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Introduction

The black soldier f ly (BSF), 
Hermetia illucens L., is a true 
f ly (Diptera) of the family 
Stratiomyidae. Originally from 
the Americas, it now thrives in 
diverse climates worldwide, from 
the tropics to temperate regions 
(Sheppard et al. 1994, Čičková et 
al. 2015). Black soldier fly lar-
vae (BSFL) are highly efficient 
consumers of organic waste, 
demonstrating success in waste 
management programs 
(Sheppard, 1983; Yu GuoHui et 

al., 2009). Their ability to con-
vert organic waste into a valu-
able protein source aligns with 
sustainability goals by reducing 
reliance on resource-intensive 
feed ingredients (Singh and 
Kumari, 2019; Raman et al., 
2022). This makes them a 
promising solution for organic 
waste management and a valu-
able resource for animal feed 
due to their voracious appetite 
and efficient food conversion 
(Abd El-Hack et al., 2020). 
They can be raised and collect-
ed without specialized 

equipment and pose minimal 
pest risks. Their larvae are a 
valuable source of nutrition, 
containing 42% crude protein 
and 29% fat. While higher in 
saturated fats compared to some 
other insects, they do not accu-
mulate harmful pesticides or 
mycotoxins. BSF are already 
utilized as animal feed in some 
regions, though regulations on 
their production and use may 
vary (Wang and Shelomi, 2017).

In agricultural settings, where 
incorporating these larvae into 
feed cycles can help close 

nutrient chains and promote 
more effective resource usage, 
this change is particularly im-
portant. BSFL's ability to pro-
cess organic waste materials 
into valuable biomass address-
es both environmental and eco-
nomic concerns. This process 
minimizes waste that would 
otherwise contribute to envi-
ronmental degradation, such as 
greenhouse gas emissions from 
landfills (Isibika et al., 2023; 
Siddiqui et al., 2024). 
Moreover, the larvae's conver-
sion eff iciency can help 

the harvested larvae revealed a high crude protein content of 
38.99%, with leucine, lysine, and valine identified as the dom-
inant essential amino acids. Furthermore, saturated fatty acids 
(SFAs) were found to be more abundant than unsaturated fat-
ty acids (USFAs), with lauric acid and palmitic acid being the 
most prominent among the SFAs. The findings emphasize the 
potential of fermented pumpkin as a cost-effective and sustain-
able substrate for BSF larvae production, contributing to inno-
vative approaches in organic waste management and the devel-
opment of alternative protein sources.

SUMMARY

This study investigates the application of fermented pumpkin 
as a substrate for Black Soldier Fly (BSF) larvae production, 
offering a sustainable solution for waste recycling and protein 
generation. Pumpkin, fermented with Lactobacillus plantarum 
and Trichoderma viride for 21 days, was tested in five northern 
provinces of Thailand: Phayao, Chiang Mai, Phrae, Lampang, 
and Lamphun. At each site, ten baskets of fermented pumpkin 
were placed in orchards, with an average of 7–8 baskets suc-
cessfully supporting larval development. The average yield of 
BSF larvae per basket was 1.9 ± 0.27kg. Nutritional analysis of 
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RESUMEN

El análisis nutricional de las larvas cosechadas reveló un alto 
contenido de proteína cruda de 38.99%, con leucina, lisina y 
valina identificadas como los aminoácidos esenciales dominan-
tes. Además, se encontró que los ácidos grasos saturados (AGS) 
eran más abundantes que los ácidos grasos insaturados (AGI), 
siendo el ácido laúrico y el ácido palmítico los más prominen-
tes entre los AGS. Los resultados enfatizan el potencial de la 
calabaza fermentada como un sustrato rentable y sostenible 
para la producción de larvas de BSF, contribuyendo a enfoques 
innovadores en la gestión de residuos orgánicos y al desarrollo 
de fuentes alternativas de proteína.

El estudio investiga la aplicación de calabaza fermentada 
como sustrato para la producción de larvas de Mosca Soldado 
Negra (BSF, por sus siglas en inglés), ofreciendo una solución 
sostenible para el reciclaje de residuos y la generación de pro-
teínas. La calabaza, fermentada con Lactobacillus plantarum 
y Trichoderma viride durante 21 días, fue probada en cinco 
provincias del norte de Tailandia: Phayao, Chiang Mai, Phrae, 
Lampang y Lamphun. En cada sitio, se colocaron diez cestas de 
calabaza fermentada en huertos, con un promedio de 7–8 cestas 
que apoyaron exitosamente el desarrollo larval. El rendimien-
to promedio de larvas de BSF por cesta fue de 1,9 ± 0.27kg. 

mitigate feed shortages, espe-
cially in regions heavily de-
pendent on imported feed in-
gredients for livestock, thus 
foster ing food security 
(Rumpold and Schlüter, 2013). 
BSF functions as a sustainable 
feed substitute by effectively 
converting organic waste into 
proteins and lipids. Food waste 
can be turned into insect-based 
meals that promote global ag-
riculture, save feed costs, and 
lessen reliance on imports of 
protein. It is possible to recy-
cle over 2 billion tons of ap-
propriate food waste by 2030 
(Jensen et al., 2021).

Nevertheless, the effective-
ness of BSF production is in-
f luenced by various factors, 

such as substrate type and the 
process parameters employed 
in the larval rearing process. 
Nutritional values in BSF gen-
erally mirror the nutritional 
content of the feeding sub-
strates. Larvae reared on a nu-
tritionally well-balanced feed 
such as chicken feed, brewery 
waste, and fruit waste had the 
greatest yield and highest bio-
conversion ratio, while cow 
feed and food waste had a 
good result in larval survival, 
larval weight, bioconversion 
ratio, and material reduction, 
although larval survival was 
highest in bread and vegetables 
and lowest in cow feed and 
food waste (Lopes et al., 2023; 
Adebayo et al., 2021). 

Moreover, rearing BSFL on 
organic waste yielded lower 
larval weight than well-bal-
anced feed (Opoku et al., 
2023). These reports suggest 
that there is a need to f ind 
nutritional interventions that 
can enrich the composition of 
the substrates for enhanced 
larval mass. Beyond the nutri-
tional value in BSF feed is-
sues, it is essential to ensure 
that BSF production is both 
sustainable and comprehensive. 
The type of feed substrate can 
significantly impact the quanti-
ty of the prepupae. All sub-
strates allowed the successful 
development of larvae, but pig 
manure was more productive 
than the others (Boafo et al., 

2023). This information is nec-
essary for the effective and 
continuous production of BSFL 
in both small-scale and large-
scale BSF farming. Our work 
distinguishes itself by explor-
ing the substrate for BSFL pro-
duction in Thailand. This ap-
proach leverages locally abun-
dant agricultural byproducts, 
presenting a cost-effective and 
sustainable alternative for BSF 
cultivation that is tailored to 
regional conditions.

Pumpkins belong to the 
Cucurbitaceae family, a widely 
cultivated vegetable with sig-
nificant economic importance. 
Various parts of the pumpkin, 
including its seeds, peel, and 
f lesh, are r ich sources of 
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RESUMO

colhidas revelou um alto teor de proteína bruta de 38,99%, com 
leucina, lisina e valina identificados como os aminoácidos es-
senciais predominantes. Além disso, os ácidos graxos satura-
dos (AGS) foram encontrados em maior quantidade do que os 
ácidos graxos insaturados (AGIs), com ácido láurico e ácido 
palmítico sendo os mais proeminentes entre os AGS. Os resul-
tados destacam o potencial da abóbora fermentada como um 
substrato econômico e sustentável para a produção de larvas 
de BSF, contribuindo para abordagens inovadoras na gestão de 
resíduos orgânicos e no desenvolvimento de fontes alternativas 
de proteínas.

O estudo investiga a aplicação de abóbora fermentada como 
substrato para a produção de larvas da Mosca Soldado Negra 
(BSF), oferecendo uma solução sustentável para a reciclagem 
de resíduos e geração de proteínas. A abóbora, fermentada com 
Lactobacillus plantarum e Trichoderma viride por 21 dias, foi 
testada em cinco províncias do norte da Tailândia: Phayao, 
Chiang Mai, Phrae, Lampang e Lamphun. Em cada local, fo-
ram colocadas dez cestas de abóbora fermentada em pomares, 
com uma média de 7–8 cestas que apoiaram com sucesso o 
desenvolvimento larval. O rendimento médio de larvas de BSF 
por cesta foi de 1,9 ± 0,27kg. A análise nutricional das larvas 
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essential nutrients, such as car-
bohydrates, fiber, amino acids, 
monounsaturated and polyun-
saturated fatty acids, vitamin 
E, and carotenoids (Batool et 
al., 2022). Pumpkins 
(Cucurbita moschata Duch. ex. 
Poi r.) a re a staple crop in 
Thailand and are extensively 
cultivated in tropical and sub-
t ropical regions. They are 
among the most widely grown 
vegetables in Thailand 
(Pongjanta et al., 2006). Low-
grade pumpkins, typical ly 
inexpensive and often over-
looked by the market, can be 
effectively utilized in insect 
farming, par t icularly with 
BSFL. This approach not only 
reduces production costs due 
to the low input but also en-
hances the nutritional value 
of the resulting insect bio-
mass, making it a more valu-
able product. This study in-
vestigates the eff icacy of a 
novel methodology incorpo-
rat ing fermented pumpkin 
into BSF production. By fer-
menting pumpkins, we aim to 
enhance larval growth eff i-
ciency and nutritional value 
while providing a sustainable 
and cost-ef fect ive feed 
source. This simple and scal-
able fermentation process of-
fers an envi ronmental ly 
friendly solution for BSF pro-
duction, addressing the need 
for af fordable and readily 
available feedstocks.

Materials and Methods

Fresh pumpkins were me-
chanically chopped into uni-
form pieces using a conven-
tional forage harvester, ensur-
ing consistent substrate size 
necessary for even fermenta-
tion. Subsequently, 50 kilo-
grams of chopped pumpkin 
were transferred into a 150L 
plastic container, serving as the 
fermentation vessel for sub-
strate preparation.

To initiate ensiling, a micro-
bial consortium comprising 
Lactobacillus plantarum (lactic 
acid bacteria) and Trichoderma 
viride (known for its fibrolytic 
enzymes) at a 1:1 ratio was 
added at a concentration of 
0.1% (w/w) to the chopped 
pumpkin, following the meth-
odology of Thana et al. (2019). 
The container was securely 
sealed with a plastic lid to cre-
ate anaerobic conditions and 
allowed to ensile for 21 days at 
an average ambient tempera-
ture of 30°C.

The chemical composition of 
the fermented pumpkin was 
determined according to stan-
dard methods outlined by the 
Association of Off icial 
Analytical Chemists (AOAC, 
2016) for dry matter, crude 
protein, ether extract, ash, neu-
tral detergent fiber, and acid 
detergent fiber. Organic acid 
concentrations (lactic acid, ace-
tic acid, and butyric acid) and 

pH were analyzed following 
the method described by Thana 
et al. (2019). This comprehen-
sive approach allowed for the 
assessment of key parameters 
related to the ensiling process, 
providing valuable insights into 
the fermentative and nutritional 
characteristics of the pumpkin 
substrate.

A field trial was conducted 
across five distinct locations in 
fruit orchards within the north-
ern region of Thailand 
(Phayao, Chiang Mai, Phrae, 
Lampang, and Lamphun) to 
investigate the effectiveness of 
fermented pumpkin as an at-
tractant and feed substrate for 
BSF. Ten containers of fer-
mented pumpkin were strategi-
cally placed within each or-
chard to ensure comprehensive 
coverage and representation of 
diverse geographical condi-
tions. Observations and data 
were collected over a 30-day 
period to monitor attraction 
and consumption.

For the nutritional assess-
ment of BSFL production, us-
ing an innovative fermented 
pumpkin substrate method, the 
21-day-old larvae (pre-pupa 
stage) were harvested. The lar-
vae of BSF were subjected to 
an oven-drying process at 50°C 
for 48 hours. Subsequently, 
they were ground prior to oil 
extraction. The crude protein 
content was assessed using the 
Kjeldahl process, which 

involves determining the nitro-
gen (N) content and then mul-
tiplying it by the N-to-protein 
conversion factor of 6.25. 
Crude fat was determined us-
ing the Soxhlet apparatus with 
hexane as the solvent. Crude 
f iber content was estimated 
using the acid and alkali diges-
tion method. Furthermore, the 
amino acid profile of the fer-
mented pumpkin was analyzed, 
encompassing both essential 
and non-essential amino acids, 
utilizing High-Performance 
Liquid Chromatography 
(HPLC) technique as described 
by AOAC (2016). The fat ty 
acid profile of oil extracted 
from BSF was analyzed using 
a Gas Chromatography ma-
chine (Agilent Technologies 
6890N) equipped with a Flame 
Ionization Detector (FID) by 
AOAC (2012). For statistical 
analysis, a one-way ANOVA 
(Analysis of Variance) fol-
lowed by Duncan’s Multiple 
Range Test (DMRT) was used 
in this experiment.

Results and Discussion

The results revealed signifi-
cant differences in both the 
chemical composition between 
fresh and fermented pumpkin 
samples, with and without mi-
crobial inoculation as detailed 
in Table I. Notably, the fer-
mented pumpkin supplemented 
with microbial inoculum 

TABLE I
COMPARATIVE ACCOUNT OF THE CHEMICAL COMPOSITION BETWEEN FRESH AND FERMENTED PUMPKIN 

SAMPLES, WITH AND WITHOUT MICROBIAL INOCULATION, ON DAY 21

Parameters
(g/100g substrate)

Fresh
pumpkin

Fermented pumpkin
p-value*Without microbial 

inoculation
With microbial inoculation

Dry matter  13.68±0.97  13.03±0.87  13.12±0.34 0.567
Crude Protein  12.91±0.17b  12.54±1.50b  15.95±1.33a 0.022
Ether extract  4.21±0.96  4.03±0.62  4.11±0.41 0.955

Ash  1.53±0.50  0.97±0.21  0.89±0.22 0.112
Neutral detergent fiber 223.33±6.11a 212.67±4.73b 209.0±04.36b 0.033

Acid detergent fiber 263.00±10.39a 245.67±13.58ab 232.67±4.04b 0.029
Lactic acid 0.00c  60.00±3.00b  68.00±3.00a 0.000
Acetic acid 0.00b 14.33±3.21a 14.00±3.61a 0.001
Butyric acid 0.00b  0.70±0.20a 0.73±0.06a 0.000

pH  6.77±0.40a  4.70±0.66b 4.43±0.21b 0.002

The results are presented as mean values ± standard deviation of triplicate *Significant differences among groups were determined by one-way 
ANOVA followed by Duncan’s Multiple Range Test (DMRT) (p < 0.05). Different letters indicate significant differences between groups.
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6 months. Our observations, 
conducted from June to 
November 2023, indicated con-
tinuous attraction of BSF as 
long as the fermented pumpkin 
substrate remained available.

The nutritional content of 
BSFL derived from different 
substrates generally reflects the 
nutrient composition of those 
substrates. The proximate com-
position, including crude pro-
tein, fat, and fiber content, of 
BSFL fell within the range re-
ported for other edible insects 
in previously published litera-
ture (Rumpold and Schlüter, 
2013; Ghosh et al., 2017; Meyer-
Rochow et al., 2021). The rear-
ing of BSFL can be optimized 
on identified organic substrates 
to edible biomass suitable for 
use as an alternative protein 
source. BSFL sourced from 
fermented pumpkin exhibited 
significantly higher crude pro-
tein content, accounting for 
38.99% compared to larvae 
from other substrates (food re-
main and fruit waste), as previ-
ously reported in the literature 
by Adebayo et al., (2021), illus-
trated in Figure 2.

Therefore, optimization in 
the production of larvae with 
high-quality protein content 
within the rearing system 
might directly impact the qual-
ity of BSF output.

This aligns with Shao et al. 
(2024), which indicates that 
even when using low-quality 
rearing substrates (pig manure 
and pineapple waste), the re-
sults showed that after rearing 
substrates were pre-treated 

exhibited the highest crude 
protein (CP) content, alongside 
significantly diminished values 
of Acid detergent fiber (ADF) 
and Neutral detergent f iber 
(NDF) in comparison to the 
other treatments. This finding 
suggests a plausible synergistic 
or additive effect of the micro-
bial consortium in enhancing 
lactic acid fermentation and 
facilitating cell wall degrada-
tion, thereby reducing ADF 
and NDF in the samples, as 
previously observed by Irawan 
et al. (2021). Consistent with 
theoretical expectations and 
corroborating earlier research 
outcomes (Thana et al. 2019), 
the pH values of the fermented 
pumpkin samples were consis-
tently below 5.0, indicating 
well-preserved fermentation. 
Both variants of fermented 
pumpkin (with or without mi-
crobial inoculum) exhibited 
significantly lower pH values 
than the control group, likely 
attributable to the heightened 
concentration of lactic acid 
bacteria (LAB) and subsequent 
amplification in acid produc-
tion. However, the presence of 
an elevated concentration of 
acetic acid in the fermented 
pumpkin alludes to the prolif-
eration of natural heterofer-
mentative LAB, as elucidated 
by Bureenok et al. (2012). 
Intriguingly, no statistically 
signif icant differences were 
discerned in the concentra-
tions of acetic acid and butyr-
ic acid between the two fer-
mented pumpkin samples, 
highlighting the uniformity in 

this facet of fermentat ion 
across the experimental condi-
tions. These findings under-
score the pivotal role of the 
fermentation process, not only 
in enhancing the palatability 
of pumpkin but also bolstering 
its nutrient availability, there-
by enriching the dietary sub-
strate for BSFL.

We propose utilizing pump-
kins for the fermentation pro-
cess due to their affordability. 
In the nor thern region of 
Thailand, which emerges as a 
major pumpkin seed produc-
tion area, pumpkin f lesh is 
considered an agricultural by-
product. Additionally, low-
grade pumpkins, which are 
inexpensive, provide another 
feasible option. Typically, both 
f lesh pumpkin and low-grade 
pumpkin are priced at an aver-
age of 0.071 USD per kilo-
gram. As a result, the produc-
tion cost of fermented pump-
kin substrate using 50kg of 
flesh pumpkin, adding micro-
bial agents, and fermenting in 
a 150L plastic container, 
amounts to 4.25 USD. 
Consequently, the cost of fer-
mented pumpkin substrate is 
0.085 USD/kg. This economic 
approach renders fermented 
pumpkin a viable option for 
feeding BSFL. By utilizing 
readily available and low-cost 
pumpkins for fermentation, 
this method offers a practical 
solution to reduce expenses 
associated with BSFL produc-
tion, thereby improving the 
feasibility and accessibility of 
utilizing fermented pumpkin as 

an animal feed source in agri-
cultural settings.

This f ield t r ial aimed to 
provide valuable insights into 
the potential viability of fer-
mented pumpkin as a sustain-
able feed source for BSFL, 
particularly within agricultural 
contexts.

The experiment yielded sev-
eral noteworthy f indings. 
Firstly, BSFL production was 
observed in all five locations 
across northern Thailand, indi-
cating the widespread presence 
of these insects within agricul-
tural environments. The use of 
fermented pumpkin proved ef-
fective in attracting BSF to lay 
eggs within the fermented 
pumpkin substrate. On average, 
approximately 7 to 8 out of 
every 10 plastic containers 
with a capacity of 150L per 
area were found to contain 
BSFL, underscoring the attrac-
tiveness and practicality of fer-
mented pumpkin as a suitable 
substrate for egg-laying by 
BSF (Figure 1). Additionally, 
the BSFL harvested from the 
fermented pumpkin after the 
30-day period displayed prom-
ising growth rates, with an 
average fresh yield of 
1.9±0.27kg per container. This 
finding is consistent with re-
search by Ribeiro et al. (2022), 
which suggested that BSFL 
exhibit superior bioconversion 
rates and optimal growth when 
fed pumpkin compared to other 
substrates such as red cabbage 
and red onion. Furthermore, 
the substrates were found to 
sustain BSFL growth for up to 

Figure 1. The flesh of low-grade pumpkins was used as a substrate for producing BSF larvae feed (a) through a fermentation process with a mi-
crobial consortium consisting of L. plantarum and T. viride (b), and the presence of BSF larvae growing on the fermented pumpkin substrate was 
observed (c).
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with thermophilic cellulose-de-
grading bacteria, it could result 
in significantly higher survival 
rates, fresh weight, and larval 
conversion rate compared to 
the non-treatment control 
group. The synergy between 
microf lora and the microbial 
inoculum has the potential to 
improve co-conversion process-
es, resulting in increased utili-
zation of low-grade rearing 
substrates by BSFL (De Smet 
et al., 2018; Norgren et al., 
2023). There is a report that, 
after inoculating the probiotic 
consortium (L. plantarum E2 
and L. fermentum F5) in the 
waste substrate, it resulted in 
produced larvae biomass with 
the best performance, particu-
larly weight and waste reduc-
tion index (Witriana et al., 
2023). Moreover, the balance of 
gut microbiota in BSFL, which 
is dominated by Bacteroidetes, 
Proteobacteria, and Firmicutes, 
signif icantly contributes to 
amino acid synthesis and nutri-
ent absorption, thereby enhanc-
ing larval protein accumulation 
(De Smet et al., 2018). Notably, 
Leucine (Leu), Lysine (Lys), 
and Valine (Val) emerged as 
the predominant essential ami-
no acids in the sample, high-
lighting their pivotal role in 

nutrition. Additionally, among 
the non-essential amino acids, 
Glutamic acid (Glu), Aspartic 
acid (Asp), and Alanine (Ala) 
exhibited elevated nutritive 
values (Table II). The pattern 
of amino acid composit ion 
agreed with earlier studies 

(Zulkif li et al., 2022; Zamri 
et al., 2023). The saturated 
fatty acid (SFA) concentration 
in BSF was higher compared 
to the unsaturated fatty acids 
(USFA). Lauric acid and pal-
mit ic acid concent rat ions 
were notably higher among 

SFAs (Table III). Similarly, 
Kim et al. (2020) and Zulkifli 
et al. (2022) also reported el-
evated levels of lauric acid 
and palmit ic acids in BSF. 
Therefore, the approach to 
improving the quality of ma-
terials using microorganisms 
has great potential to be used 
to develop BSF production.

Conclusion

The findings of the experi-
ment corroborate the hypothe-
sis that fermented pumpkin 
effectively attracts BSF to lay 
eggs on the substrates and 
serves as a nutrient-rich medi-
um for their growth and devel-
opment. These results under-
score the potential of fer-
mented pumpkin as a cost-ef-
fective and sustainable solution 
for BSFL production within 
agricultural contexts, thereby 
offering implications for organ-
ic waste management and pro-
tein supplementation in animal 
feed. Furthermore, composting 
BSFL contributes value to or-
ganic waste by converting it 
into BSF feed and then to 
BSFL production. BSFL are 
potentially suitable for various 
applications such as animal 
feed ingredients and soil 

Figure 2. Proximate compositions of the BSF larvae reared on fermented pumpkin (This study), Food re-
main* and fruit waste* (*Adebayo et al., 2021).

TABLE II
AMINO ACID COMPOSITION (G/100G) OF THE BSF REARING BY FERMENTED 

PUMPKIN

Group Amino acid profile
Amino acid (g/100g)

This study Zulkifli et al., (2022)
Arginine 2.26±0.16 1.80
Histidine 1.47±0.16 2.08

Essential Isoleucine 1.79±0.05 1.76
Leucine 2.78±0.06 2.67
Lysine 2.44±0.18 2.44

Methionine 0.80±0.07 0.61
Phenylalanine 1.79±0.14 1.35

Threonine 1.62±0.15 1.42
Valine 2.43±0.20 2.29

Alanine 2.35±0.12 3.13
Non-essential Aspartic acid 3.63±0.11 3.30

Glutamic acid 4.23±0.28 4.59
Glycine 2.31±0.10 0.12
Proline 2.31±0.08 2.30
Serine 1.92±0.05 1.55

Tyrosine 2.57±0.09 1.71
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bioremediation. An intriguing 
aspect of this methodology lies 
in its utilization of fermented 
pumpkin as a substrate for 
BSFL production. This innova-
tive approach not only stream-
lines the BSF rearing process 
but also provides a cost-effec-
tive and environmentally sus-
tainable solution. Moreover, by 
capitalizing on the inherent 
at t ractiveness of fermented 
pumpkin to adult BSF, this 
method presents a practical and 
accessible means of enhancing 
larvae production efficiency in 
agricultural settings.
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