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Abstract

The effects of probiotically used kefir on growth, survival rate and meat yield characteristics of brook trout
(Salvelinus fontinalis) were investigated in this study. For this purpose, kefir was added to trial diets at different
rates 20 ml/kg feed (G2), 40 ml/kg feed (G3) while commercial fish feed was used as a control 0 ml/kg feed
(G1). Total 270 fish with mean weight 24.38+0.37 g were used during the experiment. Each group had three
replicate, and 30 fish were placed in each tank. Experiment was carried on for 90 days. At the end of the
experiment, some growth parameters, survival rate and meat yields of the groups were determined.

The best weight gain (WGQG), specific growth rate (SGR), feed conversion ratio (FCR) and survival rate (SR)
values were obtained in G2 (20 ml/kg) group (104.31£0.11, 1.30+0.08, 1.40+0.18, 98.88+0.51 respectively). At
the end of the study, the differences between the control group and the other groups were not statistically
significant in terms of FCR, Condition factor (CF) and survival rate (P < 0.05). However, the differences
between the control group and the other groups were statistically significant in terms of WG, WGR and W¢(P <
0.05). The statistical difference between the G2 group and the G1 group was not significant at the SGR, whereas
the statistical difference between the G2 group and the G3 group was significant (P < 0.05).

The body composition of the fish, hepatosomatic index (HSI), viscerosomatic index (VSI) values, fish meat
crude protein and crude fat content were not affected by the addition of kefir to fish diet at different ratios. As a
result, it was observed that the addition of kefir at 20% of the diet positively affected the growth performance
and survival rate of the brook trout.

Keywords: Salvelinus fontinalis, kefir, growth, survival rate
1. Introduction

As in aquaculture, the goal of all sectors of farming is yield. The idea behind using feed additives to increase
yield is to affect the metabolism of the animal and increase its rate of utilizing the feed. This way, it is possible to
achieve healthy development and higher yield with less feed (Karabulut, 2008). Several studies used probiotics
to increase growth performance and strengthen immune systems of farmed fish (Korkut et al., 2003). Probiotics
are microorganisms that are known to be beneficial to living beings which compete with pathogenic bacteria in
cultivation conditions and are not pathogenic or toxic (Yaman, 2000; Ozdemir & Kelestemur, 2009).

According to the Turkish Food Codex Communique on Fermented Milk Products, kefir is a milk product that is
a dairy product that fermentes lactose in fermentation (Kluyveromces morxianus) and has yeast cells
(Saccharomyces unisporus, Saccharomyces cerevisiae and Saccharomycess exiguus) that do not ferment lactose.
However, in the fermentation process, Kefir grains are used which have different strains of Lactobacillus kefir,
Leuconostoc, Lactococcus and Acetobacter genus in particular (Anonymous, 2009). Kefir, active kefir grains
added to milk, is a dairy product formed as a result of lactic acid and ethyl alcohol fermentations (Guzel Seydim
et al., 2000). Kefir, which is similar in contents to yogurt, contains various beneficial bacteria and yeasts,
especially species of Lactobacillus (Rea et al., 1996; Jianzhong et al., 2009).

Kefir grains are yellowish white in color, irregularly shaped, similar to cauliflower, 3-20 mm in diameter. When
kefir grains are added into the milk (25 °C and 22 hours) they ferment the milk and reveal the kefir product.
Kefir grains can be removed by filtration through the kefir product and used again in the next process. As the
process repeats over time, kefir grains grow volumetrically and multiply (Guzel-Seydim et al., 2000).
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Kefir grains filtered through kefir product can be kept in water for 10 days at 4 °C after being washed with cold
water (Yildiz, 2009). Bacteria and yeasts in kefir grains are found embedded in a matrix of polysaccharide
structure called “Kefiran” (Frengova et al., 2002; Riamada & Abraham, 2006). Kefiran, an exopolysaccharide of
lactobacilli species, constitutes 24% of kefir dry matter (Micheli et al., 1999).

Microorganisms in kefir take position on the intestinal mucosa in the gastrointestinal track and facilitate increase
and development of beneficial bacteria, while helping elimination of harmful yeasts and bacteria (Elena et al.,
2007; Guzel-Seydim et al., 2011).

Various studies have been conducted on the effects of probiotics for growth performance and immunity
parameters of different fish species (Bogut et al., 2000; Abd El-Rhman et al., 2009; Hedayat & Bagheri, 2009;
Mohapatra et al., 2012; Andani et al., 2012). However, there are a limited number of studies which focused on
using kefir, which has probiotic properties, in aquaculture. The studies that were reviewed usually focused on the
Coruh trout and the rainbow trout (Can et al., 2012a; Can et al., 2012b; Can et al., 2014; Ulukoy et al., 2015;
Ulukoy et al., 2016; Gumus et al., 2017). In Turkey, commercial probiotic products are usually imported from
abroad and this increases feed costs (Karademir et al., 2012). On the other hand, kefir is a feed additive, which is
produced easily and with low costs.

In the Eastern Black Sea Region of Turkey, in addition to the dominant aquaculture species of the rainbow trout,
producers also farm the brook trout (S. fontinalis) to attract consumers or as a hobby (Okumus et al., 1998).
While several studies were conducted in Turkey on the rainbow trout (Karabulut et al., 2011), no study was
found that have investigated usage of kefir in feed for the brook trout.

This study investigated the effects of adding kefir into feed of trout in different ratios on live weight gain,
specific growth rate, condition factor, feed conversion ratio, survival rate and flesh yield characteristics in brook
trout (S. fontinalis).

2. Material and Methods
2.1 Experiment Area and Fish Material

The study was carried out at experiment unit in the Recep Tayyip Erdogan University Fisheries and Aquaculture
Application and Research Center. In the study randomly selected 270 brook trout (Salvelinus fontinalis) were
used, whose weights varied between 20 and 30 g (mean: 24.38+0.37 g). The fish were randomly distributed into
80 L fiberglass tanks by 3 groups with 3 replications such that there would be 30 fish per tank. The 4 L/min
average water flow was provided to the tanks. According to the measurements, the water temperature value was
changed between 7 °C and 12 °C, dissolved oxygen value was 5-6 mg/L and pH was approximately 7.5-7.8,
while the study was conducted in a natural photoperiod during winter.

2.2 Feed Material, Kefir Preparation and Bacteriological Analysis

The study used a feed that consisted of fish meal, fish oil, grain products and vitamin A and mineral mixture
which contained 47% crude protein, 20% crude fat, 2% crude cellulose, 10% humidity, 10% ash and 3330
kcal/kg of metabolic energy.

Natural kefir grains were used in kefir production. Kefir grains were added 1 liter warm milk in the jar (5% v/w)
and kept in dark for 20 hours at 22 degrees celsius (Guven et al., 2003).

Kefir grains were separated by sieving after the fermentation process and kept ready in the fridge in the water (4
°C) for the next fermentation process. The resulting kefir product was also stored in refrigerated conditions until
the experimental feed was prepared. The kefir product added feeds were prepared daily. Prepared kefir product
was not used as feed additive if it was stored for more than 3 days (Guven et al., 2003). The experimental feeds
were supplied with kefir product in previously determined rates (G1 (control): 40 ml distilled water/kg feed + 0
ml kefir/kg feed; G2: 20 ml distilled water + 20 ml kefir/kg feed; G3: 0 ml distilled water + 40 ml kefir/kg feed).
After drying at 20 °C in a fan-drying oven of the feeds, they were covered with fish oil (30 ml fish oil/kg feed).
The feeds prepared every week were stored in plastic packages in a refrigerator (4 °C). The feeds were given to
the fish along the 90 days (3% kg/fish weight).

For the bacterial analysis of kefir, 25 ml of kefir product was mixed with 225 ml of peptone water (Oxoid Ltd.,
Hampshire, UK). This homogenate ten-fold dilution solutions were prepared in the same solution and 0.1 ml of
parallel plates were spread from these dilution tubes. Lactobacilli were analyzed using MRS (Oxoid CM361)
agar and Lactic streptococci were counted using M17 agar (Oxoid CM785). The yeasts were analyzed using
potato dextrose agar (Oxoid CM139) (Harrigan & McCance 1976). In this study, Lactobacillus helvetis,
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Leuconostoc mesenteroides, Kluyveromyces mesenteroides and Pichia fermentes were detected as lactic acid
bacteria and yeasts in kefir grains.

2.3 Experiment Design

The experiment was conducted in a 3 X 3 factorial order based on a completely chance-based experimental plan
with one control 0 ml/kg feed (G1) and two experimental groups 20 ml/kg feed (G2); 40 ml/kg feed (G3). In
total, 270 fish with the mean weight of 24.384+0.37 g were randomly distributed into 9 tanks such that each tank
would contain 30 fish, and fed with the feeds for 90 days. The feeding was based on water temperature and fish
weight in all diets and applied in three meals as morning, afternoon and evening (09:00, 13:00 and 17:00,
respectively) by hand. The fish were fed in equal amounts in each meal by 3% of their body weight.

Growth of the fish was monitored every 15 days by a digital precision scale with +0.1 g precision and a von
Bayer trough with =1 mm precision (Piper et al., 1983).

2.4 Sample Collection and Analyses

All fish in each tank were weighed and counted at the beginning and at the end of the experiment. Ten fish were

sampled for analysis of initial whole body composition. At the end, 4 fish from each tank randomly collected

(totally 36 fish) and were used to determine carcass yield, hepatosomatic index (HSI), viscerosomatic index (VSI)
and fish meat nutrient content values. All samples were stored at a temperature of -20 °C before analysis. The

composition of the fish meat was analyzed in three parallels based on AOAC (2000) for crude protein, crude fat,

crude ash and dry matter.

2.5 Statistical Analysis

At the end of the study, the experiments were carried out as three repetitions. Obtained findings are shown as the
standard deviation of the mean. Sigma Plot 11.0 package programs were used so as to evaluate the findings of
the present study. ONE WAY ANOVA test was used to determine differences between groups. When the
difference statistically significant, the Holm-Sidak test was used to determine the difference between the groups.
The differences between the groups were evaluated according to the degree of importance P < 0.05 (Duzgunes et
al., 1993).

3. Results

Table 1 presents the findings of this study which investigated the effects of kefir added onto the feed of the brook
trout (Salvelinus fontinalis) in different rates on growth performance, feed conversion ratio and survival rate.
During the study period, data were collected and examined over 15 days periods. According to this, live weight

gain, specific growth rates, Feed conversion ratio (FCR) values and temperature changes were determined for
each period.
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Table 1. Growth parameters obtained from experimental groups at the end of the study

Experiment Groups

Parameters G1 (0 mlkg) G2 (20 ml/kg) G3 (40 ml/kg)
N 90 90 90

N; 89.33+0.57° 87.00+1.00* 86.66%1.15%
Wi (2) 24.37+0.23° 24.36+0.47° 24.41+0.43°
Wt (2) 121.51+0.45° 128.67+0.43° 116.38+0.16°
L; (cm) 13.38+0.06° 13.34+0.07" 13.35+0.04°
L; (cm) 23.90+0.13° 25.00+0.16° 20.20+0.09*
WG (g) 97.14£0.17° 104.31+0.11° 91.97+0.10°
'"WGR (%) 398.60+0.21° 428.20+0.24° 376.77+0.14°
2SGR (%) 1.25£0.02% 1.3040.08° 1.204£0.05%
SFCR 1.4740.16* 1.40+0.18" 1.55+0.25°
*CF; (%) 1.000.05" 1.02+0.03* 1.02+0.03*
*CF¢ (%) 1.46+0.07° 1.59+0.11° 1.43+0.07a
>SR (%) 95.55+1.37° 98.88+0.51° 97.77+1.16"

Note. Values are mean+standard deviation. Values in the same row with different superscripts are significantly
different (P < 0.05).

i: Initial, f: Final.

! Weight gain rate WGR (%) = 100 x (Wf— Wi)/Wi (Shiau & Chen, 1992);

? Specific growth rate, SGR (%day™) = [(Ln Wf— Ln Wi)/days] x 100 (Hopkins, 1992);

3 Feed conversion ratio, FCR = dry feed intake (g)/weight gain (g) (Imsland et al., 2001);

* Condition factor, CF (%) = (W/L?) x 100 (Avsar, 2005);

> Survival rate, (SR) (%) = [final fish number (Ny)/initial fish number (N;)] x 100 (Celikkale, 2002).

At the end of the experiment, final growth weight (Wf), weight gain (WQ), specific growth rate (SGR) and FCR
values of G2 group, fed with 20 ml/kg kefir supplemented diet, were 128.67+0.43; 104.31+0.11; 1.30+0.08;
1.40+0.18, respectively. It was determined that statistical differences between the groups were significant in
terms of final growth weight (Wf) and weight gain (WG) (P < 0.05). The statistical difference between the G2
group and the G1 group was not significant at the specific growth rate (SGR), whereas the statistical difference
between the G2 group and the G3 group was significant (P < 0.05). The difference in FCR expression between
all groups was insignificant (P < 0.05).

The number of fish that died during the trial period was recorded daily and compared with the survival rate at the
end of the study. The highest survival rate was determined in G2 (98.88+0.51) and the lowest in G1 (95.55+1.37).
The difference between all groups was statistically insignificant (P < 0.05). At the end of the study, the condition
factor (CF) was determined in groups G1, G2 and G3 (1.46+0.07; 1.59+0.11; 1.43+0.07, respectively). The
difference between the groups was found to be insignificant (P < 0.05).

It was determined that the difference in statistics between the groups in the increase in live weight started to
emerge after the 30th day. According to this, the difference between G3 and Gl group was found to be
insignificant while the difference between G3 and G2 group was found to be significant and the difference
between G1 and G2 group was found to be insignificant (P < 0.05). After 45th, 60th, 75th, 90th days, the
difference between all groups was significant (P < 0.05). The best live weight gain for each period was
determined to be the G2 Group fed with 20 ml/kg kefir supplemented feed (Figure 1).
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Figure 1. The individual mean live weights of the fish in the experimental groups according to baseline and
periods (meanstd)

Specific growth rate (SGR) was highest in G2 group at 15th day (2.001+0.08) of study and G3 group at 90th day
(2.02940.05). On the other hand, G3 group was found to be the lowest value at 45th day (1.43540.05) and 60th
day (1.430£0.08). The 60th day was defined as the period in which specific growth for all groups was measured
as the lowest values. On the 30th day and 45th day, the G3 group was statistically different from the G1 and G2
groups (p < 0.05) (Figure 2).
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Figure 2. The individual mean Specific Growth Rate (%) of the fish in the experimental groups according to
baseline and periods (meanstd)

When the FCR values were compared according to the periods, it was found to be parallel to the specific growth
rates. The highest FCR values were found in the G3 group, at the 45th (1.851+0.25) and 60th day (1.837+0.21),
while the lowest FCR value was found in the G2 group at the 90th day (1.226+0.19). At the 30th and 60th days,
G3 group was found statistically significant with G1 and G2 groups (P < 0.05) (Figure 3).
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Figure 3. The individual FCR of the fish in the experimental groups according to baseline and periods
(mean+std)
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During the study period, water temperatures were recorded daily and averaged over a period of 15 days. The
mean water temperature values were 8.071+£0.82 °C lowest at 60th day of study and 10.928+0.73 °C highest at
90th day of study. It has been determined that water temperature values are in parallel with FCR and SGR values
(Figure 4).
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Figure 4. Changes in the mean temperature of water throughout the study period (mean+std)

The four fish from each tank randomly collected (totally 36 fishes) and were used to determine carcass yield
(CY), hepatosomatic index (HSI), viscerosomatic index (VSI). The post-experiment CY, HSI and VSI values are
given in Table 2. Addition of kefir to brook trout diet at different ratios did not reveal any abnormality in the
liver of the autopsy examination. There was no statistically significant difference between CY and HSI values (P
< 0.05). For VSI values, the difference between groups G1 and G3 was significant (P < 0.05).

Table 2. Carcass Yield (CY), Hepatosomatic Index (HSI) and Viscerosomatic Index (VSI) values obtained from
the groups

Experiment Groups

Parameters Initial (N = 10)
0 ml/kg G1 (N = 12) 20 ml/kg G2 (N = 12) 40 ml/kg G3 (N = 12)
CY (%) 80.02+11.51 80.06+13.23° 82.60+10.21° 74.59+10.50°
'HSI (%) 2.25+0.36 2.83+0.42° 2.55+0.55° 2.37+£0.60°
2VSi (%) 10,1442.71 16.43£2.64* 15.20£2.63 % 13.842.19°

Note. Values are meantstandard deviation. Values in the same row with different superscripts are significantly
different (P < 0.05).

'Hepatosomatic Index (HSI, %) =100 x liver weight/body weight (Segato et al., 2006).
?Viscerosomatic Index (VSI, %) =100 x viscera weight/body weight (Segato et al., 2006).

In the nutrient analyses of the fish meat after the experiment (Table 3), while there was no statistically significant
difference between G2 and G3 in terms of crude protein and crude fat ratios, the difference between G1 and the
other groups was found to be significant (P < 0.05).

Table 3. Nutritional composition of the fish meat

Experiment Groups (N = 5)

Parameters Initial (N = 10)

0 ml/kg G1 20 ml/kg G2 40 ml/kg G3
Dry matter (%) 21.07+0.37 20.93+0.21° 23.81+0.14° 24.67+0.23
Crude protein (%) 19.12+0.46 19.18+0.15% 19.30+0.12° 19.34+0.08°
Crude lipid (%) 2.18+0.50 2.410.06° 2.700.20° 2.76£0.06°
Crude ash (%) 1.09+0.43 1.02+0.12* 1.17+0.16* 0.98+0.13*

Note. Values are meantstandard deviation. Values in the same row with different superscripts are significantly
different (P < 0.05).
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4. Discussion

This study added kefir into a commercial trout feed in different rates (0 ml/kg feed G1, 20 ml/kg feed G2, 40
ml/kg feed G3). It was aimed to determine the advantages of using kefir in trout feeds by determining the effects
of kefir addition on growth, survival rate and meat chemical composition in the brook trout. As a result of the
90-day experiment period, the best weight gain and specific growth rate values in this study were found in the
second group G2, which had a 20 ml/kg feed of kefir addition. Similarly, Can et al. (2012a) added different doses
of kefir (0, 10, 20 and 40 g/kg) into feed of the Coruh trout (Salmo coruhensis) for different periods (2 months
and 3 months), and found that the highest increase in weight among the groups was in the group with 20 g/kg
kefir addition by 43.51+1.08 g after 3 months. Another study added kefir into diets prepared for tilapia fish in
different rates and with sodium alginate as a binding agent to feed the fish for 50 days, and observed that the
growth performance of the fish increased (Van Doan et al., 2017). Another study on tilapia fish determined that
supplementing probiotic additives into feed increased growth performance (El-Haroun et al., 2006). Van Doan et
al. (2016) fed pangasius fish with 4 different feeds containing yeast and probiotics, and found that specific
growth rates on the 30", 60™ and 90" were higher in the yeast and probiotics groups in comparison to the control
group.

The rate of biochemical reactions of ectothermic animals is affected by water temperature (Angilletta et al.,
2002). As a result, growth, growth rates and physiological properties associated with those are affected (Jonsson
& L’ Abee-Lund, 1993). In this study, it was determined that SGR values obtained during the study periods in all
groups showed a decrease until the 60th day from the beginning of the study and started to rise again after 60th
day. Correspondingly, the FCR values increased from the beginning of the study to the 60th day and began to fall
again after the 60th day. This condition is thought to be caused by changes in water temperature throughout the
study period. As shown in Figure 4, the average water temperature at the beginning of the study decreased until
the 60th day of the study. It has been determined that this situation decreases in the SGR values and that the FCR
values are in parallel with the beginning of the negative trend. While the SGR values are beginning to increase as
the water temperature starts to rise again after the 60th day, the FCR values support this suggestion as the water
temperature starts to improve with increasing water temperature.

While this study reached the conclusion that kefir addition improved feed utilization, the results were in parallel
to those of a study which reported that kefir addition did not affect feed conversion ratio (Gumus et al., 2017).
There are also other studies which reported that probiotics addition improved feed utilization (El-Haroun et al.,
2006; Van Doan et al., 2016). Different literature reports on feed utilization rates may have resulted out of
differences in the microorganism content of the probiotic used, its quantity, application duration, the species of
fish and the age of fish.

In aquaculture, one of the successes obtained by using kefir for probiotic purposes is that it increases survival
rates and reduces stress signs. The best survival rate in this study was found in the group G2 with 20 ml/kg feed
kefir addition by 98.88+0.51%. Another study added kefir into feed of the rainbow trout in different rates (2.5
and 10%), and found that 10% kefir-supported feed provided a significant increase in the immunity values of the
fish and increased its survival rate against disease factors (Gumus et al., 2017). In a study by El-Haroun et al.,
(2006) on tilapia fish, it was reported that adding probiotics into feed in different rates reduced the effect of
stressors. In another study on tilapia fish, diets were supported by a binding agent and kefir in different rates, the
fish were fed for 50 days, and it was found that kefir reduced mortality by affecting the immune system
positively (Van Doan et al., 2017).

In the study, brook trout fed diets supplemented with kefir at different rates were found to decrease in HSI and
VSI index values as the kefir ratio increased. The cause of this differentiation may be due to the fact that the rate
of lubrication in fish is different depending on the kefir ratio. Similarly, in a study conducted by Chen et al.
(2014), leptin deficient mice fed at a dose of 140 mg/kg g for 4 weeks and as a result, they reported that kefir
inhibited the lipogenesis pathway and treated liver fat syndrome.

5. Conclusions

In consequence, it was determined that kefir addition into brook trout feed by 20 ml/kg had a positive effect on
growth performance and survival rate, while kefir addition in a higher rate (40 ml/kg feed) influenced the fish
development negatively to an extent that was reflected in the growth performance of the fish by weight and
length, its specific growth rate, and its survival rate.
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