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1. Introduction 

Chinchin is a deep-fried, popular ready-to-eat, cheap 

and convenient snack that is consumed among all age 

groups in many countries [1]. It is produced from 

wheat (Triticum aestivum) flour and other ingredients, 

making it sweet, crunchy and crispy. It is popular in 

West African countries, especially Nigeria [1], and is 

widely accepted and commercially produced to meet 

the increasing demand [2]. Several authors have  

 

 

 

reported the use of other cereal flours as supplements 

or alternatives to wheat flour in the production of 

chinchin [3-8].  
 

Chinchin is mostly cereal-based and hence rich in 

carbohydrates suggesting the need for nutritional 

fortification. The use of pulses and legumes to 

supplement cereals has been reported as an effective 

approach to combat protein energy malnutrition 
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(PEM), diabetes, and other deficiency diseases [9]. 

Enriching chinchin with protein-rich ingredients will 

enhance its nutritional quality, thereby making it a 

source of nourishment, body building, and growth for 

development for consumers, of which children are the 

most prevalent [10]. Reports have shown that snacks 

like chinchin, biscuits and cookies, although cereal-

based, have the potential to become excellent vehicles 

for providing nutritional quality foods and snacks 

when incorporated with less expensive high-quality 

proteins, vitamins, minerals, dietary fiber, and 

functional ingredients [11]. Peanuts and soybeans are 

examples of leguminous plants that serve as 

inexpensive high-quality protein sources in most 

developing countries in Africa. 
 

Peanut (Arachis hypogaea L.) also known as groundnut 

is a globally favoured and significant industrial crop, 

highly valued for its rich nutritional content, diverse 

health benefits, and distinctive aroma [12]. The 

nutritional value of peanuts has been reported to be 

due to the energy and growth-supplementing 

constituents they possess [13]. Ayoola et al. [14] 

reported that the protein in groundnut seeds 

contributes to the growth and repair of worn-out 

tissues and also improve the nutrition of humans and 

animals. Incorporation of peanuts into diets has been 

proven to be desirable because it is a rich source of 

protein, carbohydrates, lipids, vitamins, minerals, 

some organic acids, and purines [5, 15]. 
 

Soybean (Glycine max L.), is an annual leguminous 

crop, and an excellent source of protein (35-40%), 

cultivated to provide food for humans, feed for 

animals and raw materials for industries [16, 17]. 

Soybean seeds are the richest in food value of all plant 

foods consumed worldwide and their health benefits 

have resulted in an increase in demand [18], 

necessitating increased, production. The world 

production of soybeans has significantly increased 

rising from 200 million metric tons in 2005 to 324 

million metric tons in 2016 [19]. The production and 

evaluation of functional pasta developed using soy 

flour and whole wheat flour showed that 

incorporating soy flour into pasta significantly 

improved nutritional and functional properties while 

maintaining consumer appeal at moderate 

substitution levels [20]. 
 

Several authors have reported the substitution or 

incorporation of nutrient-rich ingredients in the 

production of chinchin to enhance its nutritional 

value. Biscuits and chinchin have been produced by 

incorporating a mixture of plantain and sorghum 

flours in varying proportions of different flour blends 

[3]. Chinchin produced from okra seed and wheat 

flour blends has been reported to possess an 

improved nutritional profile and increased fiber 

content to enhance digestibility [7]. Ndife et al. [21] 

reported the production of nutrient rich chinchin by 

substituting wheat flour with a mixture of maize, 

soybean and defatted groundnut flours. The 

nutritional composition of chinchin produced from 

blends of wheat flour and chicken meat flour was 

studied and the results showed nutritional 

fortification of the chinchin samples [22]. Another 

study on chinchin produced from flour blends of 

wheat, defatted peanut and orange peel showed 

improved nutritional and organoleptic attributes [5]. 

This study aimed to evaluate the nutritional profile, 

overall acceptability and microbiological quality of 

chinchin samples produced by supplementing 30% of 

the wheat flour with either peanut or soybean flour. 
 

2. Materials and methods 

2.1. Preparation of peanut and soybean for supplementation 

of wheat flour 

The peanuts were sorted to remove dirt and shafts, 

washed and dried thoroughly. The peanuts were then 

roasted over low heat for 15 min, allowed to cool and 

de-hulled before milling. The soybeans were sorted, 

cleaned, dried and roasted under low heat. After 

cooling, the roasted soybeans were milled into a fine 

powder and sieved with a 0.25 mm British standard 

sieve (Model BS 410) [23].  
 

2.2. Production of chinchin 

Three chinchin samples were prepared using wheat 

flour (100%), wheat with 30% milled groundnut and 

wheat flour with 30% soybean flour as described by 

Adewoyin et al. [8]. The dry ingredients (flour 1kg, 

grated nut-meg 5g, baking powder15g and salt 5g) 

were mixed together in a bowl, and 125 g of margarine 

was rubbed in to form a crumb-like mixture before 

adding well-beaten eggs (2). Milk (30 g), sugar (200 g) 

and vanilla essence (10 mL) were added to 750 mL of 

water and stirred properly to dissolve, and mixed 
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with the flour mixture to form a smooth and elastic 

dough. The dough was then rolled out to a uniform 

thickness (about 1cm), sliced into stripes and further 

diced into small pieces. The diced pieces were deep-

fried in hot vegetable oil until golden brown. The fried 

chinchin was drained of excess oil using absorbent 

sheets, allowed to cool for about 30 min and stored in 

an airtight container until further analysis. 
 

2.3. Determination of proximate composition of chinchin 

samples 

The proximate composition of produced chinchin 

samples was determined using standard procedures. 

Moisture, crude protein, fat, crude fiber, ash and 

carbohydrate contents were determined as described 

by the Association of Official Analytical Chemists [24]. 

The gravimetric method was used to determine the 

moisture content, while the Kjeldahl method was 

used to determine the protein content and crude 

protein content was calculated by multiplying the 

nitrogen content by 6.25. The fat content was 

determined by the continuous solvent extraction 

method while the total ash content was determined by 

using the furnace incineration gravimetric method. 

The total carbohydrate content was estimated as 

described by Raghuramulu et al. [25]. Gross energy 

value (kcal/100g) was calculated using the Attwater 

factor:  
 

Energy (kcal/100g) =  

(2.62 ×% protein) + (4.2 × % Carbohydrate) + (8.37 × % 

Fat) 
 

2.4. Determination of mineral content of chinchin samples 

Atomic Absorption spectrometry (AAS) was used to 

determine the selected mineral content of the ashed 

pulverized chinchin samples, as described by James 

[26] and AOAC [24]. Analyses were carried out in 

triplicate and the results are presented as mean ± SD 

in mg/100g.  The selected minerals included calcium, 

potassium, magnesium, phosphorus, iron and zinc. 
 

2.5. Sensory evaluation of chinchin 

Sensory evaluation was carried out on the chinchin 

samples produced after cooling (for about 30 min after 

production) using a hedonic scale, as described by 

Larmond [27]. Untrained laboratory taste panelists 

who were regular chinchin consumers, consisting of 

40 students of the Department of Science Laboratory 

Technology within the age range of 18 and 24, gave 

their consent to participate in the sensory evaluation 

of the chinchin samples. The panelists assessed the 

chinchin samples 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). This was used to determine 

the overall liking of the chinchin samples [28]. The 

appearance, color, aroma, crunchiness, taste, and 

overall acceptability of the chinchin samples were 

evaluated. A mean value of above 5 (indicating 

neither like nor dislike) was considered acceptable. 
 

2.6. Microbiological analysis of chinchin 

Representative quantities of freshly prepared 

chinchin samples were subjected to microbiological 

analysis using aseptic techniques. One gram (1 g) of 

the sample was weighed and homogenized in 0.1% 

sterile peptone water to produce a stock suspension. 

The stock suspension was serially diluted using 0.1% 

peptone water as the diluent. Aliquots were 

aseptically taken from the appropriate dilutions and 

transferred to freshly prepared nutrient agar (NA) 

and potato dextrose agar (PDA) for the isolation of 

bacteria and fungi, respectively. Pure isolates were 

derived by streaking colonies on fresh agar plates and 

distinct colonies were picked and stored on freshly 

prepared slants, which were maintained at 4°C until 

further use. Microbiological analyses of chinchin 

samples stored in airtight containers at room 

temperature (for 7 and 14 days) were also carried out 

to determine their keeping quality.  
 

2.7. Identification of the isolates from chinchin 

Bacterial isolates were identified based on 

morphological (shape of colonies, colonial outline, 

colonial evaluation, color, consistency and size) and 

biochemical (catalase, endospore stain, and sugar 

fermentation, etc.) characteristics. Motility test was 

carried out using the method described by Varghese 

and Joy [29] and Cheesbrough [30]. Fungal 

identification was based on macroscopic and 

microscopic examination of culture isolates and was 

characterized by the duration of growth, surface 

morphology and spore color on plate cultures. 

Microscopic examination of fungal isolates was 

carried out with lactophenol cotton blue stain. The  
 



J. Agric. Food Sci. Biotechnol.  3(3), 273-281, 2025                                                           Abeke Grace Adewoyin et al., 2025    

Page | 276 

https://doi.org/10.58985/jafsb.2025.v03i03.86 

 

Table 1. Proximate composition (%) and energy value (Kcal/100g) of chinchin samples. 
 
 

Proximate composition (%) 
Chinchin samples 

WPC WSC WFC 

Moisture content 5.89±0.33b 6.32±0.63b 7.58±0.45a 

Protein 15.54±1.08b 19.28±1.15a 10.95±0.63c 

Lipid 11.74±0.72a 10.69±0.41b 3.22±0.34c 

Fiber 3.82±0.11b 5.55±0.72a 3.00±0.25b 

Ash 2.24±0.00a 2.94±0.09a 1.51±0.33b 

Carbohydrate 60.77±0.45b 55.22±0.60c 73.74±0.40a 

Energy (Kcal/100g) 388.30±5.61a 365.08±3.49b 357.20±1.99c 

Values represent mean ± standard deviation of triplicate determinations and values with the same superscript along the 

rows are not significantly different (p<0.05). WPC= Chinchin prepared from wheat flour and 30% peanut; WSC=Chinchin 

prepared from wheat flour and 30% soybean flour; WFC= Chinchin prepared from wheat flour alone (100%). 

 

nature of mycelium and conidia formation was used 

to differentiate various genera and species. 
 

2.8. Data analysis  

The data obtained in the study were subjected to 

analysis of variance (ANOVA) using the statistical 

package for social sciences (SPSS), version 20.0. 

Results are presented as mean ± standard deviation of 

triplicate determinations (except where indicated 

otherwise). One-way analysis of variance was used to 

compare the means. Differences between means were 

considered significant at p < 0.05 with a confidence 

interval 95% using the Duncan multiple range test 

(DMRT). 
 

3. Results and discussion 

The results of the proximate composition and energy 

value (kcal/100g) of the chinchin samples showed 

significant differences between the chinchin samples, 

as shown in Table 1. The moisture and carbohydrate 

contents were significantly (p < 0.05) higher in the 

chinchin produced using only wheat flour (WFC) than 

in the other chinchin samples. The moisture content of 

chinchin produced from wheat flour supplemented 

with 30% peanut (WPC) and that produced from 

wheat flour supplemented with 30% soybean flour 

(WSC) was not significantly different. The highest 

protein content was observed in the WSC (19.28 ± 

1.15%) followed by WPC (15.54 ± 1.08%).  However, 

the lipid content was however significantly higher in 

WPC (11.74 ± 0.72%), whereas the fiber and ash 

contents were higher in WSC (5.55 ± 0.72% and 2.94 ± 

0.09%, respectively). The highest carbohydrate 

content (73.74 ± 0.40%) was recorded for WFC, 

whereas the highest energy value was recorded for 

WPC (388.30 ± 5.61 kcal/100g). The range of moisture 

content reported in this study is lower than that 

reported by Ndife et al. [21] for gluten-free chinchin 

samples prepared from blends of composite flours of 

maize flour, soybean and groundnut. However, it is 

within the range reported by some authors for 

different composites and blend of flours Ilelaboye and 

Jesusina [3], Bongjo et al. [5], Owheruo et al. [7] and 

higher than what has been reported by some authors 

Arya et al. [31], and Alagbu [22]. This variation could 

be a result of the proportion of the dry and liquid 

ingredients used in chinchin production as well as the 

frying duration. The moisture content of food samples 

has been reported to influence their shelf life and 

storage [32]. The higher the moisture content, the 

more prone the sample is to microbial spoilage. The 

higher protein, lipid, fiber and ash contents of the 

chinchin supplemented with either 30% peanut or 

soybean flour show that the nutrient profile of these 

chinchin samples was fortified by the protein-rich, 

peanut and soybean flours. The fortification of 

chinchin samples at different levels has also been 

reported [21, 33, 34]. This suggests an improvement in 

the nutritional value of chinchin snacks, making them 

suitable for consumption by individuals of all ages for 

growth and development.  
 
 

Significant differences (p < 0.05) were observed in the 

selected mineral (calcium, potassium, magnesium, 

phosphorus, iron and zinc) content of the chinchin 

samples as presented in Table 2. The highest calcium, 

potassium, magnesium, phosphorus, iron and zinc 

contents were observed in WSC. Phosphorus was the  
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Table 2. Mineral composition (mg/100g) of chinchin samples. 
 

Mineral composition (%) 
Chinchin samples 

WPC WSC WFC 

Calcium 432.20±13.47b 608.83±18.65a 175.28±3.475c 

Potassium 355.54±15.25b 379.28±11.15a 141.84±7.74c 

Magnesium 150.85±9.62b 195.77±4.00a 88.58±5.51c 

Phophorus 168.24±0.00a 171.85±4.09a 105.51±2.33b 

Iron 17.25±1.01a 18.69±1.20a 8.56±0.58b 

Zinc 8.81±0.75b 9.20±0.96a 4.50±0.33c 

Values represent mean ± standard deviation of triplicate determinations and values with the same superscript along the 

rows are not significantly different (p<0.05). WPC= Chinchin prepared from wheat flour and 30% peanut; WSC=Chinchin 

prepared from wheat flour and 30% soybean flour; WFC= Chinchin prepared from wheat flour alone (100%) 

 

Table 3. Sensory attributes of chinchin samples. 
 

Sensory attribute 
Chinchin samples 

WPC WSC WFC 

Appearance 8.70±0.47a 6.95±0.17b 6.78±0.20c 

Aroma 8.85±0.28a 6.50±0.20c 7.50±0.10b 

Texture 8.70±0.25a 7.80±0.67a 8.30±0.21a 

Mouthfeel 8.50±0.29a 6.50±0.15b 7.95±0.25a 

Crunchiness 7.52±0.18a 7.30±0.15a 6.90±0.25a 

Overall acceptability 8.72±0.28a 6.52±0.17c 7.80±0.28b 

Values represent mean ± standard deviation of triplicate determinations and values with the same superscript along the 

rows are not significantly different (ρ˂0.05). WPC= Chinchin prepared from wheat flour and 30% peanut; WSC=Chinchin 

prepared from wheat flour and 30% soybean flour; WFC= Chinchin prepared from wheat flour alone (100%) 

 

most abundant mineral in all the chinchin samples 

with the highest in WSC (608.83 ± 18.65 mg/100g). 

There were no significant differences observed in the 

phosphorus and iron content of WPC and WSC. The 

mineral content of WFC was the lowest, indicating 

that the addition of either 30% peanut or soybean 

greatly improved the mineral content of chinchin. 

This finding corroborates the findings of previous 

studies [5, 22]. The mineral content is directly related 

to the ash content [35]. The higher mineral content of 

WPC and WSC indicates mineral enrichment of 

chinchin [7]. 
 

Table 3 showed the summary of results obtained from 

the sensory evaluation by the panelists. The results 

showed significant differences (p < 0.05) in the mean 

scores for sensory attributes such as appearance, 

aroma, texture, mouth-feel, crunchiness and overall 

acceptability. The highest mean score for appearance 

(8.70 ± 0.47) was observed for WPC, whereas the 

lowest mean score of 6.78 ± 0.20 was observed for 

WFC. The scores for aroma (7.50 ± 0.10) and overall 

acceptability (7.80 ± 0.28) of WFC were significantly 

different from those of WSC. There were no 

significant differences in the mean scores awarded by 

the panelists for texture, and crunchiness of all the 

chinchin samples. The chinchin produced with 30% 

peanut supplementation had the highest score for 

overall acceptability (8.72 ± 0.28), followed by WFC. 

The chinchin produced from wheat flour 

supplemented with 30% soybean flour recorded the 

lowest value (6.52 ± 0.17) for overall acceptability, 

suggesting that it compares favourably with WFC. All 

the mean values for the overall acceptability 

(combination of all the other sensory parameters) for 

all the chinchin samples exceeded the average 

indicating that in regards to all the sensory attributes 

all the chinchin samples were acceptable. This 

outcome is consistent with previous reports on the 

acceptance of nutrient-fortified snacks [3-5, 21].  
 

The microbial counts (CFU/g) of the freshly prepared 

and stored (for 2 weeks) chinchin samples are 

summarized in Table 4. All plate cultures of freshly 

prepared chinchin samples showed no visible growth 

and there was no visible growth in fungal plate  
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Table 4. Microbial count (cfu/g) of freshly prepared and stored chinchin samples. 
 

Storage Time 

(Days) 

WPC WSC WFC 

TVC TFC TVC TFC TVC TFC 

0 NG NG NG NG NG NG 

7 1.23x102 NG 1.65x102 1.50x101 1.10x102 1.30x102 

14 1.15x103 2.10x102 4.80x103 3.00x102 3.70x103 2.60x102 

WPC –Wheat-pea chinchin, WSC – Wheat-soybean chinchin, WFC- Wheat flour chinchin, TVC –Total viable count, 

TFC-Total fungal count, NG-No growth. 

 

cultures from chinchin samples prepared by 

supplementing wheat flour with 30% peanut stored 

for 7 days. The results showed an increase in bacterial 

and fungal counts for all the chinchin samples from 

day 7 to day 14. In all chinchin samples, the bacterial 

count was higher than the fungal count. The highest 

bacterial count for chinchin samples stored for 7 days 

was observed in the chinchin produced from wheat 

flour supplemented with 30% soybean flour (1.65x102 

CFU/g) while the highest fungal count was observed 

in the chinchin produced from wheat flour alone 

(1.30x102 CFU/g). For chinchin samples stored for 14 

days, the highest bacterial count of 4.80x103 CFU/g 

and the highest fungal count of 2.60x102 CFU/g were 

observed in the chinchin produced from wheat flour 

supplemented with 30% soybean flour.  
 

The lack of visible growth on the culture plates of 

freshly prepared chinchin samples shows that the 

incidence of microorganisms at the post-production 

stage could possibly be a result of exposure during 

cooling, handling, use of contaminated packaging 

material, or defective storage method. The results of 

the microbial count indicate that the microbial load 

may be greatly affected by the nutritional profile and 

moisture content of the chinchin samples. However, 

the total bacterial count observed in all the stored 

chinchin samples was less than the 7 log10CFU/g limit 

recommended by the International Commission on 

Microbiological Specification for Food (ICMSF). This 

suggests that the presence of these microorganisms 

and their population within 2 weeks of storage of 

chinchin samples is not sufficient to cause a disease 

condition in consumers. The microbial counts 

reported in this study for the chinchin samples were 

less than the microbial counts reported for chinchin 

samples produced from different blends of composite 

flour of corn, breadfruit and date [4]. However, the 

range of microbial counts reported was close to the 

findings of Owheruo et al. [7] for chinchin produced 

from wheat-okra composite flour blends. 
 

The microorganisms isolated and identified from the 

chinchin samples (Table 5) were Bacillus cereus, 

Staphylococcus aureus, Streptococcus spp., Pseudomonas 

spp., Lactobacillus spp., Candida spp. and Aspergillus 

spp.  
 

Table 5. Identified microorganisms and their occurrence in 

the chinchin samples. 
 

 

Among all these isolates, only Lactobacillus spp. is 

beneficial microorganism and its presence in the 

chinchin samples is not considered a threat to the 

health of consumers. Other isolates have been 

implicated in one health condition or the other, while 

the fungal isolates produce mycotoxins, however, 

their population in the chinchin samples is not 

sufficient to cause disease conditions. Of all these 

microorganisms, B. cereus and Lactobacillus spp. were 

present in all the chinchin samples, whereas S. aureus 

and Candida spp. were present in two of the chinchin 

samples. In total, chinchin produced from wheat flour 

supplemented with 30% peanut and chinchin 

produced from wheat flour supplemented with 30% 

soybean flour were contaminated with five (5) 

different microorganisms each, while the chinchin 

produced from wheat flour alone was contaminated 

with only three (3) microorganisms. This could be due 

to a lack of additional preservatives that inhibit 

Isolates WPC WSC WFC 

Bacillus cereus + + + 

Staphylococcus aureus - + + 

Streptococcus  spp. - + - 

Pseudomonas spp. + - - 

Lactobacillus spp. + + + 

Candida  spp. + + - 

Rhizobium spp. + - - 

Key: + = Presence; - = Absence 
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microbial development. The incidence of Bacillus 

sp., Staphylococcus aureus, Streptococcus sp. 

and Candida sp. has also been reported in blends of 

composite of corn flour, breadfruit flour and date 

flour used for production of chinchin by Ihuoma et al. 

[4]. Similar isolates to those reported in this study 

have been reported in ready-to-eat food and snacks, 

corroborating the findings of previous authors 

Mengistu et al. [36], Okeke et al. [37] and Omoridion 

[38]. 
 

4. Conclusions  

This study shows that the supplementation of wheat 

flour with 30% peanut and 30% soybean flour for 

chinchin production resulted in an enhanced/fortified 

nutritional profile of chinchin. The chinchin was 

generally acceptable to the consumers. Despite the 

nutritional improvement of chinchin, fortified 

chinchin has a good keeping quality time of less than 

2 weeks as shown by a low microbial load that is 

within the permissible limit. The acceptance of the 

fortified chinchin suggests its suitability for 

commercial production. 
 

Disclaimer (artificial intelligence) 

Author(s) hereby state that no generative AI tools 

such as Large Language Models (ChatGPT, Copilot, 

etc.) and text-to-image generators were utilized in the 

preparation or editing of this manuscript. 
 

Authors’ contributions 

Conceptualization, A.A.G., O.I.C.; methodology, 

O.G.A., I.Z.O., O.S.B.; writing – original draft 

preparation, A.A.G.; writing – review & editing, 

O.I.C.; supervision, A.A.G., O.O.R. 
 

Acknowledgements 

The authors don't have anything to acknowledge. 
 

Funding 

The research is self-sponsored. 
 

Availability of data and materials 

All data will be made available on request according 

to the journal policy. 
 

Conflicts of interest 

The authors declare no conflict of interest. 
 

References 

1. Okwunodulu, I.N.; Iloka, J.U.; Okakpu, G.K.; 

Okakpu, J.C. Proximate composition and 

consumers’ subjective knowledge of deep fat fried 

chin-chin and functional properties of the wheat-

cassava composite flour used. Turkish J Agric. 

Food Sci. Technol. 2022, 10(2), 228-234. 

https://doi.org/10.24925/turjaf.v10i2.228-234.4595 

2. Adelekan, E.O.; Adegunwa, M.O.; Adebowale, 

A.A.; Bakare, H.A.; Alamu, E.O.; Yildiz, F. Quality 

evaluation of snack produced from black pepper 

(Piper nigrum L.), plantain (Musa paradisiaca L.), 

and tigernut (Cyperus esculentus L.) flour blends. 

Cogent Food Agric. 2019, 5(1), 1–14. 

https://doi.org/10.1080/23311932.2019.1614285 

3. Ilelaboye, N.O.; Jesusina, T.I. Functional 

properties of wheat, plantain Sorghum composite 

flour and sensory evaluation of their 

corresponding chin-chin and biscuit. Book of 

Proceedings of 4th National Development 

Conference of the School of Pure and Applied 

Science, the Federal Polytechnic Ilaro, Ogun State, 

2nd – 5th December 2019, pp.455-461 

4. Ihuoma, A.; Ordinakachi, E.; Ndukwe, M. Quality 

assessment of corn-breadfruit-date flour and 

sensory evaluation of chin-chin prepared using 

the composite flours. Adv. Biotech.  Micro. 2021, 

16(3), 555940. 

https://doi.org/10.19080/aibm.2021.16.555940  

5. Bongjo, N.B.; Ahemen, S.A.; Gbertyo, J.O.; Guyih, 

D.M. and Muyong, M.G. Chemical and 

organoleptic properties of chinchin produced 

from flour blends of wheat, defatted peanut and 

orange peels. J. Nutr. Health Food Eng. 2023, 13(1), 

20-26. 

https://doi.org/10.56557/jafsat/2025/v12i39604  

6. Kayode, R.M.; Chia, C.N.; Kayode, B.I.; 

Olowoseye, A.P.; Joshua, V.A. Quality evaluation 

of chin-chin produced from aerial yam (Dioscorea 

bulbifera) and wheat flour blends. Food Prod. 

Process. Nutr. 2023, 45, 4. 

https://doi.org/10.37256/fse.5120243961  

7. Owheruo, J.O.; Akpoghelie, P.O.; Edo, G.I.;  

Ojulari, A.E.; Agbo, J.J. Proximate, mineral, 

sensorial and microbiological properties of chin-



J. Agric. Food Sci. Biotechnol.  3(3), 273-281, 2025                                                           Abeke Grace Adewoyin et al., 2025    

Page | 280 

https://doi.org/10.58985/jafsb.2025.v03i03.86 

chin produced from okra seed and wheat flour 

blends. Food Chem. Adv. 2023, 2, 100298. 

https://doi.org/10.1016/j.focha.2023.100298  

8. Adewoyin, A.G.; Adeoye, A.O.; Amao, J.A.; 

Ayandele, A.A.; Akintola, O.A. and Alawonde 

A.V. Nutritional composition and sensory 

properties of chinchin produced from wheat-

sorghum composite flour. WJPLS 2025, 11 (6), 179-

188. 

9. Bahadoran, Z., Mirmiran, P. Potential properties 

of legumes as important functional foods for 

management of type 2 diabetes: a short review. Int. 

J. Nutr. Food Sci. 2015, 4 (2), 6-9. 

https://doi.org/10.11648/j.ijnfs.s.2015040201.12  

10. Oyarekua,  M.A. Studies on the Nutritional 

quality anti-nutritional factors amino acid profile 

and functional properties of co-fermented wheat / 

cowpea. Elixir Food Science. 2013, 54(1), 12360–

12364.   

11. FAO. Food and Agriculture Organisation of the 

United Nations. Range of Malnutrition. Food and 

Nutrition Division. 2020.  

12. FAO. Food and Agriculture Organization of the 

United Nations. Faostat. 2021. 

http://faostat.fao.org 

13. Arya, S.S.; Salve, A.R.; Chauhan, S. Peanuts as 

functional food: A review. J. Food Sci. Technol. 

2015, 53(1), 31–41.  

https://doi.org/10.1007/s13197-015-2007-9  

14. Ayoola, P.B.; Adeyeye, A.; Onawumi, O. 

Chemical evaluation of food value of groundnut 

(Arachis hypogaea) seeds. Am. J. Food Nutr. 2012, 

2:55–57. 

https://doi.org/10.5251/ajfn.2012.2.3.55.57  

15. Alhassan, M.W.; Ojangba, T.; Amagloh, F.K. 

Development of gluten-free biscuit from peanut-

pearl millet composite flour. Am. J. Food Sci. Tech. 

2019, 7(2), 40–44. 

16. Wu, Y.; Wang, H.; Wang, Y.; Brennan, C.S.; 

Brennan, M.; Qiu, C. et al. Comparison of 

lignans and phenolic acids in different varieties of 

germinated flaxseed (Linum usitatissimum L.). Int. 

J. Food Sci. Technol. 2021, 56, 196–204. 

https://doi.org/10.1111/ijfs.14619  

17. Mitharwal, S.; Chauhan, K. Impact of germination 

on the proximate composition, functional 

properties, and structural characteristics of black 

soybean (Glycine max L. Merr). J. Food Process. 

Preserv. 2022, 46, e17202. 

https://doi.org/10.1111/jfpp.17202  

18. Agume, A.S.N.; Njintang, N.Y., Mbofung, C.M.F. 

Effect of soaking and roasting on the 

physicochemical and pasting properties of 

soybean flour. Foods. 2017, 6, 12. 

https://doi.org/10.1007/s11694-016-9413-1  

19. United States Department of Agriculture (USDA). 

World Agricultural Production; Foreign 

Agricultural Service Circular Series; Washington, 

DC, USA, pp. 6–16, 2016. 

20. Kulkarni, M.S.P.; Dhone, R.; Magar, V.; Panure, A.; 

Karad, Y.; Varpe, P. et al. Studies on the 

development of soya-based pasta by utilizing 

okara, a by-product from soymilk. IJFANS, Int. J. 

Food Nutr. Sci. 2025, 14(5), 388-393. 

21. Ndife, J.; Chibuezeh, A.L.; Olaoye, O.A.; Ogbonna, 

I.P. Development and quality evaluation of flour 

and enriched chin – chin snacks from flour blends 

of maize (Zea mays), soybean (Glycine max) and 

groundnut (Arachis hypogea). J. Sci. Sustainable 

Tech. 2020, 2(1), 1-22. 

22. Alagbu, O.P. Physicochemical properties of 

chinchin produced from wheat and chicken flour 

blends. Int. J. Appl. Sci. 2022, 3(3), 01-10. 

23. Giami, S.Y.; Amasisi, T.; Ekiyor, G. Comparison of 

bread making properties of composite flour from 

kernels of roasted and boiled African breadfruit 

(Treculia africana decne) seeds. J. Mater. Res., 2004, 

1, 16–25. 

24. AOAC. Official Methods of Analysis (21st ed.). 

Association of Official Analytical Chemists, 

Washington, D. C., U.S.A., 2019. 

25. Raghuramulu, N.; Madhavan, N.K. 

Kalyanasundaram, S.A. Manual of Laboratory 

techniques. National intitutes nitrion Indian 

Council of Medical research Hyderabad-500 007, 

India, pp.56-58, 2003. 

26. James, C.S. Analytical Chemistry of Foods 1st Edn, 

Chapman and Hall New York. 1995.  

 https://doi.org/10.1007/978-1-4615-2165-5 

27. Larmond, E. Laboratory methods for sensory  

evaluation of foods (Series IV). Ottawa: Canadian  

Agricultural Publications, 1991. 

28. Lawless, H.T.; Heymann, H. Sensory Evaluation  



J. Agric. Food Sci. Biotechnol.  3(3), 273-281, 2025                                                           Abeke Grace Adewoyin et al., 2025    

Page | 281 

https://doi.org/10.58985/jafsb.2025.v03i03.86 

of Food. Food Sci. Text Ser. 2010. 

https://doi.org/10.1007/978-1-4419-6488-5 

29. Varghese, N.; Joy, P.P. Microbiology Laboratory 

Manual, 2014. 

https://www.researchgate.net/publication/306018

042_Microbiology_Laboratory_Manual. 

30. Cheesbrough, M. Biochemical tests to identify 

bacteria. In Laboratory Practice in Tropical 

Countries. Cambridge Education, UK. pp.63-70, 

2002. 

31. Dauda, A.O.; Salami, K.O.; Ajao, B.O.; Kareem, 

M.B. Physicochemical and sensory evaluation of 

chinchin made from blends of wheat and walnut 

flours. Nutrition. 2021, 16(10), 77-86.   

https://doi.org/10.4314/agrosh.v20i1.5s  

32. Ibeanu, V.N.; Ene Obong, H.N.; Peter Ogba, G.U.; 

Onyechi, U.A. Microbiological evaluation and 

shelf life of seed flour mixes used for infant 

feeding in rural northern Nigeria. Afr. Biotechnol. 

2015, 4(20), 1718-1723. 

https://doi.org/10.5897/ajb2015.14585  

33. Adebayo-Oyetoro, A.O.; Ogundipe, O.O.; Adeeko, 

K.N. Quality assessment and consumer 

acceptability of bread from wheat and fermented 

banana flour. Food Sci. Nutr. 2016, 4(3), 364-9.  

 

 

 

 

 

https://doi.org/10.1002/fsn3.298  

34. Lukin, A.; Ganenko, S.; Ganenko, D. Pastas 

quality evaluation with addition of soy okara. 

Élelmiszervizsgálati Közlemények; 2023, 69(4), 

4557-4565. https://doi.org/10.52091/evik-2023/4-3  

35. Giller, K.E.; Delaune, T.; Silva, J.V.; 

Descheemaeker, K.; van de Ven, G.; Schut, A.G.T. 

et al. The future of farming: Who will produce our 

food? Food Secur. 2021, 13 (5), 1073–1099. 

https://doi.org/10.1007/s12571-021-01184-6 

36. Mengistu, D.A.; Tolera, S.T. Prevalence of 

microorganisms of public health significance in 

ready-to-eat foods sold in developing countries: 

Systematic review and meta-analysis. Int. J. Food 

Sci. 2020, 8867250. 

https://doi.org/10.1155/2020/8867250.  

37. Okeke, O.P.; Yusuf, K.O.; Ononye, B.U.; Udeh, 

N.P.; Ndudim, G.C. Evaluation of the microbial 

contamination of some snacks: A case study of 

Lagos Mainland, Lagos State, Nigeria. Asian J. 

Res. Zool. 2021, 4(2), 37-45. 

https://doi.org/10.9734/ajriz/2021/v4i230113  

38. Omorodion, J.N. Microbiological quality 

assessment of ready-to-eat snacks. Asian J. Res. 

Biosci. 2022, 4(2), 60-70. 

 
 

 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 


