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Abstract
The concept of using beneficial whole microorganisms is termed as “probiotics” and is gaining
importance, as an eco-friendly disease management tool. In addition to disease resistance, they also
improve water quality and growth of farmed fish. Lactobacillus sporogenes has been reported as one
such beneficial bacteria in man and mammals. In order to explore the effect of this probiotic three groups
of fish were treated with different number of vegetative cells in the log phase of growth for seven days.
After this period of probiotic treatment fish were immunized with heat killed Aeromonas hydrophila.
Then the fish were bled serially on 2nd, 4th, 6th, 8th, 10th, and on the 12th day of immunization for
various non-specific immuno assays like activated neutrophils, peripheral blood leukocyte count, and
number of lymphocytes, granulocytes and monocytes. The results showed that L. sporogenes is an
effective nonspecific immunostimulant in aquaculture.
Keywords: Probiotics, Aquaculture, Lactobacillus
Immunostimulant, Nonspecific immune mechanisms.
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1. Introduction
Farmed fishes are inevitably subjected to various stresses like handling, transportation,
crowding, infections, exposure to pollutants, and physiological changes that may lead to
immunosuppression and consequent infections. Even though vaccines are available in
developed countries against a few diseases, aquaculture still experiences high loss of fish
stocks due to outbreak of diseases. Part of this is because even efficient vaccines lose their
effect one year after vaccination, and new pathogens are constantly gaining territory [1].
Further, it seems unlikely that cultured fish can be vaccinated against all potential diseases.
Hence, the significance of a suitable client in preserving the health of living organisms is
widely recognized [2].
In recent years, the increasing consumer concern about the residues of antibiotics, hormones,
growth promoters, and the danger of development of antibiotic resistant strains has led to the
use of immunostimulants in aquaculture. By definition, immunostimulants are substances
that can enhance the nonspecific defense mechanisms as well as specific immune response if
the treatment is followed by infection or vaccination [3]. Many natural and synthetic substances
have been reported that potentiate the fish immune system and increase disease resistance [4, 5,
6, 7, 8, 9, 10, 11, 12, 13, 14, 15]
. The search for new immunostimulants continues as an attempt to
improve intensive fish farming. According to Rodriguez [16] such new products should possess
two characteristics.
1. Provide general stimulation and
2. Economically affordable.
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These two characters are well fulfilled by whole microorganisms.
1. First, they are rich sources of immunostimulant substances such as  -glucans, chitin,
vitamins, genetic material etc. At the same time, they act as a source of nutrients and
micronutrients that affect the general fish physiology.
2. They are cheap sources of immunostimulants. New strains can be generated by genetically
manipulating strains with a high content of specific substances.
~ 362 ~

International Journal of Fisheries and Aquatic Studies

This concept of using beneficial whole microorganisms is
termed as “probiotics” and is gaining importance, as an ecofriendly disease management tool. In addition to disease
resistance, they also improve water quality and growth of
farmed fish. Probiotics are defined as microbial dietary
adjuvants that beneficially affect the host physiology by
modulating mucosal and systemic immunity as well as
improving nutritional and microbial balance in the intestinal
tract [17]. Beneficial bacteria in the best cases could be used to
substitute the use of antibiotics as preventive agents of disease
[18]
and as growth promoters [19]. Immunomodulation by
probiotics have been well documented in mammals including
man [20, 21, 22, 23, 24, 25, 26, 27].
Recently, this theory has been applied to aquaculture. Many
researchers attempt to use some kind of probiotics in
aquaculture water to regulate the micro flora of aquaculture
water, control pathogenic microorganisms, to enhance
decomposition of the undesirable organic substances in
aquaculture water, and improve ecological environment of
aquaculture. In addition, the use of probiotics can increase the
population of food organisms, improve the nutrition level of
aquacultural animals and improve immunity of cultured
animals to pathogenic microorganisms. In addition, the use of
antibiotics and chemicals can be reduced and frequent
outbreaks of diseases can be prevented [28].
There are a few studies that explore the immunomodulatory
role of probiotics in fish. The non-specific immunostimulation
and colonizing efficiency in gut, skin, mucous of Lactobacillus
rhamnosus were studied in rainbow trout [29] and in turbot [30].
The probiotic yeast cells Saccharomyces cerevisiae was
recorded for its immunostimulatory activities in rainbow trout
[31]
and in gilt head seabream [16-32]. Investigated the effects of
various levels of dietary Bacillus subtilis and chitosan on the
growth performance, non-specific immunity and protection
against Vibrio harveyi infection in cobia, Rachycentron
canadum.
Although we already have a broad knowledge base with
regards to the effect on host innate immunity at the systemic
level, our understanding of the important host-microbe
interactions at the mucosal interface and the subsequent
localised immunological responses is lacking [33].
However, during the last few years a number of papers have
revealed important information on the localised host response
to gut microbes and probiotics with respect to the gene
expression of pro- and anti-inflammatory cytokines (e.g. IL1β, IL-8, IL-10 and TNFα), mucosal antibodies (i.e. IgT/IgZ),
TLR’s, various other important immunological proteins and
proteins involved in the regulation of cellular activity and
apoptosis (e.g. PCNA and Hsp70) [33].
Hence the present study has been aimed at exploring the
immunostimulatory effect of the microbial probiotic
Lactobacillus sporogenes on non-specific defence mechanisms
of Oreochromis mossambicus. When administered directly in
the medium as vegetative cells.
2. Materials and methods
2.1. Animal maintenance
Oreochromis mossambicus a common fresh water cichlid fish
was used for the study. Fish procured from river cauvery were
stocked in large fiber tanks. The experiments were carried out
in plastic tubs of 70 lt capacity. Fish of both sexes weighing
20-25 gm were used in the study. Water was changed
frequently to avoid stress due to ammonia accumulation. The
animals were fed ad libitum with a balanced fish diet prepared
in our laboratory.

2.2. Culture of Lactobacillus sporogenes
Lactobacillus sporogenes spores commercially available as the
pharmaceutical product SPORLAC were used for the present
study. The culture and maintenance of the probiotic was done
using MRS agar and nutrient broth (Titan Biotech, India.).
SPOROLAC tablet was first opened under aseptic conditions
and soaked in physiological saline solution for overnight to get
a starter culture. This step initiated the germination of the
spores. Then it was inoculated in MRS broth and cultured at
room temperature (32 ± 1 ºC) in a rotatory shaker. From the 16
hr culture using an inoculation loop a streak culture was made
in MRS agar plates. After 24 hrs, a single colony was taken
and inoculated in MRS broth to culture the probiotic bacteria
in required quantity.
2.3. Experimental protocol
Three groups of fish were administered with different numbers
of the probiotic cells - 2.5 x 104 (T1) 5 x 104 (T2) 1 x 105 (T3).
The lactobacilli obtained from the 16 hrs culture were washed
well and required number of cells suspended in PBS and
introduced in the tank water. A seperate control group was
maintained to which physiological saline was added. Seven
days after the probiotic treatment, water was changed and fish
were immunized with intra peritoneal injection of 109 cells of
heat killed Aeromonas hydrophila. The immune parameters
were assayed on different days based on the period of
response.
2.4. Number of Activated Neutrophils by NBT assay
The NBT assay followed was that of Anderson [34] except that
distilled water was used instead of saline to prepare the NBT
solution [35]. Fifty l of blood was bled from the common
cardinal vein using a syringe with 50 l of heparinised saline.
This 100 l of heparinised blood was placed on a glass cover
slip. The cover slips were placed on moist cotton in a petridish
for 30 minutes. The excess cells were washed off with a
stream of PBS from a Pasteur pipette. Blotting the edge of the
coverslip with a paper towel drained off the PBS. The cover
slip was turned upside down onto a drop (50 l) of the NBT
solution in a glass microscope slide. The slide was incubated
for 30 minutes. Then the slides were examined under a light
microscope (400 x). Five random fields of positive dark blue
stained cells were observed for each cover slip. Activated
neutrophils in each field were added together to give a total
number of cells per slide. The NBT assay was done on 2nd, 4th,
6th, 8th, 10th and 12th days post immunization.
2.5. Total and differential white blood cell counts
Total WBC was counted in a Neubauer counting chamber
using Natt-Herrings solution as the diluting fluid [36]. 0.1 ml of
blood was diluted to eight times using Natt-Herrings solution
and kept for five minutes. The stained cells are counted in four
large squares of Neubauer counting chamber. Differential
count was done using Leishman stained blood smears. Cover
the smear with stain and leave for 1-3 minutes. Add PBS and
allowed to mix on slide and leave for five minutes. Rinse in
distilled water. Blot dry the slide and examine under 100x
magnification of a binocular microscope. 100 cells were
counted and the number of cells was expressed in percentage.
2.6. Statistical analysis
One-way ANOVA was performed using Minitab (SPSS Inc,
Chicago, Illinois, USA) software for analyzing the significance
between means and Microsoft Excel was used for graphical
presentation of data.
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3. Result and Discussion
3.1. Activated Neutrophils
L. sporogenes has significantly (p < 0.05; Table 1) stimulated
the number of activated neutrophils (Fig. 1) in a dose
dependent manner. The peak day of for control was Day 6,

while T1 stimulated the number of activated neutrophils
significantly and at the same time advanced the peak day to
day 4. 1x105 cells/ml concentration has no significant effect on
the number of activated neutrophils.

Table 1: One-Way Analysis of Variance showing the overall effect of Lactobacillus sporogenes on Number of activated neutrophils when
administered as water additive

Source
Factor
Error
Total

Level
C
T1
T2
T3

DF
3
140
143

N
36
36
36
36

SS
2425.92
10685.1
13110.1

Mean
11.472
17.972
21.111
21.889

Pooled St Dev =

Analysis of Variance
MS
148.97
3.97

St De
4.699
6.627
11.434
10.419

8.736

The results of the present study clearly shows that exposure to
the probiotic bacteria increases the number of activated
macrophages. The results are in conformation with the earlier
studies on fish [30, 29, 37, 16, 32, 38]. Many immunostimulants have
been reported for their stimulatory action on activity of the
neutrophils in fish [6, 3, 9, 8, 11, 39]. L. rhamnosus is recorded to
have the activity of interferon and interleukins IL - 4 & IL -5,
and monokines (IL-12, IL-18) [40]. It has been shown that
certain probiotic bacteria are able to stimulate phagocytic
activity in humans [41, 42]. Immunomodulation by Lactobacillus
sp. in improving non-specific defenses has been well
documented in mammals [20, 21, 22].
The water additive route was most effective in comparison

F
10.59

P
0.000

Individual 95% CIs For Mean
Based on Pooled St Dev
-- + --------- + --------- + --------- + ---(----- * -----)
(----- * -----)
(---- * ----)
(---- * ----)
-- + --------- + --------- + --------- + -----10.0
15.0
20.0
25.0

with the other two routes of administration studied earlier
(feed supplementation and immobilized cells) [43, 38] in
enhancing the number of activated neutrophils. The magnitude
of the response is in the order of water additive > feed
supplement > immobilized cells.
3.2. Total peripheral blood leukocyte count
Figure 2 reveals that lactobacillus increased the number of
white blood cells when administered as water additive.
Treatment T1 has number effect on the WBC count. T2 and T3
enhanced the peripheral leukocytes count significantly (P <
0.05; Table 2). T2 enhanced maximally on 6th day and T1
showed minimum effect.
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Table 2: One-Way Analysis of Variance showing the overall effect of Lactobacillus sporogenes on Number peripheral blood leukocytes when
administered as water additive
Analysis of Variance
Source

DF

SS

MS

F

P

Factor
Error
Total

3
140
143

459783069
712284931
1.172E+09

153261356
5087750

30.12

0.000

Level

N

Mean

St De

C
T1
T2
T3

36
36
36
36

13995
14654
17582
18114

1795
1431
3044
2411

Pooled St Dev =

Individual 95% CIs For Mean
Based on Pooled St Dev
-- + --------- + --------- + --------- + ---(-----*-----)
(-----*-----)
(----*----)
(----*----)
---- + --------- + --------- + --------- + -----14400 16000
17600

2256

Blood monitoring though considered less sensitive [44], is one
of the most popular method for immunological assays because
the animal need not be sacrificed. Although tilapia is the
second most frequently cultured fish in the world, there are
surprisingly few reports on normal blood values for this
species. Our results on total WBC count and differential count
conform well with observations done elsewhere [45, 46, 47]. An
increase in the number of leukocytes (leukocytosis) is a normal
mode of innate defense response of the fish to a pathogenic
attack. Hari krishnan et al., [48] showed that A. hydrophila
infection caused an increase in WBC count. Herbal
immunostimulants have also been shown to stimulate the
proliferation of leukocytes [49]. However in the field of

probiotics, studies on the effect of probiotics on hematological
parameters are lacking. The vegetative cells (water additive)
show a similar pattern of enhancement in cell counts as
observed for activated neutrophil responses. In this group T2
showed maximum enhancement
3.3. Differential leukocyte count
3.3.1. Lymphocytes
There is significant stimulation of lymphocytes by all the
treatments (Fig 3). A dose dependent effect was observed with
T3 having the highest effect and T1 with lowest stimulatory
effect. (P < 0.05; Table 3). The number of lymphocytes was
maximum on day 12 post immunization.
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Table 3: One-Way Analysis of Variance showing the overall effect of Lactobacillus sporogenes on Number of lymphocytes when administered
as water additive
Source
Factor
Error
Total

DF
3
140
143

SS
446.92
556.39
1003.31

N

Mean

Level
C
T1
T2
T3

36
36
36
36

Analysis of Variance
MS
148.97
3.97

80.306
81.944
82.278
85.194

Pooled St Dev =

F
37.48

P
0.000

Individual 95% CIs For Mean
Based on Pooled St Dev
-- + --------- + --------- + --------- + ---(--- * --)
(--- * --)
(-- * ---)
(-- * --)
-- + --------- + --------- + --------- + ---80.0
82.0
84.0
86.0

St De
v
1.582
1.912
1.579
2.692

1.994

The present investigation shows a significant enhancement in
lymphocyte count among probiotic treated fish compared to
the control. The probiotics seem to stimulate the proliferation
of lymphocytes either directly or indirectly. Observations of
Kitazawa et al., [50] that probiotics enhanced multiplication of
B lymphocytes by stimulating the expression of CD molecules
(Cluster of Differentiation system), could be a possible
mechanism for the enhancement observed in the present study.

3.3.2. Granulocytes
There is significant stimulation of granulocytes by all the
treatments (Fig 4) on the peak day (Day 4). Maximum
enhancement was done by T3 and minimum by T2. When the
overall response was analyzed, the effect was seemed to be
suppressive. (p < 0.05; Table 4).
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Table 4: One-Way Analysis of Variance showing the overall effect of Lactobacillus sporogenes on Number of granulocytes when administered
as water additive
Source
Factor
Error
Total
Level

DF
3
140
143
N

C
T1
T2
T3

SS
155.80
522.86
678.66
Mean

36
36
36
36

51.93
3.73
St Dev

10.889
11.000
10.389
8.417

Pooled StDev =

Analysis of Variance
MS

2.025
2.191
1.946
1.500

F
13.91

P
0.000

Individual 95% CIs For Mean
Based on Pooled St Dev
------ + --------- + --------- + --------- +
(----- * ----)
(-----*----)
(----- * ----)
(---- * ----)
------ + --------- + --------- + --------- +
8.4
9.6
10.8
12.0

1.933

In fish the major granulocytes are neutrophils. Granulocytes in
blood can be greatly increased within 24 hrs after subjecting
fish to stress [51]. In the present study there is a significant
reduction in the number of granulocytes in the probiotic
treated fish groups. This could be attributed to the fact that
granulocytes are attracted to the site of infection by
chemotaxis [52]. Being highly motile these phagocytic cells are
the first to arrive at the site of infection. This might result in a
reduction of circulating granulocytes in blood. The reduction
in granulocytes count in blood could thus be related to an
increased disease resistance.

3.3.3. Monocytes
There is significant stimulation of monocytes by the treatments
T2 and T3 (Fig 5) on the peak day. (Day 6). Maximum
enhancement was done by T3 and minimum by T2. The lowest
treatment T1 was suppressive in the monocytes count. When
the overall response was analyzed, the effect was seemed to be
suppressive by all three treatments. (p < 0.05; Table 5).

Table 5: One-Way Analysis of Variance showing the overall effect of Lactobacillus sporogenes on Number of monocytes
When administered as water additive
Source

DF

SS

Factor
Error
Total

3
140
143

100.47
543.28
643.75

Analysis of Variance
Ms
33.49
3.88

Level

N

Mean

StDe

C
T1
T2
T3

36
36
36
36

8.667
6.972
7.111
6.417

1.621
1.576
1.753
2.708

Pooled StDev =

1.045
~ 367 ~

F
8.63

P
0.000

Individual 95% CIs For Mean
Based on Pooled StDev
--- + --------- + --------- + --------- + --(------ * -----)
(------*-----)
(-----*------)
(-----*------)
-- + --------- + --------- + --------- + --4.0
4.7
5.2
5.8
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Monocytes are the largest circulating leukocyte population. In
the present study there is a significant decrease in the number
of monocytes in fish treated with probiotic bacteria. The
decrease in number of monocytes in blood could be justified
by the fact that the monocytes are differentiated into tissue
macrophages and they migrate towards the site of infection or
inflammation [52], for phagocytosis and subsequent antigen
processing and presentation. A decrease in monocyte count
could therefore be an indication of the stimulation of the
specific and non-specific defense mechanism.
4. Conclusion
The microbial probiotic L. sporogenes could be used as an
effective cheap source for prophylactic measures in
aquaculture. The mode application is highly simple and
requires minimum labour. Since the strain used in the present
study is meant for human consumption, there is no need for
discussing its safety issues.
5. References
1. Robertsen B, Engstad RE, Jotgensen JB. β- Glucans as
immunostimulants in fish. Modula. Fish Immune
Responses 1994; 1:83-99.
2. Lygren B, Sveier H, Hjelthes B, Waagbo R. Investigation
of Lactoferin and vitamin C as dietary immunostimulants
in atlantic salmon (Salmo salar) In: Kane A.S and S.C.
Poynton (Eds) proceedings of the international
symposium on Aquatic Animal Health, Baltimore, USA,
1998, 226.
3. Anderson DP. Immunostimulants, adjuvants and vaccine
carriers in fish; Applications to aquaculture. In: Annual
Review of Fish Diseases, Faisla M and Hetrick F.M (eds)
Pergamon press, 1992, 281-307.
4. Yano T, Dharan S, Garg S, Upadhyay SN. Antiinflammatory effect of extract of neem leaf, in: Chari MS,
Singh RP, Kraus W and Saxena RC (eds) World Neem
Conference, (abstracts) India, 1993, 80.
5. Kijita Y, Sakai M, Atsuta S, Koobayashi M. The
immunomodulatory effects of levamisole on rainbow trout
Onchorynchus mykiss Fish Pathol 1990; 25(1):93-98.
6. Siwicki AK, Cossarini-Dunnier M, Studnicka M, Damael
A. In vivo effect of the organo phosphorus insecticide
trichlorphan on immune response of carp (Cyprinus
carpio): Effect of high doses of trichlorphon on nonspecific immune response Ecotoxicol. Environ. Safety
1990; 19:99-105.
7. Anderson DP. Immunostimulants, adjuvants and vaccine
carriers in fish; Applications to aquaculture. In: Annual
Review of Fish Diseases, Faisla M and Hetrick F.M (eds)
Pergamon press, 1992, 281-307.
8. Venkatalakshmi S, Michael RD. Immunostimulation by
leaf extract of Ocimum sanctum Linn.in Oreochromis
mossambicus (Peters). J Aqua Trop 2001; 16:1–10.
9. Logambal SM, Venkatalakshmi S, Michael RD. Immunostimulatory effects of leaf extracts of Ocimum sanctum
Linn.
In
Oreochromis
mossambicus
(Peters).
Hydrobiologia 2000; 430:113-120.
10. Ian B, Dalmo Roy A. The use of immunostimulants in fish
larval aquaculture 2005; 19(5):457–472.
11. Sudhakaran DS, Devasree LD, Premsingh S, Michael RD.
Immunostimulatory effect of Tinospora cordifolia Miers
leaf extract in Oreochromis mossambicus, Peters 2006;
44(9):227-232.
12. Ringø E, Olsen RE, Vecino JLG, Wadsworth S, Song

13.

14.

15.

16.

17.
18.

19.
20.
21.
22.

23.

24.

25.
26.
27.
28.

29.

30.

~ 368 ~

SK. Use of immunostimulants and nucleotides in
aquaculture: a review. J Marine Sci Res Development,
2012, 1:104.
Meena DK, Das P, Kumar S, Mandal SC, Prusty
AK, Singh
SK et
al.
Beta-glucan:
an
ideal
immunostimulant in aquaculture (a review) Fish Physiol
Biochem 2013; 39(3):431-57.
Padmapriya, Venkatalakshmi S. Effect of varying cow
urine samples on growth of fish Cirrhinus mrigala
fingerlings (Hamilton) International Journal of Fisheries
and Aquatic Studies 2014; 2(2):26-29.
Padmapriya SS, Venkatalakshmi S. Biochemical
Responses of the Fish Cirrhinus mrigala Exposed to
Urine of Different Cow breeds, Research Journal of
Science and Technology 2014; 6(1):30-33.
Rodriguez A, Cuesta A, Esteban MA, Meseguer J. The
effect of dietary administration of the fungus Mucor
cincinelloides on non-specific immune responses of gilt
head sea bream. Fish and Shellfish Immunol 2004; 16:
241-249.
Fuller R. Probiotics in man and animals: a review. J. Appl.
Bacteriol 1989; 68:365-378.
Nikoskeleinen S, Ouwenhand AC, Bylund G, Salminen S.
Protection of rainbow trout (Oncorhynchus mykiss) from
furunculosis by Lactobacillus rhamnosus. Aquaculture
2001; 198:29-36.
Byun JW, Park SC, Benno Y, Oh TK. Probiotic effect of
Lactobacillus SP DS-12 in flounder (Paralichthys
olivaceus). J. Gen. Appl. Microbiol 1997; 43:305-308.
Gill HS. Stimulation of the immune system by lactic
cultures. Int. Dairy J 1998; 8:535–544.
Kato I, Yokokura T, Mutai M. Augmentation of mouse
natural killer cell activity by Lactobacillus casei and its
surface antigens. Microbiol. Immunol 1984; 27:209-217.
Kato I, Tanaka K, Yokokura I. Lactic acid bacterium
potently induces the production of interleukin-12 and
interferon–γ-by
mouse
splenocytes.
Int.
J
Immunopharmacol 1999; 21:121-131.
Malin M, Suomalainen H, Saxelin M, Isolauri E.
Production of IgA immune response in patients with
Crohn’s disease by oral bacteriotherapy with lactobacillus
GG Ann Nutr Metb 1996; 40:137-145.
Ogawa M, Shimizu K, Nomoto K, Takahashi M,
Watanuki M, Tanaka R et al. Protective effect of
Lactobacillus case strain Shirota on Shiga toxin producing
Escherichia coli 0157:H7 infection in infant rabbits.
Infection and Immunity 2001; 69(2):1101-1108.
Williams Nancy Toedter. Probiotics American Journal of
Health-System harmacy 2010; 67(6):449-458.
Cutting Simon M. Bacillus probiotics Food
Microbiology 2011; 28(2):214-220.
Upadhyay N, Moudga V. Probiotics: A review Journal of
Clinical Outcomes Management 2012; 19(2):76-84.
Utiswannakul P, Sangchai S, Rengpipat S. Enhanced
growth of black tiger shrimp Penaeus monodon by dietary
supplementation with Bacillus (BP11) as a probiotic. J
Aquac Res Development, 2011.
Nikoskelainen S, Ouwehand AC, Bylund G, Salminen S,
Lilius EM. Immune enhancement in rainbow trout
(Oncorhynchus mykiss) by potential probiotic bacteria
(Lactobacillus rhamnosus). Fish and Shellfish Immunol
2003; 15:443-452.
Villamil L, Taffalla C, Figueras A, Novoa B. Evaluation
of immunomodulatory effects of lactic acid bacteria in

International Journal of Fisheries and Aquatic Studies

31.

32.

33.
34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

turbot (Scophthalmus maximus) Clinical and diagnostic
laboratory Immunology 2002; 9(6):1318-1323.
Ortuno J, Cuesta A, Rodriguez A, Esteban MA. J
Meseguer. Oral administration of yeast, Saccharomyces
cerevisiae, enhances the cellular innate immune response
of gilt head sea bream (Sparus aurata L.). Vet. Immuno.
& Immunophatho 2002; 85:41-50.
Geng Xu, Xiao HD, Bei Ping T, Qi Hui Y, Shu Yan C et
al. Effects of dietary chitosan and Bacillus subtilis on the
growth performance, non-specific immunity and disease
resistance of cobia, Rachycentron canadum Fish and
Shellfish Immunology 2011; 31(3):400-406.
Merrifield, Zhou. Probiotic and Prebiotic Applications in
Aquaculture J Aquac Res Development, 2011.
Anderson DP. In vitro immunization of fish spleen
sections and NBT, phagocytic, PFC and antibody assays
for monitoring the immune response. In: Techniques in
Fish Immunology, Stolen JS, Fletcher TC, Anderson DP,
Kaattari SL and Rowley AT (Eds) SOS Publications, Fair
Haven, USA, 1992; 79-87.
Stasiack A, Steward, Baumann, Paul C. Neutrophil
activity as a potential indicator for contaminant analysis.
Fish and Shellfish Immunol 1996; 6:537-539.
Rowley A. Collection, Separation, Identification of fish
leukocytes In: Techniques in Fish Immunology, Stolen JS,
Fletcher TC, Anderson DP, Kaattari SL and Rowley AT
(Eds) SOS Publications, Fair Haven, USA, 1990, 113-136.
Panigrahi A, Kiron V, Kobayashi T, Puangkaew J, Satoh
S, Sugita H. Immune responses in rainbow trout
Oncorhynchus mykiss induced by a potential probiotic
bacteria Lactobacillus rhamnosus JCM 1136. Vet.
Mmunol. & Immunopathol 2004; 102(4):379-388.
Venkatalakshmi, Ebanasar SJ, Dinakaran Michkel R. A
novel eco-safe method for Probiotic application in
Aquaculture. Journal of Basic and Applied Biology 2012;
6(2):60-68.
Gopalakannan A, Arul V. Immunomodulatory effects of
dietary intake of chitin, chitosan and levamisole on the
immune system of Cyprinus carpio and control of
Aeromonas hydrophila infection in ponds. Aquaculture
2006; 255(1-4):179-187.
Cross Martin L, Mortensen Rikke R, Kudsk Jane, Gill
Harsharnjit S. Dietary intake of Lactobacillus rhamnosus
HN001 enhances production of both Th1 and Th2
cytokines in antigen-primed mice, Medical Microbiology
and Immunology 2002; 191(1):49-53.
Schiffrin EJ, Brassart D, Servin A, Rochat F, DonnetHughes A. Imunomodulation of blood leucocytes in
human by lactic acid bacteria: criteria for strain for strain
selection. Am J Clin Nutr 1997; 66:515S-520S.
Arunachalam K, Gill HS, Chandra RK. Enhancement of
natural immune function by dietary consumption of
Bifidobacterium lactis (HN019). Eur J Clin Nutr 2000;
54:263-7.
Venkatalakshmi S, Ebanasar J. Immunoenhancement of
Oreochromis mossambicus (Peters) in relation to different
doses of Lactobacillus sporogens given as a feed an
additive. Journal of Basic and Applied Biology 2012;
6(2):53-59.
Anderson P. Environmental factors in fish health In:
Iwama G., Nakanishi T (ed) The fish immune system,
organism, pathogen and environment, Academic press,
London, 1996, 289-310.
Ruiz-Ponte C, Samain JF, Nicolas JL, Antibacterial

46.

47.
48.

49.
50.

51.

52.

~ 369 ~

activity exhibited by the marine strain Roseobacter sp. In:
Le Gal, Y., Muller-Feuga, A. Eds. Marine
Microorganisms for Industry. Proceedings of a Meeting,
17–19 September 1997, Brest, France. Actes Colloq.
Ifremer No. 21, Ifremer, Plouzane, France, 1998, 66–168.
Direkbusarakom S, Yoshimizu M, Ezura Y, Ruangpan L,
Danayadol Y. Vibrio spp., the dominant flora in shrimp
hatchery against some fish pathogenic viruses. J Mar
Biotechnol 1998; 6:266–267.
Gram L. Inhibitory effect against pathogenic and spoilage
bacteria of Pseudomonas strains isolated from spoiled and
fresh fish. Appl. Environ. Microbiol 1993; 59:2197-2203.
Harikrishnan R, Balasundaram C, Bhuvaneswari R.
Restorative effect of Azadirachta indica aqueous leaf
extract dip treatment on hematological parameter chances
in Cyprinus carpio (L.) experimentally infected with
Aphanomyces invadans fungus. J Appl Icthyol 2005;
21:410–413.
Logambal SM, Michael RD. Azadirachtin-An immunostimulant for Oreochromis mossambicus (Peters). J. Aqua.
Trop 2001; 16:339–347.
Kitazawa H, Veha S, Itoh S, Watanabe H, Konnok Kawai
Y, Saito t et al. AT oligonucleotides including βlymphocyte activation exist in probiotic Lactobacillus
gasseri. Int. J Food Mic 2001; 65(6):149-162.
Secombes CJ. The non-specific Immune system: Cellular
Defenses. In: The fish immune system–organism,
pathogen and environment, Academic press, London,
1996, 63-105.
Roitt IM, Brostoff J, Male DK. Immunology, 3rd ed.,
Mosby-year book Europe Ltd, London, 1993, 2.13-2.16.

