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Abstract: Black soldier fly (Hermetia illucens L.) larvae (BSFL) are a promising alternative to traditional 
animal feed sources due to their high nutritional value, including protein (8-60% DM), fat (18-40% DM), 
essential amino acids, minerals, and lauric acid, which has antimicrobial properties. The nutritional content 
of BSFL varies depending on the rearing substrate. Incorporating BSFL into the diets of various livestock 
species has led to improvements in growth performance, feed efficiency, product quality, and potentially animal 
welfare. The significance of BSFL in animal agriculture stems from the increasing demand for animal protein, 
which is expected to double by 2030, leading to a feed gap that BSFL can help address. BSFL farming offers 
a cost-effective and sustainable solution by converting organic waste into high-quality biomass, aligning with 
circular economy principles. However, further research is needed to better understand the effects of BSFL 
supplementation on animal responses, as a replacement for conventional feed sources like fish meal and soybean 
meal, which are costly, limited in supply, and environmentally impactful. This research will contribute to the 
development of more sustainable and efficient livestock production systems.
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INTRODUCTION

The demand for higher-value foods, such as 
meat, eggs, and milk is expected to double by 
2030, due to population growth and rising in-
comes, particularly in developing countries, 
where there is substantial potential for increased 
animal product consumption (FAO, 2017). The 
rising demand for animal protein is exerting 
pressure on traditional feed sources, such as fish 
meal and soybean meal, which are constrained by 
high costs, limited supply, and significant envi-
ronmental impacts (Dörper et al., 2021; Raman 
et al., 2022; Gadzama et al., 2024). However, one 
of the major challenges facing animal agricul-
ture today is sustaining the natural resource base 
(soil, water, air, and biodiversity), while meeting 
the increasing and changing demands for animal 
food products (FAO, 2017; Gadzama and Ndu-

dim, 2019). Identifying new sustainable feed re-
sources that minimize these impacts is crucial for 
long-term food security and environmental sus-
tainability. Black soldier fly larvae (BSFL), sci-
entifically known as Hermetia illucens L., have 
emerged as a promising alternative to address 
these challenges (Zulkifli et al., 2022; Raman et 
al., 2022; Gadzama and Panuel, 2024a,b). BSFL 
possess the unique ability to bioconvert organic 
waste into high-quality biomass, making them a 
sustainable and efficient option for animal feed 
production (Chia et al., 2021; Gadzama and Panu-
el, 2024a,b). This bioconversion process not only 
aids in waste management but also produces a 
nutrient-rich feed ingredient that can potentially 
replace conventional protein sources in livestock 
diets.

BSFL farming requires significantly less land 
than traditional livestock farming and can be 
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conducted vertically in a smaller footprint, reduc-
ing the need for extensive grazing lands. Feeding 
trials with BSFL have been conducted in various 
animals, including chickens, pigs, rabbits, fish, 
cattle, sheep, and goats. While there are prom-
ising benefits, further research and development 
are needed to fully realize the potential of BSFL 
farming in addressing the challenges of livestock 
feed production. The main purpose of this paper 
is to review the nutrient composition of BSFL, 
integrate research findings from existing feed-
ing trials, and improve our understanding of the 
effects of BSFL supplementation on animal pro-
duction metrics and health.

NUTRITIONAL VALUE OF BLACK 
SOLDIER FLY LARVAE

The high protein content of BSFL, ranging 
from 8.0 to 60% DM (Table 1), positions it as 
a promising alternative to conventional protein 
sources, such as soymeal and fishmeal (Barragan-
Fonseca et al., 2017; Shumo et al., 2019; Gadzama 
and Panuel, 2024a,b). This is particularly relevant 
in the context of the growing demand for protein 
for animal feed, coupled with the environmental 
concerns associated with traditional protein pro-
duction. The wide variability observed in the nu-
tritional content of BSFL emphasizes the need for 
standardized rearing practices to ensure consis-
tent product quality. Factors, such as diet compo-
sition, rearing temperature, and harvesting time 
can significantly influence the final nutritional 
composition. For instance, BSFL raised on chick-
en feed, a protein-rich substrate, exhibit higher 
crude protein levels compared to those reared on 
other substrates (Table 2; Spranghers et al., 2018). 
This could be due to the defatting process, which 
has been shown to influence the protein levels 
in BSFL meal (Schiavone et al., 2017; Lu et al., 
2022). The protein in BSFL is characterized by a 
well-balanced amino acid profile, exceeding soy-
bean meal in leucine, lysine, and valine levels; 
particularly, valine levels in BSFL even surpass 
those in fish meal. BSFL protein contains a high-
er proportion of indispensable amino acids com-

pared to common plant-based protein sources 
like rice and wheat, and even some animal-based 
proteins, including beef and chicken (Huang et 
al., 2019).

Full-fat BSFL has a fat content (18−40 % 
DM), and metabolizable energy (ME; 2−24 MJ/
kg) (Table 1). While this high energy content can 
be beneficial for animals requiring elevated en-
ergy levels, it necessitates careful consideration 
during feed formulation (Lu et al., 2022). The 
main saturated fatty acids found in BSFL are 
Lauric acid (40.93%), palmitic acid (19.11%), oleic 
(17.34%), linolenic (8.79%), myristic (6.49%), and 
palmitoleic acids (3.89%) (Zabulionė et al., 2023; 
Gadzama and Panuel, 2024a; Shu et al., 2024). 
BSFL also serve as a source of essential poly-
unsaturated fatty acids, such as linoleic acid and 
linolenic acid (Gadzama and Panuel, 2024a,b). 
These essential fatty acids are crucial for vari-
ous biological functions in animals, including 
growth, reproduction, and immune system func-
tion. The presence of these fatty acids in BSFL 
further contributes to their nutritional value (Lu 
et al., 2022).

BSFL is not merely a source of protein, but 
also a rich source of essential nutrients. The min-
eral composition of BSFL is an important consid-
eration for their use as animal feed. Calcium (Ca) 
is the most abundant macromineral in BSFL, 
likely due to its presence in the exoskeleton (Chia 
et al., 2020; Gadzama et al., 2024). The signifi-
cant levels of calcium, magnesium, phosphorus, 
and potassium underscore its potential as a valu-
able mineral supplement in animal feed and po-
tentially even human diets. The abundance of lau-
ric acid in BSFL, constituting 17.25% to 47.2% of 
total fatty acids, presents intriguing possibilities. 
Lauric acid is known for its antimicrobial and an-
tiviral properties, suggesting its potential as a natu-
ral growth promoter in animal feed (Gadzama and 
Panuel, 2024a,b). This could contribute to reducing 
the reliance on antibiotics in animal agriculture, a 
practice that has raised concerns about antibiotic re-
sistance. The presence of all essential amino acids, 
crucial for various physiological functions, further 
enhances the nutritional value of BSFL. The levels 
of lysine, methionine, phenylalanine, and valine are 
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Table 1. Summary of the chemical composition of Black Soldier Fly Larvae*

Amount Units
Proximate Composition

Dry Matter (DM) 17.8–97.50 %
Organic Matter 87.2 %
Moisture 2.89–23.33 %
Protein (N x 6.25) 8.0–60 % DM
Fat 5.4–40 % DM
Crude Fibre 3.62–21.3 % DM
Ash 2.7–18.06 % DM
Carbohydrates (total) 7.24–17.41 % DM
Nitrogen free extract 4.90–20.5 % DM
Energy 2–24 MJ/kg

 Minerals
Calcium (Ca) 21000–37000 mg/kg
Magnesium (Mg) 2400–2700 mg/kg
Phosphorus (P) 6500–8200 mg/kg
Potassium (K) 8600–14000 mg/kg
Sodium (Na) 460–730 mg/kg
Zinc (Zn) 90–160 mg/kg
Copper (Cu) 10 mg/kg
Chitin 3.9–8.0 % DM

Fatty Acids
Capric acid (C10:0) 1.0–1.7 % of total fatty acids
Lauric acid 17.25–47.2 % of total fatty acids
Myristic acid (C14:0) 2.65–8.0 % of total fatty acids
Palmitic acid (C16:0) 3.54–19.1 % of total fatty acids
Stearic acid (C18:0) 0.45–6.0 % of total fatty acids
Oleic acid (C18:1) 1.0–25.6 % of total fatty acids
Linoleic acid (C18:2) 1.73–23 % of total fatty acids
α-Linolenic acid (C18:3) 0.15–8.79 % of total fatty acids
Palmitoleic acid (C16:1) 1.05–3.89 % of total fatty acids

Vitamins/Carotenoids
Provitamin A 0.0 µg/g
Thiamine (B1) 0.26 mg/g

Indispensable Amino Acids
Lysine 26.30–29.00 mg amino acid/g
Methionine 7.40–8.30 mg amino acid/g
Phenylalanine 17.50–19.80 mg amino acid/g
Valine 23.20–24.70 mg amino acid/g

Dispensable Amino Acids
Aspartic Acid 35.30–39.90 mg amino acid/g
Glycine 17.40–18.60 mg amino acid/g
Glutamic Acid 43.30–47.30 mg amino acid/g
Tyrosine 22.40–26.40 mg amino acid/g

Adapted from: Makkar et al. (2014); Al-Qazzaz et al. (2016); Benzertiha et al. (2020); Ognik et al. (2020); Tippayadara et al. 
(2021); Kozłowski et al. (2021); Zozo et al. (2022); Gadzama et al. (2023); Attia et al. (2023); Maranga et al. (2023); Loho & 
Lo (2023); Gadzama et al. (2024).
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particularly noteworthy, as these amino acids are of-
ten limiting in plant-based protein sources. BSFL’s 
ability to thrive on a wide range of organic waste 
materials, converting them into high-value protein, 
aligns with the principles of a circular economy. 
This aspect has significant implications for waste 
management and resource recovery, potentially 
contributing to a more sustainable food production 
system (Gadzama, 2024).

IMPACT OF REARING SUBSTRATE 
ON NUTRITIONAL COMPOSITION

The rearing substrate used for BSFL signifi-
cantly influences its nutritional composition, 
making it a critical aspect of BSFL production 
for animal feed (Mwaniki et al., 2018; (Chia et 
al., 2020; Gadzama et al., 2023; Gadzama, 2024), 
which can be manipulated to tailor the nutritional 
value of BSFL to meet specific animal feed re-
quirements (Zulkifli et al., 2022; Gadzama, 2024; 
Gadzama et al., 2024). Factors like temperature, 
humidity, and larval density during rearing can 
also impact BSFL growth and nutrient composi-
tion. Companies and research institutions are ex-
ploring various organic waste streams as feeding 
substrates, which shows the adaptability of BSFL 
and its potential in waste management (Table 2). 
BSFL can be easily reared and propagated on 
any nutrient-rich substrate, including plant resi-
dues, animal manure, and waste, food scraps, ag-
ricultural byproducts, or straws (Lu et al., 2022; 
Dou et al., 2024). Notable examples include pre-
consumer recycled food, chicken feed, brewer’s 
by-products, mixes of flour, water, and vegetable 
waste, food waste, chicken manure, and kitchen 
waste (Table 2). This approach aligns with the 
principles of circular economy, where waste is 
transformed into valuable feed resources. 

IMPACT OF BSFL ON ANIMAL 
PERFORMANCE AND HEALTH

Research has shown that including BSFL in 
animal feed can improve animal growth, nutri-

tional quality of animal products, and animal 
health and welfare. This means that animals fed 
BSFL grow faster and require less feed to reach a 
given weight. The improved growth performance 
is likely due to the high nutritional value of BSFL 
and its potential to enhance gut health, leading 
to better nutrient absorption. Furthermore, BSFL 
inclusion has been linked to an improvement in 
the quality of animal products. Moreover, the 
antimicrobial properties of lauric acid found in 
BSFL may contribute to improved animal health 
by reducing the risk of infections. This can lead 
to better overall animal well-being and potential-
ly reduce the need for antibiotics in animal pro-
duction. 

Chickens
The effects of BSFL inclusion on broiler 

growth performance are inconsistent (Table 3). 
Some studies report positive outcomes, such as 
increased weekly weights in Ardennaise chickens 
fed 8% fresh BSFL (Moula et al., 2018). Converse-
ly, other studies indicate potential downsides, in-
cluding reduced body weight, weight gain, and 
feed intake in broilers fed diets containing 3-5% 
BSFL prepupae (Attia et al., 2023). However, a 
diet incorporating 60 g/kg of BSFL fat enhanced 
growth performance in broilers (Kierończyk et 
al., 2023). These findings suggest that the form 
and specific inclusion levels of BSFL are crucial 
for optimizing growth outcomes.

BSFL can be a valuable addition to laying 
hen diets. Studies demonstrate that appropriate 
amounts of BSFL (3% DM) can increase laying 
rates, decrease feed consumption per egg, and 
reduce cracked egg rates (Yan et al., 2023). Re-
placing conventional feed with BSFL meal up 
to 75% did not negatively impact meat quality 
(Makokha et al., 2023). However, excessive in-
clusion levels (24%) led to reduced feed intake, 
body weight, and egg production, highlighting 
the importance of determining optimal inclusion 
levels (Patterson et al., 2021). BSFL inclusion 
could improve poultry welfare. Broilers provided 
with live BSFL exhibited reduced fearfulness, a 
key welfare indicator, suggesting that the natural 
foraging behaviour stimulated by live BSFL may 
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reduce stress levels (Ipema et al., 2020). In lay-
ing hens, live BSFL provision resulted in better 
feather conditions, further supporting its poten-
tial welfare benefits (Star et al., 2020).

BSFL can enhance the nutrient composition 
of poultry products. Broilers fed with increasing 
levels of BSFL showed a linear increase in meat 
redness, indicating improved pigmentation (Schi-

Table 2. Nutritional composition and rearing substrates of Black Soldier Fly Larvae from various companies
Source Rearing substrate CP Fat ME References

Enterra Feed Corp., Vancouver, BC, 
Canada

pre-consumer recycled 
food collected from local 
farms, food processors, and 
grocery stores

56.10 6.84 20.82 Mwaniki et al. 
(2018)d

Ghent Universityp chicken feed 40.88 40.99 24.27 Spranghers et al. 
(2018)

Ghent Universityp chicken feed 60.69 7.97 18.31 Spranghers et al. 
(2018)d

Foodyworm Inc. (Seoul, Republic of 
Korea)

NR 53.64 13.43 NR Lei et al. (2019)

Nasekomo AD, Bulgaria NR 18.01 6.75 13.27 Popova et al. 
(2020)

Hexafly (Co. Meath, Ireland) brewer’s by-product 49.10 36.60 NR Campbell et al. 
(2020)

Shandong Wooneng Agricultural Science 
and Technology Co., Ltd., Liaocheng, 
China

mix of flour (35%), water 
(65%) and vegetable waste 34.97 35.49 NR Chu et al. (2020)

Protix B.V. (Dongen, The Netherlands NR 13.50 10.50 NR Star et al. (2020)

HiProMine S.A., Robakowo, Poland NR 40.40 33.50 NR Ognik et al. 
(2020)

Department of Entomology, Chiang Mai 
University, Thailand NR 26.12 36.47 1.93 Tippayadara et 

al. (2021)

HiProMine S.A. (Robakowo, Poland) NR 42.40 28.00 NR Kozłowski et al. 
(2021)

Entomics Biosystems (Cambridge, UK) NR 8.07 1.93 6.76 Bellezza Oddon 
et al. (2021)af

 INAGRO, Rumbeke-Beitem, Belgium NR 14.39 9.56 8.69 Bongiorno et al. 
(2022)af

Guangzhou Feixite Aquatic Product 
Technology Co., Ltd, China food waste 33.25 35.75 24.11 Ma et al. (2023)

Zhengzhou Bennong Agricultural 
Technology Co., Ltd.  China chicken manure 37.60 36.00 8.74 Yan et al. (2023)

ICIPE Nairobi, Kenya kitchen waste 25.30 27.30 NR Maranga et al. 
(2023)

Mobius Farms, Barossa Valley, South 
Australia

pre-consumer food waste 
(vegetables and fruits, and 
a small amount of chicken 
starter mash)

48.20 27.80 19.03 Gadzama et al. 
(2023)

Cyns, Piracicaba, Brazil NR 54.30 9.53 21.80 Silva et al. 
(2024)

BSFL: Black soldier fly larvae, NR: Not reported, CP: Crude protein (% dry matter (DM)), Fat (% DM), ME: Metabolizable 
energy (MJ/kg), dDefatted BSFLM, p(prepupae), ICIPE: International Centre of Insect Physiology and Ecology.
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avone et al., 2019). However, some studies report 
undesirable changes in fatty acid profiles with 
high BSFL inclusion levels, necessitating a bal-
anced approach to maximize nutritional benefits 
while mitigating potential negative impacts on 
product quality (Popova et al., 2020; Kierończyk 
et al., 2023). Variations in BSFL composition and 
processing methods impact research consistency. 
Further research is needed to standardize BSFL 
production and processing for reliable results. 
Most studies focus on short-term effects. Investi-
gating the long-term implications of BSFL inclu-
sion on poultry health, productivity, and product 
quality is crucial. More research is needed to un-
derstand consumer perceptions of poultry prod-
ucts derived from BSFL-fed animals.

Pigs
Studies show that the inclusion of BSFL in pig 

diets can positively impact growth performance 
and feed efficiency (Table 4). A study by Chia et 
al. (2021) found that pigs fed a diet with 100% 
BSFL meal had significantly improved feed con-
version efficiency. Eickleberry et al. (2022) dem-
onstrated that BSFL oil, rich in lauric acid, im-
proved final weight gain and average daily gain 
in pigs across all study phases. These findings 
suggest that BSFL, in both meal and oil forms, 
is a valuable ingredient for improving pig growth 
and feed utilization. However, it is important to 
consider the age of the pigs and the amount of 
BSFL included in the diet. Kawasaki et al. (2023) 
found that piglets fed 12.5% and 25.0% BSFL 

Table 3. Summary of Studies on the Impact of Black Soldier Fly Larvae on Poultry
Species Parameter Summary of Results References

Broilers Performance Feeding 8% fresh BSFL significantly increased weekly weights. Moula et al. 
(2018)

A diet of 3% BSFL prepupae (1-14 days) followed by 5% (15-42 
days) reduced feed intake, body weight gain, and impaired feed 
conversion ratio.

Attia et al. 
(2023)

Broilers fed BSFL fat at 60 g/kg diet showed better growth 
performance compared to the control group.

Kierończyk et al. 
(2023)

Hens Feeding 24% BSFL meal reduced average daily feed intake, body 
weight, and egg production after 8 weeks.

Patterson et al. 
(2021)

Broilers Welfare Long-term access to live BSFL reduces fearfulness in broilers without 
impacting their health or performance.

Ipema et al. 
(2020)

Hens Hens fed 12 g live BSFL per day using a larvae dispenser had 
significantly better feather condition after 12 weeks than the control. Star et al. (2020)

Product Quality Substituting up to 75% of fish meal with BSFLM in hens’ feed does 
not significantly affect meat quality.

Makokha et al. 
(2023)

Broilers
Broilers fed increasing levels of BSFL (50, 100, and 150 g/kg diet) 
showed a linear increase in meat redness and a linear decrease in meat 
yellowness.

Schiavone et al. 
(2019)

Broilers fed BSFL meal had decreased PUFA, PUFA to SFA ratio 
(P/S), n-6/n-3 ratio, and hypo/hypercholesterolemic fatty acids (h/H) 
ratio in the meat.

Popova et al. 
(2020)

Higher levels of BSFL fat reduced the omega-3 fatty acid content in 
the meat.

Kierończyk et al. 
(2023)

BSFL: Black Soldier Fly Larvae, TMR: Total Mixed Ration, Ca-soap: Calcium Soap, FCR: Feed Conversion Ratio, 
BSFLM: Black Soldier Fly Larvae Meal, PUFA:  Polyunsaturated Fatty Acids, SFA: Saturated Fatty Acids, P/S: PUFA to 
SFA Ratio, n-6/n-3: Omega-6 to Omega-3 Ratio, and h/H: Hypo/Hypercholesterolemic Fatty Acids Ratio.
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during the pre-weaning period had lower growth 
and feed conversion ratios compared to a con-
trol group after 28 days. This suggests there may 
be an age-dependent effect of BSFL inclusion. 
Conversely, van Heugten et al. (2022) found that 
BSFL oil supplementation (0%, 2%, 4%, or 6%) 
linearly improved pig body weight, daily gain, 
and FCR over 40 days. 

Research suggests that BSFL inclusion can 
impact carcass traits and fat deposition in pigs. 
Chia et al. (2021) observed that pigs fed diets 
containing 50%, 75%, or 100% BSFL meal had 
greater fasted and carcass weights compared to 
those on control or 25% BSFL meal diets. Re-
markably, pigs on the 100% BSFL diet had in-
creased back fat depth at the 10th rib, indicating a 
potential influence of high BSFL inclusion levels 
on fat deposition. However, other carcass traits, 
such as dressing percentage and loin eye area, re-
mained consistent across all BSFL inclusion lev-
els.

Chia et al. (2021) reported that pigs fed BSFL 
meal had higher potassium levels in their spleen, 

liver, and loin muscle tissues compared to those 
on a control diet. Additionally, the study found 
increased iron and zinc concentrations in the loin 
muscle tissue of pigs fed a 100% BSFL meal diet. 
These findings suggest that BSFL could enhance 
the mineral content of pork products. The inclu-
sion of BSFL in pig diets appears to influence the 
composition and function of the gut microbiome. 
Studies have shown positive changes in the in-
testinal microbiome of pigs fed BSFL after three 
weeks. However, research by Spranghers et al. 
(2018) demonstrated that BSF prepupae fat had 
an inhibitory effect on the growth of beneficial 
bacteria like lactobacilli and D-streptococci in 
vitro and a similar, but less pronounced, effect in 
vivo. These results suggest that BSFL can modu-
late the gut microbiome, which could have impli-
cations for pig health and nutrient digestion. Kar 
et al. (2021) found that pigs fed BSFL showed 
positive intestinal microbiome development com-
pared to the control after 3 weeks.

While BSFL shows promise as a sustainable 
feed ingredient, some studies have indicated that 

Table 4. Summary of Studies on the Impact of Black Soldier Fly Larvae on Pigs
Parameter Summary of Results References

Performance Pigs fed 50, 75, and 100% BSFLM had significantly higher body weight gain as 
compared to the control group. Chia et al. (2021)

Pigs fed BSFL oil showed significantly higher final weight gain and ADG in all 
phases

Eickleberry et al. 
(2022)

BSFL oil supplementation (0%, 2%, 4%, or 6%) linearly improved pig body weight, 
daily gain and FCR over 40 days.

van Heugten et al. 
(2022)

Piglets fed 12.5% and 25.0% BSFL during the pre-weaning period had lower 
growth and FCR as compared to the control after 28 days.

Kawasaki et al. 
(2023)

Product Quality Pigs fed diets with 50%, 75%, or 100% BSFL meal showed greater fasted carcass 
weights than the control. Chia et al. (2021)

A 100% BSFL diet increases back fat depth at the 10th rib compared to control Chia et al. (2021)
Pigs on BSFL meal diets had elevated potassium levels in the spleen, liver, and loin 
muscle tissues compared to the control. Chia et al. (2021)

Pigs fed a 100% BSFL meal diet showed increased iron and zinc concentrations in 
their loin muscle tissue. Chia et al. (2021)

Health Pigs fed BSF prepupae fat had a 0.5 log fold reduction of D-streptococci in their 
guts.

Spranghers et al. 
(2018)

Pigs fed BSFL showed positive intestinal microbiome development compared to the 
control after 3 weeks. Kar et al. (2021)

BSFLM:  Black Soldier Fly Larvae Meal, BSFL: Black Soldier Fly Larvae, ADG: Average Daily Gain, FCR: Feed 
Conversion Ratio, and BSF: Black Soldier Fly.
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BSFL oil can increase serum cholesterol levels in 
pigs (van Heugten et al., 2022; Kawasaki et al., 
2023). The mechanism underlying this increase 
requires further investigation. Strategies to miti-
gate the potential rise in serum cholesterol lev-
els associated with BSFL oil inclusion, such as 
dietary modifications or selective breeding of 
BSFL, warrant further research.

Rabbits
Research indicates that BSFL fat is a promis-

ing sustainable alternative to soybean oil in rab-
bit feed (Table 5). Replacing soybean oil with 
BSFL fat, even at 100%, does not negatively af-
fect the growth performance of rabbits (Gasco et 
al., 2019a). Rabbits fed BSFL fat showed similar 
digestibility of dry matter, protein, ether extract, 
fibre fractions, and gross energy compared to 
control groups (Gasco et al., 2019a). This sug-
gests that BSFL fat can be a suitable replacement 
for soybean oil in rabbit diets without compro-
mising growth or nutrient utilization. However, 

some studies found slightly lower total tract ap-
parent digestibility (TTAD) in rabbits fed BSFL 
fat compared to those fed linseed fat (Martins et 
al., 2018). This difference is likely due to varia-
tions in fatty acid composition. 

Gasco et al. (2019b) found that rabbits fed 
BSFL fat have higher proportions of saturat-
ed fatty acids and lower proportions of poly-
unsaturated fatty acids in their meat compared 
to control groups. While this shift in fatty acid 
profile might raise concerns about the nutrition-
al value of the meat, it’s important to note that 
meat from rabbits fed BSFL fat was less prone 
to oxidation, indicating better preservation and 
shelf life (Gasco et al., 2019b). Despite changes 
in fatty acid composition, consumer acceptance 
of the meat remained unaffected (Gasco et al., 
2019b). Replacing soybean oil with BSFL fat did 
not negatively affect gut morphometric indices 
or organ histopathology (Gasco et al., 2019a). 
Furthermore, BSFL fat supplementation increas-
es the concentration of volatile fatty acids in the 

Table 5. Summary of Studies on the Impact of Black Soldier Fly Larvae on Rabbits
Parameter Summary of Results References

Performance Rabbits fed diets with 50% and 100% black soldier fly larvae (BSFL) fat instead of 
soybean oil for 42 days showed similar growth, health, and blood parameters.

Gasco et al. 
(2019a)

Rabbits fed 50% and 100% BSFL fat for 42 days had similar nutrient digestibility 
(DM, protein, EE, fibre fractions, and gross energy) as the control.

Gasco et al. 
(2019a)

Rabbits fed 30 g and 60 g/kg DM of BSFL fat for 5 weeks had slightly lower total 
tract apparent digestibility than those fed linseed.

Martins et al. 
(2018)

Product Quality
Rabbits fed 50% and 100% BSFL fat for 42 days had higher saturated fatty acids 
and lower polyunsaturated fatty acids compared to the control and mealworm 
groups.

Gasco et al. 
(2019b)

Meat from rabbits fed 50% and 100% BSFL fat for 42 days was less prone to 
oxidation.

Gasco et al. 
(2019b)

Rabbits fed 50% and 100% BSFL fat for 42 days had similar carcass traits, meat 
quality, and consumer acceptance compared to the control group.

Gasco et al. 
(2019b)

Health Replacing soybean oil with 50% or 100% BSFL fat in the diet had no effect on gut 
morphometric indices or organ histopathology in growing rabbits after 42 days.

Gasco et al. 
(2019a)

Supplementing rabbit diets with 1.5% BSFL fat for 41 days increased cecal volatile 
fatty acids compared to the control.

Dabbou et al. 
(2020)

Dietary BSFL fat increased Akkermansia and Ruminococcus in the cecal microbiota 
of weaned rabbits after 41 days.

Dabbou et al. 
(2020)

Rabbits fed 1.5% BSFL fat for 41 days had significantly lower Yersinia 
enterocolitica growth compared to the control and yellow mealworm groups.

Dabbou et al. 
(2020)

BSFL: Black Soldier Fly Larvae, DM: Dry Matter, EE: Ether Extract, and Yersinia enterocolitica is a type of bacteria.
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cecum, which can benefit gut health and nutri-
ent absorption (Dabbou et al., 2020). BSFL fat 
also changed the cecal microbiota composition, 
increasing the abundance of beneficial bacteri-
al genera like Akkermansia and Ruminococcus 
(Dabbou et al., 2020). These findings suggest that 
BSFL fat may promote a favourable gut environ-
ment in rabbits. Research suggests that BSFL fat 
could also play a role in controlling pathogens in 
rabbits. Dabbou et al. (2020) found that rabbits 
fed BSFL fat had significantly lower Yersinia en-
terocolitica growth compared to control groups. 
However, there was no significant difference in 
Salmonella growth. Further research is needed 
to determine the specific mechanisms involved 
in the potential antimicrobial properties of BSFL 
fat and the range of pathogens that can be effec-
tively controlled.

Fish 
The growing interest in BSFL and its deriva-

tives as sustainable alternatives to conventional 
fishmeal and fish oil in aquaculture is evident 
(Table 6). Some studies have shown that re-
placing fish meal with BSFL meal can support 
growth performance in certain fish species. For 
example, Nile tilapia fed with BSFL meal, even 
at 100% inclusion, showed no adverse effects on 
growth performance or feed utilization efficien-
cy (Tippayadara et al., 2021). Similarly, juvenile 
golden pompano fed a diet with 25% BSFL meal 
exhibited increased feed intake without any nega-
tive impacts on growth or intestinal health (Yu 
et al., 2023). In African catfish, the inclusion of 
50% BSFL meal did not significantly affect the 
feed conversion ratio, indicating efficient nutri-
ent utilization from BSFL meal (Maranga et al., 
2022). The authors note that the lack of statisti-
cal significance in this finding could be due to 
variations in experimental conditions or sample 
size. However, other studies suggest that high in-
clusion levels of BSFL meal (50% or more) can 
negatively impact growth in species like golden 
pompano (Yu et al., 2023). These findings high-
light the importance of optimizing inclusion lev-
els based on the specific requirements of the fish 
species being cultured.

BSFL oil inclusion can alter the digestibil-
ity of specific fatty acids. Gilthead seabream 
fed increasing levels of BSFL oil (up to 100%) 
showed similar overall lipid digestibility com-
pared to the control group; however, the digest-
ibility of saturated fatty acids (SFAs) increased, 
while that of unsaturated fatty acids decreased 
with increasing BSFL oil inclusion (Moutinho 
et al., 2023). Conversely, some studies report a 
decrease in polyunsaturated fatty acids (such as 
Oleic acid18:1n-9, Linoleic acid 18:2n-6, Eicosa-
pentaenoic acid EPA 20:5n-3, and Docosahexae-
noic acid DHA, 22:6n-3) with BSFL inclusion 
(Zhou et al., 2018). The fatty acid profile of BSFL 
differs from that of fish meal and fish oil, which 
can affect the fatty acid composition of fish tis-
sues. BSFL oil is typically high in lauric acid, 
a medium-chain saturated fatty acid (Gadzama 
and Panuel, 2024a,b). Gilthead seabream fed 
BSFL oil showed a linear increase in lipase ac-
tivity, which is responsible for the breakdown of 
dietary fats, potentially as an adaptation to the 
higher lauric acid content in the diet (Moutin-
ho et al., 2023). In juvenile largemouth bass, di-
etary BSFL (up to 50%) increased the levels of 
DHA, EPA, and C22:5n-3 in the liver, indicating 
that BSFL can contribute to the accumulation 
of these essential fatty acids (You et al., 2024). 
While lower BSFL inclusion (25%) shows no ad-
verse effects on gut health (Yu et al., 2023), high-
er levels (33 – 50% DM) can impair intestinal 
morphology in golden pompano (Yu et al., 2023) 
and largemouth bass (You et al., 2024). This sug-
gests that the effects of BSFL on gut health are 
dose-dependent and that higher inclusion levels 
may have detrimental effects. BSFL inclusion 
can also induce oxidative stress in the gut, as 
indicated by increased malondialdehyde levels 
in juvenile largemouth bass (You et al., 2024). 
BSFL meal can enhance immune responses in 
fish, such as increased skin mucus lysozyme and 
peroxidase activities in Nile tilapia, contributing 
to innate immune defense (Tippayadara et al., 
2021). Further research is needed to fully under-
stand the long-term effects of BSFL inclusion on 
fish health, including gut health, immune func-
tion, and stress response.
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Cattle
Protein supplementation is essential for en-

hancing the intake and digestion of low-quality 
forages in cattle (Köster et al., 1996). Recent re-
search suggests that black soldier fly larvae can 
serve as an effective alternative protein supple-
ment for cattle (Table 7), however, conflict-
ing results were observed regarding the effects 
of BSFL on forage intake. Fukuda et al. (2022) 
reported a decrease in total dry matter intake 
(TDOMI) in steers supplemented with BSFL, 
while both Fukuda et al. (2022) and Carrasco et 
al. (2024) observed an increase in forage organic 
matter intake (FOMI) in steers fed BSFL. This 
discrepancy could be attributed to differences in 
the experimental design, BSFL processing meth-
ods, or other factors, which require further inves-

tigation. Black soldier fly larvae supplementation 
in beef steers generally led to increased energy 
intake but did not significantly affect digestibility 
or ruminal fermentation. Two studies by Fukuda 
et al. (2022) and Carrasco et al. (2024) found that 
steers fed BSFL had higher total gross energy in-
take compared to control groups. However, both 
studies also reported that BSFL supplementation 
did not significantly impact the digestibility of 
dry matter, organic matter, or neutral detergent 
fibre. Furthermore, Fukuda et al. (2022) observed 
that ruminal fermentation parameters, including 
ammonia-N, total volatile fatty acids, and pH, re-
mained similar between steers fed BSFL and the 
control group. Carrasco et al. (2024) also specifi-
cally examined the effects of defatted BSFL and 
found no significant impact on ruminal ammo-

Table 6. Summary of Studies on the Impact of Black Soldier Fly Larvae on Fish
Parameter Summary of Results References

Performance Nile tilapia fed 0% to 100% BSFLM for 12 weeks had similar feed utilization 
efficiency, feed intake, and survival rates.

Tippayadara et 
al. (2021)

Replacing 25% of fish meal with BSFLM increased feed intake and did not 
adversely affect the growth or intestinal health of juvenile golden pompano after 8 
weeks

Yu et al. (2023)

African Catfish fed 50% BSFLM at 5% and 3% BW for 4 months had similar FCR 
and survival rates compared to the control.

Maranga et al. 
(2023)

Fish fed 50% BSFL meal for 8 weeks had reduced growth performance compared 
to the control. Yu et al. (2023)

Product Quality
Gilthead seabream fed 0%, 42%, 84%, and 100% BSFL oil for 70 days had similar 
lipid digestibility, higher SFA digestibility, and reduced unsaturated fatty acid 
digestibility compared to the control.

Moutinho et al. 
(2023)

Increasing BSFLM from 0% to 140 g/kg diet for 56 days significantly reduced 
polyunsaturated fatty acids in fish fillets.

Zhou et al. 
(2018)

Lipase activity increased linearly in Gilthead seabream fed 0%, 42%, 84%, and 
100% BSFL oil for 70 days.

Moutinho et al. 
(2023)

Juvenile largemouth bass fed 16.67%, 33.33%, and 50% BSFL for 8 weeks 
increased liver levels of DHA, EPA, and DPA compared to the control. You et al. (2024)

Health Replacing 25% of fish meal with BSFLM did not adversely affect the intestinal 
health of juvenile golden pompano after 8 weeks. Yu et al. (2023)

Fish fed 50% BSFL meal for 8 weeks had impaired intestinal morphology 
compared to the control. Yu et al. (2023)

Fish fed 33.33% BSFL for 8 weeks had higher malondialdehyde levels in the 
foregut and liver than the control group. You et al. (2024)

Fish fed 10-100% BSFLM had improved skin mucus lysozyme and peroxidase 
activities than the control.

Tippayadara et 
al. (2021)

BSFLM:  Black Soldier Fly Larvae Meal, BSFL: Black Soldier Fly Larvae, FCR: Feed Conversion Ratio, BW: Body Weight, 
SFA: Saturated Fatty Acids, DHA: Docosahexaenoic Acid, EPA: Eicosapentaenoic Acid, and DPA: Docosapentaenoic Acid.
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nia-N, total volatile fatty acids, or pH. These find-
ings suggest that BSFL supplementation, whether 
defatted or not, may not significantly alter the ru-
men environment in beef steers. In contrast, Jay-
anegara et al. (2017) reported lower ruminal am-
monia concentration and reduced digestibility of 
dry matter and organic matter with BSFL meal 
compared to soybean meal diets.

Limited research is available on the effects of 
BSFL fat in dairy cows. Nekrasov et al. (2022) 
investigated the impact of BSFL fat supplemen-
tation on dairy cows and found that cows fed 10 

g/head/day of BSFL fat produced slightly more 
milk than the control group. Moreover, cows fed 
100 g/head/day of BSFL fat had increased serum 
lysozyme activity and bactericidal activity com-
pared to the control. These results suggest that 
BSFL fat may have potential benefits for dairy 
cow health and milk production, but further re-
search is needed to confirm these findings. 

BSFL fat supplementation in dairy cows ap-
pears to have positive effects on milk composi-
tion and yield. Nekrasov et al. (2022) reported 
that milk from cows fed 100 g/head/day of BSFL 

Table 7. Summary of Studies on the Impact of Black Soldier Fly Larvae on Cattle
Parameter Summary of Results References

Performance Beef steers fed BSFL at 88 mg nitrogen per kilogram of body weight (N/kg BW) for 
14 days had higher forage organic matter intake than the control.

Fukuda et al. 
(2022)

Steers fed defatted BSFL had significantly higher forage organic matter intake 
(FOMI) compared to the control over 14 days.

Carrasco et al. 
(2024)

BSFL intake significantly reduced TDOMI in beef steers (60.1 g/kg MBW) 
compared to the control (62.2 g/kg MBW).

Fukuda et al. 
(2022)

Steers supplemented with BSFL had higher total gross energy and digestible energy 
intake compared to the control.

(Fukuda et al., 
2022).

Feeding beef steers defatted BSFL significantly increased total gross energy intake 
compared to the control over 14 days.

Carrasco et al. 
(2024)

Steers supplemented with BSFL had similar digestibility of dry matter, organic 
matter, and neutral detergent fibre compared to the control.

Fukuda et al. 
(2022)

Steers fed defatted BSFL had comparable dry matter digestibility, organic matter 
digestibility, and neutral detergent fibre digestibility after 14 days.

Carrasco et al. 
(2024)

Cattle fed BSFL showed similar ruminal fermentation parameters, including 
ammonia-N, total volatile fatty acids, and pH, compared to the control.

Fukuda et al. 
(2022)

Feeding beef steers defatted BSFL as protein supplements had no significant effects 
on ruminal ammonia-N, total VFA, or pH over 14 days.

Carrasco et al. 
(2024)

Diets with BSF larvae meal reduced ruminal ammonia concentration and the 
digestibility of dry and organic matter compared to control.

Jayanegara et al. 
(2017)

Dairy cows fed 10 g/head/day of BSFL fat produced slightly more milk than control. Nekrasov et al. 
(2022)

Health Cows fed 100 g/head/day of BSFL fat of BSFL fat showed increased serum 
lysozyme activity and bactericidal activity than control.

Nekrasov et al. 
(2022)

Cows fed BSFL fat had comparable biochemical blood profiles. Nekrasov et al. 
(2022)

Product Quality Milk from cows fed 100 g/head/day of BSFL fat had a higher fat yield than the 
control.

Nekrasov et al. 
(2022)

Milk fatty acid composition increased in dairy cows fed 10 g/head/day of BSFL fat. Nekrasov et al. 
(2022)

BSFL: Black Soldier Fly Larvae, N/kg BW: Nitrogen per Kilogram of Body Weight, FOMI: Forage Organic Matter Intake, 
TDOMI: Total Digestible Organic Matter Intake, MBW: Metabolic Body Weight, VFA: Volatile Fatty Acids, and BSFLM: 
Black Soldier Fly Larvae Meal.
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fat had a higher fat yield than the control group. 
Additionally, milk fatty acid composition in-
creased in dairy cows fed 10 g/head/day of BSFL 
fat. These findings suggest that BSFL fat supple-
mentation could be a viable strategy for enhanc-
ing the nutritional value of milk. Nekrasov et al. 
(2022) also reported that BSFL fat supplementa-
tion did not negatively impact the biochemical 
blood profiles of dairy cows. This suggests that 
BSFL fat is a safe and potentially beneficial feed 
ingredient for dairy cows.

While BSFL appears to be a viable protein 
supplement for beef cattle consuming low-quality 
forage, further research is needed to optimize its 
use and compare its efficacy to other insect-based 
supplements like mealworm larvae. Carrasco et 
al. (2024) suggested that mealworm larvae might 
be even more effective in promoting forage uti-
lization in beef cattle. Nevertheless, both BSFL 
and mealworm larvae are considered viable pro-
tein supplements. Further research is essential to 

fully understand these effects and optimize the 
use of BSFL in cattle diets. 

Sheep
The use of black soldier fly larvae in sheep nu-

trition is an emerging area of research with ini-
tial findings highlighting both potential benefits 
and challenges (Table 8). For instance, ewes fed 
25% BSFL in their total mixed ration showed 
increased nutrient intake, but lower digestibility 
(Fernandez-Mora et al., 2024). However, replac-
ing soybean meal with 5% BSFL didn’t signifi-
cantly impact ram performance metrics, such as 
weight gain, feed consumption, or feed conver-
sion ratio (Rahman et al., 2021). BSFL inclusion 
appears to influence water intake and excretion. 
Ewes on a 25% BSFL diet exhibited higher wa-
ter consumption and faecal excretion (Fernandez-
Mora et al., 2024). In contrast, rams receiving 8% 
calcium soap derived from BSFL oil maintained 
consistent water intake (Sudarman et al., 2024).

Table 8. Summary of Studies on the Impact of Black Soldier Fly Larvae on Sheep
Parameter Summary of Results References

Performance Ewes fed 25% BSFL in TMR had higher nutrient intakes than the control after 21 
days.

Fernandez-Mora 
et al. (2024)

Yearling Florida native ewes fed 25% BSFL in TMR had lower digestibility of 
nutrients.

Fernandez-Mora 
et al. (2024)

Ewes fed BSFL in TMR had higher CP intake, lower CP digestibility, and increased 
EE.

Fernandez-Mora 
et al. (2024)

Rams fed 5% BSFL as soybean meal replacement had comparable growth 
performance after 12 weeks.

Rahman et al. 
(2021)

Ewes fed 25% BSFL had higher faeces excretion and water consumption. Fernandez-Mora 
et al. (2024)

Rams fed 8% calcium soap from black soldier fly larvae oil had similar water intake 
across treatments.

Sudarman et al. 
(2024)

Health Male Garut sheep fed 8% Ca-soap from BSFL oil had lower morning respiration 
rates, with no significant effects on rectal temperature and heart rate over 9 weeks.

Sudarman et al. 
(2024)

Rams fed 8% Ca-soap from BSFL oil had higher lymphocyte counts and lower N/L 
ratios, with other haematological parameters unaffected over 9 weeks.

Sudarman et al. 
(2024)

Rams fed 5% BSFL and 2.5% BSFL + 10% bioconverted cocoa pod husk had 
similar haematological responses to the control after 12 weeks.

Rahman et al. 
(2021)

BSFL: Black Soldier Fly Larvae, TMR: Total Mixed Ration, CP: Crude Protein, EE: Ether Extract, Ca-soap: Calcium 
Soap, and N/L: Neutrophil/Lymphocyte ratio.
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Table 9. Summary of Studies on the Impact of Black Soldier Fly Larvae on Goats
Parameter Summary of Results References

Performance Feeding BSFL meal in milk replacers significantly increased DMI in goat kids 
compared to the control.

Sepriadi et al. 
(2022)

Two-week-old male Peranakan Etawa goat kids fed a BSFL flour milk replacer had 
similar body weight gain, ADG, and weaning weights as the control group.

Sadeli et al. 
(2024)

Goat-fed BSFL meal in their milk replacer had similar ADG as the control group Sepriadi et al. 
(2022)

Health Feeding BSFL milk replacer did not negatively affect the physiological responses of 
goats.

Sadeli et al. 
(2024)

Feeding a BSFL meal in a milk replacer had no adverse effects on the physiological 
responses of goat kids.

Sepriadi et al. 
(2022)

Economic 
Benefits

Peranakan Etawa goat kids fed BSFL-based milk replacers had lower feed costs per 
gain.

Sadeli et al. 
(2024)

BSFL: Black Soldier Fly Larvae, DMI: Dry Matter Intake, ADG: Average Daily Gain.

Preliminary evidence suggests potential bene-
fits of BSFL on certain health parameters, includ-
ing immune response and respiration rate. Sudar-
man et al. (2024) found that rams fed 8% calcium 
soap from BSFL oil had lower respiration rates 
in the morning compared to a control group, al-
though their rectal temperature and heart rate 
remained unaffected. Additionally, these rams 
showed an increase in lymphocyte count and a 
decreased neutrophil/lymphocyte ratio, signi-
fying potential immune modulation. However, 
feeding rams 5% BSFL, or a combination of 2.5% 
BSFL and 10% bioconverted cocoa pod husk did 
not significantly alter their red blood cell count, 
haemoglobin levels, or haematocrit compared 
to a control group (Rahman et al., 2021). These 
findings highlight the complex and varied effects 
of BSFL on sheep. Further research is needed to 
fully understand the optimal inclusion rates and 
potential long-term consequences of using BSFL 
in sheep diets.

Goats
Research into the response of goat production 

to dietary black soldier fly larvae (BSFL) is still 
in its early stages (Table 9). Studies consistently 
show that incorporating BSFL meal into milk re-
placers significantly increases dry matter intake, 
compared to traditional commercial milk replac-
ers (Sepriadi et al., 2022; Sadeli et al., 2024). This 

increase in DMI is likely due to the enhanced 
palatability of BSFL meal, making it more ap-
pealing to young goats and encouraging higher 
consumption (Sepriadi et al., 2022). Despite the 
increased DMI, the average daily gain in goat 
kids fed BSFL meal remains comparable to those 
fed the control diet (Sepriadi et al., 2022; Sadeli 
et al., 2024). This suggests that the increased feed 
intake does not directly translate into enhanced 
growth performance. One possible explanation 
is the higher initial body weight in the control 
group and increased stress levels in the BSFL 
group (Sadeli et al., 2024). Importantly, studies 
indicate that BSFL meal is safe and well-tolerat-
ed by goat kids, with no adverse effects on their 
physiological responses when included in their 
milk replacer (Sepriadi et al., 2022; Sadeli et al., 
2024). This supports the potential use of BSFL 
meal as a safe ingredient in goat diets. From an 
economic perspective, using BSFL-based milk 
replacer can lead to lower feed costs per gain in 
Peranakan Etawa goat kids, highlighting a poten-
tial economic advantage (Sadeli et al., 2024). In 
conclusion, while BSFL meal increases DMI, it 
does not necessarily translate to improved ADG. 
Further research is needed to understand the un-
derlying reasons and to explore how to maximize 
the growth potential of goats fed BSFL. Addition-
ally, investigating the potential impact on milk 
production in lactating goats would be beneficial.
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CONCLUSION

Black soldier fly larvae are a promising new 
feed resource to support future animal production 
needs. They are a highly nutritious and sustain-
able food source. Trials incorporating BSFL into 
the feed rations of many agriculturally significant 
animal species have shown improvements in pro-
ductivity, health, product quality and potentially 
animal welfare.
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