Original Research Article

Functional and Nutritional Evaluation of Biscuits formulated with Refined Wheat and Mallotus subulatus Composite Flours
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ABSTRACT 

	Background: Biscuits are popular examples of ready-to-eat bakery snacks that have several attractive features, including wide consumption, more convenience with long shelf-life and the ability to serve as vehicles for important nutrients. There is a dearth of information on the utilisation of Mallotus subulatus in food formulations; it is an underutilised legume. This study looks into the quality attributes of biscuits produced from composite flour from refined wheat and Mallotus subulatus. 
Aim: Biscuit is one of the most popular snacks mostly produced from wheat and consumed in many parts of the world although its production is associated with a number of challenges including the inability of wheat to thrive well in tropical regions. The study aimed at evaluating biscuit produced from blends of refined wheat and Mallotus subulatus (MS) flours.  
Method: Refined wheat and Mallotus subulatus (MS) flours were blended into various proportions. The flour blends [100:0 (A), 95:05 (B), 90:10 (C), 85:15 (D), 80:20 (E), 75:25 (F), 70:30 (G)] were analyzed for functional and pasting properties as well as proximate composition. Biscuits produced from the flour blends were analysed for physical properties, proximate composition, mineral components and organoleptic properties. All the data obtained were subjected to one-way analysis of variance (ANOVA), and the means were separated using Duncan’s multiple range test to detect significant differences (P=.05) among the samples.
Results: The water absorption capacity for sample G was 28.00% while that of the control sample (A) was 19.00%. The bulk density ranged from 0.66 g/ml for sample A to 0.74 g/ml for sample G.  Peak and trough viscosity values decreased with increase in addition of MS flour. Addition of MS flour caused significant increase in the total ash, protein and fiber content of the flour blends. There was significant increase (p<0.05) in the protein, ash and fiber content of the biscuit samples with increasing addition of MS flour. The protein, ash and crude fiber of the biscuits ranged from 6.13-17.07, 3.50-5.50 and 0.98-2.73%, respectively. There was decreased in the spread ratio of the biscuits as the substitution of MS flour increased, sample A and G had spread ratio of 9.40 and 8.93, respectively. The values of mineral element ranged from 23.64-46.69, 0.18-1.90, 13.41-26.72 and 56.31-82.19 mg/100g, respectively for Mg, Fe, Ca and P. Sample D with 15% MS flour had the highest overall acceptability.  
Conclusion: Partial substitution of refined wheat flour with MS flour in biscuits production will widen the scope of consumption of this underutilised legume seed, reduce dependence on wheat and increase availability of nutritionally important nutrients in biscuits produced from refined wheat flour which hitherto are often referred to as junks. This study highlights the potential of Mallotus subulatus flour as a nutritionally enhancing and sustainable ingredient in bakery formulations.
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1. INTRODUCTION

[bookmark: _Hlk69595114]Biscuit is one of the best-known snacks. It is a snack produced from unpalatable dough that is transformed into appetising product through the application of heat in an oven [1,2]. Biscuits are one of the oldest convenience foods, having gone through centuries of history thanks to their adaptability and versatility. The ancient origins are testified by the etymology of the word “biscuit”, which derives from the Latin “panis biscoctus”, that is “, bread baked twice” (Pasqualone et al., 2021; Hu et al., 2022). Biscuits are popular examples of ready-to-eat bakery snacks that have several attractive features including wide consumption, more convenience with long shelf-life and the ability to serve as vehicles for important nutrients.  Biscuits are leavened products [3,4]. Biscuits and other bakery products have now become loved fast food products for every age-group, because they are easy to carry about, tasty to eat, containing digestive and dietary components of vital importance and reasonably cheap [2]. They can be made from hard dough, hard sweet dough or soft dough [1,2,5,6,]. 
[bookmark: _Hlk72909900]Wheat (Triticum aestivum) is one of the most useful and valuable crops grown around the world and it is considered as first among cereal largely due to the fact that its grain contains protein with unique chemical and physical properties [7]. Wheat stands out favorably in terms of its nutritional composition when compared to other cereals. It boasts an impressive nutritional profile, consisting of 12.1% protein, 1.8% lipids, 1.8%ash, 2.0% reducing sugars, 6.7% pentoses, and a substantial 59.2% starch content (Chauhan et al., 2023). Studies have shown that blending of legumes with root crops or cereals could help to improve overall nutrition. Wheat is a grain milled into flour before further processing for human consumption.
Mallotus subulatus is one of the underutilised legumes in South-West Nigeria. It is an annual legume rich in protein, carbohydrate and minerals [8,9]. In South-West Nigeria, this legume is planted by some peasant farmers for subsistent purposes: it is kept and brought out of store for consumption during dry season when other food crops are out of stock. It is a hard-to-cook legume. Moreover, it contains a number of anti-nutritional factors which interfere with the digestive processes and prevent efficient utilisation of proteins [10,11].
The use of Mallotus subulatus in composite flour for biscuit production will not only encourage more utilisation of this underutilised specie but will make critically important nutrients available. The use of blends of refined wheat flour and Mallotus subulatus flour in the production of biscuits is not on records. There is a dearth of information on the utilisation of Mallotus subulatus in food formulations; it is an underutilised legume. Hence, this study looks into the quality attributes of biscuits produced from composite flour from refined wheat and Mallotus subulatus.


2. material and methods 

2.1 Samples
Mallotus subulatus (Pepelupe pupa) ---- Figures 1, was obtained from a peasant farmer in Saki (8.67N, 3.40E), Saki West Local Government Area of Oyo State, Nigeria. Refined wheat flour (Triticum aestivum) was purchased from a local store. Sugar, margarine, egg, milk, salt and baking powder were purchased at Sabo Market in Ogbomoso, Oyo State, Nigeria.

[image: f]
Figure 1.  Mallotus subulatus (Pepelupe pupa) brown specie


2.2 Preparation of Mallotus subulatus Flour
Seeds of Mallotus subulatus (Pepelupe pupa) were dry-cleaned. Extraneous material such as stones, stalks, bad and immature seeds were removed. The seeds were soaked in water at ambient temperature (22.5 – 27.0 ˚C) for 20 h. The seed coat was removed manually by rubbing between the palms. The dehulled seeds were dried in the cabinet dryer (Model SM 9053, Uniscope Inc., Chard, Somerset, UK) at 55±2 ˚C. The dried seeds were milled using a plate mill (Model No. 1A, Nuxul Grinding Mill, India), packed in air tight polythene bag and stored at room temperature until further use.

2.3 Preparation of Flour Blends
Flour blends of refined wheat and Mallotus subulatus were formulated in the following proportions ---- 100:0 (A), 95:05 (B), 90:10 (C), 85:15 (D), 80:20 (E), 75:25 (F), 70:30 (G).

2.4 Production of Biscuits
[bookmark: _Hlk69714378]Blends of different proportions of refined wheat flour and Mallotus subulatus flour were used. One hundred percent refined wheat flour (100:0) i.e. sample A, served as control. For biscuit production, the method of Peter-Ikechukwu et al. of 2017 [12] was modified for use. The ingredients—flour (200 g),  sugar (60 g), salt (2 g), whole egg (1), margarine (80 g), water 30 cm3, baking powder (2 g) and flavouring (2 g), were measured. The flour, sugar, baking powder and salt were put into a mixing vat. The margarine was added and rubbed for 30 minutes. In a separate bowl, egg, flavouring and water were mixed and added to the flour-based mixture; it was kneaded to make a smooth dough. The dough was rolled and flattened into a uniform thickness of about 3.5 mm before cutting out to shapes using a pastry cutter. The cut-out dough was baked in the oven at 180 °C for 10-15 minutes. After baking, the pieces of biscuits were cooled to room temperature, packed in cellophane bags, sealed and labeled.

2.5 Proximate Analysis
Proximate analysis of the flour blends as well as the biscuit samples produced was carried out Determinations were made for the moisture, ash, ether extract, crude protein and crude fibre: the total carbohydrate was estimated by difference [13].

2.6 Determination of Mineral Elements
A muffle furnace --- Model Vecstar, at 550 ˚C was used to ash the sample. For each of the samples, the ash was dissolved in 100 cm3 solution of HCl (10% v/v) which was subsequently used in mineral content determination. The determination of mineral elements was carried out using atomic absorption spectrophotometer – Buck 20 A model. The mineral elements determined were calcium, phosphorus, magnesium and iron. The hollow cathode lamp supplied resonance line radiation of each element. Standard calibrations were employed in the analysis [13].

2.7 Determination of Functional Properties and pH
Determinations were carried out for water and oil absorption capacities, bulk density, foaming capacity, swelling index as well as the pH of the flour blends [6,14].

2.8 Sensory Evaluation
Sensory evaluation of the samples was carried out for taste, appearance, texture, flavour crispiness and overall acceptability. The sensory evaluation was done by twenty-one students of Ladoke Akintola University of Technology, Ogbomoso, Nigeria. Assessment were made by the panelists using questionnaire with nine-point Hedonic Scale with 1 dislike extremely and 9 like extremely. Every panelist was requested to assessed each coded sample and to state the degree of significant differences. 

2.9 Statistical Analysis
All the data obtained were subjected to one-way analysis of variance (ANOVA) and the means separated using Duncan’s multiple range test to detect significant difference (P=.05) among the samples [15].



3. results and discussion
3.1 Functional properties of refined wheat and Mallotus subulatus flour blends
Table 1 shows the results of the functional properties of the refined wheat and Mallotus subulatus flour mixes. The water absorption capacity (WAC) of the flours ranged from 19.00 to 28.00 % with sample G having the highest value and sample A having the lowest value. The result shows that the addition of Mallotus subulatus flour to refined wheat flour has effects on the amount of water absorbed. Water absorption capacity is the ability of flour to absorb water and swell for improved consistency in food. It is desirable in food systems to improve yield and consistency and give body to the food [16].  This effect was probably due to loose association of amylose and amylopectin in the native granules of starch and weaker associative forces maintaining the granules structure [17]. The water absorption index measures the extent of water retention in flour; this affects the ability of the flour to form paste. Sample G had the highest value of 19.50 % for oil absorption capacity while sample A had the lowest value of 10.00 %. There was significant difference (P = .05) among the samples. The values of oil absorption capacities in this research work are lower than flours of cowpea (240%) and Lupin seed (167%) [18,19].  Oil absorption capacity is the binding of fat by non-polar side chain of proteins. It gives a useful indication of whether the food or protein material will perform well as a meat extender or analogues.
There was significant difference (P=.05) in the bulk density among the samples ranging from 0.66 g/ml for sample G to 0.74 mg/g for sample A. Bulk density of the flours ranged from 0.66 g/ml for sample A to 0.74 g/ml for sample G.  Bulk density of the flour blends decrease significantly as wheat flour is substituted with Mallotus subulatus flour. High bulk density of the flour blends makes them ideal for use in some food preparations as thickeners. This result was different from the finding of Adeyanju et al. in 2021 [20] who reported increase in the bulk density of composite flours on substitution with African yam bean and acha flours. 
Swelling index of the flours ranged from 50.00 to 85.00 g/ml. sample g had the highest value of 85.00 g/ml while sample a had the lowest value of 50.00 g/ml. There was slight significant difference (P=.05) among the samples. Swelling capacity is an important parameter of interest when changes in volume after processing influence the acceptability of the final product. The pH of the flours ranged from 6.00 to 6.10. There was no significant difference (P=.05) in the pH of the samples. Acidic products are more shelf stable than non-acidic counterparts. All the samples were slightly acidic and could be shelf stable. the value of foaming capacity ranged from 0.02 to 0.07 %. Sample a had the highest value of 0.07 % while sample g had lowest value of 0.02 %. Foaming capacity gives indication of increase in volume upon introduction of air or gas into slurry of a given food or its dispersion. Foods with good foaming properties are useful as aerating agent in whipped toppings creams and sponge cake [21]. 





Table1. Functional properties and pH of blends of refined wheat and Mallotus subulatus flours
	Sample
	Water Absorption Capacity (%)
	Oil Absorption Capacity (%)
	Bulk Density (g/ml)
	Foaming Capacity (%)
	pH
	Swelling Index (g/ml)

	A
	19.00±1.41a
	10.00±1.41a
	0.74±0.00e 
	0.07±0.02e 
	6.00 ±0.00a
	50.00±0.001a

	B
	21.00±1.41bc
	13.00±1.41b
	0.72±0.03d
	0.05±0.001d 
	6.05±0.00a
	52.50±3.45a

	C
	23.50±0.71bc
	13.50±0.71b
	0.71±0.01c
	0.04±0.001c 
	6.10±0.00a
	70.00±0.001b

	D
	24.00±1.41bc
	14.00±0.00b
	0.71±0.01c
	0.04±0.001c
	6.05±0.07a
	55.00±7.07a

	E
	25.00±0.00cd
	14.50±0.70b
	0.70±0.02b
	0.03±0.001b
	6.05±0.07a
	50.00±0.00c

	F
	25.00±1.41cd
	19.00±1.41c
	0.70±0.14b
	0.03±0.001b
	6.05±0.07a
	70.00±0.001b

	G
	28.00±1.41d
	19.50±0.71c
	0.66±0.01a
	0.02±0.001a
	6.10±0.00a
	85.00±7.07c


[bookmark: _Hlk69252678]Values are means of three determinations. Means with the same superscript along the same column are not significantly different (P=.05).  A = 100 % RWF (Control); B= 95 % RWF + 5 % MS; C = 90 % RWF + 10 % MS; D = 85 % RWF + 15 % MS; E= 80 % RWF + 20 % MS; F= 75 % RWF + 25 % MS; G= 70 % RWF + 30 % MS. RWF= Refined wheat flour; MS= Mallotus subulatus.


3.2 Pasting Properties
Table 2 shows the results of the pasting properties of the samples. Pasting property is a description of the interaction between granules of starch as the granules absorb and imbibe water during swelling. When heated, starch granules absorb water and swell. Starch granules undergo transformation, in the presence of adequate amount of water, from an ordered state to a disordered state undergoing the transudation of the molecular components and eventual collapses of the granules [22].                   
Peak viscosity is the maximum viscosity attained by gelatinized starch during heating with water. The peak viscosity of the flour blends ranged from 856.87 for sample G to 1374.47 RVU for sample A. High peak viscosity gives an indication of the suitability of the flour for products requiring high gel strength. It is related to the degree of starch damage; it gives the indication of the ability of starch molecules to swelling on heating [23]. Peak viscosity is directly proportional to the starch content, which implies that the higher the starch content, the higher peak viscosity of the flour. High peak viscosity improves paste texture. Peak viscosity gives an indication of product quality [24,25].    
Trough viscosity (TV) is a measure of the ability of the flour paste to withstand breakdown during cooling. The lowest TV of 582.50 was recorded for sample G while the highest value of 952.23 was observed for sample A. The difference between peak and trough viscosities is termed breakdown viscosity. Breakdown viscosity is a measure of the resistance to heat and shear  [26]. It is an estimation of paste resistance to disintegration on heating. The lower the breakdown viscosity the greater the resistance to disintegration on heating. The breakdown viscosity of flour decreases from sample A to sample G. This implies that the refined wheat flour possesses the least resistance to disintegration.
Final viscosity is the change in viscosity after holding cooked starch at 50˚C; it represents stability of cooked starch. It is used to indicate the ability of starch to form paste or gel after cooling [25]. The highest final viscosity of 1702.65 RVU was recorded for sample A while sample G had lowest value of  874.77 RVU.
Set back viscosity is the viscosity after cooling the cooked paste back to 50˚C. Generally, there was decrease in the setback viscosity on increasing addition of MS flour.  Set back viscosity occurs due to recrystallization of amylase  molecules of starch and it can be related to the texture of products. Higher set back viscosity value implies a lower tendency to retrogadation during cooling. This implies that the control sample A (100% refined wheat flour) having the highest value of 828.21 RVU has the least resistance to retrogadation.        
Pasting temperature depends on the size of the starch granules in the flour. Large starch granules are less resistant to rupture and loss of molecular order [26]..  It is also the temperature at which the first detectable increase in viscosity is measured, and it gives an indication of the minimum temperature required to cook a sample [27]. The higher the pasting temperature, the longer time it takes to cook.



Table 2. Pasting properties of refined wheat and Mallotus subulatus flour blends
	
	
	

	

	
	

	

	


	Sample
	Peak

	Trough 

	Breakdown
	Final
	Set back

	Pasting time
	Pasting temperature

	A
B
C
D
E
F
G
	1374.47±22.72f
1208.08±35.24e
1201.14±21.83e
1007.12±18.98d
985.29±11.82c
902.69±25.04b
856.87± 15.25a
	952.23±54.26g
669.01±48.16f
647.07±54.24e
436.12±31.28c
417.18±21.12a
623.50±11.04b
582.50±20.45d
	422.24±31.64c
539.07±37.61d
654.71±28.28f
576.50±13.25e
428.50±12.05c
279.19±18.98b
274.37±15.43a
	1702.65±57.99g
1387.00± 56.50f
1042.00±97.78e
989.98±28.43d
923.28±28.56c
900.94±21.07b 
874.77± 31.00a
	828.21 86.24g
794.00±52.50f
618.5±52.89e
589.0±21.10d
517.5025.63c
487.0±10.27b
454.9±13.21a
	6.02±0.11d
5.74±0.11c
5.12±0.04ab
5.19±0.10b
5.16±0.07ab
5.08±0.05
5.10±0.05a
	88.56±1.00c
85.25±0.51b
83.54±0.50a
85.38±0.07b
83.85±0.50a
84.0±0.50ab
84.10±0.05la

	Values are means of three determinations. Means with the same superscript along the same column are not significantly different (P=.05).  A = 100 % RWF (Control); B= 95 % RWF + 5 % MS; C = 90 % RWF + 10 % MS; D = 85 % RWF + 15 % MS; E= 80 % RWF + 20 % MS; F= 75 % RWF + 25 % MS; G= 70 % RWF + 30 % MS. RWF= Refined wheat flour; MS= Mallotus subulatus.



3.3 Proximate composition of blends of refined wheat and Mallotus subulatus flours
The proximate constituents of the blends of flours from refined wheat and Mallotus subulatus flours are shown in Table 3. The moisture contents of the flour ranged from 7.40 to 8.49 %. Sample A (100% refined wheat flour) is the control while sample B, C, D, E, F and G are the blends. The moisture content of sample A was 8.36 % while the moisture of sample B was 8.37 %. Samples C, D, E and F had the moisture content of 8.19, 8.42, 8.49 and 7.40 % respectively. The moisture content for sample G was 7.71%. The low moisture content recorded for all the flour blends and the control sample is ideals for good storage. This agrees with the findings of Omah and Okafor in 2015 [28] on cookies from blends of millet-pigeon pea composite flour and cassava cortex. The moisture content of below 14 % is recommended for long period of storage. Moisture content is an indicator of shelf life stability; increase in moisture content enhances microbial contamination and chemical reactions that could lead to reduction in the food quality and stability.
[bookmark: _Hlk69250893]The protein contents of the flour ranged from 6.26 % for sample A to 13.71 % for sample G. Sample B and C had protein content of 12.51 and 12.78 %, respectively while sample D and E have protein content of 13.03 and 13.22 %, respectively. It was observed that there was increased in the protein content of the flour blends with increased in the addition of the MS flour. In 2016, Atobatele and Afolabi [29] also observed similar trends of increase. Increase in protein content of the flour blends with increase in addition of Mallotus subulatus flour was not unexpected because the seed of Mallotus subulatus have been reported to be a good source of protein [8]. 
[bookmark: _Hlk69517067]The ash content of sample A was observed to be 1.43 % while that of the ash content of sample B was observed to be 1.87 %. The highest ash value was recorded for sample G at 3.36 %.  As shown in Table 4., the ash content increased with increase in addition of Mallotus subulatus flour. This is because ash is an index of the mineral element component of a food, and the seed of Mallotus subulatus had earlier been reported to be a good source of mineral elements [9].  Therefore, the blends of the flour are a good source of mineral elements.
The crude lipid of the flour blends ranges from 0.71 to 0.81 %. The highest crude lipid is from the sample g. Refined wheat flour contains little lipid. Generally, legumes including ms have been reported to be poor sources of fat. With the exception of glycine max and arachea hypogea, the oil content of most legume seeds is low [30]. The crude fibre of the flours ranged from 0.28 to 0.90 %. Sample g had the highest value of 0.90% while the sample a had the lowest value of 0.28 %.  Fibre is good for the body as it improves the stool bulk by acting as a vehicle for faecal water. Crude fibre consists of hemicelluloses, cellulose and lignin. It improves the health of the gastro-intestinal system and metabolic system in human [29].











Table 3. Proximate composition of the refined wheat-Mallotus subulatus flour blends
	Sample
	Moisture content (%)
	Ash (%)
	Carbohydrate (%)
	
	Lipid (%)
	Fibre (%)
	Protein (%)

	A
	8.36±0.01bc
	1.43±0.06a  
	72.06±0.12a
	
	0.71±0.04a
	0.28±0.04a
	6.26±0.01a

	B
	8.37±0.13bc
	1.87±0.15ab  
	72.96±0.08ab
	
	0.80±0.06b
	0.30±0.01b
	12.51±0.001b

	C
	8.19±0.52bc
	1.97±0.05bc
	72.87±0.61ab
	
	0.80±0.08b
	0.42±0.07ab
	12.78±0.001c

	D
	8.42±0.20bc
	2.52±0.05c
	71.93±0.21a
	
	0.81±0.06b
	0.48±0.01ab
	13.03±0.01d

	E
	8.49±0.53a
	2.98±0.06d
	72.49±0.93ab
	
	0.81±0.12b
	0.58±0.07a
	13.22±0.01e

	F
	7.40±0.05a
	3.07±0.15de
	73.39±0.13a
	
	0.82±0.08b
	0.69±0.23ab
	13.70±0.01f

	G
	7.71±0.08ab
	3.36±0.12f
	71.90±0.37a
	
	0.81±0.02b
	0.90±0.22b
	13.71±0.01f


Values are means of three determinations. Means with the same superscript along the same column are not significantly different (P=.05).  A = 100 % rwf (control); B= 95 % RWF+ 5 % MS; C = 90 % RWF + 10 % MS; D = 85 % RWF + 15 % MS; E= 80 % RWF + 20 % MS; F= 75 % RWF + 25 % MS; G= 70 % RWF + 30 % MS. RWF= refined wheat flour; MS= Mallotus subulatus.




3.4 Proximate composition of biscuits from refined wheat and Mallotus subulatus flours
The results of the proximate analysis of the biscuits from blends of refined wheat and Mallotus subulatus flour are shown in Table 4. The moisture contents of the biscuits ranged from 2.03 to 3.27 %. Sample A had the highest value of 3.27 % while sample B had the lowest value of 2.03 %. The moisture content of the cookies is lower than the results obtained in a similar study in which the moisture content of cookies ranged from 3.34 to 4.06% [31].  Moisture content is very important for life maintenance. Moisture content is one of the most widely used parameters to determine the shelf life of foods. It has also been used as a measure of stability and susceptibility to microbial contamination. Spoilage of flours and flour products with high moisture content is often caused by microbial activities and chemical reaction: foods with low moisture content are relatively more shelf stable. There was no significant difference (P=.05) in moisture content of samples C, D and E.
The ash contents of the biscuits ranged from 3.50% for sample A to 5.50% for sample G. In 2016, Atobatele and Afolabi [29] observed increase in the ash content of cookies with increasing level of soy-flour in the flour blends. Results obtained in this study are comparable with the work of Odenigbo et al.  in 2013 [32]. Ash contents are an indication of mineral elements that are contained in the flours.
There was significant difference (P=.05) in the crude fibre content among the samples. The crude fibre content of the biscuit samples ranged from 0.98 to 2.73 %. Sample G had the highest value of 2.73 % while sample A had the lowest value of 0.98%. The crude fibre content increased as the substitution level of MS flour increased. Fibre consists of hemicelluloses, cellulose and lignin. It improves the health of the gastro-intestinal system and metabolic system in human [29].  The increase in fibre and the lower carbohydrate content of biscuits have several health benefits: fibre aids digestion in the colon and reduce constipation often associated with products from refined grain flours [33,34]. The crude fibre content of biscuits was recommended to a level of about 6 g dietary fibre and other non-absorbable carbohydrates per 100 g dry matter [35].  In 2009, Vitalis et al. [36] reported that using whole wheat flour in combination with legumes in biscuit production resulted in improved nutritional and functional properties of the final products.
The fat contents of the biscuits was 15.37% for sample A and 15.66 and 16.00% for samples B and C , respectively while 18.36 % was observed for sample  G.  Mallotus subulatus  flour as well as the fat used as an ingredient must have contributed much of the oil content to the product.  The high oil content of cookies can affect the shelf stability [37]. Fat is essential component of tissues and a veritable source for fat soluble vitamins (A, D, E and K). It supplies the energy required by the body [38].
There was an increase in the protein content of the biscuits as the Mallotus subulatus substitution level increased ranging from 6.13 to 17.07 %. Sample G had the highest value of 17.07% while sample A had the lowest value of 6.13%. The values obtained in this research work were lower than the values of 14.65 to 18.31 % reported in quality characteristics of biscuits produced from composite flour of sweet potato and cashew nut flour blends [39]. The protein content of the biscuits produced from the blends might be due to the high protein content of Mallotus subulatus.
 The carbohydrate contents of the biscuits ranged from 54.78 to 66.75 %. Sample A (refined wheat biscuit) had the highest carbohydrate value of 66.76 %, while sample G had the lowest carbohydrate value of 54.78 %.  This implies that the snacks are good sources of energy needed for normal body metabolism. The significant variation (P=.05) in carbohydrate content may be attributed to alterations in other constituents. Therefore the biscuits can be used as energy-based snacks.


Table 4. Proximate composition of biscuits from refined wheat and MS flours %)
	Sample
	Protein
	Moisture content 
	  Ash
	   Fat 

	  Crude fibre
	Carbohydrate 

	A
	6.13±0.75a
	3.27±0.30b
	3.50±0.50bc
	15.37±0.40a
	0.98±0.12a
	66.76±0.61f

	B
	10.51±0.00b
	2.03±0.05a
	3.67±0.28a
	15.66±0.57a
	1.68±0.00b
	66.04±0.25f

	C
	11.82±0.00c
	2.43±0.51a
	3.73±0.21ab
	16.00±0.66ab
	1.89±0.00c
	64.74±0.05e

	D
	13.13±0.00d
	2.47±0.30a
	3.93±0.51abc
	16.06±0.11ab
	2.10±0.00d
	62.69±0.20d

	E
	14.010±0.75e
	2.50±0.10a
	4.53±0.05c
	16.22±0.39ab
	2.24±0.12e
	60.71±0.34c

	F
	15.76±0.00f
	3.03±0.40b
	4.67±0.57c
	16.77±0.69b
	2.52±0.00f
	57.79±0.73b

	G
	17.07±0.00g
	3.13±0.11b
	5.50±0.50d
	18.37±0.32c
	2.73±0.00g
	54.78±0.18a


Values are means of three determinations. Means with the same superscript along the same column are not significantly different (P=.05).  A = 100 % RWF (Control); B= 95 % RWF + 5 % MS; C = 90 % RWF + 10 % MS; D = 85 % RWF + 15 % MS; E= 80 % RWF + 20 % MS; F= 75 % RWF + 25 % MS; G= 70 % RWF + 30 % MS. RWF= Refined wheat flour; MS= Mallotus subulatus.



3.5 Physical properties of biscuits
The result of the physical properties of the biscuits from refined wheat flour Mallotus subulatus flour blends is presented in Table 5 The weight of the cookies samples ranged between 5.13 – 5.89 g.  The sample A had the highest value of 5.89 g while the least value of 5.14  and 5.13 g were observed for samples F and G, respectively. The values obtained in this study are different from the values reported by Tanko et al. in 2020 [39].
 The diameter of the cookies samples ranged from 56.41 to 60.52 mm. The values obtained in this study are higher than the values (38.46 to 39.55 mm) reported in an earlier study [20] on quality assessment of flour and cookies from wheat, African yam bean and acha flours. In an earlier study, substitution of wheat flour has been reported to lower protein gluten which consequently cause decrease in viscosity of dough. Low dough viscosity causes high flow rate (spread rate) of the dough and contributes to large diameter of composite flour biscuit [40]. The thickness of the cookies ranged from 6.00 to 6.78 mm. Sample A had the lowest value of 6.00 mm, while the highest value of 6.78 mm was observed for sample G. There was significantly difference (P=.05) among the biscuit samples in term of thickness. The increase in the thickness of composite flour biscuits compared to the control (sample A) was probably due to the higher capacity to hold water due to higher fibre content. The high-water absorption characteristic of fibre as found in the legume flour could attract more water, thus, causing increase in thickness. 
For the spread ratio of the biscuit samples, the control sample produced from refined wheat flour was 9.40. Samples B, C and D had the spread ratio of 9.52, 9.33 and 9.18, respectively while samples E, F and G had spread ratio of 9.12, 9.02 and 8.93, respectively. The values obtained in this study are similar to the values (7.97 to 8.68) reported by Ikuomola et al. in 2017 [31] on quality assessment of cookies produced from wheat flour and malted barley (Hordeum vulgare) bran blends. The quality of flour for production of biscuit as well as the ability of biscuit to rise depend on the spread ratio [41].




Table 5. Physical properties of the biscuits from refined wheat and MS flours
	Sample
	Weight (g)
	Diameter (mm)
	Thickness(mm)
	Spread Ratio

	A
	5.89±0.12a
	56.41±0.96a 
	6.00±0.00a
	9.40±0.03a

	B
	5.88±0.00a
	57.32±0.64b 
	6.02±0.29a
	9.52±0.28b

	C
	5.73±0.23b
	60.00±0.44c 
	6.43±0.85b
	9.33±0.95c

	D
	5.48±0.18c
	60.04±0.59c 
	6.54±0.05c
	9.18±0.13d

	E
	5.30±0.27d
	60.30±0.94d
	6.61±0.09d
	9.12±0.18e

	F
	5.14±0.28e
	60.41±0.30e
	6.69±0.14e
	9.02±0.21f

	G
	5.13±0.58e
	60.52±0.44f
	6.78±0.05f
	8.93±0.11g


Values are means of three determinations. Means with the same superscript along the same column are not significantly different (P=.05).  A = 100 % RWF (Control); B= 95 % RWF + 5 % MS; C = 90 % RWF + 10 % MS; D = 85 % RWF + 15 % MS; E= 80 % RWF + 20 % MS; F= 75 % RWF + 25 % MS; G= 70 % RWF + 30 % MS. RWF= Refined wheat flour; MS= Mallotus subulatus.



3.6 Mineral elements composition of biscuits
The results of mineral composition of biscuits samples are as shown in Table 6. The values ranged from 56.31–82.19, 13.41–26.72, 0.18–1.90 and 23.64-46.69 mg/100g for phosphorus, calcium, iron, and magnesium, respectively. The increase in mineral content of biscuits could be due to increase in substitution level of Mallotus subulatus. Phosphorus was the most abundant element observed. The mineral content of the biscuits increased as the Mallotus subulatus substitution increased for all the minerals analysed. For sample G, the highest concentrations of 10.25, 1.90, 7.28 and 19.46 mg/100 g were reported for magnesium, iron, calcium and phosphorus, respectively. This agrees with an earlier report on malted sorghum- soy composite flour [42]. Thus, refined wheat flour could be substituted with Mallotus subulatus flour wheat flour to improve availability of mineral elements. Mineral elements serve as cofactors for many physiological and metabolic functions. Mineral elements are essential for cellular function and building structural components of human body. Some mineral elements form an integral part of an enzyme or protein structure. They are vital for normal growth, maintenance, effective immune system and prevention of cell damage [43]. The results on mineral analysis showed that the composite flour could contribute substantially to the recommended dietary requirement for mineral elements.




Table 6. Mineral composition of biscuits from blends of refined wheat flour and Mallotus subulatus flour
	Sample 
	Magnesium (mg/100g)
	Iron (mg/100g)

	Calcium (mg/100g)
	Phosphorus (mg/100g)

	A
	23.64±0.05a 
	0.18±0.00a
	13.41±0.01a
	56.31±0.14a

	B
	23.59±0.03a
	0.21±0.00b
	14.38±0.00b
	56.79.±0.00a

	C
	27.72±0.01b
	0.59±0.02c
	17.29±0.02c
	57.56±0.02b

	D
	38.75±0.10c
	0.97±0.03d
	17.30±0.04c
	69.71±0.33d

	E
	38.88±0.20c
	1.67±0.11e
	23.68±0.17d
	75.78±0.26c

	F
	40.57±0.21d
	1.89±0.05f
	24.54±0.22e
	78.92±0.05d

	G
	46.69±0.04e
	1.90±0.04f
	26.72±0.19f
	82.19.±0.04e


Values are means of three determinations. Means with the same superscript along the same column are not significantly different (P=.05).  A = 100 % RWF (Control); B= 95 % RWF + 5 % MS; C = 90 % RWF + 10 % MS; D = 85 % RWF + 15 % MS; E= 80 % RWF + 20 % MS; F= 75 % RWF + 25 % MS; G= 70 % RWF + 30 % MS. RWF= Refined wheat flour; MS= Mallotus subulatus.



3.7 Sensory evaluation of biscuits
The sensory evaluation of biscuits produced from refined wheat and Mallotus subulatus flours is presented in Table 7. The statistical analysis revealed that there were significant differences (P=.05) among the biscuit samples in the sensory attributes observed. The taste of the biscuits ranged from 8.15 to 8.25. Sample E, F and G had highest value of 8.25 while samples A and B had the lowest value of 8.15. There was significance difference (P=.05) between samples A and sample D while there was no significant difference among samples E, F and G in term of taste. The appearance of the biscuits ranged from 7.59 to 8.45. The Sample D had the highest score (8.45), while sample F had the lowest score (7.59) for appearance. The appearance was based on the eye appeal, the panelists showed preference for the colour of sample D. Browning in the biscuit samples could have been due to Maillard-type reactions [37] resulting from the reaction of reducing sugars with amino acids and caramelisation due to the effect of heat on sugar during processing [44]. Surface colour is a major characteristic of biscuit that determines consumer perception of quality [45]. The crispness of the biscuits ranged from 7.55 to 8.30. The 70% refined wheat and 30% Mallotus subulatus substitution (sample G), had the highest score (8.30) for crispness and the lowest was sample A with the value of 7.55. Hard crumbliness is most probably associated with increased fibre contents occasioned by the addition of MS flour. 
[bookmark: _Hlk69456204]The texture of the biscuits ranged from 8.05 to 8.35. The biscuit with 80% refined wheat and 10% Mallotus subulatus flour substitution (sample E), had the highest score (8.35) for texture (softness and smoothness) while the lowest is of sample G with the value of 8.05. Slight differences were observed among the samples at (p<0.05). The flavour of the biscuits ranged from 7.95 to 8.45. The biscuit with 100% whole wheat (sample C), had the best score (8.45) for flavour while the lowest are of samples A and G with the value of 7.95. There is slightly significance difference (P=.05) among the samples. The overall acceptability of the biscuits ranged from 7.95 to 8.35. The sample D had the highest value of 8.35 while the lowest is of sample G with the value of 7.95.



Table 7. Sensory evaluation of biscuits from blends of refined wheat and MS flour
	Sample 
	Taste
	Texture
	Crispness
	Appearance
	Flavor
	Overall Acceptability

	A
	8.15+0.58a
	8.20+0.69d
	7.55+0.68a
	8.00+0.72ab
	7.95+0.68a
	8.20+0.83c

	B
	8.15+0.81a
	8.10+0.78b
	7.85+0.67ab
	7.85+0.67a
	8.30+0.73ab
	8.20+0.61c

	C
	8.20+0.69b
	8.25+0.55e
	8.10+0.71b
	8.10+0.71ab
	8.45+0.60b
	8.15+0.48b

	D
	8.20+0.76b
	8.30+0.73f
	8.00+0.79ab
	8.45+0.75b
	8.10+0.78ab
	8.35+0.67e

	E
	8.25+0.78b
	8.35+0.67g
	8.20+0.76b
	8.15+0.67ab
	8.25+0.71ab
	8.30+0.73d

	F
	8.25+0.55c
	8.15+0.67c
	8.00+0.72ab
	7.59+0.75ab
	8.25+0.71ab
	8.15+0.67b

	G
	8.25+0.44c
	8.05+0.60a
	8.30+0.73b
	8.05+0.82ab
	7.95+0.60a
	7.95+0.68a


Values are means of three determinations. Means with the same superscript along the same column are not significantly different (P=.05).  A = 100 % RWF (Control); B= 95 % RWF + 5 % MS; C = 90 % RWF + 10 % MS; D = 85 % RWF + 15 % MS; E= 80 % RWF + 20 % MS; F= 75 % RWF + 25 % MS; G= 70 % RWF + 30 % MS. RWF= Refined wheat flour; MS= Mallotus subulatus.



4. Conclusion

Flour prepared from Mallotus subulatus (MS) can be used at varying proportions as a partial substitute to wheat flour in the production of biscuits. Biscuits with MS substitutions were found to have higher concentrations of nutritionally important nutrients such as protein, mineral elements and crude fibre when compared with biscuits made from refined wheat flours. Thus, the use of MS flour as a partial substitute to refined wheat flour in biscuit production will widen the scope of consumption of this underutilised legume seed. This, it hoped, will encourage utilisation of a lesser known food crop and improve the nutrient composition of biscuit, a snack which hitherto is often regarded as a junk. 
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