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Background. Crayfish farming is a promising direction in the development of
aquaculture. Compared with marine crustacean species, freshwater crayfish require
lower cultivation costs, while their meat is regarded as an additive dietary delicacy with
a high nutritional value. The aim of this study was to compare the morphological and
physiological data (slaughter yield, taste quality, physicochemical composition of meat,
and some biochemical indexes of hemolymph) of three species of adult crayfishes, i.e.
Australian red claw crayfish (Cherax quadricarinatus), narrow-clawed crayfish (Astacus
leptodactylus), and marbled crayfish (Procambarus fallax forma virginalis), which were
cultivated in a recirculating aquaculture system.

Materials and Methods. Organoleptic and physicochemical methods were used to
assess meat quality, while biochemical methods were applied to determine hemolymph
parameters in the abovementioned crayfish species.

Results. The results showed that the edible portion relative to live weight was
15.16 + 0.20 % in the Australian redclaw crayfish, 12.16 £ 0,21 % in the Marbled cray-
fish, and 9.40 £ 0,19 % in the Narrow-clawed crayfish. The highest protein content in
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meat was observed in marbled crayfish (17.4 + 0.84 %). The highest fat content was
registered in Australian redclaw crayfish (0.95 + 0.024 %); for the marble crayfish, this
value was 0.9 £ 0.03 %, and for the narrow-clawed crayfish, it was 0.9 + 0.35 %. No
differences were found in carbohydrate content among the studied species; the value of
this parameter was approximately 1.2 £ 0.02 % in all the crayfish species. The meat of
Australian redclaw crayfish exhibited the highest energy value (76.1 £ 3.12 kcal/100 g),
exceeding that of the other species by 1.3 — 2.2 kcal/100 g, marbled crayfish —
74.8 + 3.69 kcal/100 g, and narrow-clawed crayfish — 73.9 + 3.52 kcal/100 g, respectively.
In terms of hemolymph protein content, Australian redclaw crayfish showed the highest
level (77.1 £ 2.87 g/L), for the narrow-clawed crayfish, this value was (64.9 £ 2.90 g/L),
and for the marbled crayfish, it was (57.2 + 2.41 g/L).

The highest calcium concentration in hemolymph was observed in narrow-clawed
crayfish (9.52 £ 0.212 mmol/L), while comparable levels were recorded in Australian
redclaw (7.99 £ 0.215 mmol/L) and marbled crayfish (7.42 £ 0.292 mmol/L). Differences
in all studied indicators were considered statistically significant at p < 0.05.

Conclusions. The study results obtained for Australian red claw crayfish, narrow-
clawed crayfish and marbled crayfish allow us to evaluate their productivity and meat
nutritional validity, as well as to propose the reference ranges of key indexes which can
be used in optimizing aquaculture technologies and production of high-quality delica-
cies or supporting food products.

Keywords: crayfish aquaculture, Australian red claw crayfish (Cherax
quadricarinatus), narrow-clawed crayfish (Astacus leptodactylus),
marbled crayfish (Procambarus fallax forma virginalis), slaughter yield,
meat productivity, hemolymph, reference indexes

INTRODUCTION

In recent years, aquaculture has been actively developing worldwide, increasing
its share in the industrial production of hydrobionts. The range of delicacy species of
aquatic organisms, particularly crustaceans, has been expanding. Crayfish products are
a source of high-quality protein, fat, vitamins, and mineral elements. As of 2022, crusta-
ceans accounted for 10 % of global aquaculture production, while the overall increase in
crustacean populations from 2000 to 2022 amounted to +140 % (Crandall et al., 2007;
FAO, 2024). The meat of certain crustacean species competes with “seafood delicacies”,
while the growing global demand for it gives impetus for the development of industrial
aquaculture production in Ukraine (Sharylo et al., 2020; Hrynevych et al., 2022).

The most common crayfish species in Ukraine include the European noble crayfish
(Astacus astacus), the narrow-clawed crayfish (Astacus leptodactylus), the Australian
red claw crayfish (Cherax quadricarinatus), the Florida white and red swamp crayfish
(Procambarus clarkii), and the marbled crayfish (Procambarus fallax forma virginalis)
(Dammannagoda, 2015; Hrynevych et al., 2022).

For many decades, crustacean aquaculture was based on the cultivation of native
river crayfish species, mainly the European noble crayfish (Astacus astacus) and the
narrow-clawed crayfish (Astacus leptodactylus). The narrow-clawed crayfish (Astacus
leptodactylus) is distributed in stagnant freshwater bodies of Eastern and Central Europe
and is most commonly found in waters with dense vegetation. This crayfish species is
sensitive to sudden changes in water quality and quickly dies in the presence of chemical
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pollution; however, it is tolerant of reduced oxygen levels in water to below 5 mg/L, which
is critical for the Australian redclaw and the noble crayfish species. Astacus leptodactylus
is characterized by high fecundity, is nocturnal, and feeds on both decaying and fresh
plant material as well as animal-based food (detritus and small fish). In sexually mature
individuals, moulting occurs once a year (Rida, 2020; Slusar et al., 2023).

The breeding period of the narrow-clawed crayfish lasts from early September to
late October. A few days after fertilization, the female lays 100—-200 eggs, of which about
40 % survive. The eggs are attached to the female’s pleopods (on the underside of
the abdomen). Incubation lasts about six months. Narrow-clawed crayfish reach sexual
maturity at the age of three years. Adult individuals grow to 20—25 cm in length and
reach a live weight of about 80-90 g. The lifespan of narrow-clawed crayfish is approxi-
mately 25 years (Muzaffer et al., 2018).

The Australian redclaw crayfish (Cherax quadricarinatus), as an aquaculture and
aquarium species, has only recently appeared in Ukraine. It is a large freshwater crayfish
with a body length of about 20-25 cm. Under natural conditions, males can reach a live
weight of up to 500 g, while females reach about 400 g. Individuals reach sexual maturity
at the age of 5-8 months when their body length is approximately 6-10 cm. Their body
coloration is greenish-blue (depending on water acidity). Males of this species are distin-
guished by the bright red coloration on the outer side of the claw (Lawrence et al., 2002).

The natural range of this species includes freshwater bodies in the northern part
of the Australian continent as well as in south-eastern Papua New Guinea (Holthuis,
1986). Cherax quadricarinatus prefers waters with high turbidity, weak currents, and
stagnant areas. During the monsoon season, water flows can carry crayfish down-
stream. As a result, the Australian redclaw crayfish tends to migrate upstream; this
behaviour also allows it to avoid water bodies that become shallow or dry out during the
dry season. In nature, the red claw crayfish feeds on both animal and plant-based food.
Since the late 1980s, this species has been cultivated in aquaculture (Lawrence et al.,
2002; Yahkoub, 2019).

Compared with other crustaceans, the Australian redclaw crayfish is characteri-
zed by a high growth rate, low demands regarding rearing conditions, and relatively
low levels of aggression and cannibalism (Huner, 1990; Volpe et al., 2015). Two main
approaches are used in its cultivation: in ponds, cages, and tanks in the warm waters
of energy facilities during the summer, and in recirculating aquaculture systems (RAS)
throughout the year. In both cultivation methods, RAS are used during winter to main-
tain brood stock, conduct spawning, incubation, and rear juveniles (Azhar et al., 2020).

The marbled crayfish (Procambarus fallax forma virginalis) remains insufficiently
studied in many aspects of aquaculture, although it has become an invasive species
in natural conditions. The origin of this species is not reliably known. Previously, in the
international literature it was referred to as the Cuban crayfish and considered a mutat-
ed (triploid) form of Procambarus fallax from the family Cambaridae, described in 2010.
Its main distinction from other crustaceans is the ability to reproduce through parthe-
nogenesis (development of eggs in the adult organism without fertilization) (Vogt et al.,
2019). The population consists entirely of females, as males are absent. Because this
species reproduces rapidly and displaces other crayfish species from natural habitats,
it has been recognized as invasive within the European Union (Jackson et al., 2019).
In natural biogeocenoses, it occurs in water bodies in Germany, Sweden, the Czech
Republic, Croatia, the Netherlands, Romania, Slovakia, Hungary, Ukraine, ltaly, and
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Japan. During the winter period, the female lays several dozen eggs (about 30 in young
individuals and up to 300 in adults), which are attached to the pleopods (Ziegera, 2013).
Incubation lasts 3—-6 weeks. Throughout the incubation period, the female remains in
shelter without feeding. During incubation, the eggs change colour (Slusar et al., 2023).

Although this species is omnivorous, plant-based food constitutes the main com-
ponent of its diet. These crayfish are well adapted to life under various conditions and
are not demanding regarding water quality. The body length of adult individuals ranges
from 5 to 15 cm, and their live weight from 15 to 40 g. The carapace of this crustacean is
beige with a dark brown marbled pattern. In water with higher acidity, the coloration often
becomes bluish. The lifespan of the marbled crayfish is about two years (Kaldre, 2016).

Crayfish meat has been recognized as an edible product with good taste qualities.
It has high nutritional and biological value due to its easy digestibility, efficient utilization
of proteins by the human body, and a high content of essential amino acids (El-Sherif
etal., 2016). In terms of its caloric value, crayfish meat is comparable to fish meat, while
its fat content exceeds that of non-predatory fish species (lwar, 2021).

In general, crayfish meatis distinguished by a high protein content of about 18-20 %,
a relatively low fat content (0.14—-1.69 %), and a balanced fatty acid composition, being
rich in omega-3 fatty acids. Comprehensive literature reviews reveal that only a limited
number of scientific studies have addressed this issue (Ben Yahkoub, 2019; Smietana
etal., 2021). Therefore, the available literature provides insufficient data fully describing
the nutritional and food value of crayfish cultivated in RAS, which is a prerequisite for
their introduction as a new product to the consumer market. In addition, when farming
crayfish in RAS, it is critically important to assess indicators of their physiological state,
particularly hemolymph parameters, which serve as indicators of their health status and
enable the early diagnosis of stress and disease development, monitoring of the moult-
ing process, and adjustment of feeding regimes (Rida et al., 2021).

In aquaculture, the range of cultivated crustacean species is continuously expan-
ding. However, technologies for their production under artificial conditions are still under
development, and research on their physiological, biochemical, and productivity indica-
tors remains a relevant task. In view of the above and considering that in recent years
the food industry has increasingly faced the issue of alternative sources of raw materials
of animal origin, our study aimed to update research data on the nutritional properties
of meat and the biochemical composition of hemolymph in the crayfish Cherax quadri-
carinatus, Astacus leptodactylus, and Procambarus fallax forma virginalis cultivated in
recirculating aquaculture systems.

MATERIALS AND METHODS

The study was conducted at LLC “First Investment Agrarian Company”, (Ukraine,
Zhytomyr region) which specializes in the cultivation of hydrobionts. The objects of the
study were sexually mature individuals of the crayfish Cherax quadricarinatus, Astacus
leptodactylus, and Procambarus fallax forma virginalis. The experimental crayfish were
maintained in three tanks with a volume of 0.3 m® each. The water temperature was
25 °C, the pH was 7, and the dissolved oxygen content was 7 mg/L. The diet was uniform
and consisted of 70 % of plant-based feed (rice, wheat, oak leaves) and 30 % of animal-
based feed (Aller feed additive, pellet diameter 3 mm, lean fish meat, and larvae of the
buzzer midge Chironomus plumosus), provided at a rate of 2.5 % of the total crayfish
biomass per day.
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To determine slaughter and morphometric parameters, as well as the chemical
composition and caloric value of crayfish meat, 10 individuals of each species were
selected from the tanks. The specimens were individually weighed, after which the meat
was separated from the exoskeleton and other inedible body parts (Fig. 1).

Fig. 1. Crayfish meat separation and weighing

For physicochemical analysis of the meat, three composite samples were pre-
pared from all experimental individuals of each crayfish species. The assessment
of organoleptic and physicochemical parameters of the meat was carried out at the
Zhytomyr Regional State Laboratory of the State Service of Ukraine on Food Safety and
Consumer Protection.

Organoleptic evaluation was conducted following the conventional methods speci-
fied in DSTU 8451:2015 “Fish and fish products. Methods for determination of organo-
leptic characteristics”. For a more comprehensive assessment of the slaughter quali-
ties of crayfish, physicochemical analyses of the meat were performed according
to the following parameters: mass fraction of moisture (%), mass fraction of ash (%),
fats (g), proteins (g), carbohydrates (g), and energy value (kcal). The moisture content
was determined in accordance with DSTU ISO 1442:2005, ash content according to
DSTU 8718:2017, and fat, protein, and carbohydrate contents in accordance with metho-
dological guidelines MB No 1-40/3805.

The biochemical composition of hemolymph was analyzed at the Educational and
Scientific Clinical and Diagnostic Laboratory of the Faculty of Veterinary Medicine,
Polissia National University. To determine biochemical parameters, hemolymph sam-
ples were collected from the pericardial sinus of 10 individuals of each studied species
using an insulin syringe, following preliminary dissection of the exoskeleton (Fig. 2).

For biochemical analysis, hemolymph samples were collected into sterile Vacutainer-
type tubes with a separating gel. To obtain serum, the samples were centrifuged at
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4500 rpm for 4 min using a Hermle Z 300 centrifuge. The separated serum (500 pL) was
transferred using a single-channel pipette (Sartorius, 100-1000 pL) into sterile dispos-
able Eppendorf microtubes with a volume of 1.5 mL. The serum was analyzed on the
day of preparation; therefore, no preservation was applied.

The concentrations of protein fractions, lipids, and macroelements in hemolymph
serum were determined using a semi-automatic analyzer Chem-7 (Erba, the Czech
Republic) and reagents from DAC (Moldova), by performing biochemical assays
in accordance with the manufacturer’'s standard instructions, without modification.
Specifically, total protein was determined by the photometric biuret method; albumin
by the photometric method using bromocresol green; globulin content was calculated
automatically by the analyzer based on total protein and albumin values; urea by the
kinetic photometric method; triglycerides by the enzymatic photometric method; alanine
aminotransferase by the kinetic UV method; calcium by the photometric method using
cresolphthalein; and potassium by the turbidimetric method without deproteinization
using a tetraphenylborate reagent.

"

Fig. 2. Hemolymph sample collection

The experimental studies were conducted in accordance with modern methodologi-
cal approaches and in compliance with relevant requirements and standards, including
DSTU ISO/IEC 17025:2005 (2006), the Law of Ukraine “On Protection of Animals from
Cruel Treatment,” the Regulations governing the use of animals in scientific experi-
ments, and ethical standards in accordance with Directive 2010/63/EU of the European
Parliament and of the Council of 22 September 2010 on the protection of animals used for
scientific purposes. The study was conducted in compliance with bioethical requirements
for research involving sexually mature individuals of Cherax quadricarinatus, Astacus lep-
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todactylus, and Procambarus fallax forma virginalis cultured in a recirculating aquaculture
system (Protocol No. 1 dated October 6, 2025, of the Commission on Bioethical Expertise
and Ethics of Scientific Research of the Zhytomyr Ivan Franko State University).

Statistical analysis. The obtained data were processed using methods of varia-
tion statistics. For each parameter, the arithmetic mean and the standard error of the
mean (Mtm) were calculated. The significance of differences between parameters was
assessed using Tukey’s post-hoc test following one-way analysis of variance (ANOVA);
differences were considered statistically significant at p < 0.05. Calculations were per-
formed using Microsoft Excel 2021 (Microsoft, USA).

Results and Discussion. In terms of texture and aroma, the meat of Australian
red claw crayfish is similar to that of marine crustaceans (lobsters), which allows it to be
positioned as a delicacy species. Compared to narrow-clawed crayfish, Australian red
claw crayfish exhibits a less intense red coloration after cooking, with a darker pattern.
The meat is primarily concentrated in the abdominal part of the body and has a more
delicate consistency compared to that of freshwater crayfish. Marbled crayfish is char-
acterized by a denser meat texture, similar to that of the Black Sea shrimp.

The results of the control slaughter demonstrate differences in morphometric and
slaughter characteristics among the studied species (Table 1).

Table 1. Morphometric and slaughter parameters (g) of the studied crayfish species:
Australian redclaw, marbled, and narrow-clawed, (x * SE, n = 10)

Australlan_redclaw Marbled crayfish Narrow-c_:lawed
crayfish crayfish

x = SE Cv, % x + SE Cv, % x + SE Cv, %

Parameter, g

Live weight, g 67.6+210 26.0 16.4+0.25" 127 276x055" 16.8
Abdomen weight, g 19.0+£051 225 42+0.06" 123 55+0.07" 102
Cephalothorax weight,g 34.4+0.98 233 94+0.19" 16.7 16.9+0.54" 26.1
Appendage weight, g 142+0.78 43.8 2.8+0.08" 236 52+017" 25.9
Meat weight, g 10.2+0.35 26.7 2.0+£0.04™ 147 2.6+0.06" 18.9

Note: statistical significance of differences is indicated according to Tukey’s test relative to the Australian
redclaw crayfish taken as the reference species: P < 0.05 (*); P < 0.01 (7); P < 0.001 (™)

Thus, the highest live weight was observed in the Australian redclaw crayfish
(67.6 g), while the lowest was recorded in the marbled crayfish (16.4 g), with narrow-
clawed crayfish occupying an intermediate position (27.6 g). It should be noted that
Australian redclaw crayfish are relatively large in terms of their morphological charac-
teristics, reaching a body weight of up to 35 g by the age of 6 months, whereas individu-
als of the narrow-clawed and marbled species reach only 16 g and 15 g, respectively.
Accordingly, the weight of the abdomen (19.0 g), cephalothorax (34.4 g), appendages
(14.2 g), and edible meat (10.2 g) in Australian red claw crayfish was significantly higher
(P < 0.001) compared to the corresponding values in the other two species: in marbled
crayfish by 14.8 g, 25.0 g, 11.4 g, and 8.2 g, and in narrow-clawed crayfish by 13.5 g,
17.5 g, 9.0 g, and 7.6 g, respectively.
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The physicochemical parameters of the crayfish meat from the studied species are
presented in Table 2.

The lowest moisture content was observed in the meat of the marbled crayfish, at
79.4 %, which was significantly lower than in the Australian redclaw cray fish by 1.9 %
and in narrow-clawed crayfish by 2.3 % (P < 0.05 in both cases). Accordingly, the meat
of the marbled crayfish contained the highest level of dry matter and, therefore, the
highest ash content (1.02 %); however, their advantage over the other two species in
this parameter was not statistically significant (Table 2).

Among the key indicators of crayfish meat quality are the contents of fat, protein,
and carbohydrates. The highest fat content was recorded in the meat of the Australian
red claw crayfish (0.95 %), while slightly lower values (by 0.05 %) were observed in the
marbled and narrow-clawed crayfish. In contrast, the highest protein content was found
in the marbled crayfish (17.4 %). In this respect, this species significantly exceeded
narrow-clawed crayfish by 2.2 % (P < 0.05) and non-significantly — the Australian red
claw crayfish by 1.8 %.

Table 2.Physicochemical parameters of meat of crayfish species: Australian redclaw,
marbled, and narrow-clawed, (x * SE, n = 10)

Australian redclaw Marbled cravfish Narrow-clawed
Parameter, crayfish Y crayfish

units of measurement
x £ SE Cv, % x £ SE Cv, % x £ SE Cv, %

Mass fraction of moisture, % 81.3+048 11 794+061 13 81.7+0.61 1.3

Mass fraction of ash, % 0.87+0.111 222 1.02+0.121 20.8 0.95+0.113 20.7
Fat, % 0.95+0.024 44 09+003 59 09+035 41
Protein, % 156+092 103 174+0.84 84 152+039 11.2
Carbohydrates, % 1.2+£0.02 3.8 1.2+0.02 4.0 1.2+0.02 4.0

Energy value

(caloric content) per kcal/100 g 76.1+£312 71 748+369 86 73.9+352 83

Note: statistical significance of differences is indicated according to Tukey’s test relative to the Australian
redclaw crayfish taken as the reference species: P < 0.05 ('); P < 0.01 ("); P < 0.001 (™)

No differences were observed in carbohydrate content among the studied species,
with this parameter being 1.2 % in all cases. The highest energy value was characteris-
tic of the Australian red claw crayfish meat (76.1 kcal), whereas in the marbled crayfish
it was 74.8 kcal and 73.9 kcal in the narrow-clawed crayfish.

The biochemical composition of hemolymph reflects the intensity of metabolic pro-
cesses and the physiological state of hydrobionts; however, it remains insufficiently stu-
died. Therefore, a series of investigations was conducted to establish reference values for
a range of biochemical parameters of hemolymph in the three studied crustacean species
(Table 3).

The total protein content in hemolymph is one of the most important indicators char-
acterizing the physiological condition of an organism. The study results showed that the
highest total protein content was observed in the Australian red claw crayfish (77.1 g/L),
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exceeding that of the marbled crayfish by 25.81 % and the narrow-clawed crayfish by
15.82 %. In terms of albumin content, Australian redclaw crayfish significantly excee-
ded marbled crayfish by 11.9 g/L and narrow-clawed crayfish by 9.3 g/L. No signifi-
cant differences were observed regarding globulin content; however, the highest level
was recorded in the Australian redclaw crayfish (35.1 g/L), while the lowest was in the
marbled crayfish (27.1 g/L), with the narrow-clawed crayfish showing an intermediate
value (32.2 g/L). The intensity of protein metabolism, particularly protein degradation,
is indicated by urea concentration, which is the end product of protein catabolism. The
highest urea level was found in the narrow-clawed crayfish (17.27 mmol/L), followed by
the Australian red claw crayfish (12.41 mmol/L), while the lowest value was observed in
the marbled crayfish (11.92 mmol/L).

The functional state of the hepatopancreas is reflected by the activity of alanine ami-
notransferase. In hemolymph serum, the highest activity of this enzyme was recorded in
the Australian red claw crayfish (67.0 U/L), which was lower by 14.1 U/L in the narrow-
clawed crayfish and by 19.6 U/L in the marbled crayfish. According to the data pre-
sented in Table 3, the highest triglyceride level was observed in the marbled crayfish
(111.2 mmol/L), followed by the narrow-clawed crayfish (81.9 mmol/L), while the lowest
value was recorded in the Australian redclaw crayfish (79.4 mmol/L).

Table 3. Biochemical parameters of hemolymph of crayfish species: Australian redclaw,
marbled, and narrow-clawed, (x * SE, n = 10)

Australian redclaw : Narrow-clawed
) Marbled crayfish
ST crayfish crayfish

x = SE Cv, % X+ SE Cv, % X+ SE Cv, %
Total protein (g/L) 771+ 2.87 6.5 572+241" 73 64.9 + 2.90 7.7
Albumins (g/L) 420+270 11.2 30.1+2427 140 327222 11.8
Globulins (g/L) 35.1+£0.40 2.0 27.1+0.17" 1,1 32.2+0.26™ 14
Urea (mmol/L) 1241 +£2228 32 11.92+0217 3.2 17.27+0.232" 23

Triglycerides (mmol/L)  79.4 + 2.86 6.3 111.2+217" 34 81.9+2.19 4.7

Na (mmol/L) 203 3.4 2.9 209+ 3.6 3.0 211 £33 2.7
K (mmol/L) 6.52+0.229 6.1 9.51+0.210" 3.8 7.44+0.219° 5.1
Ca (mmol/L) 7.99+0215 47 7.42+0292 6.8 952102127 3.9
Cl (mmol/L) 144 £12.2 147 197 +11.6" 10.2 182 +12.6° 12.0
ALT (U/L) 67.0+1,9 51 474+1,147 4.2 52.9 1,95 6.4

Note: statistical significance of differences is indicated according to Tukey’s test relative to the Australian
redclaw crayfish taken as the reference species: P < 0.05 ('); P < 0.01 ("); P < 0.001 (™)

The calcium content in the hemolymph serum did not differ significantly among
the studied species and ranged from 7.42 to 9.52 mmol/L, while the potassium
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concentration showed a wider range, from 6.52 mmol/L in the Australian red claw cray-
fish to 9.51 mmol/L in the marbled crayfish (Table 3). The concentrations of sodium and
chloride in hemolymph were the lowest in the Australian red claw crayfish, amounting to
203 mmol/L and 144 mmol/L, respectively. In the narrow-clawed crayfish , the sodium
level was 211 mmol/L, whereas the lowest sodium concentration (209 mmol/L) was
observed in marbled crayfish. In contrast, the lowest chloride content was recorded
in the narrow-clawed crayfish (182 mmol/L), while in the marbled crayfish it was at an
intermediate level (182 mmol/L).

The study of meat yield and nutritional value in crayfish is important in the con-
text of growing demand for alternative protein sources, as this indicator directly affects
production profitability. In addition, the physicochemical properties of the meat justify
its use in human nutrition and the development of balanced feeds for aquatic organ-
isms. Although the chemical composition and nutritional value of crustaceans depend
on species diversity, rearing conditions and diet (Romano & Sinha, 2020), our results
demonstrate that the Australian red-clawed crayfish exhibits the highest potential
among the studied species. Indeed, the meat yield of the Australian red clawed cray-
fish (15.16 %) significantly exceeded that of the marbled crayfish (12.6 %) and the native
narrow-clawed crayfish (9.4 %). The observed pattern of a higher proportion of meat
in the abdomen (77.1 %) and claws (19.9 %) in the Australian red claw crayfish not
only confirms its high meat yield compared to other species but also correlates with its
rapid growth under controlled conditions in recirculating aquaculture systems. Thus,
from a practical standpoint, it is the aquaculture of the Australian red claw crayfish that
ensures the highest level of profitability and produces raw material with optimal phys-
icochemical properties.

According to studies by J. Lazarevi¢ et al. (2022) conducted on spiny-cheek crayfish
(Faxonius limosus), their meat has high nutritional value, with protein content around
18 %, and the predominant minerals include potassium, sodium, calcium, phosphorus,
and magnesium (Lazarevi¢ et al., 2022). According to N. F. Zaglol et al. (2009) and
M. Harhoglu et al. (2012), the energy value of crayfish meat is approximately 76 kcal
(Zaglol et al., 2009; Harlioglu et al., 2012). Other studies (Stanek et al., 2011; lwar et al.,
2021) have shown that crayfish meat is a source of essential minerals such as potas-
sium, calcium, sodium, copper, zinc, magnesium, and iron.

At the same time, E. Fedorovych et al. (2022) report that crayfish meat exhibits
the highest nutritional value and best sensory qualities during the inter-moult period
(anecdysis). During this period, the content of proteins, fats, and carbohydrates is sig-
nificantly higher than during the moulting phases (proecdysis, ecdysis, and metecdysis)
(Fedorovych et al., 2022). A number of studies also show that the protein content in
a crayfish organism, including crude protein, increases from 20.70 % to 41.12 % with
an increase in dietary protein, and begins to decline when the protein content in the diet
reaches 44.64 % (Lu et al., 2020).

The crustacean circulatory system is of the open type. The circulating fluid, hemo-
lymph, which moves through vessels and intercellular spaces, accounts for approxi-
mately 26.5 % of total body volume and consists of plasma and hemocytes. Plasma pri-
marily performs a transport function, carrying nutrients, hormones, and toxic substances.
Hemocytes play an important protective role, including the phagocytosis of pathogens
and activation of coagulation mechanisms, thereby preventing hemolymph loss following
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tissue damage. Hemocyanin is the dominant protein in hemolymph, accounting for over
90% of the total protein fraction and functioning as the primary oxygen carrier. The
remaining protein fraction comprises clotting proteins and immune-related components.
In particular, hemolymph is rich in complex glycoproteins, as well as catalytic and regu-
latory proteins involved in respiratory, regulatory, hemostatic, protective, and excretory
functions. During the moulting period, these components additionally contribute to the
strengthening of the exoskeleton (Soares et al., 2022). R. Anbuchezhian et al. (2009)
and S. Schainost (2016) maintain that the level of total protein in hemolymph can be
used to assess the physiological condition of crustaceans and to obtain reliable data on
the status of their immune system (Anbuchezhian et al., 2009; Schainost, 2016).

Previous studies by M. Soares et al. (2022) examined glucose levels in the hemo-
lymph of crayfish maintained under both field and laboratory conditions, identifying
this parameter as a reliable indicator of stress in Procambarus clarkii (Soares et al.,
2022). Studies on the East European narrow-clawed crayfish (Astacus leptodactylus
Eschscholtz), reared under natural conditions, reported the following average values
of hemolymph biochemical parameters: glucose — 4.8 mg/dL; calcium — 38.07 mg/dL;
potassium —4.795 mEq/L; sodium — 190.3 mEg/L; and total protein — 2.578 g/dL (Sepici-
Dingel et al., 2013).

CONCLUSION

Crayfish of the species Cherax quadricarinatus, Astacus leptodactylus, and
Procambarus fallax forma virginalis differed in slaughter characteristics, chemical com-
position, and caloric value. Among the studied species, Australian redclaw crayfish
(Cherax quadricarinatus) were the most massive, and their meat exhibited the high-
est energy value. In terms of protein content, marbled crayfish (Procambarus fallax
forma virginalis) showed the highest values. No significant differences were observed
in fat and carbohydrate content; however, the highest moisture content was recorded in
narrow-clawed crayfish (Astacus leptodactylus), whereas the highest ash content was
found in marbled crayfish (Procambarus fallax forma virginalis).

Regarding hemolymph biochemical parameters, Cherax quadricarinatus exhibited
the highest levels of total protein (77.1 g/L), albumin (42.0 g/L), globulins (35.1 g/L),
and alanine aminotransferase activity (67.0 U/L). Higher levels of urea (17.27 mmol/L),
sodium (211 mmol/L), and calcium (9.52 mmol/L) were observed in narrow-clawed cray-
fish. In contrast, marbled crayfish were characterized by higher levels of triglycerides
(111.2 mmol/L), potassium (9.51 mmol/L), and chloride (197 mmol/L). The obtained
results provide essential reference values for the studied crayfish species under aqua-
culture conditions.
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NOPIBHANBbHA XAPAKTEPUCTUKA ®I3UKO-XIMIYHUX MOKA3HUKIB M’ACA
TA BIOXIMIYHOIO CKnAfy remosiimou PAKIB PIBHMX BUAIB

Mukona Cnrocap', AHOpili MyxeHko?, IpuHa Koeanbuyk',

€nusaeema ®edoposuy®, OkcaHa lwyk!',

Bimaniti MamyeHko', Mukona Ceimenbcbkul’

' )Kumomupcbkuli depxxasHull yHisepcumem imeHi leaHa ®paHka

sysn. Benuka bepdudiscbka, 40, Kumomup 10008, YkpaiHa

2 [Hemumym po3eedeHHs | eeHemuku meapuH imeHi M. B. 3ybust HAAH YkpaiHu

syn. . J1. MNoepebHsika, 1, c. YUybuHcbke, Bopucninbcbkuli p-H, Kuiscbka 0bn. 08321, YkpaiHa

3 Inemumym 6ionoeii meapuH HAAH Ykpaitu, eyn. Bacuns Cmyca, 38, Jlbeie 79034, YkpaiHa

OOrpyHTYBaHHA. PO3BEEHHS paKiB € NEPCNEKTUBHUM HanNpsiMoOM PO3BUTKY akBa-
KynbeTypu. MNOpIBHAHO 3 MOPCbKMMY BUAAMWU pPakonodibHMX, NPiCHOBOAHI paku notpe-
OyI0Tb MEHLLMX BUTPAT Ha BMPOLLYBaHHS, a IXHE M'ICO BBaXaeTbCA KOPUCHUM Aeni-
KaTeCcoM i3 BUCOKOK XapyOBO0 LiHHICTIO. MeTa Lboro JOCnigKeHHA — NOPIBHATN MOp-
donoriyHi Ta gisionorivHi AaHi (BUXig4 m’sica, cMakoBi AKOCTI, (Di3MKO-XiMIYHUI cKnag
M’sica, OioxiMiYHi MoKasHWMKM remoniMdun) TpbOX BMAIB CTAaTEBO3PINMX pakiB, a came:
aBCTpaniicbkoro 4YepBOHOKNeELHeBoro paka (Cherax quadricarinatus), poBronanoro
paka (Astacus leptodactylus), mapmypoBoro paka (Procambarus fallax forma virginalis),
SKWUX BUPOLLYBanNu B peLmpKynaliiHin cuctemMi BOgonocTavyaHHs.

Matepianu Ta metogu. Y poboTi BUKOPUCTAHO OpraHonenTUYHi Ta i3nKo-XiMiyHi
MeToau AocnimkeHb M'aca i BioxiMiYHi MeToan OOCHIOKEHHS MOKA3HMKIB remMoniMmdu.

Pe3ynbraTtu. Pe3dynsratn nokasyloTb, WO Maca iCTIBHOI YaCTUHW Bif XUBOI Macu
pakiB y BiACOTKOBOMY cniBBigHOLWeEHHI cTaHoBuna 15,16 £ 0,20 % Ansa 4epBOHOKMELLHe-
Boro, 12,16 + 0,21 % ansa mapmyposoro Ta 9,40 £ 0,19 % ons gosronanoro paka Biano-
BigHO. HavBuwimmn BmicT Binka 6yB y m’sici ocobuH mapmyposoro sugy (17.4 + 0,84 %).
Hansuwum BMICTOM XUPY B M’SICI XapakTepuayBanucs ocobnHu aBcTpaniicbkoro yep-
BoHoknewHeoro suay (0.95 + 0,024 %), ons MapMypoBOro paka Lien nokasHuk 0yB Ha
piHi 0,9 + 0,03 %, a gna gosronanoro paka — 0,9 £ 0,35 %. 3a BmicTOM BYyrneBogiB
y M’SICi pakiB 4OCNiAXyBaHMX BUAIB Pi3HNML HE criocTepiranu, Le nokasHuk O0yB Ha piBHi
1,2+ 0,02 %. HarikanopinHiwmm 6yno M’sico aBCcTpanincbKoro YepBOHOKIELLHEBOIO BUAY
(76,1 + 3,12 kkan/100 r), Wo nepeBMLLYBarno NOKa3HMKN IHWNX OOCNILKYBaHMX BUAIB
y mexax 1,3-2.2 kkan/100 r, 3okpema, M’ico MmapMypoBoro paka — 74,8 + 3,69 kkan/100r,
M’sico gosronarnoro paka — 73,9 £ 3,52 kkan/100 r BignosigHo. 3a nokasHukamu Ginka
B remoniMmdi nepeBaxkaB aBCTPaniMCbknii YepBOHOKNELLHeBUA pak (77,1 + 2,87 r/n),
0N [OBronanoro paka Le 3HayeHHsi ctaHoBurno 64,9 + 2,90 r/n, a Anga MapMypoBOro
paka — 57,2 £+ 2,41 r/n. HanBuLly KOHLEHTpaLilo KanbLito B remoniMmdi 3adikcoBaHO
y piukoBoro gosronanoro paka (9,52 + 0,212 mmone/n), Mamke Ha OgHOMY PiBHI Lien
nokasHuk ByB y aBCTpanincbKoro YepBOHOKMNeLWwHeBoro paka (7,99 £ 0,215 mmonb/n) Ta
MapmypoBoro paka (7,42 + 0,292 mmonb/n). PisHuLI0 BBaXanu CTaTMCTUYHO 3HaYyLLO
3ap<0,05.

BucHoBku. [laHi gocnigXeHb aBCTpasinCbKOro 4YepBOHOKIELLHEBOro, AoBrona-
JI0ro Ta MapMypoBOro pakiB A4atoTb 3MOry OLIHUTU TXHIO NPOAYKTUBHICTb, XapyoBY LiiH-
HICTb M’sica i BU3Ha4YNTN pedepeHTHI dianasoHn OOCMIOKEHUX NMOKa3HUKIB, SIKi MOXHa

ISSN 1996-4536 (print) e ISSN 2311-0783 (on-line) e bionoriyni CTygaii / Studia Biologica e 2026 e Tom 20 / N2 2 e C. 31-46



46 Mykola Slusar, Andrii Muzhenko, Iryna Kovalchuk et al.

BMKOpPUCTaATN AN ONTMMI3aLii TEXHONMOrIN akBaKynbTypu Ta BUPOOHULITBA BUCOKOSIKIC-
HUX AerikaTecHUx abo CynyTHiX Xap4oBMX MPOOYKTIB.

Knro4oei cnnoga: BMPOLLYBaHHS pakiB, aBCTPaninCbKUi YEepBOHOKMELLHEBUA pak
(Cherax quadricarinatus), posronanuw pak (Astacus leptodactylus),
MapmypoBuin pak (Procambarus fallax forma virginalis), Buxig
M’sica, M’siCHa MPOAYKTMBHICTb, reMoniMmda, pedepeHTHi 3Ha4YEHHSI
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