
Citation: Prachom, N.; Yuangsoi, B.;

Pumnuan, J.; Ashour, M.; Davies, S.J.;

El-Haroun, E. Effects of Substituting

the Two-Spotted Cricket (Gryllus

bimaculatus) Meal for Fish Meal on

Growth Performances and

Digestibility of Striped Snakehead

(Channa striata) Juveniles. Life 2023,

13, 594. https://doi.org/10.3390/

life13020594

Academic Editors: Marian Burducea,

Liviu-Dan Miron, Cristian-Alin

Barbacariu and Mamadou Kone

Received: 24 December 2022

Revised: 8 January 2023

Accepted: 9 February 2023

Published: 20 February 2023

Copyright: © 2023 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

life

Article

Effects of Substituting the Two-Spotted Cricket (Gryllus
bimaculatus) Meal for Fish Meal on Growth Performances and
Digestibility of Striped Snakehead (Channa striata) Juveniles
Noratat Prachom 1,2,*, Bundit Yuangsoi 3, Jarongsak Pumnuan 2, Mohamed Ashour 4 , Simon J. Davies 5

and Ehab El-Haroun 6,*

1 Department of Aquaculture, Kasetsart University, Bangkok 10900, Thailand
2 Faculty of Agricultural Technology, King Mongkut’s Institute of Technology Ladkrabang,

Bangkok 10520, Thailand
3 Faculty of Agriculture, Khonkaen University, Khon Kaen 40002, Thailand
4 National Institute of Oceanography and Fisheries (NIOF), Cairo 11516, Egypt
5 Aquaculture Nutrition Research Unit (ANRU), Carna Marine Station, College of Science & Engineering,

Ryan Institute, The University of Galway, H91 TK33 Galway, Ireland
6 Fish Nutrition Research Laboratory, Faculty of Agriculture, Cairo University, Cairo 12613, Egypt
* Correspondence: noratat.p@ku.th (N.P.); elharoun@gmail.com (E.E.-H.)

Abstract: This study aimed to investigate the potential of using field two-spotted cricket Gryllus
bimaculatus as the main protein source in fish feed for striped snakehead (Channa striata) juveniles.
A 10-week feeding effect on growth performance, feed utilization, digestibility of major nutrients,
including amino acids, and physiological outputs of nitrogen and phosphorus were determined.
A total of 225 C. striata juvenile fish (Initial weight, 15.0 ± 0.1 g) were randomly distributed into
three dietary groups in triplicate (25 fish per rectangular aquarium within a semi-recirculating
system). Each group was hand-fed one of the experimental diets containing the graded level of a
cricket meal (CM) replacing 0%, 50%, and 100% (CM0%, CM50%, and CM100%, respectively) of fish
meal (FM) protein component. The results showed that growth performance and protein retention
tended to increase with increasing dietary CM levels, whereas the waste outputs of nitrogen (N)
and phosphorus (P) decreased. Apparent net protein utilization (ANPU) and P retention values
increased with increasing levels of cricket meal inclusion level in the diet. There was a significant
reduction in both N and P solid waste and dissolved waste output for snakehead with increased
CM inclusion. There were significant effects of CM level on fish whole-body composition in terms
of elevated protein and fat content. In conclusion, the CM is a viable alternative protein source for
aquaculture feeds and can be included up to 100% as a replacement for FM without compromising
the growth performance of striped snakehead Channa striata juveniles. This may also have a more
favorable impact, with the potential to reduce N and P loading to the environment.

Keywords: fish meal; alternative protein; insect meal; cricket meal; Channa striata

1. Introduction

The striped snakehead (Channa striata) is a commercially valued fish species in Asia,
especially Thailand, the Philippines, Cambodia, and Vietnam [1]. The farming of snake-
heads was commercially started in 1990, but breeding has been successfully established
in the last decade. Snakehead production was mainly collected from inland fisheries at
around 92.8%, and the remaining was from intensive aquaculture [2]. The snakehead is
an opportunistic carnivorous fish eating frogs, snakes, insects, earthworms, and tadpoles,
and it was considered to be a pest, prompting eradication measures [3]. Recently, the high
market price of the snakehead’s firm, white, practically boneless flesh with a most agree-
able flavor and hardiness to handling has made the culture of this species commercially
viable [4].
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With the continued growth of aquaculture worldwide, it is essential to search for
alternative fish meal sources to guarantee the future development of the aquafeed indus-
try [5–9]. Aquafeeds, in general, have considerably relied on fish meal (FM), which is an
optimal protein source to ensure fast growth and good health of farmed fish, especially in
carnivorous species [10–13]. Nevertheless, the reduction in fish landing and continuously
increasing demand from the aquaculture sector has made fish meal prices rise over the
years [14,15]. The rising cost, added to the uncertain availability of FM supplies, forced
nutritionists and feed manufacturers to find inexpensive, abundant, and readily available
alternative protein sources as a substitution [16–18]. Therefore, the replacement of FM with
environmentally sustainable alternative protein sources has been one of the main targets of
aquaculture in recent decades [19–21].

Recently, insects have been recognized as one of the most potent alternative protein
sources for animal feeds, mainly due to their high nutritional composition, easy production,
rapid growth, short reproductive cycle, high feed conversion efficiency, and low production
cost [18,22–26]. Several studies on the potential usage of insects, such as black soldier fly
larvae, house fly maggots, mealworms, grasshoppers, crickets, and silkworm meal, as FM
replacements have been reported [24,27]. Among a wide variety of insects, the black cricket
(Gryllus bimaculatus), also commonly known as the two-spotted cricket, is one of the most
abundant cricket species which can be found in the tropical and subtropical regions of Asia,
Africa, and Europe [28]. High protein quality, quantity, great feed conversion efficiency,
prolific breeding habits, short life cycle, and rapid growth are among many reasons why
crickets have long been recognized as promising candidates to constitute inexpensive and
sustainable sources of protein for aquaculture [20].

Due to its high nutritional quality, cricket meal has the potential to partially or com-
pletely replace fish meal in fish feed [16,17,29]. Cricket meal (CM) has high crude protein
and fat content, with up to approximately 64.9 and 17.4%, respectively [20]. Addition-
ally, CM has a significant amount of essential amino acids such as arginine (2.20–3.68%),
histidine (0.66–1.94%), lysine (1.71–4.79%), leucine (1.85–5.52%), isoleucine (0.49–3.09%),
methionine (0.44–1.93%), cystine (1.0%), phenylalanine (1.0–1.1%), threonine (1.03%), and
valine (1.44%) [20]. According to studies, cricket meal and fish meal have nutritional speci-
fications [16,19,24]. However, the proximal nutritional value of insects varies depending
on species, developmental stage, or processing methods [28].

There have been many contemporary studies evaluating the use of insects as feed
for a variety of various fish species, for example, the common carp, Cyprinus carpio [22,30],
European seabass, Dicentrarchus labrax [31], African catfish, Clarias gariepinus [32,33], Nile
tilapia, Oreochromis niloticus [34–36], Atlantic salmon, Salmo salar [37–39], olive flounder, Par-
alichthys olivaceus [17], Asian Seabass, Lates calcarifer [39], and rainbow trout, Oncorhynchus
mykiss [40]. Nearly all studies to date have focused on the black soldier fly (BSF) with
promising results. However, no studies have yet confirmed the efficacy of replacing FM
with crickets in formulated diets for the striped snakehead, Channa striata. Therefore, this
study was designed to evaluate the potential impact of replacing FM protein with CM
protein on the digestibility of major nutrients (protein, essential amino acids), growth,
feed utilization efficiency, nitrogen and phosphorus retention, and output in striped snake-
head juveniles.

2. Materials and Methods
2.1. Cricket Meal (CM) Preparation

The two-spotted cricket Gryllus bimaculatus eggs were incubated for seven days
(30 ± 2 ◦C) in bags. After hatching, the crickets were transferred to plastic boxes (245 cm
in length × 125 cm in width × 65 cm in height) in an insect production unit. Water and
feed were provided in separate trays. The insect feed was re-processed from Asian Seabass
feed (remix waste: 40% protein and 8% fat) processing from an aquafeed factory, pilot
plant of the Faculty of Agricultural Technology, King Mongkut’s Institute of Technology
Ladkrabang (KMITL), Bangkok Thailand. After 45 days, the crickets, in the imago stage,
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were harvested using scoop nets and then cleaned using cold water and boiled at 100 ◦C
for 15 min to get rid of contamination. The harvested crickets were kept at minus 20 ◦C for
two weeks until use.

2.2. Fish Experiment and Rearing Facilities

Snakehead juveniles with no clinical signs of infectious diseases were purchased
from a local fish farm in Singburi province and acclimated for 12 days to laboratory
conditions. A total of 225 snakehead (Channa striata) juveniles, with an average initial
body weight of 15.00 ± 0.01 g fish−1 (n = 30), were stocked into 9 rectangular aquar-
ium tanks (61 × 76 × 97 cm) within a semi-recirculating system at a stocking density of
25 fish aquaria−1 and assigned into 3 treatments, in triplicates of each treatment. During
the feeding trial, using the standard protocol of APHA [41], water quality parameters of
temperature (28 ± 1 ◦C), dissolved oxygen (5.66 ± 1.19 mg L−1), pH (7.88 ± 0.35), total
alkalinity (148.50 ± 38.65 mg L−1), water flow rate (6 L h−1) were periodically measured
at the Department of Fisheries, Faculty of Agriculture, Khonkaen University, Khonkaen,
Thailand. For 10 weeks, every day, fish were fed 3% of their body wet weight, twice a day
(08:30 a.m. and 4:30 p.m.). After feeding, tanks were cleaned to ensure that water quality
remained within acceptable ranges. Feces were collected by siphoning on the next day,
while the dead fish were collected and dealt with before starting the daily feeding regime.

2.3. Experimental Diets

Thai local tuna FM (grade 60 protein content) was replaced by CM at three levels
(CM0%, CM50%, and CM100%). Three experimental diets were investigated in this study;
CM0%: the control basal diet that used FM at 100% (without CM), while the remaining diets
(CM50% and CM100%) were the diets that substituted FM by CM at levels of 50% and 100%,
respectively. The diet’s ingredients are presented in Table 1.

Table 1. Ingredient, proximate composition, and replacement levels of the experimental diets on
striped snakehead (Channa striata) juveniles.

Diet Ingredients
Experimental Diets

CM0% CM50% CM100%

Tuna fish meal, grade 60 protein 45.0 22.5 0.0
Cricket meal (G. bimaculatus) 0.0 22.5 45.0

Dehulled soybean meal 24.00 24.00 24.00
Wheat feed flour 23.00 23.00 23.00
Tuna fish solubles 2.00 2.00 2.00

Tuna fish oil 2.00 2.00 2.00
Vitamins and minerals premix * 0.5 0.5 0.5

Mono-calcium phosphate 2.0 2.0 2.0
Chromic oxide (Cr2O3) 0.50 0.50 0.50

Antioxidants * 0.50 0.50 0.50
Antimicrobial agents * 0.50 0.50 0.50

CM0%: the control basal diet that used FM at 100% (without CM); CM50% and CM100%: the diets that substituted
FM with CM at levels of 50% and 100%, respectively. * Vitamin–mineral premix (U kg−1): A: 12,000,000 IU,
D3: 2,200,000 IU, E: 100,000 mg, K3: 12,000 mg, B1: 25,000 mg, B2: 25,000 mg, B6: 23,000 mg, B12: 43 mg,
Pantothenic: 75,000 mg, Niacin: 125,000 mg, Folic acd: 4000 mg, Biotin: 800 mg, Copper: 80 mg, Iron: 150 mg,
Manganese: 50 mg, Zinc: 120 mg, and Selenium: 0.3 mg. Antioxidant (butylated hydroxyl toluene and butylated
hydroxyl anisole). Antimicrobial agents (formic acid, propionic acid, and benzoic acid).

The dried coarse material was ground using a laboratory mill grinder to generate a
fine mill powder to pass through a 300-micron mesh tray on a small shaker sieve system,
as described by Chainark et al. [26]. Moreover, by using the standard official methods of
analysis as described by AOAC [42], the biochemical composition, whole body composition
calcium, phosphorus content, and amino acid profile of FM, CM, and experimental diets
(CM0%, CM50%, and CM100%) are presented in Table 2.
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Table 2. Proximate compositions and amino acid profile (%) of ingredients and practical diets used in
this study on striped snakehead (Channa striata) juveniles during the experimental period.

Amino Acids FM CM
Experimental Diets

CM0% CM50% CM100%

Proximate
compositions (%)

Dry matter 89.2 ± 0.12 92.90 ± 0.35 92.5 ± 0.07 92.5 ± 0.12 92.8 ± 0.12
Crude protein 56.0 ± 0.10 60.70 ± 0.25 42.50 ± 0.15 42.6 ± 0.28 42.4 ± 0.21

Crude fat 10.0 ± 0.15 19.90 ± 0.10 10.60 ± 0.07 12.40 ± 0.10 13.5 ± 0.15
Calcium 3.02 ± 0.12 0.30 ± 0.15 2.90 ± 0.10 1.70 ± 0.20 1.19 ± 0. 31

Phosphorus 0.88 ± 0.14 0.80 ± 0.10 1.80 ± 0.11 1.50 ± 0.18 1.29 ± 0.15

Amino Acids
profile (g 100 g−1)

EAA
Arginine 3.47 4.59 2.71 3.34 3.98
Histidine 2.18 3.59 0.84 1.10 1.36
Isoleucine 2.60 1.88 1.76 1.86 1.97
Leucine 4.23 3.96 3.09 3.34 3.59
Lysine 4.49 3.02 2.96 3.25 3.55

Methionine 1.42 0.98 0.97 0.90 0.84
Phenylalanine 2.75 4.52 1.89 1.91 1.92

Threonine 2.63 4.34 1.67 1.69 1.71
Valine 2.88 2.85 2.28 2.33 2.37

Sum of EAA 26.65 29.73 18.17 19.72 21.29

NEAA
Alanine 5.88 3.26 2.16 2.71 3.26

Aspartic acid 5.22 4.14 3.65 4.36 5.07
Cysteine 0.60 1.00 0.60 0.54 0.47

Glutamic acid 7.38 5.08 5.86 5.46 5.06
Glycine 4.05 2.68 2.47 2.45 2.43
Proline 3.64 4.18 2.81 3.45 4.09
Serine 3.48 5.74 2.37 2.32 2.26

Tyrosine 1.86 3.48 1.28 1.69 2.10

Sum of NEAA 32.11 29.56 21.20 22.98 24.74

Sum of Total AA 58.76 59.92 41.37 42.70 46.03
FM: fish meal, CM: cricket meal (G. bimaculatus), CM0%: the control basal diet that used FM at 100% (without CM);
CM50% and CM100%: the diets that substituted FM with CM at levels of 50% and 100%, respectively; EAA: essential
amino acids; NEAA: non-essential amino acids. Data of the proximate compositions were represented as means
(n = 3).

All sold ingredients were mixed with a standard laboratory mixer. Liquid ingredients
were then added to the blended feed. The moist dough was pelleted by an industrial
small-scale extruder machine to produce 2 mm size pellets. The resulting moist pellets
were dried at 38 ◦C for 2 days. The diets were stored in plastic bags in a refrigerator (−4 ◦C)
until use. The diets were formulated to meet the standard of the commercial diet of typical
carnivorous and marine fish set by the Department of Fisheries, Thailand (moisture ≤ 10,
protein ≥ 42, and fat ≥ 10 g 100 g−1).

2.4. Growth Performance, Feed Efficiency, and Biometric Indices

Fish were counted at the beginning and the end of the trial to calculate the survival
rate (%). The feeding trial ended after 10 weeks, after 24 h of fasting [17]. From each repli-
cate, 5 fish were randomly weighed at the end of the trial to calculate growth performance,
feed utilization, and biometric indices. Final body weight (FBW, g), weight gain (WG, g),
specific growth rate (SGR, %/day), feed conversion ratio (FCR, feed: gain), hepatosomatic



Life 2023, 13, 594 5 of 16

index (HSI, %), and viscerosomatic index (VSI, %) were calculated using the following
formulas as labeled beforehand by Prachom et al. [43]:

Weight Gain (WG, g fish−1) = FW − IW (1)

Specific growth rate (SGR, %/day−1) = 100 ×
(

Ln FBW − Ln IBW
t

)
(2)

where Ln and t are t natural logarithmic and time in days, respectively.

Feed conversion ratio (FCR, feed : gain) =
Feed intake (g)

Body weight gain (g)
(3)

Survival Rate (%) = 100 × The final number of fish
The initial number of fish

(4)

Hepatosomatic index (HSI, %) = liver weight/body weight × 100 (5)

Viscerosomatic index (VSI, %) = visceral weight/body weight × 100 (6)

2.5. Biochemical Composition Analysis

To determine the proximal whole-body analysis at the end of the experiment, 5 fish
were randomly selected from each replicate and pulverized, blended, and stored at −20 ◦C
for further examination. Dry matter, crude protein, crude fat, crude ash, phosphorus, and
calcium content were all measured according to AOAC [42] guidelines.

2.6. Digestibility Trial

The apparent digestibility coefficients (ADCs) of different experimental diets were
measured using chromic oxide (Cr2O3) as an external marker at a level of 5 g kg−1 diet.
Briefly, after one month of feeding, the fecal samples were collected by hand siphoning
from each aquarium every morning before the start of feeding. The feces were collected
on filter paper for drying according to the protocol of Prachom et al. [43]. The collected
feces were dried in an oven at 50 ◦C for about 24 h and stored at −20 ◦C [44] until further
chemical analysis. Duplicate groups of 60 fish were fed one of the experimental diets
containing 1% chromic oxide (Cr2O3, Sigma) as an indigestible marker. The digestibility
test was run in three periods of 10 days, as previously described in detail [45]. All fecal
samples from each tank were pooled in each period and frozen at −80 ◦C until analyzed for
chromic oxide [42,46]. Nitrogen (N) and phosphorus (P) waste output were calculated as
described by Lazzari and Baldisserotto [47]. The apparent digestibility coefficients (ADCs)
of the experimental diets and ingredients were calculated according to Maynard et al. [48]
as described accordingly:

ADC of nutrient, % = 100 − (100 × (dietary Cr2O3 level/faeces Cr2O3 level)
× (faeces nutrient/dietary nutrient)

(7)

ADC of ingredient = ADC test diet + [(ADC test diet − ADC reference diet)
× (0.7 × dietary nutrient of reference/0.3 × nutrient of test ingredient)]

(8)

2.7. Amino Acids and Phosphorus Analysis

Amino acids in feed ingredients, diets, and fecal material were determined according
to the protocol described by AOAC [42]. As such, dry ground samples were digested
with 4 mol L−1 methane sulphonic acid (Sigma-Aldrich, St. Louis, MO, USA), and AAs
were determined by using a programmed automatic amino acid analyzer (L-8900; Hitachi,
Japan). Detection used a post-column derivatization method with ninhydrin (520 nm,
for the total acid content). A suite of amino acid concentrations as external standards,
including L Norleucine (synthetic amino acid) addition as the internal standard within
the sampling protocol and digestion stage, dilution, and injection (20 µL) was employed.
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However, the apparent nutrient digestibility coefficients (ADCs, %) and Amino Acid profile
(% of digestible amino acid basis) of the FM and CM were presented in Table 3.

Table 3. Apparent digestibility coefficients (ADCs, %) of the test ingredient two-spotted cricket
(Gryllus bimaculatus) meal and fish meal.

Apparent Nutrient
Digestibility Coefficient (%) FM CM

Dry matter 73.1 ± 0.1 77.6 ± 0.4
Crude protein 89.3 ± 0.1 90.4 ± 0.5

Crude fat 82.8 ± 0.5 89.8 ± 0.1
Calcium 86.6 ± 0.0 86.1 ± 0.1

Phosphorus 84.2 ± 0.5 95.7 ± 0.1

Amino Acid Profile (% of
digestible amino acid basis)

EAA
Arginine 87.9 ± 0.1 92.3 ± 0.5
Histidine 84.5 ± 0.1 91.8 ± 0.1
Isoleucine 83.5 ± 0.6 87.0 ± 0.2
Leucine 85.5 ± 0.2 88.8 ± 0.4
Lysine 91.0 ± 0.5 97.4 ± 0.6

Methionine 84.4 ± 0.4 95.6 ± 0.0
Phenylalanine 87.1 ± 0.3 95.9 ± 0.0

Threonine 83.6 ± 0.2 86.9 ± 0.1
Valine 77.4 ± 0.2 77.7 ± 2.0

NEAA
Alanine 90.5 ± 0.2 100.2 ± 0.1

Aspartic acid 82.9 ± 0.4 88.5 ± 0.4
Cysteine 80.5 ± 0.2 95.3 ± 0.1

Glutamic acid 88.7 ± 0.7 99.4 ± 0.2
Glycine 84.7 ± 0.2 93.3 ± 0.8
Proline 82.8 ± 0.1 85.2 ± 0.1
Serine 83.9 ± 0.1 84.5 ± 0.4

Tyrosine 76.5 ± 0.2 81.7 ± 0.2
FM: fish meal (tuna fish meal); CM: cricket meal (G. bimaculatus); EAA: essential amino acids; NEAA: non-essential
amino acids. Data were represented as means ± SD (n = 3).

Apparent net protein utilization (ANPU, %) and phosphorous retention (PR, %) in
feeds and fish were determined according to the method of Palma et al. [49]:

Apparent net protein utilization (ANPU, %) = (protein gain/protein intake) × 100 (9)

Phosphorus retention (PR, %) = (P gain/P intake) × 100 (10)

2.8. Statistical Analysis

Statistical analysis was performed using ANOVA analysis. Differences among means
were considered significant at p < 0.05. Multiple ranges of post hoc comparisons were
performed using the least significant difference (LSD) to resolve the differences among
the means of replication, according to Duncan, using the SPSS program. GraphPad Prism
version 9 was applied to perform the graphical statistical analysis.

3. Results
3.1. Growth Performance, Feed Utilization, and Some Biometric Indices

Snakeheads receiving diets containing different levels of CM (CM50% and CM100%)
showed enhanced growth compared to the control diet (Table 4). The superior values of
FBW were recorded for fish fed CM100% compared to the control diet (CM0%), which showed
the lowest values of performance parameters. Furthermore, the FCR values significantly
improved with the incremental CM levels (CM50% and CM100%) compared to the basal diet
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(CM0%). However, FI, SGR, VSI, HSI, and SR were not significantly affected by CM levels
(CM50% and CM100%) compared to the basal diet (CM0%), as presented in Table 4.

Table 4. Growth performance, feed utilization efficiency, and body indices values of striped snakehead
(Channa striata) fed with experimental diets during the experimental period.

Parameters
Experimental Diets

CM0% CM50% CM100%

FBW (g fish−1) 55.50 ± 1.00 b 57.00 ± 0.50 a 57.80 ± 0.30 a

WG (g fish−1) 40.00 ± 0.50 c 42.00 ± 0.50 b 43.40 ± 0.045 a

FCR (feed: gain) 1.45 ± 0.02 a 1.39 ± 0.01 ab 1.35 ± 0.03 c

SGR (% day−1) 1.87 ± 0.04 1.91 ± 0.22 1.93 ± 0.33
VSI (%) 5.21 ± 0.45 5.20 ± 0.29 5.19 ± 0.32
HSI (%) 0.90 ± 0.07 0.87 ± 0.03 0.86 ± 0.28
SR (%) 84.40 ± 0.60 b 84.60 ± 1.00 b 86.70 ± 1.00 a

CM0%: the control basal diet that used FM at 100% (without CM); CM50% and CM100%: the diets that substituted
FM with CM at levels of 50% and 100%, respectively; FBW: final body weight (g fish−1); WG: weight gain
(g fish−1); FCR: feed conversion ratio (feed: gain); SGR: specific growth rate (% day−1); SR: survival rate (%),
HSI: hepatosomatic index (%); and VSI: viscerosomatic index (%). Data were represented as means ± SD
(n = 5). Different letters in each row indicate significant differences (p < 0.05). The absence of letters indicates no
significant differences.

3.2. Whole-Body Chemical Composition

As presented in Table 5, the replacement of FM by CM affected the whole-body
composition. The findings show a significant difference (p < 0.05) in protein, lipid, and ash
with diets containing different levels of CM levels (CM50% and CM100%) compared to the
control diet (CM0%). The highest level of protein, lipid, and ash was observed in the group
that received 100% CM level (CM100%). No significant difference (p < 0.05) in phosphorus
and calcium content, as presented in Table 5.

Table 5. Whole body composition (% wet weight basis) of striped snakeheads (Channa striata) fed
with experimental diets during the experimental period.

Parameters
Experimental Diets

CM0% CM50% CM100%

Moisture 72.5 ± 1.0 72.2 ± 1.1 72.2 ± 1.0
Crude protein 15.9 ± 0.3 c 16.7 ± 0.3 b 17.4 ± 0.3 a

Crude lipid 7.6 ± 0.0 c 8.8 ± 0.1 b 9.2 ± 0.1 a

Crude ash 1.5 ± 0.0 c 2.6 ± 0.0 b 2.9 ± 0.0 a

Phosphorus 0.9 ± 0.0 0.9 ± 0.0 0.9 ± 0.0
Calcium 1.1 ± 0.0 1.1 ± 0.0 1.1 ± 0.0

CM0%: the control basal diet that used FM at 100% (without CM); CM50% and CM100%: the diets that substituted
FM with CM at levels of 50% and 100%, respectively. Data were represented as means ± SD (n = 5). Different letters
in each row indicate significant differences (p < 0.05). The absence of letters indicates no significant differences.

3.3. Apparent Digestibility Coefficient (ADC) and Amino Acids Profile of the Experimental Diets

Apparent digestibility coefficient (ADCs) values of dry matter, protein, fat, and phos-
phorus increased significantly by CM inclusion in the diet in comparison with the control
diet. The highest ADCprot (91.95%) was found at the CM100%. Similarly, the highest
ADCfat and ADCP (90.80% and 95.42%, respectively) were recorded at CM100%. How-
ever, ADCCalcium calcium digestibility decreased significantly with CM inclusion level
compared to the control diet (Table 6). On the other hand, apparent digestibility coeffi-
cients of digestible amino acids (EAAs and NEAAs) were significantly (p < 0.05) increased
with increasing CM levels (CM50% and CM100%) compared to the control diet (CM0%), as
presented in Table 6.
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Table 6. Apparent digestibility coefficients (ADCs, %) of striped snakehead (Channa striata) fed with
experimental diets during the experimental period.

Parameters Experimental Diets

CM0% CM50% CM100%

ADCs of Proximate
Analysis (%)
Dry matter 66.0 ± 0.62 c 82.50 ± 0.85 b 83.70 ± 0.50 a

ADCProtein 88.0 ± 0.85 b 91.80 ± 0.33 a 91.95 ± 0.50 a

ADCFats 85.30 ± 1.02 b 90.10 ± 0.55 a 90.80 ± 0.58 a

ADCPhosphorus 92.40 ± 1.03 b 95.33 ± 0.70 a 95.42 ± 0.14 a

ADCCalcium 88.44 ± 0.59 85.90 ± 0.56 86.60 ± 0.50

ADCs of Amino Acid (% of
digestible amino acid basis)

EAA
Arginine 81.60 ± 0.10 b 89.95 ± 0.18 a 90.51 ± 1.20 a

Histidine 73.40 ± 1.70 b 84.75 ± 0.45 a 85.71 ± 1.07 a

Isoleucine 79.90 ± 1.10 b 85.50 ± 0.10 a 86.55 ± 1.12 a

Leucine 81.62 ± 0.15 b 86.65 ± 0.56 a 87.55 ± 0.85 a

Lysine 86.55 ± 1.50 c 92.27 ± 0.25 b 93.42 ± 0.42 a

Methionine 86.58 ± 0.10 b 87.5 ± 0.36 a 87.6 ± 0.45 a

Phenylalanine 79.15 ± 0.7 b 89.25 ± 0.29 a 89.90 ± 0.75 a

Threonine 79.30 ± 0.35 b 84.70 ± 0.65 a 85.70 ± 0.75 a

Valine 77.69 ± 1.10 b 78.10 ± 0.45 b 79.65 ± 1.02 a

NEAA
Alanine 69.40 ± 1.00 c 72.30 ± 1.4 b 76.10 ± 0.60 a

Aspartic acid 75.70 ± 0.90 b 83.11 ± 0.45 a 84.20 ± 1.11 a

Cysteine 68.40 ± 0.55 a 86.70 ± 0.36 a 87.61 ± 2.40 a

Glutamic acid 81.04 ± 0.40 b 88.56 ± 0.79 a 90.30 ± 2.7 a

Glycine 72.00 ± 0.50 b 80.75 ± 0.50 a 82.00 ± 2.50 a

Proline 74.70 ± 0.00 b 80.45 ± 0.45 a 81.75 ± 1.20 a

Serine 80.10 ± 1.75 82.90 ± 2.10 84.0 ± 0.90
Tyrosine 64.90 ± 0.57 b 75.30 ± 0.90 a 76.90 ± 0.90 a

ADCs: Apparent digestibility coefficient; EAA: Essential amino acids; NEAA: non-essential amino acids. CM0%:
the control basal diet that used FM at 100% (without CM); CM50% and CM100% were the diets that substituted FM
with CM at levels of 50% and 100%, respectively. Data were represented as means ± SD (n = 5). Different letters in
each row indicate significant differences (p < 0.05). The absence of letters indicates no significant differences.

3.4. Apparent Net Protein Utilization and Phosphorus Retention

Fish fed on CM100% recorded superior significant values (p < 0.05) of apparent net
protein utilization (ANPU) and phosphorus retention (PR) compared to the control diets
(CM0%) (Figure 1). The highest ANPU and PR level was found in fish fed with the increasing
inclusion level of CM.
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Figure 1. Apparent net protein utilization (A) and phosphorus retention (B) of snakehead feed diets
containing different levels of cricket meal for Channa striata. CM0%: the control basal diet that used
FM at 100% (without CM); CM50% and CM100%: the diets that substituted FM with CM at levels of
50% and 100%, respectively. Data were represented as means ± SD (n = 5). Different letters in each
row indicate significant differences (p < 0.05).

3.5. Nitrogen and Phosphorus Waste Output Estimation (g kg−1 of Fish Biomass)

Total waste, solid waste, dissolved waste, and digestibility of nitrogen and phosphorus
were presented in Table 7. For nitrogen (N), The amount of N load (g kg−1 of fish biomass)
was 71.80, 69.02, and 65.41 (g kg−1 of fish biomass−1) for CM0%, CM50%, and CM100%,
respectively. This indicates a decrease in the amount of nitrogen excreted with the increase
in CM levels. Additionally, this is found with a high digestibility of nitrogen. Similarly,
in the case of phosphorus (P), the amount of P load (g kg−1 of fish biomass−1) was 16.82,
11.92, and 8.25 for CM0%, CM50%, and CM100%, respectively, and also exhibited decreases
in P digestibility with the increase in CM levels (Table 7).

Table 7. Nitrogen waste output estimation (g kg of fish biomass−1) of snakehead Channa striata fed
diets containing different levels of two-spotted cricket meal.

Nutrient Source Parameters
Experimental Diets

CM0% CM50% CM100%

Nitrogen

Total waste 71.80 ± 0.22 a 69.02 ± 0.80 b 65.41 ± 0.14 c

Dissolved waste 60.50 ± 1.52 ab 61.22 ± 1.21 a 58.30 ± 0.21 b

Solid waste 11.30 ± 0.23 a 7.83 ± 0.21 b 7.11 ± 0.33 c

Consumed 97.22 ± 0.55 a 94.52 ± 0.94 b 91.82 ± 0.91 c

Digested 86.83 ± 0.94 a 85.50 ± 0.51 ab 84.5 ± 0.92 b

Retained 25.40 ± 0.21 c 25.81 ± 0.22 b 26.24 ± 0.22 a

Phosphorus

Total waste 16.82 ± 0.12 a 11.92 ± 0.75 b 8.25 ± 0.13 c

Dissolved waste 14.84 ± 0.21 a 10.9 ± 0.1 b 7.52 ± 0.30 c

Solid waste 2.05 ± 0.25 a 1.43 ± 0.30 b 0.72 ± 0.10 c

Consumed 25. 72 ± 0.35 a 20.9 ± 0.1 b 16.26 ± 0.41 c

Digested 23.85 ± 0.95 a 19.9 ± 0.9 b 15.57 ± 0.55 b

Retained 9.40 ± 0.31 a 9.10 ± 0.25 a 8.30 ± 0.21 b

CM0%: the control basal diet that used FM at 100% (without CM); CM50% and CM100%: the diets that substituted
FM with CM at levels of 50% and 100%, respectively. Data were represented as means ± SD (n = 5). Different
letters in each row indicate significant differences (p < 0.05).
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4. Discussion
4.1. Growth Performance, Feed Utilization, and Some Biometric Indices

The current investigations showed that growth performance and protein utilization
increased when the FM component was replaced from 50 to 100% by CM. Results indi-
cated that the 100% substitution of FM with CM had no adverse effect on fish growth
and feed conversion under controlled experimental conditions. The present findings are
consistent with those of Magalhães et al. [50], Iaconisi et al. [51], and Mastoraki et al. [23],
where various insect larval meals were evaluated in experimental diets to replace FM
for European seabass, Dicentrarchus labrax, and blackspot seabream, Pagellus bogaraveo.
Similarly, the two-spotted cricket can substitute up to 100% of FM protein in the diet of
African catfish, Clarias gariepinus, and whiteleg shrimp, Litopenaeus vannamei, juveniles
without deleterious effects on growth performance, amino acid profile, and nutrient di-
gestibility [24]. In addition, Taufek et al. [32] found that African catfish fed diets containing
CM significantly improved growth and feed efficiency. In contrast with these findings,
Sanchez-Muros et al. [52], Taufek et al. [33], and Jeong et al. [20] found that olive flounder
juveniles and other species showed a negative association with the replacement of FM
protein by insect meal, up to 20% inclusion; growth performance tended to decline after
that threshold. This discrepancy could be attributed to different factors such as (i) the
differences in nutrient requirements among species, and (ii) differences in physiology
and anatomical systems of different fish species that could affect their capacity to utilize
dietary nutrients, particularly carbohydrates, due to their mode of nutritional assimilation.
Nevertheless, the extent to which FM can be replaced with insect meal without impact-
ing growth performance and feed utilization is very much dependent on several factors
such as fish species, insect species, life stage, and diet composition [20,53]. The current
findings could be attributed to different reasons: (i) excellent profile of AAs in spotted
cricket meal; (ii) high nutritive value; (iii) high protein quality; (iv) better feed utilization;
(v) spotted cricket contains functional chitinous materials that could have positive impacts
on modulating gastrointestinal microbiota, and consequently promote performance and
feed utilization efficiency [54]; (vi) the improvement in nutrient digestibility values of fish
fed diets containing CM; (vii) the increase in CM and nutrient digestibility values of fish
fed diets supplemented with CM improves the FCR level. No significant differences were
observed in the visceral somatic index (VSI) and the hepatic somatic index (HSI) among
all fish groups. Similarly, Zhou et al. [55], Mastoraki et al. [23], and Hoffmann et al. [56]
found no significant differences in the VSI and HSI in European sea bass, D. labrax fed with
the diets with inclusion levels of black soldier fly larvae meal. In addition, Wang et al. [57]
reported that for Japanese seabass, Lateolabrax japonicus, no significant changes in somatic
condition for seabass larvae fed black soldier fly were apparent. The current study showed
that the survival rate was significantly increased when the FM component was replaced to
100% by CM. However, our results disagree with the results obtained by Hanan et al. [16],
who did not find significant improvement in the survival rate of hybrid red tilapia (Ore-
ochromis spp.) when replacing FM with CM (Gryllus bimaculatus) at a level of 100%. In
addition, the same results of Hanan et al. [16] were previously reported by Jeong et al. [20],
who found that no significant improvement in the survival rate of the juveniles of olive
flounder, Paralichthys olivaceus, when replacing FM with CM (Gryllus bimaculatus) at a level
of 80%. This opposition may be attributed to different factors such as different species,
experimental conditions, and the discrepancy in nutrient requirements among species.

4.2. Whole-Body Chemical Composition

The body composition of fish may be affected by many factors, including age, size, the
ingredient used in the diets [58], and water temperature [59]. Apart from that, the feeding
rate could also affect the body composition of fish [33]. The results in this current study
showed that the gross body composition of snakeheads fed with 50–100% CM inclusion
level showed significantly higher crude protein content and fat content compared to the
control. The present findings are consistent with those reported by Taufek et al. [33], which
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stated that full replacement of CM up to 100% of FM affected the whole-body composition of
African catfish. Belforti et al. [60] and Kroeckel et al. [61] showed that whole-body moisture
and fat content tended to decline while the protein content tended to increase with high
cumulative levels of black soldier meal diets for rainbow trout and turbot juveniles. In
contrast with the present study, Jeong et al. [20] and Guerreiro et al. [28] reported that no
changes were evident in the whole body and fillet proximate composition (p ≥ 0.05) when
the CM level increased for olive flounder, Paralichthys olivaceus, juvenile diets. In a similar
study, Zhou et al. [55] found no variations of lipid and protein body content in the whole
body of common carp and European sea bass receiving different black soldier fly levels.
Furthermore, Gasco et al. [62] reported no differences between the carcass compositions of
European sea bass fed FM and different levels of the meal of the yellow mealworm beetle,
Tenebrio molitor (TM). Fluctuations of CP and fat contents could be attributed to (i) fish
species differences and (ii) the changes in enzyme activities involved in some metabolic
processes such as protein synthesis and degradation in muscle and liver [27].

4.3. ANPU, ADC, and Amino Acids Digestibility

In the present study, the CM was shown to be a good supplier of digestible histidine,
threonine, leucine, valine, phenylalanine, and arginine, among several essential amino
acids based on their digestible amino acid data. The digestible amino acid values (Table 3)
show that higher digestibility of amino acids in CM appears to improve their availability
compared to their total levels in this component, as observed for both isoleucine and
leucine. It should be noted that levels of most EAAs are relatively higher in CM than in FM
(tuna fish meal). Digestibility values for arginine and histidine ranged from 2.71 to 3.98%
and 0.84 to 1.36%, respectively, being higher at 100% FM substitution (24% dietary CM
inclusion). There is also an elevation of digestible lysine from 2.96–3.55% at the higher CM
level. In contrast, the results showed a progressive reduction in the digestible methionine
level of diets with increasing CM substitution from 0.97% in the FM control to 0.84% for
maximum CM incorporation. Furthermore, the essential amino acid (EAA) levels reported
in this study were comparable with the results reported by Wang et al. [57] on G. testaceus.
However, in the latter study, the authors reported a higher level of lysine and methionine
(8.35% and 1.98%, respectively) with a diet of 100% CM compared to Jayanegara et al. [63]
and Oibiokpa et al. [64] but on a gross amino acid basis. These researchers reported levels
of lysine (6.59% and 5.29%, respectively) and methionine (1.88% and 2.29%, respectively) in
CM-based diets. Different levels of essential amino acids (EAA) may vary depending on the
insect’s diet and life stages [16,27]. This should be a prime consideration in strategic work
to evaluate insect meal for fish, but it is not always considered in feeding trial investigations.
For these reasons, it would be useful to report essential amino acids as a percent of protein
(g 100 N × 6.25 g−1) in future assessments for direct comparisons with other protein sources,
such as fish meal and soybean meal, due to potential variations of EAA composition with
different substrates used in CM production. Additionally, it should caution that the chitin
component of the exoskeletal insect carapace is a confounding issue as the N content
can mislead the true protein content if a nitrogen conversion factor of ×6.25 is employed
for assessing the crude protein content of cricket meal. This consideration can lead to
significant discrepancies in formulating iso-nitrogenous-based diets for all insect-related
protein biomass and affect amino acid comparisons. Insects, like other animals, are high
in protein, lipids, vitamins, and minerals, though the levels of these nutrients may vary
depending on the animal’s diet and life stages (larva, pupa, prepupa, and imago) [27].
Different nutrient levels in FM might occur since there are two varieties of it: those made
from fishery waste linked with the processing of various fishery products (salmon, tuna,
etc.) and those made from fish harvested specifically to make FM (herring, menhaden,
pollock, etc.) [16]. Several trials have explored insect meal as a potential candidate dietary
ingredient for different fish species [27,36,62], but locusts and crickets have received much
less attention than the black soldier fly (Hermetia illucens). The current trial signifies one
of the first attempts to evaluate the viability of using CM to replace FM either partially or
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completely in dietary formulations for snakehead (C. striata) juveniles. Essential and non-
essential amino acid profiles of FM and CM were comparable to estimated requirements
for snakehead in terms of their balance (Table 5).

In the present study, the lipid content in the CM obtained in this analysis was found
to be 19.9% and typical of levels found in other investigations. Similar results were also
reported by Miech et al. [65], Perera and Bhujel [36], and Jeong et al. [20]. On the other hand,
the protein content is like that of G. bimaculatus, at 59.9% [16]. Cricket meal is seen to have
a high nutritional value of their components, with a high proportion of protein. However,
crude protein levels in CM and FM were lower (60.7 and 56%, respectively) than those
described by Jeong et al. [20] (64.9 and 72.3%, respectively) but comparable with Perera and
Bhujel’s [36], which were 56.6 and 56.0%; respectively. Different types of food consumed by
crickets are a factor contributing to and reflecting differences in nutrient values [66]. It was
an interesting observation that the non-essential amino acid profile was also elevated in diets
with CM, and this amino acid (such as hydroxyproline) is found in connective tissue proteins
such as collagen and elastin [67] in fish as well as major vertebrate species. Overall, coupled
with the superior digestibility coefficients of the amino acids in CM, it is apparent that it
offers an excellent balanced amino acid availability for snakeheads. Many other studies
reported failing to provide such a detailed appraisal of fish fed on insect meals [32,50,51].

In the current investigation, it was evident that CM was more digestible than FM for
snakeheads in terms of crude protein, amino acids, crude fat, dry matter, and phosphorus
(Table 5). The results of the ADC of protein of CM (90.4%) and FM (89.3%) agreed with
Fagbenro [68], who found that the ADC of different plant and animal proteins ranged between
58 and 92%. Moreover, Hossain et al. [69] found that rohu, Labeo rohita, digest the protein
of non-defatted and defatted silkworm pupae higher than the protein of FM. Additionally,
Hossain et al. [70] found that Mozambique tilapia, Oreochromis mossambicus, can digest the
protein of silkworm pupae with an efficiency of 86%. Contrary to the present study, previous
research conducted on Nile tilapia and African catfish by Alegbeleye et al. [71], Jabir et al. [72],
and Bosch et al. [73] using superworm meal and grasshopper meal showed significantly lower
overall nutrient digestibility, probably due to varying fiber content as principal chitin in the
cutin component of the exoskeleton. The present study with snakehead showed that fish
fed on diets containing FM had a lower ADC of dry matter, crude protein, and phosphorus
compared to those fed CM. This observation conformed to the previous studies. Additionally,
the high ADC content of crude fat in the CM diets indicates the capacity of snakeheads to
assimilate the fat component of CM as an energy source [71,74].

4.4. Nitrogen and Phosphorus Waste Output Estimation (g kg−1 of Fish Biomass)

It should be cautioned that digestibility coefficients derived for the diets were based on
the classical fixed ratio of 70:30 (reference diet: test ingredient ratio). Although a standard
approach commonly used by many researchers, this may not provide accurate estimates
for specific nutrients due to varying ingredient level ratios. Additionally, the collecting
of feces may overestimate digestibility coefficients due to nutrient leaching losses [73].
Recently, considerable attention has been given to limiting inputs of nitrogen (N) and
phosphorus (P) in fish feed to fish as means of reducing environmental loads. The present
investigation with snakehead showed that replacing FM with insect meal reduced the
total biological (metabolic) output of phosphorus and nitrogen, which consequently would
minimize nitrogen and phosphorus loading into the environment. The present results
could be attributed to the following reasons: (i) P content in CM is lower than in FM [30],
(ii) P in insects is likely to be readily available [68,75], and (iii) high dietary inclusion of CM
improved P and N digestibility and whole-body retention.

5. Conclusions

In conclusion, the results indicated that protein from cricket meal was well digested
and assimilated by snakehead (Channa striata) juveniles at a marginally superior level than
fish meal. CM was therefore deemed to be an acceptable alternative feed ingredient suitable
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for snakehead feed formulations supporting growth performance. The findings suggest
that the substitution of FM by CM at a dietary inclusion level of up to 100% (equating to
45% dietary inclusion) is achievable with many benefits. More studies are warranted to
test other types of locally abundant insects which might serve as important ingredients to
replace FM, which is expensive and being used more strategically in formulated practical
diets. Currently, the commercial CM production cost is much higher than FM on a per unit
of protein basis. Inevitably, future scale-up of production volume will become technically
and financially feasible, thus reducing the price of CM. Cricket meal offers a potential
solution to the ‘protein gap’ as it meets the needs of the circular economy and would be a
viable sustainable commodity for application in modern aquafeeds for many other farmed
species when costs can be reduced.
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fish nutrition. Rev. Aquac. 2019, 11, 1080–1103. [CrossRef]

28. Guerreiro, I.; Castro, C.; Antunes, B.; Coutinho, F.; Rangel, F.; Couto, A.; Serra, C.R.; Peres, H.; Pousão-Ferreira, P.; Matos,
E. Catching black soldier fly for meagre: Growth, whole-body fatty acid profile and metabolic responses. Aquaculture 2020,
516, 734613. [CrossRef]

29. Permatahati, D.; Mutia, R.; Astuti, D. Effect of cricket meal (Gryllus bimaculatus) on production and physical quality of Japanese
quail egg. Trop. Anim. Sci. J. 2019, 42, 53–58. [CrossRef]

http://doi.org/10.3390/ma14185460
http://doi.org/10.1016/j.aqrep.2022.101212
http://doi.org/10.1016/j.aquaculture.2020.735617
http://doi.org/10.1111/anu.12898
http://doi.org/10.1111/anu.13043
http://doi.org/10.1016/j.aquaculture.2021.737177
http://doi.org/10.1038/s41598-021-00466-5
http://www.ncbi.nlm.nih.gov/pubmed/34697365
http://doi.org/10.3390/life12060888
http://www.ncbi.nlm.nih.gov/pubmed/35743919
http://doi.org/10.1016/j.afres.2022.100070
http://doi.org/10.1111/are.15558
http://doi.org/10.1016/j.aquaculture.2022.737905
http://doi.org/10.1186/s40104-021-00551-9
http://doi.org/10.1111/jwas.12790
http://doi.org/10.1016/j.aquaculture.2021.737369
http://doi.org/10.1016/j.aquaculture.2020.736144
http://doi.org/10.1016/j.aquaculture.2020.735511
http://doi.org/10.3390/ani11051450
http://www.ncbi.nlm.nih.gov/pubmed/34070178
http://doi.org/10.1111/raq.12281
http://doi.org/10.1016/j.aquaculture.2019.734613
http://doi.org/10.5398/tasj.2019.42.1.53


Life 2023, 13, 594 15 of 16

30. Liland, N.S.; Biancarosa, I.; Araujo, P.; Biemans, D.; Bruckner, C.G.; Waagbø, R.; Torstensen, B.E.; Lock, E.-J. Modulation of nutrient
composition of black soldier fly (Hermetia illucens) larvae by feeding seaweed-enriched media. PLoS ONE 2017, 12, e0183188.
[CrossRef]

31. Moutinho, S.; Pedrosa, R.; Magalhães, R.; Oliva-Teles, A.; Parisi, G.; Peres, H. Black soldier fly (Hermetia illucens) pre-pupae larvae
meal in diets for European seabass (Dicentrarchus labrax) juveniles: Effects on liver oxidative status and fillet quality traits during
shelf-life. Aquaculture 2021, 533, 736080. [CrossRef]

32. Taufek, N.M.; Muin, H.; Raji, A.A.; Razak, S.A.; Yusof, H.M.; Alias, Z. Apparent digestibility coefficients and amino acid
availability of cricket meal, Gryllus bimaculatus, and fishmeal in African catfish, Clarias gariepinus, diet. J. World Aquac. Soc. 2016,
47, 798–805. [CrossRef]

33. Taufek, N.M.; Muin, H.; Raji, A.A.; Md Yusof, H.; Alias, Z.; Razak, S.A. Potential of field crickets meal (Gryllus bimaculatus) in the
diet of African catfish (Clarias gariepinus). J. Appl. Anim. Res. 2018, 46, 541–546. [CrossRef]

34. Fontes, T.V.; de Oliveira, K.R.B.; Gomes Almeida, I.L.; Orlando, T.M.; Rodrigues, P.B.; da Costa, D.V.; Rosa, P.V.E. Digestibility of
insect meals for Nile tilapia fingerlings. Animals 2019, 9, 181. [CrossRef]

35. Tubin, J.S.B.; Paiano, D.; de Oliveira Hashimoto, G.S.; Furtado, W.E.; Martins, M.L.; Durigon, E.; Emerenciano, M.G.C. Tenebrio
molitor meal in diets for Nile tilapia juveniles reared in biofloc system. Aquaculture 2020, 519, 734763. [CrossRef]

36. Perera, A.D.; Bhujel, R.C. Field cricket (Gryllus bimaculatus) meal (FCM) to replace fishmeal in the diets for sex reversal and
nursing of Nile tilapia (Oreochromis niloticus) fry. Aquac. Res. 2021, 52, 4946–4958. [CrossRef]

37. Belghit, I.; Liland, N.S.; Gjesdal, P.; Biancarosa, I.; Menchetti, E.; Li, Y.; Waagbø, R.; Krogdahl, Å.; Lock, E.-J. Black soldier fly larvae
meal can replace fish meal in diets of sea-water phase Atlantic salmon (Salmo salar). Aquaculture 2019, 503, 609–619. [CrossRef]

38. Fisher, H.; Collins, S.; Hanson, C.; Mason, B.; Colombo, S.; Anderson, D. Black soldier fly larvae meal as a protein source in low
fish meal diets for Atlantic salmon (Salmo salar). Aquaculture 2020, 521, 734978. [CrossRef]

39. Weththasinghe, P.; Hansen, J.; Nøkland, D.; Lagos, L.; Rawski, M.; Øverland, M. Full-fat black soldier fly larvae (Hermetia illucens)
meal and paste in extruded diets for Atlantic salmon (Salmo salar): Effect on physical pellet quality, nutrient digestibility, nutrient
utilization and growth performances. Aquaculture 2021, 530, 735785. [CrossRef]

40. Dumas, A.; Raggi, T.; Barkhouse, J.; Lewis, E.; Weltzien, E. The oil fraction and partially defatted meal of black soldier fly larvae
(Hermetia illucens) affect differently growth performance, feed efficiency, nutrient deposition, blood glucose and lipid digestibility
of rainbow trout (Oncorhynchus mykiss). Aquaculture 2018, 492, 24–34. [CrossRef]

41. Eaton, A.D.; Clesceri, L.S.; Greenberg, A.; Franson, M.; APHA; AWWA; WEF. Standard Methods for the Examination of Water and
Wastewater, 19th ed.; American Public Health Association: Washington, DC, USA, 1995.

42. AOAC. Official Methods of Analysis of the Association of Official Analytical Chemists; AOAC: Rockville, MD, USA, 2003; Volume 2.
43. Prachom, N.; Boonyoung, S.; Hassaan, M.S.; El-Haroun, E.; Davies, S.J. Preliminary evaluation of Superworm (Zophobas morio)

larval meal as a partial protein source in experimental diets for juvenile Asian sea bass, Lates calcarifer. Aquac. Nutr. 2021, 27,
1304–1314. [CrossRef]

44. De Silva, S.; Shim, K.; Ong, A.K. An evaluation of the method used in digestibility estimations of a dietary ingredient and
comparisons on external and internal markers, and time of faeces collection in digestibility studies in the fish Oreochromis aureus
(Steindachner). Reprod. Nutr. Dev. 1990, 30, 215–226. [CrossRef]

45. Khosravi, S.; Rahimnejad, S.; Herault, M.; Fournier, V.; Lee, C.-R.; Bui, H.T.D.; Jeong, J.-B.; Lee, K.-J. Effects of protein hydrolysates
supplementation in low fish meal diets on growth performance, innate immunity and disease resistance of red sea bream Pagrus
major. Fish Shellfish Immunol. 2015, 45, 858–868. [CrossRef] [PubMed]

46. Divakaran, S.; Obaldo, L.G.; Forster, I.P. Note on the methods for determination of chromic oxide in shrimp feeds. J. Agric. Food
Chem. 2002, 50, 464–467. [CrossRef] [PubMed]

47. Lazzari, R.; Baldisserotto, B. Nitrogen and phosphorus waste in fish farming. Bol. Inst. Pesca 2008, 34, 591–600.
48. Maynard, L.; Loosli, J.; Hintz, H.; Warner, R. Animal Nutrition; McGraw-Hill Book Company: New Delhi, India, 1979.
49. Palma, M.N.N.; Rocha, G.; Valadares Filho, S.; Detmann, E. Evaluation of acid digestion procedures to estimate mineral contents

in materials from animal trials. Asian-Australas. J. Anim. Sci. 2015, 28, 1624. [CrossRef]
50. Magalhães, R.; Sánchez-López, A.; Leal, R.S.; Martínez-Llorens, S.; Oliva-Teles, A.; Peres, H. Black soldier fly (Hermetia illucens)

pre-pupae meal as a fish meal replacement in diets for European seabass (Dicentrarchus labrax). Aquaculture 2017, 476, 79–85.
[CrossRef]

51. Iaconisi, V.; Marono, S.; Parisi, G.; Gasco, L.; Genovese, L.; Maricchiolo, G.; Bovera, F.; Piccolo, G. Dietary inclusion of Tenebrio
molitor larvae meal: Effects on growth performance and final quality treats of blackspot sea bream (Pagellus bogaraveo). Aquaculture
2017, 476, 49–58. [CrossRef]

52. Sánchez-Muros, M.J.; De Haro, C.; Sanz, A.; Trenzado, C.; Villareces, S.; Barroso, F. Nutritional evaluation of Tenebrio molitor meal
as fishmeal substitute for tilapia (Oreochromis niloticus) diet. Aquac. Nutr. 2016, 22, 943–955. [CrossRef]

53. Dossey, A.T.; Morales-Ramos, J.A.; Rojas, M.G. Insects as Sustainable Food Ingredients: Production, Processing and Food Applications;
Academic Press: Cambridge, MA, USA, 2016.

54. Makkar, H.P.; Tran, G.; Heuzé, V.; Ankers, P. State-of-the-art on use of insects as animal feed. Anim. Feed. Sci. Technol. 2014, 197,
1–33. [CrossRef]

55. Zhou, J.; Liu, S.; Ji, H.; Yu, H. Effect of replacing dietary fish meal with black soldier fly larvae meal on growth and fatty acid
composition of Jian carp (Cyprinus carpio var. Jian). Aquac. Nutr. 2018, 24, 424–433. [CrossRef]

http://doi.org/10.1371/journal.pone.0183188
http://doi.org/10.1016/j.aquaculture.2020.736080
http://doi.org/10.1111/jwas.12302
http://doi.org/10.1080/09712119.2017.1357560
http://doi.org/10.3390/ani9040181
http://doi.org/10.1016/j.aquaculture.2019.734763
http://doi.org/10.1111/are.15328
http://doi.org/10.1016/j.aquaculture.2018.12.032
http://doi.org/10.1016/j.aquaculture.2020.734978
http://doi.org/10.1016/j.aquaculture.2020.735785
http://doi.org/10.1016/j.aquaculture.2018.03.038
http://doi.org/10.1111/anu.13269
http://doi.org/10.1051/rnd:19900207
http://doi.org/10.1016/j.fsi.2015.05.039
http://www.ncbi.nlm.nih.gov/pubmed/26074096
http://doi.org/10.1021/jf011112s
http://www.ncbi.nlm.nih.gov/pubmed/11804513
http://doi.org/10.5713/ajas.15.0068
http://doi.org/10.1016/j.aquaculture.2017.04.021
http://doi.org/10.1016/j.aquaculture.2017.04.007
http://doi.org/10.1111/anu.12313
http://doi.org/10.1016/j.anifeedsci.2014.07.008
http://doi.org/10.1111/anu.12574


Life 2023, 13, 594 16 of 16

56. Hoffmann, L.; Rawski, M.; Nogales-Merida, S.; Mazurkiewicz, J. Dietary Inclusion of Meal in Sea Trout Larvae Rearing: Effects
on Fish Growth Performance, Survival, Condition, and GIT and Liver Enzymatic Activity. Ann. Anim. Sci. 2020, 20, 579–598.
[CrossRef]

57. Wang, G.; Peng, K.; Hu, J.; Yi, C.; Chen, X.; Wu, H.; Huang, Y. 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.
[CrossRef]

58. Alprol, A.E.; Heneash, A.M.M.; Ashour, M.; Abualnaja, K.M.; Alhashmialameer, D.; Mansour, A.T.; Sharawy, Z.Z.; Abu-Saied,
M.A.; Abomohra, A.E. Potential Applications of Arthrospira platensis Lipid-Free Biomass in Bioremediation of Organic Dye from
Industrial Textile Effluents and Its Influence on Marine Rotifer (Brachionus plicatilis). Materials 2021, 14, 4446. [CrossRef]

59. Alprol, A.E.; Ashour, M.; Mansour, A.T.; Alzahrani, O.M.; Mahmoud, S.F.; Gharib, S.M. Assessment of Water Quality and
Phytoplankton Structure of Eight Alexandria Beaches, Southeastern Mediterranean Sea, Egypt. J. Mar. Sci. Eng. 2021, 9, 1328.
[CrossRef]

60. Belforti, M.; Gai, F.; Lussiana, C.; Renna, M.; Malfatto, V.; Rotolo, L.; De Marco, M.; Dabbou, S.; Schiavone, A.; Zoccarato, I.
Tenebrio molitor meal in rainbow trout (Oncorhynchus mykiss) diets: Effects on animal performance, nutrient digestibility and
chemical composition of fillets. Ital. J. Anim. Sci. 2015, 14, 4170. [CrossRef]

61. Kroeckel, S.; Harjes, A.-G.; Roth, I.; Katz, H.; Wuertz, S.; Susenbeth, A.; Schulz, C. When a turbot catches a fly: Evaluation of a
pre-pupae meal of the Black Soldier Fly (Hermetia illucens) as fish meal substitute—Growth performance and chitin degradation
in juvenile turbot (Psetta maxima). Aquaculture 2012, 364, 345–352. [CrossRef]

62. Gasco, L.; Biasato, I.; Dabbou, S.; Schiavone, A.; Gai, F. Animals fed insect-based diets: State-of-the-art on digestibility, performance
and product quality. Animals 2019, 9, 170. [CrossRef]

63. Jayanegara, A.; Sholikin, M.M.; Sabila, D.A.; Suharti, S.; Astuti, D.A. Lowering Chitin Content of Cricket (Gryllus assimilis)
Through Exoskeleton Removal and Chemical Extraction and its Utilization as a Ruminant Feed in vitro. Pak. J. Biol. Sci. 2017, 20,
523–529. [CrossRef]

64. Oibiokpa, F.I.; Akanya, H.O.; Jigam, A.A.; Saidu, A.N.; Egwim, E.C. Protein quality of four indigenous edible insect species in
Nigeria. Food Sci. Hum. Wellness 2018, 7, 175–183. [CrossRef]

65. Miech, P.; Lindberg, J.; Berggren, Å.; Chhay, T.; Jansson, A. Apparent faecal digestibility and nitrogen retention in piglets fed
whole and peeled Cambodian field cricket meal. J. Insects Food Feed. 2017, 3, 279–288. [CrossRef]

66. Sorjonen, J.M.; Valtonen, A.; Hirvisalo, E.; Karhapää, M.; Lehtovaara, V.J.; Lindgren, J.; Marnila, P.; Mooney, P.; Mäki, M.;
Siljander-Rasi, H. The plant-based by-product diets for the mass-rearing of Acheta domesticus and Gryllus bimaculatus. PLoS ONE
2019, 14, e0218830. [CrossRef] [PubMed]

67. Li, P.; Wu, G. Roles of dietary glycine, proline, and hydroxyproline in collagen synthesis and animal growth. Amino Acids 2018,
50, 29–38. [CrossRef]

68. Fagbenro, O. Apparent digestibility of crude protein and gross energy in some plant and animal-based feedstuffs by Clarias
isheriensis (Siluriformes: Clariidae) (Sydenham 1980). J. Appl. Ichthyol. 1996, 12, 67–68. [CrossRef]

69. Hossain, M.; Nahar, N.; Kamal, M. Nutrient digestibility coefficients of some plant and animal proteins for rohu (Labeo rohita).
Aquaculture 1997, 151, 37–45. [CrossRef]

70. Hossain, M.; Nahar, N.; Kamal, M.; Islam, M. Nutrient digestibility coefficients of some plant and animal proteins for tilapia
(Oreochromis mossambicus). J. Aquac. Trop. 1992, 7, 257–265.

71. Alegbeleye, W.O.; Obasa, S.O.; Olude, O.O.; Otubu, K.; Jimoh, W. Preliminary evaluation of the nutritive value of the variegated
grasshopper (Zonocerus variegatus L.) for African catfish Clarias gariepinus (Burchell. 1822) fingerlings. Aquac. Res. 2012, 43,
412–420. [CrossRef]

72. Jabir, M.; Razak, S.; Vikineswary, S. Chemical Composition and Nutrient Digestibility of Super Worm Meal in Red Tilapia Juvenile.
Pak. Vet. J. 2012, 32, 489–493.

73. Bosch, G.; Van Zanten, H.; Zamprogna, A.; Veenenbos, M.; Meijer, N.; Van der Fels-Klerx, H.; Van Loon, J. Conversion of
organic resources by black soldier fly larvae: Legislation, efficiency and environmental impact. J. Clean. Prod. 2019, 222, 355–363.
[CrossRef]

74. Pantazis, P.A.; Neofitou, C.N. Digestibility of nutrients and energy in diets for the African catfish Clarias gariepinus (Burchell 1822).
Isr. J. Aquac.-Bamidgeh 2004, 56, 176–187. [CrossRef]

75. Farabi, S.; Darzi, M.; Sharifian, M. Nitrogen and phosphorus loading values in rainbow trout (Oncorhynchus mykiss) farming
system in marine floating cage in the Southern Caspian Sea. J. Aquac. Mar. Biol. 2021, 10, 103–106.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

http://doi.org/10.2478/aoas-2020-0002
http://doi.org/10.1016/j.aquaculture.2019.04.023
http://doi.org/10.3390/ma14164446
http://doi.org/10.3390/jmse9121328
http://doi.org/10.4081/ijas.2015.4170
http://doi.org/10.1016/j.aquaculture.2012.08.041
http://doi.org/10.3390/ani9040170
http://doi.org/10.3923/pjbs.2017.523.529
http://doi.org/10.1016/j.fshw.2018.05.003
http://doi.org/10.3920/JIFF2017.0019
http://doi.org/10.1371/journal.pone.0218830
http://www.ncbi.nlm.nih.gov/pubmed/31246993
http://doi.org/10.1007/s00726-017-2490-6
http://doi.org/10.1111/j.1439-0426.1996.tb00063.x
http://doi.org/10.1016/S0044-8486(96)01481-0
http://doi.org/10.1111/j.1365-2109.2011.02844.x
http://doi.org/10.1016/j.jclepro.2019.02.270
http://doi.org/10.46989/001c.20376

	Introduction 
	Materials and Methods 
	Cricket Meal (CM) Preparation 
	Fish Experiment and Rearing Facilities 
	Experimental Diets 
	Growth Performance, Feed Efficiency, and Biometric Indices 
	Biochemical Composition Analysis 
	Digestibility Trial 
	Amino Acids and Phosphorus Analysis 
	Statistical Analysis 

	Results 
	Growth Performance, Feed Utilization, and Some Biometric Indices 
	Whole-Body Chemical Composition 
	Apparent Digestibility Coefficient (ADC) and Amino Acids Profile of the Experimental Diets 
	Apparent Net Protein Utilization and Phosphorus Retention 
	Nitrogen and Phosphorus Waste Output Estimation (g kg-1 of Fish Biomass) 

	Discussion 
	Growth Performance, Feed Utilization, and Some Biometric Indices 
	Whole-Body Chemical Composition 
	ANPU, ADC, and Amino Acids Digestibility 
	Nitrogen and Phosphorus Waste Output Estimation (g kg-1 of Fish Biomass) 

	Conclusions 
	References

