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Abstract

This study evaluated the performance of black crickets (Gryllus assimilis) fed three types of commercial feed intended for
different species (birds, rabbits and dogs) with crude protein levels varying between 15 and 20%. The experiment was carried
out over 60 days at the Laboratory for the Production of Insects for Animal Feeding (LPINA) in a completely randomised
design, with three treatments and four replications, totaling 12 batches of 10 crickets each (40 crickets per treatment, totaling
120 crickets). Feed consumption, weight gain, final weight, fecal weight and cricket mortality were analysed. For statistical
analysis, the results of the variables studied were subjected to variance analysis, and the means were compared via Tukey’s
test at 0.05 probability via the R statistical program. The results indicated that the different protein levels did not signifi-
cantly influence cricket performance. Mortality was greater in the group fed dog food, possibly due to a greater number of
females and consequent cannibalism. Further studies on nutritional requirements and digestibility are needed to optimise
the production of Gryllus assimilis.
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Introduction

Despite their recent notoriety, insects have been part of the
human diet for many years, and approximately 2 billion peo-
ple around the world feed on insects (Van Huis, et al. 2013).
The attention has shifted from harvesting insects in the trop-
ics to farming insects all over the world for food and feed
applications (Van Huis 2022). Crickets and grasshoppers are
examples of insect consumption as a popular source of food
on the planet (Magara et al. 2021; Mott 2016). According to
Tunel (2020), population growth and the scarcity of natural
resources justify this perception of the importance of stud-
ies involving edible insects. According to FAO estimates,
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the world will have approximately 9 billion people by 2050,
hence the challenge of producing food, especially protein.
Edible insects therefore appear to be the best option, as well
as having a lower environmental impact on their production.
According to Eggleton (2020), insects are among the
most widespread and abundant organisms on the planet, with
approximately 30 million species, which together accumu-
late the largest volume of biomass of all living beings. In
addition, the ability to convert the most varied food sources
into high-quality protein could give insects a prominent role
in the composition of human diets and animal feed in the
future. It is therefore essential to encourage the consumption
of edible insects, as they not only reduce the impact on the
environment but are also a source of high-quality protein and
energy. The sustainable use of edible insects can benefit the
conservation of natural resources and thus play an important
role in biodiversity conservation (Romeiro et al. 2015).
Currently, some insect species, including the most com-
mon black soldier fly (Hermetia illucens), the tenebrio beetle
(Tenebrio molitor), the black cricket (Gryllus assimilis) and
the Madagascar cockroach (Gromphadorhina portentosa),
are already being produced on a large scale by companies
and startups (van Huis and Oonincx 2017; Dossey et al.
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2016; van Huis 2020), arousing the interest of research
institutions.

Despite the growing interest and production, many gaps
need to be answered. Experiments rarely test the nutritional
requirements of insects from hatch to adulthood, and so lit-
tle is known about how the full developmental macronu-
trient intake impacts the survival, growth and adult body
size of mass-reared insects (Muzzatti et al. 2024). Among
these species, black cricket, a species endemic to Brazil,
is attracting interest both in South America and in other
regions of the world. However, its production is carried out
empirically, and most research to date has been limited to
studying the feasibility of using insect meal in feed and its
nutritional composition. According Straub et al., (2019) cur-
rent mass-rearing protocols are based on fresh, non-storable
feed materials, and this requires constant supply and makes
the systems sensitive to fluctuations regarding nutritional
quality and safety. Despite the existence of some commercial
brands of feed in Thailand (Halloran et al. 2016), there is
still a lack of information about the natural diet of crickets
(Fontanetti and Zefa 2000). It is only known that crickets
are omnivorous and prefer to feed on plants, scavenge fungi
from dead insects, and are generally cannibalistic (Gangwere
1961; Gutiérrez et al. 2020; Hanboonsong et al. 2013).

Crickets are usually fed empirically wheat bran, soya
meal, ground maize, commercial feed of different catego-
ries and species, and various vegetables and greens. This
management, carried out empirically, despite presenting
good results, has several gaps regarding the feeding of this
species, and it is believed that with a feeding based on nutri-
tional studies, the zootechnical indices of this species could
be further improved.

Commercial cricket breeding still needs proven produc-
tion methodologies and effective management techniques
to maximize the high zootechnical value of this species.
Understanding the basic biology of each cricket species is an
essential step in considering welfare concerns in the farmed
cricket industry (Rowe, et al. 2024). However, there are no
commercial diets for Gryllus assimilis, therefore, the objec-
tive was to evaluate three types of commercial feed of three
species (poultry, rabbits and dogs) with three different levels
of crude protein, calcium and phosphorus, to evaluate the
performance of Gryllus assimilis and thus have subsidies for
a future formulation of specific feed for this species.

Materials and methods

The study was conducted at the Laboratory for the Produc-
tion of Insects for Animal Feed (LPINA), part of the Insti-
tute of Agrarian Sciences at the Federal University of the
Jequitinhonha and Mucuri Valleys (UFVIM), during July
and August 2023. To ensure batch uniformity, crickets from

the LPINA stock were weighed and selected based on age
(approximately 60 days), without considering sexual dimor-
phism. Sexing was performed at the end of the experiment
for each treatment group. Each batch had an average initial
weight of 2.15 g (10 crickets per box). Ambient temperature
and relative humidity were monitored continuously using
a datalogger. The crickets were monitored for 60 days,
reaching a final age of 120 days, after which they were
slaughtered.

The experimental design was completely randomized,
comprising three treatments and four replicates per treat-
ment, resulting in 12 batches with 10 crickets per batch, i.e.
40 crickets per treatment and 120 crickets overall. Due to
the absence of commercial feed for Gryllus assimilis, the
experiment did not consider a control group; therefore the
objective was to evaluate the performance of black crickets
(Gryllus assimilis) fed with three different types of feed:
Treatment 1 (T1)—Starter poultry feed, Treatment 2 (T2)—
Growing rabbit feed, and Treatment 3 (T3)—Adult dog feed.

The nutrient composition of the feeds was as follows:

- Starter Poultry feed: 18% crude protein (CP), 17 g/kg
calcium (Ca, maximum), and 4000 mg/kg phosphorus (P,
minimum);

- Growing rabbit feed: 15% CP, 15 g/kg Ca (maximum),
and 3000 mg/kg P (minimum);

- Adult dog feed: 20% CP, 25 g/kg Ca (maximum), and
8000 mg/kg P (minimum).

Each batch was housed in a 20-L transparent plastic con-
tainer equipped with egg hives for shelter. All groups had
ad libitum access to feed, with a consistent weekly allocation
of 20 g per box. The feed was crushed and sieved (20 mesh)
according to the recommendations of Nakagaki and Defoli-
art (1991) and served in Petri dishes. Courgette was provided
as a moisture source and replaced every 48 h. The following
parameters were analyzed: Average feed consumption per
cricket (g), average weight gain per cricket/day (g), average
final weight per cricket (g), average feces weight per cricket
(g), and mortality rate (%) per treatment.

Feed consumption was measured weekly. The difference
between the amount of feed provided and the unconsumed
feed was recorded to determine feed consumption. Before
serving the feed, and after seven days of consumption, the
feed was weighed using a precision scale. Any leftover feed
was discarded after weighing. Weekly feed consumption val-
ues from the four replicates of each treatment were summed
and divided by the total number of live crickets to calculate
the average feed consumption per cricket per treatment.

Cricket weights were measured at the end of the experi-
mental period using a precision scale. Average daily weight
gain and final weight per cricket were calculated by dividing
the total weight of live crickets in each treatment by the num-
ber of crickets. Feces were collected weekly and weighed on
a precision scale to determine the average feces weight per
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cricket by treatment. Mortality was assessed at the end of the
experiment by counting the number of live crickets in each
batch. Mortality was expressed as a percentage.

For statistical analysis, all variables were subjected to
analysis of variance (ANOVA) to test for significant dif-
ferences among the treatment means. When the ANOVA
revealed significant differences (p <0.05), Tukey’s test was
applied at a 5% significance level to perform pairwise com-
parisons between treatment means. This approach ensured a
robust assessment of the statistical differences while control-
ling for Type I error, allowing for a more precise evaluation
of the treatment effects. Analyses were performed using the
R statistical software (R CORE TEAM 2023).

Results

The results of the experiment evaluating the performance of
black crickets (Gryllus assimilis) fed three different diets—
starter poultry feed (T1), growing rabbit feed (T2), and adult
dog feed (T3) are presented in Tables 1 and 2. The study
assessed several performance parameters, including average
weight gain per day, final average weight, average feed con-
sumption, feces weight, mortality, and the sex distribution
of crickets at the end of the experimental period.

Table 1 summarizes the performance parameters of the
crickets. Among the evaluated variables, only mortality dif-
fered significantly (P <0.05) among the treatments. Crickets
fed the adult dog feed (T3) exhibited the highest mortality
rate at 17.5%, significantly greater than the 5% mortality
observed in the other treatments (T1 and T2). Statistical
analysis was conducted using Tukey’s test at a 5% signifi-
cance level, confirming the disparity in mortality rates. For
other performance variables, no significant differences were
observed: Average weight gain per day (g): Ranged from
0.0374 (T2) to 0.0405 (T3), with no significant differences
(P=0.3518; CV=7.46%). Final average weight per cricket
(g): Varied between 2.460 (T2) and 2.653 (T3), with no sig-
nificant differences (P=0.3213; CV =6.80%). Final aver-
age feces weight per cricket (g): Ranged from 1.307 (T1) to
1.415 (T3), showing no significant differences (P=0.4937;

Table2 The numbers of males and females of G. assmilis were
counted after sexing at the end of 60 days per treatment

Treatment Male Female Total*
19 19 38
22 16 38

3 11 22 33

*Total after mortality

CV =9.02%). Average feed consumption per cricket (g):
Spanned from 1.901 (T1) to 2.291 (T2), without significant
differences (P=0.7473; CV =32.56%).

Table 2 displays the sex distribution of crickets at the
end of the experiment. Treatment 3 (adult dog feed) had the
highest number of females (22) and the lowest number of
males (11), resulting in a total of 33 crickets after mortality.
In comparison: Treatment 1 (starter poultry feed) had 19
males and 19 females, totaling 38 crickets and Treatment
2 (growing rabbit feed) had 22 males and 16 females, also
totaling 38 crickets.

Discussion

Farmed crickets are usually fed commercial feeds for other
species, which range from 15 to 22% protein (Fernandez-
Cassi et al. 2019; Lundy and Parrella 2015; Sorjonen et al.
2019); however, Patton 1967 and Sorjonen et al. 2019
emphasised that such concentrations for A. domesticus are
below the recommended level, and most commercial cricket
feeds have protein concentrations below 20% (Cortes Ortiz
et al. 2016). However, commercial feeds for A. domesticus,
with a crude protein content of 22%, are available, with bet-
ter results than feeds with lower protein contents (Bawa et al.
2020).

The results of this research, as shown in Table 1, demon-
strated (with no difference between treatments) that rations
between 15 and 20% PB, i.e., protein levels similar to those
of farmed crickets (Fernandez-Cassi et al 2019; Lundy
and Parrella 2015; Sorjonen et al. 2019), did not improve

Table 1 Performance evaluation
of black crickets fed three

different diets (starter poultry
feed, growing rabbit feed, and
adult dog feed)

Variables T1 T2 T3 P value CV%
Average weight gain per cricket day (g) 0,0382 0,0374 0,0405 0,3518 7,46
Final average weight per cricket (g) 2,506 2,460 2,653 0,3213 6,80
Final average weight of feces per cricket (g) 1,307 1,380 1,415 0,4937 9,02
Average feed consumption per cricket (g) 1,901 2,291 2,197 0,7473 32,56
Mortality % 5,00b 5,00b 17,50 a 0,0027 106,8

Lowercase letters in the line differ from each other in the Tukey test at a significance level of 0.05
(P<0.05). TI—FEED—starter broiler poultry feed; T2: Feed for growing rabbits; T3: Adult dog food. CV

Coefficient of Variation
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performance; however, in this research, the maximum pro-
tein level provided was 20% PB, a level below that recom-
mended by Patton 1967 and Sorjonen et al. 2019.

Although these authors recommend diets with more than
20% protein for A. domesticus, there is a need for research
into nutritional requirements for species of economic inter-
est because when assessing the diet of G. assimilis in their
natural habitat, they are omnivorous insects with a prefer-
ence for plants and fungi (Gangwere 1961; Gutiérrez et al.
2020; Hanboonsong et al. 2013), so in their natural habitat,
they are unlikely to find food with a protein content above
20%, with the exception of cannibalism or the consump-
tion of other dead insects (Gangwere 1961; Gutiérrez et al.
2020; Hanboonsong et al. 2013). Another relevant point is
that crickets convert low protein/high starch diets very effi-
ciently into body mass (Straub et al. 2019). Muzzatti et al.,
(2024) observed yield was maximized on a 3 protein: 1 Car-
bohydrate diet, as crickets males (Gryllodes sigillatus) fed
this diet were most likely to develop into adults and grew
maximum mass and body size, but when provided with a
choice between diets, crickets selected a relatively balanced
1.05 protein: 1 carbohydrate diet throughout development.
Importantly, as with livestock nutrition, nutritional require-
ments vary according to life stage, since protein-rich diets
lead to faster growth and greater weight gain and precoc-
ity in male crickets, whereas carbohydrate-rich diets lead to
long-term reproductive capacity and greater longevity (Hunt
et al. 2004; Reifer et al. 2018).

Regarding the calcium and phosphorus contents, which
varied in the diets used between 15 and 25 g/kg calcium and
3000 to 8000 mg/kg phosphorus, they were not sufficient
to show any influence on the performance of the crickets,
demonstrating that research on the nutritional requirements
of Gryllus assimilis is still necessary. In the scientific litera-
ture, Nakagaki and DeFoliart (1991) recommend in their diet
formula 2% dicalcium phosphate and 1% calcium carbonate
for crickets in general. In a scientific report in 2016, the web-
site bigcricketsolutions.com (Big Cricket Solutions 2016)
presents commercial diets for crickets (without specifying
the species) that vary in calcium content between 1.1 and
1.20% of the diet, and phosphorus, 0.80% in the diet. How-
ever, such recommendations are generic, and it is known
that each species has particularities and specific nutritional
requirements. When analyzing the chemical composition
of Gryllus assimilis flour, Araujo et al. (2019) showed that
the composition has approximately 45.30 mg/100 g of cal-
cium, corroborating Magara et al. (2021) who analyzed
Gryllus assimilis flour, with 45.30 mg/100 g of calcium and
0.80 mg/100 g of phosphorus. Such information is essential
to seek the nutritional requirements of Gryllus assimilis. It is
important to highlight that Visanuvimol and Bertram (2011)
concluded that a supply of phosphorus in the diet of Acheta
domesticus provided better performance results and Bawa

et al. (2020) reported that higher protein diets improve the
calcium and phosphorus composition of cricket flour (Acheta
domesticus). However, when analyzing the basis of crickets’
diet in nature: Plants and fungi (Gangwere 1961; Gutiérrez
et al. 2020; Hanboonsong et al. 2013), such foods are rich in
calcium and poor in phosphorus, and such information needs
to be analyzed when studying crickets’ diet and nutrition.

When the average final weight per cricket (g) and average
feed consumption per cricket (g) were analysed, although
not significant (p>0.05), the numerical differences recorded
between treatments can be explained by the greater number
of females in T3 (Table 2), i.e., the difference in consump-
tion may be related to sex rather than the type of feed. After
sexing, at the end of the experimental period, T3 had 3 and
6 more females than did T1 and T2, respectively. Adult
females are larger than males and consequently heavier. The
numerical difference observed in the lower feed consump-
tion per cricket may be related to the lower consumption
of females in the adult phase because, with the increase in
the volume of the ovary in the abdomen, their food intake
decreases (Joseph Woodring and Matthias W. Lorenz 2007).
According Miuzzatti et al., (2024) males (Gryllodes sigil-
latus) consume 17% more protein than females.

No differences were observed in the average final weight
of feces per cricket (g) per treatment, indicating that the diets
had similar digestibility. However, dog food generally uses
more ingredients of animal origin in its formulation, and
there is a need for a better assessment of the digestibility of
ingredients of animal and plant origin in the diets of crickets
and other insects.

With respect to mortality, in the batches of crickets fed
dog food (T3), of the initial 40 crickets, 7 died (p <0.05),
whereas the other treatments resulted in 2 deaths each (5%).
As the batches formed in this study (10 crickets per box)
are within the density range recommended by Mazurk-
iewicz et al. (2013), this difference in mortality between
the treatments is possibly not related to the density or type
of feed provided. Possibly, as T3 had a greater number of
females at the end of the experimental period, the matura-
tion of the reproductive system and, consequently, greater
protein demand may have influenced the cannibalistic behav-
iour observed in female insects (Elgar and Schneider 2004;
Wilder and Rypstra 2010; Santana et al. 2012).

Conclusions

Feeding three different levels of protein (15%, 18% and 20%)
did not influence the performance of Gryllus assmilis. To
achieve good production practices and an ideal supply of
adequate nutrition for insects, further studies are needed,
especially in relation to nutritional requirements and digest-
ibility, to meet animal welfare criteria.
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