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Abstract

Growing fish in a recirculating aquaculture system (RAS) involves various stress factors that directly affect their
physiological condition. This study aimed to investigate the effect of a chelated organic-mineral additive including
Fe, Mn, Cu, Zn, Co, Se and [; on the rearing performance of juvenilecatfish (Clariasgariepinus) under RAS conditions.
Four groups of fish (n=50) were formed: a control group (receiving standard feed) and three experimental groups
(receiving standard feed with biogenic elements chelate compounds in different concentrations). At the end of the
experiment (30 days), the physiological condition of the fish was evaluated by the growth rate, internal organs
condition, blood serum biochemical indices and histological examination of the middle intestine. The survival rate
of fish in the experimental groups was 96-98%. According to the results, the absolute increase was 14,30% in group
111, 11,13% in group Il and 6,71% in group I, compared to the control. However, the use of chelated compounds in high
concentrations can cause necrosis and erosion of the apical part of the villi (groups II and III). Blood biochemical
analysis of fish (group Il and III) receiving medium and high concentrations of chelated compounds showed high
ALT activity, which was 23,02% (p<0,05) and 45,19% (p<0,05) higher compared to control, respectively. Mineral-
chelate compounds, of the studied composition, at a concentration of 0,5 g/kg positively affect the histological
structure of the midgut of Clarias gariepinus. This dosage of the investigated feed additive can be recommended
for the practical application of rearing Clariasgariepinus in closed water installations.

Keywords: industrial aquaculture, chelating compounds, blood biochemical parameters, histological studies,
biological/fisheries parameters, Clarias gariepinus.

Resumo

Este estudo teve como objetivo investigar o efeito de um aditivo organico-mineral quelatado que inclui Fe, Mn,
Cu, Zn, Co, Se e I sobre o desempenho de criacdo de juvenis de bagre-africano (Clarias gariepinus) em condi¢des
de RAS. Foram formados quatro grupos de peixes (n=50): um grupo controle (recebendo ra¢io padrao) e trés
grupos experimentais (recebendo ra¢do padrdo com elementos biogénicos compostos quelatos em diferentes
concentragoes). Ao final do experimento (30 dias), a condicdo fisioldgica dos peixes foi avaliada pela taxa de
crescimento, condigdo dos 6rgaos internos, indices bioquimicos séricos sanguineos e exame histolégico do intestino
médio. A taxa de sobrevivéncia dos peixes nos grupos experimentais foi de 96-98%. De acordo com os resultados, o
aumento absoluto foi de 14,30% no grupo 11, 11,13% no grupo Il e 6,71% no grupo |, em relacdo ao controle. No entanto,
o uso de compostos quelatados em altas concentra¢des pode causar necrose e erosdo da parte apical das vilosidades
(grupos Il e III). A analise bioquimica do sangue de peixes (grupo II e IlI) que receberam concentracdes médias
e altas de compostos quelatados mostrou alta atividade de ALT, que foi 23,02% (p<0,05) e 45,19% (p<0,05) maior
comparado ao controle, respectivamente. Compostos mineral-quelatos, da composicao estudada, na concentragdo
de 0,5 g/kg, afetam positivamente a estrutura histolégica do intestino médio de Clarias gariepinus. Esta dosagem
do aditivo alimentar investigado pode ser recomendada para a aplica¢do pratica de criacdo de Clarias gariepinus
em instala¢oes de dgua fechadas.

Palavras-chave: aquicultura industrial, compostos quelantes, parametros bioquimicos sanguineos, estudos
histolégicos, parametros biol6gicos/pescarias, Clarias gariepinus.
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1. Introduction

The issue of providing the population with fresh fish
available for people with different income levels is becoming
more critical nowadays (Ye et al., 2017; FAO, 2013). Industrial
aquaculture technologies allow increasing the automation
of production processes, reduce the seasonality of fish
production, expand the boundaries of the geographic
location of aquaculture facilities, increase net production,
and provide import substitution (Sklyarov et al., 2013;
Kumar et al., 2018). Thus, aquaculture is one of the main
developing sectors of the fishery sector of the world economy.
The positive dynamics in the field of aquaculture has become
especially noticeable in recent years. In 2019, the production
of aquaculture products amounted to 286 thousand tons,
increasing the annual growth by 20%, and in the first half
of 2020, the increase was 168.5 thousand tons providing
the best indicator for all reporting periods (FAO, 2013).

Aquaculture is based on the principle of biodiversity
preservation and the prevention of negative environmental
impacts (Nikiforov-Nikishin et al., 2019). Therefore, today,
all over the world, the development of aquaculture in the
cultivation of valuable fish species is in evidence (Tidwell and
Allan, 2001). Catfish (Clarias gariepinus) is a popular object
culture-based fishery (Putra et al., 2017). This fish species has
several advantages, such as high growth rate, stress tolerance,
and disease resistance, which explains its commercial
value throughout the world (Muchlisin et al., 2015). Catfish
fillet is rich in essential omega-3 fatty acids and meets the
requirements for high-quality food (Putra et al., 2017).

However, fish farming in recirculating aquaculture
systems (RAS) is associated with many stress factors that
directly affect its physiological state (Khrustalev, 2011).
The reason for the unprofitable production of pond fish
maybe not only the absence of an economic integration
system (Kozlov and Golovacheva, 2018), but also the
mass death of fish from infectious diseases (Roberts,
2012; Yukhimenko et al., 2015). The quality of the diet is
considered one of the important factors in determining
the ability of fish to resist disease (Davis, 2015). The most
expensive part of the technology of cultivating catfish is
the feeding process (Pereira et al., 2020; Craig and Helfrich,
2014). Many fish farms compose feeds using regional feed
resources applying standard premixes (Hamid et al., 2016;
Adéyémi et al., 2020). Still, the use of unbalanced, low-quality
feed can cause diseases of the digestive system and lead to

economic losses for the enterprise. Deficiency or excess of
macro-and microelements in the diet of fish can affect not
only the rate of its growth but also the quality of fish fillets
(Lall, 2000). Despite the abundance of recipes and feeding
technologies, the development and implementation of new
recipes for growing fish in industrial aquaculture, including
clary catfish, are relevant (Hamid et al., 2016; Ahmad and
Ibrahim, 2016). To correct the composition of finished feed,
complex organomineral chelating compounds of metals (Fe,
Mg, Zn, Se, I, Cu) are often used as additives (Apines et al.,
2003; Hernandez et al., 2012; Pereira et al., 2020). These
microelements have a direct effect on the immune function
of intestinal cells and digestibility (Prabhu et al., 2016).
An analysis of the literature data and our preliminary
work made it possible to establish the required level of the
microelements described above, which presumably do not
have a negative effect on fish health. (Simakov et al., 2020).

This study is aimed to investigate the effect of various
concentrations of chelated organic-mineral additive on the
rearing performance of juvenile catfish (Clarias gariepinus)
under RAS conditions. To determine the effectiveness
of using chelate additives and establish reliably safe
concentrations, the physiological state of fish was assessed
by the intensity of growth, the state of internal organs,
biochemical parameters of blood serum, and histological
studies of the middle part of the intestine.

2. Materials and Methods

2.1. Experimental design

The study was carried out in the period from May to
July 2020 based on the aquaculture center of the Institute
of Biotechnology and Fisheries of the K.G. Razumovsky
Moscow State University of Technology and Management,
in compliance with all applicable international, national,
and/or institutional recommendations for the care
of animals and their use. The object of the study was
juvenile African Sharptooth catfish (Clarias gariepinus)
with an average weight of 20.51-20.60 g and and age
of 3 months. As part of the experiment of studying the
mineral supplement effect, 4 groups of fish were formed:
one control and three experimental groups (I, II, and III)
(Table 1). Experimental studies were carried out under
conditions of recirculating aquaculture systems (RAS) in

Table 1. Distribution of the studied groups, main parameters and distribution of food by groups.

Experimental groups
Parameter Control

I || m
Pool volume (1) 500 500 500 500
Stocking density (pc/vessel) 50 50 50 50
Original fish mass (g) 20.51+4.99 20.12+4.25 20.364.33 20.60+4.09
Body length w/o tail fin (cm) 14.06+1.10 14.01£1.05 14.13+0.99 14.03£1.05
Feeding parameters CF OP +0.5 g/kg OP+ 1.0 g/kg OP +2.0 g/kg
Daily diet (% of fish mass) 6 6 6 6

MD - main diet; CF - control feed.
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0.5 m?aquariums equipped with mechanical and biological
filtration systems. The experimental groups were kept under
the following conditions: 26-27 C, Ph 7-7.5, 02 5-6 mg/l.

The main diet (MD) was based on a standard composition
feed intended for rearing juvenile catfish (Table 2).
The control group received standard feed without additives.
Experimental groups (I, II, III) received standard feed with
the addition of chelated compounds of biogenic elements
in various concentrations (Table 3).

The fish were fed manually, 2 times a day. A single portion
of feed was determined by the method of its complete
consumption by fish within 10 minutes. The daily feed rate
comprised 6% of the fish biomass. The diet was recalculated
every 10 days based on the total biomass of individuals,
separately for each group. Throughout the experimental
study (30 days), the fish were kept at the same stocking
density. The fish rearing process was accompanied by the
control of the hydrochemical parameters of the RAS basins
(Privezentsev, 1972). Water temperature, pH values, oxygen,
ammonium nitrogen, nitrites, and nitrates were measured
every 3 days. Determination of nitrites was carried out under
GOST 33045-2014 “Water. Methods for the determination
of nitrogen-containing substances” (method B) (NBSM,
2016). Water quality control was carried out by means
of the following laboratory instruments: a laboratory
combined pH electrode of general-purpose ESK 10303 (000
“lzmeritelnaya Tekhnika”, Russia) to a tolerance of + 0.2 pH
at 200C (measurement method according to the electrode
datasheet); ionomer Expert-001 (“Econix-Expert” LLC,

Table 2. Composition of standard pelleted feed intended for
rearing juvenile catfish.

Ingredients Control diet
Crude protein (%) 32
Crude Fat (%) 23
Crude Fibre (%) 2.39
Crude Ash (%) 7
Phosphorus (%) 11
Calcium (%) 0.9
Sodium (%) 0.2
Vitamin A (IU/kg) 1500
Vitamin D3 (IU/kg) 2370
Propulgallate (mg/kg) 53
Butylated hydroxyanisole (mg/kg) 53

Russia), to a tolerance of + 0.02 pX, £ 1.5 mV; ion-selective
electrode NH4 Alice (OO0 “Measuring equipment”, Russia),
to a tolerance of + 6 mV at 200C (measurement method
according to the electrode datasheet); spectrophotometer
PF 5400VI (OO0 Ekrokhim, Russia) with an absolute
tolerance of + 0.5%; high-precision oximeter HI 9147 (HANNA
Instruments, USA), with 02 tolerance + 1.0% of full scale
and temperature = 0.2 °C.

2.2. Feed additives production

The introduction of mineral chelate additives into the
feed mass was carried out in process of calculating the
diet in the form of an aqueous solution. The choice of the
concentrations of the studied feed additives was based on
the results of the author’s research (Simakov et al., 2020).
Coppens PRE GROWER (Coppens, Netherlands) was used
as the base feed. Under sterile conditions, an aqueous
solution of chelating compounds was diluted in distilled
water to certain experimental concentrations (0.5, 1.0,
and 2.0 g/kg), according to standard methods (Sklyarov,
2008; Davis, 2015). By spraying, an aqueous solution
of chelating compounds was applied to the granulated
feed, after which the granules were dried in a desiccator
(Binder FDL 115, Germany) to an initial moisture content
of 60-65%. The amount of prepared feed was calculated
for three days of feeding and was stored in the refrigerator.

2.3. Ranging, biochemical parameters and histological
studies

Control over the state and development of fish was
determined by the rate of body size and muscle mass
increase. Weighing and measurement of fish were carried
out according to the methodological recommendations
(Vlasov, 2009; Fattalahi and Vlasov, 2008) (Figure 1A).
Determination of the live weight of fish was carried out
utilizing a laboratory electronic scale VM-2202 (Vesta,
Russia) to a tolerance of + 0.01 g. Biochemical parameters
were investigated through the tail vein blood sampling
at the end of the experiment (Figure 1B). Biochemical
studies of blood serum were performed following the
recommended protocol (Pronina et al., 2010) on an
automatic analyzer Labio 200 (Mindray, China) using
reagents supplied by Biocon (India).

The fish was further dissected for the study of the
pathological, epizootic state and the selection of tissues
for histological examination. Tissue samples were taken
from the mid-intestine of five individuals from each group.
The tissue was fixed in a 4% formalin solution for 14 hours.
The preparation of histological specimens was carried out

Table 3. The composition and concentration of the investigated chelating compounds of microelements and their distribution by groups.

Fe Mn (mg/kg) Se I Cu
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
Control - - - - -
| 5x10° 15x10° 5x10° 0,1x10° 0,45x10° 0,5x10
1 10x10° 30x10 10x10 0,2x10° 0,9x10° 1x10°
m 20x10 60x10 20x10 0,4x10° 1,8x10° 2x10°
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Figure 1. A - Fish body length measurement; B - Blood sampling from the tail vein of the catfish.

following the generally approved methodology (Humason,
1962). Histological sections were stained with hematoxylin
and eosin (H&E). Histological images were obtained at
40 %, 100 %, and 400 x magnifications using an Olympus
BX53 light microscope (Olympus Corporation, Japan) with
a Carl Zeiss ERc 5s eyepiece attachment (Zeiss, Germany)
and ZEN lite software (Zeiss, Germany).

2.4. Statistical analysis

The research results were processed by conventional
methods of biological statistics (Jain et al., 2007) in the
STATISTICA v.10.0 software package (StatSoft Inc., USA)
and Microsoft Excel 2019 (Microsoft, USA). All parameters
were expressed as mean values and standard deviation.
Comparative analysis between groups was performed using
analysis of variance (ANOVA) and Dunnett’s post-Hawk
test to compare multiple groups with a control group.
A p-value <0.05 was taken as statistically significant.

3. Results

3.1. Hydrochemical water parameters

The hydrochemical water parameters were optimal for
the fish species under consideration and did not exceed
the permissible limits for RAS (Table 4). The average water
temperature was 24.75 + 1.07 °C. The average content of
dissolved oxygen 4.83 + 0.29 mg/], the pH value remained
at the level of 7.05 £ 0.36 and corresponded to the standard
values. The nitrite content was 0.17 £ 0.02 mg/l, which is
normal for this fish species (<1 mg/1). In the experimental
study, the content of nitrates in water did not exceed
optimal values and was at the level of 18.05 + 0.44 mg/l.

3.2. Biological/fisheries parameters

All selected specimens of experimental fish were
active, with elastic muscles. The skin was normal, the
cornea transparent. The gill filaments of a scarlet-red

4/9

Table 4. Indicators of the hydrochemical state of the RAS aquatic
environment (mean value + standard deviation) when growing
the African sharptooth catfish.

Parameter Measurements Technological
standard
Temperatire, (°C) 24.75£1.07 26-28
Oxygen, (mg/l) 4.83+0.29 2 or more
pH 7.050.36 6,0-8,0
Nitrogen ammonia 1.0840.26 10 or less
(NH,), (mg/1)
Nitrites (NO,), (mg/l) 0.17£0.02 Uptol
Nitrates (NO,), (mg/l) 18.05+0.44 Up to 60

color, full-blooded, laid parallel. Biological/fisheries
parameters of juvenile catfish are presented in Table 5.
During the experiment, the body length of fish in group III
was higher than in control by 5.31%, in group Il by 3.88%,
and in group I by 0, 73%. Weight gain was observed in
all groups. However, the best indicators of the juvenile’s
growth rate were noted in the third group (III), where
a 2 g/kg concentration of feed containing the mineral
supplement was used. In this group, the increase in fish
body weight was 16.33% higher than in the control group
(p <0.05). The increase in the concentration of chelates
had a significant effect on the indicators of the relative
growth of fish in comparison with other experimental
groups. In experimental groups I and II, the increase
was 8.28% (p <0.05) and 14.91% (p <0.05), respectively,
compared with the control. A similar trend was observed
when evaluating other mass characteristics. The specific
growth rate of fish of the Il and IIl experimental groups
with the use of the mineral supplement was 4.96% and
4.97%, respectively. The survival capacity of fish in the
experimental groups was at the level of 96-98%, which
is 4-6% higher than in the control.

Brazilian Journal of Biology, 2024, vol. 84, e265119
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Table 5. Influence of various concentrations of mineral additives on biological/fisheries parameters of juvenile catfish. Values are
presented as mean + standard deviation.

Experimental groups (“Chelavit” concentration)

Parameter Control

1(0,5 g/kg) 11 (1,0 g/kg) III (2,0 g/kg)
The body length of the fish without the tail fin at the 14.06£1.10 14.01£1.05 14.13+0.99 14.03£1.05
beginning of the experiment, (cm)
The body length of the fish without the tail fin at the 21.63£2.58 21.47+2.14 22.47+2.19 22.78+1.78
end of the experiment, (cm)
Fish mass at the beginning of experiment, (g) 20.51+4.99 20.12+4.25 20.36+4.33 20.60+4.09
Fish mass at the end of experiment, (g) 123.71£162.54  131.87+295.64*  138.95+200.17*  141.11+316.69*
Difference in weight at the end of experiment, (g) - 8.16 15.24 174
Weight gain in 30 days (absolute growth), (g) 103.2 111.75 118.59 120.51
Average daily gain, (g) 3.44 3.72 3.95 4.01
Relative gain, (%) 143.11 143.99 148.88 149.05*
Specific growth rate, (%) 4.77 4.90 4.96 497
Survival capacity, (%) 94 98 96 97

*A significant difference compared with the control group was noted at p <0.05.

3.3. Histological study of the middle intestinal segment

Histological examination of the middle part of the
intestine of C. gariepinus showed the presence of minor
pathological abnormalities in the experimental groups
(Figure 2). In the control group, the intestinal structure
was close to normal. In all investigated mid-intestinal
specimens, the lamina propria, goblet cells, and villous
epithelium could be distinguished (Figure 3A). Closer
to the dorsal part, a separate edema phenomenon was
observed at the tips of the villi. Most often, this pattern
was accompanied by desquamation of the epithelium and
small absorbing vacuoles (Figure 3B).

In group I, there were no pathological abnormalities,
typical for the control group. None of the investigated
specimens showed edema of the own mucous membrane
or desquamation of the epithelium. Some villi showed
a slight increase in the lamina propria (Figure 3C) and
lymphocyte infiltration of the prismatic epithelium of
the villi (Figure 3D).

Assignificant deviation from the norm was observed in
the intestinal structure of groups Il and I1I (Figure 3E-3F).
In most of the samples examined, the phenomena of
necrosis and erosion of the apical part of the villi were
observed, in some cases accompanied by the phenomena
of vacuolization (Figure 3E). In these groups, goblet cells
of unusual size were present with apparently inhibited
secretion (Figure 3F).

3.4. Biochemical blood serum analysis

The results of the fish blood biochemical studies
showed that in the blood serum of experimental groups
I, I, and III, the level of crude protein was increased by
57.33% (p <0.05), 67.77% (p <0.05), and 80, 21% (p <0.05),
respectively, compared with control (Table 6). The albumin
level in catfish of groups I, II, and Il was 58.22% (p <0.05),
58.79% (p <0.05), and 81.51% (p <0.05) higher, respectively,
compared to the control group. The level of alanine

Brazilian Journal of Biology, 2024, vol. 84, e265119

aminotransferase (ALT) in the first experimental group
was similar to the values of the control group. In the
second and third experimental groups, the ALT level was
23.02% (p <0.05) and 45.19% (p <0.05) higher than in the
control, respectively.

The glucose level in the I and Il experimental groups
was 55.31% and 24.84% higher than in the control group,
respectively. However, a statistically significant difference
compared to the control was noted only in the second
group (p <0.05).

3.5. Pathological studies

After studying the fish-biological and biochemical
parameters of the blood of juvenile catfish, the fish
were dissected to investigate the effect of the mineral
supplement on the development of pathological changes
(Figure 3). When examining the skin of catfish from the
control group, local erosive skin areas were observed on
the right and left sides of the body. In some fish, slight
reddening of the anus and hemorrhages in the tissue of the
anal fin was observed. The gills of the fish in the control
group were pale, light red in color (Figure 3A). The liver
was not enlarged, with sharp, even edges, loose, unevenly
colored, some areas with punctate hemorrhages. The bile
was yellow (Figure 3B). The internal fat content was at
the level of 2-3 points. The spleen was reduced, pinkish
in color, the mesenteric vessels were injected. The kidney
was loose, in 2% of the fish, it was enlarged and filled
with blood (Figure 3C). No mucus was found in the inner
lining of the intestines. Slight catarrhal inflammation of
the posterior intestine was found.

When examining the skin of the catfish of the first
experimental group, no erosions were observed. However,
some fish showed slight reddening of the anus and minor
hemorrhages in the pelvic fins. The gills were light red in
color. The liver was not enlarged, slightly loose (90%) or
elastic (10%), with clear, even edges, light brown in color;
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Figure 2. Histological images of the middle intestine of the studied groups of C. Gariepinus (H&E staining): (A) (B) - Control group; (C)
(D) - Group; (E) - Group II; (F) - Group IIl. Legend: LP - lamina propria of the mucous membrane; GC - goblet cell; Va - vacuolization; De -
desquamation; Ed - edema; IL - lymphocyte infiltration; E - erosion; Ne - necrosis; SGC - swollen goblet cell. Scale (bottom right) - 60pm.

Figure 3. Internal organs of Clarias gariepinus. A, B, C - Control group; D, E, F - Experimental group I. Legend: Gi - gills; In - intestine;

GB - gallbladder; Ki - mesonephric kidney; Sp - spleen; Li - liver.

Table 6. Biochemical parameters of blood serum. Values are presented as mean * standard deviation.

Experimental groups (“Chelavit” concentration)

Parameter Control
1(0,5 g/kg) 11 (0,5 g/kg) 111 (0,5 g/kg)
Crude protein, (g/1) 22.03+4.12 34.66+3.10* 36.96+0.52* 39.7+0.72*
Albumin, (g/1) 8.76%2.42 13.86+2.51* 13.91+£1.80* 15.9+2.42%
ALT, (u/l) 26.93+5.91 26.46+4.93 33.13+15.83* 39.10 £12.24*
Glucose, (mmol/l) 3.06+0.48 3.23+0.94 4.63+2.90* 3.82+1.48

*A significant difference compared with the control group was noted at p <0.05.
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hemorrhages were occasionally observed and mesenteric
vessels were injected (Figure 3F). The internal fat content
was at the level of 1-4 points. The spleen was voluminous,
dark cherry color. The gallbladder contents were green
(Figure 3D). The kidneys were enlarged, dense, filled with
blood, and had a darker brown color compared to controls
(Figure 3E). The middle part of the intestine was flabby, the
mucous membrane was moist. There was a slight catarrhal
inflammation of the back of the intestine.

In catfish of the Il experimental group, skin erosion was
not observed. The gills were light red in color. The liver was
light brown in color, elastic, dense structure, not enlarged,
with sharp, even edges. The spleen was dark cherry color,
voluminous, not enlarged. The internal fat content was
at the level of 1-4 points. The contents of the gallbladder
varied from light yellow to dark green. The kidney was
not enlarged, slightly friable, partially filled with blood.
The middle part of the intestine was flabby, the mucous
membrane was moist, with a minimum amount of mucus.

The catfish of the IIl experimental group showed no
ulcerative lesions of the skin. The gills were red. The liver
was elastic, with clear, even edges, light brown in color.
The spleen was dark cherry color, voluminous, not enlarged.
The internal fat content was 3-4 points. The gallbladder
was filled with green bile. The kidney was not enlarged,
filled with blood. The middle section of the intestine was
denser, without catarrhal inflammation, without contents,
the mucous membrane was moist.

Microscopic examination of scrapings from the surface
of the body and gills of fish in all studied groups revealed
no ectoparasites.

4. Discussion

Rearing in a recirculating aquaculture system (RAS)
is associated with many stress factors that directly affect
the physiological state of fish (Fattalahi and Vlasov, 2008;
Roberts, 2012). The use of unbalanced, low-quality feed
causes diseases of the digestive system of fish, and also
leads to economic losses of the enterprise (Lall, 2000).
The issues of complete feeding of fish, as well as the
effect of feed on its physiological state, are under study
in many countries today (Vlasov, 2012; Craig and Helfrich,
2014; Ringo et al., 2016). This investigation deals with the
effect of a chelated mineral supplement on the efficiency
of rearing juveniles of Clarias gariepinus catfish under
RAS conditions.

All conditions necessary for maintaining health
and growth must be created for fish reared in RAS.
The temperature of the water, the content of oxygen and
other gases, the purity of the water, the pH level, the
presence of microorganisms and pathogens are considered
critical parameters (Boyd, 2017). High concentrations of
nitrites and nitrates can have a toxic impact and affect the
physiological state of the fish organism (Svobodova et al.,
1993). Throughout the experiment, the hydrochemical
parameters of the RAS were optimal for Clarias gariepinus
and did not exceed the norms permissible for the
recirculating aquaculture systems.

Brazilian Journal of Biology, 2024, vol. 84, e265119

The physiological state of fish was assessed by the
intensity of growth, survival capability, the state of
internal organs, as well as biochemical parameters of
blood serum. Analyzing the data of the main biological/
fisheries parameters, it can be noted that the use of the
mineral supplement “Chelavit” in the diet of clary catfish
facilitates their growth. Adding the mineral supplement to
the fish diet in an amount from 0.5 to 2.0 g / kg of feed, led
to the fish final weight increase. The effectiveness of the
chelate additive was most reflected in the growth rate of
fish in experimental groups Il and III, where the absolute
growth was 16.33% and 14.91%, respectively, compared with
the control. Other authors also observed an improvement
in the growth of tagged fish (Xiphophorous helleri) and
lamellar fish (X. maculatus) when Fe was added to the
diet, which indicates its nutritional value (Kasozi et al.,
2019; Roeder and Roeder, 1966).

Histological studies were performed to determine the
effect of chelating supplements at various concentrations
on the histological structure of the intestine of Clarias
gariepinus. The results of the study allow concluding
that high concentrations of chelate-mineral compounds
in the feed (1 and 2 g/kg) can pose an adverse effect on
the histological structure of the intestine of the catfish.
Pathological changes such as necrosis and erosion of the
upper part of the villi, accompanied by vacuolization and
desquamation of the prismatic epithelium, are typical for
the fish receiving feed of unbalanced composition. Other
authors have noted similar pathologies in the intestines of
Oncorhynchus mykiss when using inorganic salts as a source
of trace elements (Apines et al., 2003; Roberts, 2012). It was
also noted that necrosis of the villous epithelium can be
caused by high concentrations of Cu salts (Al-Bairuty et al.,
2013). However, in this experiment, in group III, receiving
a dose of 2 g/kg, the estimated dose of Cu chelate was
0.01 g/kg. Copper in this amount could not lead to the
pathological abnormalities described above, since it did
not exceed biologically active doses (Prabhu et al., 2016).
Most likely, pathological abnormalities in groups Il and
III were caused by Zn and Mn chelates. Since chelated
compounds of biogenic metals are more bioavailable
(Apines-Amar et al., 2004), their deposition can have
a significant effect on metabolic processes in tissues,
resulting in atrophic changes (Roberts, 2012).

Biochemical blood analysis is one of the important key
aspects when studying the effect of various feed additives
on the physiological state of fish and the quality of the
final product. The data of biochemical parameters enable
quantitative and qualitative determination of the state of
protein and carbohydrate metabolism in biological fluids
of the body, to study the nature of changes and certain
physiological states of these parameters in pathology or
behavior deviation. In the blood serum of all experimental
groups, the level of total protein was increased, which points
to the higher level of metabolic processes in the body of
sharptooth catfish consuming the mineral supplement.
This may be due to a large number of catalysts, transfer
proteins, and immune protection proteins (Wiegertjes et al.,
1996; Peyghan et al., 2014). Albumin, which performs a
transfer function, is a protein reservoir and is consumed
primarily during prolonged starvation (Moman et al., 2020).
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The albumin level in catfish of all experimental groups was
significantly higher than in the control group. This may
indicate that more transfer and metabolic processes took
place in the organism of the catfish of the experimental
groups (Januar et al., 2015).

Alanine aminotransferase (ALT) is one of the main
aminotransferases in the body. Aminotransferases are
enzymes that catalyze the intermolecular transfer of
an amino group from accompanying amino acids to
form new keto and amino acids. In this respect, alanine
aminotransferase plays one of the core roles in protein
metabolism, carrying out the deamination of amino acids
(Moriles and Azer, 2021). It is found in large quantities in
the liver, heart, and skeletal muscles. However, an increase
inthe level of ALT in the blood serum indicates a pathology
(Rastiannasab et al., 2016). The highest ALT activity was
noted in the Clary catfish of the IIl experimental group,
which received the maximum concentration of chelate-
mineral compounds. Other studies have shown that
sublethal zinc concentrations affect hematological changes
and liver dysfunctions in fish, increasing the activity of
ALT and aminotransferases (Younis et al., 2012; Nasri et al.,
2020). The ALT content in fish in the first group (with the
minimum concentration of chelates) was at the same level
as in the control group.

Evaluation of the pathological parameters of the catfish
revealed insignificant differences in all experimental
groups compared with the control. Nevertheless, the
internal organs of all the studied groups born no visible
anatomical and physiological changes that could lead to
the death of the fish.

5. Conclusion

This article presents the results of the influence of a
mineral-organic supplement in various concentrations on
the growth rate, survival capability, the state of internal
organs, biochemical parameters of blood serum, as well as
on the morphometric parameters of the mid-intestine of
juvenile Clarias gariepinus. Studies have shown that the use
of chelated compounds in high concentrations can cause
necrosis and erosion of the apex of the villi. Biochemical
analysis of the blood of fish that received medium and high
concentrations of chelate compounds showed a high ALT
activity, which indicates a possible pathological process.

The results of all the conducted analyzes enable
concluding that the mineral-chelate compounds of the
studied composition, at a concentration of 0.5 g/kg, have
a positive effect on the histological structure of the middle
part of the intestine of the sharptooth catfish. This dose
of the investigated feed additive can be recommended
for practical use when growing Clarias gariepinus in
recirculating aquaculture systems.
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