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Abstract 

The aquaculture sector has experienced disruptions in its ability to feed the expanding 

population due to the existence of disease outbreaks in Nile tilapia (Oreochromis 

niloticus) cultivation. Antibiotic treatment in mitigating disease may not be the best 

alternative because it harms both humans and the environment. To solve this issue, 

probiotics as a feed supplement seems very promising as an alternative. This research 

aimed to study the effects of probiotic supplementation Lactiplantibacillus plantarum 

strain BE7 on the growth and survival of the O. niloticus. In this research, 2 groups were 

studied, which were the treatment and control groups. Juvenile O. niloticus in the treatment 

group was fed with fish feed coated with L. plantarum BE7 at a concentration of 1×109 

CFU/mL (1 mL/g) while in the control group, the O. niloticus was fed with fish feed only. 

The feeding was administered with a feeding rate of 5% of the bodyweight twice daily at 09:30 and 

15:30 for 35 days. Each group consists of three replicates. The growth performances 

observed in this research were survival rate, death rate, absolute growth rate of weight, 

length, and width, specific growth rate (SGR), and feed conversion ratio (FCR). Dissolved 

oxygen (DO), total dissolved solids (TDS), pH, and temperature were the water quality 

parameters measured. The results showed that the juvenile O. niloticus fed with probiotic 

had a better survival rate, and higher absolute growth weight, length and width, as well as, 

specific growth rate (P>0.05). The treatment group also was recorded a lower death rate 

and feed conversion ratio compared to the juvenile fed without probiotics. The water 

quality was observed not affected by the presence of the probiotic in the water. The 

probiotic supplementation in the O. niloticus diet may help the digestive system of the fish 

by improving its feed digestibility; therefore, more nutrients are absorbed from fish feed, 

resulting in higher growth performance. As a conclusion, probiotic diet improves growth 

and survival of O. niloticus.  

1. Introduction 

The introduction of probiotics as a supplementary 

diet has been widely utilised in the food industry. The 

Greek word "biotic," which means "bios" or "life," and 

the Latin preposition "pro," which means "for," are the 

sources of the term "probiotic" (Ozen and Dinleyici, 

2015). Lactic acid bacteria, or LAB, are probiotics that 

are usually used in the food production process in order 

to give benefits to the consumer. Bacteria in the lactic 

acid group include Lactobacillus, Streptococcus, and 

Enterococcus (Gopal, 2021). Probiotics are widely 

recognised to offer a variety of positive health impacts 

on both people and animals (Gopal, 2021). Few studies 

have shown that the implementation of probiotic 

treatment into animal feed as a supplementary diet brings 

many benefits to the animal and its consumer. 

According to the Food and Agriculture Organization 

(FAO), the world fish production by aquaculture had 

increased from 25.7% in 2000 to 46% in 2018 (Leong et 

al., 2023). Fish production has increased due to the 

increasing number of fish consumed by the growing 

global population, which exceeds the consumption of all 

other animal proteins like meat, dairy and poultry (Leong 

et al., 2023). Malaysia has built at least 49 freshwater 

and marine fish species aquaculture facilities 
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(Department of Fisheries Malaysia, 2020). The most 

cultivated freshwater fish species were riverine catfish, 

tilapia, and catfish in 2020 (Department of Fisheries 

Malaysia, 2020). Nile tilapia (Oreochromis niloticus) has 

become more popular in recent years, surpassing other 

varieties of fish because of the rapid growth rate and its 

ability to survive in harsh environments, making it 

widely cultivated all over the world (Geletu and Zhao, 

2022). However, fish farming does present certain 

difficulties, such as a slow growth rate that is caused by 

the presence of pathogens in the culture system, causing 

disease outbreaks. 

The bacterial diseases that have been identified in 

the aquaculture industry include Aeromonas septicemia, 

Edwardsiellosis, Columnaris, Streptococcosis, and 

vibriosis (Irshath et al., 2023). Streptococcosis is a 

common fish disease caused by Streptococcus 

agalactiae, causing a large amount of mortality in the 

tilapia aquaculture (Ridzuan et al., 2022). In January 

2020, a 70% mortality rate of red hybrid tilapia was 

reported due to the presence of Tilapia Lake Virus 

(TiLV), Aeromonas hydrophila and S. agalactiae 

outbreaks in a tilapia farm in Selangor (Basri et al., 

2020). As the aquaculture industry tries to satisfy the 

rising demand for tilapia output during illness outbreaks, 

farmers employ an excessive amount of antibiotics that 

contribute to the development of antimicrobial resistance 

in the aquatic environment (Haenen et al., 2023). The 

presence of antimicrobial resistance in aquaculture 

endangers the aquatic environment and the health of the 

consumers. Therefore, probiotic treatment is highly 

recommended in aquaculture as a better alternative 

compared to antibiotic treatment because it is more 

environmentally friendly in maintaining sustainable 

aquaculture practices. 

Probiotic treatment produces better fish products in 

terms of size and disease resistance during disease 

outbreaks. Oreochromis niloticus that were treated with 

Lactiplantibacillus plantarum strain L03 at a dietary 

supplementation of 5 g L. plantarum per kg showed 

improvements in feed utilisation, cellular immunity, and 

disease resistance (Nguyen et al., 2023). Probiotics from 

Bacillus could greatly boost the growth of healthy 

bacteria in the digestive tract of O. niloticus, which can 

lower the risk of illness and aid in better nutrition 

absorption and digestion (Jahangiri et al., 2018). In this 

study, L. plantarum strain BE7 was used to supplement 

the diet of O. niloticus. Lactiplantibacillus plantarum 

strain BE7 is a probiotic bacterium isolated from 

Malaysian fermented food, belacan (Ilyanie et al., 2023). 

This strain could tolerate acidic and bile environments of 

the human digestive tract, not exhibiting β-haemolysis 

on blood agar, demonstrating considerable antagonistic 

activities against common food-borne pathogenic 

bacteria and displaying different resistance towards 

multiple antibiotics (Ilyanie et al., 2024). Despite its 

multiple probiotic potential, no actual research has been 

done to study the effect of this specific probiotic strain as 

feed supplementation on the growth of fish in 

aquaculture. Therefore, the objective of this research is 

to investigate the effect of probiotic treatment, L. 

plantarum BE7, on the growth performance and 

survivability of O. niloticus. 

 

2. Materials and methods 

2.1 Experimental design 

The experiment was carried out at Universiti 

Teknologi MARA, Cawangan Negeri Sembilan, Kampus 

Kuala Pilah. A total of ninety healthy juveniles O. 

niloticus with an average weight of 2.31±0.39 g were 

obtained from the local fish farmer in Parit Tinggi, Kuala 

Pilah, Negeri Sembilan. The fish were divided into a 

control group and a treatment group. For each group, 

there were three replicates. The fish were placed into a 

transparent polypropylene 88-litre box (68 × 50 × 39 cm) 

that was filled with 78 mL of aerated dechlorinated water 

at 24°C. Each tank was set up with an air pump (RS 

Electrical Aquarium Air Pump Rs-248A) to allow more 

gaseous exchanges between the surrounding atmosphere 

and water. Before starting the experiment, ten O. 

niloticus were weighed using a digital weighing scale to 

obtain the initial weight. The length and width of the fish 

were also measured to obtain the initial measurement. 

The dissolved oxygen (DO) and total dissolved solids 

(TDS) were measured using a Digital Dissolved Oxygen 

Meter DO9100, while the pH and temperature were 

measured using the PH-686 Water Quality Tester. The 

water was changed 80% every 3 days, and the walls of 

each tank were scrubbed to remove the dirt before 

refilling with new aerated dechlorinated water. 

2.2 Feed preparation 

Pure culture of L. plantarum strain BE7 was stored 

in the chiller at 4°C. The probiotic was inoculated in De 

Man, Rogosa and Sharpe (MRS) broth and incubated 

overnight at 37°C. The next day, the overnight culture 

was centrifuged at maximum speed for 1 min, the 

supernatant was removed, and the pellet was 

resuspended in phosphate buffer solution. The overnight 

culture was diluted with phosphate buffer solution until 

the concentration of probiotics reached 1×109 mL-1 

(Wanguyun et al., 2019). The probiotic count in the 

supplemented feed was 1×109 colony forming units 

(CFU) g-1 feed.  
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2.3 Feeding management 

The fish was fed twice per day at 9:30 a.m. and 3.30 

p.m. (Cadorin et al., 2022) for 35 days with a 

commercial diet (GOLD COIN 988 Min 30% protein, 

Max 6% fibre, Max 4%, Max 13% moisture). For the 

treatment group, the fish were fed with feed coated with 

the probiotic L. plantarum solution at the ratio of 1 mL/

g. For the control group, the fish were fed with feed 

coated with phosphate saline buffer solution only at the 

same ratio. The feed was air-dried at room temperature 

for 1 hr to allow it to fully coat with the solution. The 

fish in both groups were fed at a rate of 5% of their body 

weight (Deyab and Hussein, 2015). Every time the 

feeding was performed, after 1 hr, the residual feed on 

the surface of the water in the tank was collected. The 

residual feed was dried out in order to determine the 

amount of dry weight of feed consumed by fish daily.  

Feeding rate = 5% × (Average body weight of fish) × 

Total number of fish 

2.4 Examination of growth performance 

The growth parameters were measured according to: 

Survival rate (%) = Nt / N0 × 100 

Death rate (%) = N0 – Nt / N0×100 

Where Nt and N0 are the final and initial number of 

the juvenile. 

Absolute Growth of Weight/Length/Width = (Wt/Lt/wt – 

W0/L0/w0) / t 

Where Wt/Lt/wt and W0/L0/w0 are the final and initial 

weight/length/width of the juvenile, and t is the number 

of feeding periods. 

Specific growth rate (SGR) = (In Wt – In W0) × 100/ t 

Where Wt and W0 are the final and initial weight of 

the juvenile, and t is the number of feeding periods. 

Feed conversion ratio (FCR) = Dry weight of feed 

consumed (g)/ weight gain of fish (g). 

2.5 Water quality analysis 

The water quality for both groups of juveniles that 

were fed with probiotic treatment L. plantarum and 

without probiotic treatment was measured weekly. The 

water parameters that were measured include the 

dissolved oxygen, total dissolved solids, pH and 

temperature. 

2.6 Statistical analysis 

The mean comparison of the data between the 

treatment and control group (P<0.05) was analysed using 

the Statistical Package for the Social Sciences (SPSS). 

 

3. Results and discussion 

3.1 Survival and death rate 

The survival rate of juvenile O. niloticus in the 

treatment group (fed with fish feed coated with L. 

plantarum) was observed to be higher than the control 

group (Figure 1). Meanwhile, the mortality of the 

juvenile O. niloticus in the control group was slightly 

higher than the juvenile O. niloticus in the treatment 

group in the last week of the feeding trials (Figure 2). 

This could have happened because of the presence of the 

probiotic diet in the treatment group, which may give the 

juvenile a stronger immune system against pathogen 

infection that may cause mortality among fish compared 

to the fish in the control group (Raheem et al., 2021). 

Lactiplantibacillus plantarum boosted innate immune 

indicators in O. niloticus, including lysozyme and 

peroxidase activity in skin mucus, alternative 

complement, phagocytosis, and respiratory burst 

activities (Doan et al., 2018). The inclusion of probiotics 

in the diets of the treatment group increased the 

likelihood that the juvenile would survive compared to 

the control group by excluding the possible factors that 

lead to mortality among the juvenile (Hamka, 2020). The 

mortality in both groups may have occurred due to 

Figure 1. Survival rate of O. niloticus during 35 days of 

feeding with probiotic diet (L. plantarum) and without 

probiotic diet (control). 

Figure 2. Death rate of O. niloticus during 35 days of feeding 

with probiotic diet (L. plantarum) and without probiotic diet 

(control). 
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 external factors such as a limited food source, extra 

competition for space in the tank, and stress (Opiyo et 

al., 2020).  

3.2 Absolute growth rate of weight, length, and width 

The treatment group's absolute growth rate of 

weight, length, and width was increased slightly faster 

than the control group, although there was no significant 

difference between the two groups (P>0.05) (Table 1). 

This might have happened because the experimental 

period was too short for obtaining significant results 

between the two groups. Previous studies showed that the 

probiotic diets increased O. niloticus development and 

body composition (Opiyo et al., 2020). Based on several 

previous studies, the feeding trial period was 

recommended to be longer than 5 weeks in order to 

obtain higher absolute growth of weight, length, and 

width in the juvenile (Sutthi and Thaimuangphol, 2020). 

This is because a longer period of experimentation will 

allow the probiotic strain used to exert its beneficial 

effect on the O. niloticus, resulting in a better growth 

rate. The number of deaths in this study may also have 

hampered the significance of the comparison between the 

two groups. 

3.3 Specific growth rate 

The SGR in the treatment group (0.033±0.001) was 

recorded as higher than the control group (0.026±0.002). 

However, the SGR value for both groups did not show 

any significant difference (P>0.05) (Figure 3). The 

supplementation of L. plantarum BE7 with a 

concentration of 109 CFU/ mL in the feed diet caused the 

juveniles in the treatment group to grow slightly bigger 

compared to the control group. Previous research on the 

use of L. plantarum L-137 and/or β-glucan (BG) to treat 

Nile tilapia to increase their resistance to A. hydrophila 

revealed that the final body weight and SGR of the Nile 

tilapia significantly (P<0.05) increased values compared 

to the control group (Dawood et al., 2020). Another 

study showed that the data on the specific growth rate of 

tilapia under the treatment of adding probiotics grew 

higher than the control, according to observations 

conducted on tilapia rearing for 35 days (Sinaga and 

Mukti, 2022).  

Despite the fact that there is a little growth difference 

between the two groups in SGR values in this study, the 

inclusion of probiotics in the feed eventually led to an 

increase in fish production in the aquaculture sector. In 

treatments treated with 20% heat-killed L. plantarum L-

137, compared to the control treatment, growth 

performance measures (average daily gain, specific 

growth rate, final total length, and length gain) show a 

considerably higher value at 90 days of the sampling 

period (Ekasari et al., 2023). Increased amount of 

feeding, concentration of probiotic and the period of 

feeding trials with L. plantarum supplementation for this 

study may have a strong likelihood of accelerating 

aquatic creature growth. 

3.4 Feed conversion ratio 

Feed conversion ratio (FCR) was measured to 

compare the feeding efficiency value of fish, which is 

converted into fish body weight gain, between juveniles 

that were fed with a probiotic diet (L. plantarum) and 

without probiotic during 35 days of feeding trials. In 

aquaculture, the weight of feed consumed divided by the 

weight of the animal is known as the feed conversion 

ratio (FCR), which is a common indicator of livestock 

production efficiency. The FCR value for the treatment 

group was observed to be lower than the control group 

(Figure 4). The FCR value for the treatment group is 

lower because the presence of probiotics in the feed may 

be able to improve the digestion ability of the juvenile O. 

niloticus, however, there is no significant difference 

recorded in both groups (P>0.05). Fish gut microbiota 

composition has been shown to be significantly impacted 

by probiotic feeding. This ultimately results in better fish 

growth by influencing the digestion and absorption of 

nutrients from the meal (Standen et al., 2015). 

The presence of L. plantarum may increase the 

digestion process in juvenile O. niloticus in the treatment 

group by releasing digestive enzymes, including 

cellulase, amylase, and protease. Plus, probiotics also 

improve gut function, intestinal cellular integrity, 

inflammation control, pathogen inhibition, release of anti

-virulence factors, defence against free radicals, and 

Absolute growth of  

weight/length/width 

Treatment 

group 

Control 

group 

Absolute growth of weight/day 0.13±0.01 0.1±0.01 

Absolute growth of length/day 0.08±0.01 0.06±0.03 

Absolute growth of width/day 0.03±0.01 0.03±0.01 

Table 1. Absolute growth rate of weight, length, and width of 

O. niloticus after 35 days feeding trials. 

Figure 3. Specific growth rate of O. niloticus during 35 days 

of feeding with probiotic diet (L. plantarum) and without 

probiotic diet (control). 
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improved immunity (Nathanailides et al., 2021). Thus, 

these conditions help the juvenile to digest the feed 

efficiently. Therefore, less amount of feed is consumed 

by the juvenile to grow and develop (Hai, 2015). The 

lower the feed consumed by the juvenile, the lower the 

FCR value obtained in this study. This demonstrates that 

the juvenile that fed with probiotics may utilise the feed 

efficiently to support its growth and development, since 

the better for the fish, the smaller the conversion value of 

fish feed is. 

3.5 Water quality analysis 

The water parameters in both groups that were fed 

with probiotic, L. plantarum and without probiotic were 

shown to be in a normal range for the juvenile tilapia to 

grow. The dissolved oxygen for each week of the 

experiment was recorded above 4 mg/L, which is good 

for the tilapia to grow (Riche and Garling, 2003) (Figure 

5). For the total dissolved solids, every week it was 

recorded below 400 ppm (Boyd et al., 2016), which is 

are recommended level for freshwater fish like O. 

niloticus to grow (Figure 6). The pH value for both 

groups was within the optimum range, which was 6.1 to 

8.3 (Makori et al., 2017) (Figure 7). Lastly, for the 

temperature, for both groups, it was recorded at the 

favourable temperature of Nile tilapia to grow, which is 

20°C to 35°C (Lim et al., 2006) (Figure 8). In short, the 

presence of the probiotic diet did not cause any changes 

in the temperature of the tank of O. niloticus during the 

experimental period. Therefore, the probiotic application 

as a supplementary diet is found not to cause any harm to 

the juvenile or the quality of the water. The usage of 

probiotic treatment can be concluded to be safe as a feed 

supplement to use in the aquaculture sector.  

 

4. Conclusion 

The supplementation of probiotic L. plantarum BE7 

in fish feed for 35 days of feeding trials improves 

survival rate, absolute growth rate of weight, length and 

width, and specific growth rate (SGR). It also lowers the 

death rate and feed conversion ratio (FCR). Oreochromis 

niloticus did not exhibit any noticeable differences in 

Figure 4. Feed conversion ratio of O. niloticus during 35 days 

of feeding with probiotic diet (L. plantarum) and without 

probiotic diet (control). 

Figure 5. Dissolved oxygen of O. niloticus during 35 days of 

feeding with probiotic diet (L. plantarum) and without 

probiotic diet (control). 

Figure 8. Temperature of O. niloticus during 35 days of 

feeding with probiotic diet (L. plantarum) and without 

probiotic diet (control). 

Figure 6. Total dissolved solids of O. niloticus during 35 days 

of feeding with probiotic diet (L. plantarum) and without 

probiotic diet (control). 

Figure 7. pH of O. niloticus during 35 days of feeding with 

probiotic diet (L. plantarum) and without probiotic diet 

(control). 
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growth or survival based on the concentration of 

probiotics L. plantarum BE7 109 CFU/mL added to their 

daily diets. Each tank's water quality in the treatment 

group was unaffected by the presence of probiotic 

supplementation L. plantarum BE7. The presence of 

probiotic (L. plantarum) does not cause any changes in 

achieving an optimum level of water parameter when 

compared to the juveniles of O. niloticus that were fed 

without probiotic. More research is required to determine 

the effectiveness of this probiotic strain as a treatment in 

the aquaculture system. The use of probiotics L. 

plantarum in growing juvenile O. niloticus is strongly 

advised in order to promote growth and survival by 

employing larger dosages and a longer trial time in order 

to gain more significant differences between both 

groups. 

 

Conflict of interest 

The authors declare no conflict of interest. 

 

Acknowledgments 

The present work was financially supported by 

UiTM DDN CRSF 2022. The authors acknowledge the 

Faculty of Applied Science, UiTM Negeri Sembilan 

Branch, Kuala Pilah Campus, for the laboratory 

facilities. Special thanks to the laboratory assistants, Ts. 

Zubir Bin Othman, Mr. Sheikh Muhammad Rieyad Bin 

Shiekh Ibrahim, and Mr. Nazim Bin Luwi for their 

technical assistance. 

 

References 

Basri, L., Nor, R.M., Salleh, A., Md Yasin, I.S., Saad, 

M.Z., Abd Rahaman, N.Y., Barkham, T. and Amal, 

M.N.A. (2020). Co-Infections of Tilapia Lake Virus, 

Aeromonas hydrophila and Streptococcus agalactiae 

in Farmed Red Hybrid Tilapia. Animals, 10(11), 

2141. https://doi.org/ 10.3390/ani10112141. 

Boyd, C.E., Tucker, C.S. and Somridhivej, B. (2016). 

Alkalinity and hardness: critical but elusive concepts 

in aquaculture. Journal of the World Aquaculture 

Society, 47(1), 6-41. https://doi.org/ 10.1111/

jwas.12241 

Cadorin, D.I., da Silva, M.F.O., Masagounder, K. 

and Fracalossi, D.M. (2022). Interaction of feeding 

frequency and feeding rate on growth, nutrient 

utilization, and plasma metabolites of juvenile 

genetically improved farmed Nile 

tilapia, Oreochromis niloticus. Journal of the World 

Aquaculture Society, 53(2), 500-515. https://doi.org/ 

10.1111/jwas.12833 

Dawood, M.A.O., Moustafa, E.M., Elbialy, Z.I., Farrag, 

F., Lolo, E.E.E., Abdel-Daim, H.A., Abdel-Daim, 

M.M. and Van Doan, H. (2020). Lactobacillus 

plantarum L-137 and/or β-glucan impacted the 

histopathological, antioxidant, immune-related genes 

and resistance of Nile tilapia (Oreochromis niloticus) 

against Aeromonas hydrophila. Research in 

Veterinary Science, 130, 212-221. https://doi.org/ 

10.1016/j.rvsc.2020.03.019 

Department of Fisheries Malaysia. (2020). Annual 

Fisheries Statistic 2020. Aquaculture Table. Vol. 1. 

Retrieved from DOF Website: https://

www.dof.gov.my/sumber/perangkaan-perikanan-i. 

Deyab, E.D.M.S. and Hussein, E.E.M. (2015). Effects of 

Different Feeding Rates on Growth Performance and 

Body Composition of Red Tilapia, Oreochromis 

mossambiquse × O. niloticus, Fingerlings. 

International Journal of Aquaculture, 5, 12. https://

doi.org/10.5376/IJA.2015.05.0012. 

Doan, H.V., Hoseinifar, S.H., Khanongnuch, C., 

Kanpiengjai, A., Unban, K. and Kim, V.V. (2018). 

Host-associated probiotics boosted mucosal and 

serum immunity, disease resistance and growth 

performance of Nile tilapia (Oreochromis niloticus). 

Aquaculture, 491, 94-100. https://doi.org/10.1016/

j.aquaculture.2018.03.019 

Ekasari, J., Mirza, V.N., Fauzi, I.A., Hashimoto, K. and 

Suprayudi, M.A. (2023). "Evaluation of Growth and 

Health Performance of Juvenile Tilapia Oreochromis 

sp. Fed with Various Supplementation of Heat-

Killed Lactobacillus plantarum", Aquaculture 

Nutrition, 2023, 8860364. https://

doi.org/10.1155/2023/8860364 

Geletu, T. and Zhao, J. (2022). Genetic resources of Nile 

tilapia (Oreochromis niloticus Linnaeus, 1758) in its 

native range and aquaculture. Hydrobiologia, 850, 

2425-2445. https://doi.org/ 10.1007/s10750-022-

04989-4. 

Gopal, P.K. (2021). Bacteria, beneficial: Probiotic lactic 

acid bacteria: An overview. In McSweeney, P.L.H. 

and McNamara, J.P. (Eds.) Encyclopedia of Dairy 

Sciences. 3rd ed., p. 32-33. USA: Academic Press. 

https://doi.org/10.1016/b978-0-12-818766-1.00018-0 

Haenen, O.L.M., Dong, H.T., Hoai, T.D., Crumlish, M., 

Karunasagar, I., Barkham, T., Chen, S.L., Zadoks, 

R., Kiermeier, A., Wang, B., Gamarro, E.G., 

Takeuchi, M., Azmai, M.N.A., Fouz, B., Rolando 

Pakingking Jr., Wei, Z.W. and Bondad-Reantaso, 

M.G. (2023). Bacterial diseases of tilapia, their 

zoonotic potential and risk of antimicrobial 

resistance. Reviews in Aquaculture, 15(S1), 154-185. 

https://doi.org/10.1111/raq.12743. 

Hai, N. (2015). The use of probiotics in aquaculture. 

Journal of Applied Microbiology, 119(4), 917-935. 

https://doi.org/10.1111/jam.12886 



 Haqeem et al. / Food Research 9 (4) (2025) 10 - 16 16 

 https://doi.org/10.26656/fr.2017.9(4).127 © 2025 The Authors. Published by Rynnye Lyan Resources 

R
E

S
E

A
R

C
H

 P
A

P
E

R
 

Hamka, M.S. (2020). Growth performance and immune 

response of catfish Clarias sp. given probiotics 

Bacillus megaterium PTB 1.4 and Pediococcus 

pentosaceus E2211. Jurnal Akuakultur Indonesia, 19

(1), 50-60. https://doi.org/10.19027/jai.19.1.50-60 

Ilyanie, Y., Huda Faujan, N. and Ida Muryany, M.Y. 

(2023). Species Identification of Potential Probiotic 

Lactic Acid Bacteria Isolated from Malaysian 

Fermented Food Based on 16D Ribosomal RNA 

(16S rRNA) and Internal Transcribed Spacer (ITS) 

Sequences. Malaysian Applied Biology, 52(4), 73-

84. https://doi.org/10.55230/mabjournal.v52i4.c146. 

Ilyanie, Y., Huda Faujan, N. and Ida Muryany, M.Y. 

(2024). Malaysian Fermented Shrimp Paste 

(Belacan): A Source of Potential Probiotic Lactic 

Acid Bacteria. International Food Research Journal, 

31(3), 748-757. https://doi.org/10.47836/

irfrj.31.3.18. 

Irshath, A.A., Rajan, A.P., Vimal, S., Prabhakaran, V.S. 

and Ganesan, R. (2023). Bacterial Pathogenesis in 

Various Fish Diseases: Recent Advances and 

Specific Challenges in Vaccine 

Development. Vaccines, 11(2), 470. https://

doi.org/10.3390/vaccines11020470. 

Jahangiri, L. and Esteban, M. (2018). Administration of 

Probiotics in the Water in Finfish Aquaculture 

Systems: A Review. Fishes, 33, 33. https://

doi.org/10.3390/fishes3030033. 

Leong, S.S., Korel, F., Lingoh, A.D., Sarbini, S.R., Toh, 

S.C., Abit, L.Y. and Wong, S.C. (2023). Current 

probiotics application for aquaculture feed: A 

review. Borneo Science Journal, 44(2), 1-13. https://

doi.org/10.51200/bsj.v44i2. 

Lim, C.E., Webster, C.D. and Li, M.H. (Eds.) (2006). 

Feeding practices. Tilapia: biology, culture, and 

nutrition. 1st ed., p. 547-559. USA: CRC Press.  

Makori, A.J., Abuom, P.O., Kapiyo, R., Anyona, D.N. 

and Dida, G.O. (2017). Effects of water physico-

chemical parameters on tilapia (Oreochromis 

niloticus) growth in earthen ponds in Teso North 

Sub-County, Busia County. Fish Aquatic Sciences, 

20, 30. https://doi.org/10.1186/s41240-017-0075-7. 

Nathanailides, C., Kolygas, M. and Choremi, K. (2021). 

Probiotics Have the Potential to Significantly 

Mitigate the Environmental Impact of Freshwater 

Fish Farms. Fishes, 6(4), 76. https://doi.org/10.3390/

fishes6040076 

Nguyen, T.M., Thi, N.A.D., Le, X.C., Hossain, S., Thi, 

T.H.V. and Thi, N.T.T. (2023) Feed efficiency, 

hematological parameters, and resistance against 

Streptococcus agalactiae of Nile tilapia 

(Oreochromis niloticus) as improved by dietary 

supplementation of Lactobacillus plantarum L03. 

Journal of Applied Aquaculture, 36(3), 563-611. 

https://doi.org/10.1080/10454438.2023.2291190 

Opiyo, M.A., Mziri, V., Musa, S., Kyule, D., Hinzano, 

S., Wainaina, M., Magondu, E., Werimo, K. and 

Ombwa, V. (2020). Fish Disease Management and 

Biosecurity Systems. In State of Aquaculture in 

Kenya 2020: Towards Nutrition-Sensitive Fish Food 

Systems, p. 97-126. Kenya.  

Ozen, M. and Dinleyici, E.C. (2015). The history of 

probiotics: the untold story. Beneficial Microbes, 6

(2), 159-165. https://doi.org/10.3920/BM2014.0103. 

Raheem, A., Liang, L., Zhang, G. and Cui, S. (2021). 

Modulatory effects of probiotics during pathogenic 

infections with emphasis on immune regulation. 

Frontiers in Immunology, 12, 616713. https://

doi.org/10.3389/fimmu.2021.616713 

Riche, M. and Garling, D.L. (2003). Feeding Tilapia in 

Intensive Recirculating Systems. Retrieved from 

website: https://www.ncrac.org/files/inline-files/

ncrac114.pdf. 

Ridzuan, M.S.M., Abdullah, A., Ramly, R., Mansor, 

N.N., Ramli, N. and Firdaus-Nawi, M. (2022). 

Current status and advances of fish vaccines in 

Malaysia. Veterinary World, 15(2), 465-482. https://

doi.org/10.14202/vetworld.2022.465-482. 

Sinaga, V.O. and Mukti, R.C. (2022). The Growth of 

Tilapia (Oreochromis niloticus) with the Addition of 

Probiotics to Feed in Sakatiga Village, Indralaya 

District, Ogan Ilir Regency, South Sumatera. 

Journal of Aquaculture and Fish Health, 11(1), 92-

94. https://doi.org/10.20473/jafh.v11i1.26741. 

Standen, B.T., Rodiles, A., Peggs, D.L., Davies, S.J., 

Santos, G.A. and Merrifield, D.L. (2015). 

Modulation of the intestinal microbiota and 

morphology of tilapia, Oreochromis niloticus, 

following the application of a multi-species 

probiotic. Applied Microbiology and Biotechnology, 

99(20), 8403-8417. https://doi.org/10.1007/s00253-

015-6702-2.  

Sutthi, N. and Thaimuangphol, W. (2020). Effects of 

yeast (Saccharomyces cerevisiae) on growth 

performances, body composition and blood 

chemistry of Nile tilapia (Oreochromis niloticus 

Linnaeus, 1758) under different salinity conditions. 

Iranian Journal of Fisheries Sciences, 19(3), 1428-

1446. https://doi.org/10.22092/IJFS.2019.119254 

Wanguyun, A.P., Hayati, A. and Utomo, B. (2019). The 

effects of probiotics feed supplementation on tilapia 

(Oreochromis niloticus) in copper-tainted water. 

Ecology, Environment and Conservation, 25, S13-

S17. 


