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Abstract:

Facing the dual challenges of global protein resource
shortages and carbon neutrality goals, developing
new sustainable protein sources has become an urgent
need. The black soldier fly, due to its high efficiency
in converting organic waste, is gradually becoming an
important alternative to traditional feed proteins. This
paper systematically reviews the practical applications of
black soldier fly in areas such as poultry and aquaculture
feed from an application perspective and focuses on
analyzing its potential in organic waste recycling and
carbon emission reduction. Research indicates that black
soldier fly larvae (BSFL) are rich in nutrients, possess
great potential for replacing fishmeal and soybean meal in
poultry and aquaculture feed, and can significantly improve
animal growth performance and gut health. Its industry
chain, through methods such as waste conversion, efficient
bioconversion, and low-carbon processing, holds significant
advantages in reducing greenhouse gas emissions; for
example, converting aquaculture sludge can avoid methane
emissions and achieve a high waste conversion rate.
Finally, the paper proposes recommendations regarding
policy support, technological optimization, and market-
oriented promotion to foster the sustainable development
of the black soldier fly industry chain.
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1. Introduction

by 2025, the consumption of meat and aquatic prod-
ucts will further increase, intensifying the pressure

Global protein supply faces severe challenges. Chi-
na’s import dependence on high-protein feed ingre-
dients such as soybeans and fishmeal remains high,
and their prices continue to rise. It is projected that

on protein demand [1]. Simultaneously, global car-
bon neutrality goals require all industries to advance
emission reduction. Although the direct greenhouse
gas emissions from the aquaculture industry account



for a relatively small proportion, its feed supply chain
contributes 70% to 90% of the carbon footprint, making it
a key focus for emission reduction [2].

Regarding international policies, the European Union has
opened the application of insect protein in livestock and
aquaculture feed starting in 2025, and China’s “Action
for Saving Grain in Animal Husbandry” also explicitly
proposes promoting the utilization of alternative protein
resources and the construction of “Zero-Waste Cities,”
indicating a gradually clarifying policy environment [3].
However,current research mostly focuses on single appli-
cation areas of the black soldier fly, and there is still a lack
of systematic review and comprehensive analysis of its
various applications, including replacement in poultry and
aquaculture feed, organic waste conversion, and carbon
emission reduction contributions, hindering a comprehen-
sive assessment of its industry chain‘s overall value and
synergistic effects. Against this background, the black sol-
dier fly, as a scalable and promising insect protein source,
deserves in-depth exploration regarding its application
and carbon emission reduction value.

This study aims to systematically analyze the current
application status of black soldier fly in aquaculture and
poultry feed, evaluate its carbon emission reduction poten-
tial, and propose recommendations for advancement from
policy, technological, and market perspectives, providing
a theoretical reference for related industries.

2. Characteristics, Farming and Pro-
cessing of Black Soldier Fly

The black soldier fly is characterized by rapid reproduc-
tion, a broad diet, and strong adaptability, enabling it to
efficiently convert organic waste such as kitchen waste
and agricultural residues into high-value insect protein
[4]. Compared to other feed insects (such as yellow
mealworms, crickets), the black soldier fly holds greater
advantages in terms of policy compliance and existing ev-
idence-based research data.

In terms of policy compliance, the black soldier fly is a
feed insect that gained policy recognition earlier in ma-
jor farming countries/regions. The European Union has
explicitly included insect-derived proteins like black sol-
dier fly in the permitted ingredient list for livestock and
aquaculture feed through relevant regulations and has
stipulated safety standards for farming substrates; the US
FDA has also promoted the application of black soldier
fly in poultry feed and detailed product processing spec-
ifications; although China has not yet issued nationwide
unified standards, the “Action for Saving Grain in Animal
Husbandry” lists black soldier fly as one of the key alter-
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native proteins to explore, and some regions have issued
local farming technical specifications. In contrast, policy
recognition for insects like yellow mealworms and crick-
ets is still limited to a few countries and has not formed a
global compliance framework.

Regarding evidence-based data,the nutritional character-
istics, animal application effects, and waste conversion
efficiency of black soldier fly have been extensively stud-
ied and quantified, with data covering the entire industry
chain, whose depth and breadth far surpass that of other
feed insects. For major farmed species such as broilers
and Nile tilapia, databases on growth performance and
physiological indicators at different inclusion levels have
been established; in terms of waste conversion, conversion
efficiency, larval yield, and nutrient retention rates have
been quantified for different substrates. In comparison, re-
search on other insects mostly focuses on nutritional anal-
ysis of single substrates, lacking systematic data support
for full-cycle and multi-scenario applications.

During the farming of black soldier fly, raw materials
require pre-treatment such as sorting and crushing to
meet feeding requirements. Intensive farming requires
controlling the ambient temperature between 25-30°C
and employing automated feeding systems. Temperature
control is the most energy-intensive aspect, accounting
for approximately 60% of the total energy consumption
in farming, while automated equipment can significantly
reduce labor costs [5].

The processing stages primarily include sterilization,
drying, and crushing. The processing standards for feed-
grade black soldier fly protein powder are relatively more
lenient compared to food-grade, but relevant regulations
domestically and internationally are still being continu-
ously improved. The drying process in the production line
has high energy consumption, which can be optimized
through low-carbon technologies like waste heat recovery
and solar drying. Studies have shown that solar-assisted
drying can reduce the energy consumption of the drying
process by 30% to 40% while also reducing carbon emis-
sions [6].

3. Application of Black Soldier Fly in
Poultry Feed

3.1 Nutritional Value and Digestibility

Black soldier fly larvae (BSFL) are rich in protein (32% to
53%) and fat (18% to 33%), with a balanced amino acid
profile, particularly rich in lysine and methionine, making
it an ideal substitute for fishmeal and soybean meal in
poultry feed [1].
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Studies have shown that the lysine content in BSFL can
reach 2.81% to 3.38% (dry matter basis), and the me-
thionine content ranges from 0.41% to 0.82%, which is
close to that of fishmeal, and the amino acid digestibility
is as high as 73% to 97%, comparable or even superior to
soybean meal [1]. Furthermore, BSFL fat has a high lauric
acid (12:0) content (17.89% to 37.18%), which possesses
antimicrobial potential and promotes gut health, capable
of reducing the number of pathogens such as E. coli and
Salmonella in the poultry intestine [3].

3.2 Effects on Poultry Growth Performance

Studies have shown that the application of black soldier
fly larvae in broiler feed offers significant advantages;
low inclusion rates (5% to 10%) usually have no negative
impact on broiler weight gain and feed conversion ratio,
and can even improve growth performance. For example,
a trial on Improved Indigenous Chicken (IIC) in Kenya
found that the group with a 10% BSFL inclusion achieved
an average daily weight gain (ADWG) of 12.1 g at 8
weeks of age, significantly higher than the 0% inclusion
group (9.3 g/d), and the feed conversion ratio (FCR) was
optimized to 3.3, lower than the control group (4.5) [7].
Other research indicated that the body weight at 21 days
of age in the 6% BSFL inclusion group showed no signif-
icant difference from the control group, and the feed cost
was reduced by 8% to 10% [1]. From a meat quality per-
spective, appropriate inclusion of BSFL can improve meat
color and flavor, and its fatty acid profile can be optimized
through dietary formulation adjustments.

It should be noted that when the BSFL inclusion rate ex-
ceeds 15%, it may lead to reduced feed intake and weight
gain in broilers. Therefore, in practical applications, the
inclusion rate should be controlled within 15%, or de-
fatted BSFL should be used to enhance the suitability of
higher inclusion levels.

3.3 Effects on Poultry Immune Response

Components in BSFL, such as chitin and antimicrobial
peptides, have the effect of enhancing the immune re-
sponse in poultry. Studies have indicated that appropriate
dietary inclusion of BSFL can increase the secretion of in-
testinal mucin (MUC?2) in broilers; simultaneously, BSFL
can elevate the level of secretory immunoglobulin A (sIgA)
in serum. One trial showed that the serum sIgA content in
broilers from the 10% BSFL inclusion group reached 1.8
mg/mL, significantly higher than that of the control group
(1.2 mg/mL) [3].

Furthermore, BSFL can activate the innate immune path-
ways in broilers, increase lysozyme activity, and enhance
the body’s resistance to bacterial diseases. It is import-

ant to note that the immune-activating effect of chitin is
dose-dependent; excessively high inclusion may trigger
excessive intestinal inflammatory responses. Therefore,
the immunomodulatory effects need to be optimized by
considering the inclusion rate.

3.4 Economic Advantages

Multiple studies have indicated that the inclusion of BSFL
can significantly reduce feed costs, improve the Cost-Ben-
efit Ratio (CBR) and Return on Investment (Rol), offering
greater economic advantages, particularly in the context
of high fishmeal prices. Research has shown that the 20%
BSFL inclusion group had the lowest feed cost, with
the feed consumption cost per chicken during the starter
phase reduced by 24% compared to the control group; the
CBR reached 2.12 and the Rol was 112.06%, significantly
higher than those of the control group [7].

In broiler farming,the economic benefit of BSFL is also
reflected in its efficiency in replacing fishmeal. A broiler
trial in Kenya found that replacing 50% of fishmeal with
BSFL reduced the feed cost per kilogram from 120 KES
to 98 KES, and increased profit per bird by 15% within
the rearing cycle [8]. Furthermore, localized production of
BSFL can reduce the transportation costs associated with
imported fishmeal, thereby further amplifying the eco-
nomic advantages.

4. Application Potential of Black Sol-
dier Fly in Aquafeed

4.1 Nutritional Value and Suitability

Black soldier fly larvae meal (BSFLM) has a crude pro-
tein content of 29.9% to 48.2%, a fat content of 25.69% to
28.43%, and is rich in essential amino acids, minerals, and
vitamins [9]. Its nutritional composition highly matches
the physiological requirements of Nile tilapia, enabling it
to effectively replace fishmeal in providing core nutrition-
al support.

In terms of amino acid value, the essential amino acid
profile of BSFLM is similar to that of fishmeal, particu-
larly rich in lysine (1.91% to 7.03%), leucine (2.52% to
8.80%), and valine (2.29% to 5.80%) — Lysine is a key
limiting amino acid for protein synthesis in Nile tilapia,
promoting skeletal muscle development in juvenile fish
and increasing the weight gain rate; Leucine regulates
muscle protein deposition and reduces muscle loss during
the later stages of farming by activating the mTOR signal-
ing pathway; Valine is involved in branched-chain amino
acid metabolism, alleviating stress responses in fish under
high-density farming conditions. Research indicates that



when BSFLM replaces 50% of the fishmeal, the total
essential amino acid content in the muscle of Nile tilapia
reaches 38.2% (dry matter basis), showing no significant
difference from the full fishmeal group (39.5%) [9].

Regarding vitamin value, the contents of vitamin B2
(1.62-24.74 mg/100g), B5 (3.85 mg/100g), B9 (0.27
mg/100g), and choline (110 mg/100g) in BSFLM are sig-
nificantly higher than the requirements for Nile tilapia (B2
requires 1 mg/100g, B5 requires 1 mg/100g, B9 requires
0.05 mg/100g, choline requires 100 mg/100g): Vitamin
B2 participates in energy metabolism in fish, reducing liv-
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er fat deposition; BS promotes coenzyme A synthesis,im-
proving the utilization of dietary fat; Choline supports the
synthesis of the neurotransmitter acetylcholine, improving
fish locomotor ability and stress resistance. Although vi-
tamins C (0.19-0.37 mg/100g) and E (0.62-1.30 mg/100g)
require additional supplementation (tilapia requirements
are 5-42 mg/100g and 5-10 mg/100g, respectively), this
can be compensated for by adding vitamin premixes (such
as coated vitamin C), thus not affecting the overall nutri-
tional suitability of BSFLM (see Table 1).

Table 1. Comparison of Major Vitamin Contents in BSFLM and the Requirements of Nile Tilapia [9]

Vitamin BSFLM Contents (mg/100g) Nile Tilapia Requirements (mg/100g)
Vitamin B1 (Thiamine) 0.24-2.00 0.4

Vitamin B2 (Riboflavin) 1.62-24.74 1

Vitamin C (Ascorbic Acid) 0.19-0.37 5-42

Vitamin E 0.62-1.30 5-10

4.2 Effects on Fish Growth Performance

Multiple studies have shown that BSFLM can replace
50% to 75% of fishmeal without negatively affecting the
weight gain rate, feed conversion ratio (FCR), and sur-
vival rate of Nile tilapia and it demonstrates good adapt-
ability across different culture systems [10]. The effects
are most pronounced in semi-open systems (e.g., hapas
in ponds), where research indicates that with 50% fish-
meal replacement, the specific growth rate (SGR) of Nile
tilapia can reach 3.74%/day, FCR is optimized to 1.70,
and survival rate is 93.33%, significantly outperforming
closed systems like glass tanks [11]. This is because, in
semi-open systems, tilapia can consume natural plankton,
which complements the nutrition provided by BSFLM

and compensates for potential micronutrient deficiencies
associated with high replacement rates.

In cage systems (cages in earthen ponds), a 75% replace-
ment rate can still maintain good performance: one study
found that at this replacement level, the tilapia achieved
an SGR of 0.52%/day, an FCR of 2.13, and a survival rate
of 95.83%, and the muscle protein content reached 18.2%
(wet weight), showing no significant difference from the
full fishmeal group (18.5%) [12]. Even at a 100%replace-
ment rate, a survival rate of 98.30% was still achieved,
although the SGR decreased to 1.10%/day (see Table 2),
indicating that BSFLM can serve as a sole protein source
to support tilapia survival, and growth performance can be
further enhanced by supplementing with fish oil and ami-
no acid premixes [10].

Table 2. T Effects of Replacing Fishmeal with BSFLM on the Growth Performance of Nile Tilapia in Different
Culture Systems

Culture System Fishmeal Replace- | Specific Growth Rate Fee.d Conversion | Survival Rate References
ment Rate (SGR, %/day) Ratio (FCR) (%)

Hapas in ponds 100% 1.10 1.10 98.30 [10]

Hapas in ponds 50% 3.74 1.70 93.33 [11]

Cages in earthen ponds 75% 0.52 2.13 95.83 [12]

Glass tanks 100% 1.30 223 100 [13]

4.3 Fatty Acid Composition and Regulation

The fatty acid composition of BSFLM has distinct charac-
teristics: on one hand, its high lauric acid content confers

broad-spectrum antibacterial and anti-inflammatory ef-
fects; on the other hand, its n-3/n-6 polyunsaturated fatty
acid ratio is relatively low, and long-term exclusive use
may lead to n-3 PUFA deficiency in fish.
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To address these characteristics, defatting treatment can
significantly reduce the fat content and increase the n-3/n-6
ratio; alternatively, the fatty acid profile can be optimized
through dietary formulation adjustments or substrate mod-
ulation. Furthermore, the contribution of BSFLM to the
dietary fat content needs to be controlled to avoid hepatic
steatosis caused by excessively high saturated fat.

4.4 Economic and Environmental Benefits

The use of BSFLM can significantly reduce aquafeed
costs and decrease dependence on imported fishmeal,
while also lowering the feed carbon footprint.

From a cost perspective, the current market price of fish-
meal is approximately 12,000-15,000 CNY/ton, whereas
the large-scale production cost of BSFLM can be con-
trolled within 8,000-10,000 CNY/ton,demonstrating a
significant price advantage. Field studies in Kenya have
shown that using BSFLM to replace 50% of fishmeal in
tilapia feed reduces cost per ton by approximately 14%
and increases farming profit by about 15%.

In terms of environmental benefits, the carbon footprint of
BSFLM is only 1/4 to 1/2 that of fishmeal. Furthermore,
BSFLM production enables the “reduction in volume”
of organic waste, while also reducing methane emissions
from sludge landfilling. Within the circular economy
framework, the frass produced during BSFLM processing
can be used as organic fertilizer, further reducing agricul-
tural non-point source pollution.

5. Application of Black Soldier Fly in
Carbon Emission Reduction and Waste
Treatment

5.1 Carbon Emission Reduction Mechanism

BSFL can efficiently convert various organic wastes, and
the conversion efficiency is significantly influenced by the
substrate type and ratio.

In aquaculture waste treatment, its conversion rate for
Aquaculture Solid Waste (ASW, containing fish feces, re-
sidual feed, etc.) can reach 86.2%, far exceeding tradition-
al composting (30%-40%). Processing 1 ton of ASW can
reduce the waste volume by approximately 60% to 70%,
while simultaneously producing 180-220 kg of BSFL
[14]. Further research found that black soldier fly larvae
can effectively convert fresh aquaculture sludge. When
sludge was mixed with chicken feed at a 75:25 ratio (bal-
ancing nutrition and palatability), larval yield was highest
(average final weight 176.30 mg/larva), and the waste re-
duction rate reached 35.68%, and nutrient retention rates
were optimal (N: 22.14%; C: 15.29%; S: 15.40%) [15].

This is because the carbohydrates provided by the chicken
feed promote larval gut microbial activity, enhancing the
decomposition efficiency of organic carbon in the sludge.
In agricultural/food waste treatment,the conversion ef-
ficiency of black soldier fly is equally prominent: pro-
cessing | ton of kitchen waste can produce 120-150 kg
of BSFL, with a waste reduction rate of 70%-80%, and
methane emissions are reduced by over 90% compared to
landfilling [16].When processing a mixed substrate of rice
straw and pig manure (3:7), the larval degradation rate of
crude fiber reached 25%-30%, significantly higher than
that of yellow mealworms (15%-20%), demonstrating a
stronger ability to convert complex organic matter. Fur-
thermore, black soldier flies have broad substrate adapt-
ability and can process special wastes such as slaughter-
house wastewater and Chinese herbal medicine residues,
and the heavy metal content (e.g., Cd, Pb) in the larvae
post-conversion can be controlled within safe limits (<0.1
mg/kg), enabling potential for multi-scenario waste treat-
ment.

5.2 Waste Conversion Efficiency

Black soldier fly larvae can efficiently convert various
organic wastes. Studies indicate that their conversion rate
for Aquaculture Solid Waste (ASW) can reach 86.2%
[14]. Research has found that black soldier fly larvae can
effectively convert fresh aquaculture sludge. When sludge
is mixed with chicken feed at a 75:25 ratio, larval yield is
the highest (average final weight 176.30 mg), the waste
reduction rate can reach 35.68%, and nutrient retention
rates are also optimal (N: 22.14%; C: 15.29%; S: 15.40%)
[15].

Attention must be paid to the accumulation of heavy met-
als (such as Cd, Ni, Pb) in the larval bodies, especially
when reared on contaminated substrates like sludge. Al-
though the heavy metal content in BSFL reared on aqua-
culture sludge increases, it can be controlled within safe
limits through substrate pre-treatment and management of
the rearing cycle [15]. Recommendation: pre-treatment or
screening of substrates; establish monitoring standards for
heavy metals in larvae; and prioritize the use of agricul-
tural or food processing wastes as substrates.

6. Challenges and Recommendations
for Advancement

6.1 Technical Challenges

The industrialization of black soldier fly still faces mul-
tiple technical bottlenecks that require targeted break-
throughs.



Firstly, energy consumption in large-scale farming is high.
In intensive farming, temperature control accounts for
60% of the total energy consumption, particularly in tem-
perate regions during winter, maintaining an environment
at 25-30°C consumes substantial electricity (approxi-
mately 50 kWh per ton of larvae) [5]. Currently, optimi-
zation can be achieved through technologies like waste
heat recovery and ground-source heat pumps, waste heat
recovery systems can reduce temperature control energy
consumption by 30%—40% [6].In the future, solar-assisted
temperature control systems need to be developed to fur-
ther reduce reliance on fossil fuels.

Secondly, there is insufficient energy efficiency in pro-
cessing and inconsistent product quality. The drying stage
(e.g., hot-air drying) accounts for 70% of the total ener-
gy consumption in processing, and the protein content
variation between different batches of BSFLM can reach
10%—-15% (due to substrate differences). Supercritical
CO: drying technology can be promoted, which reduces
energy consumption by 25% compared to hot-air drying,
and maintains product moisture content stable at 5%—8%;
simultaneously,a substrate standardization system should
be established. For example, stipulating that kitchen waste
used for BSFL farming must meet criteria such as “total
sugars >15%, crude fiber <10%” to reduce nutritional
fluctuations [4].

Finally, there is the challenge of nutritional balance in
aquatic feed. BSFLM is deficient in n-3 PUFAs and lacks
vitamins C and E, and high inclusion rates(>75%) may
lead to muscle fat deposition in tilapia. There is a need to
develop compound formulas such as “defatted BSFLM +
fish oil + vitamin premix”. For example, defatted BSFLM
(70%) + fish oil (5%) + vitamins C/E (0.2%), which can
achieve a feed n-3/n-6 ratio of 0.4 and vitamin C content
of 30 mg/100g, meeting tilapia requirements; concurrent-
ly, research on genetic breeding of BSFL larvae should be
conducted to cultivate strains with high n-3 PUFA content

[9].
6.2 Lack of Policies and Standards

The current policy and standard system for the insect feed
industry remains incomplete, hindering its standardized
development.

Firstly, there is a lack of nationally unified standards for
raw materials and safety. China has not yet issued official
standards for black soldier fly feed ingredients, and dif-
ferent regions have varying regulations on BSFLM inclu-
sion rates (e.g., Guangdong allows <15% in broiler feed,
Shandong allows <10%), hindering cross-regional sales
for enterprises. Furthermore, a safety evaluation system
is lacking. For instance, detection methods and limits for
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heavy metals and pathogens (e.g., Salmonella) are not
clearly defined. Referencing EU standards, it is urgent
to formulate the “General Rules for Insect-Derived Feed
Materials”, specifying indicator ranges such as protein
and fat(protein >40%, fat <30%) and safety limits (heavy
metals, microorganisms).

Secondly, there is a gap in carbon emission reduction
measurement and certification mechanisms. The carbon
emission reduction benefits of the black soldier fly indus-
try chain have not yet been incorporated into the national
carbon trading system, leaving enterprises lacking emis-
sion reduction incentives. It is necessary to reference the
CCER (China Certified Emission Reduction) methodolo-
gy to establish a carbon emission reduction measurement
model for black soldier flies, such as a dual-module model
comprising “waste treatment emission reduction + feed
substitution emission reduction”. For example, certifying
the emission reduction from processing 1 ton of kitchen
waste as 0.8 tons of CO: equivalent, and promote its in-
clusion in the carbon trading market [17].

Finally, there are barriers in cross-border trade policies.
Different countries have vastly different import quarantine
requirements for insect protein (e.g., the EU requires sub-
strate traceability reports, while the US mandates testing
for Bt protein). Chinese enterprises exporting BSFLM
must undergo multiple tests, increasing costs, necessitat-
ing the promotion of international standard harmonization.
For example, by participating in the development of insect
protein standards within ISO/TC 34 (Food Technology
Committee) to unify testing methods and quarantine re-
quirements.

6.3 Market Acceptance

Current market acceptance of black soldier fly protein
remains relatively low, and there are shortcomings in cost
and supply chain.

From the perspective of consumer acceptance, there is
insufficient global awareness of insect-based feed. Partic-
ularly in developing countries, consumers generally hold
the stereotype that “insect feed is unsafe”. A European
survey showed that only 30% of poultry farmers are will-
ing to use BSFLM feed, primarily concerned about resid-
ual contaminants in the larvae; a Chinese survey also indi-
cated that 58% of aquaculture farmers believe that “insect
feed affects the flavor of aquatic products™ [3].

In terms of cost competitiveness, the current cost of
small-scale BSFLM production (<1000 tons/year) is ap-
proximately 10,000-12,000 CNY/ton. While this is lower
than fishmeal, it is higher than soybean meal (4,000-5,000
CNY/ton), and the supply chain is underdeveloped —
the collection of raw materials (e.g., kitchen waste) lacks
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specialized teams, leading to unstable substrate supply;
product storage and transportation require low-tempera-
ture conditions(<15°C), increasing logistics costs (approx-
imately 200-300 CNY/ton).

From a market development perspective, the lack of
benchmark enterprises and demonstration projects means
farmers have little trust in the application effects of
BSFLM. Government-led demonstration projects (e.g.,
the “waste-insects-feed” pilot within the “Zero-Waste Cit-
ies” initiative) are needed to showcase the economic and
environmental benefits of BSFLM, while simultaneously
strengthening industry training to enhance farmers’ under-
standing of insect protein.

6.4 Recommendations for Advancement

To promote the healthy development of the black soldier
fly industry chain, coordinated efforts are needed from
technological, policy, and market perspectives.

On the technological front, research, development, and
optimization should be strengthened. Breed black soldier
fly strains with greater adaptability (e.g., cold-tolerant,
high-protein strains) to reduce temperature control energy
consumption; promote low-carbon processing technol-
ogies (e.g., solar drying, supercritical CO: defatting) to
reduce processing energy consumption by over 30%; for
aquafeed, develop specialized formulas such as “defatted
BSFLM + fish oil + coated vitamins” to optimize fatty
acid and vitamin balance [6].

On the policy front, the standard system should be im-
proved. Accelerate the establishment of national or
industry standards, clarifying BSFLM raw material re-
quirements (e.g., substrate types, nutritional indicators),
inclusion specifications (poultry <20%, aquaculture
<75%), and safety testing methods; establish a carbon
emission reduction certification system, include black sol-
dier fly farming in the CCER framework, define emission
reduction measurement methods, and encourage enterpris-
es to participate in carbon trading [17].

On the market front, demonstration projects and market
cultivation should be promoted. Leveraging the “Ze-
ro-Waste Cities” initiative, promote the “aquaculture
sludge — black soldier fly — aquafeed” model in aqua-
culture areas (e.g., Pearl River Delta, Yangtze River
Delta), and establish 10 to 15 large-scale demonstration
projects by 2025; strengthen public outreach through short
videos, industry exhibitions, to disseminate the environ-
mental value (e.g., carbon reduction, waste treatment) and
safety (e.g., compliance with heavy metal standards) of
black soldier flies, thereby enhancing market acceptance.

7. Conclusion

As a novel protein resource, the black soldier fly demon-
strates considerable application potential in poultry and
aquaculture feed through the recycling and efficient con-
version of organic waste and holds unique advantages
in carbon emission reduction. Research indicates that
black soldier fly can effectively replace traditional protein
sources like fishmeal and soybean meal in poultry and
aquaculture feed, improving animal growth performance
and health while reducing feed costs. Simultaneously, by
efficiently converting organic waste, it achieves waste “re-
duction in quantity” and “resource recovery”, significantly
reducing greenhouse gas emissions, thereby demonstrat-
ing comprehensive value in sustainable agriculture and
carbon emission reduction.

To further promote the sustainable development of the
black soldier fly industry chain, future efforts should be
guided by the framework of “technological optimization
— standard improvement — market cultivation”, focus-
ing on optimizing the fatty acid composition and vitamin
supplementation schemes of BSFLM in aquafeed, devel-
oping efficient and low-cost processing technologies, and
establishing a full life cycle carbon footprint assessment
system. At the market level, its economic value should be
demonstrated through pilot projects, and public awareness
should be enhanced; on the policy front, promoting the
certification of carbon reduction benefits and improving
the standard system are essential. Future research should
also conduct more systematic evaluations based on actual
production data across different climate zones and appli-
cation scenarios, exploring the integrated application of
black soldier fly within circular agricultural systems.

References

[1] Dillard, R. B., Jones, M. K., & Davis, A. J. (2025). Assessing
dried black soldier fly larva as a feed component for poultry
production. Journal of Applied Poultry Research, 100570.

[2] MacLeod, M. J., Hasan, M. R., Robb, D. H. F., & Mamun-
Ur-Rashid, M. (2020). Quantifying greenhouse gas emissions
from global aquaculture. Scientific reports, 10(1), 11679. https://
doi.org/10.1038/541598-020-68231-8

[3] Animals. Salahuddin, M., Abdel-Wareth, A. A. A., Hiramatsu,
K., Tomberlin, J. K., Luza, D., & Lohakare, J. (2024). Flight
toward Sustainability in Poultry Nutrition with Black Soldier
Fly Larvae. Animals : an open access journal from MDPI, 14(3),
510.

[4] Siddiqui, S. A., Harahap, 1. A., Osei-Owusu, J., Saikia, T.,
Wu, Y. S., Fernando, L., ... & Camara, J. S. (2024). Bioconversion
of organic waste by insects—A comprehensive review. Process
Safety and Environmental Protection, 187, 1-25.



[5] Bekker, N. S., Heidelbach, S., Vestergaard, S. Z., Nielsen,
M. E., Riisgaard-Jensen, M., Zeuner, E. J., Bahrndorff, S., &
Eriksen, N. T. (2021). Impact of substrate moisture content on
growth and metabolic performance of black soldier fly larvae.
Waste management (New York, N.Y.), 127, 73-79.

[6] Huang, C., Feng, W., Xiong, J., Wang, T., Wang, W., Wang, C.,
& Yang, F. (2019). Impact of drying method on the nutritional
value of the edible insect protein from black soldier fly (Hermetia
illucens L.) larvae: amino acid composition, nutritional value
evaluation, in vitro digestibility, and thermal properties.
European Food Research and Technology, 245(1), 11-21.

[7] Waithaka, M. K., Osuga, I. M., Kabuage, L. W.,
Subramanian, S., Muriithi, B., Wachira, A. M., & Tanga, C.
M. (2022). Evaluating the growth and cost-benefit analysis of
feeding improved indigenous chicken with diets containing black
soldier fly larva meal. Frontiers in Insect Science, 2, 933571.

[8] Kariuki, M. W., Barwani, D. K., Mwashi, V., Kioko, J. K.,
Munguti, J. M., Tanga, C. M., ... & Osuga, I. M. (2024). Partial
replacement of fishmeal with black soldier fly larvae meal in
Nile tilapia diets improves performance and profitability in
earthen pond. Scientific African, 24, €02222.

[9] Munguti, J., Muthoka, M., Mboya, J. B., Kyule, D.,
Meenakshisundaram, M., & Tanga, C. M. (2025). Unraveling
the potential of black soldier fly larvae as a sustainable protein
source for Nile tilapia production in diverse aquaculture systems.
Aquaculture Nutrition, 2025(1), 3598843.

[10] N., N. R., M., M. J., Herwig, W., & Werner, Z. (2021).
Growth performance and survival rates of Nile tilapia
(Oreochromis niloticus L.) reared on diets containing Black
soldier fly (Hermetia illucens L.) larvae meal. Die Bodenkultur:
Journal of Land Management, Food and Environment, 72(1),
9-19.

[11] Rana, K. S., Salam, M. A., Hashem, S., & Islam, M. A.

Dean&Francis

YUANHUI DENG

(2015). Development of Black Soldier Fly Larvae Production
Technique as an Alternate Fish Feed. International Journal of
Research in Fisheries and Aquaculture, 5(1), 41-47.

[12] Mathai, E.N., Barwani, D.K., Mwashi, V., et al. (2024).
Black Soldier Fly (Hermetia illucens) Larvae for Nile
Tilapia (Oreochromis niloticus) On-Farm Feeding: Effect on
Performance and Profitability. Journal of Agriculture, Science
and Technology, 23(3), 120-143.

[13] Tippayadara, N., Dawood, M.A., Krutmuang, P., Hoseinifar,
S.H., Doan, H.V., & Paolucci, M. (2021). Replacement of Fish
Meal by Black Soldier Fly (Hermetia illucens) Larvae Meal:
Effects on Growth, Haematology, and Skin Mucus Immunity of
Nile Tilapia, Oreochromis niloticus. Animals, 11(1), 193.

[14] Albalawneh, A., Hasan, H., Alarsan, S. F., Diab, M., Abu
Znaimah, S., Sweity, A., ... & Alnaimat, E. (2024). Evaluating
the Influence of Nutrient-Rich Substrates on the Growth and
Waste Reduction Efficiency of Black Soldier Fly Larvae.
Sustainability, 16(22), 9730.

[15] Rossi, G., Ojha, S., Miiller-Belecke, A., & Schliiter, O. K.
(2023). Fresh aquaculture sludge management with black soldier
fly (Hermetia illucens L.) larvae: investigation on bioconversion
performances. Scientific reports, 13(1), 20982.

[16] Chen, J., Hou, D., Pang, W., Nowar, E. E., Tomberlin, J.
K., Hu, R., Chen, H., Xie, J., Zhang, J., Yu, Z., & Li, Q. (2019).
Effect of moisture content on greenhouse gas and NH3 emissions
from pig manure converted by black soldier fly. The Science of
the total environment, 697, 133840.

[17] Surendra, K. C., Tomberlin, J. K., van Huis, A., Cammack,
J. A., Heckmann, L. L., & Khanal, S. K. (2020). Rethinking
organic wastes bioconversion: Evaluating the potential
of the black soldier fly (Hermetia illucens (L.)) (Diptera:
Stratiomyidae) (BSF). Waste management (New York, N.Y.),
117, 58-80.





