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 Probiotics are live microbes that can help protect and maintain 

the health of the host by modifying the microbial community or 

associating with the host, increasing the response to disease, 

improving nutrition, and utilizing feed. Probiotics have 

properties to increase feed efficiency and increase non-specific 

immunity in fish. Probiotic administration allows fish to 

achieve optimal growth and increase immunity to disease. The 

purpose of this study was to determine the effect of probiotic 

Bacillus subtilis endospore administration on the leukocytes 

respiratory burst activity (RBA) immune system in grouper 

(Epinephelus coioides). The results of the research showed that 

the administration of probiotics in the grouper (Epinehelus 

coioides) feed with the probiotic dose of Bacillus subtilis in 

treatment B (0.1% Bacillus subtilis) and treatment C (1 % 

Bacillus subtilis) had a significantly effect on Leukocytes 

Respiratory Burst Activity (RBA) compared to treatment A (0% 

Bacillus subtilis). The RBA values in treatment B (1.91) and 

treatment C (1.98) were significantly different start from 10 

days of rearing time. While the best dose for the RBA value is 

treatment C (5.03) with an elapsed time 30 days. 
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Introduction 

Animal growth especially in fish, 

depends on the digestion and absorption of 

food nutrients. The intestine plays an 

important role in nutrient absorption, 

protection, and it responsible for producing 

active endogenous molecules. The intestinal 

wall found in fish has four layers, namely 

lumen, submucosa, muscle, and serosa 

(Cerezuela et al., 2013). 

Disease control caused by bacterial 

infection in fish is usually done by giving 

antibiotics. Continuous administration of 

antibiotics can result in bacterial resistance 

to these types of antibiotics. Efforts to 

control disease using antibiotics have been 

banned. The use of antibiotics in addition to 

causing bacterial resistance to these types of 

antibiotics, can also cause residual 

antibiotics in commercial fish that are not 

detected so that they can cause allergies and 

poisoning that can harm consumers 

(Cabello, 2006). 

Probiotics are live microbes that can 

help protect and maintain the health of the 

host by modifying the microbial community 
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or associating with the host, increasing the 

response to disease, improving nutrition, and 

utilizing feed Probiotics have properties to 

increase feed efficiency and increase non-

specific immunity in fish. The 

administration of this probiotic allows fish 

to achieve optimal growth (Talpur et al., 

2014) and increase immunity to disease 

(Muñoz-Atienza et al., 2015). 

Implementation of probiotics to feed is 

one way to increase the body's resistance of 

fish (Geng et al., 2011). Several research 

results show that the use of Bacillus sp. as a 

probiotic has been able to increase the 

growth of fish (Ferdynan Sumule & 

Trisnawati Tobigo, 2017), immune response 

traits (Zaineldin et al., 2018) and reduce 

water pollution (Olmos & Paniagua-Michel, 

2014).  

Leukocytes are important part of the 

immune system preventing of the invation 

by different pathogens (Naidenko et al., 

2020). Analysis of leukocytes is one of the  

easiest immune parameters to measure 

although is only one of small block of 

immunity. The leukocyte respiratory burst 

activity is an indicator of innate immunity in 

mammals (Rossi et al., 1982). According to 

scientists leukocyte respiratory burst activity 

associated with increased oxygen 

consumption. Right now, a breath explosion 

also related to cytokine release and 

inflammatory response in fish (Abreu et al., 

2009). Leukocytes respiratory burst activity 

is essential in fish defence that considered 

potent bactericides which actively destruct 

invasive pathogen (Biller & Takahashi, 

2018). Research on the value of leukocytes 

proliferation in fish species can provide an 

overview of health status and process on 

occurence of disease (Afiyanti et al., 2019). 

Increased value of leukocyte proliferation 

indicates a response of body resistance to 

disease causing antigen (Diepen, 1993). In 

addition, the increase in leukocyte 

proliferation also indicates the occurrence of 

stress (Maftuch, 2018). The purpose of this 

study was to determine the effect of 

probiotic Bacillus subtilis endospore 

administration on the immune system 

respiratory burst activity (RBA) in grouper 

(Epinephelus coioides). 

 

Material and Method  

Feed Preparation Treatment 

Fish feed consists of fish meal, squid 

meal, fish oil, glutinous rice flour, soy 

protein, skinless soybean meal, and vitamins 

and minerals premix. The three feeds have 

different probiotic composition, treated by 

coating the feed with egg white. Probiotics 

Bacillus subtilis in the form of endospores 

were obtained from Laboratory of Prof. 

Hsieh, NPUST, Pingtung, Taiwan. For feed 

A (control) with (0 % probiotic Bacillus 

subtilis) the feed was only coated with egg 

white without the addition of probiotic 

Bacillus subtilis. While for treatment B feed 

(0.1 % of probiotic Bacillus subtilis) and 

treatment C feed (1 % of probiotic Bacillus 

subtilis) the treatment feed was coated with 

egg white and probiotics according to the 

dose per kg of feed. Each treatment feed was 

examined for the concentration of Bacillus 

subtilis every week to ensure the 

concentration of the feed dose did not 

change. Total Viable Count (Log TVC) in 

treatment A, B and C were maintained at 

Log TVC 0; 2.5 X 105; and 7.9 X 106. 

Calculating Total Bacteria 

Total viable count (TVC) in sea water 

tank estimated total number of bacteria in 

sea water rearing tank. Total Viable count 

(TVC) in the seawater tank counting using 

protocol (Araujo et al., 2015). Briefly, 

samples from seawater tanks should be 

incubated at 37˚C for 24 hours. Each 

treatment was repeated 3 times. The total 

number of colonies was calculated as 

Colony Forming Units (CFU) which 

calculated using the formula: CFU = 

Number of colonies x Dilution factor 

/sample volume (ml) (Hameed et al., 2015). 

Mixing Feed with Probiotics 

The probiotics used are probiotics in 

the form of Bacillus subtilis endospores. The 

feed administration is artificial feed with a 

protein content of ± 38 %. Egg whites were 

still given to the control treatment (A) 

without probiotics. Probiotics were mixed 
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into the artificial feed as much as 0.1% (B) 

and 1% (C). Before being mixed into feed, 

probiotics are attached in egg whites as a 

binder. After that the probiotics are mixed 

into the feed and stirred until evenly 

distributed. Then the feed was dried using a 

low temperature oven (400 C) until the feed 

was dry. Then each feed is packaged in a 

tightly sealed plastic bag that has been 

labeled. Furthermore, the packaged feed is 

stored in a refrigerator at a temperature of -5 
0C. 

Treatment Design 

This research was conducted at the 

Fish Nutrition Laboratory, National Sun 

Yat-sen University (NSYSU), ROC, 

Taiwan. The fish used in this study was the 

grouper (Epinephelus coioides). The grouper 

was first kept in a tank for 10 days for the 

adaptation process. The container used in 

this study was a measuring tank 100 x 60 x 

50 cm with 3 treatments A (0 % probiotic 

Bacillus subtilis), B (0.1% probiotic Bacillus 

subtilis) and C (1 % probiotic Bacillus 

subtilis) per kg of feed. The test fish had 

weight about 25 gr and the treatment was 

carried out with three replications. During 

the rearing of the grouper using a closed 

aeration system in an indoor tank. Fish 

farming was carried out for 30 days with the 

frequency of feeding three times a day. 

Water temperature during rearing condition 

maintained at a 25–30 °C. Stocking test fish 

in each tank was 20 fish/tank. Furthermore, 

for fish immune system assay were taken 

randomly as many as 2 tails for each 

treatment then adapted to the tank and fasted 

for one day. 

Immune System Sampling Preparation 

          Fish samples preparation were treated 

using the procedure ((Hu et al., 2015). 

Briefly, the first stage anesthetizes the fish 

using a benzocaine solution with a 

concentration of 0.4%. The skin and gills are 

sterilized first. As for the stomach is slashed 

and the contents removed. Head kidney cells 

sample collection were obtained by 

following protocol of (Secombes, 2011). In 

summary, aseptic head kidney was placed in 

a petri dish containing L-15 media. The head 

kidney was crushed and filtered using a 

nylon sieve with a mess size of 100 µm. The 

resulting cell suspension will cover the 

Percoll gradient of 34%/51% v/v. then 

centrifuged at 400 rpm for 30 minutes at 40 
0C. The middle layer was taken and rinsed 

twice using L-15 media. Then the 

suspension results are calculated with a 

concentration of 2 x 105 cells per ml. 

The blood sample for respiratory burst 

activity (RBA) following the protocol 

(Secombes, 2011) with some modifications. 

Briefly, blood samples (1 x 105 cells) were 

incubated with 100 µl NBT in culture 

medium for 30 minutes at 28 0C. Then the 

supernatant was removed and fixed with 

99.9% methanol for 10 minutes. Each well 

was rinsed twice with 70% (v/v) methanol. 

The cells were allowed to dry in the air. The 

reduced NBT in the form of formazan was 

dissolved using a solution of potassium 

hydroxide and dimethyl sulfide. Then 

measured using a spectrophotometer at a 

wavelength of 620 nm. 

Leukocyte proliferation was 

determined by the protocol (Daly et al., 

1995). In Summary, cell suspensions with a 

concentration of 2 x 105 cells/ml were 

cultured for 48 hours with LPS. Then 20 µl 

MTT (5 mg/ml PBS) was added to each well 

and incubated for 4 hours at 27 0C. The 

tissue culture plates were centrifuged at 500 

rpm for 10 min and then the liquid 

supernatant was carefully removed without 

disturbing the pellet or formazan precipitate. 

The pellet were dissolved with each addition 

of 200 µl of DMSO (Sigma). The contents 

of the well are then mixed using a pipette. 

Ten minutes later, the formazan was read by 

using a Titer Multiscan (Flow) plate reader 

at a wavelength 595 nm. 

 

Results and Discussion 

1. Results 

a. Total Bacteria in Rearing Media 

Total bacteria in the grouper rearing 

media depicted by log TVC. The results of 

of total bacteria in the rearing media can be 

explained that addition of probiotics Bacillus 

subtilis causes changes in the Log TVC of 
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seawater tank. Log TVC increased with 

increasing culture period. The log TVC in 

treatment B and C were higher than 

treatment A. Log TVC in treatment A, B and 

C after 10 days of rearing condition was log 

0.24 x 103; log 0.47 x 103; and log 1.74 x 

103 respectively. Log TVC in treatment A, B 

and C after 20 days of rearing condition 

were log 0.26 x 103; log 1.45 x 103 and log 

1.89 x 103. Then for 30 days of rearing 

condition were log 0.67 x 103; log 3.45 x 103 

and log 4.51x 103 respectively for treatment 

A, B, and C.The population level of living 

bacteria is somewhat higher in the treatment 

C on all accession time, then followed by 

treatment B (Figure 1). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Total Bacteria in Rearing Media 

 

b. Body Weight of The Grouper 

(Epinephelus coioides) 

Administration of probiotic Bacillus 

subtilis in treatment B and C did not 

significantly affect the growth of grouper 

(Epinephelus coioides) when reared for 30 

days, even though in a graphical trend 

(Figure 2) body weight of the grouper 

(Epinephelus coioides) in the treatment C (1 

% Probiotic Bacilllus subtilis) and B (0.1% 

probiotic Bacilllus subtilis) were higher than 

treatment A (Control).  

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

Figure 2. Grouper (Epinephelus coioides) 

Body Weight 

 

c. Leukocytes Respiratory Burst 

Activity (RBA) of Grouper 

(Epinephelus coioides) 

Feeding probiotic Bacilius subtilis had 

a significant effect on Leukocytes 

Respiratory Burst Activity (RBA). The 

highest RBA value in this study was found 

in treatment C then treatment B with 30 days 

feeding period. Furthermore, treatments C 

and B also gave a higher RBA value than 

treatment A at time of feeding period 20 and 

10 days. It can be concluded that the 

administration of probiotics in the form of 

Bacillus subtilis endospores in grouper can 

increase the RBA value of grouper 

(Epinephelus coioides). The best treatment 

of the administration of probiotic Bacillus 

subtilis endospore for the grouper 

(Epinephelus coioides) was 1 %. The best 

feeding period for the grouper (Epinephelus 

coioides) is at 30 days of feeding (Table 1). 

 

Table 1. Leukocytes Respiratory Burst 

Activity (RBA) in Grouper 

(Epinephelus coioides) 
Feeding 

Administration 

(Day) 

Feed (Probiotic Bacillus 

subtilis Endospores) 

0%(A) 0.1%(B) 1%(C) 

10 1.87a 1.91b 1.98b 

20 1.83a 2.12b 2.12b 

30 1.88a 3.52c 5.03d 

* Mean significantly different (P<0.05). 
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d. Leukocyte Proliferation of Grouper 

(Epinephelus coioides) 

Feeding probiotic Bacilius subtilis did 

not significantly affect the leukocyte 

proliferation value. The highest leukocyte 

proliferation value in this study was found in 

treatment C with reared period 20 days. 

While the lowest leukocyte proliferation 

value in this study was found in treatment A 

with reared time 30 days (Table 2). It can be 

concluded that feeding probiotic Bacillus 

subtilis endospore to the grouper does not 

have a significant effect on the leukocyte 

proliferation value of the grouper 

(Epinephelus coioides).  

 

Table 2. Leukocyte proliferation in 

grouper (Epinephelus coioides) 
Feeding 

Administration 

(day) 

Diet (Probiotic Bacillus 

subtilis) 

0% 0.1% 1% 

10 1.31  1.25  1.10  

20 1.50 1.59  1.88  

30 1.10  1.21  1.21  

*Mean do not vary significantly (P>0.05). 

 

2. Discussion 

The total numbers of the bacteria in 

rearing media for the treatment A (0 % 

Bacillus subtilis) had the lowest total 

number compared to other treatments for 

elapsed time 10 days, 20 days and 30 days 

sampling. Meanwhile, on treatment B (0.1% 

Bacillus subtilis) on the 30 days of sampling 

had the highest total number of bacteria in 

the rearing media compared to other 

treatments. While the treatment of feed C 

(1% Bacillus subtilis) had the highest total 

number of bacteria in the rearing media at 

the sampling time of the 10th and 20th days 

sampling. An increasing in the number of 

bacteria in treatments B and C indicated a 

better rearing media for the growth of the 

grouper, this is in line with (Ferdynan 

Sumule & Trisnawati Tobigo, 2017) which 

states that the administration of probiotics in 

the rearing media can improve 

environmental quality so that it has a 

significant effect on growth of red tilapia 

(Orechromis sp.). With an increase in the 

number of bacteria in the environment of 

fish rearing, especially in the presence of 

Bacillus subtilis, this is as stated by (Olmos 

et al., 2019) that the administration of 

probiotics has a 95% positive impact 

through increasing nutrient absorption and 

assimilation, preventing disease 

development and increasing environmental 

parameters. 

Administration of the probiotic 

Bacillus subtilis did not significantly affect 

the body weight of the grouper (Epinephelus 

coioides) because of the short rearing 

period(only 30 days). This is different from 

the research of (Ferdynan Sumule & 

Trisnawati Tobigo, 2017) and (Nair et al., 

2021)which states that the administration of 

probiotics has a very significant effect on the 

growth of tilapia (Oreochromis sp). and 

Etroplus suratensis.This difference is due to 

the fact that tilapia (Oreochromis sp) and 

Etroplus suratensis are fast-growing fish, 

while the grouper is a slow-growing fish. So 

to get probiotics that have a significant 

effect on body weight of the grouper, a 

longer maintenance time is needed.  

In this study, Treatment C (1 % 

Probiotic Bacillus subtilis) with a feeding 

period of 30 days obtained the highest RBA 

value 5.03 ± 0.02 compared to other 

treatments, so it can be concluded that in 

treatment C (1 % Probiotic Bacillus subtilis) 

with feeding period for 30 days had better 

immune resistance than other treatments. 

This result also in line with (Liu et al., 2017) 

that Bacillus subtilis E20 was improved 

innate immunity of Oplegnathus fasciatus. 

The higher of RBA value indicated that 

higher level of fish immune system because 

the RBA value is the basic building block of 

the antibacterial system in fish. Increased 

RBA values can be correlated with increased 

phagocytic cell activity (Rawling et al., 

2012). Respiratory burst can increase 

oxygen consumption to carry out 

phagophytic activity (Rieger & Barreda, 

2011). 

The highest leucocyte proliferation 

value in this study was found in treatment C 

with elapsed time 20 days. While the lowest 

leucocyte proliferation value in this study 
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was found in treatment A with elapsed time 

30 days (Table 2). Based on these results, it 

can be concluded that feeding probiotic 

Bacillus subtilis to the grouper does not have 

a significant effect on the leucocyte 

proliferation value of the grouper 

(Epinephelus coioides). This can occur 

because the increase in leukocytes usually 

occurs in fish that are under stress. While at 

the time of treatment the fish did not 

experience. According to (Sakai, 1999) 

states that stress interferes with non-specific 

immune responses such as an increase in 

lymphocytes. 

 

Conclusion 

The results of the research can be 

conclude that the administration of 

probiotics in the grouper (Epinehelus 

coioides) feed with the probiotic dose of 

Bacillus subtilis in treatment B (0.1% 

Bacillus subtilis) and treatment C (1 % 

Bacillus subtilis) had a significantly effect 

on Leukocytes Respiratory Burst Activity 

(RBA) compared to treatment A (0% 

Bacillus subtilis). The RBA values in 

treatment B (1.91) and treatment C (1.98) 

were significantly different start from 10 

days of rearing time. While the best dose for 

the RBA value is treatment C (5.03) with an 

elapsed time 30 days. 

 

References 

Abreu, J., Marzocchi-Machado, C., 

Urbaczek, A., Fonseca, L., & Urbinati, 

E. (2009). Leukocytes respiratory 

burst and lysozyme level in pacu 

(Piaractus mesopotamicus Holmberg, 

1887). Brazilian Journal of Biology, 

69(4), 1133–1139. doi.10.1590/s1519-

69842009000500018 

Afiyanti, A. D., Yuliani, M. G. A., & 

Handijatno, D. (2019). Leukocyte 

Count and Differential Leukocyte 

Count of Carp (Cyprinus carpio Linn) 

after Infected by Aeromonas 

salmonicida. Icps, 545–549. 

https://doi.org/10.5220/000754670545

0549 

Araujo, G. H., Gorlach-Lira, K., Medeiros, 

D. S., & Sassi, C. F. C. (2015). 

Physicochemical and bacteriological 

seawater quality and sustainability of 

Cabo Branco (Brazil) coral reef. Pan-

American Journal of Aquatic Sciences, 

10(2), 94–104. panamjas_10(2)_94-

104.pdf 

Biller, J. D., & Takahashi, L. S. (2018). 

Oxidative stress and fish immune 

system: Phagocytosis and leukocyte 

respiratory burst activity. Anais Da 

Academia Brasileira de Ciencias, 

90(4), 3403–3414. doi.10.1590/0001-

3765201820170730 

Cabello, F. C. (2006). Heavy use of 

prophylactic antibiotics in aquaculture: 

A growing problem for human and 

animal health and for the environment. 

In Environmental Microbiology (Vol. 

8, Issue 7, pp. 1137–1144). 

doi.10.1111/j.1462-2920.2006.01054.x 

Cerezuela, R., Fumanal, M., Tapia-

Paniagua, S. T., Meseguer, J., 

Moriñigo, M. ángel, & Esteban, M. 

ángeles. (2013). Changes in intestinal 

morphology and microbiota caused by 

dietary administration of inulin and 

Bacillus subtilis in gilthead sea bream 

(Sparus aurata L.) specimens. Fish & 

Shellfish Immunology, 34(5), 1063–

1070. doi.10.1016/J.FSI.2013.01.015 

Daly, J. G., Moore, A. R., & Olivier, G. 

(1995). A colorimetric assay for the 

quantification of brook trout 

(Salvelinus fontinalis) lymphocyte 

mitogenesis. Fish & Shellfish 

Immunology, 5(4), 265–273. 

doi.10.1006/FSIM.1995.0026 

Diepen, J. C. E. K. (1993). Characterisation 

of fish leucocytes.  

https://edepot.wur.nl/201160 

Ferdynan Sumule, J., & Trisnawati Tobigo, 

D. (2017). Aplikasi Probiotik Pada 

Media Pemeliharaan Terhadap 

Pertumbuhan Dan Sintasan Ikan Nila 

Merah (Oreochromis sp.). J. Agrisains, 

18(1), 1–12. 298996794.pdf 

(core.ac.uk) 

Geng, X., Dong, X. H., Tan, B. P., Yang, Q. 

H., Chi, S. Y., Liu, H. Y., & Liu, X. Q. 

https://doi.org/10.1590/s1519-69842009000500018
https://doi.org/10.1590/s1519-69842009000500018
https://doi.org/10.5220/0007546705450549
https://doi.org/10.5220/0007546705450549
https://panamjas.org/pdf_artigos/PANAMJAS_10(2)_94-104.pdf
https://panamjas.org/pdf_artigos/PANAMJAS_10(2)_94-104.pdf
https://doi.org/10.1590/0001-3765201820170730
https://doi.org/10.1590/0001-3765201820170730
https://doi.org/10.1111/j.1462-2920.2006.01054.x
https://doi.org/10.1016/J.FSI.2013.01.015
https://doi.org/10.1006/FSIM.1995.0026
https://edepot.wur.nl/201160
https://core.ac.uk/download/pdf/298996794.pdf
https://core.ac.uk/download/pdf/298996794.pdf


Jurnal Biota Vol. 8 No. 1, 2022  | 31 

 

 http://jurnal.radenfatah.ac.id/index.php/biota 

 

(2011). Effects of dietary chitosan and 

Bacillus subtilis on the growth 

performance, non-specific immunity 

and disease resistance of cobia, 

Rachycentron canadum. Fish & 

Shellfish Immunology, 31(3), 400–406. 

doi.10.1016/J.FSI.2011.06.006 

Hameed, U., Muhammad, A. B., Jahngeer, 

A., & Ikram, U. (2015). Determination 

of Microbial load of Drinking Water 

from different areas of Lahore. 

Biologia (Pakistan), 61(1), 151–156. 

https://www.researchgate.net/publicati

on/284731411 

Hu, K., Zhang, J.-X., Feng, L., Jiang, W.-D., 

Wu, P., Liu, Y., Jiang, J., & Zhou, X.-

Q. (2015). Effect of dietary glutamine 

on growth performance, non-specific 

immunity, expression of cytokine 

genes, phosphorylation of target of 

rapamycin (TOR), and anti-oxidative 

system in spleen and head kidney of 

Jian carp (Cyprinus carpio var. Jian). 

Fish Physiology and Biochemistry 

2015 41:3, 41(3), 635–649. 

doi.10.1007/S10695-015-0034-0 

Liu, C.-H., Wu, K., Chu, T.-W., & Wu, T.-

M. (2017). Dietary supplementation of 

probiotic, Bacillus subtilis E20, 

enhances the growth performance and 

disease resistance against Vibrio 

alginolyticus in parrot fish 

(Oplegnathus fasciatus). Aquaculture 

International 2017 26:1, 26(1), 63–74. 

doi.10.1007/S10499-017-0189-Z 

Maftuch, M. (2018). Hematological 

Analysis of Nile Tilapia (Oreochromis 

niloticus) and Striped Catfish 

(Pangasius hypophthalmus) using 

Hematology Analyzer Tool Software 

at Fish Breeding Center Jojogan, 

Tuban, East Java. Research Journal of 

Life Science, 5(2), 107–115. 

doi.10.21776/ub.rjls.2018.005.02.4 

Muñoz-Atienza, E., Araújo, C., Lluch, N., 

Hernández, P. E., Herranz, C., Cintas, 

L. M., & Magadán, S. (2015). 

Different impact of heat-inactivated 

and viable lactic acid bacteria of 

aquatic origin on turbot (Scophthalmus 

maximus L.) head-kidney leucocytes. 

Fish & Shellfish Immunology, 44(1), 

214–223. 

doi.10.1016/J.FSI.2015.02.021 

Naidenko, S. V., Klyuchnikova, P. S., 

Kirilyuk, V. E., & Alekseeva, G. S. 

(2020). Effect of population density on 

number of leukocytes in domestic cats. 

Nature Conservation Research, 5(2), 

89–96. doi.10.24189/ncr.2020.021 

Nair, A. V., Leo Antony, M., Praveen, N. 

K., Sayooj, P., Raja Swaminathan, T., 

& Vijayan, K. K. (2021). Evaluation 

of in vitro and in vivo potential of 

Bacillus subtilis MBTDCMFRI Ba37 

as a candidate probiont in fish health 

management. Microbial Pathogenesis, 

152, 104610. 

doi.10.1016/J.MICPATH.2020.10461

0 

Olmos, J., Acosta, M., Mendoza, G., & 

Pitones, V. (2019). Bacillus subtilis, 

an ideal probiotic bacterium to shrimp 

and fish aquaculture that increase feed 

digestibility, prevent microbial 

diseases, and avoid water pollution. 

Archives of Microbiology 2019 202:3, 

202(3), 427–435. doi.10.1007/S00203-

019-01757-2 

Olmos, J., & Paniagua-Michel, J. (2014). 

Bacillus subtilis A Potential Probiotic 

Bacterium to Formulate Functional 

Feeds for Aquaculture. J Microb 

Biochem Technol, 6(7), 361–365. 

doi.10.4172/1948-5948.1000169 

Rawling, M. D., Merrifield, D. L., 

Snellgrove, D. L., Kühlwein, H., 

Adams, A., & Davies, S. J. (2012). 

Haemato-immunological and growth 

response of mirror carp (Cyprinus 

carpio) fed a tropical earthworm meal 

in experimental diets. Fish & Shellfish 

Immunology, 32(6), 1002–1007. 

doi.10.1016/J.FSI.2012.02.020 

Rieger, A. M., & Barreda, D. R. (2011). 

Antimicrobial mechanisms of fish 

leukocytes. Developmental & 

Comparative Immunology, 35(12), 

1238–1245. 

doi.10.1016/J.DCI.2011.03.009 

https://doi.org/10.1016/J.FSI.2011.06.006
https://www.researchgate.net/publication/284731411
https://www.researchgate.net/publication/284731411
https://doi.org/10.1007/S10695-015-0034-0
https://doi.org/10.1007/S10499-017-0189-Z
https://doi.org/10.21776/ub.rjls.2018.005.02.4
https://doi.org/10.1016/J.FSI.2015.02.021
https://doi.org/10.24189/ncr.2020.021
https://doi.org/10.1016/J.MICPATH.2020.104610
https://doi.org/10.1016/J.MICPATH.2020.104610
https://doi.org/10.1007/S00203-019-01757-2
https://doi.org/10.1007/S00203-019-01757-2
https://doi.org/10.4172/1948-5948.1000169
https://doi.org/10.1016/J.FSI.2012.02.020
https://doi.org/10.1016/J.DCI.2011.03.009


32 | Jurnal Biota Vol. 8 No. 1, 2022   
 

 http://jurnal.radenfatah.ac.id/index.php/biota 

 

Rossi, F., Bellavite, P., & Berton, G. (1982). 

the Respiratory Burst in Phagocytic 

Leukocytes. Phagocytosis–Past and 

Future, January, 167–191. 

doi.10.1016/b978-0-12-400050-

6.50016-6 

Sakai, M. (1999). Current research status of 

fish immunostimulants. Aquaculture, 

172(1–2), 63–92. doi.10.1016/S0044-

8486(98)00436-0 

Secombes, C. J. (2011). Fish immunity: The 

potential impact on vaccine 

development and performance. 

Aquaculture Research, 42(SUPPL. 1), 

90–92. doi.10.1111/J.1365-

2109.2010.02673.X 

Talpur, A. D., Munir, M. B., Mary, A., & 

Hashim, R. (2014). Dietary probiotics 

and prebiotics improved food 

acceptability, growth performance, 

haematology and immunological 

parameters and disease resistance 

against Aeromonas hydrophila in 

snakehead (Channa striata) fingerlings. 

Aquaculture, C(426–427), 14–20. 

doi.10.1016/J.aquaculture.2014.01.013 

Zaineldin, A. I., Hegazi, S., Koshio, S., 

Ishikawa, M., Bakr, A., El-Keredy, A. 

M. S., Dawood, M. A. O., Dossou, S., 

Wang, W., & Yukun, Z. (2018). 

Bacillus subtilis as probiotic candidate 

for red sea bream: Growth 

performance, oxidative status, and 

immune response traits. Fish & 

Shellfish Immunology, 79, 303–312. 

doi.10.1016/J.FSI.2018.05.035 

 

 

 

https://doi.org/10.1016/b978-0-12-400050-6.50016-6
https://doi.org/10.1016/b978-0-12-400050-6.50016-6
https://doi.org/10.1016/S0044-8486(98)00436-0
https://doi.org/10.1016/S0044-8486(98)00436-0
https://doi.org/10.1111/J.1365-2109.2010.02673.X
https://doi.org/10.1111/J.1365-2109.2010.02673.X
https://doi.org/10.1016/J.AQUACULTURE.2014.01.013
https://doi.org/10.1016/J.FSI.2018.05.035

