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Abstract

In this study the effect of probiotic preparations and plant extract was investigated against eleven fish bacterial pathogens
viz. Aeromonas hydrophila, Cellobiococcus sp., Enterobacter aerogenes, E. cloacae, Klebsiella pneumoniae, Salmonella sp.,
Shigella sp., Streptobacillus sp., Streptococcus sp., Pseudomonas fluorescens and Staphylococcus aureus. All these pathogens
were found to be resistant for antibiotics viz. nitrofurantoin, amoxycillin, bacitracin, cephalothin, erythromycin, novobiocin,
vancomycin , amphicillin, oxacillin and colistin. /n vitfro antagonism test of the probiotics was performed by using well
diffusion method. In case of probiotic Aquapro™, effective zone of inhibition of 2.433 cm was observed for P. fluorescens and
K. pneumoniae. The extracts of Azadirachta indica, Aloe barbadensis, Withania somnifera and Momordica charantia were
studied in vitro alone as well as in combination with probiotic (Lactobacillus sporogenes). The zone of inhibition observed in
mixed sample was less as compared to individual sample. Among the four plants extract, the W. somnifera extract was found

to be the most effective and it leads to maximum inhibition (1.1 cm) recorded for E. aerogenes.

Keywords: Antibacterial activity, plant extract, fish disease, zone of inhibition.

INTRODUCTION

Aquaculture is the fastest growing food-producing sector
in the world, with an average annual growth rate of 8.9% and
practiced in a variety of agro-climatic zones ranging from
tropical to temperate area (Subasinghe, 2005). It includes
farming of aquatic organisms, including fish, molluscs,
crustaceans and aquatic plants. The world aquaculture
has grown tremendously during the last fifty years from
a production of less than a million tonnes to 59.4 million
tonnes. The production in aquaculture is hampered by disease
caused by various fish pathogens and is constraint to the
culture of many aquatic species (Bondad-Reantaso, 2005).
The persistent disease problems in aquaculture necessitate
the use of bacterial control agents as probiotics which can be
effectively used as an alternative to antibiotics.

The common probiotics used in aquaculture belonging to
genus Lactobacillus (Rollo et al., 2006), Bacillus sp.(Banerjee
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et al., 2007), Bifidobacterium sp., Vibrio sp. (Li et al., 2008),
Saccharomyces sp. (Ahilan et al., 2004; Aubin et al., 2005;
Fazeli and Takami, 2006), Enterococcus sp., Bacillus subtilis
(Ghosh et al., 2008), are now used for oral bacteriotherapy in
aquaculture. The initial, major, purpose of using probiotics is
to maintain or re-establish a favorable relationship between
friendly and pathogenic microorganisms that constitute the
flora of intestinal or skin mucus of aquatic animals (Alj,
2000). Generally, probiotic strains have been isolated from
indigenous and exogenous micro biota of aquatic animals.
Gram-negative facultative anaerobic bacteria such as Vibrio
and Pseudomonas constitute the predominant indigenous
microbiota of a variety of species of marine animals
(Onarheim et al, 1994). In contrast to saltwater organisms,
the indigenous microbiota of freshwater animals tends to be
dominated by member of the genera Aeromonas, Plesiomonas,
representatives of the family Enterobacteriaceae, and obligate
anaerobic bacteria of the genera Bacteroides, Fusubacterium,
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and Eubacterium (Sakata, 1990). The probiotics has potential
for research in the culturing of fish, crustaceans, mollusks,
and live food (reviewed by Verschuere ef al., 2000). Apart
from probiotics the marine actinomycetes has been evaluated
for antagnostic activity against fish bacterial pathogens viz.
Aeromonas hydrophila, A. sorbia and Edwardsiella tarda
(Patil ez al., 2001).

Plants have been used as traditional medicine since time
immemorial to control bacterial, viral and fungal diseases.
Treatment of bacterial diseases with different herbs has been
safely used in organic agriculture, veterinary, human medicines
and aquaculture with potent antimicrobial properties (Pandey
et al, 2012). Medicinal plants as alternative agents are
effective to treat infectious disease and mitigate any of side
effects that are associated with synthetic antimicrobials. Plants
like Azadirachta indica, Cinnmommum verum, Eupatorium
odoratum, Solanum torvum, Curcuma longa, Datura metel,
Aloe barbadensis, Nuphar lutea, Nymphaea alba, Gynista
lydia, Phyllanthus niruri, Cynodon dactylon, Calotropis
gigantean Withania somnifera, Vinca minor, Momordica
charantia, Fragaria vesca have potential for being effective
herbal drugs against the fish and other aquaculture pathogens
(Pandey et al, 2012, Shankar Murthy and Kiran, 2013,
Kannapan and Krishnamoorthy, 2013). Plant or herbal extract
have minimal side effects, easily biodegradable, inexpensive
and extracts can be easily prepared. Plants generally produce
many secondary metabolites i.e. tannins, alkaloids and
flavanoids which constitute an important source of inhibiting
many pathogens. Identification and characterization of such
metabolites with antimicrobial activities is very important.
The usage of heavy antibiotics in aquaculture field needs to be
reduced and replaced with alternative processes. Therefore, it
would be beneficial to use

plant extracts as a potential and promising drug against
fish pathogens as an alternative tool for disease management
in aquaculture (Abutbul et al., 2005). Therefore, keeping in
view the potential of antimicrobial effects of probiotics and
herbal extracts in control fish bacterial pathogens the present
investigation was carried out to evaluate their effect against 11
fish pathogens in vitro conditions.

MATERIAL AND METHOD

Bacterial culture

The common fish pathogenic bacteria viz. Aeromonas
hydrophila, Cellobiococcus sp., Enterobactor aerogenes,
Enterobactor cloacae, Klebsella pneumoniae, Pseudomonas
fluorescens, Salmonella sp., Shigella sp., Streptobacillus sp.,
Streptococcus sp., Staphylococcus aureus were taken from the
Fish Biotechnology Laboratory, Department of Zoology and
Aquaculture, CCS Haryana Agricultural University, Hisar
Haryana (India). All the bacterial cultures were maintained
in nutrient broth and slants. Serial dilutions of all the bacterial
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cultures were prepared in nutrient medium and used for
further studies

Antibiotics, probiotics and plant extracts

Probiotics culture

The probiotics cultures were used for studying their
antagonistic behavior against the fish bacterial pathogens
was; Aquapro™ (Mixed), Exide™ (mixed), Lactobacillus
sporogenes, Saccharomyces boularidia, Nitrosomonas sp.,
Rhodococcus sp., Aspergillus oryzae.

Antibiotics

The antibiotic discs were purchased from Hi-Media
(India) and used to check antimicrobial susceptibility of
bacterial pathogens; G-XVIII-minus (OD057R-1PK), G-III-
plus (OD003R-1PK), Pseudo (OD-008R-1PK) (Specific for
Peseudomonas), G-II-plus (ODO02R-1PK) and G-I-minus
(ODO0O05SR-1PK).

Plant extract

The bioactive compounds from plants viz. Azadirachta
indica, Aloe barbadensis, Withania somnifera, Momordica
charantia were extracted based on the methods described by
Srinivasan et al. (2009) with slight modifications. The plant
was washed with 1% KMnO, (w/v) to remove the epiphytes,
sand and other extraneous matters. Later, the plants were dried
at room temperature and pulverized using sterile pestle and
mortar. One gram of the powder was mixed with 10 ml of
sterile distilled water and shaker incubated at 250 rpm for 12
h at 28°C. Then the extracts were filtered through Whatman
No. 1 filter paper, the volume was minimized to 1 % and then
oven dried at 30°C/ 2 days. The extracts was neutralized to pH
7.0 with 0.1 N NaOH.

In vitro antagonistic test

Above probiotics and plant extracts were checked for their
antimicrobial activity against the fish bacterial pathogens
using agar well diffusion method (Gram et al., 2004). The
culture medium was poisoned with pathogenic bacterial
culture with concentration 1.64 x 10' cfu/ml. 50ul of each
probiotics and plant sample were inoculated into the bored
wells inside nutrient agar medium plates. Each experiment
was conducted in triplicate to observe the effective zone of
inhibition. The diameter of zone was calculated by using the
following formula and statistical analysis was done by one-
way- ANOVA.

© (R1- R2) (R1+R2)

where R1 = Radius of zone of inhibition + Radius of test
bacteria zone.

R2 = Radius of test bacteria zone (Well)
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In vitro antimicrobial susceptibility test

Bacterial cultures were spread on nutrient agar plates and
these plates incubated at 32+1°C for 24 hrs. Three to four
colonies were selected and transferred into Sml nutrient broth
medium and further incubated at 32+1°C for 6-8 h. Sterile
cotton swab was dipped into the bacterial suspension and
pressed along the walls of tubes to remove excess of culture
The entire agar surfaces were streaked with the swab. The
inoculum was allowed to dry for 10-15 min with closed lid.
The discs were placed inside culture plates under aseptic
conditions and incubated at 32+1°C for 24 h. After incubation
the plates were observed and the diameter of inhibition zone
was measured.

Statistical analysis

To the results verified through statistical analysis was
done for the inhibition zones observed for different probiotics,
antibiotics and plant extract. The CD (critical difference) and
CV (critical variance) values has been calculated and the
significance of inhibition zones was analysed using one-way-
Anova.

RESULTS

Antibiotic sensitivity test

The antibiotics giving zone in range 0-1.4 cm were
resistant, 1.4-2.0 c¢cm were intermediate and 2.lcm or
above were sensitive. Effective inhibition was observed
in ciprofloxacin, norfloxacin, cephotaxime, ofloxicin and
streptomycin against fish bacterial pathogens and the zone
of inhibition ranges from 3.0-3.8cm. P. fluorescens, S.
aureus, Salmonella sp., E. aerogenes, A. hydrophila were
highly sensitive to ciprofloxacin whereas 4. hydrophila,
Cellobiococcus, Acetinobactor and Salmonella were sensitive
to norfloxacin. Streptomycin was highly effective against E.
cloacae and Cellobiococcus. Ciprofloxacin and norfloxacin
has given the maximum zone of inhibition 3.8 cm and 3.6 cm
against S. aureus and A. hydrophila, respectively. Nalidixicic
acid, netillin, amikacin, carbenicillin and gentamicin were
intermediate and the observed zone of inhibition was in range
between 1.6-2.5cm, few bacterial species were resistant to
these antibiotics. All the pathogenic species were resistant
to nitrofurantoin, amoxyecillin, bacitracin, cephalothin,
erythromycin, novobiocin, vancomycin, ampicillin, oxacillin
and colistin (Table 2a-2e, Figure2b-2c)

In vitro antagonism test

The maximum values of zone of inhibition against the fish
bacterial pathogens were given by Aquapro™ among all the
probiotics used. The maximum zone of inhibition observed
for Aquapro™ was 2.433cm against P. fluorescens (fig.1a)
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and the minimum was 1.667cm against Salmonella sp. in
Gram nagativeve bacteria. In case of Gram positive bacteria
the maximum value observed was 2.2cm and the minimum
value was 1.667cm against Cellobiococcus sp. and S. aureus.
The overall statistical significance among the bacterial
species was negligible due to less variation in the triplicate
values. The critical difference (CD) and critical variance
(CV) for Aquapro™ were 0.148 and 4.530 respectively
(Table la-1c, Figurela-1b). For Exide™ maximum value of
zone of inhibition observed against Gram nagative bacteria
was 1.533 cm for Shigella sp. and in case of Gram positive
bacteria 1.467cm for S. aureus (Table la-lc, Figure le-
1f). The statistical significance was very less. The values of
critical difference and critical variance were 0.168 and 8.419,
respectively.

The maximum value of zone of inhibition observed for L.
sporogenes in Gram negative bacteria was 1.133cm against
A. hydrophila and the minimum value was 0.667cm against
K. pneumoneae where as in Gram positive bacteria the
maximum value observed was 1.067cm against S. aureus and
minimum value observed was 0.7 cm against Streptobacillus
sp. (Tablela-1c, Figurelc-1d). The statistical significance
was a noticeable value. The critical difference (CD) and
critical variance (CV) for L. sporogenes were 0.168 and
11.362 respectively. A little zone of inhibition was given by
Saccharomyces boularidia against P. fluorescens, S. aureus
and A. hydrophila. Aspergillus oryzae and Rhodococcus
also possessed very less inhibition where as no noticeable
inhibition was given by Nitrosomonas.

In vitro antagonism test using herbal extract

The antagonistic efficacy of four plants viz. Azadirachta
indica, Aloe barbadensis, Withania somnifera, Momordica
charantia was evaluated against fish bacterial pathogens. An
effective inhibition was observed for all the four plants. In case
of A. indica, the mean values of zone of inhibition observed
against Gram negative bacteria were ranging between 0.667cm
(for Salmonella sp.) to 0.517cm (for E.aerogenes) and against
Gram positive bacteria were: 0.7cm (for Cellobiococcus sp.) to
0.533cm (for Streptococcus sp.). The calculated significance
value was 0.076222 and critical variance was 13.093 where as
the value of critical difference was non-significant.In case of
A. barbadensis the mean values of zone of inhibition observed
against Gram negative bacteria was 0.733cm for E. aerogenes
and in Gram positive pathogens, the observed values of zone
of inhibition ws 0.767cm against Streptococcus sp (Figure 2a-
2b). The statistical significance was 0.009383 where as the
critical difference and critical variance values were 0.166 and
16.946, respectively.

The mean values of the zone of inhibition observed for
W. somnifera against the Gram negative bacteria were:
1.1 cm (E. aerogenes), 1.067 cm (4. hydrophila), 1.0 cm
(E.cloacae), 0.933cm (P. fluorescens and Salmonella sp.),
0.9cm (Shigella sp.), 0.633cm (KI. pneumoneae) and against
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Gram positivebacteria were: 1.333cm (Cellobiococcus sp.),
1.2cm (Streptobacillus sp.), 0.967cm (S. aureus), 0.867cm
(Streptococcus sp.). The statistical significance value
calculated was 0.062574. The values of critical difference
were non-significant whereas critical variance calculated was
21.734 (Figure 2c-2d).

In case of M. charantia, the mean values of zone of
inhibition observed against Gram negative bacteria were:
0.733cm (P. fluorescens), 0.567cm (K. pneumoneae), 0.533cm
(A. hydrophila and Shigella sp.), 0.467 cm (E. aerogenes),
0.450cm (Salmonella sp.), 0.4cm (E. cloacae) and in Gram
positive fish bacterial pathogens, the observed values of zones
ofinhibition were: 0.8cm (S. aureus),0.650cm (Cellobiococcus
sp.), 0.5cm (Streptococcus sp.), 0.450cm (Streptobacillus sp.)
The calculated value of statistical significance was 0.000466.
The values of critical difference and critical variance were 0.16
and 16.951, respectively. When the herbal extract was used in
combination with probiotic (Lactobacillus sporogenes), the
zone of inhibition given by combined sample was less when
compared to the zone given by individual plant samples.

Table la - Mean values (by one-way-ANOVA) of zone of inhibition (in cm)
recorded in Aquapro™, Exide™ and Lactobacillus sporogenes against Gram
negative bacterial species (data recorded as Mean+SE)

Bacterial species Aquapro™ Exide™ Lactobacillus
sporogenes
Aeromonas hydrophila 1.967+£0.033  1.467+0.033  1.133+0.067
Enterobacter acrogenes 1.927+0.033  0.867+0.088  0.767+0.033
Enterobacter cloacae 1.933+0.033  1.133+0.067  0.833+0.088
Klebsiella pneumoniae 2.033+0.033  0.767+0.033  0.667+0.033
Pseudomonas fluorescens  2.433+0.033  1.500+0.058  0.867+0.067
Salmonella sp. 1.667£0.033  0.767+0.033  0.833+0.067
Shigella sp. 1.867+0.067  1.533+0.033  0.900+0.058

Table 1b - Mean values (by one- way- ANOVA) of zone of inhibition (in
cm) recorded in Aquapro™, Exide™ and Lactobacillus sporogenes against
Gram positive bacteria (data recorded as Mean+SE)

Bacterial species Aquapro™ Exide™ Lactobacillus

sporogenes
Cellobiococcus sp. 1.667+0.033  1.167+0.088 0.767+0.033
Staphylococcus aureus  1.667+0.188  1.467+0.033 1.067+0.067
Streptobacillus sp. 2.200+0.058  1.100+0.058 0.700+0.000
Streptococcus sp. 1.867+0.067  1.100+0.058 1.000+0.058

Table lc - Significance, Critical Difference (CD) and Critical Variance (CV)
among all eleven bacterial pathogens recorded in Aquapro™, Exide™ and
Lactobacillus sporogenes treatments.

Lactobacillus

Character Aquapro™ Exide™

sporogenes
Significance 0.000000 0.000000 0.000092
Critical Difference (CD) 0.148 0.168 0.168
SE(d) 0.071 0.080 0.080
SE(m) 0.050 0.057 0.057
Critical Variance (CV) 4.530 8.419 11.362
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Figure 1 - Growth inhibition by Aquapro™, Exide™ and Lactobacillus
sporogenes against fish bacterial pathogens. 1a Aquapro™ against E.
cloacae; 1b Aquapro™ against A. hydrophila; 1¢ L. sporogenes against
E. cloacae; 1d L. sporogenes against A. hydrophila; 1e Exide™ against
E. cloacae; 1f Exide™ against Cellobiococcus sp.

Figure 2 - Growth inhibition by Probiotics (Aquapro™) antibiotic and
Herbal Extracts against Gram positive and Gram —ve fish bacterial
pathogens. 2a & 2b Different antibiotics (OD003R and G-I-minus OD005R)
against A. hydrophila; 2¢ & 2d. Widhania somnifera extract against
Staphylococcus aureus and Salmonella sp.

DISCUSSION

Antibiotics and chemotherapy have been used to prevent
disease outbreaks and control proliferation of pathogens for a
long time, causing the emergence of drug-resistant bacteria.
Presently, although a good number of antibiotics such as
norfloxacin, ciprofloxacin, oxytetracycline, gentamicin,
chloramphenicol (Sahoo and Mukherjee, 1997), cefazolin
(Zhang et al., 2005) and aztreonam (Zhu et al., 20006) etc.
for tetracycline-resistant strains have been proven to be
successful in controlling the infection. These have their own
disadvantages such as the development of disease-resistant
strains; carry over, high cost and dose problems as well as
indiscriminate use by aqua farmers. Thus, the overuse of
antibiotics and other chemicals needs to be checked and the
use of alternative methods should be stressed (Taoka et al.,
20006).
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Table 2a - The zone of inhibition (in cm) by the respective antibiotics of G-II-plus (OD002R) against fish bacterial pathogens.

Fish bacterial pathogens*

Antibioties 1 2 3 4 5 6 7 8 9 10 1
Ampicillin 1.6 R 1.4 R R 1.4 R 1.6 R R R
Carbenicillin 2.2 2.4 2.6 2.2 2.4 2.0 2.0 3.2 2.2 2.5 2.2
Cephotaxime 3.1 24 3.0 24 2.4 2.4 1.9 33 2.4 24 2.6
Chloramphenicol 1.3 3.1 22 22 3.0 3.4 2.4 33 3.0 33 1.6
Co-trimazine R R 3.2 R R R 32 R R R 2.6
Gentamicin 1.6 1.8 1.6 2.0 2.6 2.0 1.6 22 2.2 2.8 1.8
Norfloxacin 3.6 2.8 2.8 2.8 2.8 3.2 3.4 3.4 3.0 32 2.8
Oxacillin R R R R R R R R R R R
Table 2b - The of zone of inhibition (in cm) by the respective antibiotics of G-III-plus (OD003R) against fish bacterial pathogens.
Fish bacterial pathogens*
Antibiotic(s)
2 3 4 5 6 7 8 9 10 11
Amikacin 24 22 2.4 24 22 2.4 2.0 22 2.4 1.1 2.4
Amoxycillin 1.6 1.1 1.6 1.6 R R 1.2 1.2 R 24 1.4
Bacitracin R R R R R 1.4 R R R R R
Cephalothin R 1.6 R R R 1.9 R R 1.4 R R
Erythromycin R R R R 3.0 R R R 2.8 2.6 R
Novobiocin 1.2 1.8 R R 2.4 2.2 1.4 1.4 2.2 2.2 R
Oxyteracyclin 1.2 1.8 R 1.8 2.0 R 1.8 1.4 1.6 1.3 R
Vancomycin R R R R R 2.2 R R 1.8 2.2 R
Table 2¢ - The zone of inhibition (in cm) reported for the respective antibiotics of G-I-minus (OD005SR) against fish bacterial pathogens.
Fish bacterial pathogens*

Antibiotics

1 2 3 4 5 6 7 8 9 10 11
Ampicillin R R 1.1 1.2 1.9 R R R 1.4 R R
Ciprofloxacin 3.2 3.4 3.0 3.0 3.1 2.8 3.1 3.0 2.8 35 2.4
Colistin R R R R 1.1 R R 1.2 R R 1.5
Co-trimoxazole 2.8 R R R R R 2.8 2.8 R R 1.8
Gentamicin 1.8 2.6 2.4 2.2 2.8 2.0 1.8 1.8 1.8 24 1.8
Nitrofurantoin R R 1.8 R 1.5 1.6 R R 1.2 R R
Streptomycin 2.3 2.6 32 2.8 3.6 34 22 2.6 2.6 2.8 2.0
Tetracycline 1.8 1.8 2.6 2.0 2.6 1.8 1.8 2.0 2.0 22 1.4
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Table 2d - The zone of inhibition (in cm) by the respective antibiotics of G-XVIII-minus (OD057R) against fish bacterial pathogens.

Fish bacterial pathogens*

Antibiotic(s)

1 2 3 4 5 6 7 8 9 10 11
Ceftazidime 3.0 2.6 R 1.2 R R 3.0 2.4 R R 2.6
Ciprofloxacin 3.8 3.6 3.0 32 3.0 32 3.6 22 32 32 2.8
Cephotaxime 3.6 32 2.6 3.0 2.8 2.6 32 2.8 2.4 2.8 2.8
Nalidixicic acid 2.8 2.0 2.4 2.4 R 22 2.6 2.4 2.0 1.5 1.9
Nitrofurantoin 1.3 1.4 1.8 1.4 1.4 1.4 1.2 R 1.4 R R
Norfloxacin 3.0 3.6 3.0 3.4 2.8 32 2.6 2.8 3.0 32 2.8
Netillin 1.8 2.6 2.0 1.8 2.4 1.6 1.8 1.8 22 2.4 2.0
Ofloxicin 2.0 3.0 2.8 33 2.4 2.8 32 3.0 3.0 3.0 2.3

*(Table 2a-2d) indicates fish bacterial pathogens: 1-4. hydrophila; 2-Cellobiococcus sp.,; 3-E. aerogenes; 4-E. cloacae, 5-K. pneumonia; 6-Salmonella
sp.,; 7-Shigella sp.; 8-Streptobacillus sp.; 9-Streptococcus sp.; 10-P. fluorescens; 11-S. aureus, R-Resistance. The antibiotics giving zone in range 0-1.4 cm
were resistant, 1.4-2.0 cm were intermediate and 2.1¢m or above were sensitive

Table 2e - The zone of inhibition by the constituent antibiotics of Pseudo
(ODO008R) specific for Pseudomonas fluorescens.

Antibiotic(s) Pseudomonas fluorescens (in cm)
Amikacin 2.1
Carbenicillin 2.5
Chloramphenicol 2.1
Ciprofloxacin 3.2
Cephotaxime 1.3
Gentamicin 22
Norfloxacin 32
Tobramycin 1.9

In this study, the sensitivity of eleven pathogens viz. A.
hydrophila, Cellobiococcus sp., E. aerogenes, E. cloacae,
K. pneumoniae, Salmonella sp., Shigella sp., Streptobacillus
sp., Streptococcus sp., P. fluorescens, S. aureus, was checked
against different antibiotics. Ciprofloxacin, norfloxacin,
cephotaxime, ofloxicin and streptomycin possessed effective
inhibition against bacterial growth. The zone of inhibition
in range of 3.0-3.8 cm was observed for. P. fluorescens, S.
aureus, Salmonella sp. E. aerogenes and A. hydrophila and
these were sensitive to ciprofloxacin whereas A. hydrophila,
Cellobiococcus sp., Acetinobactor sp. and Salmonella sp.
were sensitive to norfloxacin whereas streptomycin was found
highly effective against E. cloacae and Cellobiococcus. Most
of the bacterial species were resistant to nitrofurantoin,
amoxycillin,  bacitracin,  cephalothin,  erythromycin,
novobiocin, vancomycin , ampicillin, oxacillin and colistin.
Amabile et al., (1995) also observed zone of inhibition in
range less than 1.4cm for these antibiotics. But there has been
risk of using antibiotics as control agents in fish farming due
to spread of antibiotic resistance to fish pathogens. (Austin

et al., 1995; Moriarty, 1998). Therefore, different researchers
suggested the alternative to the non-pathogenic strains of
bacteria in the form of probiotics can be applied in fish disease
prevention and control.

The safe alternative to antibiotics i.e. commercial
preparation of probiotics (Aquapro™, Exide™) and single
probiotics (L. sporogenes, S. boularidia, Rhodococcus sp.,
Nitrosomonas sp.and A. oryzae) were used to study their
antagonistic behaviour against the various fish pathogenic
isolates. Fuller (1989) reported that probiotic preparations
may be made up of a single strain or may contain mixture up
to eight strains. The advantage of multiple strain preparations
is that they have more sensitivity towards pathogens and
active against different aquaculture animals. The probiotic
preparation includes a combination of bacterial strains
viz. Lactobacillus bulgaricus, Lactobacillus plantarum,
Streptococcus  thermophillus, — Enterococcus  faecium,
Enterococcus faecalis, Bifidobacterium sp. and Escherichia
coli. Venkatesan et al. (2012) isolated probiotic organisms,
Bifidobacterium sp., Lactobacillus sp. and S. cerevisiae from
soil, curd and yeast pellets and was that Bifidobacterium
sp. had the high inhibitory effect against Salmonella sp
supporting that single probiotics are also effective against
bacterial pathogens.

In the present study we have reported that Aquapro™ and
Exide™, both are mixture of micro-organisms, gave better
zone of inhibition in comparison to individual probiotic strains.
A minimum effective dose (10ul) of Aquapro™ was sufficient
to inhibit the growth of Gram positive (Cellobiococcus sp. and
S.aureus) and Gram negative (P. fluorescens and E. aerogenes)
bacteria. Even a little dose of about Sul was sufficient to
inhibit the growth of A. hydrophila. In L. sporogenes the
maximum value of zone of inhibition observed was 1.133cm
against A. hydrophila and the minimum zone 0.667cm,
was against K. pneumoneae which are lesser as compared
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to the zone of inhibition given by multiple strain probiotic.
Similarly Dahiya et al. (2012) reported the efficacy of three
probiotics single as well as in mixture, namely Lactobacillus
sporogenes, Saccharomyces boulardii and and a mixed
probiotc (Nitromonas, Rhodococcus, Bacilus megaterium,
Lecheni formis, Desulphovibrio sulphuricum, Psuedomonas,
Chromatium,  Chlorobium, Thiobacillus, Thioxidants,
Thiobacilus ferroxidant, Methylomonas methyanica, Glucon
acetobactor, Azospirillum, Trichoderma, Shizophyllum
commune and Sclertium gluconicum) against the pathogenic
Micrococcus sp. and found that all these probiotics were very
effective against the bacterium.

Austin et al. (1995) also observed a similar phenomenon
and used V. alginolyticus as a probiotic strain to reduced the
diseasescausedby 4. solmonicida, V. anguillarumand V. ordalli
in P. monodon. Brunt et al. (2007) reported the effectiveness
of Bacillus sp. and A. sobria as probiotics, recovered from
the digestive tract of rainbow trout, Oncorhynchus mykiss
and ghost carp, Cyprinus sp., respectively for the control of
infections caused by A. salmonicida, Lactococcus garvieae,
Streptococcus iniae, Vibrio anguillarum, Vibrio ordalii and
Yersinia ruckeri. Lim et al. (2011) isolated probiotic bacteria
OY 15 from oysters and scallops which inhibited the growth of
known scallop-pathogen bacterial strains B183 and B122 and
found that it can also be incorporated into functional foods
for use in shellfish hatcheries which willsignificantly improve
larval survival.

The second alternative to antibiotics along with probiotics
is the use of herbal medicines for disease cure in human as
well as animals. In the last 20 years research conducted on
the natural materials as a source of new antibacterial agents.
Different extracts from traditional medicinal plants have been
tested. Many reports show the effectiveness of traditional
herbs against microorganisms. As a result plants are one of the
bedrocks for modern medicine to attain new principles (Evans
et al., 2002). In the present study, four herbal plants viz A.
indica, A. barbadensis, W. somnifera and M. charantia, were
screened for anti-bacterial activity against the fish bacterial
pathogens. An inhibition was observed for all the four plants.
However, W. somnifera extract was used in combination with
probiotic (L. sporogenes), the zone of inhibition was less as
compared to the individual herbal samples of W. somnifera.
Similarly Balakrishnan et al. (2006) studied the anti-bacterial
activity of Mimosa pudica, Aegle marmelos, Withania
somnifera and Sida cordifolia against Bacillus subtilis, S.
aureus, Kl.ebsiella pneumoniae, P. aeruginosa, Escherichia
coli and Salmonella typhi and maximum inhibitory zone was
observed in W. somnifera against Bacillus subtilis (35mm)
and Salmonella typhi (26 mm).

CONCLUSION

The antibiotic compounds although potent against various
pathogenic organisms in medicine but in aquaculture, different
studies indicated the chances of development of antibiotic
resistance among the fish pathogens. Keeping this in view, the
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probiotics (with single and multiple strains of non-pathogenic
bacteria and / fungi), plant extracts, different oils, and more
potent the bacteriophage therapy can be used to control fish
pathogens. In this study, we have used probiotics and plant
based extracts to check their effectiveness and antimicrobial
potency against the eleven fish pathogens and results validated
through statistical analysis. However, further in vitro as well as
in vivo studies need to be conducted to know more specifically
about the effect and doses of these compounds that prove to be
used in fish farming and management.
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