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HIGHLIGHTS GRAPHICAL ABSTRACT

*  BSFLM inclusion level at 50% shown an
improvement of overall growth performances.

e BSFLM also improved reproductive
performances.

+ BSFLM is a promising alternative protein
source for cherry shrimp culture.

G sy s s
ARTICLE INFO ABSTRACT
Article History: The increasing demand of cherry shrimp (Neocaridina
Received: 22 May 2025 davidi) is driven by their vibrant colouration, making it
Revised: 17 June 2025 a popular pet in aquariums. Nevertheless, the efficacy
Accepted: 17 June 2025 of using insect protein as an alternative to stimulate
Published: 15 July 2025 growth and reproductive performances in cherry
shrimps remains unknown. Therefore, this study
Keywords: is designed to investigate the effects of using Black
Alternative protein, aquaculture sustainability, Soldier Fly Larvae Meal (BSFLM) on the growth,
ornamental aquarium, dietary inclusion, reproductive and pigmentation performances of cherry
crustacean nutrition. shrimps. Five iso-nitrogenous diets (42% protein) with

varying BSFLM inclusion levels (0%, 25%, 50%, 75%
and 100%) were formulated. The results showed that
growth performance, including length gain, weight
gain, specific growth rate and moulting rate were
improved significantly at 50% BSFLM inclusion,
which could be attributed to an optimal balance of
nutrients and protein digestibility. Reproductive
performances including ovary development and
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larvae production remained stable across all diets,
the of BSFLM for
reproductive performance. Similarly, pigmentation
was also unaffected. This study highlights BSFLM as
potential sustainable protein source for cherry shrimp

demonstrating robustness

culture.

© UMT Press

Introduction

The ornamental aquarium industry has
experienced significant growth in recent years,
with cherry shrimps (Neocaridina davidi)
emerging as a popular pet among enthusiasts
due to their vibrant colouration. Originally
found in diverse inland water habitats across
Asia, these small freshwater crustaceans,
measuring 15 mm to 30 mm in length (Jodo et
al., 2015), have gained market value ranging
from RM2 to RM200 depending on grade,
colour, size and lineage (Wong, 2022). The red
morph, commonly known as red cherry shrimp,
is particularly prized, though various colour
morphs exist like orange, yellow, green, blue
and stripped (Suen et al., 2020).

Diet plays a crucial role in maintaining the
vibrant colouration of cherry shrimps (Lupton,
2020; Sussman, 2021), as well as both ecological
and physiological adaptations influenced
by temperature, photoperiod, background
substrate, light intensity and dietary carotenoid
content (Tomas et al., 2019). The reproductive
biology of cherry shrimps is characterised as
“direct development”, with females carrying
fertilised eggs (21 to 51 per clutch) in a brood
pouch for 25 to 35 days before releasing the
hatched juveniles called “shrimplets” (Weber e?
al., 2016; Michael, 2019). Sexual dimorphism is
evident, with females displaying a wider, more
rounded abdomen compared to the narrower,
streamlined abdomen of males (Michael, 2019).

The growing popularity of ornamental
shrimp has prompted research into sustainable

and cost-effective feed alternatives. Black
Soldier Fly Larvae (BSFL) (Hermetia illucens)
have emerged as a promising sustainable protein
source for aquaculture applications (Linh et al.,
2024). This globally distributed insect species,
found across Asia, Europe and south eastern
United States (Marshall ef al., 2015). Its larvae
consumes a wide range of organic matter,
including rotting fruits, vegetable scraps, animal
waste and municipal organic waste (Liu et al.,
2017). Their life cycle progresses through five
main stages: Egg, larva, pre-pupa, pupa and
adult (Maglangit ef al., 2021).

BSFL offers significant nutritional benefits,
containing approximately 40-55% protein and
9-30% lipid (Seyedalmoosavi et al., 2022),
making it comparable or even superior to
traditional protein sources like fishmeal. Studies
have shown that BSFL meal can enhance growth
performance, intestinal health and immunity
in various aquatic species (Verma, 2023).
Additionally, BSFL production represents a
sustainable approach by converting organic
waste into high-value biomass, potentially
reducing the environmental impact and cost of
aquaculture feeds (Kim ef al., 2021).

Previous research have explored BSFL
application commercially  important
aquaculture species, such as Pacific white-leg
shrimp (Litopenaeus vannamei) (Cummins et
al., 2017; Usman et al., 2021), juvenile lobster
(Panulirus ornatus) (Saputra et al., 2023)
and various fish species including goldfish

in
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(Carassius auratus) (Khieokhajonkhet et al.,
2022), juvenile Jian carp (Cyprinus carpio)
(Li et al., 2017) and discus (Symphysodon sp.)
(Tu et al., 2022). These studies have generally
shown positive outcomes with BSFL inclusion
levels ranging from 20% to 75%, with optimal
performance typically observed at around 50%
replacement of fishmeal.

Despite extensive research on BSFL
applications in various aquaculture species,
there is a notable gap in knowledge regarding
its effects on ornamental shrimp, particularly the
cherry shrimp. While similar studies have been
conducted on other crustaceans, such as Pacific
white-leg shrimp (Chen et al., 2023) and giant
freshwater prawn (Macrobrachium rosenbergii)
(Zarantoniello et al.,2023), as well as ornamental
fish like zebrafish (Danio rerio) (Chemello et al.,
2021), the specific impacts of BSFL on growth,
reproduction and pigmentation, particularly, in
cherry shrimps remain unexplored.

This study aims to address this research
gap by investigating the effects of black soldier
fly larvae meal (BSFLM) on the growth,
reproduction and pigmentation of cherry
shrimps. This research seeks to determine the
optimal BSFLM incorporation rate for cherry
shrimp culture and evaluate its potential as a
sustainable alternative protein source for the
ornamental aquaculture industry.
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Materials and Methods

Source of Specimen and Management

A total of 50 adult cherry shrimps measuring 1.5
cm to 1.8 cm were sourced from the Institute
of Tropical Aquaculture Hatchery, University
Malaysia Terengganu (AKUATROP, UMT).
The cherry shrimps were divided randomly into
25 experimental aquariums with a capacity of 3
L. Two shrimps were housed in one aquarium,
with Java moss provided to create a secure
environment for the shrimps. Feeding was
done twice a day at 9 am. to 10 a.m., and in
the evening at 5 p.m. to 6 p.m., to satiation
with a predetermined quantity of food. Water
parameters such as pH, temperature, ammonia,
nitrite and nitrate levels in each tank were
checked daily between 9 a.m. and 10 a.m., Water
exchange was done every three days by 20%
and once a week by 50%. The project duration
was two months.

Experimental ~ Diet  Formulation  and

Development

The proximate analysis process for BSFL meal
was done to identify the nutritional content. The
proximate analysis was carried out according
to AOAC Standard Method (AOAC, 2000) for
moisture, ash, lipid and protein. There were
five iso-nitrogenous experimental diets (42%
of protein) which served as a control (Diet
1); 25% BSFLM (Diet 2); 50% BSFLM (Diet
3); 75% BSFLM (Diet 4); and 100% BSFLM
(Diet 5). The composition of the experimental
diets is shown in Table 1, while the proximate
composition is shown in Table 2.
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Table 1: Composition of experimental diets based on 100 g per volume content.

Experimental Diets

Ingredients Control 25% 50% 75% 100%
(Diet 1) (Diet 2) (Diet 3) (Diet 4) (Diet 5)

FM 33.96 25.55 17.09 8.58 0
BSFLM 0 10.8 21.68 32.62 43.64
Wheat gluten meal 10 10 10 10 10
Soybean meal 17 17 17 17 17
Corn meal 14 13 12 11 10
Fish oil 1.8 1.3 0.9 0.4 0
Wheat flour 10 10 10 10 10
Soy lecithin 1 1 1 1 1
Squid oil 2 2 2 2 2
Spirulina 0.5 0.5 0.5 0.5 0.5
Choline chloride 0.5 0.5 0.5 0.5 0.5
Mineral premix 1 1 1 1 1
Vitamin premix 2 2 2 2 2
Vitamin C 1 1 1 1 1
Vitamin E 0.1 0.1 0.1 0.1 0.1
Yeast concentrate 0.1 0.1 0.1 0.1 0.1
Astaxanthin 0.05 0.05 0.05 0.05 0.05
Cellulose 4.99 4.1 3.08 2.15 1.11
Total (%) 100 100 100 100 100

Table 2: Proximate composition of the experimental diets (Control, 25%, 50%, 75% and 100% BSFLM)

Proximate Analysis
Parameter Control 25% 50% 75% 100%
(Diet 1) (Diet 2) (Diet 3) (Diet 4) (Diet 5)
Protein (%) 41.33£1.04 42.03 £0.34 42.01 £0.34 41.65+0.71 41.28 £0.46
Lipid (%) 9.09 +0.04 9.26 £ 0.34 8.98 +0.65 7.36+0.43 7.02+1.61
Moisture (%) 4.75+0.09 4.88 +£0.06 5.14+0.15 4.75+0.22 4.83+0.08
Ash (%) 8.34 +0.04 8.05+0.02 7.87+0.03 7.45+0.03 6.70 = 0.03

All dietary ingredients were added and
mixed thoroughly with a feed binder, and
water was added to pelletiser for final mixing
to produce proper feed dough. The dough was
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pelletised with a customised heavy-duty meat
grinder with 0.5 mm die size and dried in the
oven at 60°C for 12 hours.
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Experimental Design

A total of 50 red cherry shrimps (25 males and  replication arrangement was designed according
25 females) were distributed randomly into 25 to completely randomise distribution. The
experimental aquariums with two shrimps of the ~ experiment tanks set up is illustrated in Figure
opposite sex in each aquarium. The experimental 1 and 2.

13.5cm

e LW e

Figure 1: Aquarium design for each replicate

Replicate 1 Replicate 2 Replicate 4 Replicate 5

Replicate 3 ]

(25% BSFLM)

(25% BSFLM)

Figure 2: The experimental design arrangement of replicates in the Institute of Tropical Aquaculture
Hatchery, UMT
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Growth and Reproduction Determination

Growth and reproductive performances cherry
shrimps were calculated based on the equations
below:

(Initial no. shrimp — No of mortality shrimp)

Survival Rate (%) =

X 100%

Feed given — Remaining feed

Feed intake = Number of cherry shrimp

Total number of shrimp

(Chowdhury et al., 2020)

(Suyitman et al., 2020)

Length gain (cm) = Final legth (cm) — Initial length (cm)

(Mengumphan et al., 2015)

Weight gain (g) = Final weight (g) — Initial weight (g)

(Hassan et al., 2021)

(In final average weight — In initial average weight)

Specific Growth Rate (%) =

X 100%

Experimental days

(Chowdhury et al., 2020)

Number of cherry shrimp moults

Moulting frequency (%) =

X 100%

Initial number of cherry shrimp

(Zhou et al., 2023)

Ovary size (cm) = Length of ovary X Wide of ovary

(Usha & Sandya, 2013)

Average larvae count in (10ml)

Number of larvae = beaker (10mD)

Pigmentation Analysis

A comprehensive pigmentation analysis was
conducted at the beginning and end of the
experiment. High-resolution images of the
shrimp were captured using a digital camera
under standardised lighting conditions to ensure
consistency in visual comparison. In addition, a
Konica Minolta CR-400 colorimeter was used
to quantitatively assess coloration. The colour
measurements were recorded using the CIE
Lab* system, focusing on the a* (red-green) and
b* (yellow-blue) values, which are indicative
of pigmentation intensity. The RGB values
obtained were converted to Lab* values for
analysis (Nhan ef al., 2019).
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X water volume (ml)

(Zhou et al., 2023)

Colour intensity = /(a *)? + (b *)?

(Nhan et al., 2019)

Data Analysis

All the data collected including moulting
frequency, Specific Growth Rate (SGR),
Survival Rate (SR), length gain (cm), weight
gain (g), survival rate (%), feed intake, moulting
rate, ovary size (cm), number of larvae and
pigmentation performance (colour intensity)
among the different dietary groups were assessed
using one-way ANOVA. Prior to the analysis,
the Shapiro-Wilk test was performed to ensure
that the data followed a normal distribution. I If
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necessary, the data would be subjected to log'®
transformation to achieve a normal distribution.
If the one-way ANOVA revealed significant
differences, the Tukey’s post-hoc test was
conducted to identify which specific differences
existed among treatment groups (Frost, 2019).
This approach was also used for the analysis of
pigmentation performance, in which a* and b*
values obtained from colorimetric measurements
served as the dependent variables. All significant
confident limit was set at 95% (p < 0.05).

Results
Feeding and Growth Performance

Table 3 presents the feed intake across five
experimental diets (Control, 25%, 50%, 75%,
and 100% BSFLM), revealing that diets 1, 2,
and 3 (Control, 25% and 50% BSFLM) had the
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highest feed intakes, which were significantly
higher compared with Diet 5 (100% BSFLM),
which had the lowest feed intake (p < 0.05).
Survival rates remained insignificant among the
diets, although lowest survival rate was noted
in 100% BSFL (p > 0.05). In term of growth
performances, the highest length gain (0.30 cm
+ 0.03 cm) and weight gain (0.11 g £ 0.01 g)
was found in 50% BSFLM diet, whereas the
lowest was found in 100% (p < 0.05). Similarly,
highest SGR was found in 50% BSFLM (0.58%
+ 0.13) and the lowest was observed in the
100% (0.35% =+ 0.08). Nevertheless, higher
moulting rates were observed in cherry shrimps
fed with Control diet, 25% and 50% BSFLM
diets at 7.0% + 0.18, 7.0% + 0.15 and 7.6% +
0.20, respectively, and lowest at 100% (4.8% +
0.23) (p <0.05).

Table 3: Feeding and growth performances of cherry shrimp, Neocaridina davidi fed with the five
experimental diets (one control, four BSFLM) for 60 days

Experiment Diets

Parameter Control 25% 50% 75% 100%
(Diet 1) (Diet 2) (Diet 3) (Diet 4) (Diet 5)
Feed intake (g) 3.13£0.11° 3.06+0.25 323+0.14* 2.72+0.08® 2.49+0.112
Survival rate (%) 80.0+0.16 90.0 £0.08 90.0 £0.08 80.0+0.16 70.0 £0.15
Length gain (cm) 0274002 023+0.02° 030+£0.03 0.19+0.02°  0.18+0.01°
Weight gain (g) 0.10+0.01*  0.10+0.01*®* 0.11+0.01> 0.07+0.01* 0.06 £0.00*
SGR (%) 0.53+0.17"%  0.53+0.15® 0.58+0.13> 0.37+0.15° 0.35+0.08°
Moulting rate (%) 7.0+£0.18° 7.0+0.15° 7.6 £0.20° 6.2 +0.23® 4.8+0.23°

Reproductive Performance

Table 4 shows the effects of BSFLM
inclusion levels on ovary development
and larvae production of cherry shrimps.
Ovary development remained stable among
experimental diets with no significant differences
compared with control diet (p > 0.05). Similarly,
larvae production of cherry shrimps fed with
different BSFLM inclusion levels were not
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significantly different (p > 0.05), where cherry
shrimps produced about 22-27 larvae, peaking
at 50% BSFLM (27.6 + 3.97), followed closely
by control (26.0 + 2.06) and 25% BSFLM (25.4
+2.56). Ovary development of male and female
cherry shrimp fed the five experimental diets for
60 days is shown in Figures 3 and 4.
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Table 4: Reproductive performances of cherry shrimp, Neocaridina davidi fed the five experimental diets
(one control, four BSFLM) for 60 days

Experiment Diets

Parameter Control 25% 50% 75% 100%
(Diet 1) (Diet 2) (Diet 3) (Diet 4) (Diet 5)

Ovary development (cm)  0.032+0.01 0.031+0.01 0.033+0.02 0.027+0.01  0.028 £0.01
Number of larvae 26.00+£2.06 2540+256 27.60+£3.97 2425+£2.58  22.00+2.05

Experiment

diet Initial Final

Control
(Diet 1)

25%
BSFLM
(Diet 2)

50%
BSFLM
(Diet 3)

75%
BSFLM
(Diet 4)

100%
BSFLM
(Diet 5)

Figure 3: Ovary development of male cherry shrimps, Neocaridina davidi fed the five experimental diets for
60 days
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Experiment
diet

Initial

Final

Control
(Diet 1)

25%
BSFLM
(Diet 2)

50%
BSFLM

(Diet 3)

75%
BSFLM
(Diet 4)

100%
BSFLM
(Diet 5)

Figure 4: Ovary development of female cherry shrimps, Neocaridina davidi fed the five experimental diets

Pigmentation Performance

for 60 days

Table 5 shows the effects of different BSFLM  + 11.68 to 50.84 & 13.33. This indicates that
inclusion levels (25%, 50%, 75% and 100%) on  incorporating BSFLM into diets did not impact
colour intensity compared to a control diet. The  colour intensity. Colour intensity of male and
mean colour intensity values obtained from all  female cherry shrimp fed the five experimental

experiment diets groups was not significantly  diets for 60 days is shown in Figures 5 and 6,
different (p > 0.05), which ranging from 43.34  respectively.
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Table 5: Colour intensity of cherry shrimps, Neocaridina davidi fed the five experimental diets (one control,

four BSFLM) for 60 days
Experiment Diets
Parameter Control 25% 50% 75% 100%
(Diet 1) (Diet 2) (Diet 3) (Diet 4) (Diet 5)

Colour intensity 50.84+13.33 4334+11.68 49.57+8.68 47.04+£12.66 48.41+14.25

Experiment

diet Initial Final

Control
(Diet 1)

25%
BSFLM

(Diet 2)

50%
BSFLM
(Diet 3)

75%
BSFLM
(Diet 4)

100%
BSFLM ; T——
(Diet 5) . ’

Figure 5: Colour intensity of male cherry shrimps, Neocaridina davidi fed the five experimental diets for 60
days
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Experiment
diet

Initial

Final

Control
(Diet 1)

25%
BSFLM
(Diet 2)

50%
BSFLM
(Diet 3)

75%
BSFLM
(Diet 4)

100%
BSFLM
(Diet 5)
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Figure 6: Colour intensity of female cherry shrimps Neocaridina davidi fed the five experimental diets for

60 days

Planetary Sustainability Volume 3 Number 2, July 2025: 56-76



GROWTH, REPRODUCTION AND PIGMENTATION PERFORMANCES OF RED CHERRY SHRIMP (Neocaridina davidi) 67
FED WITH BLACK SOLDIER FLY LARVAE (Hermetia illucens) MEAL

Discussion
Feeding and Growth Performances

The palatability of feed is an important factor
of consideration when formulating diets for
aquaculture species coupled with well-enriched
and balance nutritional (Tantikitti, 2014). In
this study, the palatability of dietary BSFLM
was clearly demonstrated with an increase in
feed intake of cherry shrimps for all BSFLM
inclusion diets, although low consumption rate
was noted for diet 4 and diet 5 (75% BSFLM
and 100% BSFLM). These results proved the
potential of using BSFLM as an insect protein
meal for cherry shrimp culture. They were also
in line with a study on Pacific white shrimps
(Chang et al., 2024), where the shrimps were
able to consume BSFL diets up to 75% as the
optimum inclusion rate (Ling et al., 2024).

However, this study found that the highest
feed intake were observed in 25%, and 50%
BSFLM diets, which suggested that these levels
provided an optimal balance of palatability and
nutrient composition for cherry shrimps. This
aligned with a previous study that demonstrated
the efficacy of partial BSFLM substitution
in aquatic feeds was due to its high digestible
protein and lipid contents (Henry et al., 2015).
The reduced feed intake in diets with higher
BSFLM levels (75% and 100%) could be
attributed to the indigestible chitin components
that negatively affected feed acceptability
(Fonseca et al., 2017). The highest growth
performances such as length gain, weight
gain and SGR of cherry shrimp was noted in
shrimps fed with 50% BSFLM, this high growth
performance was proven with high moulting rate
shown that nutrition intake from BSFLM diet
was sufficient to support all growth metabolism.

These findings were in parallel with other
previous findings and emphasised BSFLM
as a protein-rich digestible meal to be used
for commercial feed ingredients (Henry et
al. 2015; Fonseca et al. 2017). The decline in
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growth performance observed at higher BSFLM
inclusion levels (75% and 100%) could also
be attributed of nutrient imbalances. Although
BSFLM is rich in protein and other essential
nutrients, but it might lack certain amino
acids, such as methionine and lysine, that are
important for growth and tissue development in
shrimp (Zhou et al. 2018), and this might impair
protein synthesis, leading to stunted growth (Hu
et al. 2023). Thus, depleted feed intake could be
caused by lower palatability at higher BSFLM
inclusion levels (Lock et al., 2015).

Reproductive Performance

Both ovary development and the number of
larvae produced by cherry shrimps remained
stable in all dietary treatments irrespective of
BSFLM inclusion levels. The ovary sizes were
recorded ranging from 0.027 cm to 0.033 cm,
and the number of larvae produced was between
22 and 27. BSFLM’s rich nutritional profile,
including essential amino acids and fatty acids,
could support shrimp reproductive health by
providing the nutrients necessary for gonadal
development and larval viability (Kawasaki et
al., 2023).

This consistency reproductive
performances suggested that BSFLM inclusion,
even at higher levels (BSFLM 75% and 100%),
did not impair the structural development of
reproductive tissues or the ability to produce
viable larvae (Shah & Hayat, 2024). To the best
of our knowledge, most studies on BSFLM had
focused on growth and immune development
for fish and shrimps. There were studies that
examined the reproductive performance of
zebrafish (Danio rerio) feed with BSFLM, where
their experimental designs were similar with
this study. They found that increasing BSFLM
inclusion levels (from 0%, 25%, 50%, 75% to
100%) had no effect on zebrafish reproductive
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performance (Chemello ef al., 2021) and long-
term physiological stability (Sangiacomo et al.,
2024).

Pigmentation Performance

The colour intensity of all cherry shrimps
found in this study remained consistent with
influenced by different BSFLM inclusion levels
(25%, 50%, 75%, and 100%) (Table 8 and
Figure 8). Although, BSFLM might lack natural
pigments such as carotene or astaxanthin,
nevertheless, inclusion levels at even 100%
did not significantly enhance or detract from
the colour intensity of shrimp. Additionally,
the nutrition and carotenoid content in BSFLM
were highly dependent on their feed ingredients
used during larval rearing (Nor et al., 2022).
Carotenoids, such as lutein and beta-carotene,
were not synthesised de novo by the larvae,
but bioaccumulated from the substrates they
consumed (Bonelli ef al., 2020).

This meant that the nutritional profile of
BSFLM, particularly its lipid-soluble vitamins
and pigments, directly reflected the nutritional
quality and composition of their feed (Leni
et al., 2022). In this study, astaxanthin was
added into the feed formulation as a pigment
enhancer. Previous studies had shown that
substrates enriched with plant-based carotenoid
sources or supplemented with commercial
carotenoids could significantly improve the
pigment concentration in BSFLM (Liland ef al.,
2017). This ability to bioaccumulate carotenoids
highlighted the versatility of BSFLM as an easy
feedstock in aquafeed application. Therefore,
the quality of BSFLM as an alternative protein
source and its value as a dietary pigment source
would depend on tailoring the feed substrate to
match the nutritional and pigment requirements
of the target species (Ratti ef al., 2023).
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Practical and Economic Feasibility of using
BSFLM

The use in ornamental shrimp aquaculture
presents both practical and economic promise,
though further evaluation is needed. As a
sustainable and protein-rich alternative to
traditional Fish Meal (FM), BSFLM effectively
supported shrimp growth; for instance, in white-
leg shrimps (Penaeus vannamei), diets of up to
75% BSFLM achieved comparable or enhanced
daily weight gain and feed conversion ratios
(Nunes etal.,2023). Its amino acid profile
also aligned with requirements observed in
other species, such as the Nile tilapia (Shati
et al., 2022; Kariuki et al., 2024) and Siberian
sturgeon (Rawski et al., 2021), where gains in
growth and feed efficiency had been reported.

Economically, BSFLM could offer cost
savings, particularly when FM prices were
elevated. A favourable return on investment
had been documented when BSFLM was priced
below USD3.04/kg (Nunes etal.,2023), a
finding supported by similar experiences in
other aquaculture systems (Limbu ef al., 2022).
Environmentally, BSFLM could contribute
to sustainability by reducing dependency
on marine-sourced ingredients and enabling
production from organic waste, such as shrimp
by-products (Moore & Drewery, 2024; Hu
et al., 2024). Nonetheless, its wider adoption
hinged on addressing key constraints, namely
supply consistency (Supreetha et al., 2023),
price fluctuations (Sutopo et al., 2012),
production scale (Veldkamp et al., 2022),
processing methods (Nugroho et al., 2020;
Supreetha et al., 2023) and regional market
dynamics (Vega et al., 2014; Veldkamp et al.,
2022). While our study confirmed the biological
suitability of BSFLM at a 50% inclusion
level, future research should focus on detailed
feed formulation trials, cost-benefit analyses
and market integration assessments to verify
its feasibility and commercial viability in
ornamental shrimp farming.
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Study Limitation

One of the limitations of this study is the absence
of detailed amino acid and fatty acid profiles
of the experimental diets. These profiles were
crucial for a more comprehensive understanding
of the nutritional value of BSFLM, particularly
in relation to essential amino acids such as
methionine and lysine, which were known to
influence growth performance in aquatic species.
Unfortunately, due to resource constraints,
we were unable to conduct these analyses.
Long-term experiments should be conducted
to evaluate the physiological and reproductive
impacts for sustainable performance. Future
studies should also include a complete nutritional
profile of the diets to better elucidate the role of
specific nutrients in supporting optimal growth,
reproduction, and pigmentation in ornamental
shrimp.

Conclusions

Theresultofthis study demonstrated the potential
of BSFLM as a potential sustainable alternative
insect protein source for cherry shrimp culture
with optimum inclusion level at 50% to achieve
higher growth performances. However, the feed
had no impact on the reproductive system and
pigmentation of cherry shrimps. Future studies
should focus on optimising BSFLM-based
diets by addressing micro-nutrient balance,
such as through amino acid (e.g., methionine,
lysine) and essential fatty acid (DHA, EPA)
supplementation to achieve maximum growth
and reproductive performances. In addition,
BSFLM shows strong potential as a sustainable
and cost-effective alternative protein source
in ornamental shrimp aquaculture, but its
successful commercial application would
require further studies on economic feasibility,
optimal inclusion levels and market acceptance.
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