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Abstract A feeding trial was conducted for 40 days

to delineate the effect of treatment with probiotics as

water additives on tilapia (Oreochromis niloticus)

growth performance and immune response. About 360

juveniles were randomly distributed into four treat-

ment groups, each with three replicates. Different

probiotics (T-1, Bacillus subtilis B10; T-2, Bacillus

coagulans B16; T-3, Rhodopseudomonas palustris

G06) were added to the water of tanks at final

concentration of 1 9 107 cfu ml-1 every 2 days, with

no probiotic added to control tanks. At the end of the

feeding trial, fish treated with B. coagulans B16 (T-2)

and R. palustris G06 (T-3) had significantly

(P \ 0.05) higher final weight, daily weight gain,

and specific growth rate compared with those treated

with B. subtilis B10 (T-1) and those without probiotics

(control). The highest (P \ 0.05) content of total

serum protein was found in T-2 compared with that in

T-1, T-3, and the control. However, albumin concen-

tration and albumin/globulin ratio were not affected by

the probiotics treatments. Compared with the control,

probiotic supplementation remarkably improved activ-

ities of superoxide dismutase and catalase (P \0.05).

T-2 fish exhibited higher average myeloperoxi-

dase activity than the control, T-1, and T-3 groups.

Regarding serum lysozyme content in tilapia, assays

showed no difference (P [ 0.05) among the treatment

groups. Furthermore, probiotics treatments remark-

ably increased respiratory burst activity compared

with control, with T-2 showing higher values than T-1

and T-3. This indicated that treatment with probiotics,

B. coagulans B16 and R. palustris G06, as water

additives could be used to enhance immune and health

status, thereby improving growth performance of

O. niloticus.

Keywords Probiotic � Tilapia �
Oreochromis niloticus � Growth performance �
Immune response

Introduction

With the development of commercial-scale aquacul-

ture, it has become apparent that disease can be a

significant limiting factor (Gomez-Gil et al. 2000).

Due to the high mortality and contagious nature of

disease, large amounts of antibiotics are often used

X. Zhou � W. Li (&)

Microbiology Division, College of Animal Science,

Zhejiang University, 164# Qiutao North Road, 310029

Hangzhou, China

e-mail: wfli@zju.edu.cn

Z. Tian

River and Coastal Environment Research Center, Chinese

Research Academy of Environmental Sciences, 100012

Beijing, China

Y. Wang

Food Quality and Safety Department, Zhejiang

Gongshang University, 310035 Hangzhou, China

123

Fish Physiol Biochem (2010) 36:501–509

DOI 10.1007/s10695-009-9320-z



for therapy. However, indiscriminate use of antibiot-

ics has led to development of drug-resistant bacteria

that are becoming increasingly difficult to control

and eradicate (Esiobu et al. 2002; Nomoto 2005).

Therefore, the need for alternative techniques is

increasing and the contribution of probiotics may be

considerable.

The term ‘‘probiotic’’ was introduced by Parker

(1974). According to his original definition, probio-

tics are ‘‘organisms and substances which contribute

to intestinal microbial balance.’’ A growing number

of studies have dealt explicitly with probiotics, and it

is now possible to survey its state of the art, from

empirical use to the scientific approach (Gatesoupe

1999; Wang et al. 2005; Wang and Xu 2006; Vine

et al. 2006; Wang 2007; Kesarcodi-Watson et al.

2008). Although probiotics for human and terrestrial

animals are dominantly lactic acid bacteria (LAB),

many different genera, including photosynthetic bac-

teria, yeast, and Bacillus have been evaluated as

probiotics in fish (Gatesoupe 1999; Gunther and

Montealegre 2004; El-Haroun et al. 2006; Shelby

et al. 2006; Vine et al. 2006; Aly et al. 2008a, b).

Moriarty (1998) proposed to extend the definition of

probiotics in aquaculture to microbial ‘‘water addi-

tives.’’ The bacteria of Bacillus spp. and Rhodo-

pseudomonas palustris had been documented as

water-cleansing bacteria (Chen and Chen 2001; Lee

et al. 2002; Kim et al. 2005; Satoh et al. 2006; Taoka

et al. 2006a, b). Therefore, this study attempted to

investigate the effect of probiotics, Bacillus subtilis

(B. subtilis), Bacillus coagulans (B. coagulans), and

R. palustris on growth performance, serum biochem-

ical analysis, and immune response of tilapia.

Materials and methods

Probiotics strains

The probiotics, B. subtilis B10, B. coagulans B16,

and R. palustris G06 were isolated from a carp

(Cyprinus carpio) pond in Haining, China. They were

cultured in the laboratory and checked routinely for

purity based on their morphological and biochemical

characteristics during this investigation (Holt 1989).

The probiotics strain, B. subtilis B10 and B. coagu-

lans B16 were cultured and counted on normal

nutrient agar by spore staining with the spread plate

technique (Austin 1988). R. palustris G06 assay

cultures were grown on malate basal medium

according to Van Niel (1971).

Fish and experimental design

Three hundred and sixty healthy tilapia (Oreochromis

niloticus) were provided by the Fish Hatchery of

Hangzhou, China and randomly allocated to four

treatments, each of which had three 200-l tanks of 30

fish per tank. The tilapia received the same diet,

containing 37.53% crude protein, 3.82% crude fat,

and 10.79% crude ash related to wet matter, and

6.89% moisture, based on NRC (1993) recommen-

dations. Different probiotics (T-1, Bacillus subtilis

B10; T-2, Bacillus coagulans B16; T-3, Rhodo-

pseudomonas palustris G06) were added to water of

the tanks at final concentration of 1 9 107 cfu ml-1

every 2 days, with no probiotic added to control

tanks. Three selected strains were grown in each

culture medium in a shaking incubator at 30�C. After

incubation, the cells were harvested by centrifugation

(2,000g), washed three times with phosphate buffered

saline (PBS, pH 7.2, Sangon, China), and resus-

pended in the same buffer before use. The trial was

carried out for 40 days. The tanks were supplied with

running fresh water filtered through a special cotton

filter (flow rate 1 l min-1), then passed successively

through a tungsten heater. In this study, there was a

separate recirculation system for every tank. All fish

were maintained at 25 ± 1�C with 50% water change

every 2 days before the addition of probiotics and

12 h dark/12 h light photoperiod during the entire

trial. For water quality control, temperature and

dissolved oxygen were measured daily, and measure-

ments of total ammonium, nitrite, and pH levels were

made weekly using the Hach kit model DREL 2400

(Hach Company, CO, USA). Dissolved oxygen level

was maintained above 6.0 mg l-1 by setting the air

pump. Fish were fed two times daily at 08:00 h and

18:00 h with diet. Daily feeding rate was about 3% of

total body weight (g) and was properly regulated

according to actual intake of tilapia.

Sampling and analytical methods

Weight of all collected tilapia determined at the 1st

and 40th day were treated as initial weight and

final weight, respectively. Fish survival was also
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determined by counting individuals in each tank.

Daily weight gain (g day-1) (DWG) was calculated

as: (final weight - initial weight)/40 (g day-1).

Specific growth rate (SGR) was calculated using the

following formula: 100(ln W2 - ln W1) T-1. Where

W1 and W2 are the initial and final weight, respec-

tively, and T is the number of days (40) in the feeding

period.

At the end of the 40-day culture, fish were sampled

randomly from each tank and anaesthetized in diluted

MS-222 (ethyl 3-aminobenzoate methanesulfonate,

Tricaine; Sigma; 1:2,500) in order to study the effect

of probiotics on biochemical indexes and immune

responses. Blood from eight fish was withdrawn from

caudal vein into plastic Eppendorf tubes using 1-ml

syringe and no. 7 needle containing anticoagulant

solution. For serum samples preparation, blood was

collected into Eppendorf tubes without anticoagulant

in syringe and mixed and kept at 4�C for 12 h and

then centrifuged (4�C, 3,000g for 15 min). The

supernatants were collected as the serum samples

and stored immediately at -70�C until use.

The serum samples collected earlier were analyzed

for total protein using the method of Bradford (1976)

and albumin content according to Doumas et al.

(1971). The globulin content (subtracting albumin

from total protein) and albumin/globulin (A/G) ratio

were measured using commercial kits (Nanjing

Jiancheng Bioengineering Institute, China). Further-

more, superoxide dismutase (SOD) activity, catalase

(CAT) activity, and total antioxidation competence

(T-AOC) were also evaluated using commercial kits

(Nanjing Jiancheng Bioengineering Institute, China)

based on the methods described in the instructions.

Assays for myeloperoxidase (MPO) activity in

tilapia serum were carried out as described by

Kuamari and Sahoo (2005) with slight modification.

Serum samples (10 ll) were diluted ten times with

Hanks balance saline solution (HBSS, Ca2? and

Mg2? free) in 96-well plates, and then freshly

prepared substrate of MPO, 35 ll 20 mM 3,30,5,50-
tetramethylbenzidine hydrochloride (TMB, Sigma),

and 5 mM H2O2 were added and incubated at 30�C

for 30 min to allow the color change reaction to

progress completely. Then the color reaction was

stopped by adding 35 ll 4 M sulfuric acid (H2SO4)

and optical density was read at 450 nm by plate

reader (Thermo Multiskan MK3). Standard samples

without serum were also analyzed. One unit of MPO

activity was defined as when 1 lmol H2O2 was

reduced by each liter of serum at 30�C.

A turbidimetric assay utilizing lyophilized Micro-

coccus flavus NCIMB8166 was used to determine

serum lysozyme content according to Parry et al.

(1965) with a slight modification. Lyophilized M. fla-

vus cells were resuspended in 2.0 ml 0.05 M phos-

phate buffer (pH 6.2) at concentration of

0.25 mg ml-1 and incubated at 30�C for 5 min, after

which 200 ll serum was added to 2.0 ml suspension

and transmittance was measured after 5 and 125 s at

540 nm (Thermo Multiskan MK3). The lysozyme

content was calculated as follows: Lysozyme con-

tent =amount of sample causing a decrease in trans-

mittance/the amount of standard causing a decrease

in absorbance 9 concentration of the standard.

Respiratory burst activity of the phagocytes was

determined by nitroblue tetrazolium (NBT, Sigma)

assay following the method of Choudhury et al.

(2005). About 50 ll blood was placed into the wells

of 96-well plate and incubated at 30�C for 60 min to

allow adhesion of cells. Then the supernatant was

removed and the wells were washed three times in

PBS (pH 7.2). After washing, 50 ll 0.2% NBT was

added and incubated for a further 60 min. The cells

were then fixed with 100% methanol for 3 min and

washed three times with 30% methanol. The plates

were air-dried and 60 ll 2 N potassium hydroxide

and 70 ll dimethyl sulfoxide were added to each

well. Absorbance (OD) was read at 540 nm in a plate

reader (Thermo Multiskan MK3).

Statistical analysis

Analysis of variance (ANOVA) was used to deter-

mine the significant variation between the different

tested groups. Statistical significance was settled at a

probability value of P \ 0.05. All statistics were

performed using SPSS version 11.5 (SPSS, Chicago,

IL, USA) for Windows.

Results

Growth performance

There were no significant differences in total ammo-

nium (0.00–0.05 mg l-1), nitrite (0.00–0.01 mg l-1),
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and pH (7.0–7.5) of water among all the tanks. The

results of growth performance of tilapia (O. niloticus)

treated with (T-1, T-2, and T-3) or without (control)

probiotics are presented in Table 1. In the case of

initial weight and survival rate, no significant differ-

ences (P [ 0.05) were observed in the present study.

At the end of the feeding trial, fish treated with

B. coagulans B16 (T-2) and R. palustris G06 (T-3) as

water additives had significantly (P \ 0.05) higher

final weight, DWG, and SGR compared with those

treated with B. subtilis B10 (T-1) and without

probiotics (control). However, there was no remark-

able difference (P [ 0.05) between T-2 and T-3. No

differences were observed for final weight, DWG,

and SGR between T-1 and the control.

Biochemical analysis

The effects of probiotics (T-1, B. subtilis B10; T-2,

B. coagulans B16; T-3, R. palustris G06) supple-

mented as water additive on the concentrations of

total serum protein, albumin, globulin, and A/G ratio

of tilapia (O. niloticus) are summarized in Table 2.

The highest (P \ 0.05) content of total serum protein

(53.75 ± 3.59 g l-1) was found in T-2 compared

with that in T-1 (46.13 ± 2.09 g l-1), T-3 (41.36 ±

5.87 g l-1), and the control (43.16 ± 5.04 g l-1).

However, the concentration of total serum protein

was not significantly difference among T-1, T-3, and

the control (P [ 0.05). Albumin concentration and A/

G ratio in tilapia serum samples were not affected by

the probiotics treatments. Compared with the control

and T-3, B. coagulans B16 supplementation as water

additive remarkably improved globulin concentration

(P \ 0.05). Addition of B. subtilis B10 in tanks water

numerically improved the globulin concentration in

fishes compared with T-3 and the control, but the

improvement was not significant (P [ 0.05). More-

over, no significant difference in globulin content of

tilapia between T-1 and T-2 was detected.

Immune response

The SOD activity, CAT activity, and T-AOC of

tilapia serum samples treated with (T-1, T-2, and T-3)

or without (control) probiotics as water additives

are shown in Table 3. Compared with the con-

trol, probiotic supplementation remarkably improved

Table 1 Growth performance of tilapia (Oreochromis niloticus) treated with (T-1, T-2, and T-3) or without (control) probiotics

Group/treatment Control T-1 T-2 T-3

Initial weight (g) 6.93 ± 0.51a 7.05 ± 0.42a 6.73 ± 0.46a 6.87 ± 0.45a

Final weight (g) 28.15 ± 2.06a 28.76 ± 1.98a 32.98 ± 1.73b 33.05 ± 1.64b

Survival (%) 100a 100a 100a 100a

DWG (g day-1) 0.53 ± 0.04a 0.54 ± 0.04a 0.66 ± 0.03b 0.65 ± 0.03b

SGR (%) 3.50 ± 0.02a 3.51 ± 0.03a 3.97 ± 0.05b 3.93 ± 0.09b

Results relating to growth performance of tilapia including initial weight, final weight, DWG, and SGR are presented as

means ± standard error (SE) of triplicate observations. Means in the same row with different lower-case letters are significantly

different (P \ 0.05)

DWG daily weight gain, SGR specific growth rate, T-1 B. subtilis B10, T-2 B. coagulans B16, T-3 R. palustris G06

Table 2 Effects of probiotics (T-1, B. subtilis B10; T-2, B. coagulans B16; T-3, R. palustris G06) on the concentrations of total

serum protein, albumin, globulin, and A/G ratio of tilapia, Oreochromis niloticus

Group/treatment Control T-1 T-2 T-3

Total serum protein (g/l) 43.16 ± 5.04a 46.13 ± 2.09a 53.75 ± 3.59b 41.36 ± 5.87a

Albumin (g/l) 3.84 ± 0.47a 3.77 ± 0.29a 3.72 ± 0.21a 3.89 ± 0.19a

Globulin (g/l) 39.29 ± 5.48a 42.36 ± 1.97ab 50.02 ± 3.74b 37.63 ± 4.17a

A/G ratio 0.10 ± 0.01a 0.09 ± 0.00a 0.08 ± 0.01a 0.10 ± 0.01a

Results of tilapia serum biochemical analysis were presented as means ± SE of triplicate observations. Means in the same row with

different lower-case letters were significantly different (P \ 0.05)

A/G ratio albumin/globulin ratio
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activities of SOD and CAT (P \ 0.05). However,

there was no significant difference (P [ 0.05)

between treatments (T-1, T-2, and T-3). Furthermore,

serum T-AOC of tilapia was not affected by probi-

otics treatments.

The effects of probiotics on the myeloperoxidase

(MPO) activity are shown in Fig. 1. The results

obtained in the present research showed that the

groups receiving B. coagulans B16 (T-2) exhibited

higher average MPO activity (164.67 ± 13.05 U)

than the control (73.33 ± 6.11 U), T-1 (86.67 ±

7.51 U), and T-3 (96.34 ± 10.07 U) groups after

40 days of treatment. MPO activity was not signifi-

cantly different between groups receiving the probi-

otics B. subtilis B10 (T-1) and R. palustris G06 (T-3).

Furthermore, no remarkable difference (P [ 0.05)

was observed in MPO activity between T-1 and the

control. For serum lysozyme content in tilapia, assays

showed no difference (P [ 0.05) among all treatment

groups (Fig. 2). The data on respiratory burst

activities (OD540) of tilapia treated with and without

probiotics at the end of 40 days culture are shown in

Fig. 3. In our study, a significant increase (P \ 0.05)

in fish serum activity of respiratory burst was

observed in the groups treated with probiotics

Table 3 Effects of probiotics (T-1, B. subtilis B10; T-2, B. coagulans B16; T-3, R. palustris G06) on activities of SOD, CAT, and

T-AOC of tilapia, Oreochromis niloticus

Group/treatment Control T-1 T-2 T-3

SOD (U ml-1) 48.46 ± 5.04a 97.85 ± 8.86b 86.54 ± 7.13b 81.36 ± 7.13b

CAT (U ml-1) 3.98 ± 0.38a 5.63 ± 0.67b 5.72 ± 0.72b 6.03 ± 0.63b

T-AOC (U ml-1) 5.64 ± 0.48a 5.79 ± 0.53a 6.05 ± 0.58a 6.19 ± 0.57a

Results were presented as means ± SE of triplicate observations. Means in the same row with different lower-case letters were

significantly different (P \ 0.05)

SOD superoxide dismutase, CAT catalase, T-AOC total antioxidation competence
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Fig. 1 Myeloperoxidase (MPO) activity of tilapia treated with

probiotics, B. subtilis B10 (T-1), B. coagulans B16 (T-2), and

R. palustris G06 (T-3), and without probiotics (control) at the

end of 40 days culture. Means with different superscripts were

significantly different (P \ 0.05)
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Fig. 3 Respiratory burst activities (OD540) of tilapia treated

with probiotics, B. subtilis B10 (T-1), B. coagulans B16 (T-2),

and R. palustris G06 (T-3), and without probiotics (control) at

the end of 40 days of culture. Means with different lower-case

letters were significantly different (P \ 0.05)
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Fig. 2 Serum lysozyme content of tilapia treated with

probiotics, B. subtilis B10 (T-1), B. coagulans B16 (T-2),

and R. palustris G06 (T-3), and without probiotics (control) at

the end of 40 days of culture. Means with different lower-case

letters are significantly different (P \ 0.05)

Fish Physiol Biochem (2010) 36:501–509 505

123



compared with the control without any probiotic.

Respiratory burst activity in T-2 was remarkably

higher (P \ 0.05) than that in T-1. However, there

was no significant difference (P [ 0.05) between T-2

and T-3. In addition, also no significant difference was

observed in T-1 and T-3.

Discussion

Application of bacteria for their potential benefit as

probiotics in aquaculture is increasing (Balcázar

et al. 2006; Gatesoupe 2007). Aly et al. (2008b)

evaluated the potential benefit of Bacillus pumilus as

a probiotic in the culture of tilapia (O. niloticus) and

showed that a low dose of Bacillus pumilus (106 g-1

diet fed) induced significant increases in weight gain

when used for 2 months. A similar finding was

obtained by Taoka et al. (2006a), who investigated

the effect of commercial probiotics (containing

Bacillus subtilis, Lactobacillus acidophilus, Clos-

tridium butyricum, and Saccharomyces cerevisiae)

on growth of Japanese flounder (Paralichthys oliva-

ceus) and showed that addition of probiotics to diet

or rearing water resulted in enhanced growth of the

flounder. In this work, it was clear that administra-

tion of probiotics, B. coagulans B16 and R. palustris

G06 via tank water, had beneficial effects on growth

performance of tilapia, O. niloticus. Overall, the

beneficial effects of probiotics on fish performance

parameters were in agreement with a larger number

of other researchers who studied the use of probi-

otics in tilapia (Lara-Flores et al. 2003; El-Haroun

et al. 2006; Wang et al. 2008) compared with studies

lacking positive effects (Gunther and Montealegre

2004; Shelby et al. 2006). However, there was no

significant difference in growth performance of T-1

treated with B. subtilis B10 compared with the

control. This indicated that the kind of probiotic

used was one of the factors promoting growth

performance of tilapia. In addition, there were no

significant effects of probiotics on water quality,

such as total ammonium, nitrite or pH, among all

groups; they were stable and within acceptable

ranges (Boyd and Tucker 1998).

In the present research, fish treated with B. coag-

ulans B16 as water additive showed higher concen-

trations of serum protein and globulin than the

control. This was in agreement with previous studies

which showed that serum protein and globulin in fish

treated with different immunostimulants, i.e., b-

glucan and yeast RNA, were always higher than the

control (Choudhury et al. 2005; Misra et al. 2006).

However, compared with the control, no significant

difference in serum protein and globulin contents of

tilapia treated with B. subtilis B10 (T-1) and R. pa-

lustris G06 (T-3) was detected. Similar result was

obtained by Wang et al. (2008), who investigated the

effect of a probiotic bacterium, Enterococcus faecium

ZJ4, on growth performances of tilapia (O. niloticus)

and showed that the bacterium did not affect the

concentration of serum protein and globulin contents.

Therefore, it was necessary to consider the possibility

of strain differences, as suggested by Bogut et al.

(1998) and Lara-Flores et al. (2003).

Amongst the modes of action through which

probiotic bacteria exerted their beneficial effects,

there is increasing evidence that such bacteria could

also effectively improve host innate and adaptive

immune responses (Austin et al. 1995; Isolauri et al.

2002; Heyman and Ménard 2002; Taoka et al. 2006a,

b). In our study, the presence of probiotics, B. coag-

ulans B16 and R. palustris G06, indicated that they

were able to increase immune responses such as MPO

activity, respiratory burst activities, SOD activity,

and CAT of tilapia. These results suggest that

increased growth performance might be attributed

to improved immune responses. On the contrary, no

specific immune enhancement was observed in young

tilapia, O. niloticus, treated with commercial probi-

otics (Shelby et al. 2006). However, this does not

preclude the usefulness of probiotics in aquaculture

because the commercial probiotics used were devel-

oped for terrestrial livestock and might be unsuitable

for tilapia.

The activities of MPO were higher in the T-2 and

T-3 than in the control group. Overall, the beneficial

effects of probiotics on MPO activity were in

agreement with a larger number of other researchers

who studied use of probiotics in aquaculture (Rod-

rı́guez et al. 2004; Kumari and Sahoo 2006; Wang

et al. 2008). This indicates that modulation of MPO

activity was one of the most immediate and key

effects produced by probiotic bacteria on the host

immune system.

The level of serum lysozyme was thought to be

mainly due to phagocytic cells, monocytes, and

neutrophils (Murray and Fletcher 1976). In the
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present study, serum lysozyme content of tilapia was

not affected by treatment with probiotics as water

additives. On the other hand, it appeared that this

finding was responsible for the 100% survival after

40 days of culture in the present study. The previous

study showed that serum lysozyme activities of

tilapia decreased after Edwardsiella tarda pathogenic

infection in all groups and that the decrease was

greater in fish treated with probiotics (Pirarat et al.

2006). This might be associated with our experimen-

tal conditions, which maintained good tank water

quality and assured no pathogenic infection during

40 days of culture. However, it had been shown that

injection of ß-glucan induced significantly elevated

lysozyme activity (Misra et al. 2006). A similar

finding was obtained by Taoka et al. (2006a, b), who

investigated the effect of commercial probiotic on the

nonspecific immune system of tilapia (O. niloticus)

and showed that addition of probiotics to the rearing

water resulted in enhanced lysozyme activity. Thus,

further studies are needed to reveal the relationship

between lysozyme activity fluctuations and different

immunostimulants such as some pro- and prebiotics.

The NBT test used to determine respiratory burst

activity showed significantly increased values in all

the current tested groups that were given probiotics

when compared with the control group. The groups

given B. coagulans B16 showed higher values than

the other groups, suggesting that the probiotics might

enhance nonspecific immune responses. Salinas et al.

(2006) reported that respiratory burst activity of

teleost fish (Sparus aurata L.) increased in vitro by

the addition of heat-inactivated Lactobacillus del-

brüeckii ssp. Lactis. Similar result was also observed

by Nikoskelainen et al. (2003), who reported that

rainbow trout fed L. rhamnosus (8 9 104 cfu g-1)

for 2 weeks showed a significant increase in respira-

tory burst activity compared with the control group.

Further studies of respiratory burst activity are

needed to better understand the exact reason why

different probiotics strains supplemented in tanks as

water additives show different results.

It could be concluded that treatment with probi-

otics, B. coagulans B16 and R. palustris G06, as

water additives could be used to enhance immune and

health status, thereby improving growth performance

of O. niloticus. However, further extensive testing,

including combined probiotics effects and full com-

mercial cost–benefit analysis, is necessary before

recommending its widespread application in aqua-

culture. The addition of probiotics to aquaculture, in

general, requires further research to clearly under-

stand the functional mechanism among the microor-

ganisms, and how probiotics work in the digestive

tract of tilapia or other fish.
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