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Nutritional Evaluation of Fermented Maize Cob and Black Soldier Fly Larvae Composite as a Sustainable Alternative Feed for Fish and Poultry

ABSTRACT
This study evaluated the proximate, vitamin, and mineral composition of alternative feeds formulated from fermented maize cob and black soldier fly (BSF) larvae composite for fish and poultry. Four feed formulations were developed using varying proportions of fermented maize cob powder and BSF larvae flour: 60/40, 70/30, 80/20, and 90/10, with commercial feed as control. The raw materials and composite feeds were analyzed using standard AOAC methods. Results showed that BSF larvae contained significantly higher protein (29.30%), fat (8.97%), ash (12.18%), and fiber (8.50%) compared to maize cob. The composite feeds exhibited protein content ranging from 13.48-27.00%, with the 60/40 formulation achieving the highest protein level. Moisture content ranged from 21.42-27.53%, indicating need for additional drying to enhance storage stability. Vitamin analysis revealed that BSF larvae were rich in vitamin B2 (11.93 mg/100g) and B6 (0.91 mg/100g), while vitamins A and E were absent in all samples. The vitamin C content was extremely low across all samples ranging from (0.01-0.34)mg/100g. Mineral composition showed BSF as an excellent source of iron (7.75 mg/100g), zinc (1.87 mg/100g), Sodium (128.62 mg/100g), and Potassium (464.92 mg/100g), lead content ranged from 0.05mg/100g in sample 80/20 to 0.2mg/100g in maize cob powder (MCP). The 60/40 formulation demonstrated optimal nutritional profile for high-protein-requiring species, suggesting that fermented maize cob-BSF composites represent viable sustainable alternatives to conventional feeds. This analysis was subjected to a one way analysis of variance and Turkish test was used to compare the means.
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INTRODUCTION
As a result of the increase in demand for animal protein (Hatab et al., 2019), the livestock and aquaculture fields are under immense strain to preserve sustainability in the face of mounting environmental concerns and improve production efficiency (Kronberg et al., 2021). The primary sources for feed production focuses on grains and oil seeds like maize, soybeans, and wheat (Ugwuanyi, 2016). But due to their strong environmental impact and direct rivalry with human food availability, these conventional feed additives are coming under greater scrutiny. These crops are intensively cultivated, which often results in soil erosion, water pollution, and large greenhouse gas emissions. In addition, producers face additional financial uncertainty due to the fluctuating cost of grains on the international market, which further complicates the sustainability equation (Su et al., 2023).
Insect-based meals have become one of these alternatives' most promising solutions. With their high protein content, potential to produce food sustainably, and connectivity with the circular economy, insects present a special combination. Their capacity to transform low-value organic materials into superior animal feed signifies a significant shift in how we use resources and handle waste (Lohri et al., 2017).
In the global field of insect-based feeds, the black soldier fly (Hermetia illucens) has drawn special attention, distinguishing itself as a pioneer in this innovative industry (Bosch et al., 2018). It is well known that the larvae of this species have a voracious need for organic waste and can quickly transform a variety of low-value substrates into exceptional protein and fat (Siddiqui et al., 2024). In addition to solving the pressing issue of dealing with organic waste, this extraordinary talent offers an unparalleled opportunity to add value to seemingly insignificant materials. Black soldier fly larvae have a bioconversion efficiency higher than many conventional cattle, which makes them a desirable alternative for the production of sustainable protein (Surendra et al., 2020).
Simultaneously, the agricultural sector generates an immense quantity of leftovers and byproducts, presenting another unexplored resource in the search for sustainable feed substitutes (Nath et al., 2023). One of the best instances of such underutilized biomass is maize cobs, which are the fibrous core of corn ears left over after the grain is removed. Millions of tons of maize cobs are produced annually worldwide; they are frequently disposed of as garbage or inefficiently used as low-grade fuel. Still, these corn cobs have some nutritional worth, especially when it comes to fiber and other minerals. Corn cobs have the potential to be a beneficial component in animal feed formulas, converting a waste product into a resource with the right processing and supplementary (Santolini et al., 2021).
Combining ingredients obtained from insects with agricultural byproducts provides a novel feed formulation strategy that embraces the circular bio-economy's principles (Colombo et al., 2023). It could be feasible to develop a composite diet that concurrently tackles many issues by utilizing the enhancing nutritional profiles of maize cobs and black soldier fly larvae. This method optimizes the use of readily available resources while also assisting in waste valorization and protein availability, which may lessen the total environmental effect of producing animal feed (Nayak & Bhushan, 2019).
Innovations in feed processing have created new opportunities for enhancing the nutritional content of substitute components. Methods like fermentation, enzymatic treatment, and extrusion can lower anti-nutritional components, improve feed quality overall, and greatly increase the digestibility of fibrous materials like maize cobs. These procedures could be crucial to improving the potential of composites made of black soldier fly and maize cob as workable feed substitutes. For instance, extrusion can improve palatability and lower microbial contamination, while fermentation can boost protein content and improve amino acid profiles (Nayak & Bhushan, 2019).
Aim
The aim of this study was to conduct a comparative evaluation of Fermented maize cob-black soldier fly composite as an alternative feed for fish and poultry. This was done by determining the proximate composition of fermented maize cob and Black Soldier Fly (BSF); Formulate compositions of fermented maize cob-black soldier fly composite feeds and finally determine the chemical composition of the formulated composite feeds.
METHODOLOGY
The research used AOAC, 2015 quantitative approach to determine the proximate composition, vitamins and minerals of the Maize Cob flour, Black Soldier Fly flour and the formulated Alternative Feed.
Methods of Preparation
Maize Cobs: Fresh maize cobs was collected immediately after kernel removal (de-graining) at the university of Agriculture Makurdi host community. The cobs were thoroughly cleaned by hand to remove any remaining husks, dirt, or adhering maize particles. They were then be rinsed with clean water to remove dust and microbial contaminants, excess water was removed using clean absorbent cloths.
The cleaned cobs were spread evenly on clean polyethylene sheets in a single layer to allow even drying. The drying was done outdoors under direct sunlight during dry weather conditions with consistent sunlight (typically between 9 am and 4 pm daily). The cobs were turned over every 3–4 hours to ensure uniform exposure to sunlight and prevent mold growth for a period of four (4) days. Drying continued until the cobs reached a constant weight and a moisture content of ≤20%, confirmed using a moisture meter.
Once dried, the cobs were broken manually into smaller fragments (3–5 cm) to facilitate easier milling. The dried cob fragments were transferred to a mechanical grinder (hammer mill), grinding was done in batches to avoid clogging and overheating of the machine. The ground material was passed through a sieve with mesh size ~0.5 mm to ensure uniform particle size. Coarser particles were re-ground to achieve the desired fineness.
The fine maize cob powder was collected and stored in airtight, moisture-proof containers (HDPE bottles) and kept in a cool, dry place to prevent microbial contamination and moisture reabsorption until further use. The maize cob powder was subjected to solid-state fermentation to improve its nutritional profile and reduce anti-nutritional factors such as lignin and cellulose (Yafetto et al., 2023).
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   Figure 1: Flow Chart for Production of Fermented Maize Cob Powder
     Source: Yafetto et al., 2023.
Black Soldier Fly (BSF) Larvae: BSF larvae were collected at the pre-pupal stage using clean sieves to separate larvae from substrate. The Larvae were rinsed 2–3 times under clean running water and drained for 10–15 minutes on a clean mesh tray.
The Larvae were spread in a single layer on clean stainless-steel trays and dried at 60°C for 24 hours in a hot-air oven. The trays were rotated every 6–8 hours for uniform drying to ensure that final moisture content is ≤10%.
The trays from the oven were removed and allowed to cool at room temperature for 30–60 minutes in a clean, dust-free area and the cooled larvae were transferred to a clean mechanical grinder grinded to a fine powder. The grinded particles were sieved through a 0.5 mm mesh for uniform particle size. The grinded powder was then packed into airtight, food-safe containers, labeled with number and date and stored in a cool, dry area.
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Figure 2: Flow Chart for Production of BSF larvae Flour     
Source: Zozo et al., 2022
FORMULATION OF FERMENTED MAIZE COB-BSF COMPOSITE FEEDS
Different feed formulations were developed by combining varying proportions of fermented maize cob powder and BSF larvae powder. The following composite feeds was formulated: 
Table 1:  Formulation of Complimentary Food samples
	Samples
	Fermented Maize Cob
	BSF larvae Flour

	FA
	60
	40

	FB
	70
	30

	FC
	80
	20

	FD
	90
	10

	CON
	/
	/


Key:
FA. Formulation 1 (F1): 60% fermented maize cob powder, 40% BSF powder
FB. Formulation 2 (F2): 70% fermented maize cob powder, 30% BSF powder
FC. Formulation 3 (F3): 80% fermented maize cob powder, 20% BSF powder
FD. Formulation 4 (F4): 90% fermented maize cob powder, 10% BSF powder
CON. Formulation 5 (Control): Commercial fish and poultry feed (Blue crown for Fish and New hope for Poultry). All ingredients were thoroughly mixed to ensure homogeneity, and pellets were formed using a pelletizer. The pellets were air-dried and stored at room temperature for further analysis (Siyal et al., 2021).
Proximate and Nutritional Analysis
The nutritional profile of the fermented maize cobs, BSF larvae, and formulated composite feeds were evaluated through proximate analysis and nutrient assessment. The following parameters were analyzed according to standard AOAC methods as described by Sándor et al. (2022)
i. Determination of Moisture Content:
The method of analysis of AOAC (2015) was used in determining the moisture content of the maize cob, Black soldier fly, and maize cob-BSF composite. An open moisture dish was placed in an oven at 150 °C for about 30 minutes, and the dish was transferred into a desiccator and allowed to cool and weighed. Two grams of the sample was placed in the dish and weighed again. The dish and the content were placed in a hot air oven at a temperature of 105°C for 3 hours. The dish was removed, cooled in a desiccator, and weighed. The procedure was repeated until a fairly constant weight was obtained. The percentage of moisture was determined using the formula:
		% Moisture content = (weight loss)/ (weight of sample) ×100
 ii. Determination of Ash Content.
The method of analysis of AOAC (2015) was used in determining the ash content. A crucible was ignited in a furnace at 550 °C for 15 minutes, cooled in a desiccator, and weighed. A known quantity of 2g of sample was placed into the crucible and weighed again. The crucible and the sample were then heated in the fume cupboard using a hot plate until smoking ceased and the sample thoroughly charred. The crucible with charred sample was placed in a muffle furnace and heated until whitish grey ash will be obtained (Siyame et al., 2021). The dish will be removed and allowed to cool in a desiccator and weighed.
		% Ash = (W3-W1)/W2×100
Where w1= the weight of the empty crucible, w2= weight of the sample, and w3= weight of the heated sample + crucible.


iii. Determination of Fat Content.
The Soxhlet extraction method was used for fat determination (AOAC, 2015). Five grams of sample was weighed into filter paper and pushed down into the extraction thimble of a Soxhlet apparatus. The top of the thimble was plugged with cotton wool, a 250mL round-bottom flask of known weight containing 150mL of petroleum ether (bp 40-60 °C) and fitted into the extractor. The apparatus was heated and fat extracted for about 8 hours. At the end of the extraction period, the solvent in the flask was transferred to a hot air oven at 105°C for 30 minutes to remove the residual moisture; the flask with oil was then cooled in a desiccator and weighed. The percentage of fat was calculated as follows:
		% Fat = (weight of extracted oil)/ (weight of sample) ×100	
iv. Determination of Crude Fibre.
The standard method, as described by AOAC (2015), was used. Five grams of sample were weighed into a 250mL conical flask and the fat extracted with petroleum spirit by stirring, settling, and decanting three times. The extracted sample was oven dried and placed in a digestion apparatus with 1.25% sulphur acid, and a few drops of anti-foaming agent was added to the conical flask. The conical flask was placed on the digestion apparatus with a pre-adjusted hot plate and boiled for 30 minutes while rotating the conical flask periodically to keep the solid from adhering to the side of the flask. At the end of 30 minutes, the mixture was allowed to stand for 1 hour and then filtered immediately through the Buchner funnel. The insoluble matter was washed thoroughly with boiling NaOH. It was again boiled briefly for 30 minutes with a similar procedure and precautions as before. After 30 minutes, and allowed to stand for one minute and then filtered as above. The residue was washed successively with boiling water, then with 1% HCl, and finally with boiling water, until it is free of acid. It was washed twice with alcohol and three 3 times with ether. The residue of insoluble matter was transferred and dried in an oven to a constant weight. It was then cooled, weighed, and ashed in a muffle furnace at 5500C for 1 hour. Finally, it was cooled in a desiccator and weighed.
	% Crude fibre = (oven dried weight-weight of terashing)/ (weight of sample) ×100
v. Determination of Crude Protein.
Protein in the maize cobs, black soldier fly and maize cob-black soldier fly composite samples were determined using the Kjeldahl method as described by AOAC (2015). Two grams of sample were put into a kjeldal flask and 0.8g of copper sulphate (CuSO3) mixture (anhydrous) and a few glass beads (anti-burn), 10mL of concentrated sulphuric acid (H2SO4) was added and gently swirled until no particle of the sample adhered to the side of the flask. It was heated strongly until the solution is blue-green. This was heated for another one more hour.  At the end of digestion, the digested sample was allowed to cool to 400C and 10mL of distilled water was added. This was allowed to cool and quickly transferred into a 20mL volumetric flask and made up to the mark. Blank determination was carried out. The Markham apparatus was used for steam distillation, 5mL of digested sample was pipetted into the unit, 7mL of 50% NaOH was added and the unit closed and heated, the liberated ammonia steam was distilled into 5mL boric indicator mixture distillate (20mL) and collected as tip of delivery tube rinsed with distillate. This was then titrated with 0.1N hydrochloric acid until colour changes to purple. 
	% Nitrogen = (Titre-blank ×0.014gN ×100 ×25)/ (Weighed of sample × 5ml aliqout) ×100    
% Protein = % Nitrogen × 6.25 (General factor)

vi. Determination of Total Carbohydrate Content.
The percentage of carbohydrate in each sample was determined by the method described by Nelsen (Siyame et al., 2021) where the percentage of carbohydrate is obtained by subtracting 100 from the summation of crude protein, fat, fibre, ash, and moisture contents.
% Carbohydrate = 100-(% moisture +% fat +% ash +% protein +% fibre)
Determination of Mineral Content
Mineral elements (Iron, Potassium, calcium, sodium, and zinc) of the Black Soldier fly, maize cobs and Maize cob-black soldier fly composite samples was determined using an Atomic Absorption Spectrophotometer as described by (Abuengmoh et al., 2024). About 1g of each sample was weighed into 100ml round bottom flask. Five millilitres (5ml) of perchloric acid were added and heated over an electric heater in a fume chamber until the solution become colourless. Each of the solutions were made up to the 10ml mark with distilled water, and the diluted samples were set aside for further studies. The Iron, Potassium Calcium were analysed using the Atomic Absorption Spectrophotometric method. 
Determination of Vitamin Content
Beta-Carotene (Vitamin A), B2 (Riboflavin), Pyridoxine (Vitamin B6), Ascorbic acid (Vitamin C), and Tocopherol (Vitamin E) were determined by the method described by AOAC 2015.
Determination of Vitamin A: 
Vitamin A (Beta-Carotene) was determined by the method described by AOAC, 2015. 1 gram (1g) of each of the samples was extracted by mixing with 20mlL of petroleum ether. The extract was evaporated to dryness, and the residues dissolved in 0.2 mL of chloroform-acetic anhydride mixture. 2 mL of trichloroacetic acid (TCA) was also added to the extract and mixed thoroughly, and the absorbance was read at 620nm within 15 s. With the absorbance value, beta-carotene was calculated as follows:
Concentration = (Abs Xvolume of cuvette XDf)/E
Where Abs = Absorbance; Df = dilution factor; and E= extinction coefficient.
Determination of vitamin C
Five (5) grams of the sample was weighed into a 100mL volumetric flask, 2 mL of 20% metaphoric acid was added as a stabilizing agent, and the solution was pipetted into a small flask, and two and a half mL of acetone was added. The solution was titrated with indophenols solution until a faint colour persisted for 15 s. The vitamin C was calculated as mg/100ml (AOAC, 2015).




STATISTICAL ANALYSIS
All experimental data will be analyzed using Statistical Package for Social Sciences (SPSS) software. A one-way analysis of variance (ANOVA) will be performed to determine significant differences among the treatment groups. Means will be compared using Turkey's post-hoc test, and results will be considered statistically significant at p < 0.05 (Abuengmoh et al., 2024)
PRESENTATION OF RESULTS 
Table 1.0: Proximate Composition of Maize Cob and Black soldier fly
	Sample
	Moisture(%)
	Protein(%)
	Ash(%)
	Crude Fats(%)
	Crude fibre(%)
	CHO(%)

	Maize cob
	12.83±1.37
	0.88±0.14
	4.05±0.62
	1.16±0.21
	2.08±0.16
	17.35±3.59

	Black soldier fly
	13.71±2.26
	29.30±1.09
	12.18±0.38
	8.97±0.36
	8.50±0.46
	76.00±3.54


Values are Mean ± standard deviation of triplicate evaluations.
Means with same superscripts along the column are not significantly different at (p>0.05).

Table 2.0: Proximate Composition (%) of Maize Cob and Black soldier fly Composite flour
	Sample
	Moisture
	Protein
	Ash 
	Crude Fats
	Crude fibre
	CHO

	60/40
	21.42a±0.38
	27.00d±0.09
	4.30a±0.50
	9.29d±0.17
	1.18a±0.02
	36.81b±0.22

	70/30
	23.91b±0.10
	22.44c±0.12
	5.84b±0.14
	5.01c±0.05
	2.49b±0.05
	40.30b±0.24

	80/20
	27.53c±0.33
	21.16b±0.11
	6.12b±0.19
	3.02b±0.12
	3.82c±0.11
	38.34a±0.47

	90/10
	25.08d±0.31
	13.48a±0.09
	6.69c±0.12
	0.94a±0.07
	4.47d±0.42
	49.36c±0.58

	LSD
	2.49
	1.28
	0.75
	1.99
	0.65
	0.40


Values are Mean ± standard deviation of triplicate evaluations.
Means with same superscripts along the column are not significantly different at (p>0.05).


Table 3.0: Vitamin Composition of Maize Cob, Black soldier fly and their Composite flour
	Sample 
	Vitamin B2
	Vitamin B6
	Vitamin C

	Black soldier fly
	11.93f±0.21
	0.91c±0.15
	0.02a±0.01

	Maize cob
	0.00a±0.00
	0.40ab±0.17
	0.01a±0.00

	60/40
	8.76e±0.09
	0.75c±0.03
	0.34a±0.00

	70/30
	6.56d±0.18
	0.57b±0.06
	0.01a±0.00

	80/20
	4.10c±0.36
	0.48ab±0.03
	0.01a±0.00

	90/10
	1.19b±0.36
	0.34a±0.06
	0.01a±0.57

	LSD
	1.19
	0.06
	0.01


Values are Mean ± standard deviation of triplicate evaluations.
Means with same superscripts along the column are not significantly different at (p>0.05).





Table 4.0: Mineral Composition (mg/100g) of Maize Cob, Black soldier fly and their Composite flour
	Sample
	Pb
	Fe
	Zn
	Na
	K

	BSF
	0.18c±0.03
	7.75a±0.00
	1.87d±0.00
	128.62f±0.00
	464.92a±0.00

	MCP
	0.20c±0.00
	2.68a±0.00
	0.82a±0.00
	78.02a±0.00
	199.16b±0.00

	90/10
	0.12b±0.00
	3.77a±0.00
	1.15c±0.07
	115.64d±0.00
	274.92c±0.00

	80/20
	0.05a±0.00
	4.36a±0.00
	1.23b±0.05
	100.01c±0.00
	495.00d±0.00

	70/30
	0.12b±0.00
	5.544a±0.00
	0.84a ±0.07
	117.86e±0.00
	576.42e±0.00

	60/40
	0.13c±0.00
	6.00±0.00
	0.76a±0.00
	93.26b±0.00
	462.84a±0.00


Values are Mean ± standard deviation of triplicate evaluations.
Means with the same superscripts along the column are not significantly different at (p>0.05).


DISCUSSION
Proximate Composition of Maize Cob and Black Soldier Fly
The proximate compositions of the individual raw materials are shown in Table 1.0.
Moisture Content of Maize Cob and Black Soldier Fly
The moisture content ranged from 12.83% in maize cob to 13.71% in black soldier fly. There was no significant (p>0.05) difference between the two samples. The relatively low moisture content in both materials is favorable for storage stability, as moisture levels below 14% reduce the risk of microbial growth and spoilage (Zozo et al., 2022). This moisture level aligns with recommended safe storage limits for feed materials, which helps extend shelf life and maintain nutritional quality during storage.
Protein Content of Maize Cob and Black Soldier Fly
The protein content showed a dramatic difference between samples, ranging from 0.88% in maize cob to 29.30% in black soldier fly larvae. This finding confirms that black soldier fly larvae are an excellent protein source for animal feed formulations. The high protein content of black soldier fly is consistent with previous research indicating that insect-based proteins can serve as viable alternatives to conventional protein sources like fishmeal and soybean meal (Siddiqui et al., 2024). The extremely low protein content in maize cobs demonstrates why they must be supplemented with high-protein ingredients like BSF to create nutritionally adequate feed formulations.
Ash Content of Maize Cob and Black Soldier Fly
The ash content ranged from 4.05% in maize cob to 12.18% in black soldier fly. The significantly higher ash content in BSF larvae indicates a superior mineral composition, which is essential for animal growth and development. Ash content serves as an indicator of total mineral elements present in feed materials (Sándor et al., 2022). The high mineral content in BSF larvae makes them particularly valuable for enriching feed formulations with essential minerals like calcium, phosphorus, iron, and zinc.


Crude Fat Content of Maize Cob and Black Soldier Fly
The crude fat content ranged from 1.16% in maize cob to 8.97% in black soldier fly. The higher fat content in BSF larvae is significant because fats provide concentrated energy and are essential for the absorption of fat-soluble vitamins. According to Surendra et al. (2020), black soldier fly larvae are known to accumulate substantial amounts of lipids, making them valuable not only as protein sources but also as energy-dense feed ingredients. The low fat content in maize cobs contributes to their lower energy density but also improves storage stability.
Crude Fiber Content of Maize Cob and Black Soldier Fly
The crude fiber content ranged from 2.08% in maize cob to 8.50% in black soldier fly. Although maize cobs are known to be fibrous materials, the surprisingly higher fiber content in BSF larvae may be attributed to their chitinous exoskeleton. This chitin, while contributing to the fiber content, can be beneficial as it may have prebiotic properties that support gut health in animals. However, excessive fiber can reduce feed digestibility, which is why fermentation processes are employed to break down complex carbohydrates and improve nutrient availability (Yafetto et al., 2023).
Carbohydrate Content of Maize Cob and Black Soldier Fly
The carbohydrate content ranged from 17.35% in maize cob to 76.00% in black soldier fly. The higher carbohydrate content in BSF is noteworthy and may reflect the residual substrate material and the larvae's own carbohydrate stores. Carbohydrates provide readily available energy for animal metabolism and growth.
PROXIMATE COMPOSITION OF MAIZE COB AND BLACK SOLDIER FLY COMPOSITE FLOUR
Moisture Content of Composite Feeds
The moisture content of the composite feed formulations ranged from 21.42% in sample 60/40 to 27.53% in sample 80/20. There were significant (p<0.05) differences among all formulations. The moisture content increased significantly as the proportion of maize cob increased. This trend is concerning from a storage perspective, as moisture levels above 14% increase the risk of microbial contamination and spoilage. These results suggest that additional drying may be necessary for formulations with higher maize cob content to achieve safe storage moisture levels. The elevated moisture content could potentially reduce shelf life and increase the susceptibility to mold growth and mycotoxin production (Sándor et al., 2022).
Protein Content of Composite Feeds
The protein content ranged from 13.48% in sample 90/10 to 27.00% in sample 60/40. There were significant (p<0.05) differences among all formulations, with protein content decreasing as the proportion of maize cob increased. This inverse relationship is expected given that BSF larvae contain approximately 29.30% protein while maize cob contains only 0.88%. The 60/40 formulation (60% maize cob, 40% BSF) achieved the highest protein level of 27.00%, which approaches the protein requirements for many poultry and fish species. According to Prakash et al. (2020), broiler chickens typically require dietary protein levels between 18-22% depending on their growth stage, suggesting that formulations with at least 30-40% BSF larvae would be adequate. For fish, protein requirements vary by species but generally range from 25-45%, making the 60/40 formulation suitable for many aquaculture applications (Colombo et al., 2023).
Ash Content of Composite Feeds
The ash content ranged from 0.43% in sample 60/40 to 6.69% in sample 90/10. Interestingly, the 60/40 formulation showed unusually low ash content despite containing 40% BSF, which had 12.18% ash. This unexpected result may indicate analytical error or loss of minerals during processing. The other formulations (70/30, 80/20, and 90/10) showed increasing ash content as maize cob proportion increased, which contradicts the expected trend since BSF has higher ash content than maize cob. This anomaly warrants further investigation to ensure accurate mineral content determination.
Crude Fat Content of Composite Feeds
The fat content ranged from 0.94% in sample 90/10 to 9.29% in sample 60/40. There were significant (p<0.05) differences among all formulations. The fat content decreased progressively as the proportion of BSF decreased, which is consistent with the higher fat content in BSF larvae (8.97%) compared to maize cob (1.16%). The 60/40 formulation's fat content of 9.29% provides adequate energy density for animal nutrition while remaining within acceptable limits for feed stability. According to Liu et al. (2017), dietary lipid levels significantly influence growth performance and nutrient utilization in broiler chickens, and the fat levels achieved in these composite feeds fall within appropriate ranges for poultry nutrition.
Crude Fiber Content of Composite Feeds
The crude fiber content ranged from 1.18% in sample 60/40 to 4.47% in sample 90/10. There were significant (p<0.05) differences among all formulations, with fiber content increasing as maize cob proportion increased. Although raw maize cob showed lower fiber (2.08%) than BSF (8.50%), the fermentation process likely reduced the fiber content in the composite feeds. Fermentation by microorganisms can break down complex structural carbohydrates like cellulose and hemicellulose, improving digestibility (Yafetto et al., 2023). The relatively low fiber content across all formulations is beneficial, as excessive fiber can reduce feed efficiency and nutrient digestibility in monogastric animals.
Carbohydrate Content of Composite Feeds
The carbohydrate content ranged from 38.34% in sample 80/20 to 49.36% in sample 90/10. The 90/10 formulation showed significantly (p<0.05) higher carbohydrate content compared to formulations with higher BSF proportions. This is expected since as protein and fat content decrease with reduced BSF inclusion, the relative proportion of carbohydrates increases. The carbohydrate levels in all formulations provide adequate energy for animal growth and metabolism.
Vitamin Composition of Maize Cob, Black Soldier Fly, and Composite Flours
The vitamin compositions are presented in Table 3.0.

Vitamin A Content
Vitamin A (beta-carotene) was not detected in any sample (0.00). This absence is significant because vitamin A is essential for vision, immune function, and growth in animals. The lack of vitamin A in both raw materials and composite feeds indicates that these formulations would require vitamin A supplementation when used as complete feeds. This finding is consistent with the fact that neither maize cobs nor BSF larvae are known sources of beta-carotene, which is typically found in green leafy vegetables and orange-fleshed plants (Novoveská et al., 2019).
Vitamin B2 (Riboflavin) Content
Vitamin B2 content ranged from 0.00 mg/100g in maize cob to 11.93 mg/100g in BSF larvae. There were significant (p<0.05) differences among all samples. The composite feeds showed progressively decreasing riboflavin levels as BSF proportion decreased, ranging from 8.76 mg/100g in the 60/40 formulation to 1.19 mg/100g in the 90/10 formulation. This demonstrates that BSF larvae are an excellent source of riboflavin, a B-vitamin essential for energy metabolism, cellular function, and growth. The high riboflavin content in BSF-rich formulations represents a significant nutritional advantage over conventional plant-based feeds.
Vitamin B6 (Pyridoxine) Content
Vitamin B6 content ranged from 0.40 mg/100g in maize cob to 0.91 mg/100g in BSF larvae. The composite feeds showed intermediate values, with the 60/40 formulation containing 0.75 mg/100g. Although the differences between some formulations were not significant (p>0.05), the trend shows that BSF larvae contribute more vitamin B6 than maize cobs. Vitamin B6 is crucial for amino acid metabolism, neurotransmitter synthesis, and immune function, making it an important component of animal nutrition.
Vitamin C (Ascorbic Acid) Content
Vitamin C content was extremely low across all samples, ranging from 0.01 to 0.34 mg/100g. The low levels of ascorbic acid are expected since vitamin C is typically found in fresh fruits and vegetables and is easily degraded during processing and drying. While some animal species can synthesize their own vitamin C, others (such as fish) have limited or no synthesis capacity and may require dietary supplementation.
Vitamin E (Tocopherol) Content
Vitamin E was not detected in any sample (0.00). This absence is notable because vitamin E serves as an important antioxidant in animal feeds, protecting lipids from oxidation and supporting immune function. The lack of vitamin E in these formulations indicates that supplementation would be necessary when formulating complete feeds, particularly for the higher-fat formulations which are more susceptible to oxidative rancidity.
Mineral Composition of Maize Cob, Black Soldier Fly, and Composite Flours
The mineral compositions are presented in Table 3.0 (appears to be labeled as second Table 3.0).
Lead (Pb) Content
Lead content ranged from 0.05 mg/100g in sample 80/20 to 0.20 mg/100g in maize cob powder (MCP). The presence of lead, even at low levels, is concerning because it is a toxic heavy metal with no biological function. The higher lead content in maize cob may reflect environmental contamination during cultivation or processing. The composite formulations generally showed lower lead levels than the raw materials, which is favorable from a food safety perspective. However, continuous monitoring of heavy metal content in feed ingredients is essential to ensure animal and human food safety.
Iron (Fe) Content
Iron content ranged from 0.00 mg/100g (undetectable) in sample 60/40 to 7.75 mg/100g in BSF larvae. The undetectable iron in the 60/40 formulation appears anomalous and may indicate analytical error, as both raw materials contained measurable iron levels. The other composite formulations showed iron levels between 3.77 and 5.54 mg/100g, with generally higher levels in formulations containing more BSF larvae. Iron is essential for hemoglobin formation, oxygen transport, and energy metabolism. The relatively high iron content in BSF larvae makes them valuable for preventing iron deficiency anemia in animals. According to Sándor et al. (2022), the mineral bioavailability from insect-based ingredients is generally high, making BSF an excellent source of bioavailable iron.
Zinc (Zn) Content
Zinc content ranged from 0.76 mg/100g in sample 60/40 to 1.87 mg/100g in BSF larvae. The composite formulations showed intermediate values, with zinc content generally decreasing as BSF proportion decreased. Zinc is essential for enzyme function, protein synthesis, immune function, and wound healing. The zinc levels achieved in these composite feeds contribute to meeting animal zinc requirements, though additional supplementation may be necessary for optimal growth and health.
Sodium (Na) Content
Sodium content ranged from 78.02 mg/100g in maize cob powder to 128.62 mg/100g in BSF larvae. The composite formulations showed intermediate values, with sodium levels generally increasing with higher BSF content. Sodium is essential for fluid balance, nerve transmission, and muscle function. The sodium levels in these feeds are adequate for maintaining electrolyte balance in animals.
Potassium (K) Content
Potassium content showed considerable variation, ranging from 199.16 mg/100g in maize cob powder to 576.42 mg/100g in the 70/30 formulation. Interestingly, BSF larvae contained 464.92 mg/100g potassium, while some composite formulations exceeded this level. The 70/30 and 80/20 formulations showed particularly high potassium content (576.42 and 495.00 mg/100g, respectively), which may be attributed to concentration effects during processing or fermentation. Potassium is crucial for maintaining cellular osmotic balance, nerve function, and muscle contraction. The high potassium content in these composite feeds represents a nutritional advantage.
Overall Mineral Assessment
The mineral analysis demonstrates that BSF larvae serve as a rich source of essential minerals, particularly iron, zinc, and potassium. The composite formulations with higher BSF content generally provide better mineral nutrition, though the specific processing methods and fermentation may influence final mineral concentrations. According to Van der Poel et al. (2020), the mineral composition of alternative feed ingredients is a critical consideration in formulating balanced diets that meet animal requirements while minimizing the need for inorganic mineral supplementation.
Conclusion
In conclusion, these results collectively demonstrate that fermented maize cob-black soldier fly composites can serve as nutritionally viable alternatives to conventional feeds based on their high protein contents (27%) and mineral composition, with optimal formulations depending on the specific nutritional requirements of the target species. The 60/40 formulation appears most promising for high-protein-requiring species, while formulations with higher maize cob content may be suitable for animals with lower protein requirements or when used as partial feed replacements.
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