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Abstract: In this study, the effect of Lactococcus lactis and Bacillus sp. (Gram-positive 

bacteria) on survival rates of rainbow trout (Oncorhynchus mykiss) from egg to larval 

stage was investigated. In addition, the effects of bacteria on the blue sac syndrome in the 

fry stage of fish and basic water quality criteria were also noted. Bacteria were applied by 

immersion method to healthy-eyed eggs during the incubation period. Two bacteria and 

the control group were examined in a duplicated plan. The highest survival rate was 

92.5% observed in the Bacillus sp. group (L. lactis; 70% and control; 45%). The lowest 

survival rates in all groups were observed during the alevin stage. It was found that the 

amount of nitrite in the water decreased in the bacteria-applied groups, and it was 

determined that the effects of blue sac syndrome (caused by the pathogen A. hydrophila) 

were suppressed in the Bacillus sp. group. 
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Özet: Bu çalışmada Lactococcus lactis ve Bacillus sp. (Gram-pozitif bakteri) 

uygulamasının gökkuşağı alabalığının (Oncorhynchus mykiss) yumurtadan larva 

dönemine kadar yaşama oranları araştırıldı. Ayrıca çalışmada balıkların yavru 

aşamasında mavi kese hastalığı üzerine bakterilerin etkileri ve temel su kalitesi kriterleri 

de not edilmiştir. Bakteriler kuluçka döneminde sağlıklı gözlü yumurtalara daldırma 

yöntemiyle uygulandı. İki bakteri ve kontrol grubu, iki tekerrürlü deneme planında 

incelendi. En yüksek hayatta kalma oranı Bacillus sp. grubunda (L. lactis; %70 ve 

kontrol; %45) %92.5 ile gözlendi. Tüm gruplarda en düşük hayatta kalma oranları alevin 

döneminde gözlendi. Bakteri uygulanan gruplarda sudaki nitrit miktarının azaldığı, 

Bacillus sp. grubunda ise mavi kese sendromunun (patojen etken A. hydrophila) 

etkilerinin baskılandığı belirlendi 

Anahtar kelimeler 

 Bakteri 

 Mavi kese sendromu 

 Kuluçkahane 

 Nitrat 

 Gökkuşağı alabalığı 

 

  
 

1. INTRODUCTION 
Rainbow trout (Oncorhynchus mykiss) is well-known fish species in aquaculture around the world. 

Broodstock management, nutritional needs, hatchery performances, water quality criteria, nutrient 

content, and diseases have been investigated in several studies (Atar, et al., 2009; Öztürk and Altinok, 

2014). Recently, biotechnological applications such as hybridization, and female, or male stock 

options for fish have been used successfully in aquaculture systems (Rehman et al., 2022). Besides, 

there are several studies on health problems in rainbow trout (Öztürk and Altinok, 2014). Diseases 

caused by bacteria, viruses, and parasites are frequently reported by researchers, especially in intensive 

breeding systems (Woynarovich et al., 2011).  

The highest mortality rates in trout hatcheries were observed in the egg and fry stages. Infertile 

eggs, water quality problems, and losses caused by pathogens, particularly fungus, have been reported 

in trout hatcheries (Kayış et al., 2017). Particularly, gas bubble and blue sac fry syndrome in the alevin 

stage of trout are commonly reported (Kayış et al., 2015; Balta and Dengiz, 2020). Various 
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precautions and applications have been used to prevent these losses (Kayış 2019; Austin et al., 2022). 

Maintenance of hygiene is among the most important practices. However, the use of some chemicals 

for disinfection is quite common. For this purpose, formalin has been effectively used from the egg to 

the fry stage (Barnes et al., 2001). Iodine compounds are other disinfectants that have been 

recommended for rainbow trout eggs (Goldes and Mead, 1995). Apart from chemicals, other 

applications have also been used to improve the quality of hatchery water. Ozone and ultraviolet rays 

have been reported to reduce the pathogenic load of water (Forneris et al., 2003).  

Recently, the general use of some probiotic organisms for the welfare of fish has been investigated. 

Probiotics are beneficial organisms that are known to suppress the harmful microbial flora in the living 

body and, recently, have been increasingly used in aquaculture due to the negative effects of 

disinfectants (Kayış, 2019; Austin et al., 2022). Probiotics are used to increase growth performance, 

improve water quality, suppress bacterial load, improve reproductive performance, and reduce stress, 

especially by participating in food diets (Cruz et al., 2012). Bacteria such as Bacillus sp., Lactobacillus 

acidophilus, and Lactococcus lactis are known to be useful in aquaculture, particularly in suppressing 

pathogens (Yilmaz et al., 2022).  

Lactococcus lactis is a Gram-positive bacterium that is especially used for fermenting dairy 

products. It has been reported to be abundant in the intestinal microbiota of freshwater fish (Gatesoupe 

2008). Lactococcus sp. and other lactic acid bacteria of the genus Leuconostoc have been reported to 

be frequently used as probiotics in aquaculture (Merrifield, 2010). Bacteria of the genus Bacillus, 

which are rod-shaped Gram-positive bacteria, are highly resistant to heat. Although they are usually 

found in soil, they can also be found in air, water, dust, and feces. The vast majority of Bacillus sp. do 

not have pathogenic potential (except for B. cereus and B. anthracis) and have important 

microbiological applications (antibiotics, enzymes, toxins, and bioplastics) (Kemmerly and Pankey, 

1993; Ahmed et al., 1995).  

Therefore, the present study investigated the question “could some bacteria have a positive effect in 

preventing losses in trout hatchery systems?”. For this purpose, Lactococcus lactis and Bacillus sp., 

isolated from trout hatchery systems, were applied to the eggs and the results were evaluated. Also, 

other two trials were designed to determine probiotic effectiveness against Aeromonas hydrophila, 

which is pathogenic to trout species and a causative agent of blue sac fry syndrome, and on some 

water quality parameters values such as nitrite, nitrate, ammonia, and phosphate. 

 

2. MATERIAL AND METHODS 
2.1. Eggs and potential probiotic bacteria 

The rainbow trout (Oncorhynchus mykiss) eggs used in this study were obtained from a trout farm 

at Rize in the Black Sea region of Turkey. To eliminate possible bacterial and fungal pathogens that 

may have been present in these eggs, 1.65 mg/L formalin was applied to the eggs for 15 min (Barnes 

et al., 2001). A total of 120 eggs were used for each group of bacteria and control Lactococcus lactis 

(isolated from Oncorhynchus mykiss) and Bacillus sp. (isolated from Salmo sp.) were isolated from the 

hatcheries of some trout farms in the Eastern Black Sea Region of Turkey (Kayış et al., 2021). For the 

molecular identification of the bacteria their genomic DNA was obtained by a DNA extraction 

isolation kit (Qiagen). Specific primers to the 16S rRNA region of eubacteria (27 Fwd 5’-AGA GTT 

TGA TCC TGG CTC AG-3', 1492 Rev 5’-GTT TAC CTT GTT ACG ACT T-3') were used. PCR 

reaction is carried out using genomic DNA of bacteria and the primers (Model Px2 ThermoHybrid; 

Thermo Electron Inc., Waltham, MA, USA). The 1465-bp amplified products were purified with a 

NucleoSpin PCR purification kit (Macherey-Nagel) and sent for sequencing by double-sided reading 

(ABI PRISM 310 genetic analyzer, Applied Biosystems). Accession numbers of Bacillus sp. and 

Lactococcus lactis are MW295490 and MW295471 respectively in the National Center for 

Biotechnology Information. The bacteria were previously preserved at –80 °C at the Fish Diseases 

Laboratory, Faculty of Fisheries of Recep Tayyip Erdogan University. The experiment was designed 

as a static system, with three groups (control, Lactococcus lactis, and Bacillus sp.) in duplicates. The 

eggs were placed in glass containers (20 eggs/500 ml) and sufficient ventilation was provided using an 

air pump. 
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2.2. Experiment I (Survival rates of Eggs and Determination of Potential probiotic effects of 

Bacteria) 

The immersion method was used to transmit the bacteria to the eggs. For this, purpose bacteria 

were transferred to Tryptic Soy Agar (TSA) (Merck 1.05458, Darmstadt, Germany) medium and 

incubated at 20±2 °C for 24 h. Bacterial colonies were then transferred to 50 ml Tryptic Soy Broth 

(TSB) (Merck 1.05459, Darmstadt, Germany) medium and the cultures were kept at 20±2 °C for 12 h. 

This culture was then centrifuged at 9950 g for 5 min and the medium was separated from the bacteria. 

Sterile Phosphate-Buffered Saline (PBS) (15 mL) was added to the bacteria and the mixture was 

homogenized using a vortex mixer. About 15 ml of this bacterial suspension was then added to each 

test container and the bacteria were allowed to contaminate the eggs. To determine the number of 

bacteria, 10
–6

 and 10
–7

 dilutions were spread on the surface of Plate Count Agar (PCA) (Merck 

1.05463, Darmstadt, Germany), and colony counts were performed (APHA 1998; Kayış et al., 2017), 

and the bacterial count was determined as 4.6 × 10
10

 and 1.2 × 10
10

 CFU/ml for Lactococcus lactis and 

Bacillus sp., respectively. In this experiment, the temperature of the water was recorded as 14.5±0.6 

°C and pH was 6.5±1.3. The eggs reached the stage of the alevin within eight days from the start of the 

experiment. The alevin phase continued for ten days. After this phase, the trial was conducted for one 

week. The fish were fed with commercial trout feed during this stage. During this time, the metabolic 

wastes in the tanks were cleaned and the same amount of fresh water was added instead of the 

decreased water. 

2.3. Experiment II (Blue sac fry syndrome inhibition trial) 

Kayış et al. (2015), stated that Aeromonas hydrophila infection is the cause of blue sac fry 

syndrome disease in trout alevins. To investigate the inhibitory effect of the bacteria against the fish 

pathogen Aeromonas hydrophila, four groups (control, A. hydrophila, A. hydrophila- Lactococcus 

lactis and A. hydrophila- Bacillus sp.) of eggs were designed in two repetitions as another independent 

experiment (Table 1), and the survival rate of the eggs until the fry stage was determined. For this 

purpose, the bacteria (Bacillus sp. and Lactococcus lactis) were added to water including eyed trout 

eggs which were infected with Aeromonas hydrophila. At the end of the experiment, it was observed 

to what extent the blue sac fry syndrome in the alevin was present. 

 
Table 1. Groups in the inhibitory effect of the bacteria against Aeromonas hydrophila trial 

Groups Amount of Eggs Amount of Bacteria 

Control (C) 200 (-) 

Aeromonas hydrophila (A) 200 (1.6 x 10
10

) 

A. hydrophila- Lactococcus lactis (A-L) 200 (1.6 x 10
10

)-(4.6 x 10
10

) 

A. hydrophila- Bacillus sp. (A-B) 200 (1.6 x 10
10

)-(1.2 x 10
10

) 

 

2.4. Experiment III (Reduction of values of some water parameters) 

Another experiment was conducted to observe the reduction of values on some water parameters 

(ammonia, nitrite, nitrate, and phosphate) by bacteria in water, including fry fish. Three groups; 

control (C), Lactococcus lactis (L), and Bacillus spp. (B) were used in this experiment. Fifty fish 

(average weight of 0.5 g) were placed in each group in duplicate (5-liter tanks). At the beginning of 

the experiment, the water parameters were measured. Fish were fed commercial trout feed once a day 

(in the morning, at 2% of body weight) and provided sufficient oxygen (The average amount of 

dissolved oxygen in the tanks was measured as 9.2±0.9). The bacteria were then added to the groups 

separately (Lactococcus lactis 1.2 × 10
11 

CFU/mL, Bacillus spp. 2.3 × 10
10

 CFU/mL). Then, on the 

13
th
 day, the water parameters were measured again. In both this and the Aeromonas hydrophila 

inhibition trial, the water temperature was recorded as 16.5±0.3 °C and the pH was measured as 

6.7±0.8. Water quality parameters were measured by spectrophotometer (Hach DR3900).  

2.5. Statistical analysis 

The statistical significance of the difference between the water quality values of the groups was 

carried out with the analysis of variance (ANOVA) in the SigmaPlot 12.0 program. Survival analysis 

of different groups was carried out with the Kaplan–Meier test.  
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3. RESULTS 
The number of eggs that survive until the hatching stage is given in Figure 1. The group treated 

with Bacillus sp. was observed to have the highest survival rate (92.5%), followed by Lactococcus 

lactis (70%). The control group had the lowest survival rate (45%) (Figures 1, 2).  

 

 
Figure 1. Survival rate of the groups 

 

It was observed that the major losses in all the groups were in the alevin stage. After the alevin 

stage, the deaths were observed to decrease. No significant pathological finding was observed in any 

group. During the feeding phase with commercial trout feed, the group treated with Bacillus sp. 

showed more appetite than the other groups. 

 

 
Figure 2. Mortalities of the fish during the experiment (I). 

 

Regarding the inhibitory effect of bacteria against Aeromonas hydrophila (Blue sac fry syndrome), 

the survival rate was recorded as 80% in the control group (C), 79% in the A. hydrophila (A) group, 
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80% in the A. hydrophila-Lactococcus lactis (A-L) group, and 77% in the A. hydrophila-Bacillus sp. 

(A-B) group. Also, the Blue Sac Fry Syndrome was observed in 3% of trout in the (A) and (A-L) 

groups in the alevin stage. This symptom was not observed in groups (B) and (C) (Figure 3). 

 

 
Figure 3. Result of Aeromonas hydrophila/Blue sac fry syndrome trial (Experiment II). Control (C), A. 

hydrophila (A), A. hydrophila- Lactococcus lactis (A-L), A. hydrophila- Bacillus spp. (A-B). 

 

In the water criteria trial, both Gram-positive bacteria reduced the amount of nitrite in the water. 

Moreover, the nitrate content was observed to be lower in the Bacillus group compared to the other 

groups (Figure 4). In this trial, fish deaths started on the 11
th
 day in the control and Lactococcus lactis 

groups. While all fish in the control group died by the 13
th
 day, the percentage mortality in the 

Lactococcus lactis and Bacillus sp. groups was 52% and 68%, respectively (Figure 5). 

 

 
Figure 4. Some water criteria in reduction of some water parameters trial (Experiment III). Control (C), 

Lactococcus lactis (L) Bacillus sp. (B). 
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Figure 5. Fish mortalities (%) in the water criteria trial (Experiment III). Control (C), Lactococcus lactis (L) 

Bacillus sp. (B). 

 

4. DISCUSSION 
The use of probiotics stands out in all live production sectors in the world (Austin et al., 2022). For 

example, Carnobacterium spp. has been reported to be effective against some fish pathogens 

(Aeromonas hydrophila, A. salmonicida, Flavobacterium psychrophilum, Photobacterium damselae, 

and Vibrio spp.) in rainbow trout (Robertson et al., 2000). Probiotics some times are used to improve 

the water quality in fish farms and aquarium units. In this context, bacteria of the genus Bacillus are 

widely used. Therefore, the benefits of Bacillus sp. and Lactococcus lactis isolated from trout hatchery 

systems were investigated to the survival rate of trout eggs in the present study. The results indicated 

that Bacillus sp. and L. lactis had a positive effect on the survival rate of trout eggs. 

Egg deaths in freshwater hatchery systems are reported because of fungal infestations (Thoen et al., 

2011). However, some studies show that bacteria in trout hatchery systems can also cause the deaths 

of fish (Declercq et al., 2013; Yardımcı and Turgay, 2021). Bacterial contamination studies generally 

have been conducted on trout eggs to determine the negative effects of various bacteria. These studies 

have reported that egg mortality rates increased and reached high levels during the alevin phase (Kayış 

et al., 2017). Similarly, in this study, it was observed that mortality rates increased during the alevin 

phase. However, it was observed that these deaths were significantly prevented using Bacillus sp. in 

the aquatic systems. This is an important finding, and it may be advisable to use bacteria of the genus 

Bacillus, which have probiotic properties, during the egg stage. 

In the present study, the difference in survival rates of fish in Bacillus sp. and Lactococcus lactis 

groups can be discussed. It is thought that especially water quality criteria may affect these rates. 

Water temperature and pH are important factors in the reproduction of bacteria in aquatic systems. 

Other factors such as adherence to the surface and organic load are also important. These criteria are 

necessary for the reproduction of bacteria as well as enzyme activities. The optimum temperature for 

the activation of enzymes of Bacillus subtilis is 37 °C, while the optimum pH is reported as 5.5 

(Sneath, 1986). For Lactococcus lactis, the optimum temperature is 30-40°C (Chen at. al., 2015). 

These values are higher than those recorded in this experiment. For the incubation of trout eggs, the 

optimum water temperature is 12 °C or lower, although the temperatures in the experiment were 

tolerable for the eggs. The difference in survival rate between the use of Bacillus sp. and Lactococcus 

lactis group may be explained by the optimum temperature values of the bacteria.  

The blue sac fry syndrome in fish is explained by different reasons. Among those, physicochemical 

parameters and chemical contamination of the water are well-known. Temperature, pH, nitrogen 

compounds and some dissolved gasses and xenobiotics (retene (7-isopropyl-1-methylphenanthrene) 

are the most important reasons that can cause blue sac disease on alevins (Noga, 2010; Brzuzan et al., 

2007). However, recently, there have been reports that this symptom is caused by bacteria. It has been 
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stated that Aeromonas hydrophila causes this symptom in the alevin stage of trout (Kayış et al., 2015). 

This study confirms the previous reports on the blue sac symptom. The blue sac syndrome was 

observed in all the fish groups infected with A. hydrophila, except for those given Bacillus sp. as a 

probiotic (Figure 2). This result revealed the preventive effect of Bacillus sp. against the blue sac fry 

syndrome in trout alevins. It is reported that Bacillus spp. produces some metabolites with antibiotic 

properties. Due to this feature, these bacteria are used against many pathogenic bacteria (Miljakovic et 

al., 2020). Details of the reasons and mechanism of this positive effect (inhibition of blue sac fry 

syndrome/Aeromonas hydrophila) can be investigated in future studies. 

It is known that some bacteria improve some water quality criteria. It has also been reported that 

these bacteria suppress pathogens in fishponds. These positive effects are also tried to be evaluated in 

terms of aquaculture (Padmavathi et al., 2012). In a study, positive effects of Bacillus subtilis and 

Lactobacillus acidophilus on growth performance and pond water quality of Nile tilapia (Oreochromis 

niloticus) fingerlings were reported. (Khalafalla et al., 2020). Similarly, Hlordzi et al. (2020), stated 

that Bacillus species showed great success in maintaining water quality at a low cost in aquaculture. 

The present study determined that the nitrite content in water was significantly decreased, especially in 

the fish groups treated with Bacillus sp. and Lactococcus lactis. This situation was found to support 

the study of Korenekova et al. (2004) and Usharani et al. (2017), on the reducing effect of L. lactis 

bacteria on nitrate levels in milk and Bacillus sp. in wastewater respectively. This finding is 

particularly important, as nitrite is known to cause brown blood disease caused by nitrite in fish. The 

survival rates of the fish in this trial support this finding (Figure 4). 

 

5. CONCLUSION 
The beneficial effects of Bacillus sp. and Lactococcus lactis have been demonstrated in the present 

study, especially in preventing deaths, blue sac fry syndrome of trout eggs and fry, and reducing the 

nitrite level of hatchery water. Based on these results, we can recommend that farmers use the bacteria 

in trout hatchery systems. 
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