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Abstract To determine antagonistic effect of Clostridium butyricum against Vibrio harveyi and its

probiotic effect on growth performance, digestibility and immune response of fresh water prawn,

Macrobrachium rosenbergii juveniles were examined following feeding with C. butyricum incorpo-

rated feed for 60 days. Significant reduction of V. harveyi growth was found at 8 hr and onward

in in-vitro and at 10 days and onward in in-vivo challenge test. After rearing prawn with the bacteria

in feed treatment for 60 days, body weight and growth rate of prawns was significantly higher

(p< 0.05) than in control. Digestive protease and amylase activities in the gastrointestinal tract

were also significantly (p< 0.05) higher than in controls. Immune response was a little high in treat-

ment group, although it was not significant (p> 0.05) compared to control group. This study

revealed that probiotic, C. butyricum incorporated diets were found to be beneficial for M. rosen-

bergii culture in terms of hindering the growth of pathogenic bacteria and increasing the growth,

protease and amylase activities of prawn. Results from this study will be helpful to improve fresh

water prawn farming.
� 2016 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is

an open access article under theCCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Aquaculture has become the fastest-growing food-producing
sector and is contributing significantly to global food supply,
food security and national economic development over the last
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three decades. Macrobrachium rosenbergii is a species of aqua-
culture importance because of its several biological character-
istics such as rapid growth, high fecundity, wide range of

salinity and temperature tolerance (Johnson, 1982; New,
1995; Roustaian et al., 2001; Roychoudhury and Mukherjee,
2013). Fresh water prawn is one of the most important cul-

tured species in Bangladesh. In the year of 2014–15, the pro-
duction of prawn and shrimp was about 44278 MT that
comprises 6.2% of the total fish production (National Fish

week, 2016). It has a high commercial value in international
market due to delicious healthy choice of food for human con-
sumption. This is the second largest export industry after
readymade garments, generating $504 million USD annually

(National Fish week, 2016). But one of the major constraints
behind the development of prawn aquaculture is their high
mortality due to the outbreaks of different viral, fungal and

bacterial diseases especially vibriosis caused by different Vibrio
spp. including V. harveyi, V. parahaemolyticus, V. alginolyti-
cus, V. anguillarum, V. vulnificus, V. splendidus that cause a

devastating economic loss worldwide (Shruti and Soumya,
2012). Although a number of chemotherapeutic agents
including antibiotics have played a major role in combating

many diseases of cultured aquatic organisms, their undesirable
consequences such as persistence of antibiotic residues in farm
and development of antibiotic-resistant bacteria discourage the
use of these chemotherapeutic agents. (Karunasagar et al.,

1994; Chaithanya et al., 1999; Jernberg et al., 2010). In
addition, use of excessive antibiotics in pond has an adverse
effect on the aquatic environment. Many drugs used in the

culture ponds to control diseases, may be taken up by and
accumulated in the polyculture animals after resolving in the
water, thus affecting the seafood safety (Biao and Kaijin,

2007).
In recent times, the use of probiotics has become a popular

alternative to antibiotics for improving and maintaining a

healthy environment that leads to more environment-friendly
aquaculture practices (Gatesoupe, 1999). Because prawn pos-
sesses a non-specific immune response, probiotic treatments
may provide a broader spectrum and greater non-specific dis-

ease protection through competitive exclusion and immune
modulation (Rengpipat et al., 2000; Nayak, 2010). However
in aquaculture, probiotics can be administered either as a food

supplement or as an additive to water and have been shown to
be effective in a wide range of species for the promotion of
growth enhanced nutrition, immunity and survival rate

(Moriarty, 1998; Venkat et al., 2004; Wang, 2007).
Clostridium butyricum, a mesophilic endospore-forming

gram-positive bacteria is a suitable probiotic supplement in
fish feed owing to its capacity to produce butyric acid as well

as lactic acid and survive in the media of low pH and relatively
high bile concentrations (Kong et al., 2011). It is widely being
used as a probiotic for humans and animals in East Asian

countries, such as Japan, Korea and China (Kamiya et al.,
1997). Although a number of exogenous and commercial pro-
biotics have shown to be effective in prawn and shrimp culture

(Rengpipat et al., 2000; Balcazar et al., 2007), no hitherto
report has been published yet on the effectiveness of endoge-
nous probiotics in prawn culture. However, relatively less

attention has been paid toward the selection and development
of probiotic bacteria for the culture of M. rosenbergii. In addi-
tion to these, expensive commercial probiotics make prawn
farmer difficult to its access for application in prawn culture.
Therefore, the aim of the present research was to isolate probi-
otic from the native microflora associated with M. rosenbergii

and to evaluate its probiotic potential. One bacterial strain
such as C. butyricum was studied in terms of its antibacterial
activity to pathogens in a culture system and ability to enhance

the growth, digestibility and immunity of the juveniles of
M. rosenbergii.

2. Methods and material

2.1. Bacterial species isolation and characterization by PCR

Probiotic bacteria (C. butyricum) and Pathogenic bacteria
(Vibrio harveyi), isolated from the intestinal tract of M. rosen-

bergii were subjected to characterize by PCR. Characterized
isolates of C. butyricum and V. harveyi were kept as stocks
and served as potential probiotic bacteria and pathogenic bac-
teria, respectively.

2.1.1. Isolation and characterization of pathogenic bacteria

V. harveyi was isolated from the intestinal tract of M. rosen-

bergii. ISO method was followed in this case. 0.1 mL stock
solution of intestinal tract was taken and mixed with 0.9 mL
alkaline saline peptone water (ASPW) in sterilized test tube.
Then the mixture was incubated at 37 �C for 6 h ± 1. This

was the first selective enrichment. After that, whole culture
obtained in first selective enrichment was transferred into
another test tube containing 10 mL ASPW. Then the solution

was incubated at 41.5 �C for 18 h ± 1. This was the second
selective enrichment. Serial dilution (tenfold) was done and
0.1 mL suitable dilution of each culture was inoculated in thio-

sulfate citrate bile and sucrose (TCBS) agar plates. The inocu-
lated TCBS agar plates were incubated at 37 �C. After 24 h
± 3 h of incubation, the colonies of different plates were ana-
lyzed by PCR for characterizing Vibrio harveyi (ISO/TS 21872-

1, 2007). Amplification of 16S rRNA gene specific for Vibrio
spp. was performed using a pair of primer Vibr-f: 50-CGGT
GAAATGCGTAGAGAT-30 and Vibr-r: 50-TTACTAGC

GATTCCGAGTTC-30 (Tarr et al., 2007). A standard PCR
was executed with a 50 lL reaction mixture containing 50 ng
of template DNA, Top DNA Polymerase (Bioneer Corpora-

tion, Daejeon, Korea) at 0.5 U/lL, 2.0 mM MgCl2, 0.4 lM
primers, 200 lM dNTP and 1X buffer as recommended by
the manufacturer. PCR parameters were carried out in a ther-

mal cycler (C1000TM, BIO-RAD, USA) as follows: predenat-
uration at 94 �C for 4 min, followed by 35 cycles of
denaturation at 94 �C for 1 min, annealing at 60 �C for
1 min, and extension at 72 �C for 1 min. The whole PCR

parameters were terminated by a final extension step at
72 �C for 10 min. The PCR products were analyzed by gel elec-
trophoresis in 2% agarose (Bioneer Corporation) containing

0.5 lg/mL ethidiumbromide in TAE buffer. DNA bands were
visualized by High Performance UV Transilluminator (UVP,
CA, USA) and photographed using the DigiDoc-It 120 gel

documentation system (UVP). To compare the size of double
stranded DNA from 100 to 2,000 base pairs, 100 bp designed
DNA markers were used. The DNA marker consists of 13
double stranded DNA fragments ranging in sizes from 100

to 1,000 (Bioneer, Korea).



Growth performance, digestive enzyme activity and immune response 23
2.1.2. Isolation and characterization of probiotic bacteria

In order to isolate C. butyricum from the intestinal tract of M.

rosenbergii, a method used by (Lucchini et al., 1998) was fol-
lowed with some modifications. The stock solution was diluted
(tenfold dilution) with peptone water (Hirsch, 1960). 0.1 mL

suitable dilution of each stock solution was inoculated in Rain-
forced Clostridium Medium (RCM) with bacteriological agar
and incubated at 37 �C temperature for 48 h under anaerobic

condition (By warping each Petri dish with parafilm paper).
After incubation the white, glistening, with rhizoid (has thin,
branching projections) edge colonies were collected and ana-
lyzed by PCR for characterizing C. butyricum.

Amplification of 16S-23S intergenic spacer regions specific
for C. butyricum was performed with the set of primers;
CB16F: 50-GGA GAA CCT GCG GCT GGA T-30 and

CB23R:50-AAA TCT CCG GAT CTC TGG CT-30

(Nakanishi et al., 2005). PCRs were performed following sim-
ilar procedure as for 16S rRNA gene of V. harveyi with editing

annealing temperature at 58 �C. PCR products were also ana-
lyzed through the similar procedure of 16S rRNA gene of
V. harveyi.

2.2. In-vitro challenge test for antagonistic effect

of C. butyricum

For in-vitro challenge test the method provided by ISO was fol-

lowed with some modifications. Characterized V. harveyi and
C. butyricum were cultured separately in nutrient broth media
and centrifuged at 10,000g for 5 min. The supernatants were

discarded, and V. harveyi as well as C. butyricum were sepa-
rately resuspended in peptone water. The V. harveyi suspen-
sion was diluted to approximately 104 colony forming units

(cfu)/mL and the C. butyricum suspension was diluted to 106

cfu/mL, called test solutions. After that, 0.5 mL of each test
solutions was mixed together. Then one mL of the mixer solu-

tion was inoculated in Thiosulfate Citrate Bile Salt (TCBS)
agar media at subsequent intervals of 4 h up to 12 h. Test solu-
tion of V. harveyi without probiotic was also inoculated in
TCBS agar media at 0, 4, 8 and 12 h subsequently. All the

inoculated TCBS agar plates were incubated at 37 �C for
48 h. Standard plate count was done after incubation.

2.3. In-vivo challenge test for antagonistic effect of C. butyricum

The effect of candidate probiotic should be tested in vivo as
well. When the probiotic effect is supposed to be nutritional,

the candidate probiotics could be added to the culture of the
prawn and their effect on growth and/or survival parameters
could be assessed. However, when biological control of the

microbiota is desired, representative in vivo challenge tests
seem to be the appropriate tool to evaluate the potential effect
of the candidate probiotic on the host. In total, sixty M. rosen-
bergii juveniles purchased from local market of Khulna (2.56

± 0.41 g in average weight and 5.12 ± 0.29 cm in average
total length) were randomly distributed into 6 aquaria
(45 � 30 � 30 cm) each containing ten (10) prawn species.

The present experiment was set up for 60 days with a com-
pletely randomized design in two treatments (Treatment-1 con-
taining juveniles provided probiotic incorporated feed with

2 � 109 cfu/g C. butyricum, each and they were injected with
107 cfu/mL V. harveyi; Treatment-2 or Control containing
juveniles provided with fresh commercial feed without any
probiotic and they also were injected with 107 cfu/mL V. har-
veyi) which were triplicated. For preparing the probiotic incor-

porated feed, the cells of probiotic bacteria were harvested by
centrifugation at 3000 � 10 rpm for 10 min. The cells were
thoroughly mixed with the commercial scampi feed to obtain

a concentration of 2 � 109 cfu/g feed where the cell density
of probiotics was adjusted using spectrophotometer. Finally,
the mixture was spread out and aseptically dried in an oven

for 1–2 h at 60 �C according to previous studies of Rahiman
et al. (2010). In case of V. harveyi dose for injection the load
107 cfu/mL also adjusted using spectrophotometer. All M.
rosenbergii were fed with 7–11% feed of their body weight

for the first month and from the next month 5–6% of body
weight at a frequency of twice per day throughout the culture
period. From starting day of the culture, every 10 day interval

equal number of M. rosenbergii was randomly selected from
each replication under both treatments and the load of V. har-
veyi in their intestine was counted following ISO method (ISO/

TS 21872-1, 2007).

2.4. Cultured with C. butyricum administration feed in pond

M. rosenbergii juveniles (2.56 ± 0.41 g in average weight and
5.12 ± 0.29 cm in average total length) were purchased from
local market of Khulna and acclimatized to the earthen pond
conditions. After acclimatization juveniles were collected and

divided into a control group and a probiotic-treated group.
They were fed with a commercial diet (Mega feed) consisting
of 38% crude protein, 5% crude lipid, 5% ash, 2% fibre and

5% moisture content at a rate of 7–11% of their body weight
for the first month and from the next month 5–6% per day at a
frequency of twice per day until harvested. The experiment was

set up in triplicates, with three control earthen ponds and three
probiotic earthen ponds where each pond was 70 m2 in size
and 1 m in depth and each containing 50 juveniles. At the

end of the experiment, random sampling was done from each
pond to understand the effect of probiotic treated feed.

2.5. Determination of growth performance

At the end of the experiment, the growth parameters such as
weight gain (WG) and specific growth rate (SGR) of M. rosen-
bergii from the treatment and control ponds were determined

by the following equations (Olvera-Novoa et al., 1990; Ziaei-
Nejad et al., 2005)

Weight gain ð%Þ ¼ ðFinal weight� Initial weightÞ
Initial weight

� 100

SGR ð%Þ ¼ ln Wt � ln W0

t
� 100

where, t is the culture period, ln W0 is the natural logarithm of

the weight of M. rosenbergii at beginning of the experiment,
and ln Wt is the natural logarithm of the weight of M. rosen-
bergii at day t.

2.6. Digestive enzymes assays

M. rosenbergii were collected from experimental ponds,
washed with cold distilled water and immediately frozen at



Figure 1 Electrophoretic analysis of PCR-amplified target genes

from Vibrio sp. and C. butyricum obtained under optimal

conditions of PCR of isolates following biochemical test. Mobil-

ities of the different target genes are indicated on the right. (A)

Lane M, 100-bp DNA ladder (size marker); lane 1–4, isolates of

Vibrio sp. (B) Lane M, 100-bp DNA ladder (size marker); lane

1–4, isolates of C. butyricum.

Table 1 In-vitro challenge test and enumeration of Vibrio

harveyi load with and without probiotics (Clostridium

butyricum).
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�80 �C until enzyme assays were conducted. As with
monitoring of bacteria, digestive tract was dissected out and
homogenized. Samples were homogenized in 9 volumes of

0.05 M Tris–HCl buffer, pH 7.8, in a Wise Tis Homogenizer
in 700 � 10 rpm for five minutes, and were centrifuged at
4800g for 60 min at 4 �C according to Lovett and Felder

(1990). The supernatant was used as crude enzyme source.
Amylase enzyme activity was assayed followed by the method
described in previous literature (Bernfeld, 1955) where one unit

of amylase activity was defined as the amount of enzyme
required to produce 1 mg maltose in 30 min at 35 �C. Protease
enzyme activity was estimated by the method of Anson (1938)
where one unit of protease activity was defined as the amount

of enzyme required to produce 1 mg tyrosine in 30 min at
37 �C.

2.7. Differential and total haemocyte analysis

Differential haemocyte counts (DHC) was performed adopting
the method described by Owens and O’Neill’s (1997). Hae-

molymph was withdrawn from the ventral sinus of the first
abdominal segment into a 1 ml syringe containing equal vol-
ume of anti-coagulant, 0.2 mL citrate-EDTA; 0.01 M; tri-

sodium citrate 0.03 M; citric acid 0.026 M; NaCl 0.45 M; glu-
cose 0.1 M, adjusted to pH 4.6 with 1 M HC1 (Soderhall and
Smith, 1983). Total haemocyte counts (THC) were performed
with an improved Neubauer haemocytometer using a modifi-

cation of the method described by (Bain et al., 2001) for anal-
ysis of human blood samples. Counts were conducted with
light microscope (Olympus CX-21).

2.8. Data collection and analysis

Collected data were stored, explored and analyzed using

Microsoft Excel (Microsoft office, 2007) and Statistical
Package for the Social Sciences (SPSS version 16.0; SPSS,
Inc., Chicago, IL). Independent sample t-test was applied to

address the differences between the treatment and control at
1% significance level using SPSS (version 16.0).
Table 2 In-vivo challenge test and enumeration of V. harveyi

load with and without probiotic.

Time

(days)

Control (V. harveyi,

CFU/g)

Probiotic (V. harveyi,

CFU/g)

0 3.25 � 107 ± 7.02 � 102 3.61 � 107 ± 2.11 � 102

10 5.73 � 107 ± 1.73 � 102 2.43 � 107 ± 1.21 � 102

20 2.23 � 108 ± 1.32 � 103 7.53 � 106 ± 3.11 � 102*

30 5.32 � 108 ± 1.19 � 103 2.21 � 105 ± 2.37 � 102*

40 7.61 � 109 ± 4.90 � 104 1.03 � 105 ± 3.17 � 102*

50 8.26 � 109 ± 2.53 � 104 6.32 � 103 ± 1.32 � 101*

60 9.79 � 109 ± 7.12 � 104 2.91 � 102 ± 7.02 � 101*

* p< 0.05 compared with control.

Time

(hours)

Control (V. harveyi,

CFU/g)

Probiotic (V. harveyi,

CFU/g)

0 4.69 � 103 ± 5.39 � 102 4.70 � 103 ± 5.02 � 102

4 2.30 � 104 ± 8.25 � 102 1.34 � 104 ± 7.89 � 102

8 2.36 � 105 ± 2.93 � 102 2.69 � 103 ± 2.72 � 102

12 4.24 � 105 ± 4.92 � 104 5.75 � 103 ± 3.26 � 102*

* p< 0.05 compared with control.
3. Result

3.1. Polymerase chain reaction result

Fragments of 16S rRNA and 16S-23S intergenic spacer region
were successfully amplified from three isolates of Vibrio
harveyi and C. butyricum collected from biochemical test,

respectively (Fig. 1). The specific primers Vibr-f and Vibr-r
produced only one genotype (one PCR band) with an approx-
imately 663 bp fragment length from the three Vibrio spp. iso-

lates, analogous to Vibrio spp., as described by Tarr et al.
(2007). The specific primers CB16F and CB23R also produced
one genotype with approximately 383 bp fragment length from

three C. butyricum isolates, analogous to C. butyricum as
described by Nakanishi et al. (2005). Therefore, 16S rRNA
and 16S-23S intergenic spacer region products revealed that
the screened isolates from the prawn intestine were Vibrio

spp. and C. butyricum, respectively. These validated isolates
were subsequently used for in-vitro challenge test and in-vivo
feeding experiment.
3.2. Inhibitory effects of C. butyricum

In-vitro and in-vivo challenge tests were performed to investi-
gate inhibitory effect of C. butyricum on the growth of V. har-
veyi. In in vitro test the growth of V. harveyi was strongly

inhibited by C. butyricum (Table 1). Although, there was no
significant (p> 0.05) inhibitory effect of C. butyricum until 8
hours, a significant (p < 0.05) inhibitory effect was observed

after 12 hours of incorporation (Table 1). In addition in-vivo
test also showed a significant inhibitory effect of probiotics
on the pathogenic bacteria (Table 2).



Figure 2 Weight gain and SGR of M. rosenbergii reared with and without C. butyricum probiotic added to feed. Each value is mean ±

standard deviation of three individual observations. The significance of differences was calculated by a t-test. *p< 0.05 compared with

control.

Figure 3 Specific enzyme activity (amylase and protease) in

digestive tract of M. rosenbergii reared with and without C.

butyricum probiotic added to feed. Each value is mean ± standard

deviation of three individual observations. The significance of

differences was calculated by a t-test. *p< 0.05 compared with

control.
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3.3. Growth performance

The growth performance parameters include weight gain and
specific growth rate of M. rosenbergii after 60 days of feeding
with experimental diet. M. rosenbergii fed with probiotic, C.

butyricum represented a significantly (p < 0.05) greater specific
growth rate than did the control. In addition, significant differ-
ences (p < 0.05) were also recorded between treatment and

control in case of weight gain. Therefore, the growth parame-
ters revealed that M. rosenbergii fed with probiotic grew signif-
icantly (p< 0.05) faster than that of without probiotic

(Fig. 2).

3.4. Digestive enzyme activity

Different digestive enzyme activity especially protease and

amylase were evaluated after 60 days of feeding trial (Fig. 3).
Amylase activity in M. rosenbergii treated with C. butyricum
were found at a value of 1.22 ± 0.1 mg/mL that was signifi-

cantly (p< 0.05) higher than the value, 0.7 ± 0.1 mg/mL
found in M. rosenbergii which were not treated with C. butyr-
icum. Significantly (p < 0.05) higher protease activity was also

found in C .butyricum treated M. rosenbergii (2.73 ± 0.2 mg/
mL) than that of feeding without C. butyricum incorporated
diet (1.82 ± 0.3 mg/mL). So, the M .rosenbergii fed with

C. butyricum treated feed showed significantly (p < 0.05)
higher digestive enzyme activity compared to M. rosenbergii
fed without C. butyricum (Fig. 3).

3.5. Immunity assay

Three major groups of haemocytes viz. non-granular haemo-
cyte (NGH), small granular haemocyte (SGH) and large gran-

ular (LGH) haemocyte were identified at the end of a 60 day
experiment. The total haemocyte counts (THC) were not
found significantly higher in treatment group, (5.6 ± 0.67) �
106 mm�3 compared to control group, (5.2 ± 0.73) �
106 mm�3 (Table 3). In control group, NGH represented the
highest percentage (75.33 ± 15.93%) followed by SGH

(22.24 ± 9.13%) and LGH (2.43 ± 2.2%). In treatment
group, the percentages of haemocytes were almost similar to
that of control group and no significant difference
(P > 0.05) was found among the percentages of different types
of haemocytes. The highest percentage of NGH (76.56 ±
17.33%) compared to SGH (21.13 ± 10.32%) and LGH
(2.31 ± 1.9%) was also found in the treatment group.

4. Discussion

Probiotics is very much popular today for its antagonistic

effect, disease preventing capacity as well as health promoting
properties (Senok et al., 2005). In the present study, the bacte-
rial species, C. butyricum was chosen in order to evaluate its

potentiality for controlling pathogenic bacterial load in prawn,
which may help to reach a better solution to mitigate viral dis-
ease. In-vitro test of the present study revealed that C. butyri-
cum significantly inhibit the growth of V. harveyi. Production

of organic acids viz. butyric acid and lactic acid by the
fermentation process of C. butyricum results in a lower pH
of culture medium that plays an important role in inhibiting

the growth of pathogens (Senok et al., 2005; Balcázar et al.,



Table 3 Average total haemocyte count (THC) and differential haemocyte count (DHC) of Macrobrachium rosenbergii fed with pure

diet and probiotic, Clostridium butyricum – supplemented diet after 60 days in the experiment.

Treatment 1THC (mm�3) 2DHC (%)

3NGH 4SGH 5LGH

Control (5.2 ± 0.73) � 106 75.33 ± 15.93 22.24 ± 9.13 2.43 ± 2.2

Probiotic (5.6 ± 0.67) � 106 76.56 ± 17.33 21.13 ± 10.32 2.31 ± 1.9

1 Total haemocyte count.
2 Differential haemocyte count.
3 Non granular haemocyte.
4 Small granular haemocyte.
5 Large granular haemocyte.
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2006; Gao et al., 2013). The in-vivo test demonstrated that pro-
biotic (C. butyricum) treated feed significantly reduced the load
of V. harveyi from M. rosenbergii. Probiotics release chemical

substances that induce bactericidal or bacteriostatic effect and
barrier against the proliferation of opportunistic pathogens
(Verschuere et al., 2000). Inhibitory activity, preventive and

therapeutic effects of C. butyricum have been found on S.
enteritidis and V. parahaemolyticus growth in infected rainbow
trout, Oncorhynchus mykiss (Sakai et al., 1995). The results are
in agreement with those of C. butyricum (Zhang et al., 2011;

Szymanowska-Powalowska et al., 2014; Vieira et al., 2010),
which showed significant inhibition of pathogenic bacteria.

The dietary administration of C. butyricum in the present

study significantly (P < 0.05) improved the weight gain and
SGR due to the beneficial effect of probiotics on the digestive
processes of M. rosenbergii. Probiotic strains not only synthe-

size extracellular enzymes such as proteases, amylases, and
lipases but also provide growth factors such as vitamins, fatty
acids, and amino acids (Balcázar et al., 2006). Therefore,

absorbance of nutrient is more efficient when the feed is sup-
plemented with probiotics (Gibson and Roberfroid, 1995).
Rengpipat et al., 2000; Zhang et al., 2011; Yang et al., 2012;
Elumalai et al., 2013; Liao et al., 2015 found that C. butyricum

treated feed significantly increased the growth of shrimp which
is consistent to the present study.

The digestive enzyme activity in crustacean plays a central

role in nutritional physiology and may directly or indirectly
regulate growth, moulting cycle and complex dietary formula-
tion (Lovett and Felder, 1990; Moullac et al., 1996). The diet-

ary administration of the present study also showed significant
(P < 0.05) enhancement of the amylase and protease activity
in prawn. This increasing trend of digestive enzyme activity
may be caused by the symbiotic behaviour of probiotics. This

is because of stimulating a healthier digestive tract microbial
ecology and modifies the selection of bacterial enzymes
(Yang et al., 2005). Nimrat and Vuthiphandchai, 2011 found

that C. butyricum enhance growth but also considerably
increase enzyme activity in the shrimp body, which supports
the findings of the present study. Kennedy et al. (1998) dis-

cussed the similar improvement of protease enzyme activity
due to the application of probiotics in the Centropomusun dec-
imal body.

Total haemocyte count (THC) in treatment was not signif-
icant compared to the control. It indicates a little bit immunity
enhancements in the treatment. Owens and O’Neill (1997)
found the similar result and concluded that there was no signif-
icant difference between the total cell counts in prawn body fed
with probiotic mixed diet and without probiotic diet.
Rengpipat et al. (2000) also studied on immunity enhancement

of probiotic treated feed and found that the THC didn’t vary
significantly between treatment and control group. Saraswati
et al. (2013) also investigated the effect of probiotics, C. butyr-

icum on immunity and found higher THC in M. rosenbergii
body for probiotic treated feed, although it was not significant.
In contrast, Partida-Arangure et al. (2013) observed that
Litopenaeus vannamei fed with probiotic incorporated feed

revealed significantly (P = 0.04) higher THC than those with
normal feed. It is predicted that this deviation happened due
to the differences of methodology and species variation. It is

mentionable that, classification of crustacean haemocytes
remains controversial due to different types of methodology
and criteria adopted by different fishery researchers (Hose

et al., 1987).
There were no significant differences between the control

and treatment in terms of NGH, SGH and LGH (p > 0.05).

Hose et al. (1992) studied Sicyonia ingentis and recorded that
the NGH comprises 50–60% of the circulating haemocytes,
whereas the SGH and LGH represented 30% and 10%,
respectively. NGH in Fenneropenaeus indicus varied and was

approximately 10–15%, lower value compared to former spe-
cies and LGC and SGC were 20–25% and 60–65%, respec-
tively (Kakoolaki et al., 2010). The NGH of M. rosenbergii,

possesses 70% of haemocytes (Vazquez et al., 1997) that is
consistent with the findings of the present study.
5. Conclusion

The present study concluded that the probiotic bacteria, C.
butyricum could provide protection against Vibrio spp. infec-

tions in M. rosenbergii and will be able to improve the
growth. The present study did not find a significant increase
in immunity but a slightly increased immunity and improved

growth of M. rosenbergii cultured with probiotic mixed feed.
The outcomes of the present study will pave the way to mit-
igate the disease and reap better profit for the M. rosenbergii
farmers.
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