50+0.03¢ 17.5-30.2
ALP (W/L) 98.69+0.06° 84.70+0.09° 73.27+0.07¢ 51.29+0.03¢ 68.59+0.09¢ 56.8-128
AST/ALT ratio 1.09+0.00? 0.98+0.01° 0.93+0.01°¢ 0.91+0.01°¢ 0.88+0.02¢ <1.0

Mean (+SD) with the same superscript across the same row are not significantly different (p>0.05)

Key: CNTL: Oyato Crunchy Snack; WRKBO1: White Maize: Red Kidney Bean: Onion (70:25:5%); WRKBO2: White Maize: Red Kidney
Bean: Onion (70:15:15%); WRKBO3: White Maize: Red Kidney Bean: Onion (70:20:10%); Chow: animal fed; AST: Aspertate
Aminotransferease; ALP: Alkaline Phosphate; ALT: Alanine Amiotransferease.

*NR: Anonymous (1996); Giannini et al. (1999); Diana (2007).

Sensory Evaluation of the Crunchy Snacks from White not just the defects. The sensory evaluations carried out on the
Corn, Red Kidney Beans and Onion. samples were appearances, taste, aroma, shape, crunchiness
Sensory evaluation refers to a collection of techniques that mouth feel and overall acceptability. It could be deduced from
seek to differentiate between a range of products based on all the Table 5 that WRKBO01 was the most preferred.

of their sensory characteristics and to determine a quantitative

description of all the sensory attributes that can be identified,

Table 5: Sensory Evaluation of Crunchy Snacks Produced from Corn, Red Kidney Beans and Onion Flour

Samples WRKBO1 WRKBO?2 WRKBO3 CNTL

Appearance 6.60 £ 1.48° 7.00 +1.05° 6.03 +1.73¢ 7.53+£1528
Taste 6.63 + 1.59° 7.47+1.078 6.08 + 1.19¢ 6.57 + 1.65°¢
Aroma 6.30 £ 1.51° 6.57 + 1.45% 6.50 + 1.46® 6.27 + 1.55°¢
Shape 6.30 + 1.42¢ 6.73+1.26° 6.73+1.33° 7.37+1.43%
Crunchiness 7.07 +1.39¢ 7.43+1.22° 7.43 +1.00° 7.60 £ 1.25%
Mouth Feel 6.87 +1.28¢ 7.57 +1.042 7.13 +1.10% 7.20+1.37°
Overall Acceptability 7.00 +1.22¢ 7.60+1.128 7.07 +1.04° 7.33+1.63°

Mean value + Standard deviation with the same superscript across the same row are not significantly different (p<0.05)
Keys:  CNTL: Oyato crunchy snack; WRKBO1: Corn: Red Kidney Bean: Onion (70:25:5%); WRKBO2: Corn: Red Kidney Bean:

Onion (70:15:15%); WRKBO3: Corn: Red Kidney Bean: Onion (70:20:10%).
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Conclusion

Results from this study revealed that the crunchy snacks
produced from blends of white corn, red kidney beans and
onion flour possessed high crude protein and promoted growth
on experimental rats used in this study. The implication of this
research therefore is that a careful selection of indigenous plant
protein sources could be of nutritional benefit in terms of
reducing malnutrition. It is apparent from the study that red
kidney beans and onion incorporated into the flour blend
increased the quality of the formulated crunchy snack. The red
kidney beans used is projected by the findings of this work to
be promising cheap source of nutrients that are lacking in some
crunchy shack products and could also play a key role in the
acceptability and the nutritional value of monotonous diets in
the world at large.

Declarations
Competing Interest
The authors declare no competing interest.

Authors’ Contributions
The authors contributed equally to the research process,
literature writing, review and editing of the article.

References

Adegbanke, O. R., and llesanmi, P. O. (2018). Nutritional and Sensory
Properties of Cake-Like Snacks Produced from Plantain, Sweet-
Potato, Cocoyam and Wheat Flours. Research Journal of Food and
Nutrition, 2(1), 20-27.

AOAC (2012). Officer methods of analysis, 18" edition. Association of
official Analytical Chemist, Washington D.C USA.

Bala, I., Ahmad, F. U., Yerima, A. K, Said, S. S., and lbrahim, A. T.
(2021). Nutritional Quality Evaluation of Stored Onion (Allium cepa
L.) Powder in Transparent and Amber Coloured Jars. Nigerian
Journal of Basic and Applied Sciences, 29(2), 9-16.

da Silva, A. N., dos Santos Navarro, R. D. C., Ferreira, M. A. M., Minim,
V.P.R., daCosta, T. D. M. T., and Perez, R. (2013). Performance of
hedonic scales in sensory acceptability of strawberry yogurt. Food
quality and preference, 30(1), 9-21.

Diana, N. C. (2007) Appendix: therapeutic drug monitoring and
laboratory reference ranges. In: Stephen JM, Maxine AP (eds)
Current medical diagnosis and treatment, 46th edn. McGraw Hill,
New York, pp 1767-1775.

‘®lnl-“lg.ntm Publishing Services
el T st o el

ABOUT

Research article

Folorunso, A. A., Omoniyi, S. A., and Habeeb, A. S. (2016). Proximate
composition and sensory acceptability of snacks produced from
broken rice (Oryza sativa) flour. Am. J. Food. Nutr, 6(2), 39-43.

Giannini, E., Botta, F., Fasoli, A., Ceppa, P., Risso, D., Lantieri, P. B., ...
and Testa, R. (1999). Progressive liver functional impairment is
associated with an increase in AST/ALT ratio. Digestive diseases and
sciences, 44, 1249-1253.

Hayat, 1., Ahmad, A., Masud, T., Ahmed, A., and Bashir, S. (2014).
Nutritional and health perspectives of beans (Phaseolus vulgaris L.):
an overview. Critical reviews in food science and nutrition, 54(5),
580-592.

ljarotimi, O. S. and Keshinro, O. O. (2012). Protein quality,
hematological properties and nutritional status of albino rats
fed complementary foods with fermented popcorn.African locust
bean, and Bambara groundnut flour blends. Nutr. Res. Pract., 6 (5),
381 -388.

Masood, S., Bashir, S., Imran, M., Khalil, P., Khursheed, T., Iftikhar, F.,
... and Javaid, N. (2020). Proximate and sensory analysis of wheat
bread supplemented with onion powder and onion Peel extract.

Noah, A. A., and Banjo, O. A. (2020). Microbial, Nutrient Composition
and Sensory Qualities of Cookies Fortified with Red Kidney Beans
(Phaseolus Vulgaris L.) And Moringa Seeds
(MoringaOleifera). International Journal of Microbiology and
Biotechnology, 5(3), 152-158.

Ojuederie, O. B., and Balogun, M. O. (2017). Genetic variation in
nutritional properties of African yam bean (Sphenostylis stenocarpa
Hochst ex. A. Rich. Harms) accessions.

Oludumila, O. R., and Enujiugha, V. N. (2017). Physicochemical and
rheological properties of complementary diet from blends of maize,
African yam bean and pigeon pea flour. Sci J Food Sci Nutr, 3, 5-11.

Oluwajuyitan, T. D., ljarotimi, O. S., and 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,

Pareek, S., Sagar, N. A., Sharma, S., and Kumar, V. (2017). Onion
(Allium cepa L.). Fruit and Vegetable Phytochemicals: Chemistry
and Human Health, 2nd Edition, 1145-1162.

Rouf Shah, T., Prasad, K., and Kumar, P. (2016). Maize—A potential
source of human nutrition and health: A review. Cogent Food &
Agriculture, 2(1), 1166995.

Sagar, N. A., and Pareek, S. (2021). Fortification of multigrain flour with
onion skin powder as a natural preservative: Effect on quality and
shelf life of the bread. Food Bioscience, 41, 100992.

Sutedja, A. M., Yanase, E., Batubara, |., Fardiaz, D., and Lioe, H. N.
(2020). Antidiabetic components from the hexane extract of red
kidney beans (Phaseolus vulgaris L.): isolation and structure
determination. Bioscience, Biotechnology, and Biochemistry, 84(3),
598-605.

JOURNALS IPS BOOKS ARCHIVES SUBMISSION SERVICES CAREER CONTACT US

Antioxidant and Dietary Fibre Content of Noodles Produced From Wheat and Banana Peel Flour

This study found that adding banana peel flour to wheat flour

por:

can improve the nutritional value of noodles, such as

Increasing dietary fiber and antioxidant content, while reducing glycemic index.
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This study found that ultrasound and microwave treatments can improve the germination of sorghum grains by breaking
down the seed coat and increasinc j water diffusion, leading to faster and more effective germination.
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