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Black soldier fly have been shown to be one of the optimal alternatives to fishmeal, but
there are few reports on the effects of zymolytic black soldier fly larvae (ZBSFL) on the
growth and digestion of crustaceans. An 8-week feeding trial was conducted to evaluate
the effects of different replacement levels of ZBFLS on growth performance, body
composition, and digestive enzyme activity of the mud crab larvae. Four diets were
formulated by replacing fishmeal with 0%, 5%, 10% and 15% ZBSFL in the basal diet.
Crab larvae were randomly divided into four groups of three replicates each and fed twice
daily. The results showed that the SR of crab larvae was higher than that of the
no-substitution group when the substitution rate reached 5% (P < 0.05). There was no
significant change in SR when the substitution rate was further increased. Weight growth
rate and Specific growth rate were similar, both highest at 10% substitution ratio. The
crude protein content of whole crab larvae gradually increased as the proportion of FM
substituted by ZBSFL increased. The lipid content of whole crab larvae in the 5%
substitution ratio group was significantly higher than that in all other groups (P < 0.05).
Meanwhile. The activities of amylase, protease and lipase gradually increased. In this
experiment, when the percentage of ZBSFL substitution for FM reached 10%, its growth
performance was optimal, with higher SR, less negative effects and more balanced
indicators in all aspects. When the substitution rate was further increased, it might
increase the digestive burden of the crab and negatively affect its growth.

INTRODUCTION by 40-100 USD/ton compared to previous years, greatly in-
creasing the cost of crab farming.4 The pursuit of increased

The mud crab (Scylla paramamosain), is a crustacean with FM production is not conducive to the sustainable develop-
important economic value.! With various advantages such ~ment of aquaculture and the marine environment.> In re-
as fast growth, large size and delicious taste, it is favored lated studies in the field of aquatic feeds, the use of plant
by the aquaculture industry and consumers. Therefore its protein sources like soybean meal, cottonseed meal, single-
culture scale is expanding, becoming a major aquaculture celled algae and soybean protein concentrate can replace
species in coastal areas of Southeast Asia.2 In 2020, the FM in some aquatic animal feeds to some extent and will
farming production of the mud crab in China exceeded not have negative effects on aquatic animals’ growth, feed
150,000 tons.3 However, crab farming s still deeply depen-  Utilization, nutritional quality and immunity.6- However,
dent on fishmeal (FM). In recent years, the limited produc- there are many problems with plant protein raw materials,
tion of FM has led to its high price, which has increased for example, containing different kinds of antinutritional
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factors, high fiber content, amino acid imbalance, and its
replacement of FM ratio above a certain level will affect the
growth and health of aquatic animals to varying degrees,
especially for carnivorous fish.10:11 And the increased use
of plant protein raw materials will lead to increased compe-
tition between feed production and human food supply.!2
There are still some controversies about the application of
plant protein ingredients to replace FM in aquatic animal
farming. It is necessary to seek other alternatives with sim-
ilar nutritional value to FM.

As a natural renewable resource with rich protein con-
tent, black soldier fly, Diptera, Stratiomyidae, is not a res-
onable option. Its larvae is saprophagous and have a high
rate of absorption and conversion of livestock manure and
household waste.!3 The protein content of black soldier fly
larvae is about 40% of dry weight and is more similar to the
amino acid composition of FM than alternatives from plant
sources, even with higher levels of some essential amino
acids, such as valine, than FM, making it one of the suitable
protein sources to replace FM.14 However, it has its own
limitations, as black soldier fly larvae have a higher content
of lauric acid compared to FM. Therefore, once the optimal
replacement rate is exceeded, there may be adverse effects
on fish production or health. In recent years, experiments
using black soldier fly as a feed ingredient or additive have
successfully demonstrated that it can completely or par-
tially replace FM. Black soldier fly larvae meal can almost
completely replace FM and has no significant negative ef-
fects on Atlantic salmon (Salmo salar).!> Another study has
shown that black soldier fly larval oil can be a completely
safe substitute for fish oil in diets of juvenile carp (Cyprinus
carpio).1® Such a good substitution effect is not common,
in most of the studied species, black soldier fly products
can only partially replace FM, such as pikeperch (Sander
Iucioperca),!” rice field eel (Monopterus albus),!4 rainbow
trout (Oncorhynchus mykiss),18 red sea bream (Pagrus ma-
jor)19 and Totoaba macdonaldi0 etc.

Since there are few related studies in crustaceans, in this
experiment, we selected a more easily absorbed zymolytic
black soldier fly larvae (ZBSFL) to investigate its effect on
growth performance, body composition and digestive en-
zyme activity of the mud crab larvae, in order to evaluate its
practical application and lay the foundation for nutritional
management and cost saving in culture of the mud crab and
even crustaceans.

MATERIALS AND METHODS
EXPERIMENTAL DIETS

The formulation and proximate composition of the exper-
imental diets were shown in Table 1. ZBSFL was provided
by Guangzhou Fuxing Biotechnology Co., Ltd (Guangzhou,
China). ZBSFL was used to replace FM at 0%, 5%, 10%
and 15%, respectively. The crude protein content of the
experimental diets gradually decreased and the lipid con-
tent gradually increased as the proportion of FM substi-
tuted by ZBSFL increased (Table 1). All diets were extruded
into 2 mm pellets using a Valva-60D-III extruder (Valva Ma-
chinery & Equipment Co., Ltd., Guangzhou, China), dried

overnight at 55°C and stored at -20°C until use. The crude
protein content in diets was determined using Kjeldahl
method. The lipid content in diets was determined using
Soxhlet method.2! The gross energy of the diets was deter-
mined using an oxygen bomb calorimeter (Parr 6100, USA).

FEEDING EXPERIMENT

Sanya Tropical Fisheries Research Institute provided 1200
crab larvae of similar size and vigor (initial weight 1.43 +
0.15 g). The crab larvae were kept in 300 L plastic buckets
with aerated filtered saltwater, separated into four groups
of three replicates each at random (natural light, tempera-
ture 26-29°C, salinity 29-30%., dissolved oxygen content >
6.0 mg/l, ammonia-nitrogen content below 0.05 mg/L). The
crab larvae were fed daily at 9:30 and 17:30 during an eight-
week experiment. Mortality was recorded daily during the
experiment.

GROWTH AND SURVIVAL INDICES

After eight weeks of culture, the feeding of crab larvae was
suspended for 24 h, and the larvae were collected and sur-
vival was determined. The weight of crab larvae was accu-
rately weighed using an electronic balance (accuracy 0.1 g),
and the carapace data was measured using vernier caliper
(accuracy 0.01 cm). For the analysis of digestive enzyme ac-
tivity and body composition, crab larvae from each sample
group were separated into two halves and kept in a -80°C
freezer until enzyme assay. The following are the equations
used in this experiment.

Survival rate (SR, %) = 100 x (final number of lar-
vae)/(initial number of larvae).

Weight growth rate (WGR, %) = 100 x (final body weight
(g) - initial body weight (g))/initial body weight (g).

Specific growth rate (SGR, %/d) = 100 x (In final body
weight (g) — In initial body weight (g))/days.

Shell height growth rate (SHGR, %) = 100 x (final shell
height (mm) - initial shell height (mm))/initial shell height
(mm).

Specific shell height growth rate (SGRgy, %/d) = 100 x (In
final shell height (mm) - In initial shell height (mm))/days.

Shell width growth rate (SWGR, %) = 100 x (final shell
width (mm) - initial shell width (mm))/initial shell width
(mm).

Specific shell width growth rate (SGRgyy, %/d) = 100 x (In
final shell width (mm) - In initial shell width (mm))/days.

The crab body composition was determined using the
following indicators. The crude protein content and lipid
content were determined as in 2.1. The moisture content
was identified by drying the materials to a constant weight
at 105°C. Ash content was determined by continuously
searing at 550°C for 6 hours.2!

Six crabs were randomly selected from each group, and
the hepatopancreas, stomach and intestine were taken. The
tissues of each crab were homogenized separately in pre-
cooled double-distilled water and centrifuged at 9000 r/min
for 30 min at 4°C, and the supernatant was extracted. Pro-
tease, amylase and lipase activities were determined us-
ing the kit method (Nanjing Jiancheng Bioengineering In-
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Table 1. Formulation and nutrients of the experimental diets.

Ingredients (%) Control 5% 10% 15%
Fish meal 40 35 30 25
Zymolytic black soldier fly larvae 0 5 10 15
Soybean meal 38 38 38 38
Soybean oil 2 2 2 2
Rice bran 4 4 4 4
Wheat bran 4 4 4 4
Corn flour 4 4 4 4
Vitamin premix 1 1 1 1
Mineral premix 1 1 1 1

Salt 1 1 1 1
Ca(H,POy), 2 2 2 2
a-starch 3 3 3 3
Proximate composition (%)

Crude protein 44.60 44.23 43.15 42.42
Lipid 5.16 6.33 8.24 9.78
Moisture 2.83 3.08 4.05 4.64
Ash 1371 13.37 13.03 12.69
Gross energy (kJ-g 1) 18.89 18.92 18.96 18.99
P/E (mg-kJ™1) 22.64 22.94 23.33 2351

1 zymolytic black soldier fly larvae (40% moisture, 28% crude protein, 10% crude fiber, 10% crude ash, 5% crude fat)

stitute, Nanjing, China). Protease activity was defined as 1
U of enzyme activity per milligram of protein per minute
change in absorbance of 0.0030 at pH 8.0 at 37°C. Amy-
lase activity is defined as 1 U of enzyme activity per mg of
protein interacting with the substrate for 30 min at 37 °C
for every 10 mg of hydrolyzed starch. Lipase activity is 1 U
of enzyme activity for every 1 umol of substrate consumed
per milligram of protein interacting with the substrate for 1
min.

STATISTICAL ANALYSIS

The data of this experiment met the requirements of one-
way ANOVA, so one-way ANOVA was performed on the data
using SPSS 26.0 software, and Duncan’s multiple range test
was used to test the significance of differences. The exper-
imental results were expressed as mean * SE, and P < 0.05
indicated significant differences.

RESULTS
GROWTH PERFORMANCE AND SURVIVAL

The SR of crab larvae was considerably greater than that
of the no substitution group (P < 0.05), when the substitu-
tion ratio reached 5% (Table 2). SR did not change signif-
icantly when the substitution ratio was further increased.
WGR and SGR were similar, both being highest at 10% sub-
stitution ratio. The different substitution ratios had almost
no significant effect on SHGR and SGRgy;, and only SHGR
of the 5% substitution ratio group was significantly higher
than that of the no substitution group (P < 0.05). SWGR and

SGRgyy gradually increased with the increase of substitu-
tion ratio.

PROXIMATE COMPOSITIONS OF CRAB LARVAE

When more ZBSFL was used to replace FM, the crude pro-
tein content of the entire crab larvae steadily rose (Table
3). Compared to the other groups, the 5% replacement per-
centage group’s entire crab larvae had a considerably
greater lipid content (P < 0.05). The moisture and ash con-
tent of whole crab larvae in each group did not change sig-
nificantly (P < 0.05).

DIGESTIVE ENZYME ACTIVITY

As shown in Figure 1, the amylase, protease, and lipase ac-
tivities gradually increased with the percentage of ZBSFL
substitution for FM. The amylase activity was significantly
higher in the 15% substitution proportion group compared
to the no substitution group (P < 0.05). And it had signifi-
cantly stronger protease and lipase activities than all other
groups (P < 0.05).

DISCUSSION

The production model of FM as the main protein source
of aquafeed is unsustainable.?2 In the long run, fishery re-
sources will be overexploited and depleted, which is not
what aquaculture practitioners want to see. In such a situa-
tion, the value of edible insects, as a natural and renewable
resource, is of interest. Black soldier fly is one of them.23
Black soldier fly larval meal has a wide range of potential
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Table 2. Effect of different levels of ZBSFL to replace FM in the diet on the growth performance of crab larvae.

Measurement indexes Control 5% 10% 15%

SR (%) 76.17 £0.402 80.49 £0.23P 80.41+0.72b 81.01+0.37P
WGR (%) 560.60 + 13.882 616.05+5.77° 654.09 + 8.28¢ 635.26 + 12.75b¢
SGR (%/d) 3.37+0.042 3.51+0.02° 3.61+0.02¢ 3.56+0.03b¢
SHGR (%) 193.26 + 27.372 244.87 +15.20° 202.54 + 12.293b 223.18 +29.983b
SGRgy, (%/d) 1.88+0.162 2.14+0,082 1.93+0.102 2.05+0.172
SWGR (%) 117.71 + 14.002 123.42 + 11,0630 145.21 + 20.142b 153.91+ 17.66P
SGRgyy (%/d) 1.31£0.122 1.38£0.112 1.53+0.122b 1.62£0.12b

1 Different letters marked in the same row indicate significant differences between the data of different groups (P < 0.05).
2 SR, Survival rate; WGR, Weight growth rate; SGR, Specific growth rate; SHGR, Shell height growth rate; SGRgy, Specific shell height growth rate; SWGR, Shell width growth rate;

SGRSW, Specific shell width growth rate.

Table 3. Effect of different levels of ZBSFL to replace FM in the diet on the proximate composition of crab larvae.

Proximate composition (%) Control 5% 10% 15%

Crude protein 32.99+0.702 33.33+0.262 35.13+0.72° 36.63+0.36¢
Lipid 9.20+£0.482 10.73+0.20P 9.35+0.552 9.24+0.582
Moisture 77.72 +0.102 77.60+0.242 77.74 +0.032 77.73+0.012
Ash 43.48 +0.992 44.38 +0.612 43.65+0.692 43.26 +0.56°

1 Different letter marked in the same row indicate significant differences between the data of different groups (P < 0.05).
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Figure 1. Effect of different substitution levels of
ZBSFL on the digestive enzyme activity of S.
paramamosain larvae.

The data are presented as mean * SD (n = 3). Different letters denote significant differ-
ences (P < 0.05).

applications due to its high protein content, full amino acid
profile, and abundance in unsaturated fatty acids. It may be
utilized as a high quality protein source to substitute FM
in aquatic diets.!7 Largemouth bass can grow more quickly
when black soldier fly pulp is moderately added, and the
hydrolyzed protein possesses bioactive peptides that make
it easier to absorb and use. This has been demonstrated in
prior experiments.24 In order to further utilize the black
gadfly larvae effectively and maximize the utilization value,
ZBSFL was used as an alternative raw material to FM in this
experiment.

In this study, there was no statistically significant dif-
ference between the three replacement groups, however
the SR of crab larvae in the three groups was considerably
greater than that of the non-substitution group. This result
indicates that ZBSFL is palatable for the mud crab larvae,
and within the range of addition in this experiment, it
proved to improve the early SR of crab larvae, and there was
no corresponding increase in SR when the substitution ra-
tio was increased. There are fewer studies on ZBSFL, and
they are more based on primary processing products such
as black soldier fly larvae meal. Huang et al. found that
when 50% of FM was substituted with black soldier fly lar-
vae meal, the SR of the mud crab was improved, which
was similar to the results of this study.25 Presumably, since
the maximum substitution rate in this study was only 15%,
there was no suppression of the crab larvae survival.

Research on crustaceans is still scarce, but previous
studies on fish have shown that black soldier fly larvae meal
can partially or completely substitute FM without signif-
icant health effects.%141517-20 When ZBSFL replacement
for FM reached 10%, the WGR and SGR of crab larvae were
most significantly higher than those of the control group (P
< 0.05). According to previous reports, most of the insects
had high protein proportions, between 40% and 60%, sim-
ilar to the level of soybean meal and lower than FM. The
crude protein content of the Orthoptera insects was most
similar to that of FM, especially black soldier fly, whose
crude protein content was closest to that of FM. This sup-
ports, to some extent, the usage of black soldier fly as one
of the optimal substitutes for FM. Its composition of essen-
tial amino acids was similar but superior to that of soybean
meal. Compared to FM, insect meal had lower amino acid
content of histidine, lysine and threonine and higher con-
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tent of tyrosine and valine. Insect meal has a same ratio
of saturated fatty acids to FM. The monounsaturated fatty
acids were almost twice as high as those of fish meal and
soybean meal. Meanwhile, FM contained only 2.5% of to-
tal n-6, soybean meal contained 55.4%, and insect meal
was between the two at about 15%.22 This suggests that as
the proportion of FM substituted by black soldier fly meal
increases, the gap between essential amino acids, polyun-
saturated fatty acids, DHA and EPA, which are critical for
growth and development, in the feed will become larger and
larger. This will lead to beyond a certain substitution range,
and it will have an impact on the growth of crab larvae, thus
affecting WGR and SGR. In this experiment, 10% ZBSFL was
an appropriate substitution level.

The lipid concentration of the diets increased with the
increase of the ZBSFL. The ZBSFL had a high fat content
than the FM and a very different fatty acid profile, espe-
cially high levels of lauric acid.2é Only in the 5% replace-
ment group compared to the no substitution group did the
lipid content in the body composition of crab larvae differ
considerably. Previous studies have shown that the addition
of full-fat or defatted black soldier fly larvae meal to the di-
ets did not effect on how much lipid the fish deposited.2”
Yi et al. reported that greater consumption of black soldier
fly larval oil caused yellow catfish to accumulate more sat-
urated and monounsaturated fatty acids in yellow catfish
(P. fulvidraco).28 Such wildly divergent results could be a re-
sult of variances in diet composition or variations in animal
species. Meanwhile, the crude protein content in the diets
gradually decreased, but the crude protein content in the
body composition of crab larvae increased instead, show-
ing an opposite trend. This may be due to the fact that
black soldier flies contain much higher levels of valine than
FM, which is nutritionally regulated for different species of
aquatic animals and is the first limiting amino acid for crus-
taceans.2%30 Valine is an indispensable amino acid for the
development of embryos and juveniles of Atlantic salmon
in captivity and in the wild.3! The ash levels in the four
groups of diets were relatively close and there was no sig-
nificant difference in the content of other body components
between the experimental groups. In summary, we specu-
late that valine, which is abundant in ZBSFL, positively reg-
ulated the growth of crabs in this experiment.

Digestive enzyme activity is a key indicator for evaluat-
ing the nutritional value and utilization of diets for aquatic
animals, and the composition of diets has a significant ef-
fect on the activity of digestive enzymes in crabs. The activ-
ity of the three digestive enzymes, especially lipase activity,
increased progressively with the increase in the substitu-
tion ratio. Fatty acids are important signaling molecules
that regulate lipid metabolism, and the prominent fatty
acid content of ZBSFL prompted the need for crabs to se-
crete more lipase to aid digestion.32 In addition, the chitin
in ZBSFL can bind to proteins through covalent bonds,
which can negatively affect the absorption and utilization

of proteins by crabs.33 However, high levels of ZBSFL in
place of FM may add to the digestive burden of the crab
due to the increase in components that are unfavorable to
digestion and absorption. When the level of digestive en-
zymes reaches an extreme value, it does not increase with
the increase of feed ingredients and even decreases instead,
reducing the utilization of nutrients. In this experiment,
no decrease in digestive enzyme activity was observed due
to the small percentage of substitution. However, the de-
gree of change in amylase activity was smaller than that
of the remaining two enzymes, indirectly indicating that
the absorption and utilization of proteins by crustaceans is
preferred to that of starch. It has been demonstrated that
Argyrosomus regius’s gut microbiota diversity and humoral
immunological state are somewhat impacted by the inclu-
sion of black soldier fly in the diet. Slight alterations in
gut histomorphology are induced, which may impair health
status, diet digestibility and growth performance.34 The ef-
fect on digestive enzyme activity is an important factor
governing the substitution ratio, and the specific effect of
ZBSFL on crab digestion needs to be further investigated.
In a comprehensive view, in this experiment, when the
proportion of ZBSFL replacing FM reached 10%, its growth
performance was optimal, the SR was relatively high, the
negative impact was relatively small, and all aspects of in-
dicators were more balanced. However, when the substitu-
tion ratio was further increased, it might increase the di-
gestive burden of crabs and negatively affect their growth.

ACKNOWLEDGMENTS

This study was funded by Sanya Special Scientific Research
Pilot Project (2020KS02); the Beihai Science and Technol-
ogy Plan Project (202181013).

AUTHORS’ CONTRIBUTION

Conceptualization: Qibin Yang (Equal), Zhenhua Ma
(Equal), Fa-Lin Zhou (Equal). Methodology: Qibin Yang
(Equal), Rui Fan (Equal). Formal Analysis: Qibin Yang
(Equal), Rui Fan (Equal), Rui Yang (Equal), Jing Hu (Equal),
Shengjie Zhou (Equal), Qiong Su (Equal). Investigation:
Qibin Yang (Equal), Rui Fan (Equal), Rui Yang (Equal), Jing
Hu (Equal), Shengjie Zhou (Equal), Qiong Su (Equal). Writ-
ing — original draft: Rui Fan (Lead). Visualization: Rui Fan
(Lead). Writing - review & editing: Song Jiang (Equal), Jian-
hua Huang (Equal), Lishi Yang (Equal). Resources: Song
Jiang (Equal), YunDong Li (Equal). Funding acquisition:
YunDong Li (Equal), Fa-Lin Zhou (Equal). Supervision: Fa-
Lin Zhou (Lead).

Submitted: May 09, 2023 CST, Accepted: July 19, 2023 CST

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License
(CCBY-NC-ND-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc-nd/4.0 and legal code at
https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode for more information.

Israeli Journal of Aquaculture - Bamidgeh 5



Effects of replacing dietary fishmeal with zymolytic black soldier fly larvae on the growth performance of t...

REFERENCES

1. Cheng CH, Ma HL, Liu GX, et al. Identification and
functional characterization of glutaredoxin 5 from
the mud crab (Scylla paramamosain) in response to
cadmium and bacterial challenge. Fish & Shellfish
Immunology. 2022;130:472-478. doi:10.1016/j.fsi.202
2.09.057

2. Xu H, Liu T, Feng W, et al. Dietary
phosphatidylcholine improved the survival, growth
performance, antioxidant, and osmoregulation ability
of early juvenile mud crab Scylla paramamosain.
Aquaculture. 2023;563:738899. doi:10.1016/j.aquacult
ure.2022.738899

3. China Fishery Statistical Yearbook. Fishery Bureau.
Ministry of Agriculture. China Agriculture Press; 2021.

4. Vongvichith B, Morioka S, Sugita T, et al.
Evaluation of the efficacy of aquaculture feeds for the
climbing perch Anabas testudineus: replacement of
fishmeal by black soldier fly Hermetia illucens
prepupae. Fish Sci. 2020;86(1):145-151. doi:10.1007/s
12562-019-01381-5

5. Cashion T, Tyedmers P, Parker RWR. Global
reduction fisheries and their products in the context
of sustainable limits. Fish and Fisheries.
2017;18(6):1026-1037. doi:10.1111/faf.12222

6. Gokulakrishnan M, Kumar R, Ferosekhan S, et al.
Bio-utilization of brewery waste (Brewer’s spent
yeast) in global aquafeed production and its
efficiency in replacing fishmeal: From a sustainability
viewpoint. Aquaculture. 2023;565:739161. doi:10.101
6/j.aquaculture.2022.739161

7. Li X, Liu B, Zhang N, Guo L, Jiang S, Zhang D.
Effects of substitution of fish meal by fermented
soybean meal on growth and serum biochemistry of
golden pompano (Trachinotus ovatus). South China
Fisheries Science. 15:68-75. d0i:10.12131/20190041

8.Li B, SuL, Sun Y, Huang H, Deng ], Cao Z.
Evaluation of Cottonseed Meal as an Alternative to
Fish Meal in Diet for Juvenile Asian Red-Tailed
Catfish Hemibagrus wyckioides. Li E, ed. Aquaculture
Nutrition. Published online January 6, 2023:1741724.
doi:10.1155/2023/1741724

9. Zhu ZH, Yang Q, Tan B, et al. Effects of replacing
fishmeal with soybean protein concentrate (SPC) on
growth, blood biochemical indexes, non-specific
immune enzyme activity, and nutrient apparent
digestibility for juvenile Litopenaeus vannamei.
Aquacult Int. 2021;29(6):2535-2554. do0i:10.1007/s104
99-021-00765-8

10. Hansen AC, Hemre GI, Karlsen @, Koppe W,
Rosenlund G. Do plant-based diets for Atlantic cod
(Gadus morhua L.) need additions of crystalline
lysine or methionine? Aquaculture Nutrition.
2011;17(2):e362-e371. doi:10.1111/j.1365-2095.201
0.00770.x

11. Lund I, Dalsgaard J, Rasmussen HT, Holm J,
Jokumsen A. Replacement of fish meal with a matrix
of organic plant proteins in organic trout
(Oncorhynchus mykiss) feed, and the effects on
nutrient utilization and fish performance.
Aquaculture. 2011;321(3-4):259-266. doi:10.1016/j.aq
uaculture.2011.09.028

12. Li X, Chen Y, Zheng C, et al. Evaluation of Six
Novel Protein Sources on Apparent Digestibility in
Pacific White Shrimp, Litopenaeus vannamei.
Aquaculture Nutrition. 2022;2022:1-11. doi:10.1155/2
022/8225273

13. Isibika A, Simha P, Vinneras B, Zurbriigg C,
Kibazohi O, Lalander C. Food industry waste - An
opportunity for black soldier fly larvae protein
production in Tanzania. Science of The Total
Environment. 2023;858:159985. doi:10.1016/j.scitoten
v.2022.159985

14. Hu Y, Huang Y, Tang T, et al. Effect of partial
black soldier fly (Hermetia illucens L.) larvae meal
replacement of fish meal in practical diets on the
growth, digestive enzyme and related gene
expression for rice field eel (Monopterus albus).
Aquaculture Reports. 2020;17:100345. doi:10.1016/j.a
qrep.2020.100345

15. Belghit I, Liland NS, Gjesdal P, et al. Black soldier
fly larvae meal can replace fish meal in diets of sea-
water phase Atlantic salmon (Salmo salar).
Aquaculture. 2019;503:609-619. doi:10.1016/j.aquacul
ture.2018.12.032

16.Li S, Ji H, Zhang B, Tian ], Zhou ], Yu H. Influence
of black soldier fly ( Hermetia illucens ) larvae oil on
growth performance, body composition, tissue fatty
acid composition and lipid deposition in juvenile Jian
carp ( Cyprinus carpio var. Jian). Aquaculture.
2016;465:43-52. doi:10.1016/j.aquaculture.2016.08.0
20

17. Stejskal V, Tran HQ, Prokesova M, et al. Defatted
black soldier fly (Hermetia illucens) in pikeperch
(Sander lucioperca) diets: Effects on growth
performance, nutrient digestibility, fillet quality,
economic and environmental sustainability. Animal
Nutrition. 2023;12:7-19. doi:10.1016/j.aninu.2022.0
6.022

Israeli Journal of Aquaculture - Bamidgeh


https://doi.org/10.1016/j.fsi.2022.09.057
https://doi.org/10.1016/j.fsi.2022.09.057
https://doi.org/10.1016/j.aquaculture.2022.738899
https://doi.org/10.1016/j.aquaculture.2022.738899
https://doi.org/10.1007/s12562-019-01381-5
https://doi.org/10.1007/s12562-019-01381-5
https://doi.org/10.1111/faf.12222
https://doi.org/10.1016/j.aquaculture.2022.739161
https://doi.org/10.1016/j.aquaculture.2022.739161
https://doi.org/10.12131/20190041
https://doi.org/10.1155/2023/1741724
https://doi.org/10.1007/s10499-021-00765-8
https://doi.org/10.1007/s10499-021-00765-8
https://doi.org/10.1111/j.1365-2095.2010.00770.x
https://doi.org/10.1111/j.1365-2095.2010.00770.x
https://doi.org/10.1016/j.aquaculture.2011.09.028
https://doi.org/10.1016/j.aquaculture.2011.09.028
https://doi.org/10.1155/2022/8225273
https://doi.org/10.1155/2022/8225273
https://doi.org/10.1016/j.scitotenv.2022.159985
https://doi.org/10.1016/j.scitotenv.2022.159985
https://doi.org/10.1016/j.aqrep.2020.100345
https://doi.org/10.1016/j.aqrep.2020.100345
https://doi.org/10.1016/j.aquaculture.2018.12.032
https://doi.org/10.1016/j.aquaculture.2018.12.032
https://doi.org/10.1016/j.aquaculture.2016.08.020
https://doi.org/10.1016/j.aquaculture.2016.08.020
https://doi.org/10.1016/j.aninu.2022.06.022
https://doi.org/10.1016/j.aninu.2022.06.022

Effects of replacing dietary fishmeal with zymolytic black soldier fly larvae on the growth performance of t...

18. Cho JH, Bae ], Hwang I]. Effects of black soldier
fly (Hermetia illucens) pre-pupae meal on the
growth, stress, and immune responses of juvenile
rainbow trout (Oncorhynchus mykiss) reared at
different stocking densities. Aquaculture Reports.
2022;25:101202. doi:10.1016/j.aqrep.2022.101202

19. Takakuwa F, Tanabe R, Nomura S, et al.
Availability of black soldier fly meal as an alternative
protein source to fish meal in red sea bream (Pagrus
major, Temminck & Schlegel) fingerling diets.
Aquaculture Research. 2021;53(1):36-49. doi:10.1111/
are.15550

20. Villanueva-Gutiérrez E, Rodriguez-Armenta C,
Gonzélez-Félix ML, Perez-Velazquez M.

Incorporating hydrolyzed soy protein or black soldier
fly (Hermetia illucens) larvae meal into feeds for
Totoaba macdonaldi. Aquaculture. 2022;554:738152. d
0i:10.1016/j.aquaculture.2022.738152

21. Association of Official Analytical Chemists
(AOAQ). Official Methods of Analysis of the Association
of Official Agricultural Chemists. 16th ed. AOAC
International; 1999.

22. Barroso FG, de Haro C, Sadnchez-Muros MJ,
Venegas E, Martinez-Sanchez A, Pérez-Bano6n C. The
potential of various insect species for use as food for
fish. Aquaculture. 2014;422-423:193-201. doi:10.101
6/j.aquaculture.2013.12.024

23. Lemke NB, Dickerson AJ, Tomberlin JK. No
neonates without adults: A review of adult black
soldier fly biology, Hermetia illucens (Diptera:
Stratiomyidae. BioEssays. 2022;45(1):2200162. doi:1
0.1002/bies.202200162

24. Xu FM, Hou SW, Wang GX, et al. Effects of
zymolytic black soldier fly (Hermetia illucens) pulp as
dietary supplementation in largemouth bass
(Micropterus salmoides). Aquaculture Reports.
2021;21:100823. doi:10.1016/j.aqrep.2021.100823

25. Huang W, Wang Y, Zhang Y, et al. Effect of
substitution of fish meal with black soldier fly larvae
meal on survival, growth, aquaculture environment
of Scylla paramamosain. Feed research.
2021;16:48-51. doi:10.13557/j.cnki.issn1002-2813.20
21.16.011

26. Hoc B, Genva M, Fauconnier ML, Lognay G,
Francis F, Caparros Megido R. About lipid
metabolism in Hermetia illucens (L. 1758): On the
origin of fatty acids in prepupae. Sci Rep.
2020;10(1):11916. doi:10.1038/s41598-020-68784-8

27. Wang G, Peng K, Hu ], et al. Evaluation of defatted
black soldier fly (Hermetia illucens L.) larvae meal as
an alternative protein ingredient for juvenile
Japanese seabass (Lateolabrax japonicus) diets.
Aquaculture. 2019;507:144-154. doi:10.1016/j.aquacul
ture.2019.04.023

28. Peng K, Mo W, Xiao H, et al. Dietary black soldier
fly pulp affects growth, antioxidant and immune
capacity of Micropterus salmoides. JIFF.
2022;8(11):1197-1203. doi:10.3920/jiff2021.0046

29. Xie Q, Liu Y. Study on the nutritional quality of
ecologically bred Chinese mitten crabs with different
body weights. Aquac Res. 2020;51(7):2948-2961. doi:1
0.1111/are.14633

30. Barrento S, Marques A, Teixeira B, et al. Chemical
composition, cholesterol, fatty acid and amino acid in
two populations of brown crab Cancer pagurus:
Ecological and human health implications. Journal of
Food Composition and Analysis. 2010;23(7):716-725. d
0i:10.1016/j.jfca.2010.03.019

31. Srivastava RK, Brown JA, Shahidi F. Changes in
the amino acid pool during embryonic development
of cultured and wild Atlantic salmon (Salmo salar).
Aquaculture. 1995;131(1-2):115-124. doi:10.1016/004
4-8486(94)00202-y

32. Papackova Z, Cahova M. Fatty acid signaling: the
new function of intracellular lipases. IJMS.
2015;16(2):3831-3855. d0i:10.3390/ijms16023831

33. Abun TW, Haetami K. Effect of time processing at
steps of bioprocess shrimp waste by three microbes
on protein digestibility and metabolizable energy
products of native chicken. Agrolife Scientific Journal.
2022;1(1):209-213. doi:10.30574/wjarr.2022.15.1.075
6

34. Couto A, Serra CR, Guerreiro I, et al. Black soldier
fly meal effects on meagre health condition: gut
morphology, gut microbiota and humoral immune
response. JIFF. 2022;8(11):1281-1295. doi:10.3920/jiff
2021.0082

Israeli Journal of Aquaculture - Bamidgeh


https://doi.org/10.1016/j.aqrep.2022.101202
https://doi.org/10.1111/are.15550
https://doi.org/10.1111/are.15550
https://doi.org/10.1016/j.aquaculture.2022.738152
https://doi.org/10.1016/j.aquaculture.2022.738152
https://doi.org/10.1016/j.aquaculture.2013.12.024
https://doi.org/10.1016/j.aquaculture.2013.12.024
https://doi.org/10.1002/bies.202200162
https://doi.org/10.1002/bies.202200162
https://doi.org/10.1016/j.aqrep.2021.100823
https://doi.org/10.13557/j.cnki.issn1002-2813.2021.16.011
https://doi.org/10.13557/j.cnki.issn1002-2813.2021.16.011
https://doi.org/10.1038/s41598-020-68784-8
https://doi.org/10.1016/j.aquaculture.2019.04.023
https://doi.org/10.1016/j.aquaculture.2019.04.023
https://doi.org/10.3920/jiff2021.0046
https://doi.org/10.1111/are.14633
https://doi.org/10.1111/are.14633
https://doi.org/10.1016/j.jfca.2010.03.019
https://doi.org/10.1016/j.jfca.2010.03.019
https://doi.org/10.1016/0044-8486(94)00202-y
https://doi.org/10.1016/0044-8486(94)00202-y
https://doi.org/10.3390/ijms16023831
https://doi.org/10.30574/wjarr.2022.15.1.0756
https://doi.org/10.30574/wjarr.2022.15.1.0756
https://doi.org/10.3920/jiff2021.0082
https://doi.org/10.3920/jiff2021.0082

	Introduction
	Materials and Methods
	Experimental diets
	Feeding experiment
	Growth and survival indices
	Statistical Analysis

	Results
	Growth performance and survival
	Proximate compositions of crab larvae
	Digestive enzyme activity

	Discussion
	Acknowledgments
	Authors’ Contribution

	References

