International Journal of Environmental Sciences
ISSN: 2229-7359
Vol. 11 No. 22s, 2025

https://theaspd.com/index.php

Cricket Meal In The Diet Of Penaeus vannamei Postlarvae In Raceways

Fernando Isea-Leon' *, Galo Cedeiio-Zambrano?, Jean Carlos Pérez Parra’, Lelly Useche Castro*, Juan
José Bernal-Zambrano', Rodolfo Patricio Panta-Vélez', Marjorie Armenia Idrovo-Vishuete',
Juan Carlos Vélez-Chica'

P"Technical University of Manabi (UTM), Department of Aquaculture, Fisheries and Renewable Natural Resources, Faculty
of Aquaculture and Marine Sciences (FACM), Bahia de Cardquez, Ecuador.

? Technical University of Manabi (UTM), Department of Aquaculture, Fisheries and Renewable Natural Resources, Faculty
of Aquaculture and Marine Sciences (FACM), Aquaculture Degree, Bahia de Cardquez, Ecuador.

Technical University of Manabi, Department of Chemistry, Faculty of Basic Sciences. Portoviejo, Ecuador.

*Technical University of Manabi, Department of Mathematics and Statistics, Faculty of Basic Sciences. Portoviejo, Ecuador.

*Email and ORCID

"Fernando Isea-Ledn https://orcid.org/0000-0002-3766-5108

'Galo Cedefio-Zambrano

?Jean Carlos Pérex Parra https://orcid.org/0000-0002-7971-1782

?Lelly Useche Castro https://orcid.org/0000-0002-4294-9009

Tuan José Bernal-Zambrano https://orcid.org/0000-0002-6371-2676
"Rodolfo Patricio Panta Vélez https://orcid.org/0000-0003-2969-0765
"Manrjorie Armenia Idrovo Vishuete https://orcid.org/0009-0007-4305-1384
"Tuan Carlos Vélez-Chica https://orcid.org/0000-0002-6660-6940

*Corresponding Author: Fernando Isea-Ledn
*Email: fernando.isea@utm.edu.ec

SUMMARY

Objective. To evaluate the effect of cricket meal on the growth and survival of Penaeus vannamei shrimp postlarvae in
raceways.

Materials and methods. For the present study, Acheta domesticus cricket meal (CM) was used at different replacement
percentages (0, 20, 40, and 60%) of fish meal (FM). Experiments were carried out with a population of 60,000 postlarvae
(PL), at the PL-16 stage, with an average weight of 0.007 g £ 0.001 g, which were distributed in three tanks per treatment.
Postlarvae were stocked at a density of 10 PL/L of water. The raceway cultivation experiment lasted 21 days. Growth was
monitored weekly by recording the weight of a sample of the population. The experimental feed was set at 50% protein, with
a feeding rate of 12% of the biomass.

Results. The average final weight of postlarvae from the 100% FM, 20, 40, and 60% CM treatments was 0.023+0.002 g
0.018+0.003 g; 0.020+0.004 g, and 0.024+0.006 g, respectively, with significant differences (p<0.05) in favor of T4 (60%
CM and 40% FM). Survival did not show significant differences between treatments, remaining at 90%.

Conclusions. Cricket flour demonstrated efficiency due to the weight gain and survival of shrimp postlarvae at the raceway
stage.

Keywords: Shrimp, raceway, diets, insect meal, survival.

INTRODUCTION

Aquaculture activity in Ecuador is mainly concentrated on the cultivation of white shrimp (Penaeus vanname:i)
and secondly tilapia (Oreochromis mossambicus, Oreochromis niloticus, Oreochromis sp.), exports of this product
represent an increase in foreign currency income not related to oil with a production of 1069 tons, generating
approximately 7289 million dollars (Central Bank of Ecuador, 2023).
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The use of raceway pre-rearing systems has become a widely adopted practice in shrimp aquaculture in South
America due to the multiple benefits it offers for improving production performance. This strategy allows shrimp
to complete their metamorphosis under controlled conditions, facilitating better adaptation to grow-out ponds,
significantly increasing survival, and strengthening their resistance to common diseases such as white spot disease
(WSSV), EMS, and vibriosis. Furthermore, managing parameters such as temperature, maintained above 32°C,
limits the development of pathogens (Ching, 2014).

From a technical perspective, raceways offer an effective tool for adjusting culture planning, as they allow for
accurate estimation of stocked biomass, facilitating the transfer of juveniles with a high probability of survival,
both in intensive and semi-intensive systems (Vanoni, 2014; Arias, 2010). Postlarvae reared in these systems reach
an average weight of 0.10 g (10 PL/g), and thanks to the compensatory growth effect, they can weigh between
3.0 and 5.0 g just one month after stocking in ponds (Ching, 2014). Furthermore, stocking densities in raceways
range from 20 to 40 PL/L, with satisfactory production results; Saldarriaga (1995) indicates that this range allows
obtaining individuals with final weights of up to 1.0 g. An example of its effectiveness is reported by Pardo (2012),
who observed that, with a density of 30 PL/L in cement raceways with 70 m? of water and a 20% replacement,
average weights of 30.0 and 35.0 mg were achieved in 12 days, with survival rates of 90.0% and 87.7%,
respectively, demonstrating its technical and sanitary viability.

Shrimp is established as an important consumer product; however, it requires comprehensive management and
controls at every stage of farming; that is, during planting, growth, development, and harvesting. Despite this,
Ecuador ranks second in the world as a shrimp producer and exporter (Caicedo, 2018).

In aquaculture, Fish Meal (FM) is considered the optimal reference raw material to meet the nutritional
requirements of all farmed organisms. However, its use is limited due to the overexploitation of marine resources.
Therefore, it is important to investigate alternative raw materials with significant potential. Therefore, Insect
Meal (IM) could meet the protein requirements of farmed feeds (Carvajal, 2022).

The IM has recently emerged as an economical, cost-effective, and nutritionally viable option for replacing FM.
These meals are made from arthropods (insects and crustaceans) that are commonly found in fish's natural diet.
The protein content of these meals ranges from 60 to 70%, depending on the species and life cycle stage of the
insect. They are characterized by a good balance of essential amino acids, minerals, and vitamins, giving them a
nutritional profile similar to FM. Furthermore, they have a high energy, fat, and fiber content, making them a
potential alternative for feeding aquatic organisms (Xiaoming et al., 2010).

Van Huis (2012) points out that certain insect species that are cultivated and that meet the established protein
conditions for feeding aquatic organisms include: housefly (Musca domestica), black soldier fly (Hermetia illucens);
beetles - mealworm (Tenebrio molitor), the lesser mealworm (Alphitobius diaperinus); and crickets - house cricket
(Acheta domesticus), where the commercial, scientific and economic interest in complementing fishmeal as a
protein source has led to the analysis and research of various applications of different meals of animal origin, as
is the case of cricket meal.

Under this same analysis, cricket meal is another type of IM with aquaculture potential due to the quality of its
protein, for this purpose, it has been able to replace fish meal in fish diets, however, it is important to continue
studying this nutritional dynamic (Valenzuela et al., 2012).

IM presents an efficient feed conversion and lipid composition (between 29% and 31% of HUFA) and is also
characterized by having a good source of vitamins considering the flour formulation (Thomas & Walker., 2014).
The use of insects, such as Acheta domesticus, in animal feed represents a substantial strategy based on the
principles of sustainable aquaculture, contributing to the reduction of overexploitation of bioaquatic resources
(Fraijo-Valenzuela et al., 2024). Crickets have the advantage of being low in fat compared to other insects, this
aspect facilitates the elaboration of flours, since it is not necessary to extract the fat before formulation, as is the
case with other insects. They have high reproduction rates and a relatively short biological cycle. Despite this,
there is a lot of uncertainty surrounding the business, due to the lack of regulations that govern the consumption
of insects and their derived products (Portillo et al., 2017).

The objective of this research was to evaluate the partial and total replacement of fish meal with cricket meals in
the diet of shrimp postlarvae to see if it would strengthen the growth of the organisms for subsequent cultivation.
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MATERIALS AND METHODS

Study area

This research was carried out in the Aquatic Organisms Pre-breeding Laboratory (Room A), located in the
facilities of the Aquaculture program, Faculty of Aquaculture and Marine Sciences, Technical University of
Manabi (UTM), Sucre extension.

Obtaining raw materials

Acheta domesticus L. meal was obtained from the commercial company "Crick" (CM) located in the city of Quito,
Ecuador. Fish meal (FM), Yellow Corn Meal (YCM), and Rice Bran Meal (RBM) were obtained from commercial
establishments in the city of Bahia de Caraquez. All samples, of selected animal and plant origin, underwent
physicochemical analyses in triplicate (% moisture, % ash, % crude protein, % crude fat, and % non-nitrogenous

extracts (NNE) by difference).

Physicochemical analysis

Proximate analysis (humidity, ash, fat and protein) of each raw material (CM, FM, YCM, RBM) was carried out
in triplicate, in order to know its nutritional value through the methods of humidity (Gravimetric), ash
(Gravimetric), lipids/fats by solvent extraction (Soxhlet), protein by digestion, distillation and titration (Kjeldahl)
(Association of Official Analytical Collaboration [AOAC], (2016). Proximate analysis consisted of the separation
of each chemical compound that makes up the sample after being subjected to a series of methodological
processes, with which it is intended to know the proportions of each component from the fragmentation of water
and organic matter (Caravaca et al., 2003).

Table 2 details the physicochemical composition (g/100 g) of the raw materials used in the preparation of diets.
Where the FM presented a moisture content of 9.52% and protein of 53.96%, in accordance with the level
required by the Ecuadorian National Institute for Standardization (INEN 472 1988-04). However, its ash content
did not meet the requirements, having a value (21.17%) higher than the maximum allowed by 10%. In the case
of fat, it presented a value of 3.38% lower than the required level (6% minimum).

Table 2. Average and standard deviation of the physicochemical analysis of the raw materials FM (Fish Meal),
CM (Cricket Meal), RB (Rice Bran), YCM (Yellow Corn Meal).

Parameter (%) FM M RB YCM

MD 90.48 £ 0.055 96.51 £ 0.100 90.37 £ 0.137 88.59 + 0.063
Humidity 9.52+0.055 3.44 +£0.067 9.63 £0.137 11.44 +0.059
Protein 53.96 £0.248 51.35 £0.676 11.98 +0.266 6.52 +0.212
Fat 3.38 +0.400 26.84 £0.218 6.85+0919 1.12+0.117
Ash 21.17 £0.039 3.13 £0.028 6.65 £0.002 0.44 +0.035
ENN 11.75 £ 1.151 20.11 £8.784 63.02 +3.223 80.35 + 0.446

MD= Dry matter; ENN = Non-nitrogenous extracts.

Feed formulation

Once the proximate analysis of the raw materials was carried out, the required proportions of raw materials for
the preparation of food were obtained, taking into account the specifications of the percentage of protein
required (50% PC) for the shrimp from pl 16 selected (postlarvae), and the replacement percentages set as
treatments: T;= 0% CM + 100% FM; T, = 20% CM + 80% FM; T;=40% CM + 60% FM; T, = 60% CM + 40%
FM (Table 3).

Food processing

Once the balanced proportion of the ingredients was achieved, the experimental foods were prepared. Weighing
the dry flours: FM, CM, YCM, RBM, mineral mix, vitamin mix and the carboxymethylcellulose binder (CMC),
these were placed in the mixing container of the DIMETAL brand bakery kneading equipment to homogenize
them, they were mixed for 10 minutes, then the fish oil and water were added until obtaining a homogeneous
and manageable mixture; to then pass it to the JR brand meat grinder, in order to obtain by pressing cylindrical
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strips (similar to noodles) of 3 mm in diameter, and these were subsequently distributed in aluminum trays
covered with waxed paper for drying at 55 °C for 24 h. Once the balanced were dried, they were packaged, labeled
and stored at 4 °C until their experimental use.

Balanced foods

Table 3 shows the physicochemical composition (g/100 g) of the balanced feeds, where the experimental feeds
had isoprotein levels close to 50% according to their previous formulation, complying with the physicochemical
composition established in the INEN Standard for feeds in the postlarvae stage of Shrimp 1767 (1990-07).

Table 3. Percentage proportion of ingredients for the preparation of experimental balanced foods obtained by
Linear Programming.

Ingredients (g/100 g) T, T, T; T,
Commercial Fish Meal 83 64 44 38

Cricket meal (Acheta domesticu ) 0 20 40 55

Yellow corn flour 7 7 5 1

Rice bran flour 1 3 5 2

Fish oil 4 1 1 1

Vitamin premix 1 1 1 1

Mineral pre-mix 1 1 1 1
Carboxymethylcellulose 3 3 3 1

Total 100 100 100 100
Composition (g/100g)

Dry Matter 97.39 +0.182 97.12 £ 0.188 96.38 +0.173 97.87 + 0.071
Humidity 254 +0.182 2.78+0.088 3.71 £0.106 2.13 +£0.071
Protein 54.35 +£0.325 53.59 £ 0.110 54.00 +0.502 54.22 +0.580
Fat 10.37 £0.136 12.44 £ 0.270 14.07 £ 0.028 16.94 + 0.001
Ash 22.92 £0.056 19.69 +0.071 14.60 +0.131 13.03 +0.025

Non-Nitrogenated Extracts 9.83 +0.860 11.50 £ 1.492 13.62 +0.187 13.64 + 0.3669

Transportation and acclimatization of shrimp postlarvae

A total of 60,000 shrimp postlarvae were obtained from a commercial laboratory located in the province of
Manabi, Sucre canton, Lednidas Plaza parish. 5,000 shrimp postlarvae were transported in 15-liter bags to the
Aquatic Organisms Pre-rearing Laboratory (Room A) of the Aquaculture program. The postlarvae were then
acclimatized 3 days prior to the test and fed a commercial balanced feed containing 50% protein.

The organisms were placed in a 1000-liter circular fiberglass tank with a continuous aeration supply and daily
measurement of water quality parameters: temperature (°C), salinity (%o), pH, and dissolved oxygen (mg/L),
adjusted to the shrimp's acclimatization needs (20 %o, 7.5 + 0.6 pH, 4.8 + 0.2 mg/L DO, and 28°C) according
to Chavez et al. (2003). Siphoning and a 50% water exchange were performed daily. The organisms were
acclimatized for a period of 3 days prior to the bioassay.

Experimental design and treatments

A control was designed with three treatments and three replicates respectively: T, (control feed with 100% fish
meal), T, (20% Cricket Meal (CM) and 80% fish meal), T;(40% cricket meal and 60% fish meal), T,(60% cricket
meal and 40% fish meal), which were randomly distributed in the experimental tanks with 5000 organisms (table
1).

Table 1. Experimental design of the feeding bioassay of Penaeus vannamei shrimp postlarvae in a raceway with
Acheta domesticus cricket flour.

Treatment Organism/tank number Replicas Total number of organisms
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T 5000 3 15000
T, 5000 3 15000
T; 5000 3 15000
T, 5000 3 15000
Total 20000 12 60000

T, (control feed with 100% fish meal), T, (20% cricket meal and 80% fish meal, T5(40% cricket meal and 60%
fish meal), T, (60% cricket meal and 40% fish meal).

Bioassay

The experimental area consisted of 12 circular experimental units (tanks) with a capacity of 1,000 liters (1.25 m
diameter x 0.70 m height), supplied with an operational volume of 500 liters of water. Each tank was stocked at
a stocking density of 10 PL/L, resulting in an average population of 5,000 postlarvae. Three replicates were used
for each treatment, and the bioassay lasted 21 days.

Feeding of shrimp postlarvae

Shrimp postlarvae were fed different experimental diets (T, = 0% CM + 100% FM; T, = 20% CM + 80% FM; T;
=40% CM + 60% FM; T, = 60% CM + 40% FM). The daily ration was supplied at 12% of the biomass present
in each tank, determined for each of them at the beginning of the experiment and in each weekly biometric
sampling. The daily ration was supplied three times a day (08:00 with 30%, 12:00 with 30% and 16:00 with
40%). The amount was modified according to feed consumption and biometries performed. For this purpose,
the Daily Equation was used:

e Daily Ration (DR)
DR = (AWE x #T org) x %B

Where:

AWE-= average weight of each organism in grams.
#T org= total number of organisms.

%B= percentage of biomass.

Growth parameters
At the beginning and end of the experimental phase, postlarvae weight (g) was determined gravimetrically using
a 0.001-g digital scale. Nutritional response indicators were calculated based on the equations detailed below:

o Weight gain (WG)
WG = FAW (g) — AIW (g)
Where:
FAW: Final average weight.
AIW: Average initial weight.

e Feed Conversion Rate (FC)

C
EC = (&
GW(g)
Where:
C: Feed consumption (g)
GW: Weight gain (g)
e Feed efficiency (FE)
aw
= (g) * 100
IF (g)
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Where:
GW: Weight gain (g)
IF: Food ingested (g)
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e Survival percentage (S)
Shrimp survival was checked in each tank. The presence of dead organisms was verified daily. The survival rate
was then determined using the following equation:

N° final shrimp
*

%) =
S(%) N°starter shrimp

100

Protein analysis of postlarvae meat

To determine the percentage of protein in the meat of shrimp fed with CM-based diets, a sample of organisms
of approximately 5 g/tank/treatment was taken, which was analyzed in triplicate and carried out in the
Laboratory of the Faculty of Zootechnical Sciences, Chone extension (FSZ-LAB), of the Technical University of
Manabi.

Water quality parameters

Daily monitoring of the physical and chemical parameters of the water in the experimental tanks used for growing
postlarvae of the shrimp P. vannamei was recorded using a multiparameter (AZ8403). A refractometer (ATC) was
used to measure temperature (°C), dissolved oxygen (mg/L), salinity (%o0), and pH with a pH meter (Isolab). A
weekly monitoring of TAN (mg/L) was carried out using an ammonium test kit, and the Blue Aqua application
was used to determine the toxicity of ammonia in the water, entering the pH, temperature, and
TAN/sample/treatment values.

Statistical analysis

The zootechnical parameter data were stored and processed in Excel spreadsheets (version 2019) and Jamovi
(version 1.6.23) as a tool for analysis of variance (ANOVA). Results are presented as mean * standard deviation.
All data were compared using the modified Shapiro-Wilk normality test and the Levene test for homogeneity of
variance. Descriptive statistics were used to analyze the results for water quality parameters.

RESULTS

The Final Average Weight (FAW), Feed Efficiency (FE) and survival values presented adequate data for the
management of the culture, as well as the variable Feed Conversion (FC), the analysis of variance did not detect
significant differences (p>0.05 ) between treatments (Table 4), indicating that the treatments with cricket flour
showed the same response with respect to the control (fish meal).

The values of the final total weight of the postlarvae of Penaeus vannamei shrimp fed with Acheta domesticus cricket
flour are shown in table 4 and figure 1. In the case of the final total weight (g) the analysis of variance detected
significant differences in treatment T, (p<0.05), which presented the lowest final weight value (0.018 g) unlike
treatments T;, T3 and T, which did not present significance (Figure 1).

Table 4. Average and standard deviation of the zootechnical parameters (g) (X+SD) of the postlarvae of the
shrimp Penaeus vannamei in the evaluated treatments. tw (Total weight), FMW (Final average weight), FC (Feed
conversion), FE (Feed efficiency), S (Survival).

Parameters T, T, T; T, P-value
Days of cultivation 21 21 21 21 .
Initial pt () 0.007+0.001 0.007+0.001 0.007+0.001  0.007+0.001  0.977
Final pt (g) 0.023a+0.002 0.018b+0.003 0.020ab+0.004 0.024ab+0.006 0.005
WG () 0.016£0.002 0.012+0.001 0.016+0.001  0.017+£0.006  0.307
FC (g) 1.19£0.100  1.52#0.210  1.54+0.380 1.26+0.260 0.273
FE 88.37+5.207 71.43+5,051 75.81+2.382  70.75+0.001  0.224
S (%) 86.95+8.641 88.20+6.392 85.71+8.697 91.73+x8.443  0.973



https://theaspd.com/index.php

International Journal of Environmental Sciences
ISSN: 2229-7359
Vol. 11 No. 22s, 2025

https://theaspd.com/index.php

0.035 -
ab
0.030 - ‘\
= a
20.025 | t ab
£ I r [
$ 0.020 - I
v i [
3 0.015 -
£ 0.010 -
L
0.005 -
0.000
T Lp) T3 T4

Treatments

Figure 1. Final weight of Penaeus vannamei shrimp postlarvae in the different treatments. T, (100% fish meal

FM), T,(20% CM and 80% FM cricket meal), T5(40% CM and 60% FM) and T,4(60% CM and 40% FM).

Protein determination

The protein percentage analyses of the meat of the postlarvae fed with the different treatments are shown in
Figure 2, which indicate that as the percentage of cricket flour in the feed increased, the protein level in the
shrimp muscle increased.

14 -

12 - ]

Ho

10' ——

9% of Potlar Protein

T1 T2 T3 T4
Treatments

Figure 2. Mean and standard deviation of protein percentage of meat of postlarvae fed with experimental diets
T: (100% fish meal FM), T, (20% cricket meal CM and 80% FM), T;(40% CM and 60% FM) and T,(60% CM
and 40% FM).

Water quality

The values of the physicochemical parameters of the water, in the different treatments during the culture of the
shrimp postlarvae, are presented in Table 5, where the pH showed ranges between 7.66 and 7.68. For its part,
the temperature presented values between 26.99 and 27.24 °C and with respect to dissolved oxygen in this
experiment, values of 5.06 and 5.38 mg/L were obtained. Finally, the salinity presented a single value of 30 %o,
which is located in the necessary range.
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Table 5. Physicochemical parameters of the culture water for Penaeus vannamei postlarvae in the evaluated
treatments; temperature (°C), salinity (%o), dissolved oxygen (mg/L), and pH. Average + SD.

Treatments pH Temperature (°C) OD (mg/L) Salinity (%o)
T, 7.68 £+0.025 27.08 +0.281 5.08 +0.083 30 +0.001
T, 7.66 £+ 0.019  27.24 +0.264 5.38 £+0.334 30 +0.001
Ts 7.66 £+0.026 27.13 £0.271 5.09 +0.086 30 +0.001
T, 7.68 +0.028  26.99 +0.299 5.06 £0.088 30 +0.001

The ammonia concentration values for the Penaeus vannamei postlarvae culture are presented in Figure 3, showing
values below 0.1 mg/L in all treatments. Under this same analysis, no toxicity problems were observed in the
different treatments because the temperature and pH parameters were maintained within their optimal range
during culture, in addition to the practice of siphoning 10% of the water volume each day and subsequently
replenishing each tank with the extracted water.

0.070 - T1 T2 —e-T3 —e—T4
0.060 -
0.050 -
0.040 -

0.030 -

Ammonia (NH ;mg/L)

0.020 -

0.010 . . .
Wi w2 w3

Weeks of cultivation

Figure 3. Ammonia concentration in the water of the Penaeus vannamei postlarvae culture in the different
treatments T; (100% fish meal FM), T, (20% cricket meal CM and 80% FM), T;(40% CM and 60% FM) and
T4 (60% CM and 40% FM).

DISCUSSION

The CM presented a moisture content of 3.44%, 26.84% fat and 3.13% ash with average values that differ from
those reported by Ayala & Elias (2019), who obtained 4.85%, 29.78% and 2.83%, respectively, indicating that
both raw materials have lower humidity favoring their conservation. Regarding the protein content (51.35%) and
fat (26.84%), it was relatively lower than that reported by Taufek et al. (2013) who found a higher crude protein
content (57%) and lower lipid content (25%). However, it falls within the range reported by Zielinska &
Pankiewicz, (2023) and Kowalski et al., (2022), who report that cricket flour not only maintains a high protein
content, ranging between 49.89% and 62.51%, but is also rich in essential minerals such as iron, zinc and
magnesium, which are often deficient in many diets.

In turn, CM protein contains varieties of essential amino acids, such as methionine, lysine, histidine, valine, and
leucine, which are important for formulating and processing feeds (Phesatcha et al., 2022). For their part, Fraijo-
Valenzuela et al., (2024) mention that CM contains a protein profile comparable to that of fishmeal, with
essential amino acids beneficial for shrimp growth. For its part, the amino acid profile is superior to that of many
conventional protein sources, except for histidine and cysteine, making it a valuable source of nutrients in diets
(Murugu et al., 2020). However, Kowalski et al., (2022) report that this flour has high nutritional levels in feeds,
where values ranging from 40% to 70% have been reported with only 10% inclusion of cricket flour.

The YCM and RBM presented physicochemical composition values that comply with the requirements of INEN
1690 (1989-02) and INEN 2051 (1995-09) standards, respectively.
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The replacement of cricket meal (CM) in shrimp postlarvae diets yielded favorable results in terms of growth and
survival, with no significant differences among treatments. This indicates that CM has a comparable nutritional
potential to fishmeal, allowing substitution levels of up to 60% according to the findings of this study, which
represents a highly satisfactory outcome. These results contrast with those reported by Lee et al. (2017), who
evaluated the inclusion of domestic cricket meal (Acheta domesticus, CMD) in red tilapia (Oreochromis sp.) diets
and observed significant differences in growth and survival, with the diet containing 60% CMD and 40% rice
bran producing the best performance. Such interspecific variability highlights the importance of considering the
physiological and metabolic differences of each cultured species when assessing alternative ingredients. In this
regard, the present study provides robust evidence supporting the feasibility of CM utilization in white shrimp
(Penaeus vannamei), reinforcing its potential as a sustainable protein source and a strategic option to reduce
fishmeal dependency in modern aquaculture.

In P. vannamei, insect meals often maintain performance at moderate substitution levels, but responses are
ingredient- and processing-specific; for example, defatted black soldier fly meals have supported high replacement
rates in grow-out under some formulations, underscoring that matrix effects (lipid fraction, chitin, amino acid
balance) and techno-functional traits modulate outcomes (Chang et al., 2025; Lin et al., 2023). Digestibility
studies in P. vannamei demonstrate that apparent digestibility coefficients differ among insect taxa—including
crickets—highlighting the need to quantify CM’s bioavailability (protein and indispensable amino acids) and to
correct for chitin-associated nitrogen when computing dietary protein equivalence (Shin et al., 2021). Beyond
growth, emerging syntheses indicate insect meals can influence mucosal immunity, gut integrity, and product
quality, suggesting that immune and histomorphometric endpoints should accompany performance metrics in
future CM trials (Islam et al., 2024; Serra et al., 2024). Recent cricket-focused reviews further support CM’s
nutritional potential while emphasizing gaps on optimal inclusion levels, processing (defatting/hydrolysis), and
species-specific palatability—factors that likely explain interspecific contrasts with finfish reports (Fraijo-
Valenzuela et al., 2024). Collectively, while our nursery-phase data are encouraging, definitive adoption will
require longer grow-out evaluations integrating nutrient digestibility, cost-benefit analysis, and health/quality
readouts under industry-relevant systems.

Similarly, Tilami et al., (2020) evaluated the effect of feeding rainbow trout a commercial diet and its partial and
total replacement with two species of live insects, A. domesticus and the mealworm (Zophobas morio). Where five
treatments were evaluated: 1) control (commercial feed); 2) 25% replacement of the Gross Energy (GE) of the
commercial feed with the equivalent in live adults of A. domesticus ; 3) 25% replacement of the GE by live adults
of the mealworm Z. morio ; 4) 25% replacement of the GE by a mixture of both insects (12.5% each) and 5) a
group fed only with insects (50% of GE of each). No significant differences in growth or survival were observed
between treatments.

One advantage of using cricket meal is that its digestibility is comparable to that of common plant-based foods,
ranging from 80% to 88%, although slightly lower than animal proteins (Murugu et al., 2020). However, other
studies show that cricket meal has a protein digestibility of approximately 67.4%, making it a viable alternative
for shrimp diets (Toribio et al., 2024).

Likewise, it is important to consider that this meal also contains beneficial fatty acids, such as oleic, palmitic, and
linoleic acids, which contribute to its overall nutritional value (Kowalski et al., 2022). All of this makes this raw
material a viable alternative for formulating feeds for post-larvae shrimp.

In other studies, carried out by Magalhaes et al., (2017), they indicated that better fish growth was obtained when
they were fed with the inclusion of the black soldier fly Hermetia illucens in their diets, similar to that observed in
other freshwater and marine fish species, it is partly attributed to the fact that the essential amino acid profile of
this meal is similar to FM, and therefore covers the requirements of fish, including marine carnivores. The results
of this research show that a percentage of FM substitution by Hermetia illucens in diets for Totoaba macdonaldi up
to 50% does not produce adverse effects on growth. These positive results serve as a basis to recommend studies
with higher levels of FM substitution by Hermetia illucens.

Regarding the optimal protein requirement for P. vannamei, it is between 20 to 45 % depending on the shrimp
size, water conditions and dietary characteristics such as protein quality, energy content and palatability (Yun et
al., 2016). These results differ from those reported by Panini et al., (2017) who found that the protein content
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of shrimp muscle is not significantly influenced when fishmeal is replaced by the mealworm Tenebrio molitor (IM),
while the lipid content did increase linearly with reduced levels of fishmeal replaced by mealworm.

Under this scenario, it is important to highlight that the use of cricket meal in shrimp feed is a promising
alternative considering the protein source, this attributes to the fact that it can improve growth and sustainability
in aquaculture. Research indicates that black cricket meal can replace up to 50% of fishmeal in diets for juvenile
whiteleg shrimp ( Litopenaeus vannamei ), allowing efficient results in weight gain, survival rates, and feed
conversion ratios (Peh, et al., 2021). Similarly, Fraijo-Valenzuela et al., (2024) state that cricket meal stands out
for its high protein content and digestibility, making it a viable substitute for traditional fishmeal, however, it is
important to consider production costs.

With respect to the results of the physicochemical parameters of the water, the water temperature (26.99 and
27.24 ° C) are located in the ranges reported by Ponce et al., (1997) who indicated that shrimp species grow better
at temperatures of 25 to 32 ° C, while Clifford (1994) states that the optimal temperature range for this species
is 20 to 30 ° C. The values obtained for dissolved oxygen (5.06 and 5.38 mg / L) are located in the necessary
ranges reported by Clifford (1994) who considers that the optimal interval of dissolved oxygen for shrimp farming
is between 6 and 10 mg / L. The salinity presented a single value of 30%o, which is located in the necessary range
reported by Senasica (2003) who refers that the optimal levels of Salinity are 20 to 35 %o.

The concentration of ammonia in the culture was below 0.1 mg/L in all treatments, these values indicate that
there was good management of water quality, as confirmed by Hirono (1983), who indicates that the optimal
value of ammonia for shrimp culture should be less than 0.1 mg/L. However, Lee and Wickings (1992) suggested
optimal levels of 0.09 to 0.11 mg/L. The pH and temperature values remained constant throughout the
experiment. According to Frias Espericueta and Paez Osuna (2001), ammonia presents toxicity, which increases
significantly under high pH and temperature conditions in the water.

Although the present findings provide promising evidence regarding the potential of cricket meal as a partial
substitute for fishmeal in shrimp diets, several limitations must be acknowledged. The bioassay was restricted to
a 21-day period, which, although adequate for the nursery phase, may not fully capture the long-term impacts on
growth performance, feed efficiency, and survival during the grow-out stage. Similar studies with alternative
protein sources have demonstrated that short-term benefits are not always sustained under commercial grow-out
conditions, highlighting the need for extended trials. Moreover, the absence of an economic assessment limits
the ability to evaluate the large-scale feasibility and cost-effectiveness of cricket meal, an aspect that has been
emphasized as decisive in previous investigations addressing alternative feed ingredients. Future research should
therefore prioritize longer experimental periods and incorporate detailed cost-benefit analyses to strengthen the
applicability of the results to intensive farming systems. Additionally, the optimization of inclusion levels,
palatability, and nutrient digestibility, together with evaluations of intestinal health, immune response, and
product quality, will be crucial to establish the robustness of cricket meal as a sustainable ingredient within
aquaculture nutrition.

CONCLUSIONS

Cricket meals, due to its high protein content, represent a functional ingredient in shrimp diet formulations,
supporting both growth and survival. In particular, treatments T3 (40% CM and 60% FM) and T4 (60% CM
and 40% FM) achieved final weights comparable to the control group T1(100% FM), highlighting their potential
as sustainable alternatives for the partial replacement of fishmeal. The gradual substitution of fishmeal with
cricket meal also enhanced the protein fraction of shrimp muscle, thereby improving the nutritional quality of
the final product. Throughout the trial, the physicochemical parameters of the culture water for Penaeus vannamei
postlarvae remained within the optimal ranges established for the species, ensuring favorable environmental
conditions for the development of the organisms across all treatments evaluated. Together, these results validate
the use of cricket flour as a strategic and sustainable ingredient to reduce dependence on fishmeal in shrimp
aquaculture.
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