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In México, the inclusion of the commercially important native species Castarrica mojarra (Mayaheros urophthalmus)
in aquaculture requires a diet that is sustainable, ecologically sound, bioavailable and bio-digestible, as well as being
economical and nutritionally suitable, in order to optimise their development. This diet should include the partial or
total substitution of fish protein (FP), with domestic cricket protein being a feasible option. We evaluated the effect
on juvenile M. urophthalmus of including different levels of house cricket protein (HCP) in their diet as a substitute
for FP. Three hundred juveniles, with an average length of 1.1+0.2 cm and an average weight of 0.81+0.12 g, were
distributed into five treatments (T1: 0%; T2: 5%; T3: 10%; T4: 15% and T5: 20%), all in triplicate. The fish were
fed 5% of their biomass five times a day. Biometric parameters such as size, weight and survival were recorded
biweekly and used to calculate the average weight gained (AWG), the specific growth rate (SGR), the protein
consumption (PC), the protein efficiency ratio (PER) and the fed consumption (FC). All biometric parameters were
statistically compared. In our study, AWG and SGR were lower at T5, and PC, PER and FC decreased as the
proportion of cricket protein in the diet increased, with no effect on survival. FCR showed no significant differences.
HCP is an excellent source of protein, which can replace up to 75% of fishmeal in castaricas diet T4.
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In Meéxico, the high demand for aquaculture species is
reflected in the limited variety available. Therefore,
the inclusion of native species that are commercially
important is necessary. Small endemic species, such as
the castarica mojarra (Mayaheros urophthalmus), are a
source of high-quality protein and essential fatty acids
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and contain a wide variety of micronutrients. In fact,
they contain more micronutrients than larger fish, such as
carp and nile tilapia (Oreochromis niloticus). Therefore,
these species can help to increase productivity, maintain
biodiversity, and promote a healthy ecological balance.
This makes them key to sustainable aquaculture and
food security (Meinam et al., 2023; WorldFish, 2024).
This fish has greater commercial value at regional and
national levels than nile tilapia. However, there is still no
specific diet for this carnivorous species, which requires a
nutritionally specific diet to allow it to grow and develop
optimally. Feed for aquaculture species is currently based
on fish meal from anchoveta (Engraulis ringens), which
has an impact on their natural habitats. Therefore, there is
a need for alternative sustainable, ecological, bioavailable
and bio-digestible sources of animal, vegetable and insect
protein that are also economical and nutritionally suitable,
since feed represents 60—70% of production costs (Xiao
et al., 2018). The quality and bioavailability of nutrients
also influence growth and development. Costa and Soares
(2015) found insects of the orders Diptera, Trichoptera,
Odonata, Hemiptera and Coleoptera in the stomachs and
intestines of some fish species. These insects contain a high
concentration of protein (45-68%), are highly bioavailable
and may help to modulate the gastrointestinal microbiota
and physiological state of fish (Mikotajczak ef al., 2020).

The house cricket (Acheta domesticus) contains up
to 69% protein and is considered an alternative source
to fish protein (FP) due to its similar nutritional content
(Carvajal, 2022; De la Cruz-Alvarado-ef al., 2025). It
favours the growth, development and health of fish (Xiao
et al., 2018). Annex II of Regulation 2017/893 of 24 May
2017 allows the use of insects in the diets of farm and
aquaculture animals in ‘the European Union. However,
some researchers recommend including no more than 30%
insect meal in fish diets (Gasco et al., 2016; Guerreiro
et al., 2022). However, in the carnivorous tropical gar
(Atractosteus tropicus), up to 75% of fishmeal could be
replaced with cricket meal (De la Cruz-Alvarado et al.,
2025). Therefore, it is expected that a greater proportion
than 30% can be replaced in the diets of M. urophthalmus
due to their carnivorous nature and feeding habits during
this life stage, which include some aquatic insects. This
study aimed to evaluate the growth and survival of M.
urophthalmus juveniles when FP was replaced with house
cricket protein (HCP).

MATERIALS AND METHODS

Obtaining and maintaining organisms
The M. urophthalmus juveniles were donated to the
Laboratory of Nutrigenomics and Toxicology of Tropical

Fishes of the Universidad Popular de La Chontalpa
(UPCH) in Cardenas, Tabasco, México, by the Instituto
Tecnolégico de Centla from Tabasco, México. The
juveniles had an average weight of 0.81+0.12 g and an
average length of 1.14+0.2 cm. The bioassay was conducted
in 15 semicircular 80-litre tanks at a density of 20
organisms per tank (300 organisms in total) with a semi-
closed recirculation system and two daily water changes.
The temperature was maintained at 28+1 °C, and the
oxygen concentration was kept constant at 7.2+0.4 mg/L.
These parameters were measured using a Hualix-brand
YSI 55 oximeter (DO) at 08:00 and 16:00. Oxygen was
supplied to the system via a 2 HP Pioneer-brand blower,
and the pH was kept constant at 7.02+0.1, as measured
using a HI98108-brand pHep+® pH meter. Cleaning and
physicochemical parameters were recorded twice daily (at
08:00 and 16:00, respectively). The fish were acclimatized
to a commercial diet for 10 days. Subsequently, co-feeding
was performed, gradually substituting the commercial diet
until it was entirely replaced by the diet corresponding to
its treatment. The treatments were performed in triplicate.
For this bioassay, five diets with different levels of HCP
substitution were used (T1: 0%; T2: 5%; T3: 10%; T4:
15%; T5: 20%), respectively (Table I).

Diet formulation and elaboration with selected ingredients

The isoproteic diets prepared are shown in Table
I. They were formulated using the MIXWIN Plus 2.0
programme and elaborated in the Laboratory of Physiology
of Aquatic Resources (LAFIRA) of the Academic Division
of Biological Sciences at the Universidad Juarez Autonoma
de Tabasco (UJAT).

The diets were prepared by mixing the macronutrients
for 15 min. and then adding and mixing in the
micronutrients for a further 15 min. The liquid ingredients
were then incorporated and blended for a further 15 min.
Finally, water (~400 ml kg™! per diet) was added and stirred
for an additional 15 min. The pellets were prepared using
a 5 mm screen in a meat mill (Torrey, M-22RI, Monterrey,
N.L., México), and then all the pellets were dried at 60
°C for 12 h in a forced-air furnace. The pellets were
crushed manually and sieved to obtain an adequate size
for juveniles. Finally, the experimental diets were stored at
-20 °C for later use.

The fish were fed five daily rations at 08:00, 10:00,
12:00, 14:00 and 16:00 for 45 days. Biometrics were
performed every 15 days to adjust the food ration, in
which weight and length were recorded. The fish were fed
at a rate of 5% of their biomass. The experimental diets
were analyzed for their proximate composition, including
moisture, ash, lipid and protein content, according to
AOAC (2000).
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Table I. Experimental diet formulations with different inclusion levels of house cricket (4. domesticus) protein.

Ingredients (g 100 g! diet)

T1 (0% HCP)

T2 (5% HCP)

T3 (10% HCP) T4 (15% HCP) T5 (20% HCP)

Soft wheat grain 43.44 42.56
Fish meal (herring) 26.01 20
Soybean meal (44%) 20 18.9
Cricket flour 0 8
Fish oil 3.05 4
Soy lecithin 3 2.05
Gelatin 2 2
Vitamin premix 1 1
Dehydrated fish solubles 1 1
Vitamin C 0.5 0.5
Chemical composition (g/100g dry matter)

MEt energy(m) 1355.36 1654.59
Protein 35 35
Total fat 10 10
Fiber 2.89 3.54
Ashes 5.07 4.31

42.74 41.86 41.6
12.83 5.72 0

18 18 17.03
16 24 31

4 4 3.86
1.93 1.92 2

2 2 2

1 1 1

1 1 1

0.5 0.5 0.5
1987.15 2286.38 2564.29
35 35 35
10 10 10
41 4.75 5.27
3.68 2.92 2.31

HCP, house cricket protein

Determination of growth parameters

The biometric parameters determinated were,
absolute weight gain (AWG), specific growth rate (SGR),
daily growth coefficient (DGC), protein consumption
(PC), feed conversion ratio (FCR), protein efficiency ratio
(PER), daily weight gain (DWG), condition factor (K),
feed efficiency (FE) and survival (P): All parameters were
determinated after the experiment using the biometric data
and the following equations:

AWG (g/fish) = Wf(g) — Wi(g) ....(1)
SGR(%) = 100(InWf — InWi/T(days) ... (2)
Where: Wi and WT are the initial and final weight of the
fish respectively, and T is the number of days in the feed-

ing period.
DGC(mg) = WFY? —wi3/T(days) ....(3)

PC = ((Feed Consumption (g/day) — (Dietary Protein Content))/100.... (4)
FCR = Dry Feed Provided (g)/Wet Weight Gain (g)....(5)
ron = MRS
DWG (g/day) = Weight Gain (mg) / Time (days) ....(7)
K =Wf(g) / Standard Length (cm]a X 100 ...(8)

FE = Wf(g) — Wi (g) / Feed Consumed (g) ....(9)

P (%) = (Final Fish Count/ Initial Fish Count) X 100 ...(10)

Statistical analysis

An analysis of variance (ANOVA) was performed on
the biometric data obtained during and at the end of the
experiment. Additionally, Duncan’s tests were employed

for the treatment of means, with a significance level of
P < 0.05. The statistical analyses were performed using
Statistica v.7.0 (Statsoft, Tulsa, OK, USA) software, and
SigmaPlot 12.0 was used to create the graphs.

RESULTS

In our study, there were no statistical differences in
AWG between the T1, T2, T3 and T1 treatments. However,
T5 showed significant differences compared to the other
treatments (Fig. 1A). For SGR, the values were higher
in the T2, T3 and T4 treatments, which were statistically
significant compared to the T1 or control treatment and
the T5 treatment, which showed the lowest values. Even
the T5 treatment showed higher values than the T1
treatment, with significant differences between them (Fig.
1B). Regarding the FCR factor, there was no statistical
difference between the values; however, an increase in
these values was observed in T4 and T5, respectively, with
P values of <0.05 (Fig. 1C).

Analysis of the data for PC and PER did not reveal
any significant differences between the treatments.
However, a tendency for these values to decrease as the
HCP concentration increased was observed, indicating
an inverse proportional correlation for values of P < 0.05
(Fig. 2A, B).

Decreased feed intake was observed as the cricket
protein concentration increased and the fish protein
concentration in the diet decreased. The highest FC values
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Fig. 1. Absolute weight gain (A), specific growth rate (B) and feed conversion (C) rate of M. urophthalmus fed different levels
of fish protein substitution for 4. domesticus cricket protein. Values in the graph represent means £ SD. Means with different
superscripts are significantly different for P < 0.05. For details of treatments, see Table 1.

3.0 1.0 .
25
__ o8 55 L ) R
2.0 2 = i (b)
S -
O s - 0.6 .g
o - é\: g 3
1.0 x 0.4
k & .
o w
0.5 0.2 1
0.0
™ = RS b ™ - ™ T2 T3 T4 T g m™ T2 T3 T4 5
% Replacement of FP by HCP
A e " B % Replacement of FP by HCP C % Replacement of FP by HCP

Fig. 2. Consumed crude protein (A), protein efficiency rate (B) and feed consumed (C) of M. urophthalmus fed different levels
of fish protein substitution for 4. domesticus cricket protein. Values in the graph represent means + SD. Means with different

superscripts are significantly different for P < 0.05.
For details of treatments, see Table I.

Table II. Nutritional profile of experimental diets.

Treatment Protein

Approx. sample weight (g) N (%) C (%) Humidity (%) Ashes (%) Total lipids (%) Cal/g

T1 0% 1,074 6.57
T2 5% 1,049 6.82
T3 10 % 1.032 6.81
T4 15% 0.949 6.75
T5 20 % 1.118 7.10

4531 11.460 6.598 3.771 4573.192
46.05 9.703 6.613 6.048 4678.849
45.71 11.796 6.556 4.217 4868.103
46.89 10.079 4.862 7.702 4419.706
46.42 10.129 5.420 5.986 5125.193

For details of treatments, see Table 1.
N, nitrogen (%); C, carbon (%)

were obtained in treatments T1 and T2, which showed no
significant differences from each other. However, these
were slightly different to T3 and T4, which showed no
significant differences between them but were slightly
different to T5. The latter treatment presented the lowest
values and showed significant differences with respect to
T1 and T2 (Fig. 2C). Although survival was unaffected
by any of the treatments, growth decreased when FP was
completely replaced. FE showed no significant differences
but a statistically significant reduction was observed
between treatments with increased HCP for values of P <
0.05 (Table III).

Proximal analysis of diets

Including new protein sources in fish diets has been
challenging due to the varying characteristics, nutritional
and/or anti-nutritional factors of each source, which can
affect fish growth positively or negatively. For our study,
the diets were sent to the Aquaculture Nutrition Laboratory
at the Universidad Nacional Auténoma de MEéxico,
Campus Sisal in Mérida, Yucatan, where the nutritional
profiles were determined and are shown in Table II.
According to the biometries performed, the most widely
accepted treatment was T4. The initial weight, length and
final weight data (Table III) are essential for evaluating
growth.
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Table III. Growth parameters of M. urophthalmus.

Treatment T1 (0%) T2 (5%) T3 (10%) T4 (15%) T5 (20%)
Wi (g) 0.81+0.01° 0.8140.01° 0.810.01° 0.810.02° 0.81+0.01°
W (g) 2.4+0.14b 2.2+0.07" 2.1+0.09° 2.140.16 1.840.09*
LF (cm) 4.740.15¢ 4.740.08 4.6+0.09% 4.3+0.09° 4.540.12%
DWG (mg) 35.743.200 31.56+1.71b 29.56+2.0° 28.26+3.78" 21.4142.14°
DGC 0.0240.002° 0.02+0.001° 0.0120.001* 0.0120.002 0.010.001°
K 2.28+0.08 2.19+0.07° 2.2240.05 2.55+0.06° 1.93+0.07*
FE (g) 0.34+0.02° 0.32+0.01° 0.31+0.020 0.310.03* 0.300.08

See Table I for details of T1, T2,T3, T4 and T5.
Wi, initial weight; W, final weight; LF, Final length; DWG, daily weight gain; DGC, daily growth coefficient; K, condition factor; FE, feed efficiency

DISCUSSION

As the aquaculture sector grows, the demand for FP
increases (Gasco et al., 2016), thereby raising the cost of
fish feed. Insect meal therefore represents an alternative
nutritional source for fish (Carvajal, 2022). Adequate
levels of insect meal in diets have been observed to
increase immunostimulatory effects due to their chitin or
antimicrobial peptide content, thereby improving intestinal
health and immunity (D’ Antonio ef al., 2021; Guerreiro et
al., 2022).

In our study, a 5% inclusion level of HCP represented
a 25% substitution of fish meal (FM). We observed.that
AWG was affected at a 20% inclusion level of HCP, and
that a 100% substitution of FP had a negative effect on
growth (Table III). However, inclusion levels of 5-15%
HCP (Fig. 1A) showed growth levels similar to those
obtained with the control diet. Perera and Bhujel (2022)
reported that replacing 100% (of FP. with meal from
either domestic (4. domesticus) or field (G. bimaculatus)
crickets did not affect the growth of guppy fish (Poecilia
reticulata). Subsequently, Perera et al. (2023) indicated
that weight gain was affected in juvenile O. niloticus when
100% of the FP was replaced by 4. domesticus or field
cricket (G. bimaculatus) meal. Similarly, Lee ef al. (2017)
observed that palatability and growth decreased as the
proportion of 4. domesticus meal in the diet of juvenile
hybrid red tilapia (Oreochromis sp.) increased, with the
lowest levels of palatability and growth being observed
at 60% inclusion. A similar negative effect was observed
in diets with total replacement of FM by black soldier
fly (Hermetia illucens) meal in common carp (Cyprinus
carpio), which showed gut damage when FM replacement
was at 75% (Li et al., 2017).

The low growth at high inclusion concentrations of
HCP may be due to insect protein often being deficient
in certain amino acids (see Table IV), such as lysine and
methionine (De la Cruz-Alvarado et al.,2025). These amino

acids are crucial for processes such as growth regulation,
cell signalling and communication, energy production,
and protein synthesis, as well as for regulating the osmotic
and immune systems. (Castellano, 2020; Rodriguez and
Perez, 2022; Velazquez et al., 2022). The high utilization
values obtained in'M. urophthalmus (T4) may be due to
its omnivorous nature and tendency towards carnivory, as
well as'its utilization of the most abundant resources in

Table IV. Comparison of amino acid profiles of FP
and HCP used in the experimental diets (mg/100g, dry
weight basis).

Amino acids House criket meal Fish meal
Glycine (Gly) 1240.61 3.92
Alanine (Ala) 1642.28 3.07
Serina (Ser) 429.79 2.18
Proline (Pro) 528.87 2.84
Valine (Val) <1.18 2.38
Threonine (Thr) 358.44 2.31
Cysteine (Cys) <122 1.00
Isoleucine (Ile) <1.32 1.90
Leucine (Leu) <1.32 4.1
Asparagine (Asn) <1.33 1.5
Aspartic acid (Asp) 162.62 4.7
Lysine (Lys) 112.83 4.38
Glutamine (Gln) 266.45 5.22
Glutamic acid (Glu) 500.46 5.57
Methionine (Met) <1.50 1.65
Histidine (His) 21.97 0.62
Phenylalanine (Phe) <1.66 3.87
Arginine (Arg) <1.75 3.56
Tyrosine (Tyr) <1.82 1.7
Tryptophan (Trp) <2.05 1.17
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its environment. These resources include insects during
their initial growth stage. This exposure of the digestive
tract and/or enzymes to chitin may indicate the presence
of chitinases, as has been observed in cobia (Rachycentron
canadum) (Lu and Ku, 2013) and flamingo snapper
(Lutjanus guttatus) (Osuna-Salazar, 2015). Similarly,
Gutowska et al. (2004) found higher chitinase activity
in the stomachs of thirteen marine species found at
different depths. They found chitin in the digestive tracts
of crustaceans. Thus, chitinases in the stomach indirectly
digest the exoskeleton of prey, facilitating the work of other
digestive enzymes. Meanwhile, chitinase in the intestine
hydrolyses chitin dimers into absorbable monomers of
B-N-acetylglucosamine. Therefore, these species may
contain digestive enzymes that allow them to utilize the
chitin in their diet more effectively.

These results are corroborated by the SGR values
obtained, where treatments T2, T3 and T4 were higher than
those presented by the control diet (Fig. 1B). In contrast, a
decrease in growth was observed in treatment T5, similar
to that reported by Perera et al. (2023) for O. niloticus
juveniles when fish meal was completely replaced with
A. domesticus meal. Meanwhile, Ng et al. (2001) found
that African catfish (Clarias gariepinus) exhibited the
same behaviour when 100% of fish meal was replaced
with silkworm (7enebrio molitor) meal, whereas an 80%
replacement yielded acceptable growth data. Conversely,
De la Cruz-Alvarado et al. (2025) found that replacing
100% of FP with HCP negatively affected the growth of
A. tropicus.

Some studies indicate that<cricket meal contains
antioxidants that improve the health and growth of fish,
as observed in C. carpio (Liet al.; 2017) and rainbow
trout (Oncorhynchus mykiss) (Elia et al., 2018). However,
when inclusion levels are very high, oxidative stress
increases and affects fish growth (D’ Antonio ef al., 2021;
Perera et al., 2023). Gasco et al. (2016) and Guerreiro et
al. (2022) suggest that the dietary inclusion level should
not exceed 30%. However, the optimal substitution level
varies depending on the species of fish being studied. In
our bioassay, the survival of the organisms was unaffected
by the treatments, and there were no statistical differences
regarding FCR, although a slight increase was observed in
T4 and TS (Fig. 1C). Perera et al. (2023) indicate that, in
O. niloticus juveniles, the FCR was similar when fed 100%
G. bimaculatus meal replacement for FP, but higher when
fed 100% A. domesticus meal replacement for FM. The
decreasing trend of PC and PER observed in our results
as HCP concentration increased (Fig. 2A, B) is related to
dietary acceptance by fish.

We currently know that insect meals typically contain
high levels of insoluble chitin from their exoskeletons.

This carbohydrate is poorly digestible by certain fish
species due to proteins bound to the chitin that prevent its
absorption. This decreases the palatability and digestibility
of the diet, as well as the gene expression of proteolytic
enzymes (De la Cruz-Alvarado et al., 2025). This was
corroborated by the FC results (Fig. 2C), which showed a
decrease in feed acceptance as the dietary HCP increased.
T5 was the least accepted diet, which may be related to
palatability, as Tilami et al. (2020) attribute low growth
to sensory factors in the diet, such as an unpleasant taste,
bitterness, acidity, or odour. This causes low feed intake,
as well as the presence of oxidised fat and chitin. Taufek
et al. (2016) attribute it to an imbalance or deficiency of
amino acids.

In low amounts, chitin helps to regulate oxidative
stress in fish and enhances immunomodulatory effects.
It also promotes. the' growth of beneficial bacteria in the
gut by activating chitin receptors on the cell surface.
These receptors release cytokines and chemokines, which
activate the innate immune system (Henry et al., 2018;
D’Antonio et .al., 2021). Chitin and its derivatives also
modulate lipid digestion and absorption in enterocytes,
thereby influencing the generation of fatty acids in the
liver (Koide, 1998; Xia et al., 2011). Likewise, high
levels of chitin decrease dietary palatability and inhibit
superoxide formation while elevating nitric oxide levels
and causing oxidative stress (Li ef al., 2017). This occurs
by binding to selenocysteine in the selenium-dependent
glutathione peroxidase (SeGPX) catalytic centre, thereby
inactivating it (Pacini ef al., 2013) and causing damage to
the liver, health and growth (Xia et al., 2011; D’ Antonio
et al.,2021). De la Cruz-Alvarado et al. (2025) attributed
low growth in A. tropicus to the presence of chitin in A4.
domesticus meal, which could have reduced feed intake
and nutrient availability.

It should be noted that freshwater fish require higher
amounts of short-chain fatty acids (FA), such as linolenic
and linoleic acids, and that fish meals are deficient in these
FAs and contain higher amounts of long-chain FAs, such
as DHA and EPA (Silva, 2005). Insect meal can address
these deficiencies by significantly increasing the content
of linoleic FA and total n-6 FA in fish fillets (Gasco et al.,
2016; Tilami et al., 2020). FAs are important for energy
production and cell signalling. Therefore, the nutritional
requirements of fish, especially carnivores, are high in
terms of the quality and quantity of protein in their diet
(Gasco et al., 2016). It is important to determine the
optimal level of dietary inclusion as well as the effect of an
ingredient on the healthy development of fish (Guerreiro
et al., 2022).

According to Gasco et al. (2016), the low levels
of fatty acids contained in insect meal negatively affect
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growth, since the saturated and monounsaturated fatty acids
present in insects in greater quantities are less sensitive to
oxidation than the unsaturated ones (Giordano and Visioli,
2014). Likewise, free fatty acids represent the main source
of aerobic fuel for the energetic metabolism of fish muscle
(Castro-Gonzalez et al.,2013). They are also part of cellular
and subcellular structures, serve as a biological vehicle in
the absorption of fat-soluble vitamins A, E and K, and are
essential for maintaining the integrity of cell membranes.
They are also precursors of the hormone prostaglandin
(Tacon, 1989). Therefore, a deficiency in these fatty acids
directly affects the concentration of linoleic acid (Tilami et
al., 2020), as well as the growth and health of fish.

Our study demonstrated that HCP can be used as a
dietary supplement. However, further research is needed
on amino acid and essential fatty acid supplementation to
optimise growth in M. uruphthalmus and fully replace FP.

CONCLUSION

The best growth results for the castarrica mojarra
(Mayaheros urophthalmus) were obtained with diets
containing 15% HCP (T4), indicating that HCP is a
viable FP alternative in feed formulation for this species.
It should be noted that, although total FP replacement by
HCP affected growth, SGR and FCR were higher than the
control treatment, suggesting that total FP replacement
could be achieved by eliminating chitin and/or including
limiting amino acids (methionine, arginine and/or lysine).
However, studies involving the supplementation of amino
acids, essential fatty acids, oxidative stress, animal welfare
and gene expression with longer exposure times are
required to optimise growth in M. uropthalmus.
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