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Abstract: Asanew technology solution, probiotic fish feed supplementation was the initial approach for this
experiment to assess the influence of probiotic-supplemented food on the growth rate of common carp (Cyprinus carpio
L.). The experimental design was set in a registered cage farm in a reservoir. For the trial, three cages were dimensioned.
Two experimental groups were observed (A — with lower probiotic concentration, and B — with higher probiotic
concentration) and a control group C, without probiotic feed addition. An equal number of 323 carp individuals were
stocked in each group. The experiment was conducted over 180 days. The growth rate was evaluated during the
experimental trial. The carp fed with probiotic-supplemented feed with lower concentration had a positive impact on
growth rate (GR) (total, specific, and individual GR), i.e. carp individuals in group A during the first and the second
phase, compared with control group C.
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BJIMJAHUE HA JOINNOJIHUTEJHA ITPOBUOTUYHA XPAHA BP3 PACTEXKOT
HA OBUYHUOT KPAII (Cyprinus carpio L.) BO CUCTEM HA UHTEH3UBHO
OAIVIEAYBAIBE BO KADE3

AncTpakT1: HOBOTO TEXHOJIOLIKO PELIEHHE 3a aKBAKYJITypaTa — XpaHa 300rareHa co npoOHOTHIIN, IPETCTa-
ByBalle I/IHI/IL[I/IjaJ'IeH IMNOTTHUK 3a U3BEYBabE€ HA OBOj €KCIIEPUMEHT, CO LIEJI J1a C€ YTBpAU BJ'll/ljaHI/leTO Ha HpOGI/IOTHKOT
JolaJieH BO XpaHara Bp3 mpupactoT Ha kpamot (Cyprinus carpio L.). EkcriepuMeHTOT ce m3BeqyBaiie Bo kade3Ha
(bapma Bo pe3epBoap. 3a eKCIIEPUMEHTOT Oea TUMEH3HOHHPaHu TpH Kades3u. bea ciieeHn 1Be eKCIepHMEHTAIHHU IPY-
1 — rpymna A, kaje mTo pubute Gea XpaHeTH co XpaHa 30oraTteHa o MOHUCKA KOHIIGHTpalfja Ha MPOOUOTHK, Ipyra
B co noBHCOKa KOHIIEHTpAllKja Ha MPOOMOTHK BO XpaHara, i rpyna C — KOHTpOJIHA IPyIIa BO Koja eqUHKUTE Kpam Oea
XpaHeTu co xpana 6e3 npoduoTuk. Bo cexoja rpyna 6ea HacaseHu eaHakoB 6poj eannku. ExcnepumenToT Tpaere 180
JeHa. Bo TekoT Ha LeNMOT eKCIeprMEeHTalIeH Mepro Oele ciiefieH npupacToT Ha pubute. Kaj enuHkute Kpam of
rpynara A, Kou 6ea XpaHeTu co XpaHa co IPOOHOTHK JIO/IaJIeH CO IIOHMCKA KOHIIEHTpAalH]ja, Oelie KOHCTaTHPaHO M03HU-
THUBHO BJIMjaHHE Ha MPOOHOTHKOT BP3 MPUPACTOT (BKYIIeH, Crieu(pHIeH 1 UHIUBUIYyalleH) BO criopeaba co KOHTPOJI-
Hara rpyna C BO TEKOT Ha IpBara ¥ Bropara (a3a 0 eKCIIepHMEHTOT.

Knyunu 360poBu: akBaKkynITypa; Kpam; XpaHa; IpOOHOTHK; IPUpPacT

INTRODUCTION modern method of intensive rearing of freshwater
fish species, and it is popular due to several ad-
Producers are focused on intensive cage fish vantages, in contrast to conventional methods of

cultivation to increase production worldwide. It is a cultivation of freshwater fish species (De Silva,
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1991). Fish farming is conducted in cages closed
from all sides, with various materials that keep the
fish inside while simultaneously freely changing
and moving the water and removing feces. Intensive
cage system fish rearing implies high stocking den-
sity, controlled feeding, relatively easy manipulation
of fish and simple implementation of production
procedures (Yang, 1982; Graneli, 1987; Beveridge,
1996; Starling, 1997).

Common carp (Cyprinus carpio L.) is the most
suitable and adequate freshwater species, charac-
terized by relatively fast growth and development,
good meat taste and quality and high market
demand.

Setting up the cages is not always that easy and
straightforward. The cages where carp is reared are
placed in natural lakes or reservoirs. To set up a
cage system, it is necessary to meet certain pre-
requisites and technological/technical requirements
(depth under the cages, water quality, possibility of
fixing in a certain place, etc.). The risk of stratifica-
tion disturbance with consequent increase in hypo-
limnetic water, which can cause mortality in caged
fish, according to Soemarwoto et al. (1990) and
Zoran et al. (1994), should also be considered. The
intensive cultivation of carp, as well as other fish in
a cage system, in addition to all the advantages, also
leads to increased incidence of diseases, and thus a
significantly increased need for the application of
medicines, especially antibiotics, as well as regular
disinfection and the use of disinfectants (Chen etal.,
2014).

Experience over the years has confirmed that
the application of antibiotics causes a number of
negative, unwanted consequences, such as nephro-
toxicity (Hentschel et al., 2005), immunosuppres-
sion, and immunomodulation (Nayak, 2010). Anti-
biotic residues accumulation in fish tissues causing
carcinogenic effects in many teleosts was reported
by Gatesoupe (1999), and their environmental
hazards was also reported (Allameh et al., 2015).

As a result of the current knowledge about the
negative effects of the use of antibiotics in aquacul-
ture, in recent years, there has been a pronounced
trend and effort among fish producers to reduce
their use in fish farming. The scientific community
is intensively working on finding a new alternative
approach, the main goal of which is to increase the
resistance of fish to diseases and to improve the
immune system without antibiotics.

Food additives provide bacteriostatic and bac-

tericidal effects or stimulate populations of bacteria
living in the digestive tract of fish, e.g., acids, plant

extracts, prebiotics, probiotics, synbiotics, etc.
(Piva, 1998; Freitag et al., 1999; Verschuere et al.,
2000; Balcazar et al., 2006; Marzouk et al., 2008;
Cirkovié et al., 2012, and Bandyopadhay et al.,
2015).

The modern generation of probiotics is being
developed in response to the demands of the devel-
opment of sustainable aquaculture (intensive carp
rearing) through two key factors: growth perfor-
mance and disease resistance (Dawood and Koshio,
2016).

The nutritional and health benefits of high
quality fish meat in aquaculture are among the most
important factors for the continuous increase of fish
demand in the worldwide fish meat market (Burger
and Gochfeld, 2009). Several scientists have con-
ducted studies on the effect of different strains of
bacteria on farmed fish, which have been shown to
have a positive effect on both the health status of the
fish and their growth. Some researchers are dedi-
cated to the effect of probiotics on juveniles of
different fish species (Metailler et al., 1991; Bogut
et al., 1998, and Przybyl et al., 2006), while other
researchers were focused on the effect of probiotics
on larger size fish (Cahill, 1990; Bogut et al., 1998;
Wang & Xu, 2006; Nayak, 2010).

For the prevention of fish diseases in our state,
there is a common practice, as well as for treating
fish when a certain disease appears, that carp pro-
ducers implement the classical and already estab-
lished treatment methods. It is about using medi-
cines (primarily antibiotics) and disinfectants (blue
stone, methylene blue, malachite green, formalin,
etc.). We should emphasize that some of the men-
tioned substances are already prohibited from being
used in aquaculture. The results of previous studies
indicate that precisely the probiotic from a Paeni-
bacillus strain had a positive effect in the treatment
of fish infected by Aeromonas hydrophila (Nielsen
et al., 2001; Chen et al., 2019), providing an alter-
native approach to treating diseased fish without
using antibiotics. Considering that it is a disease to
which even the carp cultivated in our state is not im-
mune, the challenge of applying the probiotic from
the Paenibacillus strain in carp production was to
be carried out within this experiment.

All research results indicate that probiotics
stimulate the appetite and thus improve the nutri-
tional regimen through the production of vitamins,
detoxification of food components, and the break-
down of indigestible ingredients (Lee et al., 1999;
Li and Gatlin, 2004).

Considering the increased trend of freshwater
fish intensive production and the fact that certain
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laws in many countries worldwide, including our
neighbor states, regulate the use of antibiotics in
aquaculture fish farming, which, of course, will
have to be implemented in our country in the future,
the need to find new alternative technological
solutions to improve the welfare of fish is imposed.

In this experiment, an attempt was made to
produce carp in cages without using antibiotics and
chemical treatments with probiotic-supplemented
feed. The main aim of the experiment was to assess
the probiotic influence on production parameters as
crucial factors for successful aquaculture produc-
tion. The fish growth rate was estimated among the
evaluated production parameters.

MATERIALS AND METHODS

The experiment was performed on a registered
production facility cage farm in the "Kozjak™ reser-
voir. To carry out the research, three partitions/
cages with dimensions 5x5x5 m, that is, 3x125 m?
volume (A, B and C) were selected. Before starting
the experiment, a preparatory phase was conducted.

At the beginning of the experiment, the food
was controlled in the chemical laboratory of the
UKIM Institute of Animal Science and Fishery and
its chemical composition was examined.

The carp's diet in the experiment was based on
commercial pelleted food from a manufacturer
"Agua" from Austria, with a pellet size of 4 — 6 mm.

According to standard chemical methods, the
following parameters were analyzed:

e moisture by drying in an oven at a temperature
of 105 °C to constant weight;

e raw fiber;

e crude proteins according to the Kjeldahl
method (Nx6.25);

o crude fats through extraction with diethyl ether
according to the Soxhlet method, and

e crude ash through combustion in a furnace for
8 hours at a temperature of 600 °C.

The feed composition declared values were the
following: protein 30%, fat 10%, crude fiber was
used 4.5%, crude ash 6.5%, calcium (Ca) 0.90%,
sodium (Na) 0.25%, and phosphorus (P) 1.10%.

Bacterial culture — probiotic Paenibacillus al-
vei DZ-3, in strictly defined quantities, was added
to the basic food as pellets, with a special procedure.

The production and preparation of probiotics
was conducted in the Department of Microbiology

Maced. J. Anim. Sci., 13 (1-2) 13-19 (2024)

and Microbial Biotechnology Laboratory at the Fac-
ulty of Natural Science and Mathematics —
University Ss. “Cyril and Methodius™ in Skopje.

The probiotic preparation was carried out
within the following procedure: Paenibacillus alvei
was used, i.e., its 24h culture, at 37°C. Furthermore,
culture multiplication was performed in NB (nutri-
ent medium) at 37°C/24h/180 rpm. The biomass
was collected at 4000 rpm/15 min., then washed
with 5 ml of PBS (phosphate buffer) (pH = 7.2)
twice consecutively. It was then diluted in PBS to
1.5x108 CFU/mI (= Mcfarland 0.5). The probiotic
was applied in two concentrations: 1 ml/kg and 2
ml/kg of food.

The food with added probiotics was prepared
using the following procedure: The probiotic in lig-
uid form was sprayed onto the pelleted food in a
mixer for 3 minutes. Then, it was mixed in a mixer
for 5 minutes. The mixed food with the added pro-
biotic was applied evenly, distributed in a layer of 2
cm, and left to dry in a dry, ventilated place for 2
hours.

Food with probiotics for experimental groups
A and B was prepared every two weeks, and daily
rations were determined according to the table pre-
scribed by the food manufacturer, depending on the
water temperature and body weight of the fish.

In the food for the first experimental group
(A), the probiotic was added at 1 ml/kg of food at a
concentration of 1.5x10% CFU/ml.

In the food for the second experimental group
(B), the probiotic had the same concentration but
was added at 2 ml/kg of food.

The third group (C) was the control group and
the fish were fed with commercial food without the
probiotic.

The fish were fed with automatic feeders
throughout 24 hours.

The experiment was set up during one rearing
technological season (180 days). Before the start of
the experiment, the sorting and selection of the bio-
logical material necessary for the formation of the
three experimental groups was carried out. The
sorted and separated carp individuals had an aver-
age body mass of 170 g. The exact number of carp
individuals (323) were stocked in each cage. After
stocking the fish into separate groups, the total ich-
thyomass in each group was determined, which
represented the initial weight of the groups.

The experiment was conducted in two phases:
the first phase (juvenile rearing) and the second
phase (commercial phase).
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In the first phase five consecutive control
measurements of fish were carried out at 14 to 16
days. In the second phase, four control measure-
ments of the total ichthyomas in each cage of the
groups were performed. The second phase (com-
mercial rearing) followed the completion of the first
phase of the technological process. In each cage,
groups A, B, and C were stocked with sorted indivi-
duals of carp in equal quantities (kilograms of fish),
i.e., total mass of 121 kg in each cage. Growth rate
(GR), specific growth rate, and individual growth
rate, during control measurements were calculated
by following formulas:

¢ total weight gain to the formula:
(WG) = WFf — Wi,

o specific growth — the growth of the unit from
stocking to the last measurement is calculated
according to the formula:

(SGR) = (INWF — InWi) x 1001,

¢ individual (daily) growth rate — average in-
crease of an individual per day from planting
to the last measurement, calculated according
to the formula:

IP=kg
of fish/number of individuals: 1000,

where: (WG) represents the growth, (SGR) is the
specific growth, Wi and Wf (g) represent the initial
and final weights, t is the duration of experimental
days and In is the natural logarithm.

RESULTS AND DISCUSSION

In Table 1 are presented the results of carp
food composition analysis. Determination was per-
formed on commercial carp food without probiotic
addition and both probiotic concentrations added in
carp commercial food, 1 ml/kg food and 2 mi/kg
food, respectively.

Fodd containing probiotic in concentration of
1 ml/kg, had higher values of moisture content and
lower values of dry matter content. Raw protein, fi-
ber and fat content presented quite stable values
regarding probiotic feed addition. Nitrogen free ex-
tracts percentage was decreased in food with pro-
biotic addition of 1 ml/kg (Table 1).

After determining the body weight of the ex-
perimental fish for all subsequent control measure-
ments, the growth rate was calculated from the
groups A, B, and C, whose values are presented in
Table 2.

Table 1

Results of chemical analysis of commercial food
without probiotic addition and food with probiotic
concentration 1 and concentration 2

Parameter Fopd _vvithoyt Probiotic ~ Probiotic
probiotic additon food 1 food 2
Moisture 7.27 11.35 10.36
Dry matter 92.73 88.65 89.64
Raw protein 31.13 31.00 30.97
Raw fiber 4.94 4.85 4.86
Raw ash 6.13 5.85 5.91
Raw fat 8.74 8.60 8.60
Nitrogen free
extracts 41.79 38.35 39.76

Table 2

Total growth rate (g) of 30 carp individuals
in groups A, B, and C during the experimental

period
Total growth rate (g)
el 1st phase 2nd phase
10512 262912
9052 241800
7165 207600

Table 2 presents the values for the total growth
rate of each group, for the entire experimental pe-
riod (first and second phase).

Probiotic treatment represents the highest
growth rate of 10512 g and 9052 g, respectively, for
groups A and B. The experimental groups presented
superior results compared to control group C, fed
without probiotic supplement, with a total growth
rate of 7165 g. The lowest total growth rate for the
second phase was also estimated in the control
group C. The highest growth rate values were ob-
served in fish of group A, treated with a probiotic
with a lower concentration (1 ml/kg food). The ap-
plication of a commercial Streptococcus faecium
probiotic in Israeli carp diets, as shown by the re-
search of Bogut et al. (1998), improved growth and
feed conversion rate. The authors highlights the pos-
sibility of a difference between the types of pro-
biotics, as well as finding the approach to com-
bining them and the optimal concentration asses-
sment because they determined a positive influence
on the daily and specific growth in the experimental
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group treated with photosynthetic bacteria and Ba-
cillus sp.

During the research of Khalil et al. (2012) an
increased total growth rate was observed, increased
food intake and increased use of nutrients, as well
as in the parameters of the chemical composition of
the fish meat. Feed supplementation with probiotics
significantly increased growth rate, feed utilization
and decreased mortality rate, i.e., the survival rate
(Munir et al., 2016).

Table 3 presents the specific growth rate by
groups from the first and the second phase of the
experimental period. During the first phase of the
experiment, the experimental groups A and B note
the specific growth rate increase through the values
of 245.6 g and 218.2 g, respectively, finally as in-
creased values compared to the control group C,
estimated by 162.0 g. At the end of the experiment,
experimental group A presented an increased trend-
line than groups B and C, with values of 435.7 g. In
contrast, group C had the lowest total growth rate
values during all measurements and, at the end of
the experiment, estimated 259.9 g.

Table 3

Specific growth rate (g) of 30 carp individuals in
groups A, B, and C during the experimental period

Specific growth rate (g)

Group

1% phase 2" phase
A 245.6 435.7
218.2 411.0
C 162.0 259.9

This experiment’s results were in accordance
with Xu, Wang and Lin (2014), in which research
has been determined the impact of the probiotic B.
coagulans in the carp diet and presented a positive
impact on the final body weight of the fish and the
growth rate (specific, individual, and daily), as well
as on the feed conversion ratio. Similar results were
reported by Lara-Flores et al. (2003); EI-Haroun et
al. (2006), and Ramakrishnan et al. (2008).

The calculated daily (individual) growth rate
per fish/individual (g) during the two phases of the
experiment is presented in Table 3.

From Table 4 it can be concluded that the fish
treated with a lower concentration of probiotic, i.e.,
experimental group A, in contrast to experimental
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group B (treated with a higher concentration of pro-
biotic), presented a difference in the values of
increased individual growth rate.

Table 4

Individual daily growth rate (g)
of 30 carp individuals in groups A, B, and C
during the experimental period

Individual growth rate (g)

Group 1st phase 2nd phase
A 8.2 15.6
B 7.3 14.7
C 5.4 9.3

In relation to the control group C, where the
fish were presented with the lowest individual
growth rate, in both experimental groups A and B,
this parameter presented higher values.

Considering individual growth rate, experi-
mental group A maintained the trend of increasing
the value of specific and individual growth rate,
compared to groups B and C. The results obtained
from the conducted experiment were in accordance
with the results of Swain et al. (1996) and Ghosh
and Ray (2003), who performed experiments with
Indian carp.

Faramarzi et al. (2011), during research on the
influence of probiotic feed addition, observed in-
creased growth rate values when feeding juvenile
carp with food containing 0.1% probiotic (Bacillus
subtilis) compared to the control group.

Probiotic addition influence on the growth rate
of carp reared in intensive cage system, as one of the
objectives of this experiment, presented positive ef-
fects about this surveyed production parameter. In
terms of growth rate (total, specific, individual/
daily), the obtained results presented that group A,
in which the fish were treated with a lower probiotic
concentration, stands out not only in relation to
group C, but also in relation to group B.

As a conclusion we highlight that probiotic
concentration of 1 ml/kg had positive influence on
carp total, specific and individual growth rate, dur-
ing the both experimental phases.

Probiotic addition in aquaculture, as an alter-
native to antibiotics and chemical agents, results in
significant benefits such as improving the health
status, fish growth, and survival rate, and the most
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important technological impact on fish production
is the increase in production performance and eco-
nomic profitability.
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