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Abstract: The black soldier fly larvae meal has attracted attention as a sustainable alternative protein ingredient 

in poultry feed. In the present study, we sought to determine the effect of black soldier fly larvae on the growth 

performance of broilers as replacement to fishmeal. Forty (40) one day old broiler chicks were randomly 

selected and distributed in 4 replicates. The Black soldier fly larvae were formulated and added to broiler’s 

marsh as replacement to fishmeal. Birds were fed on four experimental diets formulated as follows 15% black 

soldier fly (BSF15), 20% (BSF20) and 25% (BSF25) corresponding to dietary BSF inclusion levels of 150 g/kg, 200 

g/kg and 250 g/ kg, respectively and the control diet (BSF0) contained 20% of fishmeal (FM) as protein sources 

(250 g/kg). Feed and water were provided ad libitum. Proximate analysis showed that BSFLM contained 

comparable nutrient values to fishmeal. The highest average weight gain was achieved when birds were 

provided diet with 25% BSFLM. Based on this study, it can be concluded that black soldier fly larvae meal 

represents an alternative source of animal protein to replace fishmeal in broiler chicken diet in their diet 

without adverse effect on growth performance and consumer preferance. 

Keywords: Black soldier fly larvae; broiler feed; animal protein source; fishmeal 

 

1. Introduction 

Availability of quality animal feed is one of the factors which determines the success of the 

livestock industry [1]. Feed constitutes the majority of production costs, representing about 50-75% 

of the total cost [2–4]. Globally, it is estimated that over 1000 tons of animal feeds are produced 

annually of which the poultry feed constitutes the largest tonnage, followed by pig and then cattle 

[5]. However, one of the challenges facing the animal husbandry is the high cost of protein source 

compared to other nutrient sources [1]. This has led to adulteration of feeds by feed manufacturers 

thus resulting into stunted growth of birds and quality of its products [6]. Generally, fish and soybean 

are widely used as protein sources in the livestock feed industry due to high concentrations of 

digestible amino acids [7]. The development of a modern poultry industry is strictly connected to a 

continuous search for sustainable feed ingredients able to promote optimal bird’s growth and 

welfare. Meeting the energy and protein requirements for livestock and poultry in particular, requires 

a lot of innovation of other sources, which can provide proteins to livestock cheaply and sustainably 

to benefit the farmers [6,8]. Efforts to reduce feed costs are directed towards ingredients that do not 

compete with humans, are of good quality, high nutritional value, affordable, sustainably available, 

palatable and harmless to livestock which eats them [4–10]. In this regard, insects are gaining 

attention since they efficiently recycle nutrient -deplete substrates into nutrient-rich biomass [11,12] 

and their production is considered to have a smaller environmental footprint as compared to 

conventional feeds [13,14]. The use of insect-based feeds is progressively discussed among poultry 
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producers and scientists [15]. In particular, the black soldier fly, (Hermetia illucens) larvae (BSFL) meal 

is considered an alternative source of feed ingredient due to high crude protein (CP) concentrations 

[16]. Its larvae can be reared on a wide range of organic waste material [17,18]. Therefore, this study 

aimed at evaluating the effects of different levels of BSFL meal inclusion in poultry feed on the 

performance of broiler birds in terms of growth, weight gain and consumer acceptability.  

2. Materials and Methods 

2.1. Experiment Site 

The experiment was conducted at Uganda Martyrs University farm in Nkozi sub county Mpigi 

district in central Uganda during (March - April, 2020). The farm lies at 0o along the equator on 

latitude 000 36 N and longitude 000 32 E. The average annual temperature is 23oC. The area is found 

along the Kampala-Masaka Highway, approximately 88km, southwest of Kampala and 

approximately 8 Kilometers, North of Lake Victoria, the largest fresh water lake on the Continent of 

Africa [19]. 

2.2. Research Design 

The experiment was laid out in a Completely Randomized Design with four replications to 

compare the performance of different BSFL inclusion levels with Fishmeal based diet as control. 

2.3. Source of Experimental Materials 

The insect meal used in this study was produced from BSF larvae from the BSFL project at the 

faculty of agriculture farm. The larvae were grown on media containing organic plant-derived food 

waste. At the end of an eight-day growth period, the larvae were removed from the feeding media, 

washed, dried and milled using a recommended sieve to the recommended size for proper feed 

formulation. Fishmeal was purchased from an accredited agro input supply shop at Kayabwe town 

council. One hundred sixty (n=160) day-old broiler chicks were sourced from UGA chick poultry 

breeder limited (Kampala) and reared for 61 days (7 days as brooder and adaptation phase and 54 

days as feeding phase). During the first 3 days of acclimatization (brooder phase), chicks were reared 

together in a round deep litter floor brooder with 3-inch coffee husks as bedding covered with white 

paper and surrounded by ply wood both sides as brooder walls. Three electric charged torches were 

always put in the brooder room 24 hours day and night with two charcoal stoves in the brooder as a 

source of heat to the chicks for seven days.  

2.4. Experimental Treatments 

After three days on a standard (commercial) diet, forty (40) broiler chicks were randomly 

selected and distributed among 16 cages (1×1×2 m) with 10 chicks per cage per replicate. The chicks 

were fed on four experimental diets in equal amounts. The experimental diets were formulated as 

follow in which 15% (BSF15), 20% (BSF20) and 25% (BSF25) of the feed was with BSF meal, 

corresponding to dietary BSF inclusion levels of 150 g/kg, 200 g/kg and 250 g/ kg, respectively and 

the control diet (BSF0) contained 20% of fishmeal as protein sources (250 g/kg) (Table 1). Additional 

maize bran, broken maize bran, shells, cotton, premix and salt were included in the diets to ensure 

sufficient requirements of essential nutritional elements. Each treatment group was replicated four 

times. Each cage had two feeders to accommodate 20 birds and 3 drinkers to provide water. Feed and 

water to complete the remaining weeks of acclimatization period was ad libitum. After the seven 

days of acclimatization period, chicks were allowed to continue with starter feed as assigned diets of 

each treatment group for five days. Thereafter, each sampled chick was weighed on a digital scale 

and their weights recorded. 
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Table 1. Formulations of the experimental diest. 

Ingredients (in kg) Experimental diets 

     BSF0  BSF15 BSF20 BSF25 

Maize bran   34  39  34  29 

Broken maize bran 20  20  20  20 

Shells    10  10  10  10 

Cotton   15  15  15  15 

Premix    0.5  0.5  0.5  0.5 

Salt    0.5  0.5  0.5  0.5 

Toxin binder  0.25  0.25  0.25  0.25 

BSFL meal   0  15  20  25 

Fish meal   20  0  0  0 

Total (in kg)  100  100  100  100 

2.5. Nutrient Proximate Analysis 

Samples of 400 g each of BSFL meal and fishmeal (FM) were analyzed for dry matter, crude 

protein, ether extract, crude fiber, ash and essential amino acids methionine cysteine, lysine, 

threonine and arginine at the, National Agricultural Research Organisation (NARO) laboratory 

Kajjansi in accordance with the standard procedures [20]. Dry matter was determined by drying 20g 

of each substrate at 1020C and 100mmHg for 5hrs and then weighed to obtain the dry matter. Crude 

protein was determined by the Kjeldahl method where the feed was digested in sulphuric acid and 

ammonia was liberated off by adding sodium hydroxide to the digest and is distilled off in standard 

acid and its quantity determined by titration [20]. Crude ash was determined by burning 20g of the 

feed in a closed oven at 5500C until only white ash remained [20]. Crude fiber was determined by 

digesting the feed in 1.25%sulphuric acid and1.25% sodium hydroxide and the dried residue ignited 

[20]. Ether extract was determined by subjecting the feed to continuous extraction with sulphuric acid 

for a defined period and measuring the residue after evaporation of the solvent which is the ether 

extract [20].  

The content of the essential amino acids was determined by acid and alkaline hydrolysis of the 

fat-free sample and subsequent separation and quantification of the amino acids by a Waters Acquity 

UPLC H-class with modifications according to AOAC SMPR®  2017.011 methods [21]. About 0.05 g 

of each sample was weighed to the nearest 0.0001 g into a test tube and hydrolysed with 10 ml of 6M 

HCl (Puris. P.a, ACS Reagent grade, Sigma Aldrich, Germany) for acid hydrolysis and 4 ml of 4M 

LiOH (Biosolve SARL, France) for alkaline hydrolysis for 24 h at 112°C. Detection was done using the 

Waters QDA mass detector operated in Selected Ion Recording (SIR) mode. The Waters Empower™ 

3 software was used to obtain calibration curves and subsequent quantification of the amino acids. 

For each sample, extraction, detection, identification and quantification were performed in triplicate. 

The amino acid score was determined as a ratio of mg/g of the essential amino acid in the test 

proteins to mg/g of the same amino acid in the reference protein   

Data on performance of the feed was collected by observation, measurement and recording weight 

gain/ growth of birds, meat quality attributes were obtained by weighing of the different parts of the 

birds after slaughter and consumer preference was determined by organoleptic tests using volunteers 

to see, smell and test the different birds when cooked and roasted. This was then subjected to a scale 

of 1 to 5 where 1 was very bad and 5 very good. 

2.6.Statistical Analyses 

 All statistical analyses were performed using GenStat software version 14.  Data was 

evaluated by Analysis of variance (ANOVA) using Tukey test to find differences due to dietary 

treatments. During analysis, means of the treatments were separated using least significant difference 
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best (LSD) at 95% confidence interval. The result from the analysis was then presented in tables for 

easy interpretation. 

3. Results 

3.1. Proximate Analysis of BSFL and FM 

Table 2 shows the nutritional composition of BSFL and FM samples as analyzed in the 

laboratory. The BSFL meal sample was high in dry matter (89.3%), and crude protein (50.9%) but low 

in Ash (11.5%) as compared to the FM (50.1%). 

Table 2. Nutrient composition of BSFL meal and FM. 

Parameter  Sample A  B  C Average % 

  1DM (%) BSLF 89.24  89.35  89.34  89.31 

FM  44.52  43.35  44.31 

 44.06 

2A (%) BSLF  11.46  11.55  11.30  11.43 

  FM  50.12  51.32  50.40  50.61 

 3CP (%) BSLF  50.92  49.07  50.04  50.01 

  FM  43.62  45.11  44.70  44.47 

 4EE (%) BSLF  29.43  28.91  29.23  29.19 

  FM    6.52   6.10   5.73    6.11 

 5CF (%) BSFL  21.50  20.10  20.80  20.80 

  FM   2.10    1.90    1.80    1.90 

1DM: Dry matter, 2A: Ash, 3CP: Crude protein, 4EE: Ether extract, 5CF: Crude fiber 

BSFL meal had a higher percentage of Arginine, cysteine, histidine, and methionine, threonine 

and low levels of isoleucine, lysine, leucine and valine as compared to FM (Table 3) 

Table 3. Amino acids composition of Black Soldier Fly Larvae meal and Fish meal. 

Amino acids Content (% DM Basis) 

   BSFL  FM 

Arginine  5.30  5.05 

Cysteine  0.72  0.67 

Histidine  2.47  2.26 
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Isoleucine  1.49  4.26 

Leucine  2.54  7.23 

Lysine  2.70  8.18 

Methionine 3.62  2.98 

Threonine  4.34  4.14 

Valine  2.10  4.92 

3.2. The effect of Substitution with BSFL Meal on Weight Gain 

There was a significant difference on the effects of BSFL meal substitution levels on weight 

gain/growth performance of broiler chickens (P<. 001 & P=0.006). From Table 4, data collected 

exhibited that FM 20kg presented maximum average value of weight gain in all weeks followed by 

birds of BSFL 25, then BSF20 and the least weight was observed in birds subjected to BSF15 (Table 4). 

However, by the 8th week, BSFL birds had caught up with fishmeal. 

Table 4. Effect of experimental diets on the weight of broiler birds. 

Treatment Week 2 Week 3 Week 4 Week 5 Week 6 Week 7 Week 8 

FM 20kg 256.0     325  404  565  820  1080  1313 

BSFL25kg 153.4     230  404  424  541  1000  1313 

BSFL20kg 148.8  201.0  314  390  531    660    847 

BSFL15kg  88.3  175.0  275  341  448    556    756 

1F-pr  <0.001* <0.001* 0.006*  0.001*  <0.001* <0.001* <0.001* 

2ES.E 14.90  20.6  31.2  40.3  58.2    75.3  102.7 

3S.E.D 21.07  29.2  44.1  57  82.4  106.5  145.2 

4L.S.D 41.78  57.9  87.4  113.1  163.3  211.2  287.9 

5CV% 6.12  5.4  3.9  2.8  1.3  2.2      3.2 

1L.S.D (0.05) = Least Significant Difference at 5% level, 2E.S.E= Effective standard error, 3S.E.D= 

Standard Error of Difference; 4Fpr = Fishers Probability (*Significant at <0.05); 5CV%= Percentage 

Coefficient of variations 

3.3. Effect of BSFL on Carcass Characteristics 

It was observed that different ratios of BSFL meal and fish meal showed a significant influence 

among the treatments and different parameters (breast, thigh, back and liver) BSFL20 produced 

significantly smaller breast, thigh and back and liver, whereas BSFL25 has a significantly smaller 

heart and Fishmeal had a significantly smaller gizzard. There was no significant difference in the 
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wing weight. BSFL meal at 25kg recorded the greatest mean of breast, thigh, gizzard and liver. Fish 

meal presented higher means of (back, heart and wing) (Table 5).  
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Table 5. Effect of BSFL on carcass characteristics of broiler birds. 

TREATMENT Breast Thigh Back Gizzard Heart  Liver  Wing 

Fish Meal 20kg 329.6  421.4  332.8  46.7 6.77  36.02  63 

BSFL 25KG 337.2  431.5  331.5  53.3 6.46  38.73  62 

BSFL 20KG 229.5  261.6  318.0  52.5 6.52  31.63  60 

1Fpr   <0.001* <0.001* <0.001* 0.009* 0.033*  <0.001* 0.305 

1Fpr = Fishers Probability: *Significant at <0.05 

3.4. Organoleptic Taste Of Both Cooked and Roasted Meat of Broiler Birds 

Sensory tastes on cooked and roasted meat from broilers fed on the experimental diets are shown 

in (Table 6). The BSFL meal inclusion had no significant effect on the appearance, aroma, taste and 

overall acceptability of cooked meat. However, for the roasted meat the aroma and acceptability of 

BSFL15 was rated significantly lower than the rest. 

Table 6. The effect of BSFL meal on organoleptic taste of cooked and roasted meat. 

   COOKED MEAT 

Treatment  Appearance Aroma Taste  Acceptability 

FM 20kg  3.93   4.03  4.13  4.07 

BSFL 25kg  4.17   3.97  4.14  4.93 

BSFL 20kg  4.00   3.77  4.07  3.97 

BSFL 15kg  3.80   3.67  3.67  3.87 

P-value   0.468   0.255  0.117  0.900 

    ROASTED MEAT 

FM 20kg  4.41   3.80  4.00  3.90 

BSFL 25kg  4.43   4.10  4.30  4.37 

BSFL 20kg  4.17   3.77  4.03  3.87 

BSFL 15kg  3.90   3.73  3.07  3.30 

P-value   0.043*   0.422  0.593  0.013* 

*Significant at P<0.05 
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4. Discussion 

The BSFL meal had an average dry matter (DM) content of 89.13% of which crude protein 

content was 50.0%, crude fibre 20.80% ether extract 29.19% and Ash 11.43%. These values except ash 

(50.61%) were all higher than fish meal which is the standard animal protein source for the broiler 

feed (Table 2). The BSFL contained a comparable quantity of essential amino acids such as arginine, 

lysine, methionine, threonine, leucine, isoleucine, valine, tryptophan and histidine to fish meal (Table 

3) which makes it a good protein source in poultry diets. In the current study, the average DM content 

is 89.13% which is higher than the 30.47% reported [10]. This discrepancy may probably be due to the 

duration of rearing which is associated with increased crude fibre and crude fat content in the black 

soldier fly larvae as each level has its nutritional needs [10]. The DM content of BSF larvae tends to 

be positively correlated with increasing age, for instance at five days it was 26.61% while at 25 days 

it was 39.97% [22]. The CP value of 50.01% obtained in the present study was higher than that found 

in fish meal (44.7) which makes it a richer protein source. This is because insects have a higher feed 

conversion ratio than other animals [23] and therefore can bulk up more protein. This result is 

consistent with those of previous research on BSF Larvae fed on chicken feed, which reported that 

CP ranged from 37.2 – 52.3 % [24] but higher than 36.2% previously reported [25]. The CP in BSF 

ultimately depends on the feed types and feeding rate [26–28]. It is therefore certain that the CP 

content in BSFL varies with diverse sources of feed on which they are fed. In this case, BSF was fed 

on various substrate mixtures which must have increased the crude protein levels of the larvae. 

Findings indicated that BSFL obtained a higher percentage of Ether Extract than Fish meal (29.19% 

and 6.11%) respectively. Lipids are the second-largest nutrient component in edible insects after 

proteins [29]. This is because insects are usually rich in unsaturated fatty acids compared to most 

animals because of their higher feed conversion rates [30]. These results are comparable to those 

obtained by other researchers like; 26.0% [31] and 34.3% [32]. This therefore indicates that BSFL is a 

better source of essential fatty acids for animal feed than fish meal. BSFL meal analysis for crude fibre 

content was 20.80% which was higher than the 1.9% in the fish meal. The high crude fibre content 

observed in the current study is probably due to the presence of chitin which is a component of the 

exoskeleton of the larvae. The crude fibre in this study was higher than 7.0% [33] but comparable to 

23.96% [34] reported previously. The Ash content was 11.43 % which was much lower than 50.61% 

of the fish meal. It is possible that the fishmeal had a high inorganic and mineral content than the 

BSFL feed meal. Although the present study did not analyze the mineral content in both feeds. This 

observation is consistent with previous results that reported an Ash content range of 11-28% [31]. The 

amino acid composition in BSFL meal is comparable to that of fish meal though BSFL had higher 

percentages of most essential amino acids with relevance to animal feed like arginine, cysteine, 

histidine, threonine and methionine. These findings are also similar to those reported by various 

authors for most amino acids, including those with relevance for animal feed [35 and 36]. The possible 

deficiency of threonine and methionine in BSFL previously reported [31] was not reflected in the 

amino acid profile of the larvae meal in our study. The amino acid composition of proteins determines 

the quality of animal feed. Optimal amino acid composition may vary between species due to 

different feed requirements and others may be supplemented [36]. This also indicates that BSFL meal 

had comparable (or even better) protein quality to fish meal. 

Generally, at week eight the highest weight gain was achieved when birds were provided diet 

with 25% BSFLM. This clearly indicates that replacing 20% of fish meal with 25% BSFLM contributes 

significantly to the protein needs of the birds. These findings are in agreement with previous findings 

which reported that the supplementation of larvae meal significantly increased broiler bird weight 

gain, feed intake and average daily gain as compared to commercial feeds [37 and 38]. However, 

these results differ from other findings which reported that there was no significant effect of 

supplementing with BSFLM on weight gain [39–41]. Our study therefore revealed that at 25%, BSFLM 

can effectively replace the current standard fishmeal in broiler feeds used in Uganda. 

The study findings showed that broiler chicken fed on BSFL meal at 25kg had comparable 

carcass characteristics to those fed on the standard broiler feed with fishmeal. Looking at the different 

carcass parts, the breast, thigh, gizzard and liver were bigger in the BSFL fed birds (Table 8). These 
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findings can be attributed to the presence of different amino acids in BSFL meal that helps in body 

performance. These findings are in line with the findings on effect of BSFL meal on carcass 

characteristics of broiler chicken previously reported which observed that broilers fed on maggot 

meal diets had similar carcass quality to those fed on standard meals and the liver and gizzard 

increased in size but no signs of toxicity were observed. [41 and 42]. Indeed none of the numerous 

studies on maggot meal as animal feed has revealed any health problems [43]. 

The comparison of the broilers fed on BSFL included feed and those fed on standard broiler feed 

in terms of meat appearance, aroma, taste and overall acceptability of cooked and roasted meat 

showed no significant difference (Table 9). All the treatments recorded a point 5 on a 5 point scale 

which represented “very good”. There are several factors that influence consumer preferences on 

broiler meat consumption, top being meat flavor. Chicken meat flavor results from volatile 

compounds generated from lipid degradation, reaction or the interaction between these after heating 

[44]. These findings are supported previous reports which showed that 30 trained panelists couldn’t 

tell any significant difference between birds fed diets enriched with up to 25% Black Soldier Fly larvae 

inclusion [45]. Taste and smell (aroma) are the two sensory attributes that are collectively termed as 

flavor. Chicken diet, fatty acid composition, lipid class and glutamic acid content of the meat, are 

among other factors that influence cooked chicken meat flavor [46]. In the current study, the cooked 

breast meat (pectoral muscle) of broiler chicken fed on all the experimental diets recorded similarities 

(point 5) on aroma, taste and overall acceptability. The sensory test results suggest that inclusion of 

BSFL meal in broiler diets will not affect consumer preference.  Smallholder chicken farming 

dominates the poultry sector in Uganda; however, these farmers often face challenges due to a limited 

supply of quality protein feed stuffs, which can adversely affect the quality of the chicken meat 

produced [47]. Insect-based feeds (IBF) have emerged as a potential alternative to reduce production 

costs. Despite their potential benefits, some producers remain hesitant to adopt them due to 

insufficient information regarding the impact of insect meals like those from cockroaches on the 

quality of chicken meat and consumer preferences. Studies show that increasing the inclusion of 

Black Soldier Fly larvae (BSFL) in chicken diets results in a proportional increase in abdominal fat 

mass, although this does not affect the protein content of breast muscle [47]. 

 

5. Conclusions 

The study revealed that BSFLM has a rich source of protein and its inclusion in broiler feeds 

improved the weight of broilers. Therefore, based on this study, it can be concluded that black soldier 

fly larvae meal represents a promising alternative source of sustainable protein to replace fish meal 

in broiler chicken diet and could replace fish meal up to 25% in their diet without adverse effect on 

growth performance, carcass characteristics and organoleptic taste of broiler chicken meat . 

6. Patents 

No patents have been filed so far 
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