


The Impact of Extrusion Process Variables on the Physicochemical and Sensory Qualities of Maize (Zea mays), Bambara Groundnut (Vigna subterranea L.), and Sweet Potato (Ipomoea batatas) Based Extruded Product.

Abstracts
Snack foods are typically designed to be portable, quick, and satisfying. High-temperature extrusion for a short duration "minimizes losses in vitamins and amino acids". Since protein-energy malnutrition and micronutrient deficiencies are widely prevalent, the utilization of underutilized legumes (bambara groundnuts) for the supplementation of starch-based foods is essential. This work determined the effect of extrusion variables on the physicochemical and sensory properties of the snacks. The flour particle size, moisture level, screw speed, and die diameter (4mm) were kept constant throughout the process while the feed composition and barrel temperatures was varied. The expansion ratio and bulk density of the extrudate ranged from 0.51±0.44 to 0.807±0.012 and 0.727±0.111 to 0.803±0.033 gcm-3 respectively. As for proximate composition, the moisture content ranged from (5.167±0.116 to 4.00±0.1661 %), Protein (8.623±0.337 to 13.950±0.812%), Fat (1.833±0.011 to 4.300±0.112%), crude fiber (2.587±0.112 to 3.40±0.178%), Ash (0.833±0.012 to 1.817±0.091%) and carbohydrate (73.09±0.881 to 80.460±0.112%) respectively all at varying temperatures and feed compositions. The sensory attributes of the snack ranged from 3.823±0.119 to 6.730±0.073 for appearance, 3.73±0.091 to 6.583±0.073 for flavour,  from 4.00±0.571 to 4.840±0.331 for texture with a significant difference as influenced by the feed compositions and barrel temperatures but sample Fc3Bt3 had the highest percentage of overall acceptability 6.667±0.117 as  influenced by extrusion variables. 
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1.0 INTRODUCTION
A snack is a small portion of food generally eaten between meals (Harper 1978). Snacks come in a variety of forms including packaged snack foods and other processed foods, as well as items made from fresh ingredients at home. Traditionally, snacks are prepared from ingredients commonly available at home without a great deal of preparation. With the spread of convenience stores, packaged snack foods became a significant business. Snack foods are typically designed to be portable, quick, and satisfying. 
Extrusion is used in food processing, forcing soft mixed ingredients through an opening in a perforated plate or die designed to produce the required shape. Extrusion enables mass production of food via a continuous, efficient system that ensures uniformity of the final product. Food products manufactured using extrusion usually has high starch content. Extruded snacks have very low moisture (4-6%) and water activity (0.138) making them shelf stable. Shelf stable, nutrient dense products deemed to be ideal to alleviate malnutrition in the developing world. However, information on extrusion processing of snack foods from local crops in Nigeria is limited. In this research study, extrusion will be used to produce snack from maize, Bambara groundnut and sweet potato. 
Maize or corn (Zea mays L.) is an important annual cereal crop of the world belonging to family Poaceae. Zea is an ancient Greek word which means “sustaining life” and Mays is a word from Taino language meaning “life giver.” The word “maize” is from the Spanish connotation “maiz” which is the best way of describing the plant. Various other synonyms like zea, silk maize, makka, barajovar, etc. are used to recognize the plant (Kumar and Jhariya, 2013). It is considered as a staple food in many parts of the world. It is a third leading crop of the world after rice and wheat (Sandhu et al., 2007). The world production of Maize was 967 Million Metric Tons (MMT) and in India its production was 23 MMT in 2013–14 (India maize summit, 2014). Due to its highest yield potential among the cereals it is known globally as queen of cereals
Sweet potatoes are a staple food in many parts of the world. They are a good source of fiber, potassium, vitamins, and other essential nutrients. Sweet potatoes are nutrient-dense root vegetables that come in a variety of colours. They're high in fiber and antioxidants, which protect your body from free radical damage and promote a healthy gut and brain.
The high mineral composition of this root veggie makes it a great food for people suffering from lifestyle diseases like blood pressure, cholesterol, diabetes to name a few. Eating sweet potato daily can fulfil your body's need for potassium, which is around 12% approx.
Bambara nut grows well anywhere groundnut (peanut) grows, and so is vastly present throughout the northern parts of Nigeria. Bambara groundnut represents the third most important grain legume in semi-arid Africa (Ochran, 1998). It is resistant to high temperatures and is suitable for marginal soils where other leguminous crops cannot be grown (Yamaguchi 1984). It is a low-impact crop. Bambara groundnut represents the third most important grain legume in semi-arid Africa (Cochran 1998). It is resistant to high temperatures and is suitable for marginal soils where other leguminous crops cannot be grown (Yamaguchi 1984). It is a low-impact crop. (Baryeh, 2001) Bambara groundnut has nutritive value ranging between 57.9% to 61.7% carbohydrate and 24.0% to 25.5% protein content (Kaptso et al., 2014). It is considered to be a neglected and underutilized food source.
The objective of the research is to ascertain the impact of extrusion process variables on the physicochemical and sensory qualities of Maize Bambara groundnut and Sweet Potato based extrudates snack.
[bookmark: _Toc123892847]2.0 MATERIALS AND METHODS
[bookmark: _Toc123892848]2.1 Sources
Maize (Zea mays), Bambara groundnuts (Vigna subterranea), Sweet potato (Ipomea batatas) was purchased from Jimeta Market Yola. 
The Maize, Bambara groundnuts seeds and sweet potato was processed into flour. 
[bookmark: _Toc123892849]2.2. Location 
The weighing balance, bowl, knife, oven, milling machine, sieve, tray, water, micrometer screw guage, twin screw extruder. All these were obtained from Food Science and Technology Laboratory Modibbo Adama University, Yola, except the Twin screw extruder (SLG65-III Model China) which was obtained at Federal Polytechnic Mubi, Adamawa State. 
[bookmark: _Toc123892850]2.3 Sample preparation 
The maize was manually winnowed, cleaned, dried to reduce moisture, dry milled and then sieved to obtain the maize flour. 
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Figure 1: Flow chart for production of maize flour.
The Bambara groundnuts seed was soaked for 12hr, manually decorticated, oven dried and milled into fine flour, then the flour will be passed through a sieve and kept in an airtight container at room temperature (32°C) pending further use ( Adetuyi et al., 2007).
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Figure 2: Flowchart for the preparation of Bambara groundnuts flour (Adetuyi, et al., 2007) 
[bookmark: _Toc123892853]2.4. Sweet Potato flour
Sweet potato flour processing involved several unit operations including selection of raw material, cleaning and trimming, washing and brushing, slicing, drying, milling, packaging and storage (Ogunade, 2014). 
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[bookmark: _Toc123892854]Figure 3: Flow chart for sweet potato flour processing (Singh, et al., 2008). 
2.5 Experimental Design
A two factor three level experimental design (32) was used to find the impact of extrusion variables on the physicochemical and sensory qualities of extruded snack. The variables that were considered includes barrel temperature (Bt) and feed composition (Fc) each was varied at three levels respectively as shown in Table 1 and 2. Thus this is 3(barrel temperature) and 3(Feed composition). Statistical package for social science SPSS was used in the analysis of data generated.


Table 1. Factors and levels of 3x3 Experimental Design
Factors                                       Symbols                                                  Factor levels
                                                                                                            1                    2                  3
Barrel temperature (0C)                   X1                                              90               110             130           
Feed composition (%)                     X2                                      75:15:10     65:20:15     55:25:20

Table 2. Experimental design of extrusion experiment in their coded and natural form
Runs   Independent Variables in Coded Form                   Independent Variables in Natural Form
                    Bt (X1)        Fc(X2)                                                  Bt (X3)               Fc(X4)
1                       1                1                                                                     90                    75:15:10
2                       1                2                                                                     90                    65:20:15 
3                       1                3                                                                     90                    55:25:20
4                       2                1                                                                    110                    75:15:10   
5                       2                2                                                                    110                    65:20:15 
6                       2                3                                                                    110                    55:25:20 
7                       3                1                                                                    130                    75:15:10    
8                       3                2                                                                     130	           65:20:15
9                       3                3                                                                     130                    55:25:20
Bt=barrel temperatures with 1, 2, 3 representing 90oC, 110oC and 130oC respectively. Fc= feed composition with 1, 2, 3 representing 75:15:10, 65:20:15, 55:25:20 respectively
2.6 Extrusion processing
The extrusion was conducted with a pilot-scale co-rotating twin-screw extruder (SLG65-III Model China). The Sample was introduced in to the feeder at constant flow rate. The material moves down to the barrel screw the barrel has a constant speed of 150rpm. The extruded product finally passed through the die and was collected cooled and packaged properly for further analysis. During the extrusion the barrel temperature was varied at 90,110 and 130 oC respectively so also the feed composition from the formulation of the samples. 
The moisture content of the material was adjusted to give moisture contents of 22 % which remain constant throughout the process by using hydration equation (2) (Yusuf et al., 2017).  
Wa = SW x ………………………………………………………………........................ (1)  
Where:    	
Wa = Weight of water added (g)   Sw = Sample flour weight (g)   Mo = Original flour moisture content (% weight base) M = Required dough moisture level (% weight base).
The Table 2 of the experimental design was followed critically in carrying out the extrusion process.
3.0 Materials and Methods
3.1 Analytical Methods
[bookmark: _Toc123892862]3.1.1 Expansion ratio
Expansion ratio, which is the ratio of the diameter of the Extrudate to the die diameter, was determined according to the method of Fan, Mitchell and Blanchard (1996). The Extrudate diameter was taken as the mean of 10 random measurements. Each cut and dried extrudate diameter was measured with the use of a micrometer screw gauge and the mean of the diameters of 10 pieces was determined. 
[image: ]Expansion ratio = 	                             ..................................................................... Eq (2)

[bookmark: _Toc123892863]3.1.2 Bulk density of extrudate 
The density of the extrudate was determined using Onwuka (2005) method. 10g of the sample was measured using a graduated cylinder. The cylinder was firmly tapped on a bench top to settle the samples with the corresponding volumes measured. 
 ρ.....................................................................................................................Eq(3)
Where ρ is the bulk density of extrudate (Kgm-3), m is the mass of extrudate with diameter D and L is the extrudate length per kilogram (m/Kg).
3.1.3 Determination of proximate composition of extruded snack
The moisture, protein, total dietary fibre ash and fat contents of the snacks were determined using the association of Analytical Chemists 160 (AOAC, 2000) method. The crude fibre content was determined; carbohydrate content was determined by difference. 
[bookmark: _Toc123892866]3.1.4 Determination of moisture 
The moisture content of the sample was determined according to the method described by Association of official Analytical Chemists (AOAC, 2010). The crucibles were washed thoroughly and dried in the oven at 100°C for 1 hour. The hot dried crucibles were cooled in the desiccator and then weighed. 2g of the sample was weighed into the crucibles and heated in the oven at 100°C for 4 hours. They were removed, cooled in the desiccator and weighed. The drying continued until a constant weight was obtained. The percentage moisture content was calculated as:
% Moisture content =  X 100.............................................................................................Eq (4)
Where;
W1 = Initial weight of empty crucible 
W2 = Weight of crucible + weight of sample before drying
W3 = Weight of dish + weight of sample after drying 
[bookmark: _Toc123892867]3.1.5 Determination of Protein 
The protein content of the samples was determined using Kjeldhal method according to the method of AOAC (2010). The samples were digested, distilled and titrated. Digestion of sample: 2g of the sample was weighed into the Kjeldhal flask. Anhydrous sodium sulphate (5g of Kjeldhal catalyst) was added to the flask. The addition of 25ml of concentrated sulphuric acid (H2SO4) was done with few boiling chips. The flask with the content was heated in the fume chamber until sample solution became clear. The solution was cooled to room temperature after which it was transferred into a 250ml volumetric flask and made up to the level with distilled water. 
Distillation: The distillation unit was cleaned and the apparatus set up. A 100ml conical flask (receiving flask) containing 5ml of 2% boric acid solution with few drops of methyl red indicator was placed under the condenser. Then, 5ml of the sample digest was pipette into the apparatus through the small funnel and washed down with distilled water. Then 5ml of 60% NaOH solution was added to the digest. The digestion flask was heated until 100ml of the distillate (ammonium sulphate) was collected in the receiving flask. The solution in the receiving flask was titrated with 0.049M H2SO4 to a pink coloured end point. A blank with filter paper was subjected to the same procedure. 
Calculation: 
% Nitrogen of sample (%N) =  X100...................................................Eq (5)
Where:
Vs = Volume (ml) of acid required to titrate the sample
Vb = Volume (ml) of acid required to titrate the blank
N acid = Normality of acid (0.1N) 
W = Weight of sample in gram
% Crude protein = % N × 6.25 (conversion factor) 
[bookmark: _Toc123892868]3.1.6 Determination of Fat
The fat content of the sample was determined using the standard method of AOAC (2010). A soxhlet extractor with a reflux condenser and 500ml round bottom flask was fixed. The extraction thimble was sealed with cotton wool. The soxhlet apparatus after assembling was allowed to reflux for about 6 hours. The thimble was removed carefully and petroleum ether collected in the top and drained into a container for reuse. When the flask was free of ether it was removed and dried at 105°C for 1 hour in an oven. It was cooled in a desiccator and then weighed. 
Calculation:
% Fat =  X 100....................................................................................................Eq (6)
[bookmark: _Toc123892869]3.1.7 Determination of Crude Fibre
The crude fibre content of the samples was determined using the standard method of AOAC (2010). Petroleum ether was used to defat 2g of the sample. This was put in boiled 200ml of 1.25% H2SO4 and boiled for 30 minutes. The solution was filtered through a muslin cloth on a fluted funnel. It was washed with boiling water until it was free from acid. The residue was returned into 200ml boiling NaOH and allowed for 30 minutes. It was further washed with 1% HCL and boiling water, to free it of acid. The final residue was drained and transferred to silica ash crucible (porcelain crucible), dried in the oven 100°C for 2 hours and cooled until a constant weight was obtained. The cooled sample was incinerated (ashed) in a muffle furnace at 600°C for 5 hours, cooled in a desiccator and weighed. 
Calculation:
% Crude Fibre =  X 100...........................................................Eq (7)
[bookmark: _Toc123892870]3.1.8 Determination of ash
The ash content of the samples was determined according to the method of Association of Official Analytical Chemists (AOAC 2010). 2g of the sample was weighed into a preheated cooled crucible. The samples was charred on a Bunsen flame inside a fume cupboard. The sample was transferred into a preheated muffle furnace at 550°C for 2 hours until a white or light gray ash was obtained. It was cooled in a desiccator and weighed. The ash content was calculated as follows:
% Ash content =  X100...................................................................................................Eq (8)
W1 = Weight of empty crucible 
W2 = Weight of crucible + Weight of sample before washing
W3 = Weight of crucible + Weight of sample after washing
[bookmark: _Toc123892871]3.1.9 Determination of carbohydrate 
Carbohydrate content of the samples was determined by difference: % Carbohydrates = 100 - (% Moisture + % Protein + % Ash + % Crude Fiber + % Fat) 
[bookmark: _Toc123892872]3.1.0 Sensory analysis of samples
Sensory analysis of the samples was carried out by selecting 20 trained panelists among the students and lecturers of the Department of Food Science and Technology MAU Yola, Adamawa State, Nigeria. The panelists were requested to examine the samples according to their degree likeness with a 7-point hedonic scale ranging from 1 (dislike very much) to 7 (like very much). The parameters evaluated were appearance, flavour, texture, taste and overall acceptability. 
3.1.1 Statistical Analysis 
A two-way analysis of variance (ANOVA) was carried out on the result using statistical package for the social sciences (SPSS 1998) for windows Illinois USA. Value were compiled and the statistical analysis was conducted as mentioned.
[bookmark: _Toc123892874]4.0 RESULTS AND DISCUSSIONS
[bookmark: _Toc123892875]4.1 Physical Characteristics of the Extruded Snack Blends
The flour particle size, moisture level, screw speed, and die diameter (4mm) were kept constant throughout the experiments while the feed composition and barrel temperatures was varied. The effects of the extrusion variables on the physical properties of extrudates are presented in Table 3











Table 3: Result for Physical Analysis of Snacks Samples
	Runs  Samples
	Expansion ratio
	      Bulk                
  Density(g/cm3)

	  1       Bt1 Fc1
	 0.590±0.071a
	    0.770±0.012a

	   2       Bt1Fc2
	  0.807±0.012a
	    0.783±0.041a

	   3       Bt1Fc3
	  0.640±0.052a
	    0.747±0.057a

	   4       Bt2Fc1
	  0.720±0.011a
	    0.803±0.033a

	   5       Bt2Fc2
	  0.51±0.044a
	     0.77±0.106a

	   6       Bt2Fc3
	  0.717±0.055a
	    0.780±0.021a

	    7      Bt3Fc1
	  0.663±0.033a
	    0.737±0.044a

	    8       Bt3Fc2
	  0.700±0.011a
	    0.777±0.092a

	    9       Bt3Fc3
	  0.697±0.117a
	    0.727±0.111a


Bt=barrel temperatures with 1, 2, 3 representing 90oC, 110oC and 130oC respectively. 
Fc= feed composition with 1, 2, 3 representing 75:15:10, 65:20:15, 55:25:20 respectively
4.1.1 Expansion Ratio 
In extrusion cooking, expansion is the primary quality parameter associated with water absorption and water solubility. During extrusion cooking of biopolymers, the viscoelastic material is forced through the die so that the sudden pressure drop causes part of the water vaporize, giving an expanded porous structure. The expansion ratio of the extrudate ranged between 0.51±0.044 to 0.807±0.012 for samples Bt2Fc2 and Bt1Fc2.This shows no significant difference among the extruded samples at (p<0.05). Expansion ratio will decrease with reduced level of cereal starch and starch gelatinization. An increased variation of the protein will affects the expansion of the extrudate due to their ability to effect water distribution in the matrix and through their macro molecular structure and confirmation. 

Figure 4. Effect of Extrusion variables on the expansion ratio of the extruded (3D surface plot) 
The influence of independent variables reveals that as the barrel temperature increased from 90oC to 110oC the expansion ratio decreased from 0.679 to 0.649 however at 130oC expansion ratio slightly increased to 0.687. The second independent variable feed composition indicate that increasing feed composition from Fc1 (75:15:10), Fc2 (65:20:15) to Fc3 (55:25:20) expansion ratio increased from 0.658 to 0.672 and 0.685 respectively (Figure 4). 
The increase in expansion ratio with barrel temperature is in line with the findings of Yusuf et al., 2017 that as the barrel temperature increased from 90 to 110oC expansion ratio increased from 1.59 to 1.70. The increase in expansion ratio with barrel temperature could be as a result of starch gelatinisation that increased the expansion ratio of the extruded.
[bookmark: _Toc123892878]4.1.2 Bulk density 
Bulk density is a very important parameter in the production of expanded and formed food products. Bulk density, which considers expansion in all directions, ranged from 0.727±0.111 to 0.803±0.033 gcm-3 for samples Bt3Fc1 and Bt2Fc1. This indicates that there's no significant difference among the samples bulk densities at P<0.05. An increased barrel temperature causes a decrease in product bulk density and during extrusion, the feed composition and barrel temperatures was varied, slightly affecting the bulk densities of the extrudates. An increase in gelatinization results in increase of expansion ratio and a significant decrease in bulk density (Mary et al., 2012). 

Figure 5. Effect of Extrusion variables on the Bulk density of the extruded (3D surface plot) 
The impact of extrusion variables (Barrel temperature and feed composition) reveals that as barrel temperature increased from 90oC to 110oC, the bulk density decreased to 0.74 g/cm3. The feed composition elucidate as Fc1 (75:15:10) increased to Fc2 (65:20:15), bulk density slightly appreciate from 0.77 to 0.78 g/cm3. The slight decrease is witnessed at Fc3 (55:25:20) to 0.75 g/cm3 of bulk density (Figure 5). Radial expansion ratio and bulk density represent the extent of puffing of the extrudate therefore it may be expected that these two properties would be negatively correlated higher radial expansion ratio contributing to lower bulk density. Bulk density is an important physical attribute from a commercial point of view as product with lower true density value are more acceptable to consumers (Brennan et al., 2008, Yusuf et al., 2017).
4.2 Proximate composition of Extruded
The values for the proximate composition of the extrudates were tabulated with values of the moisture content of the snack ranged from 4.00±0.1661 for sample Bt3Fc1 to 5.167±0.112 for sample Bt1Fc1 which is not significant with Bt2Fc1. This shows a significant difference between the samples at P<0.05 due to the varying temperature. The sample extruded at higher temperature(130°C) had low moisture content than the ones extruded at a lower temperature(90°C) and that could be due to the effect of barrel temperature on the moisture content of the extruded, this agrees with (Bryant et al., 2001) as reported by Filli and Jiddere (2016). The low moisture content of the extruded snacks is an indicator for good storability. 



Table 4. Proximate Composition (%) of Extruded Snack Blends
	RnSample
	Moisture
	Protein
	Fat
	Crude fiber
	  Ash
	Carbohydrate

	1  Bt1Fc1
	5.167±0.112b
	8.917±.320c
	1.833±.011c
	2.62±.104a
	1.677±.120a
	79.787±.821b

	2  Bt1Fc2
	4.500±0.822c
	12.283±0.991b
	2.667±0.221b
	2.70±0.221a
	1.800±0.044a
	76.967±1.061a

	3  Bt1Fc3
	4.833±0.551c
	13.950±0.812a
	4.167±0.622a
	3.40±0.178a
	1.167±0.032b
	74.655±1.091c

	4  Bt2Fc1
	5.167±0.881b
	8.623±0.337c
	1.900±0.091c
	2.723±.071a
	1.233±0.091b
	80.460±0.112b 

	5  Bt2Fc2
	4.867±0.199a
	12.450±0.115b
	2.667±0.091b
	2.587±.112a
	1.703±0.022a
	76.807±0.974a

	6  Bt2Fc3
	4.733±0.443c
	13.803±0.804a
	3.867±0.112a
	2.997±.221a
	1.167±0.011b
	73.097±0.881c

	7  Bt3Fc1
	4.00±0.1661b
	9.173±0.191c
	1.833±0.331c
	2.630±.032a
	1.817±0.091a
	80.383±1.078b

	8  Bt3Fc2
	4.700±0.447b
	11.943±0.221b
	2.833±0.094b
	2.640±.840a
	1.700±0.012a
	76.263±0.118a

	9  Bt3Fc3
	4.733±0.112c
	13.867±1.082a
	4.300±0.112a
	2.970±.334a
	0.833±0.012b
	73.383±0.445c


Bt=barrel temperatures with 1, 2, 3 representing 90oC, 110oC and 130oC respectively. Fc= feed composition with 1, 2, 3 representing 75:15:10, 65:20:15, 55:25:20 respectively. CHO=carbohydrate.
The influence of independent extrusion variables on proximate composition of extruded was studied. Increasing the barrel temperature from 90, 110 to 130OC result in reducing the moisture content from 4.833, 4.922 to 4.477 % respectively as shown in Table 5. On the other hand increasing the level of Bambara groundnut and sweet potato flour from Fc1, Fc2 to Fc3 result in decrease in moisture content from 5.111, 5.022 to 4.766 % respectively (Table 5).
Protein content is within the range of 8.623±0.337 to 13.950±0.812 %. The least was recorded at run (4) (Bt2Fc1), while the highest value was obtained at run (3) (Bt1Fc3). The low temperature of 90oC coupled with 25 % Bambara groundnut flour could be attributed to the high protein content of the extruded. The protein contents of the extruded samples increased with decrease in temperatures respectively. The increased feed rate of Bambara groundnuts increase its supplementation, the content of soluble collagen in extrudates increases with increased temperatures. Therefore Samples Bt1Fc3 has the highest protein content since it contains 25% of the Bambara groundnuts. The protein content of all the samples of the snack bars was significantly different (p<0.05). According to Kumar et al., (2017), proteins present in foods are required for body building and repair. Proteins are needed for the maintenance of body tissues. They also play a vital role in the synthesis of plasma proteins, haemoglobin, hormones, enzymes, coagulation factors and antibodies. 
There was a slight decrease in protein content from 11.716 to 11.625 %, as the barrel temperature increased from 90 to 110oC however protein maintains almost the same value of 11.661 % at 130OC though that is not significant (p>0.05). Feed composition revealed significant increase in protein content at (p<0.05) level. Increasing the level of Bambara groundnut and sweet potato from Fc1 to Fc2 resulted in increasing the protein content from 8.904 to 12.225 % however at Fc3 protein appreciate greatly to 13.753 % and that could be attributed to high protein content of Bambara groundnut (Table 5). The highest protein content was recorded during extrusion of Sorghum, Tigernut and Groundnut in the sample with high content of Groundnut of about 30% as reported by Yusuf et al., 2018.
The fat content of the extrudates snacks ranged between 1.833±0.011 to 4.300±0.112, with 1.833±0.011 at run 1 (Bt1Fc1) representing 90oC barrel temperature and 75:15:10 blends formulation on the other hand the highest fat content of 4.300 was recorded at run 9 indicating 130oC at Fc3 feed composition. It is shown that at 130oC barrel temperature with Fc3 the fat content is higher, this is because the higher temperature disrupted the cell wall of the mixture and that give rise to high fat content of the extruded. The  lower barrel temperatures results in the largest amount of complex formation between stearic acid and normal cornstarch with 25% amylose lipid is released from cells owing to the high temperature and physical disruption of the plant cell wall (Mary et al., 2012). Fat is an energy source for humans necessary for growth and development. It also enables Vitamins A, D, E and K to be absorbed into the body. The amount of fat in food influences the taste and consistency (Ire et al., 2020). According to Prentice (2005), human beings obtain bulk of the food energy it requires from fat and carbohydrate. Relatively low crude fat content of snack reported in this study is an indication that the bulk of the energy in the product comes from carbohydrate. Small lipid levels (<5) facilitate steady extrusion and improve the texture. 
The influence of independent variables on fat content indicate that as barrel temperature increased from 90, 110 to 130OC, fat content decreased slowly from 2.889 to 2.811% and then slightly increased to 2.989 %. There was a significant increase in fat content of the extruded as the percentage of Bambara groundnut and Sweet potato flour increased from Fc1, Fc2 to Fc3 with an increase from 1.855 to 2.722 % and the highest recorded was 4.111% as shown in Table 5.
The crude fiber content of the snack in this study is within the range of 2.587±0.112 to 3.40±0.178%. The crude fiber content of the samples of snack bar is not significantly different (p>0.05). The values are lower than the result reported by Edima-Nyahs et al.,. (2019) in a related study. The extruded snack bar produced from a blend of 55% maize +25% Bambara groundnut and 20% sweet potato had the highest crude fiber content. To prevent constipation and other health maladies associated with inefficient waste removal from the body, regular consumption of diets rich in crude fiber is recommended. The impact of barrel temperature and feed composition on crude fiber were studied. Increasing the barrel temperature from 90oC to 110oC and to 130oC indicate that crude fiber decreased from 2.907 to 2.769 and finally to 2.747 % respectively. On the other hand increasing feed formulation from Fc1 to Fc2 to fc3 showed an increase in the crude fiber content from 2.658 to 3.122 and that could be attributed to high percentage of Bambara groundnut which is attributed to having high crude fiber content (Table 5). There are indications that consumption of vegetable fiber reduces the level of cholesterol in the body (Soliman, 2019). It could also reduce the risk of coronary heart diseases. The risk of developing hypertension, colon and breast cancer is also reduced by eating diets rich in vegetable fiber (Jenkins et al., 2001). Glucose tolerance is enhanced by vegetable fiber consumption which also increases insulin sensitivity (Edima-Nyah et al., 2019).   
The ash content of the extruded ranged from 0.833±0.012 to 1.817±0.091 %. the highest ash content was recorded at Bt3Fc1 while the lowest was recorded at Bt3Fc3 as shown in Table 4 Increasing barrel temperature from 90, 110 to 130OC decrease the ash content of the extruded from 1.543 to 1.45%, the highest decrease was recorded at 110OC which is found to be 1.368% and this agree with the report of Yusuf et al., 2018 that barrel temperature has significant effect on the ash content of Sorghum Tigernut and Groundnut based extruded product where the highest barrel temperature of 110oC recorded low ash content. Mean while increasing the level of Bambara groundnut and sweet potato flour in the formulation result in decrease of ash content of the extruded. The lowest value was recorded at Fc3 which is 1.056 % (Table 5).    

Table 5. Influence of Independent Extrusion Variables on Proximate Composition (%) of Extruded
Extrusion        Moisture      Protein        Fat          Fiber        Ash         Carbohydrate
Parameters
Bt (oC)
1                    4.833c          11.716b        2.889b       2.907a      1.543a        77.136a
2                    4.922c          11.625b        2.811b       2.769a      1.368b        76.788a
3                    4.477b          11.661b        2.989b        2.747a      1.45b         76.676a	
Fc (%)
1                   5.111a           8.904c        1.855c       2.658b       1.576a         80.210a
2                   5.022a          12.225b       2.722b       2.642b        1.734a       76.679a
3                   4.766c         13.753a        4.111a       3.122a        1.056b        73.7117b
Bt=barrel temperatures with 1, 2, 3 representing 90oC, 110oC and 130oC respectively. Fc= feed composition with 1, 2, 3 representing 75:15:10, 65:20:15, 55:25:20 respectively
Carbohydrate varying from samples Bt2Fc3 (73.097+0.881) to Bt2Fc1 (80.46±0.11%). The carbohydrate values recorded at barrel temperature 130°C was lesser than the others. Significant difference (p>0.05) was not observed on the effect of barrel temperature on the extruded product but there was a slight decrease of carbohydrate content from 77.136 to 76.676 % This shows that the carbohydrate content of the snack reduced as the barrel temperature was increased. Starches extruded at higher temperatures presents a lower breakdown viscosity offering the opportunity to apply in higher thermal stability product Leonel et al. (2009). On feed formulation there were a significant difference (p<0.05) as the level of Bambara groundnut and sweet potato increased in the formulation Fc1, Fc2 and Fc3 with values amount to 80.210, 76.679 and 73.7117% carbohydrate respectively (Table 5). The decrease could be as a result of decrease in Maize flour and an increased in Bambara groundnut and Sweet potato flour which are known to be leguminous crops with low starch or carbohydrate content.   
Worthy to note is that carbohydrate content of some of the snack samples are within the recommended Dietary Reference Intakes (DRI) acceptable macronutrient distribution range (AMDR) of 45 to 65% of energy obtained from carbohydrate for adults (Ire et al.,2020). According to Ho et al., (2016), post meal and diurnal glucose profiles in patients suffering from insulin resistance and type-2 diabetes might improve as a result of consuming snack bars characterized by high ratio of protein/carbohydrate. 
4.3 Sensory Characteristics of the Extruded Snack Blends 
A sensory analysis is crucial for the product success the sensory characteristics of the extrudates were determined as affected by extrusion variable, that is feed composition and barrel temperatures. 
Table 6: Result for Sensory Analysis of the Extruded Snacks Samples
	RnSample
	Appearance
	  Flavour
	Texture
	Taste
	    Overall acceptability

	1   Bt1 Fc1
	3.823±0.119d
	3.713±0.091d
	4.000±0.571c
	3.817±0.322d
	3.947±0.821 d

	2   Bt1 Fc2
	5.150±0.441c
	4.950±0.331c
	5.347±0.882b
	5.400±0.223b
	5.260±0.331c

	3   Bt1 Fc3
	4.981±0.322c
	5.45±0.322c
	5.15±0.114b
	5.790±0.992a
	5.170±0.112c

	4   Bt2 Fc1
	5.113±0.112c
	5.363±0.115c
	4.613±0.332c
	5.010±0.033c
	5.250±0.097c

	5   Bt2 Fc2
	5.880±0.813a
	5.920±0.116b
	5.117±0.911b
	5.29±0.088b
	5.790±0.113b

	6  Bc2 Fc3
	6.000±0.727a
	5.783±0.091b
	5.330±0.550b
	5.48±0.112b
	5.763±0.119b

	7  Bc3 Fc1
	5.470±0.442c
	5.203±0.337c
	4.840±0.331c
	4.700±0.441c
	5.213±0.099c

	8  Bc3 Fc2
	6.071±0.311a
	5.797±0.117a
	5.683±0.067a
	6.067±0.810a
	6.117±0.092a

	9  Bt3 Fc3
	6.730±0.512a
	6.583±0.073a
	6.397±0.221a
	6.467±0.112a
	6.667±0.117a


The data are means ± standard deviations of duplicate scores. Means with different superscript within a column are significantly different (P<0.05). 
The sensory panellist liked all the sensory parameters of the extruded snack with special preference given to the sample Bt3Fc3 with feed composition of 55% maize, 25% Bambara groundnuts and 20% sweet potato at barrel temperatures 130°C.  Appearance attributes of the samples was increased at increased extrusion temperature and improved with feed rate. 
The appearance ranged from 3.823±0.119 to 6.730±0.073, flavour 3.73±0.091 to 6.583±0.073 with a significant difference influenced by the feed composition and barrel temperatures. The texture ranged from 4.00±0.571 to 4.840±0.331 at the same feed composition but varied barrel temperature. The overall acceptability of the extruded snacks ranged from 3.94±0.821 to 6.667±0.117, with sample Bt3Fc3 recording the highest acceptability compared to the other extruded samples. This clearly demonstrates that samples extruded at higher temperatures tends to have greater acceptability.
[bookmark: _Toc123892882]5.0 CONCLUSION AND RECOMMENDATION
[bookmark: _Toc123892883]5.1: Conclusion 
Extrusion process formulates a new cooked food product loaded with intended nutrient contents that is culturally acceptable. During the cooking phase of the extrusion process with high temperature, but short time (HTST) heating process, degradation of heat-sensitive food nutrients is minimised, but at the same time the digestibility of proteins (denaturation) and starches (gelatinising) is improved whilst the anti-nutrients such as trypsin inhibitors, gossypol, hemagglutinins, and undesirable enzymes such as lipases, lipoxidases and micro-organisms are destroyed.
It can be concluded that the changes in the feed composition and barrel temperature affect the texture, expansion ratio and bulk densities of the products. The variation in the feed composition and barrel temperatures had an effect on the expansion ratio of the extrudate sample which ranged between 0.51±0.44 to 0.807±0.012 and the bulk density ranged from 0.727±0.111 to 0.803±0.033gcm-3. The sensory attributes of the samples differ with sample Bt3Fc3 having the highest percentage of overall acceptability 6.667±0.117 influenced by extrusion variables. Extrusion cooking is a good strategy that can be employed to address food insecurity and use of underutilized crops leading from insufficient dietary intakes to nutritional insecurity and ultimately to malnutrition, which is a persistent problem in developing countries and Africa. One of the strategies that can be employed to address food insecurity is the provision of affordable, nutrient-dense, culturally acceptable foods that are safe for human consumption. Even though there is limited literature on food and nutrition security with this technology, extrusion is an ideal processing method for the manufacturing of a wide range of affordable foods with a long shelf life. Furthermore, the beneficial nutritional effects of extruded foods range from increased protein and starch digestibility to retention of various micronutrients. This will result in nutrient-dense meals being consumed.
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