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Abstract:

This experiment assessed the influence of the probiotic Paenibacillus alvei, added to carp food, on welfare

and production characteristics (FCR). Fulton factor and water parameters were evaluated for welfare sta-
tus assessment health parameters. FCR was calculated during measuring periods of the two experimental
phases. Two experimental groups (A and B) were set up. Group C was the control group, with no added
probiotic in the food. Probiotic concentrations for groups A and B were 1 ml/kg and 2 ml/kg feed, respec-
tively. The experiment was conducted during one production season (180 days). Probiotic influence in
group A fish had noticeably lower values of FCR (1.4) compared with control group C (1.7). Compared to
fish from the control group C, decreased values of FCR were presented in group B (1.5). At the end of the
experiment, the welfare status assessment showed the “excellent” status of experimental groups, indicat-

ing good rearing practice.
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Introduction

Aquaculture development has inevitably caused sig-
nificant changes in water biotic and abiotic factors,
disrupting all their complex relationships. Intensive
production is based on increasing the number of
individuals per unit of water volume and applying
intensive nutrition. The high density of fish with in-
tensive feeding conditions causes the formation of
large amounts of metabolic products and unutilised
food, the decomposition of which significantly al-
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ters the water quality and hygienic conditions in the
ponds/cages. Inadequate stocking, excessive density
and failures in the transfer of some technological
and zoo hygienic measures can contribute to the de-
terioration of water quality, which can cause health
issues and fish mortality.

Implementing the classical and already estab-
lished methods of treatment, such as applying medi-
cines (primarily antibiotics) and disinfectants, is a
common producer practice for preventing fish diseas-
es and treating fish when a particular disease appears.
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It must be emphasised that some of the mentioned
substances are already prohibited from being used in
aquaculture. (CHEN et al. 2014, ALLAMEH et al. 2015).

Consequently, a new alternative approach was
developed to enhance the fish’s resistance to dis-
eases, optimise the immune system, and stimulate
growth, mainly by administering probiotics instead
of antibiotics. According to Lazapo & CAIPANG
(2014a) and LazaDoO et al. (2015), probiotic ben-
eficial microorganisms were identified, character-
ised and applied in aquaculture to improve the aq-
uaculture industry while relying less on antibiotics
on application (LAzap0O & CAIPANG 2014a, 2014b,
AKHTER et al. 2015). FATURRAHMAN et al. (2015)
stated that probiotic applications improved aquatic
animal growth rates, food utilisation and survival
rates (HossAIN et al. 2017).

According to MERRIEFIELD et al. (2010), probi-
otics improve fish appetite, growth, and feed utilisa-
tion, enhance the quality of meat and composition,
and reduce malformations. Probiotics represent a
new era in modern aquaculture, increasing both sci-
entific and commercial interest (MOHAPATRA et al.
2013, DE et al. 2014, LauzoN et al. 2014, CARNEVA-
Lietal. 2014, HOSEFINIAR et al. 2014, SANDEVA et al.
2016, HuynH et al. 2017, SuGuna 2020).

Welfare is defined as “The state of the individu-
al as he copes with the environment” (BRoom 1996,
Broowm 2007). In aquaculture, the term “health” is
often interpreted as the “absence of apparent dis-
ease”, and thus, emphasis is placed on the prevention
and eradication of disease (BrRoom 2007). Health,
from this perspective, means the ability of the ani-
mal to perform normal physiological functions and
maintain homeostasis, thereby supporting its ability
to withstand infectious and non-infectious stress-
ors. Good health is essential (but not sufficient) for
good welfare (Duncan 2005, AsHLEY 2007). The
increased trendline of intensive fish production in
the Republic of North Macedonia, coupled with the
necessity for new alternative technological solutions
to improve aquaculture results and increased yields
of quality and healthy fish meat, presents a signifi-
cant challenge to the industry. The objective of this
experiment was to ascertain the impact of enriched
probiotic food on production characteristics (FCR)
and carp welfare status.

Materials and Methods

The experiment was performed in a registered pro-
duction facility, i.e., a cage farm, in the “Kozjak”
reservoir, with the following Google Earth coordi-
nates: 41°49°08.78” N and 21°09°23.40” E. To per-
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form the research, three compartments/cages (A, B,
and C) were separated with dimensions of 5x5x5 m,
i.e., 3x125 m? volume.

As a basis for the carp diet of the experiment,
a commercial pelleted food from a manufacturer,
“Aqua” from Austria, was used. The pellet size was
4-6 mm, and the following declared values were
used: protein 30%, fat 10%, crude fibre 4.5%, crude
ash 6.5%, calcium (Ca) 0.90%, sodium (Na) 0.25%,
and phosphorus (P) 1.10%.

The food was controlled, and its chemical
composition was examined in the UKIM Institute of
Animal Sciences and Fisheries chemical laboratory.

Bacterial culture — probiotic Paenibacillus
alvei DZ-3, in defined quantities (1 ml/kg food and
2 ml/kg food), was added to the basic food as pel-
lets. The food with added probiotic was prepared
through spraying, applied on the pelleted food in
a mixer for 3 minutes, then mixed with a mixer for
5 minutes. The mixed food with the added probi-
otic was placed evenly in a layer of 2 cm in a dry,
ventilated place to dry for 2 hours. The sorted and
separated carp individuals had an average initial
body mass of 170 g and an average total length
of 234 mm. The exact number of carp individuals
(n = 323) were stocked in each cage. After stock-
ing the fish into separate groups (A, B and C), the
total ichthyomass in each group was determined,
representing the initial weight of the groups. Ex-
perimental group “A” had an average body mass of
172.8 g and total ichthyomass of 55 800 g and was
treated with a probiotic with a lower concentration
(1 ml/kg), 1.5°108 CFU/ml (Colony forming Units/
ml). Experimental group “B”, with an average body
mass of 172.4 g and a total ichthyomass of 55 700
g, was treated with a probiotic with a higher con-
centration of 2 ml/kg food, with a concentration of
1.5"10% CFU/ml (Colony forming Units/ml). The
control group “C”, with an average body mass of
172.1 g and a total ichthyomas of 55 600 g, was fed
with commercial feed, without probiotic addition.
The fish in all three groups were fed for 24 hours
with automatic feeders, and the diet was according
to a table (percentage of body mass and water tem-
perature), recommended and defined by the food
manufacturer. Control measurements were per-
formed on equal numbers of carp individuals for a
certain period (11 to 16 days). The experiment was
conducted in the first phase (juvenile rearing) and
the second phase (commercial phase).

In the first phase, five consecutive control meas-
urements of fish were carried out at 14 to 16 days.
The control measurements were performed to calcu-
late the FCR and assess the welfare status of the fish.
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In the second phase, four control measure-
ments of the total ichthyomass in each cage of the
groups were performed, based on which the FCR
was calculated.

Among production characteristics such as
growth rate (GR), specific growth rate and indi-
vidual growth rate, during control measurements in
the first phase, the following parameters were also
determined:

Control measurements

According to the principle of random selection, 30
individuals from each experimental group were se-
lected and measured during the first phase.

The following measurements were taken:

a) W — fish mass (g);

b) L — body length from the mouth to the end
of the tail (cm);

¢) Ls — standard body length from the mouth to
the caudal fin notch (cm);

d) fl — body length from the mouth to the root
of the tail (cm);

¢) h—body height, which is measured from the
abdominal fin to the beginning of the dorsal fin (cm);

f) total mass of fish per group, conducted in
four measurements during the second phase (g).

Feed conversion ratio (FCR). The feed con-
version ratio presents the amount of feed per kilo-
gram consumed for one kilogram of fish mass and
was determined according to the formula: (FCR) =
(feed consumed (g))/ (fish growth (g));

Fish condition— Fulton’s condition factor —
calculated by determining the condition factor (Ful-
ton, 1904) according to the formula:

F=W(g)/L(cm) x 100,

where W is the mass of the fish in grams, and L
is the length of the fish in centimetres.

Parameters for welfare assessment included
health parameters and were recorded as all changes
in the fish body, monitored during the observations
early in the morning (7 am) before feeding. Each ob-
servation was performed by three persons on equal
numbers of carp individuals. In particular, body in-
juries in fish caused by erythrodermatitis and chang-
es caused by mechanical injuries were determined.
The percentage of injured fish (or percentage of sick
ones), as well as the percentage of recovered indi-
viduals, was determined. The rate of survival and
the percentage of mortality in each of the rearing
stages were also recorded.

1. Health parameters (skin injuries, fin injuries,
survival rate)

2. Percentage of survival (%) = (number of
dead individuals/ total number of individuals) *100

3. Percentage of injured fish (%) = (number of
injured fish/ total number of individuals) *100

During the experiment, with seasonal dynam-
ics, the basic physicochemical parameters impor-
tant for determining the welfare of the fish were
monitored. The temperature was measured daily at
a depth of one and two meters with digital thermo-
meters placed in the water and the cages where the
experiment was performed. Dissolved oxygen and
pH of the water were measured on the days when
control catches were made. Oxygen was measured
with a YSI DO200 mobile oximeter, and water pH
was measured with a YSI pH100 mobile pH meter
from China. The concentration of ammonia in the
water and other physicochemical parameters were
measured spectrophotometrically in the UKIM In-
stitute of Animal Sciences and Fishery laboratory. A
spectrophotometer “Novaspec 11 and kits for water
analysis “Palintest — Novaspec Il — Water Analysis
System” and “Amersham Pharmacia Biotech AB”
from Sweden were used. From the physical pa-
rameters, in addition to temperature, the following
were investigated: transparency of water (cm Sec-
chi disc), visible and measured colour (Pt-Co) and
smell of water. From the chemical parameters, in
addition to oxygen and electrochemical reaction, the
following were monitored: free CO, (mg/1), alkalin-
ity (mg/l CaCO,), 5 days biological oxygen demand
(BOD,), chemical oxygen demand, such as KMnO,,
suspended substances (mg/l ), dry evaporated resi-
due at 105°C (mg/l), ammonium (mg/l), nitrites
(mg/1), nitrates (mg/l), phosphates (mg/l PO,) and
dissolved carbon dioxide CO, (mg/1).

The obtained data and results of the first phase
of the research were processed and analysed through
ANOVA. The descriptive statistical presentation of
the results was performed through the measures of
dispersion (minimum and maximum values), stand-
ard deviation (SD) and coefficient of variance (CV).
For the determination of statistically significant dif-
ferences (p<0.05), a subsequent Tukey test (post-
hoc analysis) was performed. The measured values
of tendency and dispersion of the fish mass for all
three experimental groups, A, B and C, were deter-
mined with descriptive statistical analysis.

Results

The physicochemical characteristics of Kozjak res-
ervoir water are presented in Table 1.

The average temperature of the water from the
“Kozjak” reservoir, measured in the cages (at 2.0-
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Table 1. Basic physicochemical characteristic of “Kozjak” reservoir water.

Parameter April May June September

Colour None None None None
Smell None None None None
Transparency (cm) 280 650 720 810
Conductivity [uS/cm] 368 305 315 299
Alcality [mg/l CaCO,] 230 205 201 143
Dissolved oxygen [mg O,/1] 10.8 8.9 8.4 7.8
Dissolved CO, [mg O,/1] 1.6 2.1 2.3 1.8
BOD, [mg O,/1] 3.50 1.28 1.43 2.76
COD KMnO, [mg O./1] 1.29 1.63 1.69 1.41
NH, [mg N/1] 0.0016 0.0200 0.0300 0.0048
NO, [mg N/1] 0.0055 0.0070 0.0060 0.0070
NO, [mg N/1] 0.6826 0.2100 0.2800 0.0070
Phosphates PO, [mg PO /1] 0.0300 0.0170 0.0150 0.0160

Table 2. Descriptive statistics of central tendency values and dispersion of fish weight (g) of 30 individuals of groups
A, B and C from I-V* control measurement.

Group | measurement min max X variance (n-1) | (SD) (n-1) Cv

I 111 263 174.2 1372.7 37.05 0.2091

I 159 383 222.67 1947.5 44.13 0.1949

A I 198 425 289.6 4140.4 64.346 0.2185
v 295 578 408.57 7234.7 85.057 0.2047

v 309 727 483.47 9872.9 99.363 0.2021

I 132 240 179.13 979.22 31.293 0.1718

II 122 273 197.7 1728.6 41.576 0.2068

B III 186 322 266.53 1514.7 38.92 0.1436
v 242 518 3723 4533.5 67.331 0.1778

v 312 662 500.0 7733.9 87.942 0.1729

I 134 306 194.57 1355.5 36.817 0.186

I 155 322 219.37 1490 38.601 0.173

C I 165 341 254.43 2242.7 47.358 0.183
v 216 466 335.33 3369.6 58.048 0.1702

v 280 541 370.77 3481.8 59.007 0.1565

Table 3. Variance analysis (ANOVA) of weight (g) mean values of 30 individuals of groups A, B and C from I-V*
control measurement in the first experimental phase.

I I 11T v \%
Group measurement measurement measurement measurement measurement
X(SD) X(SD) X(SD) X(SD) X(SD)
A 174.20 (37.05) 222.67 (44.13)* 289.60 (64.35)* 408.57 (85.06)* 483.47 (99.36)*
B 179.13 (31.29)* 197.70 (41.58)* 266.53 (38.92)® 372.30 (67.33)* 500.00 (87.94)*
C 194.57 (36.82)* 219.37 (38.60)* 254.43 (47.36)° 335.33 (58.05)° 370.77 (59.01)°

*Different superscript letters in one column indicate statistically significant values (p<0.05).
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and 0.5-meters depth), during the period from April
to September, increased from 15.1° C in April to
26.5° C in July and August. The oxygen regime pre-
sented the lowest values of dissolved oxygen con-
centrations in July and August (7.9 and 7.3 mg/1 O,)
and the highest values in April (10.8 mg/1 O,).

Descriptive statistics, in which the values of
the central tendency (minimum and maximum value
and mean value), as well as the dispersion values
(variance, standard deviation and coefficient of vari-
ation), are presented, which refers to the mass of 30
randomly sampled individuals from each group A,
B and C. Statistical results of fish weight from the
first phase, during five consecutive measurements
and the fifth measurement, are presented in Table 2.

Table 3 presents a variance analysis of the fish
mass (g) of 30 individuals sampled from all three
groups during the five control measurements in the
first phase of the experiment.

The variance analysis indicated that the fish
mass from the experimental groups from the first
and second control measurements did not differ sig-
nificantly. On the third and fourth measurements,
the higher mass (g) of fish from group A differed
from the lower fish mass values of group C with sta-
tistical significance (p<0.05). In the third and fourth
measurements, the mass of group B fish does not
present a statistically significant difference from
group A and control group C. As for the fifth meas-
urement, univariate ANOVA demonstrated that the
lower mass of the control group C differed signifi-
cantly from the larger mass values of experimental
groups A and B.

A descriptive analysis of the condition factor
(F) values was performed on the control measures.
Table 4 represents the descriptive analysis of the
Fulton factor values for groups A, B, and C.

In Table 4, the descriptive analysis showed that
during the fourth control measurement, there was
a difference in the Fulton factor values between all
three groups. In contrast, in the last measurement,
experimental groups A and B had mean values of
1.89 and 1.86, respectively, compared to control
group C, whose mean value was 1.49. Analysis of
variance (ANOVA) of the Fulton factor values for
30 carp individuals from all three groups within the
first phase is presented in Table 5.

ANOVA of Fulton factor values showed that
there was no statistically significant difference be-
tween experimental groups A, B, and C between
the first and third control measurements. During the
fourth control, the Fulton factor values were statisti-
cally significantly different (p<<0.05) between all three
groups. The variance analysis of the last measure-

ment showed that the lower value of the Fulton factor
of the control group C differed significantly from the
experimental groups A and B. In contrast, the groups
did not show a statistically significant difference.

The results of FCR values are presented in Ta-
ble 6. The feed conversion ratio during the second
control in experimental groups A and B was already
1.4 and 1.9, respectively, significantly decreased
compared to control C, which was 2.6.

According to Table 6, a lower FCR can be ob-
served only in fish from experimental group A at the
first observation of the second phase. The decreas-
ing trendline of FCR in experimental groups A and
B was also observed in the seventh and eighth con-
trol, with values of 1.4 and 1.2 and 1.5 and 1.4, re-
spectively. In fish from the control group C, the FCR
in the seventh and eighth control was 1.7.

Given that in our state, there is no protocol for
defining parameters for assessing the welfare of carp
reared in cages, an attempt was made to design and
apply one during the experiment. For this purpose,
the so-called a “five-level” Likert scale (BRACKE
et al. 1999, Vacias 2006) was used to rank welfare
status according to the resulting score. The possi-
ble ranges of values for a particular parameter were
classified. Five categories (from 1 to 5) were intro-
duced for production and health parameters, while
six categories (from 0 to 5) were introduced for wa-
ter quality parameters. In principle, 0 points should
be given for the most undesirable water values. If
the measured value of any parameter is optimal, 5
points are given. The total score was divided by the
number of parameters, and according to the value,
the obtained welfare status was quantified from 1
to 5. It was described as unacceptable (NA< 1.80),
acceptable (A, 1.81 — 2.60), good (G, 2.61 — 3.40),
very good (VG, 3.41 — 4.20) or excellent (E, 4.21 —
5.00).

Table 7 presents the results of the fish observa-
tions performed at the end of the rearing season. On
the last control, 318, 320, and 298 individuals were
examined from groups A, B, and C, respectively.
The number of healed individuals and individuals
with active body changes were evaluated.

At the end of the rearing period, 29% of Group
A’s individuals were healed, 37% in Group B, and
1.7% in the control group. At the end of the ex-
periment, no new or active body changes caused by
erythrodermatitis or mechanical injuries were de-
tected in individuals.

Table 9 presents the range values of the sur-
veyed parameters during the experiment. Range
values refer to water temperature, dissolved oxy-
gen, pH, NH,-N (mg/L), Fulton’s condition factor,
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Table 4. Descriptive analysis of measured values of central tendency and dispersion of Fulton factor values, for all
three experimental groups (A, B and C) during [-V" control measurement in the first experimental phase.

Group | Measurement Min Max X Variance (n-1) (SD) (n-1) Cv
1 1.18 1.65 1.37 0.01 0.10 0.07

II 1.29 1.86 1.59 0.02 0.15 0.09

A 111 1.57 2.27 1.82 0.03 0.17 0.09
v 1.72 2.35 1.98 0.03 0.17 0.08

A% 1.63 2.22 1.89 0.03 0.16 0.09

I 1.16 1.70 1.42 0.02 0.13 0.09

1I 1.26 2.49 1.58 0.08 0.27 0.17

B 111 1.50 2.02 1.75 0.02 0.14 0.08
v 1.68 2.09 1.87 0.01 0.11 0.06

A% 1.39 2.20 1.86 0.03 0.18 0.10

I 1.12 1.58 1.41 0.01 0.10 0.07

11 1.37 2.09 1.66 0.02 0.15 0.09

C 111 1.44 2.10 1.78 0.03 0.16 0.09
v 1.51 1.93 1.72 0.01 0.10 0.06

A% 1.29 1.72 1.49 0.01 0.11 0.07

Table 5. Variance analysis (ANOVA) of Fulton factor values of groups A, B and C of [-V" measurement in the first

experimental phase.

Group I measurement II measurement III measurement | IV measurement | V measurement
A 1.36 (0.01) 1.58 (0.15)° 1.82 (0.17) 1.97 (0.17) 1.89 (0.16)*
B 1.42 (0.13) 1.58 (0.27) 1.75 (0.14) 1.87 (0.11)° 1.85 (0.18)
C 1.41 (0.10) 1.65 (0.15) 1.77 (0.16)* 1.71 (0.10)¢ 1.48 (0.11)°
*Different superscript letters in one column indicate statistically significant values (p<0.05).
Table 6. The feed conversion ratio for A, B and C groups of controls from the first and second phases.
First phase
Group I control II control I1I control IV control average
A 1.7 1.4 1.4 1.7 1.6
B 1.9 1.9 1.6 1.9 1.9
C 1.8 2.6 2.1 2.6 2.3
Second phase
Group V control VI control VII control VIII control average
A 1.5 1.5 1.4 1.2 1.4
B 1.7 1.6 1.5 1.4 1.5
C 1.7 1.9 1.7 1.7 1.7

FCR, and the percentage of the fish survival rate and
illness/injuries, according to the scale of the para-
meters’ values, which are scored from 1 to 5.

The welfare status assessment at the end of the
experiment indicated that all groups had “excellent”
status. Carp individuals that received feed supple-
mented with probiotics at a concentration of 2 ml/
kg proved to be slightly better at maintaining fish
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welfare than feed supplemented with 1 ml/kg and,
by far, had a better effect on commercial food with-
out added probiotics.

The best ranking of the welfare status was
found in group B, according to Table 10. After the
end of the experiment, this group’s welfare status
was described as “excellent”, with the highest rat-
ing of 4.88. Groups A and C also had an “excel-
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Table 7. Quantification of welfare status.

Mark Welfare status description International mark
1(<1,80) Not acceptable Not Acceptable (NA)
2 (1.81 -2,60) Acceptable Acceptable (A)
3 (2.61 —3,40) Good Good (G)
4(3.41 -4,20) Very Good Very Good (VG)
5(4.21 -5.00) Excellent Excellent (E)

Table 8. Number and percentage of healed and active changes in fish at the end of the experiment.

Number of Number of Number of Percentage of indi-
. - . Percentage of healed | , ... . . A .
Group | examined indi- healed indi- individuals (%) individuals with | viduals with active
viduals viduals ¢ active changes changes (%)
A 318 93 29 0 0
B 320 119 37 0 0
C 298 5 1.7 0 0
Table 9. Range values of the parameters for welfare status grading.
Parameter Range values Points Parameter Range values Points
22.00-25.99 5 >=1.80 5
19.00-21.99 4 1.60-1.79 4
17.00-18.99 3 Fulton’s 1.40-1.59 3
Temperature | 15.00-16.99 or >27 2 condition 1.20-1.39 2
O 13.00-14.99 or >29 1 factor <1.20 1
<13.00 or >30 0 <1.40 5
>=8.00 5 1.40-1.59 4
7.00-7.99 4 1.60-1.79 3
Feed conver-
6.00-6.99 3 sion ratio 1.80-1.99 2
DO (mg/L) 5.00-5.99 2 >=2.00 1
4.00-4.99 1 >99.00 5
<4.00 0 95.00 - 99.00 4
6.8-73 5 o . 90.00 — 94.99 3
%o survival
6-680r73-38 4 rate 80.00 — 89.99 2
5.6—-6.70r8-8.5 3 < 80.00 1
4.5-550r8.5 - <5 5
2
pH 8.7 5-9.99 4
4-4.5 or 8.7-9 1 _
<4159 0 % illness/ 10-19.99 3
injuries 20 —-29.99 2
<0,05 5 >30 1
0.05-0.10 4
0.11-0.15 3
NH,-N 0.16-0.20 2
(mg/L) 0.20-0.25 1
>0.25 0
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Table 10. Welfare status quantification by parameters per group at the end of the experiment.

Parameter ‘ Points Measured values Grade
A B C A B C
Temperature °C 5 21.5 21.5 21.5 5 5 5
DO (mg/L) 5 8.4 8.4 8.4 5 5 5
pH 5 7.4 7.4 7.4 5 5 5
NH,-N (mg/L) 5 0.0048 0.0048 0.0048 5 5 5
. 5 1.91 1.92 5 5
Fulton’s condition factor
3 1.54 3
. . 4 1.42 1.51 4 4
Feed conversion ratio
3 1.72 3
5 5
% survival rate 4 98 4
3 92 3
% illness/injuries 5 0 0 5 5 5
Welfare status quantification 4.77 4.88 4.33
Description of welfare status E E E

lent” status, with values of 4.77 and 4.33, respec-
tively. The percentage of injured fish demonstrates
that individuals were handled carefully during the
experiment. The scores for the parameters pre-
sented in the table, Fulton’s condition factor values
and FCR indicated satisfactory production results,
except for those of the control group. The fish in
all three groups had a 100% survival rate. Probi-
otic addition, good environmental conditions, good
water quality and well-implemented ichthyotech-
nical measures at the facility led to excellent fish
welfare.

Discussion

Motivated by the knowledge about the positive ef-
fect of probiotics on production performance and
fish welfare, this experiment aimed to test the im-
pact of the probiotic Paenibacillus alvei applied
in the technological process. Simultaneously, by
achieving increased fish growth with reduced food
consumption (resulting in a decreased FCR), it is
possible to obtain a higher yield of fish per fish-
pond. This leads to reduced costs associated with
the cultivation and production technology, which is
a crucial factor for economic profitability for fish
producers.

In the experiment’s frame, the best FCR values
were achieved in experimental group A. Regardless
of fish species and developmental stage, research
data showed a positive effect of the application of
probiotics in the diet, ensuring a high percentage of
survival, reducing the loss of juveniles (during criti-
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cal stages of their growth), increasing growth rate,
decreasing FCR, and of course, of great importance
is the achievement of significant economic effects
(Dawoop et al. 2015, MUNIR et al. 2016, NATHA-
NAILIDES C. et al. 2021). The positive influence of
adding the probiotic to the carp diet was determined
during the experiment, both on fish welfare and
FCR. Increased fish body mass, one of the basic
parameters that quantifies the effect of the applied
probiotic in the diet, was the first indicator, show-
ing a positive and continuous increase throughout
the experimental period. The different concentra-
tions of probiotics used in experimental groups A
and B do not seem to contribute to the difference in
their weight, as the results of body mass evaluation
between groups A and B presented no statistically
significant difference.

Dietary Primalac® probiotic included in
common carp and Persian sturgeon fry feed resulted
in significantly improved body weight and survival
rate compared to the control group (SALAGHTI et al.
2013). The results obtained regarding efficiency in
food utilisation showed the same trend as in RE-
NUKA et al. (2013) and MuNIR et al. (2016). They
noted an improvement in feed and protein utilisa-
tion, reflecting an increase in growth due to higher
protein and energy deposits in the tissues of the fish.
KHALIL et al. (2012) and TOTEWAD et al. (2021) re-
ported an increase in total growth rate, food intake
and utilisation of nutrients, as well as in the param-
eters of the chemical composition of the fish body
and reduced mortality.

Fulton coefficient parameters can be influ-
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enced by various factors, including season, sex,
differences among the samples, population density,
quality and quantity of food, health status of fish,
and environmental conditions (LEMMA et al. 2015,
Opryo M.A. et al. 2019, MiuHar C. et al. 2023). In
the first phase, the analysis of variance revealed a
significant difference between the control group C
and the experimental groups A and B in terms of the
F coefficient value. The obtained results correspond
with the research of AsaDIAN et al. (2015) on ex-
perimental individual carp treated with a combined
commercial probiotic. Significant positive effects
were recorded in weight, length, growth, and Ful-
ton factor, which was increased by 58% on day 45
of the experiment.

The fish in all three groups presented a
100% survival rate, and at the last control of the
experiment, the fish had already recovered. All
three groups had no individuals with new body
changes caused by erythrodermatitis or mechani-
cal injuries. According to the welfare indicators,
group B had the highest grade when evaluating the
three groups based on welfare status, although all
groups were rated “excellent”. Opiyo et al. (2019)
reported that the decreased mortality rate indi-
cates improved health status and immunity in fish
fed with probiotic-enriched feed. It was reported
that probiotics positively influenced the immune
system, disease resistance, and both. As a current
strategy for a bio-control method in intensive ag-
uaculture, probiotic application is believed to have
a positive influence on water quality (SANDEVA et
al. 2016), fish health modulation, modification of
the microbial community about the aquatic en-
vironment, and promotion of a non-specific im-
mune response and resistance against pathogens,
resulting in an improvement of production char-
acteristics and nutrient utilisation (RAJIKKANNU et
al. 2015, MoHAMMAD et al. 2016, VAN DoAN et
al. 2018). Feed supplemented with probiotics at a
concentration of 2 ml/kg presented better results
for fish welfare than feed supplemented with 1 ml/
kg feed in terms of the number of new lesions in
the fish body, but also in the healing process, as
well as the prolonged effect in terms of protect-
ing the fish from the reappearance of new lesions
on the body. This experiment provided an initial
framework to help conduct further studies on the
welfare assessment of carp cultures in the Repub-
lic of North Macedonia, providing an indication of
the positive influence of probiotic application in
the carp diet within a cage system in a reservoir,
improving health condition, production perfor-
mance characteristic (FCR) and welfare.
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