
Proximate, Functional, and Amino Acid Analysis of Fermented Maize Blended with Termite Protein Hydrolysate and Carrot Flour

		ABSTRACT
[image: ]The objective of this study was to evaluate fermented maize,[image: ] termite protein hydrolysate and carrot flour. Edible termites were washed, drained, roasted to remove the fur, cooled and milled into whole termite protein meal (TPM.). The protein meal was then defatted using acetone to obtain defatted termite protein meal (DTPM). Termite protein hydrolysate (TPH) was produced by hydrolyzing DTPM with pepsin and pancreatin enzymes to mimic GIT digestion of proteins in humans. The termite protein hydrolysate was then blended with fermented maize flour and carrot flour. The blends were evaluated for proximate composition, functional properties, and amino acid composition. The results showed that the protein content of the blends ranged between 7.05 to 33.65%. The result of the functional properties showed values for water and oil absorption capacities to range between 2.01 - 3.68% and 1.38  to 2.76%, respectively. The bulk density and swelling index ranged from 0.72-0.90% and 6.62- 6.01%, while the foaming capacity value ranged between 15.21 to 16.19%, respectively The result of the amino acids indicated that the blended samples were rich in lysine (3.26 to 3.31 mg/ 100 g), leucine (4.18 to 4.23m g/ 100 g), valine (3.01 to 3.18 g/ 100 g), aspartic acid (3.32 to 3.32 g/100g), alanine (3.11 to 3.08 g/ 100 g), and glutamic acid (3.06 to 3.15 g/ 100 g), respectively. The  study  recommended  that  termite  protein hydrolysate  supplemented  with  carrot  flour  should  be  used  as  a  functional  food  and neutraceutical to help prevent or manage “civilization disease” like diabetes.    
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1.0         INTRODUCTION
Fermented maize flour (ogi) is a traditional Nigerian fermented cereal porridge which is made from maize, sorghum, millet or their combinations (1). Fermented maize flour blends is usually supplemented with protein sources to improve its nutritional properties; it is consumed by children, elderly, sick and even travellers who consider it a convenient food.  Fermented maize flour blends is prepared by steeping clean grains in water at room temperature for 2 to 3 days for fermentation by microorganism, followed by decanting, wet milling and sieving through a mesh (2). After preparation, it can be turned into a pap by dilution in water and then boiling until it gelatinizes. The nutritional composition of fermented maize flour blends depends largely on the cereal used in its production. Cereals are deficient in protein and micronutrient, the primary cause of under-nutrition in young children, hence it is thought worthwhile to supplement fermented maize flour blends with termite protein
Termites, as a source of animal-based food, can provide substantial nutritional value, contributing high-quality protein, fats, and essential micronutrients to a diverse human diet. Nutritional analyses indicate that termites typically contain approximately 38% protein and 40% fat, and are rich sources of minerals such as iron and calcium, as well as essential amino acids including tryptophan. Beyond basic nutrition, termites may serve as a source of bioactive compounds with potential health-promoting effects, addressing broader global health challenges in a manner comparable to other food groups such as fruits and vegetables². However, any proposed health benefits require validation through human studies or standardised assays recognised in health research before definitive health claims can be made³.
Termite protein hydrolysate, obtained through the enzymatic hydrolysis of termite proteins into amino acids and peptides, represents a highly digestible and bioavailable nutritional source. This hydrolysate has been identified as particularly effective for stimulating muscle growth, potentially enhancing the physiological benefits of protein consumption by increasing plasma amino acid availability⁴. Consequently, termite protein hydrolysates are increasingly considered for applications in food fortification and dietary supplementation², offering a sustainable and nutrient-dense alternative to conventional protein sources.
Bioactive compounds are defined as food components that have an impact on physiological or cellular activities in humans that consume them. They are extra-nutritional constituents that typically  occur  in  small  quantities  in  foods  providing  health  benefits  beyond  the  basic nutritional  value  of  the  food  products.  They include flavonoids, anthocyanins, tannins, betalains, carotenoids, plant sterols, and glucosinolates (6). Bioactive compounds, which are predominantly found in fruits and vegetables, are known for their antioxidant, anti-inflammatory, and anti-carcinogenic properties, and may confer protection against a range of diseases and metabolic disorders. These beneficial effects have positioned such compounds as promising candidates for the development of novel functional foods with potential health-promoting and protective properties. Consequently, their biological activities are being intensively investigated to assess their impact on human health⁶.
Recent studies have identified similar bioactive compounds in termites, demonstrating properties that could contribute to reducing health risks and enhancing immune function⁷. Notably, numerous antimicrobial peptides (AMPs) have been isolated from insects, including termites, and shown to provide protection against microbial infections and environmental stressors⁸. Owing to these bioactive characteristics, termites have gained significant commercial interest and have been increasingly exploited for their diverse health-promoting and functional properties⁹.
Carrot (Daucus carota), is a root vegetable usually red or yellow in colour, with a crisps texture when fresh. It is a rich source of beta carotene and contains other vitamins like thiamine, riboflavin, vitamin B complex and mineral elements (5). In recent years, the consumption of carrot has increased steadily due to their recognition as an important source of natural antioxidants besides, anticancer activity of beta-carotene being a precursor of vitamin A (10)
Despite the high nutritional content of termites and carrots, both contain naturally occurring anti-nutritional factors that can interfere with nutrient absorption. In termites, compounds such as phytate and tannins act as anti-nutrients, limiting the bioavailability of essential minerals and proteins. However, appropriate processing methods have been shown to reduce these anti-nutritional factors, and such techniques are widely applied in both plant- and animal-based foods to enhance nutritional quality¹⁰. Termite protein presents a valuable option as a supplementary protein source in fermented maize flour blends, with the potential to improve both nutritional and health-promoting properties. The successful incorporation of termite protein hydrolysate depends on maintaining the sensory acceptability of the final product and ensuring its affordability, particularly for populations at the lower end of the income spectrum. Additionally, the inclusion of carrot flour in such blends can contribute essential vitamins and minerals, resulting in a low-cost, protein- and energy-enriched fermented maize flour with enhanced functional and bioactive properties¹⁰.
Although the use of cereals in fermented maize flour production has been widely studied, limited research exists on the integration of termite protein hydrolysate and carrot flour into such formulations. Therefore, the present study aims to develop a high-protein, energy-dense, health-promoting, and affordable fermented maize flour supplemented with termite protein hydrolysate and carrot flour, and to evaluate its chemical composition and bioactive properties. This approach is particularly relevant in the context of the global rise in chronic degenerative diseases, including diabetes, obesity, cancer, and cardiovascular disorders, which underscores the need for functional foods with potential preventive and therapeutic benefits. It is hoped that using termite protein hydrolysate which beside being a rich source of protein  and  other valuable nutrients has been found to contain bioactive compounds with characteristics that could have the potential to reduce health risk, strengthen the immune system and manage myriad of  diseases due to the high level of bioactive components present in them. Similarly the infant digestive system which is usually underdeveloped is expected to be assisted in digestion and improvement of their nutritional status. Cereals  are  deficient  in protein and some essential nutrient in  general,  consequently  the  exploration  of  fermented maize flour supplemented  with  termite  protein hydrolysate and carrot flour will help in ameliorating protein energy malnutrition in children who are more prone to this, provide vitamin A and enhance a nutritive cereal for general consumption. The broad objective of this study was the evaluation of the proximate composition, functional properties, and amino acid composition of fermented maize, termite protein hydrolysate and carrot flour blends
2.0 MATERIALS AND METHODS
2.1	Collection of Materials
Yellow maize (Zea mays) (Suwan-1-SR) was purchased from the Joseph Sarwuan Tarka University of Agriculture, Makurdi Research Farm. Edible termites were caught in the month of May during swarming period in Makurdi, Benue State. Carrots were obtained from Building Materials Market Jos, Plateau State.  Experimental diets formulation materials such as corn starch, casein (skimmed milks), minerals, vitamin premix, salt, vegetable oil and hexane were purchased from the Makurdi Modern Market and Emole Nig. Ltd. chemical and laboratory equipment store in Makurdi.
Male wister albino  rats (20) weighing 78-116g were purchased from National Veterinary Research Institute Vom Jos, Plateau State and kept in the animal house of the Department of Food Science and Technology, Joseph Sarwuan Tarka University of Agriculture, Makurdi.

2.2	Sample Preparation
2.2.1	Preparation of carrot flour
The method as described by Ukeyima et al. (11) as shown in Figure 1 was used to produce carrot powder. The carrots were washed in water, scraped and sliced into 56mm thickness. The sliced carrots were subsequently blanched in water containing 2% sodium metabisulphite for 2 mins to prevent decolouration. The blanched carrots were drained then oven dried at 65°C for 48 hrs. The dried carrots were milled into powder, sieved (250um), packaged and stored until used.
2.2.2	Production of Fermented Maize Flour
The method of Bristone et al. (12), with slight modifications, was employed for the preparation of fermented maize flour. The process is summarised in the flow chart presented in Figure 2. Initially, yellow maize grains were sorted and winnowed to remove impurities. Ten kilograms of the grains were weighed, washed thoroughly, and rinsed several times with tap water. The cleaned grains were then soaked in water for 48 hours to initiate fermentation. After soaking, the grains were again washed and rinsed before being ground into a paste using a local disc attrition mill. The resulting paste was sieved through muslin cloth into a basin of water and allowed to settle for approximately one hour to form a smooth slurry. The supernatant was decanted, and the settled slurry was collected. The slurry was manually pressed into cakes, which were subsequently dried in a hot air oven at 50°C to obtain dry cakes. These cakes were milled into flour, sieved to ensure uniform particle size, and finally packaged in polythene bags for further use in subsequent experiments.
2.2.3 Preparation of Whole Termite Meal
The method of Raju and prasad (13) was used to produce whole termite meal. The Termite were caught into a basin filled with water, were washed, and drained in a colander. Termite were toasted which lead to dewinging, this was winnowed and milled using the blender and whole termite meal was obtained as shown in Figure 3.
2.2.4 Preparation of Defatted Termite Meal (DtermiteM)
Removal of fat from the whole termite meal was done using acetone. Whole termite meal (WTermiteM) was defatted by mixing 1g of the meal with 10 mL of acetone according to the method described by Girgih et al. (14). The mixture was stirred on a magnetic stirrer in fumehood for 3 h and decanted followed by second and third consecutive   acetone   extractions   of   the   residue.   The   resulting   defatted   termite meal (DTermiteM) was air-dried overnight in the fume hood to remove residual acetone,packaged and stored in air tight container until needed for further studies. The flow chat is as shown in Figure 4.

2.2.5    Production of Termite Protein Hydrolysate (TermitePH)
Protein hydrolysis of Defatted Termite Meal (DTermiteM) was initiated by the addition of pepsin (at temperature 37˚C and pH 2.0) and the mixture stirred for 2hr (15) as shown in Figure 5. After pepsin  hydrolysis,  the  mixture  was  adjusted  to  a  pH  7.5  with  2  M  NaOH, pancreatin (4% w/v, protein basis) was then added and the mixture was incubated at 37˚C for 4hr. The enzymatic reaction was terminated by adjusting the mixture to a pH 4.0 with 2 M HCl followed by heating to 95˚C for 15 min to ensure a complete denaturation of the residual enzymes. The mixture was centrifuged (7000xg at 4˚C) for 30min and the resulting supernatant was lyophilized and stored at -20˚C until needed for further analyses. 
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Figure 1: Production of Carrot Flour

Source: Ukeyima et al  (11)
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Figure 2: Production of Fermented Maize Flour
Source: Bristone et al (12) modified

Termite
Whole Termite Meal




     Washing						  Addition of Solvent (Acetone)

Draining						    	  Stirring

Overs drying (600 for 2hrs)	             Decanting

	     Rinsing (with acetone)
Winnowing	    
               Oven Drying (450C for 6hrs) 
Milling (blender)
                                                                                        
PackagingDefatted Termite Protein Meal


                                                                      Fig 4:  Preparation of Defatted Termite Meal
		Source: Onuh et al (116)Whole Termite Meal


Fig 3: 	Preparation of Whole Termite Meal
Source: Raju and Prasad (13)		


Defatted Termite Protein Meal

                         


                         Pepsin Hydrolysis (370C, PH 2.0)

	                             Pancretin hydrolysis (370C, PH 7.5)

	    Centrifugation

	  Supernatant

             Lyprolization


Termite Protein Hydrolysate


		Fig 5: Preparation of Termite Protein Hydrolysate
		Source: Girgih et al. (14)


Table 3: Blend Formulation
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SAMPLES              FMF

TPH                           CF

[image: ]
A                              100                               0                                 0

B                               90                                5                                 5

C                               85                               10                                5


D                              80


15                                5
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Key:

FMF = Fermented Maize Flour
TPH = Termites Protein Hydrolysate
CF   = Carrot Flour

2.3 Determination of Proximate Composition of Fermented Maize Flour, Termite 
Protein Hydrolysate and Carrot Flour Blends
2.3.1    Moisture content determination using oven method
Moisture content of the samples was determined by the method AOAC (17) by drying about 3 g (W1) of the samples in a hot air-oven (Uniscope, SM9053, England) at 105 ± 1 ºC until constant weight (W2) was obtained. The sample was removed from the oven, cooled in a desiccator and weighed repeatedly until constant weight was obtained. The result was expressed as percentage of dry matter.
						


2.3.2    Determination of crude protein
The protein content of the samples was determined using the method of AOAC (17). Blend samples (0.20 g) was weighed into a Kjeldahl flask. Ten millilitres of concentrated sulphuric acid was added followed by one Kjeltec tablet. The mixture was digested on heating racket to obtain a clear solution. The digestate was cooled, and made up to 75ml with distilled water and transferred onto kjeldahl distillation unit followed by the addition of 50 mL of 40 % sodium hydroxide solution. The mixture was then distilled and the ammonia formed in the mixture was subsequently distilled into 25 ml, 2 % boric acid solution containing 0.5 ml of the mixture of 100 ml of bromocresol green solution (prepared by dissolving 100 mg of bromocresol green in 100 ml of methanol) and 70 ml of methyl red solution (prepared by dissolving 100 mg of methyl red in 100 ml methanol) as indicators.  The distillate collected was titrated with 0.05M HCl. Blank determination was carried out by excluding the sample from the above procedure
 (2)
 
 

2.3.3    Determination of Crude Fat
Crude fat content was determined using the method described by AOAC (17) with a Soxhlet apparatus (Sunbim, India). Approximately 5 g of the ground sample (W3) was placed into a thimble, which was then inserted into the Soxhlet extractor. N-hexane was added to a pre-weighed round-bottom flask (W2) and used as the solvent to extract the fat from the sample. The extraction was conducted for approximately 6 hours. Following extraction, the solvent was removed from the oil by distillation. The extracted oil in the flask was further dried in a hot-air oven at 90°C for 30 minutes to eliminate any residual organic solvent and moisture. The flask, along with its contents, was then cooled in a desiccator and weighed (W1) to determine the crude fat content.
The quantity of oil obtained was expressed as percentage of the original sample used using equation (iii) given below:
	                                                                           (3)
2.3.4   Determination of ash content
Ash content of the sample was determined by the official AOAC (17) method using muffle furnace (Carbolite AAF1100, United Kingdom). About 2 g (W3) of the samples was weighed into a pre-weighed ashing crucible (W2) and placed in the muffle furnace chambers at 550 ºC until the samples turned into ashes usually within 5 h. The crucibles were removed, cooled in a desiccator and weighed (W1). Ash content was expressed as the percentage of the weight of the original sample as shown in equation below;
					                            (4)
			
			
		
2.3.5	Determination of crude fibre
Crude fibre content was determined following the AOAC method (17). Two grams of the sample (W3) were placed in a conical flask containing 200 mL of 1.25% (v/v) sulphuric acid and boiled on a hot plate for 30 minutes. The mixture was then filtered through Whatman No. 1 filter paper, and the residue was washed with 70 mL of distilled water. The washed residue was returned to the flask, and 200 mL of 1.25% (w/v) sodium hydroxide solution was added, followed by boiling for 30 minutes. The mixture was filtered again as described previously, and the residue was washed thoroughly with distilled water and filtered using fresh Whatman No. 1 filter paper.
The final residue was transferred to an ashing dish, dried at 130°C for 2 hours, cooled in a desiccator, and weighed (W1). The dried residue was then ashed in a muffle furnace (Carbolite AAF1100, United Kingdom) at 550°C for 30 minutes, cooled, and reweighed (W2). The difference in weight before and after ashing was used to calculate the crude fibre content.
[bookmark: _GoBack]The ash obtained was subtracted from the residue and the difference expressed as percentage of the starting material as shown in equation below;
							
where,  				


2.3.6    Determination of carbohydrate content
The carbohydrate content was calculated by difference according to (17) as follows:
% Carbohydrate = 100 – (% Moisture + % Protein + % Fat + % Ash + % Fibre)
2.4   Determination of Functional Property
2.4.1    Foaming capacity and stability determination
The method described by (18) was used. Two grams (2g) of each sample was blended separately with 100ml of distilled water in a blender for 5minutes at room temperature. The mixture was quickly but carefully transferred to measuring cylinder and the foam volume was measured. The volume of foam formed was recorded as foam capacity in percentage. Foam stability was expressed as percentage of the volume of foam remaining in the measuring cylinder to that of the original volume after 30 min of quiescent period.


Where:
Va = volume of foam after whipping (ml) Vb = volume of foam before whipping (ml) Vc = volume of foam after standing (ml)
A final observation was made after 15, 50, 60 and 120 minutes to obtain the foam stability in percentage.
2.4.2    Determination of water absorption capacity
Water absorption capacity was determined by the method described by Abbey and Ibeh (19). Flour samples (1g) of each treatment was weighed separately and placed into clean centrifuge tubes of known weights. Distilled water was mixed with the flour to make up to 10ml dispersion. The tubes were then centrifuged at 3500 rpm for 15 min. The supernatant was decanted and each tube together with its content was reweighed. The gain in mass is the water absorption capacity of the flour sample

2.4.3   Determination of oil absorption capacity
The method described by AOAC (17) was adopted. Each flour sample (1g) was weighed separately and introduced into clean centrifuge tubes of known weights. Groundnut oil was mixed with the flour in each tube to make up to 10 ml dispersion. The tubes were centrifuged at 3500 rpm for 15 min. The supernatant was discarded, and the tubes reweighed. The gain in mass is the oil absorption capacity.
2.4.4    Determination of bulk density
Method as described by Onwuka (18) was used. A graduated cylinder (10ml) was weighed dry and gently filled with the flour sample. The bottom of the cylinder was then tapped gently on a laboratory bench several times. This continues until no further diminution of the test flour in the cylinder after filling to mark, was observed. Weight of cylinder plus flour was measured and recorded.
                                               (7)
2.4.5   Swelling index
Was determined according to the method of Abbey and Ibeh (19). Swelling power is a measure of the hydration capacity of starch expressed as the weight of centrifuged swollen granules (w2) divided by the weight of the original dry starch used to make the paste (wdm). Two grams (2g) of the flour samples were suspended in 10mL of water and incubated in a  thermostatically  controlled  water  bath  at  95oC  in  a  tarred  screw  cap  tube  of  15ml.  The suspension was stirred intermittently for 30min to keep the starch granules suspended. The samples were then rapidly cool to 20°C with cold water and centrifuged/ at 2200× g for 15 minutes to separate the jelly and the supernatant.  The swelling index was calculated as:

Where W2=Weight of centrifuged swollen granules and

    Wdm = weight of original dry sample.

2.4.6    Reconstitution index
This was determined according to the method by Nwosu et al. (20). Two (2) g of sample was dissolved in a 50ml measuring cylinder using boiling water. It was mixed for some seconds and allowed to stand for 60 min and the volume of the sediment was recorded. The reconstitution index is used to indicate how easily a powdered product can be reconstituted in water before consumption. It depends on the particle size and temperature. Reconstitution index measures the ability of flours to disperse in a liquid medium.
                                                       (9)

2.5 Amino Acid Profile Determination
The amino acid profile was determined using Jandine Pure (Dubai 2398 JKPM, 2012) Automated Amino Acid Analyzer as described by AOAC (17). Defatting of each sample was carried out by exhaustive fat extraction from 2 g sample portion. Extraction was for 15h with chloroform/methanol (2:1 mixture) using soxhlet extraction apparatus as described by AOAC (17). After, 0.5 g of each defatted sample was weighed into a glass ampoule and 7 ml of 6 M HCl added. Oxygen was expelled from the head space of each ampoule with dry N2 gas. The glass ampoules were then embedded in ice slush and sealed with bunsen burner flame. The ampoules were then heated in electric blocks at 400 ± 5 0C for 22 h followed by cooling. The ampoules were cut open using a mini saw blade and the contents of similar ampoules pooled together, filtered to remove lumins followed by evaporation at 105 ± 1 0C under vacuum in a rotary evaporator to dryness. The residues were dissolved in 4 ml of acetate buffer (pH 2.0) in plastic specimen bottle and kept in a household freezer from where sample were taken for injection into the amino acid analyzer.
Operation: 5 ml of each hydrolysate was injected into cartridge of the analyzer. The AA analyzer was programmed to separate and analyze the free amino acids of the hydrolysate. Each run was for about 45 min. Responses were recorded by a chart recorder. Retention times were obtained by carrying standard amino acid through the process.
Evaluation of chromatogram peaks: The net height of each peak produced by the chart recorder of the AA analyzer, each representing an amino acid was measured. The half-height of the peak was found and the width of the peak on the half-height was accurately measured and area was then obtained by multiplying the height by the width of the half-height. The norleucine equivalent (NE) for each amino acid in the standard mixture was calculated as seen in equation below:
𝑁𝐸 = 								(10)
𝑆𝑠𝑡𝑑=𝑁𝐸𝑠𝑡𝑑×𝑀𝑜𝑙.𝑊𝑡×𝜇𝑀𝐴𝐴𝑠𝑡𝑑
Finally, the amount of each amino acid present in the sample was calculated in g/100g protein using the formula below;
𝐶𝑜𝑛𝑐𝑒𝑛𝑡𝑟𝑎𝑡𝑖𝑜𝑛 			(11)
𝐶=						(12)
𝑊ℎ𝑒𝑟𝑒, 
𝑁𝐻 = 𝑁𝑒𝑡 ℎ𝑒𝑖𝑔ℎ𝑡 
𝑊 = 𝑊𝑖𝑑𝑡ℎ 𝑎𝑡 𝐻𝑎𝑙𝑓−ℎ𝑒𝑖𝑔ℎ𝑡 
𝑁𝑙𝑒𝑢 = 𝑁𝑜𝑟𝑙𝑒𝑢𝑐𝑖𝑛𝑒

2.6     Statistical Analysis
Statistical Package for Social Sciences (SPSS) V21 computer software was used to analyze the data. Means and Standard deviation were calculated where appropriate. Analysis of variance (One-Way ANOVA) was used to determine the treatment that was different from others in the various parameters tested; differences were considered significant at 95% (p<0.05) significant level and 99% (p< 0.01) significant level where mentioned.
3.0 RESULTS AND DISCUSSION
3.1 Proximate Composition of Fermented Maize Flour, Termite Protein Hydrolysate and Carrot Flour Blends.

The results of the proximate composition of fermented maize flour, termite protein hydrolysate (TPH) and carrot flour blends is presented in Table 2. The moisture content  of  the  samples ranged  between  4.80  to  5.75%  and  the  values  were  significantly (p<0.05)  different  from one  another.  The 100  %  fermented maize flour  (sample  A)  had  the  highest moisture content and the lowest moisture content was obtained in the  blend with 15% TPH and 5 % carrot flour (sample D). The lower moisture content of sample D compared to the other blends may be due to the defatting process using the acetone which may have removed some  water  from  the sample.  Also,  the  low  moisture  content  may  be  attributed  to  the  freeze-drying  process during  which  the available water which is not needed for activity is sublimed during the lyophilization process.
The values obtained for  the moisture contents in this study were lower than 5.70 to 7.57% reported for cookies made with wheat, soy flour and carrot powder (11) but higher  than  1.85  to  2.01%  reported  for  cookies  enriched  with  edible  termites (21). Moisture content of food material is an index of storage ability of such food products (22). The protein content of the blends ranged between 7.05 to 33.65% with sample D with the highest termite protein hydrosylate having the highest protein content of 33.65%, followed by the blend with 10% termite protein hydrolysate having the protein content of 24.00% and  the  one with  the least  protein  contents  is the 100%  fermented maize flour (7.05%).  
The  higher protein  content  with corresponding increase in  levels  of  termite  hydrolysates  were expected  as edible  termites  has  been  reported  to  have  relatively high  protein  content (14). Protein is the basis of all organism activity and constitutes many important materials such as enzymes, hormones and haemoglobin. The fat content ranged between 3.55 to 3.85%, with sample D having the highest (3.85%) while A of fermented maize flour had the lowest fat content (3.55). These values were significantly (p<0.05) different from one another.  The lower fat content of   sample A is due to the fact that maize has negligible amount of fat while sample D had the highest amount of fat and this may because termite contain a high amount of fat and also defatting was done crudely resulting to a partial defatting of the termite meal as such, as the termite protein hydrolysate increased along the trend the fat content was increasing. The values obtained for the fat contents in this study were lower than 44.82%, 46.59%, 47.03% and 47.31% reported for four edible winged termites (23). The  ash  content  of  the fermented maize flour,  termite  protein  hydrolysate  and  carrot flour blends ranged between  0.75 to  3.05%, with the 100%   fermented  maize flour sample  having the lowest quantity  (0.75).  The  results  were  also  seen  to  be  significantly  (p<0.05) different  from  one another.  The ash content of the blends increased  with  increase  in  the  termite hydrolysates proportion.   Ash   is   a   non-organic   compound   containing   mineral   content   of   food   and nutritionally aid in the metabolism of other organic compounds such as fat and carbohydrate. Various process conditions, from defatting process to protein hydrolysis and the addition of carrot flour at constant proportion may have in one way or the other retained some  the  ash  contents  in  the  samples,  and  hence,  increasing  values  of  ash  in  the fermented maize flour  blended with termite protein hydrolysate compared to the 100% fermented  maize flour. The values obtained for the ash content of blends in this study was however lower than 4.71 to 6.38% reported by Ojinnaka et al. (21) but higher than 0.70 to 1.23% reported by Ukeyima et al. (11). The results indicated that the fermented maize flour blends prepared with 15% protein hydrolysate and 5% carrot flour may have higher mineral content, compared to other samples.

The fibre content of fermented maize flour, termite protein hydrolysate and carrot flour blends ranged from 1.10 to 2.75% for the sample A and D, respectively. Crude fibre content of the blends increased as a result of termite protein hydrolysate and carrot powder inclusion which may have  had  a  pronounced  effect on  flour  properties,  yielding higher fibre  content  in comparison with those obtained without termite hydrolysate and carrot flour (24). Consumption  of  high  fiber  food  products  has   been  linked   to  reduction  in hemorrhoids,  diabetes,  high  blood  pressure,  and  obesity  (25). Fiber has useful role in providing roughage that aids digestion, soften stools and lower plasma cholesterol level in the body (26). The carbohydrate contents of the blends ranged between 51.40 to 82.50%, with sample D having the highest carbohydrate content. The quantities of carbohydrate in food material are a function of other proximate constituents of the food samples. Therefore, the low carbohydrate content in the sample made with 15% protein hydrolysate may be attributed to the high protein content present while the highest carbohydrate content in the 100% fermented maize flour (sample A) may also be attributed to the low protein content observed. In all, the proximate composition of the samples has shown that addition of termite protein hydrolysate and carrot flour helps improve the protein, ash, fats and fibre content of the samples. 

Table 2: Proximate composition (%) of Fermented Maize Flour, Termite Protein
Hydrolysate and Carrot Flour Blends. 
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Parameter (%)


Moisture Protein Fat
Ash


    Fibre

    CHO

A                    B                    C                    D                    


[image: ]5.75a±0.10      5.35b±0.09      5.25b±0.09     4.80c±0.09      


7.05a±±0.06     16.30b±0.10    24.00c±0.06    33.65d±0.01    


3.65b±0.09     3.85b±0.22      3.60b±0.16     3.55ab±0.03    


0.75a±0.06      2.30b±0.10      2.85c±0.11      3.05cd±0.13    


1.10a±0.10      2.50b±0.05      2.70c±0.06      2.75c±0.12      


81.70a±0.25    69.70b±0.30    61.60c±0.01    52.20d±0.02    


[image: ]
Values are means ± std of triplicate determinations. Means values with different letters across
rows are significantly different at (p<0.05).

Key:
A = 100% FMF
B = 90% FMF:5%TPH:5%CF C = 85%FMF:10%TPH:5%CF D = 80%fmf:15%TPH:5%C

3.2 Functional Properties of fermented Maize flour, Termite Protein Hydrolysate and Carrot Flour Blends
Proteins  either  in  form  of  whole  or  defatted  meals,  concentrate  or  enzymatic  hydrolysate represent important class of functional ingredients which possess a range of dynamic functional properties. Functional properties can be defined as the overall physicochemical behaviour of proteins and their performance in food systems during processing, storage and consumption [image: ][image: ][image: ](27).  Protein concentration or hydrolysis of food proteins is widely  utilized  for  value  addition  through  improvement  of  the  nutritional  characteristics, slowing of deterioration and improvement of functional properties as well as the removal of toxic  or  inhibitory  ingredients.  Functional properties explain how food ingredients behave during preparation and cooking and their impact on finished food products in terms of sensorial attributes (28).
The results of the functional properties of fermented maize flour, termite protein hydrolysate and carrot flour blends are shown in Table 3. The foaming capacity (FC) of a protein refers to the amount of interfacial area that can be created by the protein and foam stability (FS) refers to the ability of protein to stabilize against gravitational and mechanical stresses. Foam formation and its stability are a function of the type of protein, pH, processing methods, viscosity and surface tension  (29).   The  results  of  the  foaming  capacity  (FC)  of  the  blends ranged between 15.21 to 16.19%, with sample D prepared with 15% Termite protein hydrolysate and 5% carrot flour having the highest (FC) of 16.19% and sample A the least (15.21%)  value.  The values obtained for  the  foaming  capacity  were  significantly  (p<0.05) different from one another. FC is the ability of food samples to entrap air during whipping (30). The results also suggest that the sample D may contain more globular protein molecules that reduce the surface tension of the solution to entrap more air and increase the quantity of foam formed (31) in comparison to the other samples. Conversely, the low FC of sample A may be due to the low protein content of the fermented maize flour and possibly process of producing the maize flour. The FC of the blends in this study were higher than 3% reported for meat protein by (32) but lower than 9.20 to 48.7% reported for proteins of porcine blood plasma (33). The differences in the FC results obtained in this study in comparison to other animal proteins could be attributed to differences in the nature, type of proteins present and method used for determination of FC. Studies have shown that the removal of neutral lipids with organic solvents such as hexane, methanol and acetone led to a marked increase in the foaming properties of soybean proteins. 
The values for the water absorption capacities (WAC) ranged between 2.01 to 3.68%, with sample D having the highest value while the lowest was associated with the sample A (100% fermented maize flour), the highest WAC values was thus observed in sample D which had 15% of termite protein hydrolysate and 5% carrot flour. The values were significantly (p<0.05) different from one another. Chavan et al. (34) reported that WAC is an indicator of the sample’s ability to interact with water, retain the water and be stable  in  food  systems  which  is  dependent  on  several  factors,  including  size,  shape  and conformational  characteristics  of  the  proteins.  Wu  and  Ding  (35)  also  showed  that  WAC depends on the presence of hydrophobic/hydrophilic amino acids within the food material. The values obtained in this study were higher than the value of 2.47 g/g reported for fish protein meals (32). The WAC of sample B, C and D obtained here was similar to the value (295%) reported for alcalase hydrolyzed fish protein. The differences in the WAC of the fermented maize flour samples could be attributed to differences in the amounts of hydrophobic amino acids residues present in the samples, structural variation and processing methods used, as earlier reported to affect functional properties  (36).
Similarly, the oil absorption capacities (OAC) of fermented maize flour blends ranged between 1.38 to 2.76 %, with fermented maize flour supplemented with 15% termite hydrolysate and 5% carrot flour having the highest (2.76%) and sample A exhibiting the least (1.38  %) value. These values were significantly (p<0.05) different from one another and showed that oil was absorbed more rapidly in sample D. Lawal  and  Adebowale  (37)  reported  that  the  major  factors  affecting  the  OAC  was  the composition  of  the  protein  molecules,  with  the  presence  of  more  hydrophobic  amino  acid residues enhancing  oil binding capacity. The present study agrees with the correlation between the OAC and the hydrophobic amino acid content of the animal protein samples, in which the OAC was observed to increase with increases in the levels of amino acids in the present study. Sample D which possessed the highest amount in some of the essential amino acids  in  the  present  study  had  the  superior  OAC  (2.76%)  while  sample  A  with  the  lowest content of some of the essential amino acids was associated the lowest OAC (1.46 %).   Oil absorption  capacity  shows  the  quantity  of  oil  bound  by  the  protein  which  is  an  important functional characteristic especially for the meat, diaries and confectionary industries (38).
The OAC values obtained in this study were similar to 2.43 % reported for complementary food made with tilapia fish (39) but significantly (p<0.05) higher than 103.0 % reported for chicken  protein  meal  (32).  The  high  values  of  OAC  observed  for  the  fermented maize flour blends, especially the sample samples supplemented with TPH indicated that they could find  applications  in  food  systems  where  OAC  is  of  considerable  importance,  like  in complementary foods, sausages, meat pie and soup preparations.
Bulk density (BD) is a reflection of the load the samples can carry if allowed to rest directly on one another (40). Bulk density is useful in determining  the packaging  requirement,  application  in  wet  processing  and  material  handlings  of  flours (41). The bulk density of fermented maize flour blends in this study ranged between 0.72 and 0.90 g/ml. These values were different (P<0.05) significantly from one another. Sample that  contained  100%  fermented maize flour  (Sample  A)  had  the  least  bulk  density (0.72  mg/ml), suggesting that it is the least heavy of the blends. Previous works on amaranth grain reported value of 0.57 mg/ml (42) and rice (0.84 mg/ml), cowpea (1.00 mg/ml) and African yam bean (0.87 mg/ml) flours by Iwe et al (43). The least heaviness of the sample that contained 100% fermented maize flour may be attributed to the fine particulate nature of maize flour and less protein values obtained in the result of the proximate composition of the sample. Sample supplemented with 15% TPH and 5% carrot flour (Sample D) had the highest bulk density (0.90 g/ml), indicating that it is the heaviest, followed by sample B and C. The results clearly showed that termite protein hydrolysate  addition in the maize based  fermented maize flour blends resulted in improved  values  of  the  bulk  density  of  the  samples  and  hence,  heaviness  of  the  resulting samples.  
The swelling results  values  ranged between  6.001and  6.62,  and  these  values  were  different  (p<0.05)  significantly  from  one another. Sample A which is made up of 100% fermented maize flour had the highest (6.62) swelling index,  Ukeyima et al. (11) however reported a lower value of swelling index of 2.37 to 2.75 for cookies blended with soy flour and carrot flour. Sample  D  supplemented  with  15%  TPH  and  5%  carrot  flour  recorded  the  least swelling index (6.01). The lowest value of swelling index observed in sample A may be due to the particle size of maize, carrot flour and nature of protein hydrolysate as it has been reported that swelling properties of food material is regarded as an index of starch-based flour (11).
The value reported for sample D (6.61) in the present study was higher than the previously reported  value  in  the  range  between  3.01  to  3.16  for  acha  flour  enriched  with  soy protein hydrolysate (44). The difference in these results may be attributed to source of the hydrolysates, for instance soy protein is from plant source while termite is animal source. A possible reason for this  present  study  may  be  that  of  the  food  component  responsible  for  each  mechanism. Increase in the protein content and amino acid residues may have enhanced the WAC while the  presence  of  more  starch  in  the  maize  for  gelatinization  process  during  heating  may be responsible for swelling index in this study. Swelling capacity is regarded as a quality criterion in some good formulations as bakery products. It is evidence of non-covalent bonding between molecules within starch granules and also a factor of the ratio of α-amylose and amylopectin ratios.
The reconstitution index decreased (p<0.05) significantly in the blends where samples with addition of TPH and carrot flour had lowest values than fermented maize flour blends made with 100% fermented maize flour. Gernah et al. (45) reported a range of reconstitution index similar to this study where the control (Sample A) also recorded higher values for reconstitution index of their blends.
Table 3:   Functional Properties of Fermented Maize Flour, Termite Protein Hydrolysate
and Carrot Flour Blends


[image: ]
Functional properties


[image: ]Foaming capacity (%)

A                      B                     C                        D


15.21d±0.03     15.97c±0.02    16.09b±0.01       16.19a±0.00


Water absorption capacity (g/g) Oil Absorption Capacity (g/g) Bulk density (g/ml)
Swelling index (%)


Reconstitution Index

2.01d±0.01


1.38c±0.02


0.72d±0.00


6.62a±0.01


1.93a±0.04

3.22c±0.01


2.18b±0.02


0.81c±0.00


6.20b±0.01


1.39b±0.01

3.30b±0.01


2.69a±0.00


0.83b±0.00


6.09c±0.01


1.20c±0.01

3.68a±0.01


2.76a±0.05


0.90a±0.00


6.01d±0.01


1.11d±0.00


[image: ]

Values are means ± std of triplicate determinations. Means values with different letters across rows are significantly different at (p<0.05).


Key:
A = 100% FMF
B = 90% FMF:5%TPH:5%CF
C = 85%FMF:10%TPH:5%CF D = 80%fmf:15%TPH:5%CF

3.3 Amino   Acid   Composition   of   Fermented Maize Flour Blends   Supplemented   with   Termite   Protein Hydrolysate and Carrot Flour
The amino acid composition of fermented maize flour blends supplemented with termite protein  hydrolysate and carrot flour blends is presented in Table 4. The results showed that the samples are rich in amino acids such as lysine (3.24 to 3.31 g/ 100 g), leucine (4.17 to 4.23 g/ 100 g), isoleucine (4.01 to 4.06 g/ 100 g), valine (3.01 to 3.18 g/ 100 g), aspartic acid (3.29 to 3.32 g/100g), alanine (3.08 to 3.11 g/ 100 g), and glutamic acid (3.06 to 3.15 g/ 100 g). Similarly, the trace amino acid in the  samples  includes  methionine  (1.11  to  1.14  g/  100  g),  arginine  (2.41  to  2.44  g/100g), phenylalanine (2.38 to 2.56 g/100g), proline (2.19 to 2.21 g/100g), serine (1.27 to 1.29 g/100g) and tyrosine (1.20 to 1.24 g/ 100 g). Histidine, glycine, cysteine and tryptophan ranged from 0.84 to 0.89 g/100g, 0.42 to 0.49 g/100g, 0.85 to 0.87 g/100g and 0.34 to 0.42 g/100g. 
The results showed that there was a progressive increase in the amino acid of the samples with the inclusion of termite protein hydrolysate with different proportions and at constant addition of carrot flour. The process of defatting and hydrolysis improved some of the individual amino acid,  such  as  leucine  (4.17  to  4.23%),  valine  (3.01  to  3.18%),  lysine  (3.24  to  3.31%),  and glutamic acid (3.08 to 3.32%), where the percentage addition of termite protein hydrolysate was  higher.   In  contrast,  the  protein  enrichment  methods  (defatting  and  hydrolysis)  of  the termite  also  decreased  the  level  of  some  amino  acid  in  the  samples,  whereby  samples containing the termite protein hydrolysate had the lowest quantities. These include isoleucine, tyrosine, cysteine and alanine. 
The sulphur containing amino acid of the samples were mostly contributed by the methionine content as compared to cysteine. Giroux et al (46)  submitted  that  the  high  level  of  arginine/lysine  in  food  protein  is  essential  for hypercholesterolemic effects in the body.
The ratio in this study ranged between 0.68 to 0.74 with samples containing termite protein hydrolysate having the highest values, indicating that the samples with termite protein hydrolysate may possess better anti-diabetic effect on the body compared to the 100% maize based fermented maize flour blends (FMF). The study has established the fact that fermented maize flour, protein hydrolysate and carrot flour blends has improved some of the amino acid composition of the maize based fermented maize blends. The high amounts of amino acid in the protein hydrolysate, especially the essential amino acid of the protein may be attributed to the release of the amino acid and the breaking of the peptide bonds during the protein hydrolysis of the termite with the enzymes (47). Also, the process of defatting which involved the use of acetone to remove the lipids may have had some negative effect on the amino acid composition of the samples, hence, the lower amounts of some of the amino acid observed in some of the samples.







Table   4: Amino   Acid   Composition   of   Fermented Maize Flour,   Termite   Protein
Hydrolysate and Carrot Flour Blends
	
	A
	B
	C
	D

	Lysine
	3.26a±0.0424
	3.24a±0.028
	3.29a±0.00
	3.305a±0.007

	Tryptophan
	0.34b±0.028
	0.41a±0.014
	0.42a±0.00
	0.41a±0.00

	Leucine
	4.175a±0.035
	4.174a±0.021
	4.195a±0.007
	4.225a±0.007

	Isoleucine
	4.06a±0.042
	4.02a±0.014
	4.005a±0.007
	4.01a±0.00

	Methionine
	1.125ab±0.007
	1.11b±0.014
	1.12ab±0.00
	1.135a±0.007

	Valine
	3.01c±0.014
	3.125b±0.007
	3.165a±0.00
	3.18a±0.071

	Tyrosine
	1.22a±0.014
	1.24a±0.028
	1.22a±0.014
	1.20a±0.014

	Arginine
	2.405a±0.212
	2.425a±0.0212
	2.415a±0.007
	2.435a±0.007

	Phenylalanine
	2.52a±0.014
	2.38a±0.183
	2.525a±0.007
	2.555a±0.007

	Aspartic acid
	3.315a±0.007
	3.31ab±0.014
	3.285b±0.007
	3.315a±0.007

	Glutamic acid
	3.075bc±0.021
	3.06c±0.00
	3.11ab±0.00
	3.145a±0.0212

	Serine
	1.27a±0.0565
	1.255a±0.007
	1.28a±0.00
	1.285a±0.007

	Proline
	2.205a±0.007
	2.185b±0.007
	2.205a±0.007
	2.20ab±0.00

	Alanine 
	3.11a±0.014
	3.09ab±0.00
	3.035b±0.007
	3.08b±0.00

	Histidine 
	0.845b±0.021
	0.890a±0.00
	0.860a±0.00
	0.835ab±0.007

	Glycine
	0.42b±0.014
	0.47a±0.014
	0.475a±0.021
	0.49a±0.00

	Cysteine
	0.87a±0.014
	0.85ab±0.00
	0.845b±0.007
	0.86b±0.000

	Threonine
	1.025c±0.007
	1.09a±0.000
	1.09a±0.000
	1.075b±0.007


[image: ]
Values are means ± std of triplicate determinations. Means values with different letters across rows are significantly different at (p<0.05)

AA=amino acid. Abbreviations:ASX=aspartic acid +asparagine ,GlX=glutamic acid +glutamine, combined total of hydrophobic amino acids ( HAA)=Ala, Val, Ile, Leu, Tyr ,Phe, Trp, Pro, Met, and CYS, positively charged amino acids (PCAA) =Arg, His, Lys,  Negatively charged amino acids (NCAA)= ASX and GLX, Aromatic amino acids(AAA) =Phe, Trp and Tyr, EAA =histidine, isoleucine, lieucine, lysine, methionine, phenylalanine, threonine, tryptophan and valine; SCAA= MET and CYS. 
                         Key:
A = 100% FMF
B = 90% FMF:5%TPH:5%CF C = 85%FMF:10%TPH:5%CF D = 80%fmf:15%TPH:5%CF


4.0 CONCLUSION AND RECOMMENDATION
4.1 Conclusion
Cereals  are  deficient  in protein and some essential nutrient in  general,  consequently  the  exploration  of  fermented maize flour supplemented  with  termite  protein hydrolysate and carrot flour will help in ameliorating protein energy malnutrition in children who are more prone to this, provide vitamin A and enhance a nutritive cereal for general consumption. Edible termite protein hydrolysate supplemented with carrot flour is a rich source of nutrients with good functional properties. 

4.1 Recommendation
The following recommendations are suggested based on the results of the research.
1.Termite  protein  hydrolysate  supplemented  with  carrot  flour  should  be  used  as  a functional food and neutraceutical to help prevent or manage “civilization diseases” like diabetes.
2.Awareness should be made through the proper channels about the nuetritic values and bioactivities of insects.
3.Termite farming can be encouraged to help increase its productivity utilization for as both food and medicine and also availability all year round
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