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Objectives: To investigate flour made from black soldier fly (BSF; Hermetia illucens)
larvae as an alternative diet for Ae. aegypti larvae.

Materials & Methods: Prepupal BSF aged 18-21 d and two commercial animal diets
were processed into flour and administrated to Ae. aegypti larvae. The nutrient contents
were characterized and the experimental parameters were observed: L1 to pupation
developmental time, mortality, sex ratio, pupal weight and emergence rate.

Results: The BSF flour had the highest nutrient content compared to two commercial
diets, based on proximate and amino acid analyses. Larvae reared on BSF flour
were characterized by the slowest immature developmental time, lowest mortality
and heaviest pupae compared to the other larval diets. In addition, larvae fed on
BSF flour produced a significantly higher ratio of male-to-female pupae, while larvae
fed on the other two diets were opposite owing to higher mortality of larvae.

Main finding: Although notably, the BSF larvae flour resulted in delayed immature
growth, its nutrient content was sufficient for larval development. The use of BSF larvae
flour as a larval diet may reduce the cost of male 4e. aegypti production in the sterile
insect technique program.
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Introduction

Aedes aegypti is a mosquito vector transmitting dengue,
chikungunya, yellow fever, and Zika (Staples et al., 2009;
Bhatt et al., 2013; Sokal et al., 2017; Staples et al., 2017).
The distribution of this vector encompasses tropical and
subtropical regions in Asia, Africa, America and even the
Mediterranean area in Europe, while in Indonesia, de. aegypti
has been found in 33 provinces (Rogers et al., 2006; Staples
etal., 2017).

Mosquito birth control strategies, especially the radiation-
based sterile insect technique (SIT), rely for their success
on rearing and release techniques (Hendrichs et al., 2007).
Optimization of rearing techniques for Ae. aegypti can be done
by evaluating the source of ingredients in the larval diet that
can produce large numbers of the highly competitive males
at the lowest-possible cost. Rearing cost efficiency can be
achieved by substituting several components from the existing
commercial diets with an ingredient that is relatively cheaper
and locally available (Khan et al., 2013; Mamai et al., 2019;
Somda et al., 2019). Generally, commercial products of animal
diets (fish and dog feed), cow liver flour, tuna flour and shrimp
flour are used in mosquito mass-rearing (Damiens et al., 2012;
Puggioli et al., 2013; Yahouédo et al., 2014; Lang et al., 2018).

Insects provide a source of protein, fat, carbohydrates,
vitamins and minerals that can be used as an animal diet
(Rumpold and Schluter, 2013; Ruhnke et al., 2018). The black
soldier fly (BSF; Hermetia illucens L.) grows quickly into
a large population that can be reared easily (Makkar et al.,
2014). The BSF larvae play a role as an essential decomposing
agent in breaking down organic substrates and returning
nutrients to the soil. The BSF larvae can be used for composting
household food scraps and agricultural waste in a waste
management unit. Specifically, BSF larvae have been reported
as the main component of the animal diets for some freshwater
and saltwater fish, Pacific white shrimp and domestic poultry
(Cummins et al., 2017; Katya et al., 2017; Muin et al., 2017;
Schiavone et al., 2017; Ruhnke et al., 2018).

Recent studies reported BSF larvae as the new potential diet
for Aedes mosquito mass-rearing to support the SIT program
(Mamai et al., 2019; Somda et al., 2019; Polidori et al., 2023).
Hence, the present study aimed to evaluate whether dry-ground
BSF larvae alone could support the larval development of
Ae. aegypti. The BSF larvae flour was compared with two
commercial diets that have been used to rear Ae. aegypti in
other studies: dog biscuits (Pedigree®) and koi fish pellets

(Takari®) (Shetty et al., 2016; Sasmita et al., 2021; Ernawan
et al., 2022). The dog biscuits, costing approximately USD
2.95/kg in local Indonesian markets, have ingredients of crude
protein (minimum 18%), crude fat (minimum 8%) crude
fiber (maximum 5%), moisture (maximum 12%), calcium
(maximum 1.4%) and total phosphorus (maximum 1.3%),
while, koi fish pellets, costing USD 3.30/kg, contain crude
protein (minimum 30%), crude fat (minimum 3%), crude fiber
(maximum 4%), crude ash (maximum 12%) and moisture
content (maximum 12%). The impacts of the BSF larvae flour
compared to two commercial diets were investigated based on:
developmental time, mortality, weight of pupae and sex ratio
of Ae. aegypti. The results of the present study should provide
useful information regarding an alternative ingredient in the
larval diet for Aedes mosquito mass-rearing in the SIT program.

Materials and Methods

Aedes aegypti strain

The Ae. aegypti strain used was originally collected from
the field in South Tangerang City, Banten province, Indonesia
in 2017 and was reared at the Research Center for Radiation
Process Technology-National Research and Innovation Agency,
Jakarta, Indonesia in a climate-controlled insectary with
26+2°C temperature, 75+5% relative humidity and a 12 hr:
12 hr daylight:darkness photoperiod. The rearing methods of
this study were the same as those described by Ernawan et al.
(2018, 2019, 2022).

Larval diet preparation

Three different diets were tested on the Ae. aegypti larvae
in the laboratory, consisting of BSF larvae flour and two
commercial diets. The two commercial diets were dog biscuit
(Pedigree®; Mars Petcare Co. Ltd.; Bangkok, Thailand), and
koi fish pellet (Takari®; CPPETINDO; Sidoarjo, Indonesia).
The BSF larvae used in this study were obtained from the
Waste Management Unit of Depok City, West Java province,
Indonesia. A sample of 500 g of BSF larvae aged 18-21 d
(prepupal) were collected on a metal tray and placed inside
a freezer (model AB-600-T-X; GEA; Shanghai, China)
at 0—2°C for 24 hr. Then, the BSF larvae were stored at room
temperature for 1 hr and quickly washed with clean water
followed by hot, boiled water until the larvae had transformed
into a chewy texture. Then, the BSF larvae were dried in an
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oven (model B 5042; Heraeus; Frankfurt, Germany) at 70°C
for 72 hr. The dried BSF larvae were ground into flour. Samples
of 500 g each of both the commercial diets (dog biscuits and koi
fish pellets) were dried and ground using the same procedure as
for the BSF larvae flour.

Proximate and amino acid analysis of larval diet

All three Ae. aegypti larval diets were analyzed for their
proximate and amino acid contents, according to Association of
Official Analytical Chemists (2005) in the analytical laboratory
of Bogor Agricultural University, Indonesia.

Larval diets administration

Samples of 600 first instar larvae of Ae. aegypti were
collected from the colony culture and separated evenly onto
three plastic trays (29 cm x 20.5 cm x 7.5 ¢cm) each holding 1
L of water, with a density of 200 larvae/tray. The larvae in each
tray were fed with one of the BSF larvae flour, koi fish diet
flour or dog diet flour at a dose of 0.53 mg/larva/day according
to Puggioli et al. (2016). All tested diets were administered in
flour form. All treatments were repeated three times. The study
parameters investigated were: developmental time (pupation
time), larval and pupal mortality, male-to-female ratio, weight
of male and weight of female pupae, and emergence rate.

Developmental time, mortality, and productivity of Aedes
aegypti

The developmental time was determined using the duration
from the first instar larvae until pupation (Puggioli et al., 2013).
The number of surviving larvae was counted when the first
pupae were observed. Thereafter, the numbers of dead larvae
and pupae were counted daily. Mortality was determined based
on Equation (1):

. Number of dead larvae or pupae
o) =
Mortality (%) Initial number of larvae or pupae

x 100% )

The productivity parameters of sex ratio (male:female) at
4 d pupation, pupal weight and the percentage of adults that
emerged were assessed following the protocols described
by Steinwascher (1982) and Ernawan et al. (2017, 2022).
Briefly, the sex ratio was determined as the total number of
males:females in each treatment. For pupal weight, 20 male
and 20 female pupae were taken randomly in each treatment

and then weighed individually. The adult emergence rate was
determined by the number of pupae that successfully emerged
into the adult stage.

Statistical analysis

The data on developmental time, mortality, male-to-female
ratio, weight of pupae and adult emergence rate were subjected
to analysis of variance followed by a Tukey’s post hoc test. The
data that did not satisfy normality and homogeneity tests were
analyzed using the nonparametric independent sample Kruskal-
Wallis test. Sex ratio was analyzed using a nonparametric chi-
square test. All tests were considered significant at p < 0.05.
All data analyses were performed using the Statistical Package
for the Social Sciences (SPSS; IBM SPSS® version 22 for
Windows; Armonk, NY, USA).

Results

Nutritional composition of diets

The nutritional composition of the Ae. aegypti larval diets
are presented in Table 1. The BSF larvae flour had the highest
nutritional value compared to koi fish and dog diets,
except for nitrogen-free extract. The percentage of crude
protein in the BSF larvae flour was highest compared to
the other two commercial diets. The results were supported
by amino acid analysis (Table 1).

Effects of diets on developmental time, mortality and productivity

The mean times to pupation are presented in Fig. 1. The larval
diets significantly affected the developmental time from the L1
to the pupal stage. Larvae fed with BSF larvae flour took the
longest time to pupate compared to the koi fish and dog diets,
for both male and female specimens. In particular, the larvae
reared on BSF larvae flour required 8.95+0.90 d (males) and
8.78+0.90 d (females) for pupation. In general, compared to
the other larval diets, the dog diet resulted in the fastest growth rates
in the larval stages, while the koi fish diet was the second-fastest.

The BSF larvae flour had the least effect on larval and pupal
mortality. Only 2.66+0.29% of the larvae fed on the BSF larvae
flour and none of the pupae from the same cohort died. These
results were significantly lower than for the koi fish diet (larval
stage: 8.334+2.46%; pupal stage: 3.31£2.79%) and dog diet
(larval stage: 8.66+0.57%; pupal stage: 3.78 + 1.49%).
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Table 1 Proximate and amino acid analysis results of Ae. aegypti larval diets

Ingredient BSF larvae flour (%) Koi fish diet (%) Dog diet (%)
Moisture 1.72+1.48 2.09+1.58 2.91+0.44
Crude ash 9.25+0.87° 9.15+0.25° 5.86+0.14°
Crude protein 31.10+1.43¢ 18.45+0.72# 26.29+0.61°
Crude fiber 5.48+0.63° 0.32+0.03¢ 0.94+0.01°
Ether extract 36.31+0.95° 1.93+0.06° 6.64+0.38°
Nitrogen-free extract 16.14+0.68° 68.06+0.98° 57.36+0.75°
Aspartic acid 2.8340.11° 1.49+0.07° 1.55+0.03*
Glutamic acid 4.93+0.60° 3.41+0.06° 2.86+0.03%
Serine 1.74+0.06° 0.49+0.05° 0.80+0.03°
Glycine 2.10+0.19° 1.74+0.04° 1.34+0.06°
Histidine 0.59+0.07° 0.43+0.04° 0.32+0.04
Arginine 1.73+0.07¢ 1.23+0.04° 1.06+0.07°
Threonine 1.1940.05° 0.97+0.03* 1.12+0.04°
Alanine 0.97+0.02° 0.66+0.06° 0.59+0.02¢
Proline 2.34+0.09¢ 1.71£0.04° 1.08+0.06°
Tyrosine 1.57+0.10¢ 0.88+0.06* 1.13+0.04°
Valine 0.75+0.06° 0.53+0.03° 0.33+0.05°
Methionine 0.63+0.03° 0.43+0.05° 0.57+0.05°
Cysteine 0.59+0.03° 0.33+0.05° 0.61+0.04°
Isoleucine 1.05+0.08° 0.76+0.04° 0.54+0.04°
Leucine 1.84+0.04¢ 1.2940.06° 1.13£0.06°
Phenylalanine 1.15+0.06¢ 0.83+0.04° 0.64+0.05
Lysine 1.68+0.06° 1.15+0.05° 0.97+0.05°

BSF = black soldier fly

Mean + SD in each row superscripted with different lowercase letters are significantly (p < 0.05) different based on one-way analysis of variance and

a post hoc Tukey test.

Mean pupation time / L1 - pupal stage (days)

BSF larvae flour

Koi fish diet

Dog diet

Fig. 1 Pupation time of Ae. aegypti larvae fed on various larval diets,
where columns and error bars represent mean and SD, respectively.
Significant (p < 0.05) differences within sex are indicated by different
lowercase (males) or uppercase letters (females) based on one-way
analysis of variance post hoc Tukey test. BSF = black soldier fly

Table 2 Mortality rate of Ae. aegypti larvae fed on various larval diets

Larval diet Mortality (%)

Larval stage Pupal stage
BSF larvae flour 2.67+0.29° 0.00+0.00
Koi fish diet 8.33+2.47° 3.31+2.79
Dog diet 8.67+0.58° 3.78+1.50

BSF = black soldier fly

Mean + SD in each column superscripted with different lowercase letters
are significantly (p < 0.05) different based on one-way analysis of variance
and a post hoc Tukey test.

At 4 d, the sex ratio based on the surviving larvae had a
significant male bias for the pupae from the BSF group and a
significant female bias for the pupae from the other two tested
diets. The number of male pupae from the BSF group was 2.5
times higher than for female pupae (Table 3, Fig. 2).

The pupal weight was significantly affected by the larval
diet. Male, female and the sum of male and female pupae
reared on the BSF larvae flour were significantly heavier than
for the other two tested commercial diets (Table 4). There was
no significant difference in the adult emergence rate among
diets. All pupae from all experimental diets emerged into the
adult stage.
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Table 3 Adult sex ratio of Ae. aegypti from larvae fed on various larval diets

Larval diet Number of pupae (% total) Ratio Statistical values
Male Female (male: female) (chi squared; degrees of freedom; significance)
BSF larvae flour 434 (71.86%) 170 (28.14%) 2.55 115.391; 1; p < 0.0001
Koi fish diet 224 (43.33%) 293 (56.67%) 0.76 9.209; 1; p =0.002
Dog diet 228 (42.46%) 309 (57.54%) 0.74 12.218; 1; p < 0.0001

BSF = black soldier fly

Table 4 Weight of pupae and adult emergence of Ae. aegypti larvae fed on various larval diets

Larval diet Weight of pupae (mg) Adult emergence rate (%)
Male Female Male+Female

BSF larvae flour 0.47+0.028° 0.73+0.005° 1.20+0.027° 100+0.00

Koi fish diet 0.434+0.007° 0.64+0.007° 1.07+0.009° 100+0.00

Dog diet 0.4440.008° 0.64+0.005° 1.08+0.009° 100+0.00

BSF = black soldier fly

Mean + SD in each column superscripted with different lowercase letters are significantly (p < 0.05) different based on nonparametric independent sample
Kruskal-Wallis (weight of pupae) and one-way analysis of variance post hoc Tukey tests (adult emergence rate).

(A)
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~+O- Koi fish diet

—-¥— Dog dict
250 - og dic

200

150

Number of pupae
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(B)

300

250

200

150

Number of pupae

100 4

50

Time (hours)

Fig. 2 Numbers of pupae from larvae fed on various larval diets at four
time points: (A) male; (B) female, where BSF = black soldier fly

Discussion

The availability of insects as a nutrient supply makes them
a potential food source in the livestock industry for dietary
protein (Jonas-Levi and Martinez, 2017; Berggren et al., 2019).
Protein is the basic component in producing animal food
which plays an important role in the developmental process
(Patel et al., 2019). The high protein content in the BSF
larvae flour was presumably caused by the success of
organic compound conversion by the larvae, combined with
the optimal larvae age that was used in this study. The BSF
larvae are able to convert organic matter, including protein,
and to assimilate energy in the form of nitrogen, phosphorus,
calcium and other trace elements from organic waste into
their biomass that can then be used in the developmental
process (Makkar et al., 2014; Gold et al., 2018; Mertenat
et al., 2019). BSF larvae aged approximately 18-21 d are
known to reach maximum size as they grow to the final
stage/instar of the larvae. This allows more biomass to be
obtained. In addition, another study reported that in the
final stage/instar, the BSF larvae contained the highest
protein (Lalander et al., 2019). External factors, such as
the drying process, potentially affected the protein content
inside the BSF larvae flour in the present study. Aniebo
and Owen (2015) reported that drying using an oven increased
the protein content by up to 4% compared to drying under
sunlight.
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The high protein content inside the BSF larvae flour was
also reflected in the amino acid analysis result (Table 1).
Generally, the amino acid content in the BSF larvae flour was
the highest compared to the other diets. Amino acids in the
BSF larvae flour can be categorized as a complete composition,
containing both essential and nonessential parts in this flour.
The presence of essential amino acids could be expected to
ensure the protein quality of the BSF larvae flour that can be
utilized as an animal diet. Ruhnke et al. (2018) mentioned that
BSF larvae flour has good quality protein for animal feed. This
is supported by it containing essential amino acids, such as
lysine and methionine, which have been used to replace up to
33.30% of the protein source in fish diet and domestic poultry
diet manufacture (Bondari and Sheppard, 1981; Sealey et al.,
2011). However, the proportion of amino acids is necessary
to be assessed in future studies to develop the optimal nutrient
requirement for a mosquito larval diet.

In this study, the only unfavorable effect of BSF larvae flour
was that it resulted in the slowest immature developmental time
among the three tested diets. The larvae in each larval stage
must achieve a minimum larval mass before progressing to
the next stage (Chambers and Klowden, 1990). The longer the
mean pupation time of a male compared to a female individual
fed on BSF larvae flour is shown in Fig. 1 and Fig. 2, with the
male individuals fed on BSF larvae flour predominating relative
to the other tested diets at 48 hr, 72 hr and 96 hr after the first
pupae appeared. Generally, male Ae. aegypti pupate earlier than
females, which was also true in this study (see the first 24 hr in
Fig. 2). However, the presence of male pupae was prolonged
until the next two 24-hr windows. To produce sterile males for
release trials in the SIT, only the first and second days of pupation
are taken, considering the quantity and size overlap between
males and females on the third and fourth days of pupation.
Even though BSF larvae flour contained the highest nutrient
level, apparently the process of acquiring and metabolizing
the nutrients was slower than for the other two diets tested.
This was probably due to the BSF larvae having the lowest
nitrogen-free extract which represents the nonstructural
carbohydrates and serves as a source of energy for metabolism
processes (Traughber et al., 2021). In addition, the BSF larvae
flour had a denser texture and tended to agglomerate compared
to the koi fish and dog diets. This condition was presumably
because of the high crude ether content of the BSF larvae flour
(Table 1). This texture leads to uneven distribution of the BSF
flour on the water surface and so that it tends to accumulate in
one area. The uneven distribution of the BSF larvae flour
allegedly reduced the potential for scum formation which can

lead to mortality of Ae. aegypti larvae and pupae (Yahouédo et al.,
2014). This was supported by the low mortality rates for the Ae.
aegypti larvae and pupae (Table 2). Scum formation on the water
surface needs to be considered in the larval maintenance process
to avoid disruption of oxygen intake by Ae. aegypti larvae.

Larvae fed with BSF larvae flour resulted in significantly
heavier pupae compared to the two commercial diets. However,
based on the pupal weight, both male and female pupae fed
on any of the larval diets were categorized as small (weight
< 2.40 mg), according to Steinwascher (1982). The use of
the BSF larvae flour also resulted in a significantly higher
male-to-female ratio compared to the koi fish diet or the dog
diet. This phenomenon may be an indication of secondary
sex manipulation due to the considerably higher mortality
of larvae and pupae. As much as 8.33% and 8.66% of larval
mortality could be accounted for by the significant loss of male
specimens, causing female-biased pupae in the koi fish diet
and dog diet groups, respectively. A significant male bias was
also found in Ae. aegypti larvae fed on Khan’s diet at 28°C and
32°C (Farjana et al., 2012; Bond et al., 2017; Sasmita et al.,
2019). The high production of male pupae compared to female
pupae was expected to increase the sterile male productivity in
the mass-rearing facility.

Based on the present results, the use of BSF (H. illucens)
larvae flour as the de. aegypti larval diet had several beneficial
effects, such as low immature mortality and a high male-to-
female ratio. These results were consistent with the studies
conducted by Somdaetal. (2019) and Mamaietal. (2019), which
demonstrated that the BSF larvae flour had positive effects on
Ae. aegypti and Ae. albopictus in the mass-rearing facility.
The administration of the BSF larvae flour reduced mortality
and increased productivity without extending the rearing time
of Ae. aegypti compared to the two other commercial diets.
The BSF larvae flour had a complete range of nutrient ingredients
that could be used in the diet for Ae. aegypti mass-rearing in
the SIT program. From the economic perspective, the prices
of the BSF larvae, dog biscuit and koi fish diets in the local
market were approximately USD 1.55/kg, USD 2.95/kg and
USD 3.30/kg, respectively. By using the BSF larvae flour, the
estimated diet cost-savings were approximately 48% and 53%
compared to the dog and koi fish diets, respectively. Further
investigations are needed to assess the nutrient proportion to
develop an optimal formulation of the BSF-based mosquito
larval diet. Furthermore, investigation is required of the larval
diet effects on the adult male quality parameters (longevity,
flight ability and mating competitiveness), as these parameters
can play an important role in the success of the SIT program.



B. Ernawan et al. / Agr: Nat. Resour. 57 (2023) 877-884 883

Conflict of Interest

The authors declare that there are no conflicts of interest.

Acknowledgements

The Research Center for Radiation Process Technology-
National Research and Innovation Agency provided support
through the SIT program in Indonesia. The International
Atomic Energy Agency (IAEA) through the RAS 5082 and
RASS5095 programs provided supervision. Heriyanto from the
Waste Management Unit of Depok City, West Java province,
Indonesia provided the BSF larvae and Dr Teguh Wahyono
provided assistance in the proximate analysis.

References

Aniebo, A.O., Owen, O.J. 2015. Effects of age and method of drying
on the proximate composition of housefly larvae (Musca domestica
Linnaeus) meal (HFLM). Pakistan J. Nutr. 9: 485-487. doi: 10.3923/
pjn.2010.485.487

Association of Official Analytical Chemists. 2005. Official Method of
Analysis of the Association of Official Analytical Chemists. The
Association of Analytical Chemists Inc. Arlington, VA, USA.

Bhatt, S., Gething, P.W., Brady, O.J., et al. 2013. The global distribution
and burden of dengue. Nature 496: 504-507. doi.org/10.1038/
nature12060

Bond, J.G., Ramirez-Osorio, A., Marina, C.F., Fernandez-Salas, 1., Liedo,
P., Dor, A., Williams, T. 2017. Efficiency of two larval diets for mass-
rearing of the mosquito Adedes aegypti. PLoS One 12: ¢0187420. doi.
org/10.1371/journal.pone.0187420

Berggren, A., Jansson, A., Low, M. 2019. Approaching ecological
sustainability in the emerging insects-as-food industry. Trends Ecol.
Evol. 34: 132-138. doi.org/10.1016/j.tree.2018.11.005

Bondari, K., Sheppard, D.C. 1981. Soldier fly larvae as feed in commercial
fish production. Aquaculture 24: 103-109. doi.org/10.1016/0044-
8486(81)90047-8

Chambers, G.M., Klowden, M.J. 1990. Correlation of nutritional reserves
with a critical weight for pupation in larval Aedes aegypti mosquitoes.
J. Am. Mosq. Control Assoc. 6: 394-399.

Cummins, V.C., Rawles, S.D., Thompson, K.R., Velasquez, A., Kobayashi,
Y., Hager, J., Webster, C.D. 2017. Evaluation of black soldier fly
(Hermetia illucens) larvae meal as partial or total replacement
of marine fish meal in practical diets for Pacific white shrimp
(Litopenaeus vannamei). Aquaculture 473: 337-344. doi.org/10.1016/j.
aquaculture.2017.02.022

Damiens, D., Benedict, M.Q., Wille, M., Gilles, J.R.L. 2012. An
inexpensive and effective larval diet for Anopheles arabiensis (Diptera:

Culicidae): Eat like a horse, a bird, or a fish? J. Med. Entomol. 49:
1001-1011. doi.org/10.1603/ME11289

Ernawan, B., Anggraeni, T., Yusmalinar, S., Ahmad, 1., 2022. Investigation
of developmental stage/age, gamma irradiation dose, and temperature
in sterilization of male Aedes aegypti (Diptera: Culicidae) in a sterile
insect technique program. J. Med. Entomol. 59: 320-327. doi.
org/10.1093/jme/tjab166

Ernawan, B., Sasmita, H.I., Parikesit, A.A. 2018. The sterility of Aedes
aegypti post y-sterilization. J. Anim. Plant Sci. 28: 973-977.

Ernawan, B., Surniyantoro, H.N.E., Sugoro, I., Tambunan, U.S.F. 2019.
A mutant variant of Nix gene on y-irradiated Aedes aegypti as a male-
determination factor. Biodiversitas 20: 893-899. doi.org/10.13057/
biodiv/d200338

Ernawan, B., Tambunan, U.S.F., Sugoro, 1., Sasmita, H.I. 2017. Effects of
gamma irradiation dose-rate on sterile male Aedes aegypti. AIP Conf.
Proc. 1854: 020010. doi.org/10.1063/1.4985401

Farjana, T, Tuno N., Higa, Y. 2012. Effects of temperature and diet on
development and interspecies competition in Aedes aegypti and Aedes
albopictus. Med. Vet. Entomol. 26: 210-217. doi.org/10.1111/j.1365-
2915.2011.00971.x

Gold, M., Tomberlin, J.K., Diener, S., Zurbriigg, C., Mathys, A. 2018.
Decomposition of biowaste macronutrients, microbes, and chemicals
in black soldier fly larval treatment: A review. Waste Manag. 82:
302-318. doi.org/10.1016/j.wasman.2018.10.022

Hendrichs, J., Kenmore, P., Robinson, A.S., Vreysen, M.J.B. 2007. Area-
wide integrated pest management (AW-IPM): Principles, practice
and prospects. In: Vreysen M.J.B., Robinson A.S., Hendrichs, J.
(Eds.). Area-Wide Control of Insect Pests. Springer. Dordrecht, the
Netherlands, pp. 3-34.

Jonas-Levi, A., Martinez, J.J.I. 2017. The high level of protein content
reported in insects for food and feed is overestimated. J. Food Compos.
Anal. 62: 184-188. doi.org/10.1016/j.jfca.2017.06.004

Katya, K., Borsra, M.Z.S., Ganesan, D., Kuppusamy, G., Herriman, M.,
Salter, A., Ali, S.A. 2017. Efficacy of insect larval meal to replace
fish meal in juvenile barramundi, Lates calcarifer reared in
freshwater. Inter. Aquat. Res. 9: 303-312. doi.org/10.1007/s40071-017-
0178-x

Khan, 1., Farid, A., Zeb, A. 2013. Development of inexpensive and
globally available larval diet for rearing Anopheles stephensi (Diptera:
Culicidae) mosquitoes. Parasit. Vectors 6: 90. doi.org/10.1186/1756-
3305-6-90

Knipling, E.F. 1955. Possibilities of insect control or eradication through
the use of sexually sterile males. J. Econ. Entomol. 48: 459-462. doi.
org/10.1093/jee/48.4.459

Lalander, C., Diener, S., Zurbriigg, C., Vinneras, B. 2019. Effects of
feedstock on larval development and process efficiency in waste
treatment with black soldier fly (Hermetia illucens). J. Clean. Prod.
208: 211-219. doi.org/10.1016/j.jclepro.2018.10.017

Lang, B.J., Idugboe, S., McManus, K., Drury, F., Qureshi, A., Cator, L.J.
2018. The effect of larval diet on adult survival, swarming activity and
copulation success in male Aedes aegypti (Diptera: Culicidae). J. Med.
Entomol. 55: 29-35. doi.org/10.1093/jme/tjx 187

Makkar, H.P.S., Tran, G., Heuzé, V., Ankers, P. 2014. State-of-the-art on
use of insects as animal feed. Anim. Feed Sci. Technol. 197: 1-33. doi.
org/10.1016/j.anifeedsci.2014.07.008



884 B. Ernawan et al. / Agr. Nat. Resour. 57 (2023) 877-884

Mamai, W., Somda, N.S.B., Maiga, H., Konezal, A., Wallner, T.,
Bakhoum, M.T., Yamada, H., Bouyer, J. 2019. Black soldier fly
(Hermetia illucens) larvae powder as a larval diet ingredient for
mass-rearing Aedes mosquitoes. Parasite 26: 57. doi.org/10.1051/
parasite/2019059

Mertenat, A., Diener, S., Zurbriigg, C. 2019. Black soldier fly biowaste
treatment-assessment of global warming potential. Waste Manag. 84:
173-181. doi.org/10.1016/j.wasman.2018.11.040

Muin, H., Taufek, N.M., Kamarudin, M.S., Razak, S.A. 2017. Growth
performance, feed utilization and body composition of Nile tilapia
Oreochromis niloticus (Linnaeus, 1758) fed with different levels of
black soldier fly, Hermetia illucens (Linnaeus, 1758) maggot meal diet.
Iranian J. Fisheries Sci. 16: 567-577.

Patel, S., Suleria, H.A.R., Rauf, A. 2019. Edible insects as innovative
foods: Nutritional and functional assessments. Trends Food Sci.
Technol. 86: 352-359. doi.org/10.1016/}.tifs.2019.02.033

Polidori, C., Ferrari, A., Borruso, L., Mattarelli, P., Dindo, M.L.,
Modesto, M., Carrieri, M., Puggioli, A., Ronchetti, F., Bellini,
R., 2023. Aedes albopictus microbiota: Differences between wild
and mass-reared immatures do not suggest negative impacts from
a diet based on black soldier fly larvae and fish food. PLoS One 18:
€0292043. doi.org/10.1371/journal.pone.0292043

Puggioli, A., Balestrino, F., Damiens, D., et al. 2013. Efficiency of
three diets for larval development in mass rearing Aedes albopictus
(Diptera: Culicidae). J. Med. Entomol. 50: 819-825. doi.org/10.1603/
ME13011

Puggioli, A., Carrieri, M., Dindo, M.L., Medici, A., Lees, R.S., Gilles,
J.R.L., Bellini, R. 2016. Vector control, pest management, resistance,
repellents development of Aedes albopictus (Diptera: Culicidae) larvae
under different laboratory conditions. J. Med. Entomol. 54: 142—149.
doi.org/10.1093/jme/tjw127

Rogers, D.J., Wilson, A.J., Hay, S.I., Graham, A.J. 2006. The global
distribution of yellow fever and dengue. Adv. Parasitol. 62: 181-220.
doi.org/10.1016/S0065-308X(05)62006-4

Ruhnke, I., Normant, C., Campbell, D.L.M., Igbal, Z., Lee, C., Hinch,
G.N., Roberts, J. 2018. Impact of on-range choice feeding with
black soldier fly larvae (Hermetia illucens) on flock performance,
egg quality, and range use of free-range laying hens. Anim. Nutr. 4:
452-460. doi.org/10.1016/j.aninu.2018.03.005

Rumpold, B.A., Schluter, O.K. 2013. Nutritional composition and safety
aspects of edible insects. Mol. Nutr. Food Res. 57: 802—823. doi.
org/10.1002/mnfr.201200735

Sasmita, H.I., Neoh, K.B., Yusmalinar, S., et al. 2021. Ovitrap surveillance
of dengue vector mosquitoes in Bandung city, West Java province,
Indonesia. Plos Negl. Trop. Dis. 15: ¢0009896. doi.org/10.1371/
journal.pntd.0009896

Sasmita, H.I., Tu, W.C., Bong, L.J., Neoh, K.B. 2019. Effects of larval
diets and temperature regimes on life history traits, energy reserves
and temperature tolerance of male Aedes aegypti (Diptera: Culicidae):
Optimizing rearing techniques for the sterile insect programmes.
Parasit. Vectors 12: 578. doi.org/10.1186/s13071-019-3830-z

Sealey, W.M., Hardy, R.W., Barrows, F.T., Pan, Q., Stone, D.A.J. 2011.
Evaluation of 100% fish meal substitution with chicken concentrate,
protein poultry by-product blend, and chicken and egg concentrate on
growth and disease resistance of juvenile rainbow trout, Oncorhynchus
mykiss. J. World Aquacult. Soc. 42: 46-55. doi.org/10.1111/5.1749-
7345.2010.00442.x

Schiavone, A., Marco, M.D., Martinez, S., et al. 2017. Nutritional value
of a partially defatted and a highly defatted black soldier fly larvae
(Hermetia illucens L.) meal for broiler chickens: apparent nutrient
digestibility, apparent metabolizable energy and apparent ileal amino
acid digestibility. J. Anim. Sci. Biotech. 8: 51. doi.org/10.1186/s40104-
017-0181-5

Shetty, V., Shetty, N.J., Harini, B.P., Ananthanarayana, S.R., Jha, S.K.,
Chaubey, R.C. 2016. Effect of gamma radiation on life history traits
of Aedes aegypti (L.). Parasite Epidemiol. Control 1: 26-35. dx.doi.
org/10.1016/j.parepi.2016.02.007

Sokal, A., D’Ortenzio, E.D., Houhou-fidouh, N., et al. 2017. Brief
communication Zika virus infection: report of the first imported cases
in a Paris travel centre. J. Travel Med. 24:taw066. doi.org/10.1093/
jtm/taw066

Somda, N.S.B., Maiga, H., Mamai, W., et al. 2019. Insects to feed
insects — Feeding Aedes mosquitoes with flies for laboratory rearing.
Sci. Rep. 9: 11403. doi.org/10.1038/s41598-019-47817-x

Staples, J.E., Breiman, R.F., Powers, A.M. 2009. Chikungunya fever:
An epidemiological review of a re-emerging infectious disease. Clin.
Infect. Dis. 49: 942-948. doi.org/10.1086/605496

Staples, J.E., Diallo, M., Janusz, K.B., et al. 2017. Yellow fever risk
assessment in the Central African Republic. Trans R. Soc. Trop. Med.
Hyg. 108: 608-615. doi.org/10.1093/trstmh/tru086

Steinwascher, K. 1982. Relationship between pupal mass and adult
survivorship and fecundity for Aedes aegypti. Environ. Entomol. 11:
150-153. doi.org/10.1093/ee/11.1.150

Traughber, Z.T., Detweiler, K.B., Price, A.K., Knap, K.E., Harper, T.A.,
Swanson, K.S., de Godoy, M.R. 2021. Effect of crude fiber and total
dietary fiber on the calculated nitrogen-free extract and metabolizable
energy content of various dog foods fed to client-owned dogs with
osteoarthritis. Am. J. Vet. Res. 82: 787-794. doi.org/10.2460/ajvr.82.10.787

Yahouédo, G.A., Djogbénou, L., Saizonou, J., et al. 2014. Effect of three
larval diets on larval development and male sexual performance of
Anopheles gambiae s.s. Acta Trop. 132: S96-S101. doi.org/10.1016/
j.actatropica.2013.11.014



	Evaluation of black soldier fly Hermetia illucens (L.) larvae flour as larval diet for dengue vector mosquito Aedes aegypti (Diptera: Culicidae)
	Abstract
	Introduction
	Materials and Methods
	Aedes aegypti strain
	Larval diet preparation
	Proximate and amino acid analysis of larval diet
	Larval diets administration
	Developmental time, mortality, and productivity of Aedes aegypti
	Statistical analysis

	Results
	Nutritional composition of diets
	Effects of diets on developmental time, mortality and productivity

	Discussion
	Conflict of Interest
	Acknowledgements
	References


