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Abstract. The production, biochemical and morphophysiological parameters of juvenile carp, which were grown with
feeds including natural silica (salica clay), were studied. The studies were performed on fingerlings of scaly carp (Cy-
prinus carpio). Salica clay was used as a feed additive. The mineral in the form of an additive was a powdery sub-
stance of a grayish hue, crushed to a fraction of 1 mm. The study scheme included 3 groups. The first group was the
control (received standard food). A mineral supplement was added to two experimental groups. In the first case, its
concentration was 3% (feed variant 1), in the second case - 6% (feed variant 2). The duration of the study was
45 days. To assess the effect of the feed additive on the fish body, a set of methods was used: fish breeding and bio-
logical (survival, body weight gain and growth rate of fish were evaluated), biochemical (fat content of proteins, ash,
nitrogen and moisture were determined, as well as the morphological state of the intestine was assessed. The survival
rate of juveniles using experimental feeds was 10% higher compared to the control. The weight gain during the exper-
iments amounted to 53 and 11%, respectively, of the initial mass. The biochemical parameters of the control juveniles
and fish fed with additives did not differ significantly, which indicates the good quality of the feed being given. The
use of salica clay as a feed additive does not lead to any injuries or morphological changes in the intestine. A study
performed on carp fingerlings shows the possibility of using salica clay as an additive in the diet of juvenile fish,
while the most optimal concentration of salica clay is 3%.
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AnHoTanms. MccnenoBaHsl IPOU3BOACTBEHHbIE, OnoXuMuUeckue 1 MopdohHu3noIornueckue noka3aTeli MajbKoB Kap-
I1a, KOTOPBIX BRIPAIIMBAIN HA KOPMaX, BKIIOUABIINX HATYpalbHBIN kKpeMHe3eM (01oKy). VccnenoBanust ObUTH BBITIONHE-
HBI Ha CEroJIeTKax denryiaaroro kapma (Cyprinus carpio). B xauecTBe KOpMOBOH 100aBKY IPUMEHSIIH OIOKY. MuHepa
B (hopMme 00aBKHU MPEACTaBII CO00H MOPOIIKOOOPa3HYIO CYOCTAHIIHIO CEPOBATOr0 OTTEHKA, M3MENbYEHHYIO 10 (hpak-
mm 1 M. Cxema mcciaenoBanust BKmodana 3 rpymmsl. [lepBas rpynma — KOHTPOJIb — MOJTydaia CTaHJApPTHEIA KOPM.
B KopM ABYX 9KCIIEpHMEHTANIBHBIX TPYIIT BKIIOYAIM MUHEpaJIbHYIO 100aBKy. B mepBoM cirydae ee KOHIIEHTpanust co-
craBisiia 3 % (BapuaHT kopMa 1), Bo BTopoM cirydae 6 % (BapuanT kopma 2). [IpogoimKuTensHOCTh HCCIIeJOBAHUS CO-
craBmna 45 cyTok. 1 OLEHKH BO3JEHCTBHS KOPMOBOH OOABKM HAa OPraHU3M PHIO UCIOJIB30BATN KOMILIEKC METOMIOB!
PBIOOBOTHO-OMOJIOTNUECKHUX (OLIEHUBAIN BEDKUBAEMOCTB, IPHPOCT MACCHI TeJla ¥ MHTEHCHBHOCTH POCTa pHIO), OHOXH-
MHYECKHX (OTpeIeIsIIN CoAep KaHue XKUPa, IIPOTEHHOB, 30JIbI, a30Ta M BJIATH), — a TaKXKe OLEHUBAIM MOP(OJIOTHIECKoe
COCTOSIHHE KHIIEYHUKA. BEDKMBaEMOCTh MOJIOZM TIPH UCTIONB30BAHMU SKCIIEPHMEHTAIBHBIX KOpMOB Obl1a Ha 10 % BBI-
i€ 110 CPaBHEHUIO ¢ KOHTpoisieM. [IpupocT Macchl 3a BpeMs IPOBEACHUS SKCIIEpUMEHTOB cocTaBui 53 u 11 % orHOCH-
TENBHO KOHTPOJIL. BruoxuMudeckne mokasaTes KOHTPOIBHON MOJIOAU U PBIO, MOJYYaBIINX KOPM C JTOOABKaMH, CyIIe-
CTBCHHO HE OTJIMYAIINCh, YTO TOBOPHUT O XOPOIIEM KauyecTBE 33/[aBaeMOro KOMOMKopMa. VIcrionp30BanHe OMOKH B Kade-
CTBE KOPMOBOH J0OABKU HE NPUBOANUT K KAaKUM-THOO TpaBMaM MM MOP(OIOTHYECKIM H3MEHEHHSIM B KUIIEYHHKE. BhI-
TIOJIHEHHOE Ha CETOJIETKAaX Kapla HMCCIIENOBaHHME MOKAa3hIBaeT BO3MOXKHOCTH INPHMEHEHHS! ONOKH B KadecTBE JOOABKH
B PAIIMOH MOJIOAU PBIO, IPU 3TOM Hauboee ONTHMANbHON KOHIIEHTpaluei onoku siBstercst 3 %o.

KiioueBble ciioBa: oroka, Kapl, CerojieTkH, KOMOMKOPM, KMIIEYHUK, NMPOJYKIHOHHbIC, OMOXUMHYECKHE U MOpdo-
Gbu3noNornUecKre noKa3aTenu
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Introduction

One of the promising directions in the technology of
feed production for the cultivation of aquaculture facili-
ties is the use of substances with sorption properties. The
use of sorbents makes it possible to increase the re-
sistance of fish to the effects of adverse environmental
factors, increase the shelf life of compound feeds, which
has a positive effect on both the quality of grown prod-
ucts and their cost. Of the natural sorbents with an effec-
tive sorption effect, salica clay may be of interest. This
mineral is mainly formed by opal and has highly effec-
tive sorption properties [1]. One of the properties of the
salica clay is its ability to effectively absorb ammonia,
which prevents its penetration from the intestines into
the blood of fish, and therefore reduces its toxic effect. In
addition, ammonia fixed in the intestine with a sorbent
can become a substrate for the development of its own
microflora, which can also have a positive effect on the
physiological state of fish.

At the same time, despite the possible positive ef-
fects of sorbents on the quality of cultivated products
and economic benefits, the issue of sorbent safety re-
mains relevant in terms of their impact on fish-
breeding biological, biochemical and morphophysio-
logical indicators.

Materials and methods

The studies were performed on fingerlings of the
scaly carp Cyprinus carpio (Linnaeus, 1758). Juvenile
carp were kept in laboratory conditions, in aquariums
with a volume of 2.8 m’. Each experimental group
consisted of 25 individuals. The weight of the finger-
lings at the beginning of the study averaged 15 grams.
Direct-flow water supply was used to maintain the
necessary conditions. Throughout the experiment, the
following environmental parameters were monitored
and maintained: oxygen content — in the range from
7.2 to 9.0 mg/l, pH — from 6.6 to 7.2. The water tem-
perature was maintained within 3°C, which corre-
sponded to the winter habitat period. To control the
oxygen content, a Cyber Scan DO 300 thermooximeter
with a measurement error of +£1.5% was used, the pH
was determined by a Hanna pH meter with a meas-
urement error of +0.2.

Silica extracted in the Astrakhan region (Ka-
mennoyarskoye deposit) was used as a premix to com-
pound feed. The mineral in the form of an additive
was a powdery substance of a grayish hue, crushed
to a fraction of 1 mm according to specifications
(5711-002-51652069-2001) (Table 1).

Table 1
Chemical composition of salica clay
Macroelements Content, %
Silicon oxide (Si0,) 86.2
Alumina (A1,05) 4.15
Ferric oxide (Fe,03) 1.56
Titanium oxide (TiO,) 0.2
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Ending of table 1

Macroelements Content, %
Potassium oxide (K,0) 1.2
Calx (CaO) 1.0
Sodium oxide (Na,0) <0.5
Magnox (MgO) <1
Silicat (SiO;) <0.72

To assess the effect of a feed additive on the fish
body, a set of methods was used: fish-biological (sur-
vival, body weight gain and growth rate of fish were
evaluated), biochemical (fat content of proteins, ash,
nitrogen and moisture were determined [2].

The study scheme included 3 groups. The first group
was the control (received standard food). A mineral
supplement was added to two experimental groups. In
the first case, its concentration was 3% (feed variant 1),
in the second case - 6% (feed variant 2).

The choice of the concentration of the mineral ad-
ditive was based on available literature sources devot-
ed to the study of the effect of zeolite-clinoptilolite
additives on the cultivation of pond fish (trout and
carp) [3, 4], as well as sturgeon [5]. The duration of
the study was one and a half months.

Survival was estimated as a percentage of the total
number of youngsters in the group.

The change in fish body size was assessed using
the Pravdin method [6]. The accuracy of linear meas-
urements using a caliper was 0.02 mm.

The intensity of growth per day was calculated using
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the formula of complex processes [7].

Body weight was assessed on laboratory scales
with a measurement accuracy class (II - high).

The moisture content in the tissues was determined
by drying, the amount of fat by extraction, the amount of
protein by the Kjedal method, the ash content by burning
in a muffle furnace at a temperature of 500 °C) [8].

Histological methods were used to assess the effect
of the feed additive on the intestinal condition. For this
purpose, histological preparations of intestinal tissue
were made, stained with histological dyes (hematoxy-
lin and eosin) and the tissue structure was evaluated
using an Olimpus BX 53 light microscope [9].

The Student's criterion was used for statistical pro-
cessing of the analysis of the obtained results [10].

Results and discussions

The addition of salica clay to compound feed dur-
ing the cultivation of juvenile carp led to a more inten-
sive increase in body weight compared to control indi-
viduals (Fig. 1).
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Fig. 1. The growth rate of juvenile carp on compound feeds with the addition of salica clay

At the same time, the most significant changes
were noted when using the first experimental feed
variant, when using which, at the end of the
experiment, the increase was 6.9 g. In addition, feed
variant 1 with the addition of the mineral also showed
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the most optimal feed usage costs, which amounted to
1.2 versus 1.4 in the control. The survival rate of fish
when using feed with additives was 10% higher
compared to the control (Table 2).
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Production parameters for carp rearing with an application of salica clay

Table 2

Parameters Variants
Control Feed variant 1 Feed variant 2

Initial weight, g 144 +£3.52 16.1+7.3 15+3.9
Final weight, g 14.34+3.7 23.0+£8.9 19.0 +£4.36
Absolute growth, g —0.06 6.9 4.0
Daily growth rate, g —0.0013 0.153 0.09
Specific growth rate, % —0.02 0.79 0.53
Coefficient of weight storage 0 0.021 0.013
Survival rate, % 90 100 100
Food conversion ratio 1.4 1.2 1.3

Such low growth rates can be associated with low
water temperatures (carp in ponds at temperatures be-
low 5°C does not feed), however, in our case, the fish
continued to consume feed, which indicates the possibil-
ity of including salica clay in the diet during the winter-
ing period, so that the fish does not lose weight. Com-
pared with the control, the fingerlings who received the
experimental feed behaved quite actively, consumed
food well, which had a positive effect on the dynamics
of body weight gain. In the control individuals, the

dynamics of body weight was negative.

Analysis of biochemical parameters of juvenile
carp showed no significant differences, which indi-
cates the good quality of the feed being given. The
mass fraction of crude protein (%) of the experimental
variants exceeded the control by 2.06 and 2.04%, re-
spectively. The lowest mass fraction of moisture (%)
was noted in the first experimental version, it turned
out to be less than the control by 3.8%, option 2 —
by 1.5% (Table 3).

Table 3

Biochemical parameters in carp body flesh, fed with salica clay feed

Indicators Variants
Control Feed variant 1 Feed variant 2

Nitrogen, % 2.05 2.17 2.06
Fat, % 4.14 5.92 4.43
Protein, % 11.38 13.44 13.42
Ash, % 2.23 2.07 2.19
Moisture, % 80.2 76.4 77.9
Fat acid value, mg KoH/g 1.5 1.8 1.7

Thus, the analysis of fish-breeding biological and
biochemical parameters clearly demonstrates the posi-
tive processes occurring in the body of juvenile carp
when a natural mineral is added to the feed. Despite
the wintering conditions, which should lead to a de-
crease in the rate of nutrition, the results show a fairly
good digestibility of feed, which in turn is expressed in
the positive dynamics of body weight gain and 100%
survival of individuals of experimental groups.

A feature of the structure of the carp's digestive
system is the absence of a stomach, since it is not
a classic predatory fish. In this regard, the main effect
of food components, including mechanical, is assumed
by the intestine. The structural and functional cells
of the intestine are enterocytes. In carp enterocytes,
regardless of the experimental group, there are nuclei
with two nucleoli. The inner surface of the intestine is
lined with edged epithelium, which forms villi and
crypts. In the intestinal epithelium, there is a large
number of goblet-shaped cells filled with digestive
juice with digestive enzymes (Fig. 2).
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Fig. 2. Intestines of carp (control group):
a — edged intestinal epithelium;
b — goblet cells with digestive enzyme;
¢ — intestinal villi with blood and lymph vessels

A similar picture may indicate ongoing digestive
processes. As a representative of the immune system,
there is a large number of white blood cells in the in
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testine (Fig. 3), which protect the body from possible
penetration of adverse substances into the body.

Fig 3. Micrography of the intestinal endothelium
of the carp of the control group.
The arrows indicate lymphocytes

This mechanism is considered as protective and
adaptive [11].

The addition of a mineral additive in the form
of salica clay to the feed at both a concentration of
3% and a concentration of 6% (Fig. 4, 5) did not cause
any destructive changes in the structure of the inner
intestinal wall.

Fig. 4. Micrography of carp intestines,
when using the first feed option
(no differences from the control were revealed)

The apical surface and microvilli of intestinal en-
terocytes looked intact.

There was no focal accumulation of lymphocytes,
which could indicate the presence of inflammatory or
necrotic processes.

Fig. 5. Micrography of carp intestines,
when using the second feed option
(no differences from the control were found)

On micro-preparations of the intestines of juvenile
carp fed with a mineral supplement, a greater number
of white blood cells can be noted. This phenomenon
may be due to the fact that food, being a substance
foreign to the body, causes tension in the immune sys-
tem. Accordingly, the more intensively the nutrition
process takes place, the more pronounced the lymphat-
ic infiltration of the intestinal epithelium will be.

Conclusion

The analysis of fish-breeding biological and bio-
chemical parameters clearly demonstrates the positive
processes occurring in the body of juvenile carp when
a natural mineral is added to the feed. The addition of
salica clay to compound feed during the cultivation of
juvenile carp led to a more intense increase in body
weight, compared with control individuals. The most
significant changes were noted when using an experi-
mental version of the feed containing salica clay at
a concentration of 3%. In addition, this feed option
also showed the most optimal feed usage costs. The
survival rate of fish when using feed with additives
was 10% higher compared to the control.

Analysis of biochemical parameters of juvenile
carp showed no significant differences, which indi-
cates the good quality of the feed being given.

The use of salica clay as a feed additive does not
lead to any injuries or morphological changes in the
intestine.

A study performed on carp fingerlings shows the
possibility of using salica clay as an additive in the diet
of juvenile fish, while the most optimal concentration
of salica clay is 3%.
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