
Sombat Chalermliamthong, Patrick Trail, Robert Walle, and Tim Motis

Technical Note 
NO. 99  |  June 2023

Black Soldier Fly Larvae Production 

[Editor’s Note: This guide expands on a summary by Chalermliamthong and Trail 
(2021; http://edn.link/rqa3hk) of the black soldier fly larvae production system at the 
ECHO Asia Small Farm Resource Center in Chiang Mai, Thailand. The production 
system there serves as an approach for scaling up larvae production as an alternative 
protein source to fish and soy meals for agricultural livestock feed. The authors 
encourage adaptation to fit needs, resources, and constraints of your local context. 
The end of this article includes some considerations for household-level operations. 
If you have questions or experiences to share, please post on ECHO Conversations.]

Introduction and rationale
The black soldier fly (Hermetia illucens; Figure 1), hereafter abbreviated as 
BSF, is native to the Americas but has spread throughout the world. Black 
soldier flies (BSFs) are of the class Insecta, of the order Diptera (true flies, 
having two wings), and the family of Stratiomyidae (soldier flies). Adult 
BSFs make a loud buzzing noise when flying, causing confusion with wasps 
(which are not true flies, having four wings instead of two and a stinger). 

BSF larvae (BSFL) are grown for their protein- and fat-rich biomass that can 
be fed to many types of livestock. Dried BSFL contains 37% to 63% protein 
(with essential amino acids), 7% to 28% fat, and are a rich source of vitamins 
and minerals (Barragan-Fonesca et al., 2017; Zulkifli et al., 2022). The 
nutritional profile of the larvae depends on what they are fed (feedstock). 

Based on a review of crude protein and 
crude fat values by Barragan-Fonesca et al. 
(2017), you can obtain high values of both 
protein (40% or more) and fat (20% or more) 
with animal manure (e.g., cattle, chicken, 
pig), fish waste, and palm kernel meal. 
Larvae with close to 40% protein content are 
obtainable with fruit and vegetable waste, 
but fat values will be lower than with other 
types of organic waste (<10%).Figure 1. Close up of an adult black soldier fly 

(Hermetia illucens). Source: Andre Fonseca

https://www.echocommunity.org/resources/42582e21-5a33-4e0d-8483-706dfaa3f8b4
https://conversations.echocommunity.org/
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With their voracious appetites, BSFL feed on decaying fruits, vegetables, 
animal carcasses, various types of animal manure, and more. BSFL are 
efficient feeders, requiring 4.5 to 10 kg of organic waste to produce 1 
kg of larvae biomass (Rehman et al., 2022). By comparison, it often takes 
10 kg of feed to produce 1 kg of beef (Smil, 2002). Material that remains 
after harvesting larvae contains a mix of frass (larvae excrement and 
exoskeletons) and residue of the organic material fed to the larvae. It is 
often used or sold as a soil amendment.

BSFL production offers a low-cost means of converting on-farm 
waste into useful products. Turning waste into resources improves 
farmstead resilience, creates income-generating opportunities, and 
addresses environmental problems associated with landfills and manure 
accumulation. Common housefly (Musca domestica) larvae also feed on 
organic waste; however, they do not feed on as wide a range of materials as 
BSFL. Moreover, unlike houseflies, BSF adults are not a nuisance pest; they 
do not bite or sting and are not a bother to humans. Composting worms 
used for vermicompost have different uses from BSFL. For more information 
about vermicompost, see ECHO Technical Note 66: Vermiculture Basics & 
Vermicompost.

Disease risk
Decaying organic materials can carry disease-causing pathogens that can 
affect animal and human health. The mid-portion of the BSFL gut is known 
to be highly acidic (pH ≤ 3 according to Bruno et al., 2019) and to contain 
substances and fungal organisms with activity against pathogens such as 
Staphylococcus aureus and Salmonella spp. (Gorrens et al., 2021; Zhang et 
al., 2022). There is evidence, however, of pathogen survival in the intestines 
of BSFL (Müller et al., 2019). 

Much of the literature on BSF says that the adult flies do not transmit 
diseases since they do not bite and are said to rely on fats accumulated in 
the larvae stage for food. Bruno et al. (2019), however, showed that adults 
do in fact have the capacity to eat and digest food, raising the possibility of 
disease transmission.

Given that BSFs are associated with decaying organic waste, and the fact 
that reproductive structures of animal parasites have been found in the 
intestines of BSFL, disease transmission is possible (Goddard, 2003; Müller 
et al., 2019). Nyangena et al. (2020) experimented with the following 
options for reducing or eliminating pathogens:

•	 Boiling larvae for 5 minutes

•	 Toasting over an open flame at 150°C for 5 min with regular turning of 
the larvae to keep the larvae from sticking together or burning 

•	 Oven-drying larvae at 60°C until there is no more weight loss, which 
takes 2-3 days

•	 Solar-drying larvae in a box covered with clear plastic

Treatments that eliminated Salmonella in BSFL were boiling, toasting, and 
combinations of boiling or toasting followed by solar- or oven-drying. 
Drying has the added benefit of concentrating nutrients and making 
it possible to store the larvae. Heat treatments also reduced human 
pathogens in BSFL in a study by Soomro et al. (2021), with oven-drying for 
22 minutes at 150°C being the most effective method. 

https://www.echocommunity.org/resources/36b1f6c2-ceb9-4a21-8470-ea87aacf4f8e
https://www.echocommunity.org/resources/36b1f6c2-ceb9-4a21-8470-ea87aacf4f8e
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Whether or not to do any post-harvest processing of the larvae, and which 
methods to adopt, depend on factors such as end use. Whereas a farmer 
might feed live BSFL to livestock such as poultry and fish, a much greater 
degree of caution is advisable if the larvae are to be used for human 
consumption. Many post-harvest processing approaches require an energy 
source, a factor that needs to be considered along with the quantity of 
larvae to process. See Chapter 5 of Black Soldier Fly Biowaste Processing 
by Dortmans et al. (2021) or ICIPE’s video on processing larvae for more 
information on drying methods including a small-scale heat treatment called 
sand roasting. 

Life cycle and conditions
As shown in Figure 2, BSFs undergo 
five stages of development: egg, larva, 
prepupa, pupa, and adult (Rehman 
et al., 2022). Adult flies deposit eggs 
in dry crevices near rotting organic 
matter. Eggs hatch after about 4 days, 
producing larvae that feed on organic 
waste over a period of 13 to 18 days 
while passing through five development 
stages called instars. As they grow, they 
shed their exoskeleton between instar 
stages. After the fifth instar, the larvae 
darken as they reach the prepupal (sixth 
instar) stage. Prepupae stop feeding and 
migrate away from their food source 
to a dry place where they enter the 
pupal stage. Two weeks later, adult flies 
emerge from the pupae case. 

BSFs prefer a warm climate. Tomberlin et al. (2009) found that BSFL survival 
and growth rates were highest at 27°C and that the upper range for BSF 
development is between 30 and 36°C. Similarly, Chia et al. (2018) found 
that BSF egg viability was highest (80%) at 30°C and lowest (< 11%) at 15 
and 40°C. Between the minimum and maximum temperatures at which 
BSFL will grow, larvae develop more slowly and reach a larger size at cooler 
temperatures (Tomberlin et al., 2009). Conversely, they grow faster and 
attain a smaller size at warmer temperatures.

With respect to humidity, although BSFL have been found to tolerate a 
range from 30% to 90% relative humidity (Sheppard et al., 2002), 50% 
to 70% is optimal (Barry, 2004). Overly moist conditions lead to reduced 
oxygen in the feedstock. Overly dry conditions will cause larvae mortality 
due to desiccation.

Reproduction in Captivity 
BSFL are produced using systems that range in size from small bins, 
buckets, or troughs to room-size enclosures for larger-scale production. 
Regardless of size or scale, the basic principles and steps are similar. The 
system described below is that of a system used by ECHO staff in Asia that 
produces approximately 10 kg of larvae per week. A later section of this 
article will highlight concepts used in small-scale systems.

Figure 2. The life cycle of BSF, lasting about 45 days in 
its entirety. Source: Stacy Swartz

https://www.eawag.ch/fileadmin/Domain1/Abteilungen/sandec/schwerpunkte/swm/Practical_knowhow_on_BSF/BSF_Biowaste_Processing_2nd_Edition_LR.pdf
https://www.youtube.com/watch?v=hF7BmAJTJ8U&t=351s
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Step 1. Obtain a starter population of larvae
To start a BSFL production system, purchase larvae from a local source 
or hatch BSF eggs from wild flies present in your area. The latter option 
provides a way to start with BSFs in areas where there are no sources of 
larvae for purchase. By starting with eggs, if the air temperature is favorable 
(near 30°C), you can quickly obtain enough individuals to start a BSF colony. 
Tomberlin et al. (2002) observed that the number of eggs laid per female 
BSF ranged from 206 to 639.

Basic procedures for collecting eggs from wild BSF are as follows:

A. Prepare an attractant. Options for an attractant include rotting fruit, 
kitchen scraps, fermented bran (outer layer of grains removed during 
milling), and manure. Lamin et al. (2022) found that rotten pineapple 
worked better than rotten bananas or fermented bran as an attractant. 
They attributed the success of the rotten pineapple to its strong smell. 
Using rotten fruit as an attractant involves crushing it to obtain a creamy 
texture, adding water as needed, and placing it into a bowl or basin. If 
you use bran, ferment it by mixing it in a 1:1 ratio with water, letting the 
mixture sit for 3 days, and then combining it with mashed bananas (see 
YouTube video by Adi in Indonesia entitled Best Attractant: Fast and 
Easy Way to Get Seeds of Black Soldier Fly).

B. Place the container with the attractant in an outdoor place where BSF 
are likely to be. 

C. On top of the container, provide a surface for female BSFs to lay 
their eggs. Surfaces with cracks and crevices work well. A good way 
to do this is by placing several stacks of wooden blocks over the 
container. Create each stack by cutting pieces of wood to a length that 
exceeds the diameter of the container. Stack several pieces of wood 
and then secure the stack with a rubber 
band around each end (Figure 3). As 
suggested by ECHO Asia staff, you can 
place toothpicks between the pieces of 
wood to create space between the layers 
of wood for adult female flies to lay their 
eggs.

D. Monitor the stacks of wood for eggs. 
If you don’t see eggs, it could mean that 
wild populations around the attractant 
are non-existent or low. In that case, try 
placing the attractant where there are 
likely to be more wild BSFs. Look for a 
place with a lot of organic waste, such as 
near waste dumps. If you are in a location 
that is not sunny and warm all year, keep 
in mind that BSFs may not be active 
during cool winter months.

E. Hatch the eggs to obtain larvae. When you are starting a BSF colony 
from wild BSF eggs, the mating enclosure, described in the next step, is 
a good place to hatch the eggs. Thereafter, you will be able to produce 
eggs in the mating enclosure instead of having to collect them outside 
from wild BSFs.

Figure 3. A container filled with rotting fruit, with 
stacked wooden blocks on top, to attract adult 
black soldier flies for purposes of egg collection. 
Source: Tim Motis

https://www.youtube.com/watch?v=qQwr0I05HLc
https://www.youtube.com/watch?v=qQwr0I05HLc
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      This range is consistent with the range 
of 15 to 40°C reported by Chia et al. 
(2018), but the maximum temperature 
is higher than that (36°C) reported by 
Tomberlin et al. (2009). Exact conditions at 
which BSFs will thrive in your context will 
vary with factors like diet, larvae density, 
and the environment to which your flies 
are adapted.

Step 2. Establish a mating enclosure
Establishment of a mating enclosure is 
necessary for producing eggs and BSFL. 
Mating enclosures can range from large 
screened-in rooms, such as the one pictured 
in Figure 4 from the ECHO Asia Farm, to 
smaller systems using mosquito nets, or even 
mesh baskets. Regardless of the scale or 
design, the mating enclosure must maintain 
adequate moisture (around 70% relative 
humidity) and a temperature of 24 to 38°C     
while keeping the BSF in, and pests out. 

1

1
Make provisions for 
adult flies, including a 
water source and some 
vegetation or other 
surfaces on which to 
hide and mate. A sugar 
source like honey will 
prolong the lifespan 
of adults (Barragan-
Fonseca et al., 2017). 

The pupae will not eat any food, so you need 
only a small amount of food nearby to entice 
adult female flies to lay eggs. 

Step 3. Collect the eggs
To collect the eggs of the adult female BSF, 
provide favorable material for laying eggs 
within the mating enclosure. The ECHO Asia 
Farm discovered that small blocks of wood 
work well and provide both an inviting egg-
laying environment and easy egg collection 
method for the workers. Using small pieces 
of cardboard may be logical (Wong, 2020), 
but the wooden blocks are convenient for 
collecting eggs and result in higher quantities 
of eggs as experienced by ECHO Asia staff. 
At this stage, it is important to note that BSF 
do not lay their eggs directly on (or in) a food 
source, but nearby to one. Blocks should be 
near a food source, as shown in Figure 5.

To collect eggs (Figure 6) remove the blocks, 
separate them from each other, and carefully 
scrape off the eggs with a toothpick or 
other small, pointed item. Eggs can be of 
different ages if workers do not remove the 
blocks each day. By having eggs of different 
ages, the larvae will hatch and grow at 
different stages, requiring added sorting 
and separation before maturity. It is helpful 
to have larvae at uniform age and maturity 
when producing larger batches of BSFL. 

Figure 4. The screened-in BSF mating enclosure 
includes overhead sprinklers for moisture 
control. Here adult flies mate and females lay 
eggs. Source: ECHO Asia

Figure 5. Inside the breeding enclosure, provide 
wooden blocks with small crevices for the female 
BSFs to lay their eggs. Blocks are placed above 
a food source, but not directly in contact. Adult 
females lay eggs in cracks between wooden 
blocks. Source: ECHO Asia

Figure 6. Once females lay eggs, remove 
the wooden blocks and take them apart for 
easy access to the eggs. Toothpicks are used 
to separate blocks, providing small gaps for 
females to lay eggs. Source: ECHO Asia 
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Step 4. Transition from eggs to larvae
Transfer the collected eggs to a proper food 
source (see step 5) where they will hatch and 
crawl to the feedstock provided. This could 
be in a separate area. Use a mesh screen to 
separate the eggs from direct contact with the 
food source (Figure 7). Eggs will hatch within 
four days of laying. At this stage, while larvae 
are small, you can use plastic trays to hold 
small quantities of feed/waste and larvae. BSFL 
will feed to a maximum depth of about 20 
cm, so ideal bin depth is at least 20 cm but no 
more than 60 cm (Barrios, 2019). 

Step 5. Select a proper feedstock 
One advantage of BSFL is their ability to 
consume many types of waste: municipal 
wastes with high organic matter, market waste 
(fruit & vegetable), human and animal manures, 
table scraps, bone meal, and most other 
products (Figure 8). This article will not give a 
prescriptive list of feed sources but encourages 
the producer to find the so-called ‘waste’ 
resources locally available. Use low-cost, or 
even free, waste by-products including market 
waste, cafeteria food scraps, rice bran, spent 
grains, soy cake, etc. BSFL prefer foods high in 
fats, proteins, and starches. Table 1 points out 
factors to consider in selecting feedstock. 

As alluded to in Table 1, you can mix waste 
resources together to ensure a balanced, or 
‘complete’ feed source (Figure 9). This helps 
‘bulk up’ the feedstock to ensure higher yields 
of larvae produced. For example, you could 
boost the protein content of plant waste 
by adding chicken manure. You should not feed diseased animals or their 
offal, wood chips, pesticide contaminated items, or too much highly fiberous 

Table1. Benefits and tradeoffs of various types of organic waste.

Organic waste type Benefits and/or tradeoffs Literature source

Fruit and vegetable 
waste

Less of an odor than rotting meat. May be low in protein and fat, which 
can delay larvae maturation time and weight

Nguyen et al. (2013)

Fish waste High in fat but fish can also accumulate heavy metals toxic to BSFL Nguyen et al. (2013)

Kitchen scraps Well-balanced, containing both plant and meat waste Nguyen et al. (2013)

Fibrous waste like 
almond hulls, rice straw

Increases oxygen for the larvae but the high carbon to nitrogen ratio 
reduces larvae weight; can add nitrogen-rich plant waste to lower the 
carbon to nitrogen ratio

Palma et al. (2019)

High-moisture feed Too much moisture can lead to anaerobic conditions and reduced 
larvae growth; can mitigate with ventilation and incorporation of high-
fiber materials

Yakti et al. (2023)

Livestock and poultry 
manure

Protein content higher with manure from omnivores (e.g., chickens, 
which eat plant and animal foods) than herbivores (e.g., cattle, which 
graze on grasses)

Xiao et al. (2020); 
Chen et al. (2003)

Figure 7. Place collected eggs gently on top 
of a food source, using screen mesh to avoid 
direct contact of the eggs with the moist food. 
Once eggs hatch, larvae will migrate to the food 
source. Source: ECHO Asia

Figure 8. Food source options for producing 
BSFL include selecting waste like pineapple 
waste and byproducts collected from the market. 
Source: ECHO Asia
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vegetable matter (Barrios, 2019). Experiment with 
various feedstocks to find out what works best for you.

Step 6. Scale up production 
As larvae hatch and feed, they need to be ‘scaled up’ 
into larger containers or bays for adequate production. 
During this step, provide more feedstock for larvae to 
eat (Figure 10). How much feed to add will depend on 
larvae instar, temperature, feedstock, and other factors. 
Check larvae at least once a day to ensure there is 
always an adequate food supply for growing larvae. 
When you add new feed, make sure to mix the old feed 
and new feed evenly throughout the bay/container or 
add old feedstock and larvae on top of a bin with new 
feedstock. Larvae are photophobic (light fearing) and 
will move downward to the new feedstock.

***NOTE: It is critical to control moisture to avoid foul 
smells from rotting feedstock. Piles of feed or waste 
should never be anaerobic (lacking oxygen). Trays or 
bays should have a way to drain excess moisture to 

avoid any standing liquid.    Good drainage 
will also help to keep the feedstock from 
attracting pest flies such as the common house 
fly; combine good drainage with adequate 
coverage (lids or screen) to prevent house 
flies from laying eggs in the food source and 
infecting the BSF colony. The ECHO Asia Farm 
uses a dry material, such as rice bran or rice 
powder, to absorb moisture as needed. 

2

      Drainage can be accomplished by drilling 
holes at the bottom of feedstock trays or bays. 
Barrios (2019) suggested 6 mm as an ideal di-
ameter for drainage holes that exclude pests; 
you could also place a layer of screen between 
the feedstock and drainage holes for added 
protection against the entry of pests. Placing a 
container below the drainage holes will allow 
you to collect the leachate for use as fertilizer, 
as explained later in this document. 

2Step 7. Harvest the 
larvae 
Over a period of 13 
to 18 days, larvae 
will feed voraciously, 
eating twice their own 
body weight each 
day (Shishkov et al., 

Harvesting larvae before reaching maturity (shortly before the pre-pupae 
stage) requires sorting, sizing, or separation of larvae from their feed material. 
For larvae that are fed directly to livestock, removal from the feed source is 
unnecessary. Sorting and sizing are common for larger production systems but 
these activities are labor intensive. For easier separation, we recommend the 
following options:

•	 By the end of their production cycle, transfer larvae to a finer-textured 
feed source (e.g., bran). Uniformly small food particles will then be easy to 
separate from the larvae. 

•	 Use various sizes of screens to facilitate sorting and sizing. 

Two approaches to sorting larvae for uniform size are wet and dry harvesting. 

2019). There are a 
few different ways to 
harvest larvae. 

Figure 9. To make sure that BSFL grow 
strong and healthy, mix higher quality 
waste byproducts such as rice bran 
and soy meal, with lower quality waste 
byproducts. Source: ECHO Asia

Figure 10. A scaled-up BSFL system in northern 
Thailand using individual bays with different 
waste sources to grow BSFL at various stages of 
their life cycle. Source: ECHO Asia 



8

Wet harvesting involves 
using water to carry larvae 
through larger screens and 
push smaller food debris 
through finer screens to 
isolate larvae for feed. Dry 
harvesting is accomplished 
by moving or shaking the 
mixed contents screens until 
larvae are isolated from large 
and small food particles 
(Figure 11). Workers can sort 
by hand or use mechanized 
shakers, like technologies 
used in vermiculture systems. 
Once larvae are harvested 
and sorted 

(Figure 12), they can be processed for later use 
as feed. 

Step 8. Raising Pupae for Reproduction 
The ECHO Asia Farm’s ‘self-harvesting’ system 
(Figure 13) works very well for resupplying the 
mating enclosure. At the pre-pupal life stage, 
BSF migrate from their food source in search of 
a dark, quiet place to transform into a mature 
fly. If checked regularly, it can be convenient, 
and provide a steady supply of pupae for 
reproduction. Transport these pupae to the 
mating enclosure before flies emerge.

Smaller systems
There are many examples online of small, 
household-level systems for rearing black 
soldier flies. These make use of bins, buckets 
(Figure 14), and troughs (Figure 15). With all 
smaller systems, make sure to have a covering 
over the system to protect BSFL from rainfall 
events and predators.

When using a bucket or bin, leave holes in the 
lid large enough to allow wild BSF females 
to enter the bucket and lay eggs. If you are 
in a rainy climate, you can attach PVC in a “T” 
coming out of the bin to provide a way for 
females to enter the system without getting 
the feedstock wet. Pieces of cardboard can 
be stacked in layers and attached to the top 
of troughs, buckets, or bins to provide a place 
for wild BSF females to lay eggs. If using bins 
or buckets with lids, females may lay eggs 
between the lid and bin edges. Scrape these 
eggs into the feedstock every three to four 
days. One advantage of using stacked buckets or bins is that you can drill holes 
in the inside bucket or bin and catch leachate for later use in an outer bucket or 

Figure 11. Sorting and sizing BSFL.  
Source: ECHO Asia

Figure 12. An example of 
harvested, sorted larvae. 
Source: ECHO Asia

Figure 13. A BSFL ‘self-harvesting’ bay where 
larvae that have reached the pupal cycle, will 
crawl away from their food source, and fall into 
lower troughs for collection.  
Source: ECHO Asia

Figure 14. Bucket system for small-scale 
production of BSFL. Plastic bin used to catch self-
harvesting pre-pupae. Source: JC Barrios
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bin. Alternatively, you can place a catchment 
system under the drainage holes to collect 
leachate (Figure 16). 

Many smaller BSF systems use the ‘self-
harvesting’ nature of the BSFL for collection. As 
seen in the example (Figure 16), set-ups funnel 
the crawling pupae out of the food source. You 
can put your system inside of your livestock 
enclosure to allow livestock to immediately feed 
on the fallen pre-pupae (Figure 15) or you can 
place a container with untextured sides (e.g., 
plastic) under the edge of the ramp to catch 
the larvae. With this practice some escape is 

inevitable, but escaped individuals help support the wild population of BSF.

With smaller systems, you might have to invest in additional predator defense 
to keep vermin and other scavengers out of the bins/troughs. ECHO Florida 
staff have used wooden boards weighed down with cement blocks to exclude 
raccoons and rats.

Production Challenges to Consider
Pests
Designers should consider pests such as birds, rats, and other possible pests 
before establishing a BSF system at any scale. Enclosed systems are necessary 
to keep BSF in and unwanted pests out. Unfortunately, the necessary process 
of installing screens and nets can become expensive and adds significantly to a 
producer’s bottom line.

Foul odors
The success of any BSF system depends on moisture control. Many food wastes, 
such as fruit scraps, have high moisture contents and can cause systems to 
become anaerobic. Preventing anerobic conditions is crucial to the overall 
success of the system and to the perception of neighbors and clients. Install 
drainage options or use brans or flours to absorb excess moisture. If you see 
clumps of feed, break them up to help the larvae consume the feed source.

Premature migration of larvae
If there is not enough feedstock, larvae will attempt to leave the system, crawling 
out of enclosures in search of food. To mitigate this migration, check on larvae 
frequently to ensure adequate food supply.

Figure 16. Diagram for trough system that includes leachate and pre-pupae catchment systems.  
Source: Stacy Swartz

Figure 15. Trough built for BSFL production 
inside of chicken coop. Source: JC Barrios
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Using Black Soldier Fly in Livestock Feeds
Poultry
BSFL have been shown to be a nutritious supplement to animal feeds. 
Meal made from BSFL serves as an alternative to soybean meal and fish 
meal as a source of protein in poultry diets (Fanatico et al., 2018). This has 
been demonstrated for chickens raised for egg (layers) and meat (broilers) 
production. Below are some of the reports we found in the literature for layers 
and broilers:

•	 Layers: Replacement with BSF meal of up to 100% of the fish meal used in 
poultry feed has been shown to increase body weight and egg production 
of laying hens (Attivi et al., 2022; Zhao et al., 2022). Studying free range 
hens, Ruhnke et al. (2018) found that chickens offered dried BSFL 
consumed approximately 15 g of BSFL per day, amounting to 16% of their 
diet. They suggested that, with attention to feed formulations, BSFL could 
be a viable long-term protein supplement, noting that drying BSFL at high 
temperatures (90°C) may reduce availability of some amino acids (lysine, 
arginine, and threonine). 

•	 Broilers: BSFL meal has been fed to poultry with beneficial effects in various 
stages of broiler development (de Souza Vilela et al., 2021). Cheng et al. 
(2023) found that broiler chicks put on a statistically similar amount of 
weight with dried BSFL as with fishmeal and soybean meal. Moula et al. 
(2018) showed that weekly weight gain of local poultry improved when 8% 
of a standard commercial feed was supplemented with whole, fresh BSFL 
that were thawed after having been frozen.

Incorporating BSFL into poultry feed provides chickens with a more diverse 
diet, which is good for the birds’ overall health. The study by Moula et al. (2018) 
showed that benefits of BSFL (e.g., weight gain) could be achieved with larvae 
reared on small systems that work well in the context of smallholder agriculture.

Aquaculture
The decline in catches of wild fish is both raising prices and stimulating 
aquaculture to produce more fish. Fish meal and agronomically produced 
vegetable proteins such as soy cannot adequately sustain increases in 
aquaculture. BSFL have shown promise as a viable replacement for soymeal and 
fish meal. Replacing 30% of grain meal (from soybean, corn, and wheat) with BSF 
frass increased tilapia fish weight and disease resistance in comparison to grain 
meal alone (Yildirim-Askoy et al., 2020). 

Zarantoniello et al. (2020) pointed out that BSFL meal is often high in saturated 
(unhealthy) fats and deficient in polyunsaturated (healthy) fats. To boost 
polyunsaturated fats of larvae fed with coffee grounds, Zarantoniello et al. (2020) 
added freshwater microalgae (Schizochytrium sp.) to the feedstock. They found 
that larvae fed with a combination of coffee grounds and microalgae increased 
polyunsaturated fats in BSFL and that the resulting BSFL meal could replace up 
to 50% of fish meal in fish feed. 

BSFL can also be used in aquaponics, a form of aquaculture in which fish 
farming is linked with plant production. The plants in aquaponic systems utilize 
nutrients from fish waste. Romano et al. (2022) found that frass from BSFL, 
made into a dilution or tea (at a rate of 0.09 g per 40 ml, with the resulting 40 
ml solution added to each 1000 L tank used in the trial), increased levels of 
calcium, potassium, and phosphorus in the water. They mentioned that calcium, 
potassium, and iron are often limiting for plant growth in aquaponic systems. 
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Pigs
Pigs have been found to prefer live BSFL over other foods like maize and 
commercial feed pellets (Ipema et al., 2021). Pigs will also eat BSFL that have 
been dried and ground into powder to make BSFL meal. BSFL meal serves as a 
good protein source for pigs and boosts their intestinal health (Kar et al., 2021). 
BSFL may replace at least a portion of other protein sources like soy and fish 
meal, without any adverse effects on growth or quality of pork (Hong and Kim, 
2022). 

The rearing of BSFL also provides farmers with a way to dispose of pig manure. 
Parodi et al. (2021) found that BSFL incorporated—into their bodies —12% of the 
carbon and 25% of the nitrogen contained in the fresh manure that they were 
reared on. Storing nutrients in BSFL keeps them from being lost to leaching, 
thereby mitigating against groundwater pollution associated with accumulation 
of fresh manure.

Ruminants
Insect meals may be used to alleviate shortages in fishmeal and plant-based 
protein supplements for ruminants (Castillo and Hernández, 2023). Jayanegara 
et al. (2017) showed that the high chitin content in BSFL lowers digestibility, 
suggesting that this be considered in developing livestock feed formulations. 
On the other hand, their work showed that high chitin content is linked to 
reduced rumen emission of methane (a greenhouse gas). BSFL can be used to 
supplement the diet of young livestock that are still nursing and as a source of 
probiotics 3  (Astuti et al., 2022). 

     Probiotics are live microorganisms that are 
used in place of antibiotics to provide 
health benefits to livestock. Lactic acid 
bacteria are commonly used as probiotics. 
BSFL grown on chicken manure have been 
found to be a source of lactic acid bacteria 
(Astuti et al., 2022).

3
Using byproducts for fertilizer
Frass or larval insect excrement is a by-product of insect 
rearing and can be used in field or nursery settings. BSF 
frass can be soaked in water to make a ‘compost tea’ that 
can be applied as a soil drench. Frass can also be added 
to potting mix or placed at the bottom of furrows before 
seeding crops directly into the soil. Nutrient values 
for BSF vary based on feedstock. Researchers Lopes et al. (2022) reviewed 
various studies and found that frass from BSFL fed vegetables contained N-P-K 
(nitrogen-phosphorus-potassium) values of 2.8-1.5-3.3, compared with larvae 
fed cow 1.9-1.0-0.2, poultry 2.3-1.1-1.8, and pig 2.4-2.1-1.0 manures. Like other 
fertilizer alternatives or soil amendments, it is a bulky practice requiring 3,571 kg 
of material for 100 kg of N. The incorporation of BSF frass as a soil amendment 
has additional benefits such as improvements in soil structure, increased soil 
organic matter, and water holding capabilities.

If you are facilitating drainage in your system, leachate collected can also be 
used as fertilizer. Collected leachate can be diluted and used as a fertilizer. 
Green (2013) observed improved plant growth with BSF leachate diluted in 
water (e.g., 1 part BSF leachate mixed with 9 parts water) and applied as a soil 
drench or foliar spray. 

Final thoughts
BSFL production provides farmers with a way to obtain protein for animal feed, 
process and recycle on-farm waste, and generate by-products such as frass and 
leachate for soil improvement. Systems range in scale from small bins and containers 
to larger-scale systems with dedicated mating enclosures. Both small and larger-
scale approaches can be implemented with commonly available materials. 
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While the steps in raising BSFL are not difficult to implement, it is important to 
understand factors that influence the growth and quality of BSFL. Some factors 
that have been identified in this document include temperature/humidity, 
feedstock, feedstock characteristics such as moisture content and depth, and 
processing options. A farmer will also need to consider economic factors such 
as feedstock availability, the quantity of larvae needed, feasibility of processing, 
and cost of materials.

Additional Resources
ECHO Asia virtual training on BSF Production 

Information from the Critter Depot on:

BSF frass: https://www.thecritterdepot.com/blogs/news/nutritional-benefits-
of-black-soldier-fly-larva-frass-critter-depot

Life stages of black soldier flies: https://www.thecritterdepot.com/
blogs/news/nutritional-benefits-of-black-soldier-fly-larva-frass-critter-
depot#:~:text=The%20frass%20sold%20by%20The,types%20of%20
manure%20and%20compost

Nutritional composition: https://kimmyfarm.com/en/nutritional-value-of-black-
soldier-fly-larvae#sun-dried-bsf-black-soldier-fly-larvae-fresh-high-quality

Tips for feeding chickens: https://www.backyardchickens.com/articles/feeding-
chickens-an-introductory-guide.67139/ 

Insect meal as animal feed: https://www.feedipedia.org/content/insect-meals-
animal-feed

International Centre of Insect Physiology and Ecology (ICIPE) Black Soldier Fly 
Video Series (6 episodes): https://www.youtube.com/watch?v=-8vejnFgndk 
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