


Development and Quality Assessment of Extruded Snack Products from Brewers’ Spent Grain, Wheat Flour and Soy Protein Blends 


ABSTRACT
Extruded snacks were produced from blends of brewers’ spent grain (BSG), wheat flour, and soy isolate in order to provide nutritionally balanced products for both adults and children. Graded levels (0 - 35%) of dried and milled BSG were added to extruded snack formulation consisting of wheat flour, soy isolate, milk, flavour, salt and sugar. They were extruded and baked to obtain crispy products that were subjected to chemical, microbial, physical, functional, and sensory analysis using standard methods. The results showed that the incorporation of BSG and soy isolate increased the protein content of the extrudates. The following ranges of the proximate, macro and micronutrient contents were obtained: moisture 3.64 - 5.63%, fat 5.73 - 6.31%, protein 14.09 - 19.28%, ash 1.25 - 2.77%, vitamin B1 0.0 - 0.20 mg/g, vitamin B2 0.43 - 0.55 mg/g, vitamin B3 0.29 - 0.40 mg/g, vitamin C 0.00 - 0.05 mg/g, calcium 3.69 - 4.77 mg/g, sodium 0.30 - 0.37 mg/g, zinc 6.47 - 6.92 mg/g, magnesium 10.60 - 10.95 mg/g, and iron 0.42 - 0.49 mg/g. The study revealed coliform count in the range of 0.6 x 101 to 0.12 x 102 cfu/g, energy value (337.41-388.59 kcal/g), while the pH ranged from 7.20 to 7.37. The addition of BSG significantly (p<0.05) affected the colour, increased bulk density, and decreased the sectional expansion index, water absorption index, and water solubility index. The extruded snacks were acceptable to the assessors up to 15% BSG inclusion. These results have proven that acceptable shelf-stable ready-to-eat snack products could be produced from blends of BSG, wheat flour, and soy isolate, which will address the problems of protein and energy malnutrition in developing countries.
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1.0	INTRODUCTION
“Extrusion is the process of shaping a plasticized or dough-like material by forcing it through a restriction or die, by combining several unit operations such as mixing, kneading, cooking, shearing, shaping, and forming to obtain a desired product” (Fellows, 2000; Ikegwu, 2023). “Extrusion cooking is preferable to other food-processing techniques in terms of continuous process with high productivity and significant nutrient retention, owing to the high temperature and short time required” (Guy, 2001). In addition, “the extrusion process denatures undesirable enzymes; inactivates some anti-nutritional factors (trypsin inhibitors, haemagglutinins, tannins and phytates); sterilizes the finished product; and retains natural colors and flavors of foods” (Fellows, 2000; Bhandari et al., 2001). “Extrusion also provides many basic design advantages that minimize process time, energy, and cost while introducing a versatility and flexibility not previously available” (Huber and Rokky, 1990). Huang et al. (2019) had used twin-screw extruder to optimize and characterize extruded puffed snacks with Agaricus bisporus powder and rice flour, while Yadav et al. (2021) developed a high protein snack extrudates using composite flour and milk proteins through response surface methodology which all indicates the more recent trends in snack food production.
“Brewers’ Spent Grain (BSG) is the residue after separation of wort during brewing process. Due to high fibre and protein content, including essential amino acids present in BSG, it became widely used as animal feed” (Wang et al., 2001; Salama et al., 1995). “Thus, BSG is a readily available, high-volume, low-cost by-product of brewing and is a potentially valuable resource for industrial exploitation” (Robertson et al., 2010). Globally, wheat is the second most important cereal grain after rice. “The importance of wheat is mainly due to the fact that its seed can be ground into flour, semolina, etc., which form the basic ingredients of bread and other bakery products, as well as pastas, and thus it presents the main source of nutrients to the most of the world population. Soy protein isolate is the soy protein with the highest content of protein. It is made from defatted soy meal by removing most of the fats and carbohydrates, yielding a product with 90 percent protein. Because most of the carbohydrates are removed, the intake of soy protein isolate does not cause flatulence” (Soya foods, 2011) and has been currently utilized as meat substitutes in many snack foods (Ahmad et al., 2022). 
The rate of consumption of snack in developing countries and the world over is increasing, such that its growth in North America and Asia in recent times was 15%, while African and Middle East had been reported to record a growth rate 25% in snack-meat sales in 2014 (Kumar et al., 2019; Jamadar et al., 2022). Thus, the nutritional quality of snacks should be increased and checked, to address the twin problems of food and nutrient security. These problems can be solved if food materials which are high in protein and vitamins are incorporated into snack foods which are usually carbohydrate-based. Hence, the general objective of this work was to produce and evaluate the quality of snack from blends of Brewers’ Spent Grain, wheat flour, and soy isolate using extrusion technology.


2.0	MATERIALS AND METHODS
2.1	Materials 
Brewers’ Spent Grains (BSG) was obtained from Nigerian Breweries PLC while wheat flour, soy isolate, and snack ingredients were purchased from “Ogige” Market in Nsukka all in Enugu State, Nigeria. 
2.1.1	Preparation of flour from Brewers’ Spent Grain (BSG)
Collected sample of the BSG was dried in an oven set at 65 oC for 12 h and afterwards, allowed to cool. The dried BSG was then milled, passed through a screen of 200 μm, and then packaged in an air tight container at room temperature until use.
2.1.2	Preparation of blends 
The flour obtained from BSG was blended with wheat flour and soy isolate in different percentages (Table 1) to produce extruded snacks.   
2.2	Extrusion
The composite flour of BSG, wheat, and soy isolate was mixed with the snack ingredients (milk, sugar, flavor, salt, and fat), conditioned, and extruded using a single screw extruder (located at the Department of Food Science and Technology, University of Nigeria, Nsukka) set at 150 oC with a screw speed of 150 rpm and feed moisture content of 35%. The formulation was achieved after series of preliminary studies of the major ingredients. 
2.3	Proximate composition 
Moisture content was determined by the hot air oven method of the AOAC (2010). Fat content was determined by Soxhlet extraction as described by the AOAC (2010). Protein content was determined by converting the value of the nitrogen obtained by Kjeldahl's method (N × 6.25) according to the methods of the AOAC (2010). Ash content was determined by digestion at 550 oC as described in the methods of the AOAC (2010).
2.4	Energy value
The calorific value of the snacks was determined using bomb calorimetric method as described in the methods of the AOAC (2010).
2.5	Vitamin analysis
Vitamin contents of the samples were determined according to the methods of the AOAC (2010). Standard solutions of concentrations 0.0, 5.0, 10.0, 15.0 and 20.0 were prepared for different vitamins. The standard solution was used to prepare a calibration curve. Ten millilitre (10 ml) of appropriate solvent (ispropanol for vitamin A, methanol/water for vitamin C, methanol/ethanol for vitamin B group) was added to 1 g of the sample in a test tube and allowed to stand for 45 min at room temperature (28+0.56 oC) to ensure proper extraction of the vitamins. The mixture was gently swirled and the upper layer filtered using Whatman filter paper No. 1 (11 microns). The filtrate was measured at 325 nm using UV-visible spectrophotometer (UV-2600, Shimadzu, Japan) and run against the calibration curve to obtain the vitamin content.
2.6	Mineral analysis
Mineral contents (Ca, Na, Zn, Mg, and Fe) of the samples were determined using the spectrophotometric method of Christian (2004). Weighed ash residues of each edible insect sample was digested with perchloric acid (HClO4) and nitric acid (HNO3) using a ratio of 1:4. The samples were left to cool and the contents were filtered through Whatman filter paper No. 42. Each sample solution was made up to a final volume of 25 ml with deionized water. The aliquot was used separately to determine the mineral contents using an atomic absorption spectrophotometer (Model 2550, Shimadzu, Japan).

2.7	Water absorption index (WAI) and water solubility index (WSI)
WAI and WSI were determined according to the method developed for cereals (Anderson et al., 1969). The ground extrudate was suspended in water at room temperature for 30 min, gently stirred during this period, and then centrifuged at 3000 rpmfor 15 min. The supernatant was decanted into an evaporating dish of known weight. The WSI was the weight of dry solids in the supernatant expressed as a percentage of the original weight of sample. The WAI was the weight of gel obtained after removal of the supernatant per unit weigh of original dry solids.

2.7.1	Bulk density
Bulk density (g/cm3) was calculated according to the equation of Alvarez-Martinez et al. (1988):
 ; wherem is the mass (g) of a length (L) (cm) of extrudate with diameter (d) (cm).


2.7.2	Sectional expansion index (SEI)
SEI was determined according to Alvarez-Martinez et al. (1988) as:
 ; whereDe is the diameter of the extrudate and Ddthe diameter of the die.
2.7.3	pH determination
The pH of the raw materials and the extruded snacks was determined using a pH meter. About 5 ml of the sample was weighed into a beaker and pH was determined by dipping the electrode into the homogenized sample. 
2.7.4	Total viable count
Pour plate method as described by Harrigan and McCance (1976) was used. One gram (1 g) of the sample was macerated into 9 ml of Ringers solution and mixed thoroughly by shaking. This was further diluted to obtain 10-2 and 10-3 concentration. Then 0.1 ml dilution was transferred from each dilution bottle into the corresponding plate and 15 ml of sterile nutrient agar medium was poured and mixed thoroughly with the inoculum by rocking the plates. The plates were incubated at 37 oC for 24 h after which the colonies formed were counted and expressed as colony forming units per gram (cfu/g).
2.8	Sensory evaluation
Sensory evaluation of the extruded samples was carried out to determine the best sample using a 20-man panel for sensory attributes of color, flavor, taste, texture, mouth feel, and general acceptability. A 7-point Hedonic scale as described by Ihekoronye and Ngoddy (1985) was adopted for this evaluation.

3.0	RESULTS AND DISCUSSION
3.1	Proximate composition
The moisture, fat, protein, and ash contents of the samples are shown in Table 2.
The moisture content ranged from 3.64-5.63%, with the sample C having the least moisture content while sample A had the highest moisture content. The low moisture content of the extrudates is probably due to subsequent drying in the oven after extrusion. This low moisture level will enhance the shelf life of the products and decrease the possibility of development of loss in crispness.
The fat content of the extrudates ranged from 5.73-6.31%. Sample C and D had the least values of 5.73% while sample A had the highest fat content of 6.31%. The fat content of the extrudates was found to decrease with increase in addition of BSG. The decreasing fat content of the extruded snacks could be attributed to the high fibre content of the BSG because fibres can interfere with the effective extraction of fat and can form enveloping matrixes. This relatively low-fat content of the extrudates will contribute to their palatability and at the same time retard the onset of rancidity.
The protein content of the snack samples ranged from 14.09-19.28%. Sample C containing 5% soy isolate had the highest protein content of 19.28%. 
The ash content of the samples ranged from 1.25-2.77% with sample A having the least value of 1.25 while sample D had the highest value of 2.77%. The relatively high ash content found in sample C and D may be as a result of the addition of soy isolate and increased BSG addition respectively. Ash consists mainly of salty, inorganic constituents, which are important for processes requiring ions such as Na+, K+, Ca2+ and iron which will help to solve the anaemic problems in the developing countries.

3.2	Micro nutrients
The Micro nutrient composition (vitamins A, B1, B2, B3 and C, Ca, Na, Zn, Mg and Fe) of the extruded snacks is presented in Table 3.
From the result, vitamin content of the extruded snack samples ranged from 0.00-0.00mg/mg for vitamin A, 0.0-0.20mg/g for vitamin B1, 0.43-0.55mg/g for vitamin B2, 0.29-0.40mg/g for vitamin B3, and 0.00-0.05mg/g for vitamin C. Mineral content of the samples ranged from 3.69-4.77mg/g for calcium, 0.30-0.37mg/g for sodium, 6.47-6.92mg/g for zinc, 10.60-10.95mg/g for magnesium, and 0.42-0.49mg/g for iron. 
As vitamins differ greatly in chemical structure and composition, their stability during extrusion is also variable. The extent of degradation depends on various parameters during food processing and storage, such as moisture, temperature, light, oxygen, time and pH. Thermal degradation appears to be the major factor contributing to β-carotene losses during extrusion. Ascorbic acid (vitamin C) is also sensitive to heat and oxidation. This vitamin decreased in wheat flour when extruded at a higher barrel temperature at fairly low (10%) moisture (Andersson and Hedlund, 1990). About 50% of vitamin content is lost during extrusion, its retention in extruded snacks is affected by temperature and screw speed. Low values of vitamins B1, B2 and C deduce that appreciable amounts were lost or affected by heat during extrusion process. This is in line with Fellows (2000) who reported that niacin though a heat labile vitamin is not significantly lost during cooking extrusion.
“Despite the importance of minerals for health, relatively few studies have examined mineral stability during extrusion because they are stable in other food processes” (Camire et al., 1990). “Minerals are heat stable and unlikely to become lost in the steam distillate at the die. Extrusion can improve the absorption of minerals by reducing other factors that inhibit absorption e.g. phytate may form insoluble complexes with minerals and eventually affect mineral absorption adversely” (Alonso et al., 2001). “Mineral absorption could also be altered by fibre components. Cellulose, lignin and some hemicelluloses affect the mobility of the gastrointestinal tract and interfere with the absorption of minerals. Extrusion processing (high temperature) can reorganise dietary fibre components, changing their chelating properties. Moreover, it must be taken into consideration that complex agents, present in foodstuffs, such as phytate may interact with fibre, modifying the mineral availability” (Alonso et al., 2001).

3.3	Physical/functional properties of the extruded snacks
3.3.1	Bulk density
The bulk density of the extruded samples is presented in Table 4 and it ranged from 1.53-5.75 g/cm3. The variation in bulk density of the samples may be essentially due to the variation in product composition. From the result, it can be seen that an increase in fibre (BSG) led to increase in the bulk density of the samples. Bulk density (BD) of extruded products had an opposite-direction trend to that for the expansion ratio, whereas the BD increased with increasing levels of BSG the reverse was the case for the expansion ratio (Table 4). Increased bulk density of the samples may be due to increase of both sugars and dietary fibre in replacing the starch content as reported by Anderson et al. (1981), Moore et al. (1990), Ryu et al. (1993), Abd El-Hady et al. (1998), Adesina et al. (1998), and Abd El-Hadyet al. (2002). Also, Meuser and Wiedmann (1989) reported that the density of extrudates increases as a result of liquefaction of sugar via melting during extrusion cooking.

3.3.2	Sectional expansion index
The result of sectional expansion index of the extruded snack samples is presented in Table 4 and it ranged from 0.61-1.64. It was observed that increasing addition of BSG contributed to the shrinkage of the samples, while as the quantity of flour increased, the extrudates expanded as observed in sample A. The expansion ratio (ER) of final products decreased significantly (p<0.05) with the addition of BSG. This decrease of ER may be due to the reduction of starch and increase of sugar and dietary-fibre contents. As reported by Anderson et al. (1981), Kervinen et al. (1981), Moore et al. (1990), Ryu, et al. (1993), Adesina et al. (1998), and Abd El-Hady et al. (2002), highly expanded products are obtained with high starch content, whereas the expansion of extruded starch-based materials depends on the degree of starch gelatinization. On the other hand, decreased expansion ratio (ER) of extruded products may be due to increase of dietary-fibre content as a result of BSG addition. In addition to dilution of starch content by fibres, high fibre content prevents the gas bubbles from expanding to their full potential (Moore et al., 1990; Williamson, 1993; Jin et al., 1994; Abd El-Hady et al., 1998; Onwulata et al., 2000).

3.3.3	Water absorption index
The result of water absorption index of the extruded snack samples is presented in Table 4 and it ranged from 1.97-2.10. Water-absorption index (WAI) decreased slightly with increased level of BSG addition for the extruded snack products, which may be due to decreasing of starch and increasing of fibre level. It agrees with data reported by Adesina et al. (1998) which referred “the reduction in WAI to increasing of sugar in the formula, where sugar retards the rate of hydration by competing with the starch molecule for water”. Park et al. (1993) reported that “high content of corn starch in formula resulted in high water absorption (WAI) of final extruded products”. 

3.3.4	Water solubility index
The water solubility index of the samples (Table 4) ranged from 46.20-48.80. Water-soluble index (WSI) decreased for all the extruded products with increasing levels of BSG. Decreasing of WSI with BSG addition may be due to formation of some insoluble water compounds as a result of high level of BSG.
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3.4	Total viable count
The total viable count (TVC) of the extruded snacks is presented in Table 5. The difference in the concentration of the TVC of the samples may be as a result of the different levels of incorporation of BSG in the formulation mix.

3.5	Energy value
The calorific value of the extruded samples ranged from 388.52-337.41 Kcal with sample D having the lowest value while sample B had the highest value. The variation in calorific value is essentially due to the variation in product composition. Calories are needed to satisfy the body’s energy requirements for the production of body heat, synthesis of body tissue and performance of work and can only be obtained from ingested foods and drinks. The extruded snacks are good sources of energy owing to the fact that carbohydrate, protein and fat are the principal contents of the raw materials used. Thus, it will provide adequate energy for children and adult who need a lot of it for their daily activities.

3.6	pH
The pH of the extruded snack ranged from 7.10-7.27. This result signifies that the snack is slightly alkaline and a desirable snack which can be consumed by both children and adult without any adverse health implication.

3.7	Sensory evaluation
The result of the sensory evaluation of the extruded snacks is shown on Table 6. Sample A was rated higher than other samples in all the sensory attributes probably due to the relatively higher wheat flour content and exclusion of BSG in its formulation. With high wheat flour content and low BSG addition, there was an improvement in the sensory parameters especially appearance, crumb and crust color, taste, aftertaste and mouth feel as observed by the panelists. On the other hand, increasing BSG content led to the production of undesirable crumb and crust color, taste, aftertaste and mouth feel. Sample D was the least acceptable product, probably due to high BSG content (35%). Thus, the organoleptic limit of BSG addition was established at 15% due to the reasons mentioned above and this agrees with the work done by Ozturk and Ozboy, (2002).

4.0	CONCLUSION
This work has shown that brewers’ spent grain, wheat flour and soy protein isolate when blended or combined in the right proportion(s) produced nutrient dense snack rich in protein, vitamins and minerals using a single screw extruder. The resulting snack product would help to alleviate the problems of protein-energy malnutrition in Nigeria and other developing countries. Addition of soy protein isolate increased the protein content of the extruded snack to 19.28%. The extruded snack produced can easily replace the predominant carbohydrate-based snack foods in the market thereby providing a snack rich in nutrients.
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Table 1: Blend formulation for production of extruded snack (%) (weight)
	Recipes
	Samples

	
	A
	B
	C
	D

	Wheat flour
	80
	75
	40
	45

	BSG
	0
	5
	35
	35

	Soy isolate
	0
	0
	5
	0

	Milk
	8.2
	8.2
	8.2
	8.2

	Sugar
	6.8
	6.8
	6.8
	6.8

	Flavour
	2.0
	2.0
	2.0
	2.0

	Salt
	1.5
	1.5
	1.5
	1.5

	Fat
	1.5
	1.5
	1.5
	1.5




















































Table 2: Proximate composition of extruded snacks (%)
	Parameter
	A
	B
	C
	D

	Moisture
	5.63a ± 0.01
	5.49b ± 0.01
	3.64c ± 0.00
	3.65c ± 0.01

	Fat
	6.31a ± 0.01
	6.03b ± 0.02
	5.73c ± 0.01
	5.73c ± 0.01

	Protein
	15.40b ± 0.01
	15.38c ± 0.01
	19.28a ± 0.12
	14.09c ± 0.01d

	Ash
	1.25d ± 0.06
	1.65c  ± 0.01
	2.71b ± 0.00 
	2.77a ± 0.01


Values are mean of duplicate values ± Standard Deviation. a, b, c, d = Different superscript alphabets the same row differ significantly (ANOVA, p<0.05).
Key:
A=80%wheatflour:20%ingredients; 
B=75%wheatflour:5%BSG:20%ingredients;
C=40%wheatflour:35%BSG:5%soyisolate:20%ingredients;
D=45%wheatflour:35%BSG:20%ingredients












































Table 3: Micronutrient composition of the extruded snacks
	Parameter
	A
	B
	C
	D

	Vitamin A (IU)
	0.00a ± 0.00
	0.00a ± 0.00
	0.00a ± 0.00
	0.00a ± 0.00

	Vitamin B1 (mg/100g)
	0.20a ± 0.12
	0.00b ± 0.00
	0.00b ± 0.00
	0.00b ± 0.00

	Vitamin B2 (mg/100g)
	0.53b ± 0.01
	0.55a ± 0.01
	0.45c ± 0.02
	0.43d ± 0.01

	Vitamin B3 (mg/100g)
	0.37b ± 0.01
	0.40a ± 0.01
	0.36b ± 0.01
	0.29c ± 0.01

	Vitamin C (mg/100g)
	0.05a ± 0.05
	0.00b ± 0.00
	0.00b ± 0.00
	0.00b ± 0.00

	Calcium (mg/100g)
	4.77a ± 0.01
	4.64b ± 0.02
	3.88c ± 0.01
	3.69d ± 0.01

	Sodium (mg/100g)
	0.37a ± 0.01
	0.35b ± 0.01
	0.30c ± 0.01
	0.37a ± 0.01

	Zinc (mg/100g)
	6.64c ± 0.02
	6.79b ± 0.01
	6.47d ± 0.01
	6.92a ± 0.01

	Magnesium (mg/100g)
	10.88b ± 0.01
	10.95a ± 0.02
	10.60d ± 0.02
	10.78c ± 0.01

	Iron (mg/100g)
	0.48b ± 0.01
	0.46c ± 0.01
	0.49a ± 0.01
	0.42d ± 0.01


Values are mean of duplicate values ± Standard Deviation. a, b, c, d = Different superscript alphabets the same row differ significantly (ANOVA, p<0.05).
Key:
A=80%wheatflour:20%ingredients; 
B=75%wheatflour:5%BSG:20%ingredients;
C=40%wheatflour:35%BSG:5%soyisolate:20%ingredients;
D=45%wheatflour:35%BSG:20%ingredients

































Table 4: Physical/Functional Properties of the Extruded Snacks
	Parameter
	A
	B
	C
	D

	Bulk density
	1.53b ± 0.29
	2.33b ± 0.49
	5.25a ± 1.23
	5.75a ± 0.22

	Sectional expansion index 
	1.61a ± 0.30
	1.29a ± 0.25
	0.76b ± 0.21
	0.64b ± 0.00

	Water absorption index
	2.10a ± 0.01
	2.08a ± 0.00 
	1.97b ± 0.01
	1.97b  ± 0.00 

	Water solubility index
	48.80a ± 0.00
	48.60a ± 0.12
	46.25b ± 0.017
	46.20b  ± 0.12 


Values are mean of duplicate values ± Standard Deviation. a, b, c, d = Different superscript alphabets the same row differ significantly (ANOVA, p<0.05).
Key:
A=80%wheatflour:20%ingredients; 
B=75%wheatflour:5%BSG:20%ingredients;
C=40%wheatflour:35%BSG:5%soyisolate:20%ingredients;
D=45%wheatflour:35%BSG:20%ingredients










Table 5: Total viable counts, energy value, and pH of the extruded snacks 
	
	A
	B  
	C
	D

	Dilution factor
	10-1
	10-1
	10-1
	10-1

	Average
	5.0 ± 0.20
	6.0 ± 0.00
	12 ± 0.01
	10 ± 0.04

	cfu/g
	0.5 × 101
	0.6 × 101
	0.12 × 102
	0.1 × 102

	Energy (Kcal)
	372.08
	388.59
	337.69
	337.41

	pH
	7.22
	7.20
	7.31
	7.37


Key:
A=80%wheatflour:20%ingredients; 
B=75%wheatflour:5%BSG:20%ingredients;
C=40%wheatflour:35%BSG:5%soyisolate:20%ingredients;
D=45%wheatflour:35%BSG:20%ingredients






Table 6: Sensory attributes of the extruded snacks
	Parameter
	A
	B
	C
	D

	Appearance
	8.30a±0.82
	8.20a±0.79
	4.30de±1.89
	3.90e±2.13

	Crust color
	7.90a±1.10
	7.60a±1.26
	3.90e±1.52
	3.60e±1.35

	Crumb color
	8.00a±1.57
	7.50ab±1.35
	3.70fg±1.49
	3.30g±1.16

	Pore size
	7.70a±1.34
	7.00ab±1.56
	5.00cd±2.16
	4.70d±2.26

	Flavor
	8.50a±0.97
	7.40ab±1.78
	3.20ef±1.40
	2.80f±1.48

	Taste
	8.50a±0.71
	7.60ab±1.26
	2.90f±1.29
	2.40f±1.26

	Aftertaste
	7.90a±1.45
	7.50a±1.27
	2.60e±1.71
	2.20e±1.23

	Texture
	7.90a±1.37
	7.30ab±1.57
	3.90ef±1.85
	3.50f±1.65

	Mouth feel
	7.70a±1.42
	6.90ab±1.97
	3.20e±1.22
	3.10e±1.91

	Overall acceptability
	8.50a±0.97
	7.60ab±1.26
	3.20fg±1.23
	2.40g±1.35


Values are mean of duplicate values ± Standard Deviation. a, b, c, d = Different superscript alphabets the same row differ significantly (ANOVA, p<0.05).
Key:
A=80%wheatflour:20%ingredients; 
B=75%wheatflour:5%BSG:20%ingredients;
C=40%wheatflour:35%BSG:5%soyisolate:20%ingredients;
D=45%wheatflour:35%BSG:20%ingredients
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