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Abstract The aim of the present work was to isolate probiotic
bacteria from the intestinal tract of healthy freshwater prawn
Macrobrachium rosenbergii and to examine the effect of the
isolated probiotic Bacillus vireti 01 in controllingPseudomonas
aeruginosa infection. This is probably the first report on the
isolation of probiotic B. vireti 01 from the intestine of
M. rosenbergii. The compounds present in B. vireti 01 were
identified using GC-MS analysis. The effect of B. vireti 01-
incorporated diet on survival and antioxidant enzymes was
studied in M. rosenbergii for 2 weeks. Decreased mortality
was observed in M. rosenbergii which were administered with
the probiotic diet compared to control diet. The antioxidant
defence enzymes activities such as SOD, catalase and GSH
were analysed in various organs of M. rosenbergii probiotic-
treated and control groups. Antioxidant enzyme activities were
considerably lowered (p < 0.01) in the muscles, hepatopancreas
and gills of prawns infected by P. aeruginosa when compared
to that of prawns fed with the probiotic-supplemented diet. The
histopathological results suggest that the hepatopancreas, gills
and muscles infected with P. aeruginosa were altered structur-
ally. The result of the present work demonstrates that the pro-
biotic B. vireti 01 could be used as a substitute to antibiotics for
treating P. aeruginosa infection in prawns.
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Introduction

For the past few years, aquaculture has turned into the
quickest developing food-producing sector and has a signifi-
cant role in supplementing economic development and global
food supply [1]. The culture of giant freshwater prawn
Macrobrachium rosenbergii known as scampi is rapidly
expanding in many countries. In India, M. rosenbergii is one
of the most important commercial crustaceans as it has high
demand in the domestic and export markets [2, 3]. One of the
biggest problems in prawn hatcheries is the existence of infec-
tious diseases of bacterial and viral origins which negatively
influence prawn production. Pseudomonas aeruginosa is a
Gram-negative rod-shaped bacterium which causes infections
in both fish and crustacean species. Several species of the
genus Pseudomonas have been reported to be opportunistic
pathogens causing diseases in the host when subjected to
stress [4]. P. aeruginosa was identified as harmful to
M. rosenbergii [5]. Prakash and Karmagam [6] isolated the
bacterial strain P. aeruginosa from M. rosenbergii farms of
two different places namely Marakanam and Nelakarai (place
1) and Kanchipuram (place 2), and the percentages of infec-
tion were found to be 18.3 and 30%, respectively.

The use of antibiotics was the first line of treatment for
bacterial diseases and also for maintenance of a healthy envi-
ronment in hatcheries and prawn culture. An undesirable and
unavoidable consequence of using antibiotics for treating bac-
terial infection may be the development of resistance to dif-
ferent antibiotics [7]. Frappaolo et al. [8] reported that the
resistance developed was transferred to the pathogenic organ-
ism. This promoted a decrease in the effectiveness of antibi-
otic treatment. To improve and maintain a healthy environ-
ment for aquaculture to flourish, the use of probiotics has
proved to be a great boon. Probiotics are microorganisms that
can be used to increase the immune response, intestinal
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microbial balance and growth performance and also to prevent
the entry of pathogens [9]. Prawn and shrimp possess non-
specific immunological response. It is precisely because of
this reason that the treatment of bacterial infection using
probiotics might be a better alternative to give a broader spec-
trum and non-specific disease protection through immune
modulation [10].

Probiotic bacteria have an effect on aquaculture produc-
tion. The mechanism by which it works is not known. There
are no reports on the exact mode of action of probiotic bac-
teria in vivo. Antagonistic compounds of chemical sub-
stances produced by microorganisms are toxic or inhibitory
to microbes. The presence of bacteria-producing antibacte-
rial compounds can inhibit the proliferation of pathogenic
bacteria. A probable explanation for the curative effect of
probiotic microorganism may be that the dietary supple-
mentation of a probiotic with antioxidant and antagonistic
properties might prevent the animal from oxidative stress
caused by the pathogenic bacteria [11].

Every animal needs O2 for the generation of energy and
also for the oxidation of food. Throughout this process, O2

undergoes tetravalent reduction to water. Partial reduction of
O2 leads to the formation of reactive oxygen species (ROS),
like superoxide anion (O2), hydrogen peroxides (H2O2) and
hydroxyl radicals (OH•) which may cause cell damage. In
normal cells, ROS production is detoxified by antioxidant
enzymes such as superoxide dismutase (SOD), catalase
(CAT) and reduced glutathione (GSH) [12]. Treating the
aquatic animals with probiotic bacteria might help to reduce
or even eliminate toxicity of ROS production by increasing or
maintaining the antioxidants in the animals [13].

The aim of the current work was to isolate and identify pro-
biotic bacteria from the intestine of M. rosenbergii and to study
its effects on antioxidant defence system ofM. rosenbergiiwhen
challenged with P. aeruginosa.

Materials and Methods

Collection of Experimental Animals

Healthy adult freshwater prawnsM. rosenbergii with an aver-
age weight of 28 ± 3 g were procured from a commercial farm
in Chengalpattu, India. The prawns which were collected were
brought to the laboratory in live condition and were acclima-
tized under aerated conditions for 15 days at 27–28 °C. The
collected animals were fed twice a day with commercial pellet
feed (Taiyo Feed Mill Pvt. Ltd).

Isolation of Intestinal Bacteria

The intestinal microbes were isolated from the intestines of
three healthyM. rosenbergii following the procedure of Jafari

et al. [14]. They were first euthanized by immersion in
tricainemethanesulfonate (MS-222). The intestines of the col-
lected prawns were dissected under aseptic condition and
washed thrice with normal saline (NaCl 0.85% w/v). They
were then cut into small pieces and homogenized in a
surface-sterilizedmortar and pestle using 5ml of 0.85% sterile
saline solution [15]. The homogenized samples were then se-
rially diluted (tenfold) with sterile saline solution. A diluted
sample of 0.1 ml was spread aseptically on sterilized Tryptic
soya agar (Himedia) followed by incubation at 37 °C for 48 h.
The bacterial colonies observed over Tryptic soya agar plates
were maintained under refrigeration at a temperature of 4 °C
for further studies.

Pathogens Used To Study In Vitro Activity

Four bacterial pathogens, Vibrio parahaemolyticus (MTCC451),
Aeromonas salmonicida (NCTC10408), Pseudomonas
aeruginosa (MTCC1688) and Citrobacter freundii (MTCC
6736) were used to study the inhibitory activity of the isolated
intestinal bacteria.

In Vitro Activity by Well Diffusion Method

Inhibition of the pathogenic bacterium by the four isolated in-
testinal bacteria was tested by well diffusion assay [16]. Briefly,
100 μl of different pathogenic strains V. parahaemolyticus,
A. salmonicida, P. aeruginosa and C. freundii (108 CFU/ml)
were swabbed on Muller-Hinton agar (Himedia) plate. A well
of 7 mm diameter was made over the agar surface, and it was
filled with 50 μl of a cell-free supernatant of the four isolated
intestinal bacterial strains. Cell-free supernatants of the isolated
intestinal bacterial strains were prepared by centrifugation at
8000 rpm for 10 min. After addition, the plates were incubated
at 37 °C for 48 h and the diameter of inhibition zones formed
around the well was measured [17].

Identification of Isolated Intestinal Bacteria

The morphological and biochemical characteristics of the in-
testinal bacteria which showed zone of inhibition were studied
using Bergey’s Manual of Systematic Bacteriology, Eighth
Edition [18]. Preliminary identification of the bacteria isolated
was based on this. The isolated bacterium was further con-
firmed by 16S ribosomal RNA (rRNA) sequence analysis.
The gene encoding the 16S rRNA sequence was amplified
using gene-specific forward and reverse primers 5′
TACGCATTTCACCGCTAC 3′ and 5′GGCTTCGG
CTATCACTTAC 3′, respectively. The primer was designed
using Primer Premier Software, and the expected size of
amplicon was 497 bp.
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Identification of Compounds by Gas
Chromatograpy-Mass Spectrometry Analysis

Twenty-five millilitres of the isolate which showed zone of
inhibition against the pathogen was cultured at conc.
108 CFU/ml and enabled to grow in nutrient broth till its
exponential stage. The bacterial culture was then spun at
8000 rpm for 10 min in a cooling centrifuge. The supernatant
was collected and lyophilised to remove the moisture content
to obtain a dried pellet. It was then taken for GC-MS analysis.
The Clarus 680 GC which was used in the analysis was used
as a fused silica column, packed with Elite-5MS (5% biphe-
nyl/95% dimethylpolysiloxane, 30m × 0.25mm ID × 250 μm
df). The components were separated using helium as a carrier
gas at a constant flow of 1 ml/min. The injector temperature
was set at 260 °C during the chromatographic run. One
microlitre of the sample was injected to the column. The tem-
perature of the oven was set at 60 °C for 2 min. It was then
increased to 300 °C at the rate of 10 °C/min and 300 °C, where
it was held for 6 min. The mass detector conditions were as
follows: transfer line temperature 240 °C; ion source temper-
ature 240 °C; and ionization mode electron impact at 70 eV,
scan time 0.2 s and scan interval 0.1 s. The final results were
compared with the database of spectrum of known compo-
nents stored in the GC-MS NIST (2008) library [19].

Virulence Factor

The phenotypic test was performed to study the safety char-
acteristics of isolated intestinal bacteria. An intestinal bacteri-
um was used to evaluate the production of virulence factors
like protease production and lipase production following the
method of Barbosa et al. [20]. Results were interpreted by
observing the clear zone around the colonies.

Biotoxicity Test of Intestinal Bacteria

Twenty microlitres (108 CFU/ml) of isolated intestinal
strain was intraperitoneally injected into five prawns with
an average weight of 25 ± 2 g to evaluate the toxic effect of
isolated probiotic B. vireti 01. The same volume of sterile
saline (0.85% NaCl) was injected into a control group. The
experiments were conducted in triplicates. Prawns were
maintained at a temperature of 23–27 °C with continuous
aeration. They were monitored daily for 10 days after intra-
peritoneal injection to observe mortality rate and also to
detect clinical signs [17].

Bacterial Pathogenicity

Pathogenicity was tested according to the modified method of
Thanigaivel et al. [21] and Thomas et al. [22]. Two groups of
animals were taken to study the pathogenicity of the bacterial

strain P. aeruginosa in healthy freshwater prawns. One group
of animals (nine prawns) was injected with 30 μl of bacterial
suspension of P. aeruginosa (108 cells/ml) into the abdominal
segment of the prawns. The bacterial suspension was prepared
by centrifugation at 7000 rpm for 10 min and washed twice
with sterile PBS. Another group of animals (nine prawns) was
used as control which was injected with sterile PBS buffer.
The mortality rate and symptoms were recorded daily.

Diet Preparation

The method of Rengpipat et al. [10] was followed. The intes-
tinal bacterial strain was harvested by spinning at 6000 rpm
for 10 min at 4 °C in a cooling centrifuge. It was then washed
with sterile saline 0.9% (w/v). The suspension was then resus-
pended in sterile saline to obtain a final concentration of
108 cells/ml. B. vireti 01 probiotic suspension (108 cells/ml)
was then mixed thoroughly with the normal diet. After mixing
with the normal diet, it was made into a pellet, which was
further used for the experiments.

Experimental Design and Bacterial Challenge Study

Healthy adult prawns were acclimatized in fresh water for
1 week before the experiment by feeding with commercial
feed. Prawns were distributed into nine tanks, each tank con-
taining five prawns with 15,000 ml water. The prawns in three
tanks were fed a commercial diet (group 1), prawns in another
three tanks were fed with probiotic-supplemented diet (group
2) and prawns in the remaining three tanks were used as a
control group and fed with commercial diet during the entire
experimental period. Prawns were fed twice a day at the rate of
6% body weight per day for 2 weeks.

After 2 weeks of feeding experiment, prawns in group 1
and group 2 fed with commercial feed and probiotic-
supplemented feed, respectively, were intraperitoneally chal-
lenged with 30 μl of bacterial suspension of P. aeruginosa
(108 CFU/ml), whereas the control group was not challenged
with P. aeruginosa. Mortality rates were then recorded each
day for 14 days following the injection. The guts of the prawns
were collected to enumerate the total amount of P. aeruginosa
and B. vireti 01 after the challenge withP. aeruginosa (group 1
and group 2) by growing on Muller-Hinton agar plates [23].

In Vivo Antioxidant Enzyme Activity

Hepatopancreas, gills and muscles were excised from the two
groups of animals (one fed with normal diet and the other fed
with probiotic-supplemented diet) challenged with
P. aeruginosa. Prawns not challengedwithP. aeruginosawere
used as a control group. The group of animals supplemented
with normal feed and then challenged with P. aeruginosa and
the group supplemented with probiotic feed and then
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challenged with P. aeruginosa are hereafter mentioned as the
infected and treated groups, respectively. Hepatopancreas,
gills and muscles were excised from survived and dead ani-
mals of control, infected and treated groups and homogenized
in phosphate buffer using pestle and mortar. The homogenates
of different organs were then centrifuged at 6000 rpm for
10 min at 4 °C and the supernatants obtained were stored at
− 80 °C for further analysis. The levels of the different anti-
oxidant enzymes such as protein, superoxide dismutase
(SOD), catalase (CAT) and reduced glutathione (GSH) were
measured.

Protein Estimation The Bradford method [24] was used to
determine the protein concentration in different groups.
Bovine serum albumin was used as a standard.

SOD Assay SOD was calculated according to the method of
Kono [25]. The reaction mixture containing 1.3 ml of 50 mM
sodium carbonate buffer (pH 10.0), 500 μl of 96 μM nitro
blue tetrazolium (NBT) and 100 μl of Triton X-100 (0.6%)
was taken. Then, 100 μl of 20 mM hydroxylamine hydrochlo-
ride (pH 6.0) was added to initiate the reaction. The enzyme
extract of 70 μl was added after 2 min. The percentage of
inhibition was recorded as an increase in absorbance at
540 nm. Formation of the purple colour was used as an indi-
cator of NBT reduction by superoxide radicals.

Catalase Assay Catalase activity was determined by using a
UV spectrophotometer according to the method of Xu et al.
[26]. Ten microlitres of the sample was added to 3.0 ml of
H2O2 prepared in phosphate buffer, pH 7.0 at 25 °C. The
change in H2O2 absorbance in 60 s was measured with a
UV-220 spectrophotometer at 250 nm and expressed in units
of enzyme activities per gramme of tissue wet weight.

Reduced Glutathione Assay The procedure of Ellman [27]
was followed to evaluate the reduced GSH level. The homog-
enates were precipitated by the addition of an equal volume of
5% trichloroacetic acid (TCA). The mixture was then allowed
to stand for 5 min and thereafter centrifuged for 10 min at
6000 rpm. Two hundred microlitres of the supernatant was
collected and transferred to fresh tubes. Then, 1.8 ml of the
Ellman’s reagent (5, 5′-dithio bis2-nitrobenzoic acid (0.1 mM)
prepared in 0.3 M phosphate buffer with 1% of sodium citrate
solution) was added. All the test tubes were then made up to
2 ml. After the completion of the total reaction, the absorbance
of the solution was measured at 412 nm against that of the
blank. The sample absorbance was compared with a standard
curve generated from known GSH.

Histopathology Analysis

Histopathological analysis of the hepatopancreas, gills and
muscles of M. rosenbergii was carried out for both treated
and infected groups. Both groups were compared with the
control group that was not challenged with P. aeruginosa. A
small portion of different organs was taken and fixed in 10%
formalin solution for histopathology studies. Samples were
then stained with haematoxylin and eosin (H and E).

Statistical Analysis

The results were analysed and data are expressed as the
mean ± standard error (S.E). Statistical analyses were done
on all the data using two-way ANOVA. A value of p < 0.01
was considered to be statistically significant. Percentage sur-
vival of prawns challenged with the bacterial pathogen was
analysed using Kaplan-Meier survival analysis [28].

Results

In Vitro Activity of Isolated Intestinal Bacteria

A total of four different bacterial isolates was obtained from the
intestines of the prawns. Among the four isolates, one bacterial
isolate showed a zone of inhibition against P. aeruginosa. This
was chosen for further investigation due to its antibacterial ac-
tivity. The supernatant of the isolated strain showed an inhibi-
tion zone of 4 mm diameter against P. aeruginosa. No zone of
inhibition was observed for the isolated strain against other
pathogens, namely, V. parahaemolyticus, A. salmonicida and
C. freundii.

Identification of Intestinal Bacteria

Based on the morphological and biochemical characteristics,
the isolated bacteria were identified as Bacillus sp.
Morphological characteristics revealed that the isolated bacte-
rium was Gram positive and motile and had short rods. The
isolated intestinal bacteria were further confirmed by 16S
rRNA gene sequencing as B. vireti 01-like organisms with
99% identity. The GenBank accession number of the identi-
fied strain is KU601617. The PCR result revealed an amplifi-
cation of 497 bp (data not shown).

Identification of Compounds by GC-MS Analysis

The culture supernatant of B. vireti 01 grown in nutrient broth
was subjected to GC-MS analysis to identify the compounds
present in the strain. From the result of GC-MS analysis, ma-
jor peaks were detected and the compounds present in the
peak were identified using a Wiley library. The activities of
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the compounds, molecular formula and molecular weight are
listed in Table 1. Gas chromatography-mass spectrum analysis
of the B. vireti 01 probiotic showed major peaks for
pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro-, which is an ef-
ficient antimicrobial agent, and 9-octadecenamide, (Z)-,
which is an antioxidant and antimicrobial agent.

Virulence Factor

B. vireti 01 was used to evaluate the production of protease
and lipase activity. A clear zone was seen around the colonies
(data not shown). This indicates that the isolated intestinal
bacterium has the ability to produce digestive enzymes such
as protease and lipase.

Biotoxicity Test of Intestinal Bacteria

Clinical symptoms or mortalities were not observed following
injection of B. vireti 01 isolated from the intestine. This con-
firms the non-pathogenicity of the isolated probiotic strain and
its safety when injected intraperitoneally into tested freshwater
prawns.

Bacterial Pathogenicity

In the present study, M. rosenbergii, which were intraperito-
neally injected with P. aeroginosa, exhibited clinical signs
such as reddish lesion at the uropod, darkening of the dorsal
portion and black spots over the head region. The internal
organs such as the gills, hepatopancreas and muscles were
damaged. The rate of mortality was also very high in
Pseudomonas-infected prawns (90%).

Bacterial Challenge Study

After 2 weeks of the feeding experiment, the percentage of
survival was observed in both groups of prawns challenged
with P. aeruginosa for 14 days (Fig. 1). Mortality was ob-
served in prawns which were not treated with the isolated
probiotic (group 1), whereas in unchallenged control groups,
there was mortality in the case of one animal only. The mor-
tality rate was found to be reduced in prawns treated with the
probiotic B. vireti 01 (group 2). The probiotic strain was found

to be effective in preventing the development of P. aeruginosa
infection inM. rosenbergii. The survival percentage was found
to be 70% in groups fed with the probiotic-supplemented
diet (group 2), whereas survival percentage was found to
be 10% in groups fed the commercial diet (group 1). In the
P. aeruginosa-challenged group of animals (group 1) fed with
commercial diet, 8.3 × 105 CFU/ml of P. aeruginosawas found
in the dead animals, whereas in the probiotic-treated group
(group 2), only 0.8 × 105 CFU/ml of P. aeruginosa was ob-
served. In the probiotic-treated group, 16.3 × 105 CFU/ml of
B. vireti 01 was found in the gut.

In Vivo Antioxidant Activity

The antioxidant enzyme activity of the muscles, hepatopan-
creas and gills of the control, pathogen-infected and probiotic-
treated prawns is illustrated in Fig. 2.

Protein Estimation Protein concentration was found to be
significantly very low in infected groups when compared to
that in probiotic-treated and control groups. The concentration
of protein present in control, infected and treated groups is
shown in Fig. 2a.

SOD Assay In the present study, the activity of SOD in re-
sponse to probiotic treatment was analysed in the hepatopan-
creas, gills and muscles of the prawns based on the percentage

Table 1 Activity of different compounds present in the probiotic strain of B. vireti 01

Compound Formula Molecular weight Biological activity Retention time

D-leucine C6H13O2N 131 – 12.48

Pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro- C7H10O2N2 154 Antioxidant activity, antimicrobial 16.89, 17.059, 17.08

Cis-vaccenic acid C18H34O2 282 Antihypertensive, anti-inflammatory effect 19.91

2,5-Piperazinedione, 3,6-bis(2-methylpropyl)- C12H22O2N2 226 Antibacterial activity 20.80

9-Octadecenamide, (Z)- C18H35ON 281 Antimicrobial 21.75, 21.82

Fig. 1 Survival of prawns following administration of P. aeruginosa.
Control group: prawns fed with commercial diet and unchallenged with
P. aeruginosa.Group 1: prawns fed with commercial diet and challenged
with P. aeruginosa. Group 2: prawns fed with probiotic-supplemented
diet and challenged with P. aeruginosa
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of inhibition. In the hepatopancreas and muscles, the activ-
ity of SOD was found to be significantly decreased
(p < 0.01) with respect to that of the control. Similarly,
SOD activity was decreased in the gills of the infected
prawns, whereas, it showed statistically no significant
changes (p > 0.01) in the gills of the treated prawns. When
SOD activity was compared in the infected and the treated
prawn organs, it showed an increase in the prawns fed with
probiotic-supplemented diet. The SOD activity in different
organs of control, infected and treated groups is shown in
Fig. 2b.

Catalase Assay The activity of catalase enzyme in the mus-
cles, hepatopancreas and gills of the control, infected and
treated group is shown in Fig. 2c. The catalase activity was
significantly very high (p < 0.01) in the muscles, hepatopan-
creas and gills of the prawns which were fed with the probiotic
diet (24.77, 35.09 and 34.40 units/min/g, respectively).
However, in prawns fed with a normal diet, the catalase activ-
ity was found to be 11.35 ± 0.34, 16.51 and 4.12 units/mins/g,
respectively, in the hepatopancreas, gills and muscles.
Catalase activity was found to be very low in the

hepatopancreas, gills and muscles of the prawns infected by
P. aeruginosa. The administration of probiotic-supplemented
diet increased the catalase enzyme activity in M. rosenbergii
more than the normal diet.

Reduced Glutathione Assay The GSH level in the control,
infected and treated groups of different organs is shown in Fig.
2d. Prawns fed with the B. vireti 01-supplemented diet and nor-
mal diet showed enhanced GSH level than infected prawns.
GSH activity was found to be 0.0187 ± 0.0002,
0.0213 ± 0.0002 and 0.0213 ± 0.0006 units/min/g in themuscles,
hepatopancreas and gills of the infected groups, respectively.
GSH activity was found to be increased in the hepatopancreas,
gills and muscles of the treated group (0.0234 ± 0.0006,
0.0250 ± 0.0004 and 0.0219 ± 0.0008 units/min/g, respectively).

Histopathological Analysis

Histopathological changes in the hepatopancreas, gills and
muscles of the treated, infected and control groups are
shown in Fig. 3. In the gills, a uniform arrangement of
lamellae with interlamellar spaces was observed in control

Fig. 2 (a) Protein concentration, super oxide dismutase (SOD) activity,
catalase (CAT) activity and reduced glutathione (GSH) activity in different
organs of M. rosenbergii control, infected and treated groups. In the figures
(a, b, c and d) α - indicates significant difference between the control and
treated groups of prawns. β- Indicates significant difference between the

control and infected groups of prawns. ns- Indicates no significant difference.
In the figure, Control represents prawns with commercial diet which was not
challenged with Infected represents prawns (group 1) fed with commercial diet
and challenged with P. aeruginosa. Treated represents prawns (group 2) fed
with probiotic-supplemented diet and challenged with P. aeruginosa
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prawns. In the infected gills, damaged and fused lamellae
were observed (Fig. 3a–c). The hepatopancreas of the in-
fected prawns exhibited a disrupted epithelial lining, ap-
pearance of a large number of vacuoles in the tubular ep-
ithelial cells and abnormal lumen. Control showed the nor-
mal architecture of tubule and lumen. In the prawns treated
with probiotic, normal architecture of hepatopancreas tu-
bule and lumen was seen (Fig. 3d, e, f). The muscles of
control prawns and treated prawns showed a normal skel-
etal muscle structure (muscle fibre) whereas infected mus-
cles showed muscle necrosis and haemocytic infiltration
(Fig. 3g, h, i).

Discussion

In the present study, we have isolated B. vireti 01 from the
intestine of the freshwater prawn M. rosenbergii which
showed antibacterial activity against P. aeruginosa. The iso-
lated strain was confirmed as B. vireti 01 by 16S rRNA gene
sequencing with 99% identity. There are only a few reports on
the use of B. vireti 01. Heyrman et al. [29] isolated the strain
B. vireti from the soil of hay fields, in an agricultural research
area (The Netherlands). Mohandass et al. [30] also isolated
B. cereus and B. vireti strains from the soil around a petro-
chemical industry which were reported to biodegrade

Fig. 3 Histopathology investigation of a control gill, b infected gill, c treated gill, d control hepatopancreas, e infected hepatopancreas, f treated
hepatopancreas, g control muscles, h infected muscles and i treated muscles of M. rosenbergii (magnification ×40)
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benzo[a]pyrene. Based on our literature survey, we find that
there are no previous reports on the isolation of B. vireti 01
from the intestine of freshwater M. rosenbergii. Hence, this
could probably be the first report on the isolation of B. vireti
01 from the intestine of M. rosenbergii.

The GC-MS analysis showed that pyrrolo[1,2-a]pyrazine-
1,4-dione, hexahydro-, 9-octadecenamide, (Z)-, cis-vaccenic
acid, D-leucine and 2,5-piperazinedione, 3,6-bis(2-
methylpropyl) were present in the strain of B. vireti 01.
Among these, the major compounds present in B. vireti 01
were pyrrolo[1,2-a]pyrazine-1,4-dione, hexahydro- and 9-
octadecenamide, (Z). Both the compounds were found to ex-
hibit antimicrobial activity. The other two compounds, 2, 5-
piperazinedione and 3, 6-bis (2-methylpropyl), exhibited an-
tibacterial activity. The work of Gopi et al. [31] suggests that
the compound isolated from Bacillus species pyrrolo[1,2-
a]pyrazine-1,4-dione, hexahydro- could be effectively used
as a potential antioxidant to reduce the oxidative damages
induced by oxygen radicals.

B. vireti 01 did not cause any significant mortality when
injected intraperitoneally into healthy prawns. The results of
antimicrobial tests confirm that the isolated probiotic strain is
effective (4 mm) in inhibiting the pathogen P. aeruginosa in
in vitro condition. Phenotypic and pathogenicity studies proved
that isolated B. vireti 01 are safe and harmless when added to
prawn feed. This suggests that this probiotic can be used for the
treatment of Pseudomonas infection in M. rosenbergii.

In the present study, M. rosenbergii injected with
P. aeruginosa exhibited clinical signs such as reddish lesion
at the uropod and darkening of the dorsal portion. The internal
organs such as the gills, hepatopancreas and muscles were
also damaged. Ramalingam and Ramarani [32] studied the
pathogenicity ofP. aeruginosa inM. rosenbergii and observed
clinical symptoms such as the appearance of translucent ab-
dominal musculature, slight darkening of the dorsal portion
and presence of black spots on the uropod. These results agree
with our observations. Thomas et al. [33] stated that
P. aeruginosa causes infection in Oreochromis mossambicus
and observed symptoms of scale loss, fin erosion and signs of
septicaemia.

The mortality of the freshwater prawns challenged with
P. aeruginosa was significantly reduced (p < 0.0001) when sup-
plemented with the probiotic-supplemented diet. Balcázar et al.
[34] found that an adult shrimp Litopenaeus vannameiwhen fed
with a diet supplemented with probiotic strains isolated from the
intestinal tract of adult shrimp indicated effectiveness in reducing
disease caused by Vibrio parahaemolyticus. Chai et al. [35] ob-
served significantly higher survival in the shrimp L. vannamei
fed with probiotic Bacillus PC465 diet when compared with
those fed on control diet. Chiu et al. [36] also observed a similar
survival improvement when the probiotic Lactobacillus
plantarum was administered to L. vannamei challenged with
Vibrio alginolyticus. Our results which confirmed that B. vireti

01 increased the rate of survival and resistance ofM. rosenbergii
when infected with P. aeruginosa agree with the reports of the
workers mentioned above who have recorded similar findings
with other probiotic bacteria.

Under normal physiological status, the antioxidant de-
fence systems together with SOD, catalase and GSH can be
affected by way of a slight oxidative stress as a compensa-
tory response. Thus, the ROS should be considered to be
responsible for protecting the organisms from oxidative
damage [37].

The hepatopancreas, gills and muscles of M. rosenbergii
infected with P. aeruginosa showed a decrease in the antiox-
idant enzymes such as SOD, catalase and GSH activity indi-
cating that the bacterial infection induces the mobilization of
the antioxidant defence system and oxidative stress develop-
ment leading to oxidative damage to tissues [38]. Mathew
et al. [39] found a decrease in the antioxidant enzyme activi-
ties of SOD, catalase, glutathione peroxidise (Gpx) and gluta-
thione S-transferase (GST) in the digestive gland, muscles and
haemolymph of Penaeus monodon following white spot syn-
drome virus (WSSV) infection.

The major antioxidant defence enzyme superoxide dismut-
ase generated detoxifies toxic superoxide anion radicals. In
this study, the SOD activity was considerably lowered in the
muscles, hepatopancreas and gills of Pseudomonas-infected
prawns when compared to control and treated prawns. Sarathi
et al. [40] and Mohankumar and Ramasamy [41] observed
that the activity of SOD was considerably lowered in
WSSV-infected Fenneropenaeus indicus when compared
with that in control animals. Raghu et al. [42] observed en-
hanced level of SOD and catalase activity in different organs
of P. monodon supplemented with two probiotic bacteria
Bacillus coagulans and B. firmus.

Catalase is the major primary antioxidant defence compo-
nent which is present in the cells. It is responsible for the
catalytic decomposition of H2O2, which is toxic to the cells.
The H2O2 in turn converts to oxygen and water molecules. In
this work, catalase activity in prawns fed with probiotic-
supplemented diet was enhanced when compared to that in
the infected and control groups. Catalase activity was higher
in the hepatopancreas of a probiotic-treated group than that in
the gills and muscles. Borković et al. [43] also reported that
CATactivities were greater in the hepatopancreas compared to
those in the gills and muscles. Kumar et al. [44] reported that
shrimps fed with a probiotic-incorporated diet such as
Bacillus subtilis and Lactobacillus rhamnosus showed
maximum catalase activity than those fed with the control
diet. Zhang et al. [45] observed that supplementation of
probiotic Bacillus licheniformis significantly increased the
antioxidant activities such as SOD and CAT in both liver
and plasma of triangular bream.

Reduced GSH is the important antioxidant enzyme associ-
ated with its metabolism. It provides a significant defence
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against ROS-induced cellular damage [46]. GSH interacts
with ROS and acts as a chain-breaking antioxidant [47]. Our
results showed that GSH level was decreased in the hepato-
pancreas, gills and muscles of prawns infected with
P. aeruginosa as compared to that of control and probiotic-
supplemented prawns. Mohankumar and Ramasamy [41]
found a significant reduction in the activities of reduced glu-
tathione in the haemolymph, hepatopancreas, gills and mus-
cles of WSSV-infected F. indicus.

From the histopathological results, we concluded that, in
the infected groups, the muscles, hepatopancreas and gills
underwent structural changes and damages. In probiotic-
treated groups, in the muscles, hepatopancreas and gills, struc-
tural changes were restored to near normal. This preliminary
result indicates that isolated probiotic B. vireti 01 has antibac-
terial activity and that it can be effectively used to treat infec-
tion in prawns. Thomas et al. [22] observed the histological
changes in the gill, liver and skin of O. mossambicus treated
with lime oil nanoemulsion against the P. aeruginosa
infection.

The probable mechanism of action of the isolated pro-
biotic strain when administered orally with the diet might
be that they might attach themselves to the surface of the
gastrointestinal tract and colonize. This prevents the col-
onization and proliferation of P. aeruginosa in the gastro-
intestinal tract. In general, the process by which probiotic
bacteria inhibit the colonization of pathogenic bacteria in
the gastrointestinal tract is called colonization resistance
[48]. The probiotic bacteria produce antioxidant, antibac-
terial and antimicrobial compounds such as pyrrolo[1,2-
a]pyrazine-1,4-dione, hexahydro-, 9-octadecenamide, (Z)-
and 2,5-piperazinedione, 3,6-bis(2-methylpropyl)- that
may inhibit the growth of pathogenic bacteria and reduce
the oxidative stress caused by the pathogen. These com-
pounds not only reduce the amount of viable cells but
may also affect the bacterial mechanism or toxin produc-
tion. This might be the probable mechanism by which the
probiotic bacteria act against the pathogen. This corrobo-
rates with the report of Nwanna [48] who reported that the
probiotic bacteria produce a number of substances that
inhibit the growth of pathogenic bacteria. Our results sug-
gest that B. vireti 01 can be used as a promising probiotic
for inhibiting the pathogenic bacteria P. aeruginosa and
also for reducing the oxidative damage or stress generated
by bacterial infection.

Conclusion

The results of this study indicated that infection caused by
Pseudomonas produced significant alterations in the antioxi-
dant defence system resulting in decreased antioxidant en-
zyme activity in freshwater prawnM. rosenbergii. Our results

showed that probiotic B. vireti 01 isolated from the intestine of
M. rosenbergii mixed with the basal diet and administered to
M. rosenbergii challenged with P. aeruginosa infection main-
tained its antioxidant enzyme activity and decreased the mor-
tality rate. Our report may probably be the first report on the
isolation of probiotic bacteria B. vireti 01 from the intestine of
M. rosenbergii. In the prawn industry, administration of a
probiotic-enriched diet with antimicrobial properties may be
a promising disease prevention novel strategy to increase the
resistance to freshwater prawn pathogens. GC-MS analysis
was performed to understand the compounds present in the
probiotic strain. The present studies clearly demonstrate the
protective effect of a probiotic-supplemented diet against
P. aeruginosa infection in M. rosenbergii. Further analysis
or other analyses have to be performed to improve the detec-
tion threshold and to enlarge the detection to molecules other
than the volatile ones.
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