Proximate and mineral composition of powdered akamu fortified with edible palm weevil
Nwachukwu Chijioke Nnaemeka1, Okoroafor, Clara Nneka2, Obinwa, Ezinne Prisca3
1Department of Food Science and Technology, Imo State University, Owerri, Imo State, Nigeria 
2Department of Human Nutrition and Dietetics, Ambrose Alli University P.M.B. 14, Ekpoma, Edo State, Nigeria 
3Department of Home Economics, Michael Okpara University of Agriculture Umudike, Abia State, Nigeria 
*Corresponding author: okoroaforclara01@gmail.com  
ABSTRACT 
[bookmark: _GoBack]Complementary foods are foods other than breast milk or infant formula introduced to infants to supply additional nutrients required for proper growth and development. In many developing countries, traditional complementary foods are mainly cereal-based and are often characterized by low protein quality, low energy density and high bulk. These limitations contribute to protein-energy malnutrition among infants and young children during the complementary feeding period. This study evaluated the nutritional quality of complementary food formulated from powdered akamu (fermented maize flour) fortified with Rhynchophorus phoenicis (edible palm weevil larvae) powder. Yellow maize grains were processed into powdered akamu through cleaning, steeping, fermentation, wet milling, sedimentation, drying and sieving. Fresh larvae of Rhynchophorus phoenicis were washed, fried, defatted, oven-dried, milled and stored as powder. Complementary food blends were formulated at different substitution levels of powdered akamu and R. phoenicis powder: 100:0, 95:5, 90:10, 85:15 and 80:20. Proximate and mineral compositions of the formulated samples were determined using standard AOAC methods, while data obtained were analyzed using analysis of variance (ANOVA). Results showed that moisture content ranged from 5.84% to 6.78%, protein from 8.99% to 19.68%, fat from 5.21% to 14.45%, crude fibre from 1.85% to 2.93%, ash from 0.80% to 3.28% and carbohydrate from 53.82% to 76.38%. Mineral composition revealed calcium (87.66–101.00 mg/100 g), sodium (54.11–59.00 mg/100 g), potassium (40.02–54.28 mg/100 g) and iron (30.68–40.08 mg/100 g). Protein, fat, fibre, ash, and mineral contents increased significantly (p < 0.05) with increasing levels of R. phoenicis powder, while moisture and carbohydrate contents decreased. The fortified samples therefore showed improved nutritional quality compared with the control sample. The study concluded that fortification of powdered akamu with Rhynchophorus phoenicis powder significantly enhances the nutritional value of complementary foods. The incorporation of edible insects into complementary food formulations could serve as a sustainable and affordable strategy to combat protein and micronutrient malnutrition among infants in developing countries.
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INTRODUCTION
Complementary foods are foods other than breast milk or infant formula (liquid, semisolids and solids) introduced to an infant to provide nutrients. Traditional complementary foods in the developing countries are known to be of low nutritive value and are characterized by low protein, low energy density and high bulk, because they are usually cereal–based. The protein content of cereals such as maize and guinea corn, which is often used, is of poor quality, being low in lysine and tryptophan amino acids which are indispensable for the growth of the young child. For example maize pap (akamu) or koko has been implicated in the aetiology of protein-energy malnutrition in children during the complementary period (Solomon, 2005). 
Insects could be of great interest as a possible solution to food safety and environmental sustainability of food production due to their capability to serve as an important source of protein and other nutrients as well as have ecological and economic advantages (Belluco et al., 2013). Insects constitute quality food and feed, have high feed conversion ratios, and emit low levels of greenhouse gases. African insects are rich in protein and usually processed to tasty food products which are used as flavour intensifiers in soups and stews and also add protein to protein-poor diets (Huis, 2013). An upsurge of interest in the use of insects as sustainable diets should be encouraged as many of them are nutritionally, economically and ecologically important. 
Entomophagy (human consumption of insects) has been practiced since mankind first made an appearance on planet earth. According to López and Shanley (2004), insects have played an important role in the history of human nutrition in Africa, Asia and Latin America. Hundreds of species are still eaten. Among the most important orders of insects consumed in Nigeria are Coleoptera, Hymenoptera, Isoptera, Lepidoptera, Odonata, Orthoptera and they are highly priced (Fasoranti and Ajiboye, 1993). Notable examples of these are the edible palm weevil (Rhynchophorus phoenicis), termites (Macrotermes nigeriense) (queen, king and reproductives), Cirinaforda, and variegated grasshopper (Zonocerus variegates) (Adedire and Aiyesanmi, 1999). Among the insects’ species, R. phoénicis larvae are considered the major sources of dietary lipids and proteins.
The larva of Rhynchophorus phoenicis, a Coleoptera of Curculionidae family is used as traditional food in several countries. They are consumed worldwide, especially in developing and under developed countries where consumption of animal protein may be limited because of economic, social, cultural or religious factors (Cerda et al., 1999). Rhynchophorus spp. is a major pests of date palms, coconut palms, oil palms and sugarcane (Aldryhim and Al-Bukiri, 2003). They are rich in protein, inexpensive and underutilized by the industries, meanwhile it offers the same benefits as other meat products with less fat when deffated. They contain in this delipidated form over 80% of high quality protein with high content of essential amino acids (USDANAL, 2005) and can be useful in many food applications (Prinyawiwatkul et al., 1993).
MATERIALS AND METHODS  
Materials  
Yellow maize (Zea mays) was purchased from Eke- Ukwu market Owerri in Imo state, while fresh larvae of Rhynchophorus phoenics was purchased from Akukwu Market in Idemili South Local Government, Anambra State. While chemical and reagents used for the research work were purchased from chemical shops in Lagos State.
Methods  
Production of powdered akamu
The method described by Baningo and Akpapunam (1999) and Omueti et al. (2009) with modification was used in the processing of yellow maize (Zea mays) grains into powdered akamu. 
The yellow maize grains were carefully sorted and cleaned so as to be free from contaminants. The grains were steeped in tap water for two days in a large basin. The contents were allowed to ferment at room temperature for 48h. The steeped water was changed with fresh water after each day and the steeped water was discarded and the fermented cereal ground to slurry in a hydraulic mill. The slurries were sieved through a fine sieve (muslin cloth) with excess water. 
The seed coat and other coarse particles were discarded and the sediment allowed to settle and squeezed to remove excess water. The sediment was dried at 600c for 12h. The dried samples were passed through the mill a second time and sieved to obtain fine texture flour. It was then be stored in a plastic container prior to use.    
Processing of Rhynchophorus phoencis Larvae into Powder.
The method of St-Hilaire et al. (2012) with little modification was used in the processing of the larvae of Rhynchophorus Phoenics into powder. The edible insects was washed and cleaned to make free from contamination. The edible insects were fried, squeezed to remove excess oil and oven dried for 50̊C for 72hours, it was blended then store in an air tight plastic bags prior to use.
Determination of Proximate Composition                                                            
[bookmark: _Toc274117450][bookmark: _Toc340392145][bookmark: _Toc341491477][bookmark: _Toc370814693]The standard method of the Association of Analytical Chemists (AOAC) (2016) was used for the analysis of the proximate composition of the samples.
Moisture content 
Two millilgram portions (2mg) of sample was weighed into previously weighed dry crucibles with lid. The crucibles with samples were then dried in an oven (Astel Hearson, England), at 105oC for 24 hours. The crucibles with contents were cooled in a desiccator and weighed, then put back into the oven and the operation was repeated until a constant weight was obtained. The loss in weight obtained represented the moisture content and was calculated with the following formula: moisture (%) = (w3 - w1) / (w2 - w1) x 100, where w1 is the empty can's initial weight, w2 is the can's weight including sample before drying, and w3 is the weight after drying.
[bookmark: _Toc370814694]Ash content 
[bookmark: _Toc274117452][bookmark: _Toc340392147][bookmark: _Toc341491479][bookmark: _Toc370814695]AOAC (2016) method was used to determine the ash content of the samples. By heating two grams in a ceramic crucible at 550°C for three hours, the samples were then weighed and the formula, ash (%) = (w2 - w1) / (weight of sample) x 100, was applied. Here, w1 stands for the weight of the empty crucible and w2 for the weight of the crucible plus ash.
Crude protein 
The Kjedahl method was described by AOAC (2016). Kjeldahl catalyst (selenium tablets) and 20 milliliters of concentrated sulfuric acid were used to digest one gram of material for eight hours. % protein = % nitrogen x conversion factor (6.25) was the formula used to determine the protein content.
[bookmark: _Toc274117454][bookmark: _Toc340392149][bookmark: _Toc341491481][bookmark: _Toc370814697]Crude Fibre
Twenty milliliters (20mls) of 0.1M H2SO4 was poured into a 100ml conical flask containing 2mg of sample. The flask was fitted to a reflux condenser. Another 180ml of boiling dilute sulphuric acid was added into this flask and heat applied so that the entire liquid started boiling in 1 minute. The refluxing was continued for 30 minutes with occasional shaking to bring down any particles attached to the side. A funnel was fitted with a filter paper (Whatman 54) and boiling water poured into the funnel and allowed to stand until the funnel was hot. The water was then drained by suction. Then the hot acid mixture was poured immediately into a shallow layer of hot water into the funnel. The suction was adjusted so that the filtration of the bulk of 200ml (20ml + 180ml) will be completed within 10 minutes. The residue in the filter paper was washed with boiling water until the washing will be acid free. Again the residue was washed back into the original flask containing 200ml of hot 0.3M NaOH. The liquid was boiled for 30 minutes and filtered taking the same precautions as before. Again, the residue in the filter was washed with boiling water, then with 1% HCl and finally with boiling water until the washings was free from acid. The residue was then washed with ethanol.  The insoluble matter was carefully transferred into a dry and weighed crucible by means of a spatula, taking care not to dislodge any fiber from the filter paper. The crucible was dried in the oven at 700C for 2hours, cooled in a desiccator and weighed. The residue was then ashed into the furnace at 5500C for 3hours, cooled in a desiccator and weighed.
Crude fat  
Extraction method was used; fat was determined using a solvent Soxhlet apparatus by extraction. Five (5) grams of each sample is weighed and wrapped in a previously weighed filter paper and put in a Soxhlet flask. The flask was mounted into an oil extraction flask, containing 200ml of solvent. As the solvent is heated, it was vapourized and condensed into the flask, thereby covering the wrapped samples. The solvent remained in contact with the samples until the flask filled up and siphon over thus carrying extracted oil down the boiling tube. This process was repeated severally until the defatted sample was removed and dried in an oven at 600C for 30 minutes. It was cooled in desiccator and weighed. The fat content was calculated as thus:
% Fat = 			W2 – W3             x   	  100
				 W2- W1	                1
Where: 
W1 = weight of empty filter paper
W2 = filter paper and sample before defatting  
W3 = weight of filter paper and defatted sample 
Carbohydrate content  
AOAC (2016) formula was adopted to determine the carbohydrate content. The sample’s carbohydrate content was determined by difference. % carbohydrate = 100% - a+b+c+d+e (ie protein + fat + fiber + ash + moisture content). 
Determination of Mineral Composition
Mineral content which include calcium, magnesium, sodium, potassium, phosphorus and iron contents was determined using the methods of AOAC (2005).
Statistical analysis  
The data obtained from laboratory analysis and sensory evaluation were analyzed using analysis of variance (ANOVA), according to the method of Iwe (2014) to determine the variance ratio. Sample means were compared to determine treatment effects. The least significant difference was calculated at 95% level of significance using Turkey test (T- test). 
RESULTS AND DISCUSSION  
The proximate composition of the food formulations is presented in Table 2.
Result obtained from the proximate composition analysis of the complementary food formulations shows that moisture content of the samples ranged from 5.84% to 6.78%, protein ranged from 8.99% to 19.68%, fat ranged from 5.21% to 14.45%, crude fibre ranged from 1.84% to 2.93%, ash ranged from 0.80% to 3.28% and carbohydrate content ranged from 53.82% to 76.38% respectively. Samples differed significantly (p< 0.05) from each other.
It was observed that the protein, fat, ash and fibre contents of the samples significantly (p< 0.05) increased as the proportion of Rhychophorus phoenicis powder increased in the complementary formulation. While the moisture content of the samples decreased with increase in the proportion of Rhychophorus phoenicis powder inclusion in the formulation from 6.78% to 5.84%. Sanni et al. (2006) reported that the lower the moisture content of a product to be stored the better the shelf stability of such products. Low moisture ensures higher shelf stability of dried product. 
The observed significant (p< 0.05) increase in crude protein, fat, crude fibre, and ash contents of the complementary formulations could be due to the substitution effect of the powdered akamu with Rhychophorus phoenicis powder. The crude protein content of edible palm weevil has been reported to be very high, ranging from 28.42% (Banjo et al. 2006) to 71.63% (Braide and Nwaoguikpe, 2011). Idolo (2010) also reported protein content of 9.96% in R. phoenicis on wet basis while he put that on dry basis at 25.16%. He also observed that the protein content of wheat buns enriched with larvae of R. 
phoenicis increased progressively in proportion to the percentage of larvae added. The larvae of Rhychophorus phoenicis have been reported to be a rich source of digestible proteins able to make up for the dietary imbalance as they form real sources of food for man and other animals (Fasoranti, 1997).
Kinyuru et al. (2009) in their study on the process development of wheat buns enriched with edible termites (Marcrotermes subhylanus) reported protein content of 15.63% in sample with 5% termite substitution with wheat flour compared to 10.60% protein in the wheat buns without termite paste addition. The high protein content is an indication that the insects can be of value in man and animal ration and can eventually replace higher animal protein usually absent in the diet of rural dwellers in developing countries (Banjo et al., 2006). 
Proteins are essential constituents of all body tissues, which help the body to produce new tissues. They are therefore extremely important during growth, pregnancy and when recovering from wounds. It is therefore recommended that, infants should consume about 14 g of protein daily (Muller, 1988). A 100 g meal of the powder akamu fortified with more than 5% of Rhychophorus phoenicis powder will therefore satisfy over 100% of their protein needs.
The higher fat content values recorded in the fortified samples could be due to the Rhychophorus phoenicis powder added to the samples Opara et al. (2012) reported a high lipid content of 54.20% for larva of R. phoenicis. Kiin-Kabari and Ogbonda (2010) reported fat contents of 19.6 and 16.3% in R. phoenicis enriched fillers used for pies and sandwich production. Fasasi (2009) reported that low fat content in a dry product will help in increasing the shelf life of the sample by decreasing the chances of rancidity and also contribute to low energy value of the food product while high fat content product will have high energy value and promotes lipid oxidation. Edible insects contain good quality fatty acid especially long chain omega-3 fatty acids such as alpha-linoleic acid, eicosapentaenoic acid (Yang et al., 2006). The reason for insects containing long-chain PUFAs and different fatty acid compositions is linked with the diet and enzymatic activity in the insects (Mlcek et al., 2014). Lipids are necessary in food because they increase palatability and retain the flavour of food (Aiyesanmi and Oguntokun, 1996). They also play a structural and physiological role.
Though crude fibre does not contribute nutrients to the body, it adds bulk to food thus facilitating bowel movements (peristalsis) and preventing many gastrointestinal diseases in man (Gordon, 1999). This implies that the significant (p< 0.05) increase in crude fibre content of the formulated complementary food sample with increase in the inclusion of Rhychophorus phoenicis powder to the blend is of advantage. 
The increase in ash content of the formulated complementary food samples with increase in the inclusion of Rhychophorus phoenicis powder to the blend from 0.80% to 3.28% is an indication of increase in mineral content of the food formulations.
Minerals are vital to the functioning of many body processes. They are critical players in nervous system functioning, other cellular processes, water balance, and structural (e.g. skeletal) systems. 
The decrease in carbohydrate with fortification is expected and could also be due to substitution effect. Carbohydrates provide heat and energy for all forms of body activity. Deficiency can cause the body to divert proteins and body fat to produce needed energy, thus leading to depletion of body tissues (Gordon, 1999). 
These increases in protein, fat, fibre and ash (minerals) therefore, agree with the suggestions by Ossai and Malomo (1988) and Solomon (2005) that protein and micronutrient malnutrition in Nigeria could be solved with locally available raw materials at a much cheaper cost.
Mineral Composition of the Complementary Food Formulations
The mineral composition of the food formulations is presented in Table 3.
Result obtained from the mineral composition analysis of the complementary food formulations shows that calcium content of the samples ranged from 87.66mg/100g to 101.00mg/100g, sodium content ranged from 54.11mg/100g to 59.00mg/100g, potassium content ranged from 40.02mg/100g to 54.28mg/100g and iron content ranged from 30.68mg/100g to 40.08mg/100g respectively. Samples differed significantly (p< 0.05) from each other with exception to samples A (100% powdered akamu) and B (95: 5% powdered akamu - Rhychophorus phoenicis powder).
It was observed that the calcium, sodium, potassium and iron contents of the complementary food samples increased significantly (p< 0.05) with increased substitution of powdered akamu with Rhychophorus phoenicis powder. Minerals are known to play important metabolic and physiologic roles in the living system. It has been reported that edible palm weevil (Rhychophorus phoenicis) contains various minerals such as calcium, phosphorus, magnesium and iron (Banjo et al., 2006; Ekpo et al., 2010). 
Conclusion
Edible insects can however be incorporated into different food formulations that will be palatable as well as nutritious to consumers especially those that find it difficult to consume edible insects in their forms. More studies can also be carried out on how best to incorporate these edible insects into different food products to create varieties so that their use as sustainable diets will be encouraged since they are nutritionally, economically and ecologically important.
The results of proximate and mineral composition analyses of the samples showed that complementary food samples produced from powdered akamu and Rhychophorus phoenicis powder blends were of better nutritional quality than the control sample as well as improved functional properties.
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Table 1: Formulations for Fermented Maize Flour (Powdered Akamu) and Rhychophorus phoenicis Powder Complementary Blend.    
Sample     	Powdered Akamu     	Rhychophorus phoenicis Powder                                  
   A	         		100				0
   B	             	95		 		5 		      			
   C                 	            90		 	          10		      				                         D			85 			          15                          
  E                    	80			          20	

Table 2: Proximate composition of the complementary food formulations. 
	Sample 
	

Moisture 
	

Protein
	Parameters(%)

	Fat
	

Fibre
	

Ash
	

Carbohydrate 

	A
	6.78 +0.08a
	8.99 +0.12e
	5.21 +0.04e
	1.85 +0.05e
	0.80 +0.02e
	76.38 +0.08a

	B
	6.54 +0.05b
	12.11 +0.01d
	8.21 +0.01d
	2.12 +0.02d
	1.08 +0.02d
	69.94 +0.08b

	C
	6.33  +0.04b
	15.02 +0.02c
	10.10 +0.00c
	2.43 +0.04c
	1.85 +0.07c
	64.27 +0.04c

	D
	6.03 +0.04c
	17.19+0.01b
	12.95 +0.05b
	2.68 +0.05b
	2.84 +0.05b
	58.31 +0.01d

	E
	5.84 +0.05c
	19.68 +0.05a
	14.45 +0.03a
	2.93 +0.04a
	3.28 +0.02a
	53.82 +0.02e

	LSD
	0.20
	0.35
	0.58
	0.18
	0.15
	1.10


Values are means + SD. Values on the same column with different superscripts are significantly (p< 0.05) different.
Keys
A-   	100% Powdered Akamu (Control)	
B-   	95: 5% (Powdered Akamu - Rhychophorus phoenicis Powder) 	
C-   	90: 10% (Powdered Akamu - Rhychophorus phoenicis Powder) 
D-	85: 15% (Powdered Akamu - Rhychophorus phoenicis Powder)
E-	80: 20% (Powdered Akamu - Rhychophorus phoenicis Powder)

Table 3: Mineral composition of the complementary food formulations.
	Sample 
	

Calcium 
	

Sodium
	Parameters(mg/100g)

	Potassium
	

Iron

	A
	87.66 +0.04e
	54.11 +0.11e
	40.02 +0.10e
	30.68 +0.08d

	B
	89.18 +0.06d
	55.86 +0.05d
	44.11 +0.08d
	31.22 +0.04d

	C
	93.42  +0.02c
	57.04 +0.06c
	47.08 +0.04c
	35.62 +0.04c

	D
	97.02 +0.04b
	57.88 +0.04b
	50.00 +0.02b
	38.24 +0.06b

	E
	101.00 +0.10a
	59.00 +0.02a
	54.28 +0.05a
	40.08 +0.05a

	LSD
	0.58
	0.40
	0.86
	0.64


Values are means + SD. Values on the same column with different superscripts are significantly (p< 0.05) different.
Keys
A-   	100% Powdered Akamu (Control)	
B-   	95: 5% (Powdered Akamu - Rhychophorus phoenicis Powder) 	
C-   	90: 10% (Powdered Akamu - Rhychophorus phoenicis Powder) 
D-	85: 15% (Powdered Akamu - Rhychophorus phoenicis Powder)
E-	80: 20% (Powdered Akamu - Rhychophorus phoenicis Powder)
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