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Abstract

Cricket meal is increasingly considered a sustainable alternative to fishmeal in aquaculture,
although its performance depends on the effective use of nutritional and functional com-
ponents. This review examines evidence on including cricket meal in aquafeeds and the
factors that may limit or enhance its application. Species-dependent responses to fishmeal
replacement are discussed in relation to polyunsaturated fatty acid imbalance and chitin
content. Strategies to improve lipid functionality include defatting, enriching the cricket’s
rearing substrate to promote w-3 fatty acid bioaccumulation, microbial fatty acid biotrans-
formation, and enzymatic interesterification. The review also evaluates chitin and chitosan
as health-promoting compounds with prebiotic, immunomodulatory, antimicrobial, antiox-
idant, and water-quality-related functions. Finally, fermentation and enzymatic hydrolysis
are considered as tools to improve nutrient bioavailability. Overall, the integrated utilization
of cricket meal components may increase its nutritional value, functional performance, and
suitability as an aquaculture feed ingredient.

Keywords: cricket meal; aquaculture; fishmeal replacement; polyunsaturated fatty acids;
chitin; chitosan; fermentation; protein hydrolysates

1. Introduction

Global demand for fishery products continues to rise, and aquaculture plays a central
role in meeting it. Between 2021 and 2024, total production increased from 171 to 235 million
tons, with aquaculture accounting for 60% [1]. Because current fishmeal production cannot

lachegiclonuadates satisfy aquaculture’s growing protein requirements, plant- and insect-based meals have
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crickets [10-12], creating a circular-economy pathway in which agricultural production
supports aquaculture. Despite these advantages, chitin in the cricket exoskeleton can limit
the inclusion of cricket meal in aquafeeds. Chitin is widely regarded as an antinutritional
factor because it can bind nutrients and impair their digestibility, bioavailability, and subse-
quent utilization [13,14]. The amount of dietary chitin that a species can digest depends
largely on its gut physiology and on the presence of chitin-hydrolyzing enzymes [15,16].
Nevertheless, low dietary chitin levels may stimulate immune function and modulate the
gut microbiota, thereby exerting a prebiotic effect [17,18].

Table 1. Nutritional composition of two cricket species commonly used for meal production compared
with fishmeal and soybean meal, the principal protein sources used in aquafeeds (Adapted from
Fraijo-Valenzuela et al. [7]).

Nutrient Composition

(DM %) A. domesticus G. bimaculatus Fishmeal Soybean Meal
Crude protein 63.30-71.70 57.00-59.90 63.25-75.40 39.60—45.86
Lipids 10.14-17.30 13.90-46.00 8.90-11.00 5.38-21.40
Ash 4.41-8.36 4.80-5.40 13.60-18.70 5.70-6.59
Protein ADC (%) 85.30-91.70 83.70-90.40 86.00-87.92 81.90
Essential fatty acids
(g/100 g dry matter)
LA 41.39 415 0.54 6.80
x-LNA NA NA 1.24 51.00
ARA 0.01 0.01 0.84 0
EPA 0.01 0 11.44 0
DHA 0.11 0.02 12.30 0
SFA 322 3.25 26.43 14.20
MUFA 21.7 3.13 35.26 30.00
PUFA 42.6 433 37.40 55.80
w3 1.10 0.08 27 6.80
w6 3291 4.25 2.56 51.00
w3/w6 0.03 0.01 10.54 0.13
References [7,19-22] [7,23,24] [7,25-28] [7,25,26,29]

This review addresses the knowledge gap concerning the potential of crickets and their
components as functional aquafeed ingredients beyond their nutritional value. It places
particular emphasis on chitin’s dual role as both a constraint on nutrient utilization and a
potential source of health benefits. The review also examines how lipid modification, chitin
and chitosan recovery, fermentation, and enzymatic hydrolysis may improve the utilization
of cricket-derived materials.

Literature search and selection: Relevant publications were identified through searches
of ScienceDirect, MDPI, Wiley Online Library, Springer Nature, and Frontiers, supple-
mented by screening the reference lists of pertinent reviews and primary studies. Search
terms combined cricket-related descriptors, including “Acheta domesticus” and “cricket,”
with aquaculture-related terms such as “aquaculture,” “fishmeal replacement,” “fatty acid,”

i

“chitin,” “chitosan,” “fermentation,” and “protein hydrolysate.” Primary studies were pri-
oritized when they reported the experimental species and life stage, ingredient-processing
method, dietary dose or inclusion level, experimental duration, and measurable nutritional,
productive, physiological, or health outcomes. Evidence was classified according to whether
it was obtained from cricket-based aquaculture trials, cricket-derived materials evaluated
in vitro or in terrestrial animals, or studies of other insect ingredients used to support

prospective applications. The last research date was October 14, 2026, in accordance with
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the requested modifications. No restrictions were applied regarding publication period or
language; this work is described as a narrative review.

2. Crickets in Aquaculture

The capacity to utilize cricket meal varies among aquaculture species and is influenced
by chitin content, gut chitinase activity, feeding ecology, ingredient processing, and overall
diet formulation [21,30]. Meeting species- and life-stage-specific nutrient requirements
remains essential for maintaining growth and feed efficiency (Table 2). Fraijo-Valenzuela
et al. [30] emphasized that cricket-based feeds must be balanced with complementary
ingredients to achieve an appropriate protein content and amino acid profile while limiting
anti-nutritional effects. They also reported that cricket meal may mitigate some adverse
responses associated with high soybean-meal inclusion by supporting immune-related
responses. Recent studies have evaluated the partial or complete replacement of fishmeal
with cricket meal in feeds for fish and crustaceans (Table 3).

Furthermore, insect chitin can act as a prebiotic, promoting the richness and diversity
of beneficial intestinal microbiota while simultaneously inhibiting pathogenic bacterial
growth [31]. The quality of cricket meal can be improved through several biotechnological
processes, including enzymatic hydrolysis, fermentation, defatting, probiotic supplementa-
tion, and ultrasound treatment, which may enhance protein digestibility and solubility and
improve functional and sensory properties [16,32-35].

Crickets have a high fat content and an w-3/w-6 fatty acid profile characterized by
deficiencies in eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). Their high
fat content increases the susceptibility of the resulting cricket meal to lipid peroxidation,
thereby compromising its quality and reducing its shelf life [36,37]. The lipid content of
cricket meal should be considered when formulating aquaculture feeds to prevent excessive
dietary fat intake. In Nile tilapia (Oreochromis niloticus), high-fat diets can alter hepatic lipid
metabolism and increase serum triglyceride and cholesterol concentrations, accompanied
by biochemical indicators of liver damage [38]. Furthermore, deficiencies in EPA and
DHA compromise nutritional quality and adversely affect the development of aquatic
organisms [39].

Pre-processing methods can be applied to enhance the quality of cricket-derived
products. In particular, initial blanching can reduce microbial contamination and inactivate
enzymes that contribute to oxidative deterioration, potentially limiting lipid peroxidation
during subsequent processing and storage [40]. Studies have reported the effect of defatting
insects and its positive impact when used as a replacement in aquaculture diets; however,
these studies utilize insects such as black soldier fly (Hermetia illucens) larvae and silkworm
(Bombyx mori) pupae [41,42]. These studies may inform hypotheses, but they do not
demonstrate that cricket meal itself produces the same response or that defatting cricket
meal necessarily improves health.

Except for defatting, most of these approaches have not been evaluated extensively in
cricket meal intended for aquaculture. Evidence is available for fermented cricket products
and cricket-derived hydrolysates in food or terrestrial-animal applications, as well as for
comparable processes applied to other insect meals. These findings support hypothesis
generation but do not establish efficacy in aquatic organisms. The effects of fermentation,
enzymatic hydrolysis, probiotic supplementation, and ultrasound treatment on the physic-
ochemical properties, nutrient availability, palatability, safety, and biological performance
of cricket-based aquafeeds should therefore be evaluated in controlled processing studies
and feeding trials.
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Table 2. Nutritional requirements of the most widely cultured aquaculture species.
. . Crude Protein Lipids Fatty Acids
Aquatic Species (% Dry Diet) (% Dry Diet) (% Dry Diet) References
) 20:5 w-3: 0.50-0.69
Penaeus vannamei 35-40 7-10 29:6 c0-3: 0.50-0.98 [43,44]
Ctenopharyngodon 18:2 w-6 (LA):1.0
idella 27.36-38.08 65 18:3 w-3 PUFA: 0.5 [4345-47]
Oreochromis 18:3 w-3 (LNA):
niloticus 26-40 [43] 69 0.45-0.64 [43,48,49]
Hypophtha.zlrr'zzchthys 3742 10 w-3:1 [50]
molitrix w-6:1
w-3:1
Catla catla 30-47 7-8% [50]
w-6:1

Table 3. Analysis of partial or total replacement of fishmeal with cricket meals in an aquaculture

feeding trial.
. Aquatic . Immunity/ .
Cr1c1.<et Species/Life Fishmeal (FM) Growth FCB{Feed Physiological Malr} Reference
Species St Replacement Efficiency Conclusions
age Response
No significant e
Iridescent 0, 25,50, 75, differences No 51g.mf1.cant . HCM COl:lld
decline in Superoxide replace high
shark and 100% among . .
Acheta . . feeding dismutase and levels of FM
d . (Pangasianodon  replacement of treatments in . [51]
omesticus h . . performance as lysozyme without
ypophthalmus), FM protein the main 7 .
. ) . HCM activity compromising
juveniles (60-day trial) growth . d h
indicators increase growt
The control and O atema " dould eplace
Blue tilapia 0, 20, 40, 60, 20% Less favorable Iijn dicate a roxirr}lja tel
Acheta (Oreochromis and 80% FM replacement FCR with an PP y
. ) compensatory 20% of FM [30]
domesticus aureus), replacement groups showed increase of . .
; . : . o nutrient uptake without
fingerlings (70-day trial) the highest more than 20% . .
rowth values under dietary compromising
& stress. growth or FCR
Pepsin and Repla;erz)ent of
Tromical ear 0,25,50,75 75% yielded trypsin o el
opica ga and 100% 75% HCM favorable FCR  expression with app ?) ey
Acheta (Atractosteus . o 75% was
d . . replacement of  yielded the best and feed 75% HCM; [52]
omesticus tropicus), . o .. ! favorable, but
: . FM protein growth indices efficiency chymotrypsin - ;
juveniles : . exceeding this
(45-day trial) responses expression was level is not
highest at 50%
recommended
25-50%
Totoaba No significant L Immun{ty NE; replacement did
o . . Significantly no significant not reduce
Acheta (Totoaba 25 and 50% differences in - . .
. . . ) . less favorable differences in growth; cricket [53]
domesticus macdonaldi), (64-day trial) final weight, L
i . FCR and PER digestive meal affected
juveniles WG, or SGR . .
enzyme activity efficiency and
digestibility
.vv G, df”‘ﬂy Favorable results
100%FM ~ Weightgainand - FCRwas with partial
Acheta Nile tilapia . relative weight significantly Immunity NE;
I . replacement in . - S replacement
domesticus; (Oreochromis gain were higher/less no significant
g the HCM o . . . cannot [54]
Gryllus niloticus), significantly favorable with differences in .
. y . treatment ; . necessarily be
bimaculatus fingerlings (42-day trial) lower with HCM than survival t lated t
aytna HCM than with with FM extrapo-ated to
M 100%
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Table 3. Cont.
. Aquatic . Immunity/ .
Crlcl.cet Species/Life Fishmeal (FM) Growth FCI.{/. Feed Physiological Malr} Reference
Species Replacement Efficiency Conclusions
Stage Response
whicls I NE
shrimp 0, 20,40 and o, . - replacement
Acheta (Penaeus 60% FM 0.020 and O 024 FCR No . c'h'f-fer produced final
. ) g, respectively; significant significantly; . [55]
domesticus vannamei), replacement i . ; weights
: WG did not differences muscle protein
PL-16 (21-day trial) differ increased with comparable to
postlarvae significantly M the control
50% yielded the
Whiteleg 0, 10, 20, 30, 40 (11111;5:2?; ;N?l d Best FCR at 50% FM protein
Grullus shrimp and 50% FM S Gf{ a 50%: 1.83; Immunity NE; replacement
bimucjula fus (Litopenaeus protein (2.71% day) significantly highest survival improved [56]
vannamei), replacement si. ni f(i)cant}ll ! better than the  at 50% (88.3%) growth, FCR,
juveniles (40-day trial) agbove they control and survival
control
100% FM Immunity NE;
Acheta . s .
I protein No significant A. domesticus Total
domesticus; . ) .
Swordtail replacement by differences in meal prevented replacement
Gryllus . . . R FCR/feed ) N
bimaculatis: (Xiphophorus each cricket final weight, efficiency: NR fatty liver maintained [57]
Teleoor llus’ helleri), fry meal versus WG, DWG, ’ condition in growth and
i ga?us FM control RWG, or SGR contrast to a stress tolerance
(70-day trial) fishmeal feed
Control and
o The 50%
Nile tilapia 0, 25,50, 75 25h/‘i) S}ilgs‘;vs\(]iéhe LOV;S?,} FFCER at Immunity NE; replacement for
Acheta (Oreochromis and 100% FM SGRgat 500 d/i d hi tht at survival was feed utilization; 58]
domesticus niloticus), replacement not diffgr 25_§00/ (0.64 100% in all 25% better
juveniles (45-day trial) sienificant] and 5 63.) groups maintained WG
5 Y ' relative to control
from control)
Final weight did
not differ 20% replacement
Blue tilapia 0,20,40,60  Petween control o8 mamntained
Acheta (Oreochromis and 80% FM a oW t}: ! FCR/feed ox :egsii)en of lgev(:l/\s’ ir{cre%ls: d [59]
domesticus aureus), replacement d & d efficiency: NR L lp .8 TNE i lated :
fingerlings (70-day trial) ecreased at -1, IL-8, TNF,  immune-relate
higher and IgM transcription but
replacement reduced growth
levels

Abbreviations:

HCM—house cricket meal; FCR—feed conversion ratio; WG—weight gain;

PER—protein efficiency ratio; SGR—specific growth rate; NE—not evaluated; NR—not reported.

3. Lipid Functionality in Crickets

3.1. The w-3/w-6 Ratio in Crickets

Fish oil and fishmeal provide long-chain w-3 polyunsaturated fatty acids, particularly
eicosapentaenoic acid (EPA; 20:5w-3) and docosahexaenoic acid (DHA; 22:6w-3), which
support growth, health, and fillet quality [39]. The capacity to synthesize EPA and DHA
from shorter-chain precursors varies among fish species and depends on their complement
and expression of elongase and desaturase enzymes. Many marine species have limited
biosynthetic capacity and therefore require dietary EPA and DHA. In contrast, several fresh-
water species can convert x-linolenic acid (x-LNA) to longer-chain w-3 fatty acids [60,61].
Consequently, aquafeed formulations should account for species-specific fatty acid require-
ments and their metabolic capacity to synthesize long-chain w-3 fatty acids rather than
relying solely on habitat-based classifications.

Crickets and their derived meals contain primarily w-6 and w-3 polyunsaturated,
saturated, and monounsaturated fatty acids [39,62]. House crickets (Acheta domesticus)
contain trace amounts of EPA. Table 1 shows that the w-3/w-6 ratio in crickets is very low,
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atjust 0.03 (g/100 g). The a-linolenic acid (ALA; 18:3 w-3) content of crickets depends on
dietary intake and is generally low. Furthermore, linoleic acid (LA) can account for up to
40% of the total fatty acid profile of cricket meal [63]. In aquaculture, LA supports energy
production, growth, and liver health [39,64]. However, partially replacing fishmeal with
cricket meal increases w-6 and decreases the proportion of w-3 supplied by fishmeal [64].
Therefore, sustainable strategies are needed to modulate the w-3/w-6 ratio in cricket meal
to enhance basal feed nutritional quality and impact fillet quality, shelf life, and the health
and metabolism of aquatic organisms [65,66].

3.2. Defatting Process

The high lipid content of cricket meal may contribute to hepatic damage, including
fatty liver. Moreover, it may reduce feed digestibility, nutrient utilization, and nutrient
retention in aquatic organisms [56]. A previous defat process for Gryllus bimaculatus meal
allowed for partial and total replacement of fishmeal in Ictalurus punctatus diets without
adversely affecting growth, with positive effects on whole-body protein composition and a
positive shift in gut microbiota [67].

Cricket lipid content ranges from 4.30% to 33.4%, depending on the species and pro-
cessing method [68]. Defatting cricket meal could reduce its lipid content, increase protein
availability, and improve feed quality. Nevertheless, a substantial research gap remains
because studies of defatted insect meal have focused mainly on species other than crickets.
Defatting should be evaluated directly in cricket meal to determine whether it can improve
the quality and acceptance of cricket-based aquafeeds.

Karapanagiotidis et al. [69] replaced fishmeal with defatted black soldier fly (Hermetia
illucens) meal in feeds for gilthead seabream (Sparus aurata). Compared with full-fat
black soldier fly meal, the defatted ingredient increased muscle and whole-body protein
content and improved feed acceptability and palatability. Defatted insect meals may also
reduce hepatic lipid deposition, thereby reducing the risk of hepatosis and fatty liver and
potentially improving fillet quality and shelf life by limiting lipid peroxidation [65,70].
In ornamental swordtail (Xiphophorus helleri), defatted house cricket (Acheta domesticus)
meal prevented fatty liver relative to a fishmeal-based feed, indicating a potential benefit
for hepatic health [57]. House cricket meal is also rich in LA [7]; therefore, defatting
could produce both a protein-enriched meal and an LA-rich oil fraction. Because several
freshwater fish use LA as a precursor for long-chain PUFAs [70], recovering both fractions
may support the integral utilization of cricket biomass in aquafeed formulations.

3.3. Fatty Acid Bioaccumulation

The cricket fatty acid composition varies with species, developmental stage, rearing
substrate, and processing conditions [64]. During the rearing stage, the inclusion of specific
dietary ingredients can promote the accumulation of target compounds in cricket body
composition [71]. This approach has been widely investigated in the black soldier fly
(Hermetia illucens), where the use of oils and residues rich in EPA and DHA has been shown
to enhance the content of long-chain w-3 fatty acids [72,73]. A similar strategy could be
applied to crickets by incorporating w-3-rich ingredients into their diets during rearing
to modulate their fatty acid profile. Accordingly, Ferreira et al. [73] fed house crickets
(Acheta domesticus) diets containing 5% or 10% DHA derived from microalgal biomass and
successfully increased the w-3 content of the resulting cricket biomass. Similarly, macroalgae
such as Ascophyllum nodosum have been shown to enrich house cricket meal with EPA and
DHA [74]. This approach resembles the dietary route through which marine fish obtain
EPA and DHA; however, it does not necessarily result in accumulation levels comparable to
those found in fishmeal.

https://doi.org/10.3390/aquacj6040053


https://doi.org/10.3390/aquacj6040053

Aquac. |. 2026, 6, 53

70f18

Bioaccumulation may contribute not only to the deposition of dietary w-3 fatty acids
but also to the accumulation of metabolic precursors and regulatory compounds that
support endogenous EPA and DHA biosynthesis in aquaculture species. The capacity to
convert x-LNA into long-chain w-3 polyunsaturated fatty acids varies among aquaculture
species. Some freshwater and diadromous fishes, including salmonids, retain substantial
biosynthetic capacity, whereas many marine fishes exhibit more limited conversion and
rely more heavily on dietary w-3 fatty acids [75]. Plant oils rich in a-LNA may upregu-
late hepatic elongase and A6-desaturase expression and support endogenous fatty acid
bioconversion [76].

However, the magnitude of this response does not necessarily maintain tissue EPA and
DHA at nutritionally adequate levels. Moreover, the incorporation of fatty acid precursors
into cricket diets may enhance the nutritional value of insect biomass for aquaculture,
Oonincx et al. [77] reported that enriching cricket-rearing substrates with flaxseed oil
containing 57% «-LNA increased w-3 content in the resulting cricket biomass. These
findings suggest that the fatty acid composition of crickets can be modified to enhance their
potential as ingredients in aquafeeds. Although the nutritional benefits for aquaculture
species depend on their capacity to synthesize EPA and DHA.

3.4. Fatty Acid Biotransformation

EPA and DHA biosynthesis begins with «-LNA. x-LNA is first converted to stearidonic
acid (SDA) through desaturation reactions mediated by A6-desaturases. Subsequent desat-
uration and elongation reactions, catalyzed by desaturases and very-long-chain fatty acid
elongases (ELOVLs), produce EPA, docosapentaenoic acid (DPA), DHA, and other w-3
polyunsaturated fatty acids. ELOVLs contributes to the elongation of intermediate fatty
acids, while successive desaturation steps convert LNA-derived intermediates to EPA and
subsequently to DHA. Alternatively, EPA can be converted to DHA through the Sprecher
pathway, which involves sequential chain elongation, A6-desaturation, and p-oxidation.
Together, these enzymatic reactions enable the endogenous synthesis of long-chain w-3
polyunsaturated fatty acids from dietary «-LNA [78].

Biotechnological approaches could be used to convert the LA present in crickets into
EPA and DHA or to produce lipid fractions enriched in these fatty acids. Figure 1 sum-
marizes the aerobic pathways involved in in w-3 and w-6 fatty acid bioconversion and the
associated enzymes. It also depicts the conversion of arachidonic acid (ARA) to EPA by w-3
desaturases, a reaction that is not known to occur naturally in crickets or fish. In contrast,
some marine bacteria, microalgae, and fungi have enzymes that can catalyze this conversion.
Microalgal desaturase genes have been expressed heterologously in microorganisms to
support ARA and EPA production [79], and external promoters have been used to regulate
w-3 desaturase expression [80]. These findings support developing microbial production
systems for EPA- and DHA-rich ingredients and their application to cricket enrichment or
aquafeed formulation. However, it remains a prospective strategy that requires validation
of conversion efficiency, product stability, safety, sustainability, and nutritional efficacy.

The positional distribution of fatty acids in cricket triglycerides should also be examined
because it influences fatty acid bioavailability in aquafeeds. In fish, the sn-2 position of
triglycerides exhibits greater stability and facilitates fatty acid absorption [81]. During
digestion, fatty acids at the sn-1 and sn-3 positions are preferentially hydrolyzed, whereas the
fatty acid at the sn-2 position remains bound to glycerol and forms 2-monoacylglycerol, often
containing DHA or EPA [82]. Therefore, the sn-2 position may facilitate fatty acid absorption
and potentially influence the assimilation of w-3 fatty acids from cricket-derived lipids in
aquafeeds [83]. Cricket triglycerides are primarily composed of glycerol esterified with
oleic, palmitic, linoleic, and stearic acids, whereas w-3 polyunsaturated fatty acids such as
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«-linolenic acid are associated with phospholipids [84]. Enzymatic interesterification using
fungal or yeast lipases could potentially redistribute x-linolenic acid among the sn-1, sn-2,
and sn-3 positions and place them in positions more effectively utilized by fish [85,86]. This
approach may improve fatty acid assimilation, but it remains an underexplored application
of lipidomics in aquaculture. Figure 2 presents the proposed strategies for the valorization
of cricket-derived lipids and their potential applications in aquaculture.

Y iid Omega-3 pathway

ws Omega-6 pathway

o w-3 Des
Linoleic acid -------=--=--------- * a-linolenic acid
A15 Des
A6Des l l A6Des
; ; 3 w-3 Des
y-linolenic acid --------------um-- * Steriodonic acid
A15 Des
A6Elo l l A6Elo
-3D . . .
Dihomo-y-linolenic acid ___u_)_3__t_a§___’ Eicosatetraenoic acid
ASDes l Slrbes l AS5Des

*—

ASElo l l A5Elo
w-3 Des R .
Docosatetraenoic acid ------------ - Docosapentaenoic acid
A19 Des
A4Desl l A7 Elo

Tetracosapentaenoic acid

e | sobes
Tetracosahexaenoic acid
B-Oxidation

w-3 Des
A19 Des

Figure 1. Aerobic w-6/w-3 pathways (Des: desaturase) (Elo: elongase).

e LA (18:2n-6) is abundant; ALA (18:3n-3) ¢ Reduces lipid content and
levels vary. concentrates the protein fraction.

e EPA (20:5n-3) and DHA (22:6n-3) are e May reduce excess fat deposition.
generally absent or low unless e Recovers an oil fraction for
crickets are enriched. and further use.

o‘\.\\e “\e\'\"s
bQ\ \i\‘e 00;
> @0‘ s,
v > &)
2 ©
&E
s Strategies for lipid
valorization of crickets
in aquaculture feeds
o.

5, < s
3% S
N Wi

5, Qo/b, Qf&é' & . y . .

e Explore microbial or ’/;,e 2 aoo\’ e Enrich cricket diets with
enzymatic pathways to Yop, o\ microalgae, macroalgae or
produce EPA and DHA flaxseed oil.
from fatty acid precursors. o Fatty acid enrichment depends on

o Microbial w-3 desaturases the dietary source: ALA differs
can convert ARA to EPA. from EPA and DHA.

Figure 2. Strategies for lipid valorization of crickets in aquaculture feeds.
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4. Chitin and Chitosan as Health-Promoting Agents

Chitin is a polysaccharide composed of N-acetyl-D-glucosamine units. It is present in
arthropod exoskeletons, including those of crabs, shrimp, and insects, as well as in the cell
walls of fungi and yeasts [87,88]. The exoskeleton may account for 10% to 15% of insect body
mass, making its inclusion in aquafeeds nutritionally relevant [16,89]. Chitin can modulate
the gut microbiota but may impair digestibility at high dietary concentrations [90]. Its
interaction with the intestinal microbiota may also involve chitinase secretion and shifts in
microbial community composition [91]. In juvenile Chinese mitten crab (Eriocheir sinensis),
an eight-week feeding trial evaluated crab-shell chitin with a reported purity of 99.9%. Di-
etary inclusion levels of 1.4% and 2.1% improved growth performance, feed conversion ratio,
antioxidant status, and several nonspecific immune parameters relative to the control, while
the 2.1% treatment also improved selected indicators of intestinal health [92]. In rainbow
trout (Oncorhynchus mykiss), a ten-week feeding trial showed that dietary chitin levels of up
to 3% did not impair growth performance or apparent nutrient digestibility, whereas 4.5%
negatively affected these responses [93]. In another study, chitin supplementation at 2-10%
in tiger shrimp (Penaeus monodon) diets improved performance and nutrient utilization [94].
Together, these findings show that a tolerated dose is not necessarily an effective dose and
that optimal inclusion levels must be established for each species and variable responses.

Chitin can positively affect health and productivity; therefore, controlling its concen-
tration in cricket meal is essential. Deacetylation converts chitin into chitosan, a derivative
that has been extensively studied for its antibacterial activity [95]. Chitosan also exhibits
antimicrobial, antioxidant, biocompatible, and functional properties [96], generating con-
siderable interest in aquaculture. Numerous studies have reported beneficial effects in fish
and crustaceans [97], including enhanced immunity and resistance to Aeromonas hydrophila
infection in common carp (Cyprinus carpio) and Nile tilapia (Oreochromis niloticus) [98,99].

Obtaining chitosan involves three steps: demineralization, deproteinization, and
deacetylation. The first two steps of chitosan extraction focus on extracting pure chitin from
raw material, typically crustacean exoskeletons [100]. Like crustaceans, cricket exoskeletons
are made of chitin; however, because they have lower mineral content, chitin extraction
is easier [101,102]. Chitin extraction yields of approximately 4-8% and chitosan yields
of 2-6% have been reported for house crickets [103]. Likewise, chitosan obtained from
crickets can achieve deacetylation levels of around 72%, 76%, and 80% through concen-
trated alkaline treatments [104]. Furthermore, chitosan derived from the house cricket
(Acheta domesticus) has demonstrated antimicrobial activity in in vitro assays. Malm and
Liceaga [105] reported that, at 0.50 mg/mL and with a degree of deacetylation close to 80%,
this biopolymer inhibited approximately 90% of Escherichia coli growth. Inhibitory activity
decreased as the degree of deacetylation was reduced, highlighting the importance of this
property for antimicrobial efficacy.

Chitosan’s functional characteristics depend on its degree of deacetylation, which
generally remains above 60% [100,106]. The extraction process can alter the degree of
deacetylation and, in turn, influence antioxidant and antimicrobial activity [99]. Dietary
dosage is also a key consideration [107]. Reported optimal levels range from 1 to 50 g/kg,
depending on the target organism; for example, optimal doses of 1040 g/kg have been
reported for mud crab (Scylla paramamosain), whereas 1-2 g/kg has been reported for
white shrimp (Penaeus vannamei) [108]. Therefore, further research should evaluate cricket-
derived chitosan in aquaculture to establish appropriate dosages and species-specific effects.

When applied directly to water, chitosan functions as a coagulant and flocculant, pro-
moting the aggregation and removal of suspended particles through charge neutralization
and polymer bridging. Depending on water composition, chitosan characteristics, dosage,
and treatment pH, this process can reduce turbidity and suspended solids, thereby improv-
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ing water clarity and facilitating the removal of particulate organic matter [109,110]. When
incorporated into aquafeeds, chitosan may indirectly affect water quality by modifying
nutrient utilization, intestinal function, and waste release into the culture system. In African
catfish (Clarias gariepinus), dietary chitosan supplementation was associated with increased
water pH and reduced ammonium concentrations [111]. In Japanese flounder (Paralichthys
olivaceus), feeding chitosan-coated pellets reduced chemical oxygen demand and suspended
solids compared with uncoated feed [112]. Decreases in pH or conductivity should not
automatically be interpreted as beneficial because their significance depends on the initial
water chemistry and the tolerance range of the cultured species. Similarly, an increase in pH
is beneficial only when it moves the system toward an appropriate range without increasing
ammonia-related risks.

While cricket meal has been evaluated in aquaculture, research on cricket-derived chi-
tosan in aquatic organisms remains scarce. Most available studies examine the production
and physicochemical properties of cricket chitosan or its use as a functional ingredient
in terrestrial-animal models, including poultry [113,114]. Biotechnological processing
may help to regulate the chitin content of cricket meal and recover chitosan as a separate
functional fraction [115]. However, proposed benefits for growth, feed utilization, antioxi-
dant capacity, immunity, gut health, and resistance to stress or disease must be confirmed
specifically for cricket-derived chitin and chitosan in aquatic species. The environmental
performance of these processes should also be evaluated, not assumed.

5. Fermentation and Enzymatic Hydrolysis in Cricket Meals

To obtain chitin, demineralization removes inorganic minerals, while deproteinization
removes associated proteins through chemical, enzymatic, or microbial treatments. Sub-
sequently, deacetylation converts chitin into chitosan by removing acetyl groups from its
structure. Although fermentation and enzymatic hydrolysis can facilitate deproteinization
and chitin recovery, neither process alone necessarily produces chitosan, which requires
a specific deacetylation step [115]. During fermentation, fatty acids transform, reducing
PUFAs; protein hydrolysis increases levels of free amino acids such as glutamic acid, serine,
threonine, leucine, isoleucine, and methionine, which act as attractants and enhance the
feed’s attractiveness [116,117]. Furthermore, fermentation changes pH and flavor, increas-
ing the feed’s palatability [118].

As of the publication of this review, evidence on using fermented or hydrolyzed cricket
meal in aquatic organisms remains limited, although studies involving black soldier fly
larvae have reported improvements in feed palatability, growth, feed utilization, survival,
and immune response [119,120].

Mauro-Félix et al. [121] evaluated acid silage derived from Acheta domesticus in diets
for Penaeus vannamei through two experiments with contrasting outcomes. In the first
experiment, replacing cricket meal with acid cricket silage significantly improved apparent
dry matter digestibility and revealed a significant trend toward increased growth as the
proportion of silage increased. In the second experiment, increasing the replacement of
fishmeal with acid cricket silage reduced overall shrimp performance, although digestibil-
ity remained above 70%. Taken together, these findings indicate that acid ensiling can
improve cricket digestibility, but this benefit does not necessarily translate into improved
performance when the silage is used to replace fishmeal. Therefore, its application requires
determining appropriate dietary inclusion levels and assessing the nutritional balance of
the resulting diets.

Studies on terrestrial animals have also reported palatability and antimicrobial poten-
tial [122]. In summary, fermentation and enzymatic hydrolysis enhance nutrient bioavail-
ability and confer bioactive properties by releasing antimicrobial and immunostimulatory
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components. One outcome of enzymatic hydrolysis and fermentation is the release of
peptides from protein breakdown, some of which exhibit functional and biological activi-
ties [123]. However, the evidence for these activities must be distinguished according to
the experimental model and protein source. In aquatic organisms, dietary supplementation
with fish protein hydrolysates has been associated with improvements in growth, nutrient
utilization efficiency, antioxidant and immune parameters, and gut microbiota in large-
mouth bass (Micropterus salmoides) [124]. These findings support the potential application
of protein hydrolysates in aquaculture but cannot be directly extrapolated to cricket-derived
products. In insects, hydrolysates obtained from the two-spotted cricket (Gryllus bimacu-
latus) have demonstrated bioactive properties in in vitro assays [125]. Similarly, peptides
derived from house cricket (Acheta domesticus) proteins have exhibited antioxidant activity
and functional properties, including solubility, water absorption, and stability [123,126].
Low-molecular-weight peptides isolated from the two-spotted cricket have also shown
antioxidant activity, free radical scavenging capacity, and metal-chelating properties [127].

These findings indicate that cricket protein hydrolysates may provide functional bene-
fits in aquaculture by improving nutritional value and potentially supporting animal health.
However, most demonstrated effects remain limited to biochemical and in vitro evaluations,
and their efficacy in aquatic organisms must be confirmed through controlled feeding trials.
Figure 3 presents the functional valorization of cricket meal through fermentation and
enzymatic hydrolysis for aquaculture applications.
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Figure 3. Functional valorization of cricket meal through fermentation and enzymatic hydrolysis for
aquaculture applications.

6. Conclusions

This review highlights the potential for the integral utilization of cricket meal through
the recovery and application of its main components, either individually or in combination.
Protein recovery through meal processing or hydrolysis, lipid extraction for oil recovery,
and chitin isolation followed by deacetylation to obtain chitosan could be integrated into a
sequential biorefinery approach. Defatting could yield a lipid fraction for further character-
ization and potential use. In contrast, the remaining solid fraction could be processed to
recover proteins and subsequently isolate chitin from the exoskeletal material. However,
the feasibility and optimal sequence of these operations depend on their effects on compo-
nent quality, recovery yields, and compatibility among processing steps. In aquaculture,
cricket-derived protein ingredients and hydrolysates may be useful in feed formulation.

In contrast, chitin and chitosan may serve as functional ingredients depending on their
physicochemical properties and inclusion levels. The fatty acid profile of cricket oil and
meal may also influence their nutritional suitability, and strategies such as defatting, dietary
manipulation during cricket production, and fatty acid biotransformation could improve
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lipid quality. Nevertheless, further validation is needed to confirm the effectiveness and
practical applicability of these strategies. Although integral cricket valorization may improve
resource efficiency by generating multiple products from a single biomass, its sustainability
and economic feasibility should not be assumed without evaluating processing yields,
energy and water requirements, chemical inputs, waste generation, and production costs.
Crickets and cricket meal therefore represent promising raw materials for multifunctional
aquafeed ingredients. However, comparative process assessments and controlled feeding
trials are still needed to determine whether integral utilization can improve aquaculture
production, reduce dependence on fishmeal, and deliver environmental and economic
benefits. Closing this gap between existing knowledge, available technologies, and practical
implementation should be a priority for future research.
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