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Introduction 

Trout culture has been started in Turkey since early 
1970s, however its major development began during the 
1990s with the extension of freshwater farms and 
deployment of offshore type cages in the Black Sea region. 
Today, with an annual trout production of 128.059 tons in 
2013, Turkey became the top producer of trout in Europe. 
Out of the total, over 122.873 tons of portion size trout is 
being produced in fresh water farms, while the smaller 
amount of 5186 tons comes from the marine cage farms 
producing larger fish (FAO 2013). With the increasing 
production by expanding into new directions, intensifying 
and diversifying (Aras Hisar 2003), the higher disease 

susceptibility of the cultured organism due to deterioration 
of water quality and elevation of the other stressful 
conditions emerge (Subasinghe 2005). 

Fish diseases are one of the serious factors limiting the 
development of the aquaculture industry and antibiotic 
therapy has been the most common strategy to overcome 
this problem (Austin and Austin 1999). However the use of 
antibiotics in fish treatment increases the development of 
antibiotic resistance in aquatic bacteria, hence it is 
restricted in many countries (Zilberg et al. 2010). Besides, 
the residual antimicrobials in aquatic products cause 
problems for human health (Caruso et al. 2013). Nowadays, 
several environment-friendly prophylactic and preventive 
methods such as the use of probiotics and prebiotics are 
being developed to control disease and maintain a healthy 
microbial aquatic environment (Verschuere et al. 2000).  

Probiotic is defined as any microbial adjunct that has a 
beneficial effect on the host through an improvement in the 
use of feed or by enhancing the host response to disease 

The aim of this study was to evaluate the effects of probiotic bacteria 
Lactobacillus plantarum, Bacillus subtilis and their mix additives on growth 
performance, body composition, immune response and hematological parameters of 
rainbow trout (Oncorhynchus mykiss) under sublethal water temperature. Feeding trial 
was carried out for 60 days. The first group was fed with commercial feed plus fish oil. 
The second and third groups were given commercial feed plus Lactobacillus plantarum 
and Bacillus subtilis at a rate of 107 CFU g-1 fish oil, respectively. The fourth group was 
also fed with commercial feed plus 50% of both probiotic bacteria. After 60 days, there 
were no differences among the survival rates and body proximate composition of 
experimental groups. Results also showed that all additives (L. plantarum, B. subtilis 
and their mix) to diets had no significant effect on growth parameters of rainbow 
trout, although the fish fed the diet with L. plantarum had statistically better feed 
conversion ratio (FCR) compared to the other groups (p<0.05). However, the additives 
could improve the immunity and alter hematological parameters of the rainbow trout. 
In conclusion, it might be suggested that L. plantarum can be used as a beneficial 
dietary probiotic in rainbow trout reared under sublethal water temperature. 
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(Irianto and Austin 2002; Kesarcodi-Watson et al. 2008; 
Abdel-Tawwab et al. 2008;). Currently, the most common 
probiotics used in aquaculture belong to Saccharomyces sp., 
Bifidobacterium sp., Vibrio sp., Enterococcus sp., Bacillus 
sp. and Lactobacillus sp. (Nayak 2010).  

It is well known that the optimal water temperature for 
the best growth of trout is between 10-17°C (Ineno et al. 
2005). However, water temperatures in trout farms where 
surface water temperature rises to critical levels of 25-26°C 
(Molony 2001) during the summer period, causes serious 
problems for the farmers. In those cases, fish farmers have 
to either harvest the fish prior to the summer period or 
submerge their fish cages at deeper water layers where a 
relatively lower water temperature would be available, 
which then might increase the operating costs at serious 
levels. 

Previous studies were conducted to determine the 
effects of Lactobacillus plantarum and Bacillus subtilis in 
fish species (Nayak 2010; Andani et al. 2012). In these 
investigations, some parameters such as growth 
performance and immune response on gut flora were 
evaluated. However, to our knowledge so far, there is no 
published information concerning the effects of L. 
plantarum and B. subtilis in trout under sublethal water 
temperatures. Therefore, this study was performed to 
investigate the effect of probiotic bacteria L. plantarum, B. 
subtilis and their mix additives on growth performance, 
body composition, immune response and hematological 
parameters of rainbow trout (Oncorhynchus mykiss) under 
sublethal water temperature 

 
Material and Methods 
 
Diet preparation 
 

Oil-free pellet feeds (protein 41-44%) obtained from a 
commercial fish feed company in Turkey were used in the 
experiment. Experimental feeds were prepared by adding 
the different lyophilized probiotic bacteria which were 
solubilized in fish oil. Four experimental groups consisted of 
a control group (the group without any probiotics), a L. 
plantarum 1x107 cfu/g group, a B. subtilis 1x107 cfu/g 
group, and a mix additive group of L. plantarum 0.5x107 
cfu/g + B. subtilis 0.5x107 cfu/g group.  

 
Experimental design 

 
The study was conducted at Dardanos Marine 

Aquaculture Research and Development Center of 
Canakkale Onsekiz Mart University. Two hundred and forty 
rainbow trout (mean weight of 12 g) were obtained from a 
local fish farm and after an acclimatization period of 10 
days to the rearing conditions, experimental fish were 
randomly divided into four groups of triplicate tanks. Water 
was changed daily at a rate of ~10% of the total volume. 
Experimental diets were given to fish at 3% of their body 
weights and feeding was conducted three times a day at 
08:00, 12:00, and 16:00 for a total course of 60 days. 
Feeding rate was recalculated and determined after 
weighing of fish at 10 days intervals. 
Growth performance analyses 

 
The formulas used in determining growth parameters 

(Bulut et al. 2014); 
FCR (feed conversion ratio) = feed intake (g)/ weight 

gain (g)  
SGR (specific growth rate) = 100 [(ln final fish weight (g) 

- (ln initial fish weight (g)] / experimental days 
 

Whole-body proximate composition 
 
Proximate analyses of the fish were performed using 

standard methods (AOAC 2000). Moisture was analyzed by 
drying at 70°C in an oven to a constant weight, crude 
protein by the Kjeldahl method, and crude ash by 
incineration at 525°C in a muffle furnace for 12 h. Crude 
fat was analyzed by methanol/chloroform extraction. 

 
Haematological and blood biochemical analyses 

 
In each experimental period, 3 fish from each tank (9 

fish/group in total) were used for blood sampling. The fish 
were anaesthetized with clove oil which is a natural 
product. The blood samples were taken without harming 
the fish by entering from caudal vena with plastic injectors 
of 5 ml as soon as possible after properly cleaning the back 
part of anal fin with alcohol in order to prevent mucosa 
from mixing with blood. The blood samples were put into 
K3EDTA and serum tubes with jelly. Hematologic, 
immunologic and biochemical analyses were carried out on 
blood samples 

Haematological analyses were carried out with methods 
which are routinely used in fish (Blaxhall and Daisley 1973). 
The total erythrocyte count was calculated by using Thoma 
slide and by diluting the blood sample with modified Dacie's 
solution at a rate of 1/200 after taking it into erythrocyte 
pipette for the count. Microhematocrit method was used in 
measuring the haematocrit. Haematocrit tubes were filled 
with blood and were centrifuged for 5 minutes at 10500 g 
revolution in haematocrit centrifuge and then the readings 
were measured in haematocrit % value by using a scale. 
Cyanomethemoglobin method was used for the 
determination of haemoglobin count. For this purpose, 20 
μl blood samples was put into 4 ml Drapkin's solution and 
then, after an incubation of 10 minutes, the mixture was 
read at 540 nm and the results were evaluated in g/dl. 
Differential leukocytes were examined with May-Grunwald–
Giemsa stained peripheral blood smears. Each slide was 
examined under oil-immersion at 100X. For each slide, 100 
leukocytes were identified as lymphocytes (LYM), 
neutrophils (NEU) and monocytes (MON). White blood cells 
(WBC, 103 mm3) were also counted in blood smears using 
the indirect method (number of leukocytes in the blood 
smear 9 erythrocytes quantified in the 
haemocytometer/7000 erythrocytes in the blood smear) 
(Yılmaz et al. 2014). 

The biochemical parameters glucose (GLU), albumin 
(ALB), globulin (GLO), total protein (TPROT), triglyceride 
(TG) and cholesterol (CHO) were determined in the 
experiment. The analyses were made with 
spectrophotometer by using kits (Bioanalytic Diagnostic 
Industry) after the blood serum was separated (Yılmaz et 
al. 2014). 
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Immunologic analyses 
 

The respiratory burst (Stasiak and Bauman 1996), 
lysozyme (Nudo and Catap 2011) and myeloperoxidase 
(Quade and Roth 1997) activities analyzed by the methods 
reported in the literature. 

 
Statistical analyses 

 
While Tukey multiple comparison test was used when 

the data was normally distributed and homogeneous, 
Kruskal-Wallis Z test was used when the data was not 
normally distributed and not homogeneous in evaluating the 
relationships between data obtained from experimental 
groups. Statistical analyses were carried out using SPSS 17 
and NCSS 2007 statistical software. 

 
Results 
 

The growth parameters, feed conversion rate and 
survival rate of the fish were presented in Table 1. There 
was no significant effect of diets on survival rate of fish. 
Although the average final weights of fish in the four 
experimental groups were statistically similar (P > 0.05), 
the feed conversation rates of fish fed diet containing L. 
plantarum were significantly better than those of the other 
treatment groups (P < 0.05). Analysis of body proximate 
composition (Table 2) also revealed that moisture, crude 
protein and ash were unaffected (P < 0.05) by the 
treatments applied in the study. 

Although RBC count and Hct, Hgb and LY values were 
the lowest in fish fed the diet containing B. subtilis, WBC 
count and GR values were the highest in fish fed the diet 
with B. subtilis in our trial. However MO values did not 
differ among the four experimental groups (Table 3). 

From the findings of the present study, it was noted 
that the serum glucose levels in fish fed diets containing B. 
subtilis were statistically lower than those fed the control 
diet on day-60, while the  cholesterol levels in fish fed diets 
with B. subtilis were statistically lower on day-30 of the 
experiment (P < 0.05). Moreover Albumin ratio in fish fed 
diets containing B. subtilis showed statistically lower values 
than the other experimental groups only at day-30 (P < 
0.05). However, approaching the end of the experiment at 
day-60, it was recorded that the total protein, albumin, 
globulin ratio and triglyceride amount did not differ among 
the four experimental groups (P > 0.05) (Table 4). 

In this study, lysozyme activity was similar in all 
treatment groups. However, it was found that RBA activity 
in fish fed diets containing probiotics were statistically 
higher than that of fish fed the control diet (P < 0.05). In 
addition, myeloperoxidase activity was statistically higher 
in fish fed diets containing L. plantarum and L. plantarum+ 
B. subtilis than those fed the control diet (P < 0.05) (Figure 
1). 

 
Discussion 

 
Growth rate, an important factor in aquaculture 

reflecting the production yield, is influenced by the 

environmental effects, genetic factors and by the quantity 
and quality of food (Oduleye 1982). In recent years, there 
has been great interest in the use of probiotics in 
aquaculture, and B. subtilis and L. plantarum probiotics 
have been shown to improve growth performance and 
modulate intestinal microbiota in different fish species 
(Vendrell et al. 2008; Merrifield et al. 2010; Son et al. 2009) 

In present study, although different probiotic 
supplementations to fish diet did not significantly affect 
survival rate or growth performance, fish fed the diet with 
L. plantarum showed a lower FCR value than those fed diets 
with B. subtilis and the control diet. Similarly to our 
findings in the present study, Merrifield et al. (2010) 
recorded that BioPlus 2B® (B. subtilis + B. licheniformis) 
which was added to fry feeds had no effect on the growth 
performance. It was also reported in another study that 
supplementation of L. plantarum to trout feed did not 
change growth performance (Vendrell et al. 2008). In 
addition Günther and Jimenez-Montealegre (2004) also 
found that B. subtilis added in the feed does not improve 
growth of tilapia, in fact an adverse effect was observed. In 
contrast, however, Giri et al. (2014) reported that growth 
performance of Labeo rohita fish which were fed with diets 
containing B. subtilis, B. subtilis+L. plantarum and B. 
subtilis+P. aeruginosa+L. plantarum improved better 
compared to the control group. Similarly, Son et al. (2009) 
showed that dietary supplementation of L. plantarum 
improved growth performance of Epinephelus coioides fish. 
These results suggest that B. subtilis and/or L. plantarum 
supplementations play a role in enhancing feed intake with 
a subsequent enhancement of FCR values. 

The data from fish body composition analysis showed 
that there were no significant differences in moisture, ash 
and crude protein of muscle in fish fed experimental diets. 
These results agree with the findings of Merrifield et al. 
(2010), who reported that muscle composition was not 
affected by dietary yeast as a probiotic. However, in 
another study conducted on trout, it was determined that 
supplementation of B. subtilis + B. licheniformis increased 
the protein amount and reduced fat and moisture amount 
which are among body proximate composition values 
(Bagheri et al. 2008). The differences among studies could 
be attributed to the fish size differences and the probiotic 
amounts added to the diets. 

Lysozyme activity was similar in all treatment groups in 
our experiment. However, it was found that RBA activity in 
fish fed diets containing probiotics were statistically higher 
than that of fish fed with the control diet. In addition, 
myeloperoxidase activity was statistically higher in fish fed 
diets containing L. plantarum and L. plantarum + B. subtilis 
than those of the control group. Similarly, it was 
determined that supplementation of BioPlus 2B® (B. subtilis 
+ B. licheniformis) to trout feeds did not change lysozyme 
activity (Merrifield et al. 2010). In addition, the serum 
lysozyme and RBA activity of fish fed the diet containing L. 
plantarum VSG3 were significantly higher than those of fish 
fed the control diet (Giri et al. 2014). MPO activities were 
not significantly affected by the dietary B. subtilis 
supplementations in olive flounder (Cha et al. 2013).  

The changes in RBC, Hct and Hgb amounts among the 
hematologic parameters are important indicators each in 
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Table 1. Growth performance in fish fed experimental diets. 
 

 Diets 

 Control L. plantarum B. subtilis L. plantarum+B. subtilis 

Initial weight (gr) 11.6 ± 0.6 11.6 ± 0.2 11.8 ± 1.1 11.7 ± 0.4 

Final weight (gr) 36.6 ± 0.3 39.3 ± 0.9 38.3 ± 2.2 39.4 ± 1.5 

Feed conversion ratio (FCR) 1.2 ± 0.0a 1.0 ± 0.0b 1.15 ± 0.0a 1.1 ± 0.0ab 

Specific growth rate (% day-1) 1.9 ± 0.1 2.0 ± 0.0 2.0 ± 0.1 2.0 ± 0.0 

Survival 100 100 100 100 
Values are provided as mean ± standard error (n=10). Values with different superscripts in horizontal row are significantly different (α=0.05).  

 
Table 2. Proximate composition in rainbow trout fed with experimental diets for 60 days. Values are provided as mean ± 
standard error (n=10 per treatment). 
 

 Diets 

 Control L. plantarum B. subtilis  L. plantarum+B. subtilis 

Moisture (g kg-1) 71.3 ± 1.1 71.3 ± 1.3 70.9 ± 0.9 70.9 ± 0.8 

Protein (g kg-1) 17.9 ± 0.8 16.0 ± 0.9 16.7 ± 1.1 16.2 ± 0.6 

Fat (g kg-1) 7.6 ± 0.68 8.2 ± 0.4 7.9 ± 0.5 8.4 ± 0.6 

Ash (g kg-1) 2.3 ± 0.3 2.7 ± 0.1 2.8 ± 0.2 3.0 ± 0.3 

 
Table 3. Hematological parameters and white blood cell types for rainbow trout fed diets containing different probiotic 
supplementations diet for 60 days. 
 

 Control L. plantarum B.subtilis L.plantarum+B.subtilis 

RBC (x 106 mm-3) 1.7 ± 0.1a 1.7 ± 0.1a 1.3 ± 0.2b 1.6 ± 0.0ab 

WBC (x 103 mm-3) 44.5 ± 0.3b 44.2 ± 0.4b 55.8 ± 5.6a 45.4 ± 1.3b 

Hgb (g dL-1) 9.3 ± 0.6a 7.8 ± 0.5ab 6.9 ± 0.3b 7.8 ± 0.4ab 
Hct (%) 28.9 ± 0.6a 24.5 ± 1.4ab 21.6 ± 1.1b 24.2 ± 1.2ab 

LY (%) 56.4 ± 1.9a 55.0 ± 1.8a 47.6 ± 2.4b 60.5 ± 2.4a 

MO (%) 14.8 ± 0.2 14.9 ± 0.1 16.1 ± 1.0 14.6 ± 0.4 

GR (%) 28.8 ± 1.7b 30.0 ± 1.7ab 35.4 ± 1.3a 25.0 ± 0.8b 
Values are provided as mean ± standard error (n=5). Values with different superscripts in horizontal row are significantly different (α=0.05).  

 
Table 4. Serum biochemical parameters for rainbow trout fed diets containing different probiotic supplementations diet for 30, 
and 60 days. 
 

  Control L. plantarum B.subtilis L.plantarum+B.subtilis 

Glucose (g/dL) 
30th day 65.8 ± 1.5 69.5 ± 1.4 66.4 ± 2.0 67.8 ± 3.2 

60th day 98.8 ± 6.2a 85.6 ± 4.4ab 79.5 ± 5.1b 86.0 ± 2.1ab 

T.protein (g/dL) 
30th day 10.7 ± 0.5 9.9 ± 0.6 8.4 ± 0.6 9.8 ± 0.6 

60th day 9.5 ± 0.7 9.3 ± 0.4 8.7 ± 0.2 10.0 ± 0.5 

Albumin (g/dL) 
30th day 0.4 ± 0.0b 0.4 ± 0.0b 0.3 ± 0.0a 0.4 ± 0.0b 

60th day 0.4 ± 0.0 0.4 ± 0.0 0.4 ± 0.0 0.4 ± 0.0 

Globulin (g/dL) 
30th day 10.3 ± 0.5 9.48 ± 0.63 8.08 ± 0.60 9.44 ± 0.57 

60th day 9.1 ± 0.6 8.96 ± 0.36 8.31 ± 0.21 9.56 ± 0.50 

TRI (mg/dL) 
30th day 119.7 ± 13.7 109.4 ± 6.6 105.3 ± 11.4 87.3 ± 10.0 

60th day 126.0 ± 10.0 107.13 ± 8.2 115.90 ± 7.8 113.60 ± 16.5 

CHOL (mg/dL) 
30th day 296.6 ± 8.8b 259.7 ± 9.8ab 245.9 ± 12.2a 238.9 ± 10.4ab 

60th day 274.7 ± 16.6 235.0 ± 11.9 287.9 ± 18.2 251.1 ± 26.0 
Values are provided as mean ± standard error (n=5). Values with different superscripts in horizontal row are significantly different (α=0.05). 
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Figure 1. Changes of some immunological parameters in rainbow trout fed with probiotic supplemented diets compared to 
control diet on days 30, and 60. Asterisks indicate significant differences between treatments (P < 0.05). 
 
determining the health conditions of fish and their stress or 
disease status (Campbell 2004; Başusta 2005). It was found 
in our study that RBC count was statistically lower in fish 
fed with feeds containing B. subtilis than fish fed the 
control diet and feeds containing L. plantarum and Hct and 
Hgb counts in fish fed with probiotic supplements were 
statistically lower than fish fed with control feed. Normally, 
this change occurs in the presence of a pathogenic disease 
and it can be explained with the destruction of red blood 
cells by the leucocytosis activity in an erythrocytic anemia 
with subsequent erythroblastosis (Haney et al. 1992). This 

causes changes in serum protein amounts (Harikrishnan et 
al. 2003), adversely affects the growth (Daniels and 
Gallagher 2000) and thus causes fish to die. But, it was 
found in our study that serum protein amounts in fish fed 
with feeds containing B. subtilis were similar with fish 
consuming other feeds and in addition, no signs of abnormal 
behavior in fish were observed, no deaths or negatively 
effect on growth and feed intake of the fish as well. The 
change in the hematologic parameters could be linked to 
the water temperature. It was seen that RBC count in 
rainbow trout was lower during the winter period because it 
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is easier for the oxygen to circulate in the body in winter 
than the summer period (Morgan et al. 2008). The fact that 
RBC, Hct and Hgb parameters were found to be lower in 
fish fed diets containing B. subtilis in our study might be 
accepted as an indicator of being less affected by water 
temperature. 

It was recorded in our study that LY ratio was 
statistically lower in fish fed with feeds containing B. 
subtilis than fish fed the other experimental diets (P < 
0.05) (Table 3). It was found that WBC count was 
statistically higher in fish fed diets containing B. subtilis 
than those of the control group. Experimental feeds 
containing L. plantarum and diets containing L. plantarum+ 
B. subtilis showed statistically higher GR ratio compared to 
the control group. The decrease in the LY ratio and the 
increase in GR ratio in fish fed diets containing B. subtilis 
and the abundance of WBC in the blood may be an indicator 
that the innate immunity is getting stronger (Morgan and 
Iwama 1997). 

Especially, it might be concluded as a result of the 
experiment that serum glucose levels in fish fed diets 
containing B. subtilis were statistically lower than those of 
the control group. Similarly to our study, it was reported 
that serum glucose levels in Clarias gariepinus fish fed diets 
containing L. acidophilus were statistically lower than those 
fed the control diet (Al-Dohail et al. 2009).  

Increase in total protein, albumin and globulin ratios in 
fish is an indicator of a strong immune response (Al-Dohail 
et al. 2009). However, in our study results showed that 
albumin ratio in fish fed diets containing B. subtilis was 
statistically lower than those of the other experimental 
groups only at day-30, while at the end of the trial at day-
60, it was recorded that total protein, albumin and globulin 
ratios were statistically similar among all experimental 
groups. Similar to our findings, it was reported that serum 
total protein, albumin and globulin ratio in common carps 
fed with feeds containing B. subtilis+ B. licheniformis was 
similar with fish fed the control diets (Eslamloo et al. 
2013).  

Blood lipids in fish containing phospholipids, fatty acids, 
cholesterol and their esters and, especially phospholipids 
and triglycerides are the most common fat classes. 
Triglycerides are the most common fat sources in fat depots 
and food and are used in transferring and storing energy, 
cholesterol on the other hand is an essential component for 
all cell membranes and leads the biosynthesis of steroid 
hormones and bile acids (Mayes and Botham, 2003). The 
triglyceride amounts were found to be similar among 
experimental groups in our study. It was determined that 
cholesterol levels in fish fed diets containing B. subtilis 
were statistically lower 30 days after the start of the 
experiment than fish fed the control diets. The fact that 
serum cholesterol levels were lower in fish fed diets 
containing B. subtilis might be accepted as an indicator of 
being healthier than those fed the other test diets (Yılmaz 
et al. 2014). But, as a result of the experiment, it was seen 
that the cholesterol levels were similar in all experimental 
groups.  

In conclusion, the present study designates that the 
supplementation of only L. plantarum 107 cfu/g to the feed 
reduces the FCR value and increases the RBA and 

myeloperoxidase activities among immunologic parameters. 
Therefore, it could be concluded that L. plantarum 
supplementation can be preferred instead of B. subtilis or 
L. plantarum+B. subtilis supplementation to trout feeds 
under sublethal water temperature. 
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