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A study was conducted to assess the effect of feeding graded inclusion of black soldier fly 

larvae meal (BSFLM; Hermetia illucens) on growth performance and carcass quality of 

broiler chickens. A total of 160 broiler chicks of Ross 308 strain were randomly allocated to 

four dietary treatments; each treatment contained 0% (control), 5% BSFLM, 10% BSFLM or 

15% BSFLM, with 4 replicate pens for each treatment (n = 40 birds/treatment) and these were 

fed for 35 days. The growth performance parameters final body weight, average daily gain, 

feed intake, and feed conversion ratio were evaluated as were carcass traits, dressing 

percentage, breast meat yield, abdominal fat, and meat drip loss. The final body weight, 

average daily gain and feed conversion ratio remained unaffected by the inclusion of BSFLM 

at 5% and 10% of the control diet, establishing that BSFLM can be used to replace up to 50% 

of the soybean meal and fishmeal protein without any negative effects on growth 

performance. However, 15% inclusion significantly decreased the final body weight, average 

daily gain and increased feed conversion ratio compared with that of the control, indicating a 

threshold level where growth performance is negatively influenced by the inclusion of chitin 

and negative effect on amino acid digestibility at higher inclusion levels. Carcass quality was 

mostly preserved in the low to moderate levels of BSFLM inclusion, with a slight dose-

dependent decrease in abdominal fat percentage as BSFLM inclusion increased, but a 

significant decrease in dressing percentage and breast meat yield was only found at the 15% 

inclusion level. Up to 10% of the protein in broiler diets can be replaced by BSFLM with no 

significant impact on growth performance and carcass quality, thus providing a sustainable 

protein source alternative. 
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1. Introduction 

Soybean meal and fishmeal have been the main dietary 

protein sources for poultry in the world but the 

environmental impacts of soybean production (agriculture 

land use change and deforestation) and the unsustainable 

exploitation of wild fish stocks for fishmeal production 

have caused concern for the long-term sustainability of 

these traditional protein sources [1]. On top of these 

challenges, the rising demand for animal protein worldwide 

and the volatility of commodity and animal protein prices 

have further intensified the interest in the search for 

alternative, sustainable, and more competitive protein 

sources for animal protein production, such as livestock and 

poultry [2]. The nutritional composition, feed-conversion 

efficiency during rearing and the potential to use organic 

waste streams for insect feed production make insect meal 

a promising alternative protein source that supports circular 

economy [3]. However, the black soldier fly (Hermetia 

illucens) has gained significant interest as a feed insect 

species due to its ability to rapidly grow and convert a wide 

variety of organic by-products such as food waste and 

agricultural residues into high quality larval biomass, with 

the additional benefit of its high crude protein content 

(typically 40-45% on a dry-matter basis) and favourable 

amino acid profile [3,4]. 
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Black soldier fly larvae meal (BSFLM) despite its 

nutritional benefits, has a relatively high chitin content, 

which is present in the exoskeleton, thus digestibility and 

impacts on nutrient utilization and growth performance at 

higher inclusion rates have been a concern [5]. Chitin is a 

poorly-digestible structural polysaccharide that can 

negatively affect protein digestibility and gut morphology, 

and nutrient absorption, if included at high enough levels, 

but the practical limit of inclusion where these effects 

become apparent is an active area of research [6]. 

There are a number of reports on the performance of 

broilers with BSFLM, but the optimum inclusion rates 

range greatly, perhaps due to variations in processing 

methods of BSFLM (defatting and/or drying) as well as 

basal diet formulation and broiler strain [4,5,7,8]. This 

study is designed to systematically assess the effects of 

various levels of BSFLM inclusion (0%, 5%, 10% and 

15%) on growth performance and carcass quality of 

broilers, to establish a practical level of inclusion that 

allows to preserve the growth performance of the broilers 

while maximizing the use of conventional protein sources. 

2. Materials and Methods 

2.1. Plant Material and Growing Conditions 

A total of 160 one-day-old male Ross 308 broiler chicks 

were bought from a commercial hatchery, individually 

weighed and randomly distributed among the four dietary 

treatments in a completely randomized design with four 

replicate pens (floor, nest) with ten birds per pen (n = 40 

broilers/treatment). Birds were housed in the 

environmentally controlled facility and kept on wood-

shaving litter with ad libitum feed and water supplies and a 

standard temperature and lighting program for 35 days 

(starter phase: 1–10 days; grower phase: 11–24 days; and 

finisher phase: 25–35 days). 

2.2 Dietary Treatments 

Black soldier fly larvae were reared on a standardized 

organic substrate, collected at the prepupal stage, oven 

dried, defatted and milled to meal, before formulation of the 

diets. The four isonitrogenous and isocaloric diets were 

designed to incorporate 0% (T0) (control), 5% (T1), 10% 

(T2) and 15% (T3) BSFLM, respectively, of the total 

content of digestible AA of soybean meal and fishmeal in 

each feeding phase. The diet formulations and the levels of 

inclusion for BSFLM are summarized as shown in Table 1. 

2.2 Growth Performance Measurements 

Average daily gain (ADG), average daily feed intake 

(ADFI) and feed conversion ratio (FCR = feed intake / 

weight gains) were determined weekly for individual body 

weights and weekly for feed intake per pen and overall for 

the 35-day trial. Mortality was daily and used to adjust feed 

conversion calculations. 

Table 1. Dietary treatment groups and black soldier fly larvae meal (BSFLM) inclusion levels used in the 35-day broiler 

feeding trial. 

Treatment 
BSFLM Inclusion (% of 

diet) 
Soybean/Fishmeal Replaced (%) Birds per Treatment (n) 

T0 (control) 0% 0 40 (4 pens × 10) 

T1 5% 25 40 (4 pens × 10) 

T2 10% 50 40 (4 pens × 10) 

T3 15% 75 40 (4 pens × 10) 

2.4 Carcass Quality Assessment 

Eight birds (two in each pen), whose body weight was 

similar to the pen average, were selectively slaughtered for 

each treatment at day 35 after feed-withdrawing for 8 hours, 

weighing, and slaughtering the birds under standard 

commercial procedures. Carcass weight was measured to 

obtain dressing percentage and breast muscle (pectoralis 

major and minor) was dissected and weighed to calculate 

the yield of breast muscle as a % of live weight. Abdominal 

fat pad weight was expressed as percentage of live weight 

and meat drip loss was determined on breast fillet sample 

after 48 hours of refrigeration. 

2.5 Statistical Analysis 

One-way analysis of variance (ANOVA) was used to 

analyses the data, diet being the main effect and pen the unit 

of experiment for performance data. Tukey's Honestly 

Significant Difference (HSD) was used to separate means 

for treatment where p ≤ 0.05. Increasing levels of BSFLM 

were contrasted using polynomial contrasts to determine 

the linear and quadratic effects. Data are expressed as mean 
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± standard error (SE) and means with different superscript 

letters in a column are statistically different. 

3. Results 

3.1 Growth Performance 

There were no significant differences in final body weight, 

average daily gain, or feed conversion ratio in either the 

control (T0) or the 5% (T1) or 10% (T2) BSFLM inclusion 

treatments after 35 days (p > 0.05). On the other hand, birds 

with 15% BSFLM diet (T3) had significantly lesser final 

body weight (2,289 ± 38 g) and ADG (54.1 ± 0.9 g/day) 

than the control (2,415 ± 32 g and 57.5 ± 0.8 g/day, 

respectively), and were also significantly poorer at FCR 

(1.87 ± 0.04 vs. 1.71 ± 0.03), although they had a slightly 

higher, but non-significant, feed intake. The polynomial 

contrast analysis showed that the final body weight and 

FCR were both significantly affected by the linear and 

quadratic effects of BSFLM inclusion level, suggesting that 

both maintained the same performance level at low- to 

moderate levels before decreasing at the highest level of 

inclusion. Summary of the growth performance results is 

given in Figure 1 and 2. 

 

Figure 1 and 2. Growth performance of broiler chickens 

fed graded levels of black soldier fly larvae meal 

(BSFLM) over a 35-day feeding trial. 

 

3.2 Carcass Quality 

Dressing percentage and breast meat yield were not 

significantly affected by the 5% and 10% BSFLM 

treatments compared to the control, but were significantly 

lower with the 15% inclusion treatment. As BSFLM 

inclusion rate increased, the reduction in abdominal fat 

percentage was dose-dependent, where the 10% and 15% 

levels of inclusion significantly reduced abdominal fat 

compared to the control, possibly due to the comparatively 

lower fat content of the defatted BSFLM compared to the 

protein source that it replaced. There were no significant 

differences in meat drip loss. The carcass quality results are 

given in Table 2 and Figure 3. 
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Table 3. Carcass quality traits of broiler chickens fed graded levels of black soldier fly larvae meal (BSFLM) at day 35 

(mean ± SE, n = 8 birds/treatment). Different superscript letters within a column indicate significant differences (Tukey's 

HSD, p ≤ 0.05). 

Treatment Breast Meat Yield (%) Abdominal Fat (%) Meat Drip Loss (%) 

T0 (control) 21.8 ± 0.5ᵃ 1.92 ± 0.10ᵃ 3.1 ± 0.2ᵃ 

T1 (5%) 22.3 ± 0.4ᵃ 1.78 ± 0.09ᵃᵇ 2.9 ± 0.2ᵃ 

T2 (10%) 21.9 ± 0.5ᵃ 1.61 ± 0.08ᵇ 2.8 ± 0.2ᵃ 

T3 (15%) 20.4 ± 0.6ᵇ 1.55 ± 0.09ᵇ 3.4 ± 0.3ᵃ 

4. Discussion 

Based on the findings of this study, replacing up to 50 % of 

soybean meal and fishmeal protein fraction (corresponding 

to 10 % of dietary inclusion) with black soldier fly larvae 

meal in broiler diets could be a good option for sustainable 

alternative protein source [6, 8]. This result agrees with 

other reports in which BSFLM, after correct processing 

(drying and defatting), and formulated on digestible amino 

acid basis, was found as a nutritionally sound protein source 

for broiler chickens when including at moderate percentage 

[9,10]. 

The large reduction in growth performance at 15% 

inclusion level is most likely due to the high overall chitin 

load from the higher BSFLM inclusion. The chitin present 

in the larva exoskeleton is poorly digested by the 

monogastric digestive system of poultry, and has been 

shown to decrease nutrient digestibility and protein 

utilization, and, at high enough levels, adversely affects gut 

morphology and the dynamics of microbial fermentation 

[11]. The decreased feed efficiency at 15% inclusion, which 

occurred at a similar or higher feed intake compared to the 

other treatments, supports the idea that the nutrient 

digestibility and utilization was reduced, not the palatability 

of the feed [12]. 

It is interesting to note that with the inclusion of BSFLM in 

the diet, the abdominal fat percentage reduced with the 

dose, which has commercial importance as the excessive 

deposition of abdominal fat is generally considered an 

undesirable carcass characteristic in broiler production [4]. 

This decrease could be due to the different fatty acid 

composition and/or energy level of defatted BSFLM 

compared to the soybean meal and fishmeal that it replaced, 

but additional studies of the physiology of lipid metabolism 

and fatty acid deposition would be required to fully 

understand the reasons for this reduction [11,12]. 

Reductions in dressing percentage and breast meat yield at 

the 5% and 15% inclusion levels are probably more a 

reflection of the general growth performance impairment at 

those inclusion levels than a direct effect of the inclusion on 

the carcass as breast meat yield is closely associated with 

overall body weight and lean tissue accretion. Taken 

together, the results confirm that 10% dietary level is a 

practical maximum for BSFLM when using this dietary 

protein source in broiler diets, as above this amount growth 

performance will be sacrificed [12]. 

This study evaluated a single BSFLM processing method 

(oven-dried, defatted) and a single broiler strain over a 

standard 35-day production cycle; different processing 

methods (e.g., enzymatic chitin reduction, fermentation) or 

broiler genetics could alter the inclusion threshold at which 

negative effects emerge [13]. Additionally, this study did 

not directly assess nutrient digestibility, gut morphology, or 

intestinal microbiota composition, which would provide 

mechanistic insight into the cause of reduced performance 

at higher inclusion levels. Future studies should incorporate 

digestibility trials, gut health assessments, and economic 

feasibility analyses to further refine practical 

recommendations for BSFLM inclusion in commercial 

broiler production [12]. 

5. Conclusion 

This study demonstrates that black soldier fly larvae meal 

can be included in broiler diets at up to 10% (replacing 

approximately 50% of soybean meal and fishmeal protein) 

without compromising growth performance or carcass 

quality, while providing the additional benefit of reduced 

abdominal fat deposition. Inclusion at 15% significantly 

impaired growth performance and select carcass traits, 

likely due to elevated dietary chitin content and reduced 

nutrient digestibility. These findings support BSFLM as a 

nutritionally viable and sustainable alternative protein 

source for broiler production at moderate inclusion levels, 

contributing to the diversification of poultry feed 

ingredients and the reduction of reliance on conventional 

soybean- and fishmeal-based protein sources. 
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