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ABSTRACT

An experiment of 60 days duration was conducted to evaluate the effect of mono or multi-microbe probiotics on growth,
enzymatic profile and immune response in rohu Labeo rohita (Hamilton, 1822) fingerlings. Two hundred-forty numbers of
uniformly sized rohu fingerlings were randomly distributed in four treatment groups viz, C (control feed without probiotics);
T1 (control feed + Bacillus subtilis AN11); T2 (control feed + Clostridium bifermentans CPSS2) and T3 (control feed +
B. subtilis AN11 and C. bifermentans CPSS2), following a completely randomised design. Probiotic bacterial strains were
incorporated in feed separately as well as in combination, at a rate of 107 CFU g™ of feed. Results showed that fish fed diet
containing a combination of two probiotic bacteria showed significant (p<0.05) increase in percent weight gain, specific
growth rate, feed utilisation, superoxide dismutase (SOD) activity, total serum protein, albumin, globulin and non-specific
immune parameters as compared to other treatment groups and control. Furthermore, a significant reduction (p<0.05) in
alkaline phosphatase (ALP) and lactate dehydrogenase (LDH) levels were observed in the probiotic fed group as compared
to the control fish. Results of the study would be of use in delineating the potential of mono or multi-microbe probiotics for
better health management of farmed fish and to boost the overall production in aquaculture systems.
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Introduction

The Indian major carp Labeo rohita (Hamilton,
1822), commonly known as rohu is the most popular
species in carp polyculture for its better compatibility
with other species, excellent growth, consumer preference
and high marketability. The establishment of successful
hatchery technology and production of rohu seed in
captivity motivated farmers to intensify the farming of
this species. However, due to the switching of cultural
practices in an intensive manner, the occurrence of diseases
in culture ponds increased, causing substantial losses
to fish production from aquaculture. The safe application
of antibiotics or any chemotherapeutic agents is often
advocated for combating the outbreaks of diseases.
However, the recent concerns about potential
environmental and food contamination and the reported
increase in resistance among different pathogens to
antibiotics, together with complete banning of antibiotics
that promotes the growth of fish in several countries, have
enlightened the scientific body to search for substances
that can be used as alternatives to antibiotics; while

maintaining the productivity of culture system at optimum
levels (Seal et al., 2013; Park et al., 2016).

Nowadays, the judicious application of probiotics
is getting importance for the maintenance of healthy
immunity and physiological upkeep in humans including
animals like poultry, pigs, cattle and fish (Choi et al., 2011;
Giannenas et al., 2012; Newaj-Fyzul et al., 2014; Nordeste
et al., 2017; Markowlak and Slizewska, 2018; Stefanaki
et al., 2018). The probiotics which are used in lieu of
antibiotics or complementary approach to vaccination or
chemotherapy to prevent aquatic animal disease outbreak
has generated lots of interest (Mehrim 2009; Merrifield
etal.,2010; Dawood et al., 2015). "Probiotics are single or
mixed cultures of live microorganisms that, when supplied
in suitable numbers, impart a health benefit on the host"
(FAO/WHO, 2001). The application of probiotics and
its efficacy for commercially viable aquaculture depends
on various factors viz, source, dose, type of probiotics,
mode of action, strains of probiotics, method and duration
of administration (Saurabh et al., 2005; De et al., 2014,
Dawood et al., 2015; Hai, 2015; Banerjee and Ray, 2017).
Several studies have demonstrated that supplementation


mailto:pushpafpm@gmail.com

Effect of mono/multi-microbe probiotics in Labeo rohita

of Bacillus and Clostridium in the form of probiotics in the
diet could enhance growth, digestibility of nutrients, blood
profile, intestinal microbial balance, body immunity and
reduce the foul smell of excreta (Min et al., 2004; Chen
et al., 2006; Baruah et al., 2016; Lan et al., 2016; Soto
2017). Leja et al. (2013) had shown the ability of
Clostridium bifermentans strains to biosynthesise lactic
acid in various environmental conditions. Further,
there are not enough studies on the use of two or more
microorganisms as a probiotic and their effects on body
growth, digestibility of nutrients and immunity of fish
(Park et al., 2016). Standardisation of an appropriate and
efficient strain of probiotic or probiotics consortium is
yet to be done for sustainable production of cultured rohu
L.rohitaacrossthecountry. Consideringallthese, the current
study has been designed to evaluate the effects of mono or
multi-probiotics using the bacterial strains Bacillus subtilis
AN11 and C. bifermentans CPSS2 on growth, enzyme
profile and immune responses of rohu, L. rohita. Further,
this forms the first wet laboratory study or investigation
on the probiotic effect of two spore-forming beneficial
bacterial strains on fish growth and immune response.

Materials and methods
Experimental fish

Healthy fingerlings of rohu L. rohita having no
symptoms of disease (evaluated by gross examination
of the skin, fins and gills of respective samples) and
with a mean body weight of 29+5 g were obtained
from Kausalyaganga fish farm, Bhubaneswar, India
and maintained in freshwater for 2 weeks in 500 1 FRP
tanks with continuous aeration. All the fishes were fed
basal diet at 3% body weight during the acclimatisation
period. About 30% of the water in all FRP tanks was
exchanged every day. The basic water quality parameters
were measured systematically at seven days interval to
maintain optimal levels (pH 7.4-7.8, dissolved oxygen
5.5-6.8 mg 1, free carbon dioxide 2.3-2.7 mg I, total

Table 1. Composition of experimental and control feeds (g kg™')
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alkalinity 130-155 mg I'!, ammonia-N 0.04-0.05 mg 1!
and nitrate-N 0.046 mg I'") throughout the experimental
period. The water temperature in the tanks varied from 28
to 30°C during the experiment.

Source of probiotic strains

Pure cultures of Bacillus subtilis AN11 (GenBank
accession no. JX860845) previously isolated from
sediment samples of Bhitarkanika mangrove forest and
C.  bifermentans  CPSS2  (GenBank  accession
No. KT367517) isolated from pond sediments of
ICAR-Central Institute of Freshwater Aquaculture
(ICAR-CIFA) and maintained in soft agar as well at -80°C
in glycerol stocks, in the Fish Health Management
Division of ICAR-CIFA, were used for the present
experiment. Both the strains have shown probiotic
potential against common fish pathogenic bacteria in
previous in vitro laboratory studies (Das et al., 2014,
Baruah ef al, 2016). The bacterial cell density was
calculated spectrophotometrically at OD 600 nm using
overnight broth cultures (both strains) after centrifugation
at 2500 g for 10 min and washed twice with phosphate
buffered saline (PBS, pH 7.4) and values were correlated
with colony-forming unit (CFU) by following standard
serial dilution and spread plating on respective agar
medium.

Experimental feed preparation

Raw materials (fish meal, soya meal, ground nut
oil cake, rice bran, corn flour, oil and vitamin-mineral
mixture) were procured from the near-by fish farm and
suitably processed aseptically in the feed laboratory of
ICAR-CIFA. The composition of basal feed is shown in
Table 1. All the ingredients were mixed appropriately to
maintain the crude protein level at ~30%. The dough was
prepared and pressure cooked for 15-20 mins, cooled to
37°C) and then the live bacterial cell suspensions as well
as vitamin-mineral mixture were added.

Ingredients IIJr;%r Eglef;lé;o(r;l)posmon T1 T2 T3
Fish meal 50 50 50 50
Soy meal 280 280 280 280
GNOC 260 260 260 260
Rice bran 200 200 200 200
Corn flour 150 150 150 150
Oil (ml) 40 40 40 40
Vitamin and mineral mixture® 20 20 20 20

Basal feed as control  B. subtilisAN11
feed @ 10" CFU g

C. bifermentans CPSS2 B. subtilisAN11 and
@ 10’CFU g C. bifermentans CPSS2 @ 10’ CFU g'!

2 Vitamin and mineral mixture: Procured from Sarabhai Chemicals Ltd., India.
Composition: Vit. A - 500,000 IU; vit D3 - 100,000 IU; vit B2-0.2 g; vit E - 75 U; vit K - 0.1 g; Calcium pantothenate - 0.25 g; Nicotinamide - 1.0 g;
vit. B12 - 0.6 g; Choline chloride -15 g; Calcium -75 g; Manganese - 2.75 g; Iodine - 0.1 g; Iron - 0.75 g; Zinc - 1.5 g.
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The supplemented bacteria's survival in the diets was
checked following storage at 4°C and at room temperature
(28-30°C) respectively on weekly basis throughout the
feeding trial period (Irianto and Austin, 2002). In brief,
1 g of the prepared diet was sufficiently homogenised in
9 ml of sterile saline solution (NSS) and serial dilutions
were carried out down to 10 from where 0.1 ml (100 pl)
was spread onto nutrient agar (HiMedia, India) plate in
each time period, in triplicates. The colonies were counted
after incubation for 24 h at 30°C. At the end, based on the
survivability data, feeds were prepared on weekly basis to
ensure the desired probiotic levels in the diet.

Experimental design

Two hundred-forty numbers of uniformly sized rohu
fingerlings (average weight : 29+5 g) were randomly
distributed in four treatment groups viz, C (control feed
without probiotics); T1 (control feed + B. subtilis AN11 @
10" CFU g'); T2 (control feed + C. bifermentans CPSS2
@ 10" CFU g") and T3 (control feed + combination of
B. subtilis AN11 and C. bifermentans CPSS2 @ 10" CFU g )
in 200 1 FRP tanks containing 20 fish per tank with three
replicates following a completely randomised design
(CRD). Fish were fed twice daily (at 09.00 and 16.00 hrs)
@3% average body weight (ABW). Unconsumed and
left-over feed was siphoned out manually on each alternate
day and 10-15% of tank water was exchanged.

Growth performance

Fifteen fish were randomly selected from each tank at
day 0, day 30 and day 60 respectively during the feeding
trial for estimation of growth parameters. The growth
performances were assessed in terms of percent weight
gain (WQ), specific growth rate (SGR) and feed conversion
ratio (FCR), employing the following formulae:

Percent weight gain = (Wf - Wi) / Wi*100
SGR (%/day) = 100 X (InWf - InWi) / t
FCR =FI/ (Wf- Wi)

where Wf and Wi are final and initial weight of fish,
respectively; t is the duration of feeding (in days) and FI
is the feed intake.

Sampling

Sampling was carried out on the 30" and 60" day of
the feeding trial and five fish from each tank was randomly
sampled and weighed for assessing growth parameters.
The sampled fishes were then anesthetised using clove oil
(50 ul 1) and blood was drawn from the caudal vein using
2 ml disposable syringes rinsed with heparin (50 U ml!
of blood) as well as without heparin. The blood samples
collected with anticoagulants were immediately processed
for analysing immune parameters. The non-heparinised
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blood samples were transferred to microcentrifuge tubes
and after coagulation of blood; tubes were kept at 4°C for
4 h and then centrifuged at 3000 g for 5 min to separate
serum. The serum samples were collected and stored at
-80°C until further use.

Enzyme assays
Super oxide dismutase (SOD) (E.C.1.15.1.1)

The SOD activity in the fish sera samples was assessed
as per the manufacturer’s instructions mentioned in the
SOD assay kit (Sigma-Aldrich, USA), where percentage
reaction inhibition rate of the enzyme with WST-1
(water soluble tetrazolium dye) substrate and xanthine
oxidase were used. The rate of reaction was monitored by
absorbance at 450 nm after 20 min of incubation time at
37°C.

Alkaline phosphatase (ALP) (E.C. 3.1.3.1)

Alkaline phosphatase activity in the fish sera was
assessed using the ALP assay kit (BioVision Inc., USA)
by strictly following the manufacturer’s instructions. Here
p-nitophenyl phosphate (pNPP) is used as a phosphatase
substrate which turns yellow (A = 405 nm) when
dephosphorylated by ALP.

Lactate dehydrogenase (LDH) (L-lactate NAD +
oxidoreductase; E.C.1.1.1.27)

The lactate dehydrogenase activity in the fish serum
samples was analysed using LDH assay kit (Sigma-
Aldrich, USA) as per manufacturer’s instructions. LDH
reduces NAD to NADH, which is specifically detected
spectrophotometrically at 340 nm.

Non-specific immune parameters
Total protein, albumin and globulin

The total protein content of serum was measured as
per Bradford (1976) and albumin content according to
Doumas et al. (1971). By subtracting albumin from total
protein, the globulin content was calculated.

Respiratory burst activity

The reduction of nitro blue tetrazolium (NBT) by
intracellular superoxide radicals was assessed according
to Anderson and Siwicki (1994) with slight modification.
Briefly, 50 pl of heparinised blood from each experimental
group of fish was blended with 50 pl of 0.2% NBT (Sigma,
USA) solution. After that, the mixture was incubated for
30 min at 25°C, followed by the addition of 50 pul of above
prepared mixture to 1 ml of N, N diethymethylformamide
(Qualigens, India). Finally, the entire mixture was
centrifuged at 6000 g for 5 min and the optical density of
the supernatant was read at 540 nm.
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Serum lysozyme activity

Lysozyme assay utilising lyophilised Micrococcus
lysodeikticus (Sigma, USA) was done as per Ellis (1990).
Briefly, M. lysodeikticus solution was prepared at a
concentration of 0.6 mg ml! (in 0.02 M sodium citrate
buffer) from where about 130 pl was added to a mixture
containing 10 pl fish serum samples and 10 pl of 0.02 M
sodium citrate buffer aseptically. The initial optical
density (O.D) was read at 450 nm immediately after the
addition of the bacterial solution. After that, samples were
incubated at 24°C for | h followed by the reading of OD
at 450 nm. A standard curve was prepared using a mixture
of 20 pl working standard and 130 pl of M. lysodeikticus
solution. Lysozyme activity was expressed in units ml"!
where one unit is defined as the decrease in absorbance of
0.001 min.

Mpyeloperoxidase activity

The total myeloperoxidase activity in fish serum was
measured according to Quade and Roth (1997) with slight
modification. Briefly, fish serum was diluted by mixing of
about 15 pul of fish serum in 135 pl of Hank’s balanced salt
solution (Ca?', Mg** free), after that 50 pl of 20 mM of
3,3, 5, 5- tetra methyl benzidine and 5 mM of hydrogen
peroxide were added in to it. The prepared mixture was
incubated for about 2 min at room temperature, finally,
the reaction was stopped by the addition of 4 M H,SO,
followed by estimation of optical density at 450 nm.

Serum bactericidal activity (SBA)

The serum bactericidal activity assay was performed
as per the method of Rao et al. (2006). Briefly, young
bacterial culture (18-20 h) of Aeromonas hydrophila was
centrifuged and the pellet was harvested by washing in
phosphate buffered saline (PBS, pH 7.4) and resuspended
in PBS .The optical density of the suspension was adjusted
to 0.5 at 546 nm. After that, this bacterial suspension was
serially diluted (1:10) with PBS five times. The serum
bactericidal activity was determined by incubating 2 ml of
the diluted bacterial suspension with 20 ml of the serum in
a micro-vial for 1 h at 37°C. In the case of control group,
PBS replaced the serum. Finally, the number of viable
bacteria was determined by plating on nutrient agar plates
followed by incubation at 37°C for 24 h.

Statistical analysis

The results generated by conducting series of
experiments were statistically analysed by standard
statistical tools i.e. Statistical Package for the Social
Sciences (SPSS version 16.0; SPSS Inc., Chicago, IL,
USA) in which data were subjected to one-way ANOVA
and Duncan’s multiple range test (Duncan, 1955) was
used to determine the significant differences between
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the means. Further, the comparisons were made at 5%
probability level. All the assays were performed in
triplicate and values are presented as mean+SE.

Results and discussion
Growth performance

The growth performance of L. rohita after 30 and
60 days of feeding with control diet or diets containing
probiotics alone or in combination is given in Table 2.
The final weight, percent weight gain and SGR were
significantly higher (p<0.05) in all treatment groups (T1,
T2, T3) as compared to control at both time points. Among
treatment groups, T3 showed significantly higher (p<0.05)
percent weight gain and SGR followed by T2 and T1. The
percent weight gain increased by 101.51 and 127.07% in
T3 followed by 98.37 and 120.97% in T2 and 95.52 and
110.16 in T1 respectively after 30 and 60 days of feeding.
Further, FCR decreased significantly in all treatments (T1,
T2 and T3) compared to the control group both in 30 and
60 days of feeding. At the end of the experiment the SGR
and FCR of T3 diet were 1.37 and 1.33 respectively which
were maximum and minimum among all the groups.
The present findings are in line with several studies
where the researchers made observations on increase in
growth performance of fish upon multispecies probiotics
supplementation in fish feed, some of these are cited
here: Wang (2011) for Ctenopharyngodon idella; Gupta
et al. (2014) for Cyprinus carpio; Beck et al. (2015)
for Paralichthys olivaceus; Giannenas et al. (2015) for
Oncorhynchus mykiss; Aly et al. (2008) and Standen et al.
(2016) for Oreochromis niloticus and Thy et al. (2017) for
Pangasianodon hypophthalmus. Furthermore, Lara-Flores
et al. (2003) reported that supplementation of combined
Saccharomyces faecium and Lactobacillus acidophilus or
Saccharomyces cerevisiae singly in tilapia diets containing
27 or 40% crude protein produced higher weight gain
and feed utilisation efficiency compared with the control
group. In addition to the above findings, a recent study by
Xia et al. (2018) reported improved growth performance
and feed utilisation efficiency of Nile tilapia when fed with
L. rhamnosus JCM1136 and L. lactis subsp. lactis
JCMS805. The results of this study suggest that different
mixture of probiotics when supplemented with diet for 60
days, the respective treatment group showed better weight
gain, SGR and low FCR which might be due to better
digestion of nutrients and their absorbance in the body as
compared to untreated ones.

Enzyme assays
Superoxide dismutase (SOD)

The SOD concentration of serum increased
significantly (p<0.05) in all the treatment groups as
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Table 2. Growth performance of L. rohita fingerlings after 30 and 60 days of feeding with the control and experimental diets

C Tl T2 T3

0-30 days Initial weight (g) 29.32+0.31° 29.28 4 0.35° 29.56 + 0.26° 29.73 +0.41°
Final weight (g) 56.45+0.21° 5725 +0.26 58.64 % 0.36" 59.91 = 0.45¢
Weight gain (%) 92.53 0.2 95.52 4 0.29 98.37+0.37° 101.51 % 0.420
SGR % 2.18 4 0.024° 2.23 4 0.028 228+ 0.034° 2.3340.041°
FCR 0.97 + 0.025° 0.95 +0.032° 0.93 +0.042° 0.92 + 0.028"

0-60 days Initial weight (g) 29.32+0.31° 29.28 + 0.35 29.56 + 0.36° 29.73 4 0.420
Final weight (g) 61.62 % 0.41° 63.54 + 0.45 65.32 +0.52¢ 67.51 % 0.549
Weight gain (%) 110.16 + 0.47° 117.01 + 0.48° 120.97 + 0.51¢ 127.07 +0.51°
SGR % 1.23 +0.051° 1.29 +0.021° 1.32 +0.034¢ 1.37 +0.042¢
FCR 1.57 +0.032° 1.48 + 0.054° 1.42 +0.061° 1.334+0.071°

Different superscripts in the same row indicate significance difference (p<0.05) amongst different treatments. Values are expressed as mean+SE (n=15).
C - Control; T1 - B. subtilisAN11; T2 - C. bifermentans CPS222; T3 - B. subtilisAN11 and C. bifermentans CPSS2

compared to control. It was significantly higher (p<0.05)
in T3 followed by T1 and T2 (Table 3). The SOD
concentration increased by 8.08 and 7.35% as compared
to control after 30 and 60 days of feeding respectively.
Superoxide dismutase is an important antioxidant
enzyme that regulates levels of superoxide anions during
defense and has a significant impact on inflammation
(Marikovsky et al. 2003). It catalyses the dismutation of
the highly reactive “O, to less reactive H,O, and functions
in the main antioxidant defense pathways in response
to oxidative stress (Fridovich, 1995). The activity of
SOD in serum can reflect the competence of clearing
the free radicals and the severity of cell impairment.
The present findings agree with observations of Cha
et al. (2013) who found elevated serum SOD activity
in Paralichthys olivaceus when fed with Bacillus
pumilus and Bacillus licheniformis. Similarly, Giri ef al.
(2014) used probiotic Bacillus subtilis VSG1 singly or
in combination with Lactobacillus plantarum VSG3 or/
and Pseudomonas aeruginosa VSG2 for L. rohita and
found increased SOD activity. On the contrary, Thy
et al. (2017) reported that SOD activities in striped
catfish Pangasianodon hypopthalmus were not stimulated
by Bacillus amyloliquefaciens 54A and B. pumilus 47B
after 90 days of feeding and also in white shrimp Penaeus
vannamei fed B. subtilis E20 for 98 days (Tseng et al.,
2009). Such variation of SOD activities might be due to

the varied concentration of probiotic bacteria in the feed
and duration of probiotic application.

Alkaline phosphatase (ALP) and Lactate dehydrogenase
(LDH) activity

Levels of ALP and LDH were found significantly
varied (p<0.05) with dietary probiotic supplementation
(Table 3). The ALP and LDH concentration with respect to
all treatment groups (T1, T2 and T3) showed a decreasing
trend after 30 and 60 days of feeding trial. Alkaline
phosphatase is a key enzyme that may defend the body
during the early phases of stress, as well as during skin
regeneration and pathogenic infection (Fast et al., 2002;
Sheikhzadeh et al., 2012). Lactate dehydrogenase (LDH)
is an oxidoreductase enzyme which helps in catalysis of
the interconversion of pyruvate and lactate (Soetan et al.,
2010). Upon tissue damage or red blood cell haemolysis,
LDH is released into the bloodstream. LDH isozyme
profiles were the first isozyme profiles used in clinical
veterinary medicine to detect specific organ damage
(Kaneko, 1989). Mohapatra et al. (2014) also reported
less ALP activity upon feeding of probiotic supplemented
diet to L. rohita. Furthermore, decreased levels of serum
ALP activities in multi-species probiotic supplemented
group suggested that there was no adverse effect on any of
the important internal organs or any kind of pathological
processes such as liver impairment, kidney dysfunction and

Table 3. Effect of probiotics supplementation on serum enzymes of L. rohita fingerlings

Treatment 30 days 60 days

SOD (activity %) ALP (U I'") LDH (mU ml) SOD (activity %)  ALP (U 1) LDH (mU ml")
C 71.46+0.98° 6.32:+0.05¢ 7054.00+19.84¢ 72.08+0.39° 5.36+0.17¢ 6600+£62.99¢
Tl 74.04+0.78° 1.83+0.03* 552.04+0.45° 74.90+0.49° 2.10+0.14° 554.80+5.38°
T2 72.32+0.63® 3.43+0.13° 1568.00+22.80° 73.70+0.30° 2.74+0.02° 5549.80+53.01°
T3 77.24+1.74° 4.18+0.07° 5191.60+98.46¢ 77.38+0.46° 2.56+0.02° 5390.8+86.52°

Different superscripts in the same column indicate significance difference (p<0.05) amongst different treatments. Values are expressed as mean+SE
(n = 15). C - control; T1 - B. subtilisAN11; T2 - C. bifermentans CPS222; T3 - B. subtilisAN11 and C. bifermentans CPSS2; SOD - Superoxide

dismutase; ALP - Alkaline phosphatase; LDH - Lactate dehydrogenase
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bone disease. In contrary, Bandyopadhyay and Mohapatra
(2009) observed that B. circulans PB7 supplemented feed
when fed to L. rohita juveniles resulted in higher ALP and
ACP activity. Similarly, Guardiola et al. (2014) found that
dietary administration of B. subtilis was responsible for
the increase of ALP levels in the skin mucus of gilthead
sea bream.

Non-specific immune parameters
Total protein, albumin and globulin

Total serum protein increased significantly (p<0.05)
in T1 and T3 as compared to control. Among the treatment
groups, the highest serum protein was shown in T3
followed by T1 and T2 at both the time points. Serum
albumin and globulin concentrations were found to be
significantly high (p<0.05) in all the groups fed with
probiotics on both the sampling days (Table 4). After 30
and 60 days, the total protein content, albumin as well
as globulin levels of serum from all treatment groups
was significantly higher than that of the control group.
Similar increment in the serum protein, albumin as well
as globulin levels was observed in rohu (L. rohita) fed
with B. subtilis supplemented diet (Nayak et al., 2007).
Das et al. (2013) also reported an increase in serum and
mucus protein in catla when fed with B. amyloliquefaciens
supplemented diets for 4 and 8 weeks. Recently Lin ef al.
(2017) reported significantly higher protein contents in the
muscle of Asian seabass Lates calcarifer fed mixture of
probiotics. In this study, we noticed an increase in serum
protein, albumin, and globulin levels, which is thought to
be linked to a higher innate response in fishes (Wiegertjes
et al., 1996). Increase in total protein content in serum
validated the fact that these defense molecules were
synthesised in ample quantity because of the synergistic
effects of two bacterial strains.

Respiratory burst activity

The respiratory burst activity (RBA) was
significantly higher (p<0.05) in T1, T2 and T3 diet at both
time points as compared to control (Fig. 1a). Fish groups
fed T3 diet supplemented with a combination of microbes
showed highest RBA activity after 30 and 60 days of
feeding. Increase in respiratory burst activity by dietary
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supplementation of multispecies probiotics combination
has been reported in Oreochromis niloticus (Aly et al.,
2008; Zhou et al., 2010), C. carpio (Gupta et al., 2014)
and O. mykiss (Giannenas et al., 2015). In another study,
Sharifuzzaman et al. (2011) reported that subcellular
components of probiotics Kocuria SM1 and Rhadococcus
SM2 increased the respiratory burst activity in rainbow
trout against Vibrio anguillarum. Over the decades, in
mammals, the respiratory burst activity which generates
reactive oxygen radicals, is well characterised in
macrophages/monocytes and granulocytes (Dalmo et
al., 1997). Furthermore, this process is believed to be
important in killing microbes (unspecified manner). In
this function, phagocytes produce large quantities of
superoxide anion during phagocytosis or upon stimulation.
Hence, the NBT reduction product obtained after reaction
with superoxide is a very reliable indicator of the health
status or the effectiveness of immunisation in fish
(Anderson et al., 1992). Therefore, the increase in oxygen
radical production in the blood of probiotic supplemented
fish might be due to gradual activation of phagocytes, in
turn leading to enhanced immunity of fish.

Serum lysozyme activity

The serum lysozyme activity was significantly
higher (p<0.05) in T3 treatment groups supplemented
with combination of microbes as compared to control at
both 30 and 60 days of feeding (Fig. 1b). This finding is
in accordance with the observations made by Thy et al.
(2017) who found higher lysozyme activity in striped
catfish P. hypophthalmus fed mixed probiotic spores of
B. amyloliquefaciens 54A and B. pumilus 47B. Similarly,
olive flounder when fed probiotic mixture containing
L. lactis BFE 20 and L. plantarum FGLO0001 showed
enhanced skin mucus lysozyme activity compared to
flounder fed a single probiotic agent or control diet (Beck
et al., 2015). In another study, Ramesh et al. (2015)
reported that cellular components and viable cells of
probiotics B. licheniformes and B. pumilus increased the
activity of lysozyme in L. rohita whereas subcellular
components of probiotics Kocuria SM1 and Rhadococcus
SM2 increased the lysozyme activity in rainbow trout
(0. mykiss) (Sharifuzzaman et al., 2011). Generally,

Table 4. Effect of probiotics supplementation on total serum protein, albumin and globulin in L. rohita fingerlings

Treatment 30 days 60 days

Total serum protein (g dl'") Albumin (g dl') Globulin (gdl'") Total serum protein (g dI'') Albumin (g dl") Globulin (g dI'")
C 2.28+0.07¢ 0.53+0.01 1.75+0.07* 2.37+£0.03* 0.57+0.032 1.80£0.19*
Tl 2.64+0.02° 0.62+0.03° 2.02+0.04° 2.70£0.03° 0.72+0.14° 1.97+0.04°
T2 2.33+0.02° 0.58+0.01%® 2.09+0.01° 2.45+0.02° 0.62+0.01# 1.82+0.018°
T3 2.80+0.03¢ 0.71+0.03¢ 2.12+0.09° 2.83+0.08° 0.78+0.03° 2.04+1.88°

Different superscripts in the same column indicate significance difference (p<0.05) amongst different treatments. Values are expressed as mean+SE
(n=15). C - Control; T1 - B. subtilisAN11; T2 - C. bifermentans CPS222; T3 -, B. subtilisAN11 and C. bifermentans CPSS2
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lysozyme is an important defense molecule which takes
partinnon-specific immunity of host (animals) that disrupts
bacterial cell walls by shattering glycosidic connections
in the peptidoglycan layers of bacteria. Further, it acts
specifically on the cell wall of Gram positive bacteria and
on the inner peptidoglycan layer of Gram negative bacteria
after complement and other enzymes have disrupted the
outer cell wall (Yano, 1996; Saurabh and Sahoo, 2008).
Hence, the present finding suggest that multi-species
probiotic might stimulate leucocytes to produce increased
levels of lysozymes and lead to activation of phagocytic
cells and complement system to protect the host against
wide range of pathogenic bacteria.

Myeloperoxidase activity

The total myeloperoxidase (MPO) content of serum
increased significantly (p<0.05) in all the treatment groups
than that of control group at both the time points (Fig. 1c¢).
It was significantly higher (p<0.05) in T3 followed by T1
and T2. In general, the release of myeloperoxidase enzyme
mostly by the azurophilic granules of neutrophils during
oxidative respiratory burst activity, as evaluated by the
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serum peroxidase level, plays a key role in antimicrobial
activity. During a respiratory burst, hydrogen peroxide is
used to make hypochlorous acid (Dalmo et al., 1997).
The reduction in the activity may be the indication of
contaminants or stress (Anderson and Siwicki, 1994).
Significant increase in myeloperoxidase activity was
found in C. carpio fed B. coagulans, B. licheniformis
and P polymyxa supplemented diets after 80 days of
probiotics feeding (Gupta et al., 2014). On the contrary,
myeloperoxidase activity was not affected in Senegalese
sole, Soles senegalensis fed mono and multi-species
probiotics (Batista et al., 2015).

Serum bactericidal activity (SBA)

The serum bactericidal activity, in all the probiotic
treated groups against A. hydrophila was significantly
higher than in the untreated control group (Table 5).
However, the group which was given a mixture of
B. subtilis AN11 and C. bifermentans CPSS2 showed
higher bactericidal activity (p<0.05) than the other
probiotic treated groups. Similarly, Aly ef al. (2008)
observed significant increase in bactericidal activity of

57
56
55
54
53
52
51
50
49

Lysozyme activity (units ml™)

30 days 60 days

(b

60 days

Tl,m T2,m T3

Fig. 1: (a) Respiratory burst activity, (b) Serum lysozyme activity and (c) Myeloperoxidase activity of L. rohita fingerlings treated with mono
or multi-microbe probiotics. Values are expressed as mean+SE (n = 15). Treatments bearing different superscripts differ significantly
(p<0.05). C - control; T1 - B. subtilisAN11; T2 - C. bifermentans CPS222; T3 - B. subtilis AN11 and C. bifermentans CPSS2
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Table 5. Serum bactericidal activity of L. rohita fingerlings against pathogenic bacteria A. hydrophila after feeding probiotics for

30 and 60 days
Treatment 30 days (No. of bacterial colonies) 60 days (No. of bacterial colonies)
C 468.80+4.74¢ 482.842.06¢
Tl 271.00+2.88° 279.8+2.42°
T2 328.40+4.63¢ 335.60+4.58¢
T3 253.8042.06° 251.80+3.00°

Different superscripts in the same column indicate significance difference (p<0.05) amongst different treatments. Values are expressed as mean+SE
(n=15). C - Control; T1 - B. subtilisAN11; T2 - C. bifermentans CPS222; T3 - B. subtilisAN11 and C. bifermentans CPSS2

tilapia fed with B. subtilis and L. acidophilus after one
month of feeding trial. The administration of B. subtilis
in feed of L. rohita and C. catla had resulted in increase
in serum bactericidal activity (Kumar et al., 2008; Kumar
et al., 2015). The higher bactericidal activity observed
might be due to increased secretion of lysosomal enzymes.

In conclusion, the present study has revealed
that dietary administration of B. subtilis AN11 and
C. bifermentans CPSS2 in combination, significantly
(p<0.05) improved growth, enzymatic activity and
non-specific immunity in L. rohita fingerlings after
60-days of feeding trial. Hence, further studies may be
conducted in outdoor facilities to investigate the overall
health impact including physiological health parameters
in L. rohita to ascertain the effect of application of such
probiotic bacteria in aquaculture systems.
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