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Abstract. A crucial element in improving aquaculture performance, including the crayfish farming
sector, is enhancing and developing cultivation technologies for new species, whose potential can
rapidly supply the market with commercial products. This study aimed to analyse the impact of
dietary modifications on the growth performance of Procambarus clarkii when fed a vitamin-amino
acid complex, “Chicktonic”, at rates of 1.0 mL/kg (Group 2) and 2.0 mL/kg (Group 3). The study
employed theoretical (analysis, systematisation, comparison), experimental (laboratory), and
standard aquaculture research methods. Results indicated that crayfish fed diets supplemented
with “Chicktonic” exhibited higher growth rates throughout the experimental period. For instance,
Groups 2 and 3 demonstrated a 3.9 and 4.3-fold increase in weight, reaching 13.70+1.10 g and
16.24 + 1.30 g, respectively. In the control Group 1, which received feed without the vitamin
supplement, the lowest weight gain was recorded, increasing by a factor of 3.7, reaching 13.93+1.89
g by the end of the study period. No significant differences in body length were observed among all
groups; however, in experimental Group 3 (2.0 mL/kg), this indicator was 8.34+0.22 cm, compared
t0 7.83+0.42 cm in Group 1 and 7.83+0.18 cm in Group 2. It was found that the introduction of the
vitamin-amino acid supplement into the crayfish diet accelerated the sexual maturation of females
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in experimental Groups 2 and 3, where the first specimens with eggs were recorded. The effect
of vitamin intake was also noted in the visual assessment of the colour of the crayfish’s external
chitinous covering. Group 3 (2.0 mL/kg) exhibited a bright red hue, whereas the control group had a
pale red, sometimes pale orange, carapace colour. The results obtained may be used to optimise the
artificial cultivation of Procambarus clarkii and suggest the use of vitamin supplements to improve

their welfare and well-being

Keywords: aquaculture; cultivation; weight; length; survival; red swamp crayfish; feeding

Introduction
Given the global challenges and the current
state of the crayfish farming industry, there is
a pressing need to identify crustacean species
with high economic potential that can fill the
market gap with high-quality products. To ful-
ly explore the possibilities of cultivating new
species, efforts should be directed towards
optimising or improving methods for their in-
dustrial farming. Among the species with high
cultivation potential, the red swamp cray-
fish, Procambarus clarkii (Girard, 1852), also
known as the Louisiana crawfish or red swamp
crayfish, is particularly interesting. Accord-
ing to the criteria of Article 4(3) of Regulation
(EU) No. 1143/2014 of the European Parlia-
ment (2019), Procambarus clarkii is a species
widely distributed in Europe and cannot be
eradicated by economically feasible means. Ac-
cording to the DAISIE invasive species check-
list (Roy et al., 2020), this species is registered
as having significant invasive potential at the
biogeographic level. In a study of this species
outside its native range, A. Ballinger (2022) de-
scribes the invasive situation of this species on
all continents, highlighting the problem of rapid
introduction and spread of this species in nat-
ural water bodies throughout Europe and oth-
er countries. According to A. Nota et al. (2024),
such a high level of introduction is attributed
to the species’ high adaptive capacity to various
artificial and natural environments, a result of
its evolutionary development. This leads to sig-
nificant imbalances in local ecosystems, driven
by consumer pressure on the trophic structure
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and the dominance of Procambarus clarkii. The
authors’ assumptions were confirmed by a study
conducted near the Mediterranean Sea, where
individuals of the species were found in close
proximity to the coastline at depths of about
1.5 m, with the nearest freshwater sources lo-
cated 0.5-1.7 km away (note: the salinity of the
Mediterranean Sea varies from 36.0 to 39.5%o).
The influence of salinity as a limiting factor for
the survival and distribution of the species was
previously studied by A.J.M. Dorr et al. (2020),
who found that this parameter has a temporary
adverse effect, especially on females, causing a
moderate disruption to the redox process, thus
not limiting the adaptive abilities of the species.

Overall, the biological characteristics of
Pr. clarkii provide this species with a significant
competitive advantage in terms of cultivation
technology and economics. For this reason,
when inventorying alien species used for aq-
uaculture and related activities, D. Savini et
al. (2010) included it in the list of the 27 most
popular alien species introduced in Europe. An
analysis of crayfish products on the Ukrainian
fish market has shown the presence of frozen red
swamp crayfish imported from Spain for over 8
years. Statistical data on import volumes and
demand for this product are either absent or in-
accessible, but the duration of supply indicates
an existing economic benefit. Products grown
by Ukrainian producers could provide a worthy
competitor to imports and replace frozen prod-
ucts with fresh ones. Moreover, the controlled
cultivation of Procambarus clarkii, particularly
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in industrial settings, would reduce pressure
on wild crayfish populations in Ukraine, al-
lowing time for their recovery and stabilisa-
tion (given a combination of optimal factors),
while at the same time guaranteeing a stable
supply of crayfish products to the fish market.

However, an analysis of available infor-
mation sources reveals a significant lack of
new data or recommendations concerning the
cultivation technology for Procambarus clarkii.
The vast majority of methods for producing
commercial products are based on so-called
ecological aquaculture, involving cultivation in
earthen ponds. Some farms employ elements of
intensive technology, building on the results of
individual studies. For instance, in their study,
M. Zhao et al. (2024) investigated the impact
of different types of shelters for crayfish, es-
tablishing that under their experimental con-
ditions, PVC pipes demonstrated the highest
protective efficacy; researchers reached this
conclusion based on improved growth indica-
tors of the crayfish. The growth and develop-
ment of the red swamp crayfish were studied by
J. Wang et al. (2023) based on the assessment
of an ecological growth and development in-
dex; based on a set of biological characteristics,
the researchers established a trend towards an
improvement in the index with the appearance
of a greater amount of nutrients in the crayfish
diet. In turn, the crayfish diet was investigated
by A. Kaliszewicz et al. (2022), studied the pos-
sibility of using fatty acids to improve the sur-
vival and growth of Procambarus clarkii, estab-
lishing improved survival rates when palmitic
acid was introduced into the diet. X. Chen et
al. (2024) conducted a large-scale study inves-
tigating the influence of different feeding and
maintenance conditions on the correlation be-
tween carapace colour and astaxanthin content.
Thus, groups of crayfish whose diet contained a
higher content of B-carotene and were kept at a
higher water temperature (30.0°C) had a higher
level of astaxanthin, which formed a saturated
bright red colouration of the crayfish carapace.

Considering the above information, the
search for methods to improve the growth and
survival rates of crayfish in the context of de-
veloping an artificial cultivation technology for
Procambarus clarkii is of great relevance. In this
regard, the use of vitamin-amino acid supple-
ments is of particular interest, with positive ex-
periences in their application reported for oth-
er promising aquaculture species, as described
in the research of B. Kovalenko et al. (2021),
L. Kononenko et al. (2023), and 1. Kononenko &
B. Kovalenko (2023). This issue also becomes
relevant in the context that the use of various
technological techniques in feed production at
different levels can lead to the destruction or
alteration of the activity of certain unstable
components. Measures aimed at increasing the
digestibility of carbohydrates or reducing the
negative effects of non-starch polysaccharides
can, in some cases, cause the destruction of 35-
40%, and sometimes even 50-70% of vitamins
and other nutrients.

This study aimed to analyse the impact of
feeding Procambarus clarkii on the effective-
ness of changing their biological and fishery
parameters when the vitamin-amino acid com-
plex “Chicktonic” was introduced into the feed.

Materials and Methods

To assess the impact of the vitamin-amino acid
complex “Chicktonic” on the growth and wel-
fare of Procambarus clarkii, individuals aged
2.5-3.0 months were used. The study involved
three groups of subjects: Group 1 — control,
which received feed without vitamin supple-
mentation, and two experimental groups:
Group 2 received feed with the preparation at
a rate of 1.0 mL/kg, and Group 3 - 2.0 mL/kg of
feed. The initial number of individuals in each
group was 10. Groups were formed by random
selection. In total, 30 red swamp crayfish were
used in the experiment. The crayfish were kept
in 100-litre aquariums.

Water conditioning was carried out using
an external JBL CristalProfi €902 greenline
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filter, creating a closed water circulation system
designed for a volume of 90-300 litres. Water
heating was provided by an Atman AT-100W
heater. Water temperature and dissolved oxy-
gen content were measured daily using a porta-
ble AZ-86021 oximeter.

Compound feeds for trout fish were used
for feeding individuals of all groups: Alltech
Coppens Advance 1.0 mm (protein content
54.0%, vitamins: vitamin A - 12,000 IU/kg, vi-
tamin D3 - 738 IU/kg) and Alltech Coppens
Supreme - 22 3.0 mm (protein content 43.8%,
vitamins: vitamin A - 9,138 IU/kg, vitamin
D3 - 1,198 1U/kg). The feeds were supplement-
ed with a combined vitamin-amino acid com-
plex, “Chicktonic”, which contained (per 1 mL):
vitamin A - 2,500 IU, vitamin D3 - 500 IU, al-
pha-tocopherol - 3.75 mg, vitamin B1 - 3.5 mg,
vitamin B2 - 4.0 mg, vitamin B6 - 2.0 mg,
vitamin B12 - 0.01 mg, sodium pantothen-
ate — 15.0 mg; vitamin K3 - 0.250 mg, choline
chloride - 0.4 mg, biotin — 0.002 mg, inositol —
0.0025 mg, D, L-methionine — 5 mg, L-lysine —
2.5 mg, histidine - 0.9 mg, arginine — 0.49 mg,
aspartic acid - 1.45 mg, threonine - 0.5 mg,
serine — 0.68 mg, glutamic acid — 1.16 mg, pro-
line - 0.51 mg, glycine - 0.575 mg, alanine —
0.975 mg, cystine — 0.15 mg, valine — 1.1 mg,
leucine - 1.5 mg, isoleucine — 0.125 mg, tyros-
ine — 0.34 mg, phenylalanine - 0.81 mg, trypto-
phan - 0.075 mg, and a filler.

The required vitamin dosage was meas-
ured using a single-channel LLG micropipette
with a measurement volume of 100-1,000 pL.
The compound feed was treated with the vita-
min-amino acid preparation “Chicktonic” using
a spray-drying method. This involved spraying
and subsequent drying of a vitamin emulsion,
which was prepared using distilled water at
room temperature at a rate of 100 mL of wa-
ter per 1.0 kg of feed. The compound feed was
spread out in a single layer on a tray. During
the spraying process, the feed was continuous-
ly mixed to ensure maximum uniformity of the
mixture distribution across the feed surface.
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To minimise the loss of activity, the com-
pound feed was treated in small batches: 0.1-
0.5 kg, adjusted according to the growth of the
individuals and changes in their diet. Treated
feed was used within 4-5 weeks to prevent sig-
nificant vitamin losses during prolonged stor-
age. The treated feed was stored in individual
zip-lock bags placed in containers, which were
kept in a cupboard away from direct sunlight.
The daily feeding rate for Procambarus clarkii
was determined based on their total biomass
and varied from 2.0 to 5.0% of their total bio-
mass at different stages of individual develop-
ment. The experimental groups were fed twice
daily: the determined feed ration was divided
into two portions in a 30:70 ratio — the first
portion was introduced in the morning, and the
second in the evening. The feed was placed in
two feeding stations located on opposite sides
of the aquarium.

Intermediate measurements of crayfish
length and mass, as two primary fish-biological
parameters, were conducted every 10 days. The
daily feed ration was adjusted based on the data
obtained. The study duration was 2 months.
Measurements of mass and body length were
performed following general fish-biological
recommendations using a vernier calliper,
measuring tape, and a TVE-0.21 laboratory bal-
ance with a minimum increment of 0.02 g. The
conditions for keeping, feeding, and caring for
the crayfish complied with the European Con-
vention for the Protection of Vertebrate Ani-
mals used for Experimental and Other Scientific
Purposes (1986) and adhered to the bioethical
standards of good animal welfare as outlined in
the Regulation “On the Protection of Animals
Used for Scientific or Educational Purposes at
the National University of Life and Environ-
mental Sciences of Ukraine” (2023).

Results and Discussion
Daily monitoring of the water’s hydrochemi-
cal parameters during the cultivation of Pro-
cambarus clarkii over the study period showed
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that, with the experimental temperature set
at 25.0°C in all aquariums, the actual tem-
perature readings fluctuated from 25.9°C
at the beginning of the study (October) to
24.8°C at the end (December), but remained
within the optimal range for the species.
The dissolved oxygen content varied with-
in the optimal range for this species: from

6.1 mgO2/L to 7.1 mgO2/L; pH - 7.9-8.3.
Thus, from the standpoint of hydrochemical
parameters, the aquatic environment was
within the optimal range.

The results of measurements of biolog-
ical and fishery parameters, specifically the
weight and length of Procambarus clarkii, dur-
ing the study period, are presented in Table 1.

Table 1. Biological and fishery parameters of Procambarus clarkii over the study period

Mean mass, g (M*m)

Mean length, cm (M*m)

Group 1 Group 2 Group 3 Group 1 Group 2 Group 3
Date (control) (1.0 mL/kg) (2.0 mL/kg) (control) (1.0 mL/kg) (2.0 mL/kg)
max/min* max/min* max/min* max/min* max/min* max/min*
p p pr p p p
06.10.23 2.60/4.90 2.00/4.70 2.90/4.30 4.50/6.50 4.50/6.00 5.00/5.50
3.74+0.24 3.50+0.28 3.78+0.15 5.40%+0.19 5.25%+0.16 5.30+0.09
16.10.23 3.70/6.00 3.10/6.00 4.3/6.1 6.00/6.50 5.00/6.20 5.50/7.00
4.55%0.28 4.80%0.29 4.79%0.18 5.56+0.16 5.57+0.13 6.30+0.15
25.10.23 4.50/8.80 3.80/10.70 6.2/9.3 5.50/7.00 3.20/7.70 6.2/7.5
6.17%0.59 6.79%0.75 7.44%0.43 6.46%0.20 6.21+0.52 6.84+0.17
08.11.23 6.40/13.60 8.10/13.60 8.2/12.8 6.00/7.50 6.50/8.00 6.30/7.50
9.21+1.00 9.73%£0.90 10.53%0.71 6.79+0.23 7.22+0.23 7.21+0.20
15.11.23 8.10/14.20 8.20/14.90 8.8/14.1 6.50/8.10 6.50/8.50 6.80/7.80
11.37%£1.12 10.52£1.06 11.97£0.76 7.25+0.31 7.25+0.31 7.43+0.16
92.11.23 9.60/15.70 10.50/15.50 10.00/16.20 6.50/8.00 7.00/8.20 7.50/8.50
12.82£1.22 11.73£0.84 13.71£0.82 7.25+0.27 7.33+0.21 7.96+0.15
06.12.23 9.50/21.50 16.10/17.00 12.7/21.60 7.00/9.50 7.50/8.500 7.70/9.00
13.93£1.89 13.70£1.10 16.24%1.30 7.83+0.42 7.83+0.18 8.34+0.22
Note: * - minimum and maximum values of the measured parameter; ** — mean value of the measured
parameter

Source: authors' development

It was established that through random
selection, three experimental groups of Pro-
cambarus clarkii were formed with relatively
homogeneous initial mass and body length.
At the beginning of the study, the mean body
mass of the control Group 1 was 3.74+0.24 g
with a minimum and maximum value in this
group of 2.60 and 4.90, respectively. Individ-
uals in the experimental Group 2 were char-
acterised by a mean body mass of 3.50+0.28
g with a minimum mass of 2.00 g and a max-
imum of 4.70 g. In the experimental Group 3,
the studied mean body mass was 3.78£0.15 g

with a minimum and maximum value of 2.90
and 4.30 g, respectively.

The most intense increase in body mass in
all three groups was observed during the first
month of cultivation - it was during this peri-
od that each group experienced a “mass jump”
(Fig. 1). At the same time, the mass gain in the
control group increased by an average of 1.35
times at each measurement stage. Thus, dur-
ing the first month of cultivation, the average
mass of individuals in the control group was
9.21 +1.00 g, increasing the mass gain by an
average of 5.47 g. The average mass of crayfish

Animal Science and Food Technology. 2024. Vol. 15, No. 3
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in experimental Group 2 (1.0 mL/kg) increased

by 1.39 times, and the average gain of 1 individ-

ual was 6.23 g. The mass of individuals in ex-

perimental Group 3, which received the vitamin
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at a dose of 2.0 mL/kg, increased by 1.45 times
during the first month of cultivation, reaching
10.53%0.71 g, which is 6.75 g more compared to
the initial mass.
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No. 1 - control; No. 2 - 1.0 mL/kg; No. 3 - 2.0 mL/kg

Figure 1. Weight gain of crayfish over the study period

Source: authors' development

Further analysis of mass during the second
month of cultivation did not reveal any signif-
icant differences in the growth rate among the
three experimental groups. On average, the
mass gain of individuals in the control Group
1 increased by 1.15 times (by 4.72 g), compared
to the first month of cultivation. For individu-
als in experimental Groups 2 (1.0 mL/kg) and
3 (2.0 mL/kg), this figure increased by 1.14 and
1.16 times, respectively (by 3.97 and 5.71 g).
Overall, during the second month of cultiva-
tion, there was a trend towards a similar growth
rate for individuals in all groups. However, it is
essential to emphasise that the use of the vita-
min supplement in Groups 2 and 3 during the
first month of feeding effectively “kick-started”
their growth, providing a solid foundation for
weight gain that was maintained throughout
the remainder of the study period.

Overall, the final mass of crayfish in the
control Group 1 increased 5.36 times compared
to the initial mass, reaching 13.93+1.89 g, with
an average mass gain of 10.20 g. In experi-
mental Group 2, the initial mass of individuals
increased 6.85 times, reaching an average of

Animal Science and Food Technology. 2024. Vol. 15, No. 3

13.70%1.10 g with a gain of 10.20 g. The high-
est average mass was obtained in experimental
Group 3 - 16.24+1.30 g, where the initial mass
increased by 12.46 g, which is 5.60 times greater
compared to the initial mass.

Regarding the linear growth of crayfish
in all groups, analysis of the obtained data
did not show a significant difference in the
growth rate intensity, not only in the first
month of cultivation but also throughout the
entire study period. Linear growth occurred
with a relatively constant intensity through-
out the entire study period (Fig. 2). On aver-
age, the body length of crayfish in the control
Group 1 increased by 2.43 cm compared to
the initial length (5.40 £ 0.19 cm), reaching
7.83 £0.42 cm. In crayfish of experimental
Group 2 (1.0 mL/kg), no significant differ-
ences in linear growth rates were found com-
pared to the control group. Thus, on average,
the body length of individuals in Group 2 in-
creased by 2.58 cm, reaching 7.83+0.18 cm at
the end of the study period. The highest re-
sults of linear growth were established in indi-
viduals of experimental Group 3 (2.0 mL/kg),
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which reached 8.34 = 0.22 c¢m after two
months of the study, increasing body length

by 3.04 cm compared to the initial length
(5.30£0.09 cm).
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Experimental group, No.:
No. 1 - control; No. 2 - 1.0 mL/kg; No. 3 - 2.0 mL/kg

Figure 2. Linear growth of crayfish over the study period

Source: author’s development

This study does not assess the welfare and
well-being of Procambarus clarkii in terms of
survival, as all recorded deaths in each exper-
imental group were caused by cannibalism and
are indicative of a behavioural rather than a
physical issue. This aspect will be examined in

a subsequent study investigating the use of dif-
ferent shelter designs and configurations. The
following table (Table 2) provides an overview
of the changes in the number of Procambarus
clarkii individuals in the experimental groups
throughout the study period.

Table 2. Changes in the number of individuals in experimental groups over the study period

Number of specimens, n

Age, months
Group 1 (control) Group 2 (1.0 mL/kg) Group 3 (2.0 mL/kg)
2.5-3.0 10 10 10
3.0-3.5 10 10 9
3.5-4.0 7 8 7
4.0-4.5 7 6 7
4.5-5.0 6 6 7
5.0-5.5 6 6 7
5.5-6.0 6 6 7
% survival 60 60 70

Source: authors' development

The first recorded mortality occurred in
experimental Group 3 on the ninth day of the
study, coinciding with the first instance of
moulting in this group, which triggered a behav-
ioural response — cannibalism. Overall, survival
rates for the control Group 1 and experimental
Group 2 were 60%. In experimental Group 3,

survival was 70%, which is 10% higher than the
control and experimental Group 2. While not
significant, this result could also be linked to
the use of feed with a higher vitamin and ami-
no acid complex content (2.0 mL/kg of feed).

The enrichment of feed with the vita-
min-amino acid complex “Chicktonic” during

Animal Science and Food Technology. 2024. Vol. 15, No. 3
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feeding also had an effect on the colour of the
chitinous exoskeleton of Procambarus clarkii
in the experimental groups. Visual assessment
of colour intensity showed that experimental
Group 3, which consumed feed supplement-
ed with 2.0 mL/kg of the vitamin, had a bright
red colouration of the carapace (Fig. 3), while
crayfish in the control Group 1, which received
feed without the vitamin, had a pale red, and in
some cases even pale orange, the colouration of
the carapace (Fig. 4). The colour difference was
clearly noticeable and did not require the use of
any additional measurement methods.

Figure 3. Individuals from Group 3
Source: authors’ material

Figure 4. Individuals from the control group
Source: authors’ material

Analysis of the use of “Chicktonic” in the
feeding of the red swamp crayfish showed that
the first females with eggs were recorded in
experimental Groups 2 and 3, i.e., those that
consumed compound feed supplemented with

Animal Science and Food Technology. 2024. Vol. 15, No. 3

the vitamin-amino acid complex “Chickton-
ic” at doses of 1.0 and 2.0 mL/kg, respectively.
This indicates one advantage of introducing
this preparation into the diet. By the end of the
second month of the study, when the females
were 5.0-5.5 months old, fully developed ova-
ries capable of participating in the reproductive
process had formed.

When assessing the behavioural responses
of Procambarus clarkii during measurements of
aquaculture biological indicators and aquar-
ium maintenance (such as water changes and
cleaning shelters), it is believed that the studied
subjects were temporarily in conditions of sub-
optimal welfare. This was indicated by their ex-
periencing minimal negative impacts from all
manipulations, as their basic needs for optimal
management were met (including the absence
of physical stress, prompt execution of tasks,
careful handling, and the provision of comfort-
able conditions). Active behaviour in the sub-
jects was observed for a while after their return
to the rearing environment; however, the cray-
fish quickly returned to their usual state and
responded positively to feeding.

Analysis of the results from the first
month of rearing Pr. clarkii showed that the
ratio of vitamins and amino acids in the diet
of the study subjects in all three groups had
little impact on their biological and fishery
parameters during the early stages of rear-
ing. This finding is corroborated by research
conducted by J. Wang et al. (2023), where the
research group assessed the morphological
and biological characteristics of Procambarus
clarkii by comparing the results of feeding with
diets containing protein and fat levels ranging
from 6.0-25.0% in the experimental groups
to 8.0-32.0% in the control groups. For the
first 20 days, the studied parameters were at
a reference level in all groups, and a signifi-
cant difference was recorded between 40 and
80 days of the experiment. In the current ex-
periment, a positive effect of introducing vi-
tamins into the crayfish feed was first recorded
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20 days after the start of the experiment, when,
after relatively stable indicators in all groups, a
significant increase in average body weight of
1.9 g was observed in Group 3 (2.0 mL/kg) com-
pared to the previous measurement. In contrast,
Group 1 (control) showed an increase of 0.8 g
and Group 2 (1.0 mL/kg) an increase of 0.7 g.
However, starting from the 30" day of rearing,
a stable increase in weight gain was record-
ed, with this trend continuing until the end of
the experiment, also in experimental Group 2.
Thus, the groups that received the additional
vitamin-amino acid complex had more distinct
results compared to the control group. A simi-
lar effect of the “Chicktonic” preparation was
established by B. Kovalenko et al. (2021) when
studying the effect of this preparation on the fish
farming parameters of the African sharptooth
catfish. In that study, the weight gain of fish
that received an additional vitamin-amino acid
preparation was activated on days 20-30 of rear-
ing in older individuals, and after day 30 of rear-
ing in juveniles (Muzzarelli, 2013; Lyko, 2017).

It can be assumed that the high growth
rates of the crayfish after the first month of
rearing, especially in the experimental groups
that consumed compound feed supplemented
with vitamins, are associated with the well-
known fact of the optimal impact of vitamin
consumption in the early stages of develop-
ment when complex morpho-physiological
transformations occur in the organism, as de-
tailed by M. Yevtushenko (2015). The created
feeding conditions ensured the optimal course
of metabolic processes, in particular, plastic
and energy metabolism, due to the sufficient
amount of nutrients, including vitamins, and
the optimal redistribution of feed energy. A
similar result was described in the study of
B. Kovalenko et al. (2021) when feeding young
African sharptooth catfish with “Chicktonic”
revealed faster absorption and conversion of
nutrients into linear weight gain. Additional-
ly, likely, the decrease in weight gain intensity
in the experimental groups during the second

month of the study was caused by reaching sex-
ual maturity in Procambarus clarkii, which is
associated with rapid growth and development
of gametes and a preferential allocation of en-
ergy from plastic or energy metabolism towards
reproductive metabolism (Amine et al., 2008;
Yevtushenko, 2015). However, a decrease in the
mass of individuals in the experimental groups
with the onset of sexual maturity and the de-
velopment of reproductive products was not
recorded, suggesting that the additional intake
of nutrients allows the body to compensate
for energy expenditures on different levels of
metabolism and maintain high results (Niu et
al., 2014; Wade et al., 2017).

Furthermore, the results obtained in this
study coincide with the data on the use of the
vitamin-amino acid preparation “Chicktonic”
in the feeding of African sharptooth catfish and
tilapia, as described in the scientific studies
of B. Kovalenko et al. (2021), 1. Kononenko et
al. (2023) and I. Kononenko & B. Kovalen-
ko (2023). For example, the results of the re-
search by I.Kononenko et al. (2023) also show the
effectiveness of introducing the vitamin-amino
acid complex “Chicktonic” into the diet of tila-
pia, the effectiveness of which was especially
evident when creating unfavourable environ-
mental conditions. In addition to the overall
increase in fish body weight, this contributed to
maintaining high survival rates in groups that
consumed feed with the vitamin at a level of
90.0% compared to 60.0% in the control group.

In the study by I. Kononenko & B. Kova-
lenko (2023), when feeding Arican sharptooth
catfish with feed containing the “Chickton-
ic” preparation at doses of 1.0 and 2.0 mg/kg
(Groups 2 and 3, respectively), no significant
difference in biological and fishery parame-
ters was found between the experimental and
control groups. However, a positive effect of
the preparation on survival was established
in the experimental groups, which increased
by an average of 2.0-4.0%. Additionally, simi-
lar results improving survival rates to 67% 13
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were obtained in the study by Kaliszewicz et
al. (2022). However, when dietary supplements
with fatty acids, particularly palmitic acid, were
introduced into the diet of young Procamba-
rus clarkii. The results obtained in the current
study indicate a positive effect of vitamins in
the diet of the red swamp crayfish on its surviv-
al, which was at the level of 70.0% in Group 3,
which is 10.0% higher than in the control and
experimental Group 2.

Analysis of the crayfish’s exoskeleton col-
ouration showed that the groups consistently
fed with vitamin-supplemented feed had a
bright, saturated carapace colour compared to
the pink, sometimes even pale pink, coloura-
tion of the individuals in the control group. The
obtained results may indicate a higher level of
carotenoids, especially astaxanthin, the gene
which was identified by X. Chen et al. (2024),
which has a direct impact on the formation of
the intensity and saturation of the Procamba-
rus clarkii carapace colour. The saturated col-
our of Procambarus clarkii can be a great tool
to influence the consumer, making the prod-
uct competitive in the fish market (Wickins &
O’C Lee, 2002; Luo et al., 2019).

The earlier sexual maturation observed in
females from the experimental groups, com-
pared to the control, could also be a result of
the additional consumption of vitamins and
the intake of beneficial substances. Accord-
ing to M. Yevtushenko (2015), the attainment
of sexual maturity in fish is also linked to the
accumulation of certain biologically active sub-
stances in the organism: vitamins, enzymes,
amino acids, and fatty acids. Thus, the feeding
conditions created for the experimental groups
of Procambarus clarkii, whose diet contained
an additional vitamin-amino acid complex,
enhanced their organism’s ability to convert
additional nutrients from feed and optimally
distribute the obtained resource to ensure the
biological needs of growth and development,
as well as physiological and behavioural activ-
ity in this system, which provides well-being
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under artificial cultivation conditions. Thus,
based on the conducted research, the undenia-
ble advantage of introducing the vitamin-ami-
no acid preparation “Chicktonic” into the diet
of Procambarus clarkii has been established.

Conclusions
The results of this study have demonstrated
the positive impact of incorporating the vita-
min-amino acid complex “Chicktonic” into the
diet of Procambarus clarkii, influencing every
aspect of the research. When comparing the
results of crayfish rearing, it is evident that ex-
perimental Groups 2 and 3, which consumed
feed supplemented with this preparation at
different doses, showed a clear advantage in
terms of linear weight gain, sexual maturation,
and exoskeleton colouration. Notably, crayfish
in experimental Group 3 outperformed not
only the control group but also experimental
Group 1, which consumed feed with half the vi-
tamin dose compared to Group 3 — 1.0 mL/kg.
Analysis of linear growth indicators did not re-
veal any significant difference in body length
among all three groups. All recorded cases of
crayfish mortality in each group were exclu-
sively linked to cannibalism and had no relation
to feeding conditions, vitamin dose, or adverse
welfare. Assessment of exoskeleton colouration
revealed a significant difference in carapace col-
our between crayfish that consumed feed with
the vitamin and crayfish from the control group.

Based on the conducted research, it can be
concluded that the welfare of the crayfish in
the experimental groups during their artificial
cultivation was evident, as the results indicate
that optimal conditions for the functioning of
all biological systems were established. This
contributed to the good growth and appear-
ance of the crayfish, reflecting their welfare
and well-being.

The results obtained have significant
potential for further research in terms of
studying the specific manifestations of the
effects of higher concentrations of the vitamin-
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BuBYEHHS TEXHOJIOTIYHUX ACMEKTiB BHPOIIYBaHHS PaKiB
Procambarus clarkiiy po3pi3i 3a0e3neueHH iX G1aromoaya4s
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AHoTauis. Basx1MBuM efleMeHTOM MigBUILeHHS TOKa3HMKIB aKBAKYIbTYPH, B TOMY YMCITi CEKTOPY
PaKiBHUIITBA, € YIOCKOHAJIEHHS Ta PO3POOKA TEXHOJIOTii BUPOLTYBaHHSI HOBUX BU/IiB, TOTEHIIiiTHI
MOXKIMBOCTI IKMX Y KOPOTKi TepMiHM 3[jaTHi 3a6€3MeUnTy PMHOK TOBAPHOIO MPOAYyKIlielo. MeTa
po6oTH ToJIATaa B aHasIi3i BIUIMBY 0cO6IMBOCTEN rofiBii Procambarus clarkii Ha ix pu6HMIIBEKO-
6io/orivyHi MOKa3HMKY MPU BBeJIeH] y KOPMU BiTaMiHHO-aMiHOKMCIOTHOTO KOMIUIEKCY « IMKTOHIK»
y Kinbkocti 1,0 ma/kr kopmy (rpyrma N2 2) ta 2,0 mui/kr (rpyrma N2 3). B xomi ekcriepumMeHTY
BUKOPUCTAHO TeOPEeTMYHi (aHaii3, cucremMarusarlis, TMOPiBHSIHHS), eKCIIepMMeHTaIbHi
(mabopaTopHi) Ta 3araJbHONPUITHATI Yy PUOHUIITBI MeTOAM MOCTimKeHb. BcTaHOBIEHO, IO
IPyIy pakiB, U0 CIOXMBAIY KOPMM 3 MpernapatoM «UMKTOHIK», XapaKTepU3yBaINCS BUIIUMU
MOKa3HMKaMM JIiHil/fHO-BaroBoro IMPUPOCTY TIPOTATOM BChOTO [AOC/IKYBAaHOTO TMepiony.
Tak, y rpynax N2 2 ta N2 3 maca 36inbpmmiacs y 3,9 ta 4,3 pasu, mocsiruyBim 13,70+ 1,10 r Ta
16,24+ 1,30 r BimmoBigHo. Y KOHTpObHI rpyIi N21, ska oTpuMyBasia Kopm 6e3 1o6aBKM BiTaMiHy,
3adikcoBaHe HaTHMKYI TTOKa3HUKM 36ibIIEHHS Macy — Y 3,7 pasu, o B KiHIIi JOCTiIKYyBaHOTO
nepiogy cra”HoBmiao 13,93 #+ 1,89 r. 3HauHMX BiAMIHHOCTeN y MNOBXKMHI Tila cepep BCiX Ipym
nmocigy He 3adikcoBaHO, omHAK y moctigHin rpymi N2 3 (2,0 MuI/KT) JaHWH TTOKa3HUK CTAaHOBUB
8,34%0,22 cm, nnopiBHsHO 3 7,83+0,42 cm y rpyni N2 1 ta 7,83+0,18 cm y rpyni N2 2. BussineHo,
110 BBeJleHHSI BiTaMiHHO-aMiHOKMCIOTHOTO IIpernapaTy y palioH pakiB CTUMY/IOBAIO LIBUZIIE
cTaTeBe MO3piBaHHSA caMullb y AociaigHux rpymax N2 2 ta N2 3, me mepmmmu 3adikcoBani
eK3eMIUISIpU i3 iKporw. BIUIMB CIIOKMBAHHS BiTaMiHy BUSBJIEHO TaKOX ITPU Bi3yasibHil OLiHIT
KOJIbOPY 30BHILIHBOTO XiTMHOBOTO MOKPUBY pakiB — rpyma N2 3 (2,0 mi/Kr) xapakTepusyBaiacs
3a6apBJIEHHSIM SICKPaBO-UY€PBOHOTO KOJIbOPY, BOZHOUYAC KOHTPOJIbHA IPyIa Masia 6/1i10-4epBOHMIA,
ToeKkyau 6/imo-opamkeBuit Komip nauiupss. OTpuMaHi pesynbTaTy MOXYTb 6YTM BUKOPUCTaHI
IJ1s1 onTMMi3alii mTyyHoro BupoiyBaHHs Procambarus clarkii Ta 3anpoBaguTyi BUKOPUCTaHHS
BiTaMiHHMX KOMIUIEKCiB /IS MiJBUIL@HHS TOKA3HMKIB iX 6y1aromnonyyysi Ta J1o6pooyTy

KimiouoBi c/10Ba: akBaKky/IbTypa; KyJbTMBYBAHHS; Maca; JOBXMHA;, BVSKMBAHICTh; UepPBOHUIT
KamipopHiichbKuUit pak; romiBis
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