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CHEMICAL AND FUNCTIONAL PROPERTIES OF CHIN-CHIN FROM WHEAT, SOYBEAN AND MILLET BLENDS

Abstract

Determining the proximate, functional, and antinutritional characteristics of chinchin produced with soybean and millet flour was the aim of the study. The proximate, functional, and antinutritional qualities of flour samples made from different millet and soybean flours were examined after they were mixed with wheat flour to make biscuits using established procedure. For the production of chin chins, millet and soybean flours were utilized to replace 25% and 50% of the wheat flour, respectively, while 100% wheat flour served as a control. Determining the proximate, functional, and antinutritional characteristics of chnchin produced with soybean and millet flour was the aim of the study. The biscuits had a proximate composition of 7.22 percent to 10.90 percent protein, 23.68 percent to 26.30 percent fat, 1.03 to 3.03 percent crude fiber, 2.63 to 3.83 percent ash, 50.08 to 57.22 percent carbohydrates, and 5.02 to 8.07 percent moisture. The phytate, tannin, and oxalate concentrations of the chin chin samples were 39.88–50.96 mg/100g, 1.03%–4.83 mg/100g, and 20.09–28.95 mg/100g, respectively, in that order. The flour's functional characteristics revealed that it had an oil absorption capacity of 12.01 to 2.50 g/g, a water absorption capacity of 11.97 to 2.32 g/g, and the least gelaton concentration of 5 to 10 g. Soybean and millet flours can be substituted for wheat flour to boost the nutritious content of chin chin. The nutritional value of chin chin prepared with millet and soybean flours was higher than that of chin chin manufactured with 100 % wheat flour.

Introduction
Snack foods have long been a staple of the human diet and have made significant economic contributions to all countries (Lasekan and Akintola, 2002). Both industrialized and developing nations are experiencing rapid population growth and urbanization, which is driving up demand for snacks. A golden-brownish crispy snack, chin-chin is often made by baking or frying wheat flour, butter, milk, sugar, egg, and other common baking components (Akubor, 2004). In West Africa, a variety of people enjoy this popular snack, particularly school-age children, teenage girls, and high-mobility groups (Singh et al., 2011). Nonetheless, a number of experiments have demonstrated that it is possible to produce chin-chin using various locally accessible composite flours, with remarkable success noted in their chemical, physical, and sensory qualities.

Wheat has historically been used to make bread, cakes, biscuits, and chin chins, among other snack foods. Because so little wheat is grown there each year, the climate in Nigeria is not conducive to wheat production. 100,000 tons were produced in 2012 and 2013 (USDA, 2012), but this is insufficient to satisfy demand. Because it is the only option to meet the demand for wheat for baking and other uses, wheat importation is therefore impending and detrimental to the nation's foreign exchange. The use of non-wheat flour in baking and other applications, like bread and snack goods, has thus been the subject of extensive research (Emojorho and Okonkwo, 2022).

A great source nutrients is the soybean (Glycine max). In impoverished nations where animal products are expensive, it is considered the meat of the poor. According to Nath and Chattopadhyay (2007), it is utilized as an appropriate alternative to lessen the problem of protein energy deficiency.

It has been demonstrated that adding legume flours to cereal-based diets improves their amino acid profile and raises their protein content, making them more suitable for managing PEM (Mubarak, 2005; Olusina et al.
 2024). The possibility of using cowpea flour in conjunction with other flours to create snacks and other consumable foods that are both nutrient-dense and well-liked by consumers has been the subject of various publications by other researchers (Iwe and Onadipe, 2001; Adegunwa et al., 2014). 
Millets have roughly 4% fat and 8% protein. They are abundant in minerals and vitamins. Particularly high in calcium are millets. Additionally, millets have a comparatively high dietary carbohydrate content.

In addition to having a higher percentage of non-starchy polysaccharides (dietary fiber), starch is the primary carbohydrate component. The majority of their proteins are made up of glutelins and prolamines. The lipids from millets provide necessary fatty acids and have a higher percentage of unsaturated fatty acids. Despite the fact that a significant amount of nutrients are contained in the seed coat, the nutrients found in the endosperm have a better bioavailability than those found in the seed coat. Therefore, by adding millet and soybean flour, the study aims to improve the nutritious content of these snacks. The importation of wheat is a costly endeavor. Because Nigerian wheat production cannot keep up with demand, baking and related businesses rely heavily on imported premium wheat to run efficiently (Emojorho et al., 
2024). 

Snack foods' sweet flavor and accessibility lead consumers to consume less of a typical, well-balanced diet. People flock there, using soft drinks as a lifesaver to sate their hunger. They occasionally substitute it for meals and don't give a damn if it's a balanced diet. Some kids enjoy foods made mostly with cereal flour and other bakery ingredients, such as biscuits, chin-chins, bread, buns, donuts, etc. In the majority of poor and underdeveloped nations, this leads to obesity, protein energy deficiency, and an increase in mortality. As a result, it is necessary to increase the nutritional adequacy of snack foods made from underused crops that have less antinutrients that are safe for human consumption.

Enhancing the nutritional value of snack foods like chin chin will be made possible by the production of composite flour from nutrient-rich millet and soybean. Utilizing readily available food crops, like soybeans, will improve adaptability and reduce post-harvest losses and the need to import wheat flour in Nigeria. According to Emojorho et al. (2023), it will also boost job creation, raise food security, lower unemployment, lessen environmental damage, and establish new economic ventures. 
Determining the chemical and functional characteristics of chin chin from millet and soybean composite flours was the main goal of this study.

MATERIAL AND METHODS

Source of raw materials 

The materials for the chin chin, millet and wheat flour, and soybean (Glycine max) were purchased from the Ozoro market in Delta State.

Sample preparation.

Production of Millet flour: The methods of Olapade et al. (2011) was used. Millets were manually cleaned with local calabash 
and clean water. After sedimentation, they were drained and dried in a cabinet drier for six hours at 50 degrees Celsius. The dry millets were processed into flour using a 2014 hot model PC 120 hammer mill, and then sieved through a 0.2 mm screen.

Preparation of soybean flour

The process of producing soybean flour using Eshun,  (2012) is depicted in Figure 1. To get rid of insects, pests, and other impurities, the soybean seeds were washed and sorted. After that, it was dehulled and dried in an air oven after being soaked for six hours to eliminate the antinutrients that are naturally present in soybeans. As seen in the image below, this was followed by milling and allowing the fine flour to pass through a 6 um mesh size. This flour was then utilized to create wheat-soy composite flour blends for the creation of chin-chin.
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Figure 1: Soybean flour production

Formulation of composite flour blends: The millet and soybean will be substituted with 25% and 50% wheat flour, respectively, to create the wheat, millet, and soybean mixes. To create a uniform blend, the flours were thoroughly combined. The samples were tagged and kept in an airtight container at room temperature (30 ± 2°C) until they were needed for chin chin manufacturing.

Preparation of chin-chin.
First, nutmeg, flour, and salt were sieved into a basin. Next, flour and margarine were evenly combined. To create a fairly stiff dough, additional ingredients, including sugar and egg, were added. On a board, the hard dough was tightly rolled to a thickness of 1 cm, and then it was cut into cubes. The cut dough was baked for eight minutes at 180 degrees Celsius in heated vegetable oil until it turned golden brown. As seen in figure 2, the chin-chin was subsequently drained, chilled, and sealed in an airtight container.
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Figure 2: Production of chin chin

Methods of analysis

Proximate Analysis: The amount of ash, protein, fat, and moisture was detected using the AOAC (2023) method.

Evaluation of physicochemical properties

The technique described by Sathe and Salunkhe (1981) was used to determine the water and oil absorption capabilities. A modified Coffmann and Garcia (1977) method was used to determine the least gelation concentration.

Analysis of phytochemicals
The phytate content was established using the procedure described by Pearson (1991). The AOAC (2023) titration method was used to determine the sample's oxalic acid content. Tannin was identified using Pearson's (1991) Folin-Denis spectrophotometric technique.

Data and experimental design: The experiment was conducted using a split-plot design with complete randomization. The gathered data was examined using analysis of variance (ANOVA). The least significant difference (LSD) test was used to identify si1gnificantly different means. Significance was recognized at p < 0.05.

Results and Discussion
The proximate composition of chin chin made from millet, soybean, and wheat combinations

Table 1   : Proximate composition (%) of Chin Chin Samples
	SAMPLE
	MOISTURE
	PROTEIN
	
	FAT
	
	FIBER
	
	ASH
	
	CHO
	

	W
	8.07a±0
	8.45c±0.01
	24.92c±0
	1.01e±0
	2.63e±0
	54.86c±0

	WS1
	7.15b±0
	10.53b±0
	25.01b±0
	2.03d±0.01
	3.28d±0
	52.02d±0

	WS2
	6.02c±0
	10.90a±0
	26.30a±0
	3.01b±0
	3.69b±0
	50.08e±0

	WM1
	5.57d±0
	7.6d±0
	24.12b±0
	2.81c±0
	3.31c±0
	55.7b±0

	WM2
	5.02e±0
	7.22e±0
	23.68d±0
	3.03a±0
	3.83a±0
	57.22a±0


Values are presented as the duplicate determinations' means ± standard deviation. Within the same column, values with different superscript letters indicate significant differences (p<0.05). When two values in a column have the same superscript letter, they are not statistically (p>0.05) different. keys = W=wheat, WS1=wheat 75%:soybean 25%, WS2=wheat 50%:soybean 50%, WM1=wheat 75%:millet 25%, and WM2=wheat 75%:millet 25%"

The 100% wheat flour Chin chin (8.07%) had the highest moisture level, while chin chin made with 50% millet flour and 50% wheat flour had the lowest moisture content (5.02). The chin chin samples had moisture levels ranging from 5.02 to 8.07 percent. For complementary foods made from rice, soybean, and pumpkin composite flours, the moisture level was marginally lower than the 8.00 to 10.90% reported by Ihedinachi et al., (2025). In the millet and soybean flour-supplemented chin-chin, the moisture content decreased as the amount of wheat flour decreased. Biscuits' shelf life and, consequently, quality improve with a decreased moisture content (Emojorho et al., 2023, Emojorho et al., 2024). Cakes, bread, and biscuits with a reduced moisture content have a longer shelf life and are typically less susceptible to microbiological spoiling (Emojorho et al., 2023, Emojorho et al., 2024). A high moisture content raises the danger of damage from mold growth and high water activity (aw). If packaged in a moisture-proof container, the low moisture content will guarantee sufficient shelf life stability (Emojorho et al., 2023, Emojorho et al., 2024). 

The samples' protein levels varied from 7.22% to 10.90%. The protein content of cupcakes made with garri and wheat composite flour reported by Aniemena et al. (2024) fell within the same range. At 7.22%, the chin chin with 50% millet had the lowest protein level.As the amount of soybean flour in the chinchin increased, the protein contents rose noticeably (p<0.05). Since soybean flour had a larger protein content than wheat flour, it was most likely the result of an extra effect. The maximum protein concentration, 10.90%, was found in the chin chin that contained 50% soybean flour. As the amount of millet flour increased, the chin chin samples' protein content decreased. Most likely as a result of an extra effect because millet flour has less protein than wheat flour. According to Emojorho et al. (2024a), proteins are a broad set of substances that have significant structural and functional significance in biological systems. In addition to providing energy, protein is the only source of essential amino acids required for growth and maintenance (Emojorho et al., 2023, Emojorho et al., 2024a).

The chin-chin's fat percentage varied between 23.68% and 26.30%. For millet composite flour, the fat amounts were less than the result (2.81 to 5.41 percent of fat) as reported by Nwosu et al. (2025). Compared to the chin-chin enriched with millet and soybean flour, the chin-chin made entirely of wheat flour (24.92%) had less fat. Chin-chin added with soybean flour had higher fat levels (25.01–26.30%) than chin-chin supplied with millet flour (23.68–24.12%). In baked goods, fat improves flavor, helps retain moisture, and softens texture (Emojorho et al., 2023, Emojorho et al., 2024a).Since oil retains flavor and improves the mouthfeel of foods, fiber's capacity to absorb oils is a crucial ingredient in food formulations. Fat adds flavor and texture to baked goods and improves the mouthfeel and palatability of biscuits (Emojorho et al., 2023, Emojorho et al., 2024). 
The chin chin's ash percentage varied between 2.63 and 3.83 percent. For tortillas made from composite flours, the values were somewhat higher than the 2.43–2.85% range reported by Nwosu et al. (2024). The chin-chin made with 50% millet flour had the highest ash content (3.83%), whereas the chin-chin made with 100% wheat flour had the lowest ash amount (2.63%).As the amount of wheat flour in all enriched biscuits decreased, the amount of ash gradually climbed. High mineral levels were indicated by the chin-chin's high ash content (Emojorho et al., 2023, Emojorho et al., 2024). This suggested that the mineral content of chin chin will be present in millet and soybean flours. 
The chin-chin's crude fiber content varied between 1.03 and 3.03 percent. For noodles made from composite flours, the findings were comparable to 1.10 to 2.95 percent reported by Emojorho et al. (2024b). At 1.01%, the chin-chin made entirely of wheat flour had the lowest amount of crude fiber. With a crude fiber content of 3.03 percent, the 50% millet flour chin-chin had the greatest content.

The amount of millet flour in the biscuits raised the chin-chin's crude fiber content, whereas the amount of soybean flour decreased it. Consuming a lot of dietary fiber lowers the risk of coronary heart disease, stroke, diabetes, hypertension, obesity, and some gastrointestinal disorders (Emojorho et al., 2023, Emojorho et al., 2024). 
The chin-chin samples' carbohydrate content varied between 50.08 and 57.22 percent. The results were comparable to the 50.62 to 58.47 percent for orange seed flours reported by Emojorho and Okonkwo in 2022. The greatest value, 57.22%, was found in the 50% millet flour chin chin.

One possible explanation for the lower carbohydrate content in the samples treated with soybean flour is the added effect of soybean flours. The maximum amount of carbohydrates (57.22%) was found in the chin-chin made with 50% millet flour. When millet flour was added, the amount of carbohydrates rose, but when sorghum flour was added, it fell. Carbohydrate content decreases as protein, fat, and ash content increase. In addition to helping with fat metabolism, carbohydrates provide a rapid source of metabolizable energy (Emojorho et al., 2023, Emojorho et al., 2024).

Functional Properties of Chin Chin Produced from Blends of Wheat, Soybean and Millet Flour 

Table 2: Functional properties of flours prepared from blends of wheat, soybean and millet

	SAMPLE
	WAC
	
	OAC
	
	LGC
	

	W
	1.97c±0.01
	2.5a±0.01
	5b±0

	WS1
	2.02b±0.02
	2.37b±0.01
	5.00b±0

	WS2
	2.32a±0.02
	2.21c±0
	5.00b±0.71

	WM1
	1.99bc±0.01
	2.14d±0.01
	5.00b±0.71

	WM2
	2.03b±0.01
	2.01e±0.01
	10a±0


The indicator of gelation capability was the least gelation concentration (LGC), which is the lowest protein concentration at which gel remained in the inverted tube. The LGC of the wheat flour was 5 g, which was not substantially different from the 5 g of composite flour blends of wheat flour and soybean flour. Additionally, the 5 g of 25% millet composite flour was comparable to the 5 g of wheat flour reported by Emojorho and Okonkwo (2022). The greatest LGC value, 10 g, was found in 50% millet flour. The protein ingredient's gelling ability improves with decreasing gelation concentration (Emojorho and Okonkwo, 2022).

The proportion and structure of various food constituents, such as proteins, carbs, and lipids, as well as their interactions, are the primary determinants of flour gel formation (Emojorho and Okonkwo, 2022). 

The flours' oil absorption capacities ranged from 2.01 to 2.50 g/g, with the highest value being 2.50 g/g for wheat flour and the lowest being 2.01 for 50% replaced millet flour. The range of the wheat and soybean composite flour was 2.21 to 2.37 g/g. There was a substantial difference (p < 0.05) between those numbers. With a decrease in wheat flours, the oil absorption capacity rose. | The ability of wheat flour to absorb water and oil may have been impacted by its fiber content, which is insoluble in cold water. Because it enhances mouthfeel and preserves food flavor, flour's ability to absorb oil is crucial (Emojorho and Akubor, 2016).. Orange seed flours may be helpful in this regard, as the ability to absorb oil is beneficial in sausage and baked goods (Emojorho and Akubor, 2016). One metric that shows how well flour absorbs oil is its oil absorption capacity (Emojorho and Okonkwo, 2022). Protein is the primary chemical factor influencing oil absorption ability; it contains both hydrophilic and hydrophobic amino acid residues. The ability of a protein to absorb oil increases with the amount of hydrophobic amino acid residue it contains. 
The flours' water absorption capacities (WACs) varied from 1.97 to 2.32 g/g.

Compared to composite flours made of millet and wheat, which varied from 1.99 to 2.03 g/g, the WAC of wheat flour was 1.97 g/g, whereas the WAC of flours blended with soybean ranged from 2.02 to 2.32 g/g. The WAC value of the flours was raised by the additional impact of millet and soybean flour. As the amount of wheat flour decreased, the WAC rose. The highest WAC value was found in the composite flours made with soybean flour. These flours' abilities to absorb water provide a helpful indication of whether or not proteins can be added to watery food compositions, particularly those that involve handling dough. Protein-water interactions are crucial for characteristics like gelation, solubility, swelling power, and hydration (Emojorho and Okonkwo, 2022).
The amount of water that seed flour can absorb is indicated by its water absorption capacity. Because hydration enhances the end products' handling qualities, flour with a high water absorption rate is appropriate for bakery goods. Some meals, including sausage, doughs, processed cheese, soups, and baked goods, may be made with flours that have a high capacity to absorb water. When creating ready-to-eat foods, water absorption capacity is crucial. Product cohesiveness may be ensured by a high absorption capacity (Emojorho and Okonkwo, 2022).

 Phytochemical Properties of Chin Chin From Blends of Wheat, Soybean and Millet Flour
Table 3: Phytochemical properties of Chin Chin prepared from blends of wheat, soybean and millet (mg/100g)
	SAMPLE
	TANNIN
	
	OXALATE
	
	PHYTATE
	

	W
	1.03d±0.01
	20.09e±0.01
	39.88e±0.01

	WS1
	1.43c±0.02
	25.09b±0.01
	48.39c±0.01

	WS2
	3.12b±0.02
	28.95a±0.02
	50.96a±0.04

	WM1
	3.15b±0.02
	20.17d±0.02
	45.88d±0.02

	WM2
	4.83a±0.01
	23.23c±0.03
	49.36b±0.04


The Chin Chin samples had a tannin concentration ranging from 1.03 to 4.83 mg/100g. According to Emojorho and Okonkwo (2022), the values for wheat and dibittered orange seed flour were less than 0 to 72.34 mg/100g. The greatest concentration, 4.83 mg/100g, was found in the chin-chin made with 50% millet flour. Compared to chin chin supplemented with soybean and millet flour, the chin chin made entirely of wheat flour had a lower tannin value (1.03). As the amount of wheat flour decreased, the tannin content rose. 
The chin chin's oxalate level varied between 20.09 and 28.95 mg/100g. With a score of 28.95 mg/100g, the 50% soybean flour chin chin got the highest value. Compared to biscuits made entirely of wheat flour, the augmented chin chin had greater oxalate contents.

At 20.09 g/100g, the 100% wheat flour chin chin obtained the lowest value. As the amount of millet and soybean flour grew, so did the tannin content. 
The chin chin's phytate level varied between 39.88 and 50.96 mg/100g. For orange seed flours, the phytate values were less than the 149.14 to 303.35 mg/100g reported by Emojorho and Okonkwo (2022). For biscuits made with orange seed flours, the phytate levels were lower than the 69.95 to 99.91 mg/100g documented by Emojorho et al. (2024a). At 50.96 mg/100g, the 50% soybean flour chin chin got the highest value. The lowest phytate value (39.88 mg/100g) was found in 100% wheat flour. Compared to biscuits made entirely of wheat flour, the Chin Chin supplement had higher phytate concentrations.

As the amount of millet and soybean flour increased, so did the phytate levels in the chin chin samples. As the amount of wheat flour decreased, the tannin content rose.

Conclusion: The nutritional composition of the chin-chin samples was positively impacted by the addition of soybean, millet, and wheat composites for chin-chin production. The findings indicated that as the amount of soybean and millet flour grew, so did the chin-chin samples' protein, fiber, ash, fat, and phytochemical content. In order to improve the nutritional adequacy of snacks and address the issue of protein-energy malnutrition, which is common in developing nations, it is recommended that nutrient-dense soybeans be used in the creation of snacks like chin-chin. To help increase production efficiency, chin-chin production technology should be improved. This is because it takes a lot of time and effort to knead the dough by hand.
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