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ABSTRACT

To evaluate the nutritional quality of LAB and their possible effect on growth and survival of
juvenile Penaeus indicus four commercially available cultures viz., L. acidophilus, 5. cremoris,
L. bulgaricus-b6 and L. bulgaricus-B7 were orally administered via a moist feed base
(cell concentration Bx10° cells g™ of diet) to four treatment groups in three replicates and
designated as D, D, D, and D, at 12% of the body weight for a period of 35 days. A control group
devoid of bacteria designated DO served as control. The diets contained 55% protein and 4.25%
crude fat. All the treatment groups recorded higher weight as compared to the weight gain of
21.32% recorded in control group of shrimp (p<0.05). Specific growth rates and survival rates were
also better in all the treatment groups as compared to control (p<0.05). Feed D, recorded the lowest
and best FCR of 0.64 as compared to 3.28 recorded on the control diet. The same was the case with
PER, K, and K, showing S. eremoris to be the most efficient nutritionally. The probiont incorporated
diets recorded higher digestibilities ranging between 93.98 to 82.15% as compared to 70.46%
obtained on the control diet (p<0.05). Total Plate Count of the gut microflora revealed localization
of LAB. The present investigation clearly demonstrates the beneficial role of LAB probionts orally
monitored via compounded feed on growth in F. indicus juventles.
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INTRODUCTION

During the last few decades, agquaculture has become the worlds fastest growing food
production sector, with cultured shrimp growing at an annual rate of 18.8%. Meanwhile, according
to a World Bank report, global losses resulting from shrimp diseases are around 3 billion US dollars.
The potential negative consequences of using antibiotics in aquaculture, such as the development
of drug resistant bacteria and the reduced efficiency of antibiotic resistant for human and animal
diseases, have led to suggestions of the use of nonpathogenic bacteria as probiotic control agents
{Vaseeharan and Ramasamy, 2003).

Single cell proteins offer many advantages over conventional animal and plant proteins. They
have a high protein content (40-80% protein on dry weight basis) along with a very short
generation time. They can be easily cultivated in limited land space over available carbon sources.
It 18 possible to control their nutritional composition as they can be genetically mampulated (Tacon,
1990). The use of microbial probiotics in aquaculture is now widely accepted (Mchanty ef al., 1993;
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Mohanty et al., 1996; Gatesoupe, 1999; Sharma and Bhukhar, 2000; Gomez-(hl ef al.,, 2000;
Verschuere ef «l., 2000; Irianto and Austin, 2002; Wang and Zirong, 2008; Vine ef al., 2006;
Wang, 2007). Probionts have been used to feed live feed and larvae of finfish and shellfish directly
as well as indirectly and their use has produced some positive results. The use of Probionts as feed
additives has been preferred over that of antibiotics. They do not exhibit any undesirable effects
associated in the use of antibiotics. Most studies carried out in larvae failed to record toxicity or
allergy. Bacterial drug resistance and indiseriminate suppression of intestinal micro flora are not,
observed with the use of probiotics. Alsoresidues which remain in foed like in the case of antibictics
are not obtained.

The nutritional merits of Lactic acid bacteria as probictic have been proven in humans and a
number of other terrestrial organisms. Many studies using animal models have clearly
demonstrated a protective effect of dietary supplements of lactic acid bacteria against colon tumor
development (KKabir ef al., 2004). Gursoy and Kinik (2006) showed probiotics supplementation
promoted significant influence on live weight gain, high carcass yield, prominent cut up meat parts
and immune response in day old broiler chicks.

Silver-Ps a probiotic applied in culture ponds of Peneaus monodon yielded higher body weights,
total production and survival rates compared with control ponds (without probiotics). The shrimps
in control ponds were seriously affected by bacterial infection; gill scaking and tail rot diseases
while these problems were not encountered in probiotics applied ponds showing that probiotics play
a vital role in growth, survival and production of the shrimps by maintaining good water quality
parameters through out the culture period (Soundarapandian and Sankar, 2008). The
experimental introduction of Lactic Acid Bacteria (LAB) into the intestine of fish has been reviewed
{Ringa and Gatesoupe, 1998). Several studies have shown that it is possible to maintain artificially
the LAB population at high levels by regular intake through feed especially in ced, salmon and
turbot. Adhesion is acknowledged as the first step of a microorganism in the process of colonization
and the intestinal mucous plays a vital role in this process. There are reports in endothermic
animals that there 1s a certain degree of host-specificity in the adhesion process. Adhesion to
intestinal mucous has alse been assayed in vitro in fish (Joborn et af., 1997). Intestinal bacteria of
turbot adhere specifically to intestinal mucous than te any control surface. Specific adhesions have
been demonstrated in the adhesion of yeasts to intestinal cell walls of rainbow trout
{(Vazquez-Juarez et al, 1997). Similar studies on crustaceans in general and commercially
important shrimp in particular are wanting. The present study was thus taken up with the main
objective of evaluating the effect of four commercially available LAB fed orally via a compounded
feed on growth and survival of juvenile FPenaeus indicus.

MATERIALS AND METHODS

Microorganisms: For the present study four commonly utilized LAB strains viz., Lactobacillus
actdophilus NCIM 2285, Streptococcus cremoris NCIM 2285, Lactobacillus bulgaricus NCIM 2285
{(2066) and Lactobacillus bulgaricus NCIM 2285 (2057 ). Hansens strain obtained from the
National Collection of Industrial Micro-organisms ( NCIM ) National Chemical Laboratory, Pune,
India were used. They were revived on NCIM enrichment media containing glucose, lactose, liver
extract yeast extract and salts (pH 7.6) and maintained as slant cultures on MRS agar and sub
cultured every week. The authenticity of the cultures was verified by sub culturing and
identification based on their morphelogical and bicchemical characteristics (Holt, 1989). Pure
cultures were stored at 4°C in agar slants with sub culturing every 3-4 weeks. Pure culture of
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Vibrio alginolyticus obtained from the collection maintained at the Microbiology Laboratory, Center
for Fish disease diagnosis and management, School of Environmental studies, Cochin University
of Science and Technology was used as the test organism. The microbes were sub cultured every
weelk and stored at 4°C as TSA slants containing 1.0% sodium chloride.

Production of bacterial biomass: L. acidophilus, S. cremoris, L. bulgaricus-56 and
L. bulgaricus-57 were grown aseptically in 10 mL of nutrient broth for 24 h at room temperature
(28+2°C ). Five millilitre of log phase culture was then transferred under aseptic conditions into
250 mL of MRS broth and placed on a rotary shaker at 150 rpm for 24 h at 28+2°C. The cells of
each strain were harvested separately by centrifuging at 10.000 rpm under aseptic conditions for
15 min at 4°C. The supernatants were saved and used for testing in vitro the antagonistic property
of Vibro while the accumulated cell biomass was dispensed in 5 mL of PBS in individual sterile glass
vials and used for incorporating in feed.

Feed preparation: A moist compounded feed base was prepared fresh every week as per the
specification of New (1989). A pre-weighed quantity of freshly extracted fish oil {(sardine) procured
from the local extraction mill was added to each individual LAB biomass. The whole was thoroughly
remixed in a vartex mixer . Kach was separately incorporated into feed to give a final concentration
of Bx10°cells/g of diet. The control feed contained only PBS and oil. The feeds were stored at 4°C
and viability of the bacterial cells determined at regular intervals of 24 h by standard plate count
using MES agar.

Feeding experiments: Juveniles of Fenaeus indicus averaging 0.905+£0.23 g in weight and
6.27+0.12 em in length were procured from the ponds of the Central Institute of Brackishwater
Aquaculture, Narakkal. They were transported to the laboratory in oxygen bags and acclimatized
for a week in 500 L capacity fiber glass tanks supplied with aeration at 28+2°C prior to
commencement of the experiment. The shrimp were randomly segregated into fifteen groups so that
three replicates were available for each of the four treatments and the control groups. The animals
were maintained in plastic tubs containing 40 L of filtered seawater irradiated with ultra violet
light. They were maintained on a pelleted diet fed at 12% of body weight per day in two divided
doses at 10 and 16 h, respectively. The physico-chemical parameters of the rearing water were
monitored and averaged at 32+2%o for salinity; 4.5+0.5 mg L™ for dissolved oxygen; 8+0.5 for pH
and 28+1°C for temperature during the entire experimental duration. The feeding experiment was
carried out for 35 days from September to October at the wet laboratory of the Institute after which
the animals were sacrificed and gut dissected out under aseptic conditions. Serial dilutions were
carried out and plated onto Tryptone Soya Agar (TSA) plates containing 1.0% sodium chloride and
incubated at 28+2°C and developed colonies identified.

Analytical methods: Proximate composition of the feed ingredients and experimental feeds was
evaluated as per AOAC (1990). Total Plate Count (TPC) of gut micro flora, feed and water was
carried out as per standard methods (APHA, 1980). Analysis of Variance (ANOVA) was carried out
for all data. All analysis was carried out in three replicates.

RESULTS

The four LAB cultures were checked for their growth and protein yield prior to incorporation
into feeds. S. eremoris had the shortest doubling time of 32 min while L. bulgaricus 57 had the
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Tahble 1: Growth and yield of the four LAP culture used in the feeding experiments

Strain name NCIM No. Treatment No. Optical density (660 mn) Proteinmg (mL™) Generationtime (min)
L. acidophilus 2205 Dy 0.348 4,20+ 0.56 46
S, cremoris 2205 D, 0.479 7.62+0.94 32
L. bulgaricus 56 2205 D 0.396 5.10+0.55 50
L. bulgaricus 57 2205 D, 0.316 3.49+0.24 50

Table 2: The biochemical characteristics of the lactic acid bacteria (LAB) used for feeding experiments with P. tndicus juveniles

Strain name Treatment No. Dry matter (%) Protein mg (mL™) Lipid mg mL™ Reducing sugar mg (mL™)
L. acidophilus Dy 22.48+2.87 4.204£0.07 1.0440.03 409.6+£78.97

S. cremoris Dy 27.86+£1.94 7.62+0.23 1.2640.04 416.7+34.64

L. bulgaricus 56 Dy 20.91+1.04 3.49+£0.42 1.214+0.07 303.13+42.11

L. bulgaricus 57 D, 19.47+2.11 5.10+£0.75 1.11+0.03 409.06+£65.02

longest. generation time of 60 min (Table 1). The biochemical characteristics of these four LAB
strains, used for hiomass accumulation for the feeding trials with P. indicus juveniles are given in
Table 2. S. cremoris recorded the highest protein content of 7.62 mg mL™' followed by
L. bulgaricus-57 with 5.10 mg mL™" where as L. bulgaricus-56 showed the lowest protein content
of 3.49 mg mL ™" amongst the four LAB strains. Dry matter content of the four strains ranged from
27.86% (5. cremoris) to 19.47% (L. bulgaricus-B7). Lipid content did not show much variation
between strains and ranged from 1.26 in S. eremoris to 1.04 mg mL ™" in L. acidophilus. A reducing
sugar content of 409.6, 4168.7 and 409.08 mg mL™, respectively was obtained for L. acidophilus,
5. eremoris and L. bulgaricus-57 while L. bulgaricus-56 recorded comparatively lower reducing
sugar content of 303.13 mg mL™".

Proximate composition of feed ingredients and feed: All the selected ingredients were
subjected to proximate composition analysis before formulation of the feeds (Table 3). The control
feed DO was devoid of bacterial biomass had a crude protein content of 55.0%. Feeds D, D,, D, and
[, had the four LAB cultures incorporated individually and their protein content varied from 55.04
to B5.08%. All the feeds had a lipid content averaging 4%. The other nutrients of these feeds were
well within the limits fulfilling the nutritional requirements of shrimp (Table 4).

Growth performance of P. indicus juveniles: The treatment groups showed a statistically
significant increase in length and weight (Table 5) in comparison to control (p<0.05). Maximum
increase in length (0.58 cm) was recorded in D, the group fed with the biomass of S. ¢remoris and
the least of 0.27 em in D, the group fed with L. acidophilus biomass. The control group DO recorded
an increase of only 0.18 em which was the lowest as compared to the treatment groups.
Correspondingly the highest increase in length of 9.35% was obtained in D, and lowest of 4.37%
in treatment D Increase in weight was maximum (1.741 g) in group D, the animal fed biomass of
5. eremoris while lowest weight gain (1.250 g) was obtained in group D, the L. bulgaricus-56 fed
animals. (Table 5). The control group of shrimp showed an increase in weight of 1.195 g™*
corresponding to an increase of 21.32%,

As also evident from Table 5 the highest percentage weight gain of 86.80% was obtained in D,
followed by 48.37% in group D, (p<0.05). Significant differences were also observed between the
specific growth rate and survival of the treatment groups and the control. Maximum SGR of 0.023
and 0.014 was observed in groups 1), and [, respectively. Highest survival of 98 was obtained in
group D, followed by 95% in groups D, and D, while in the control group it was 70% (p<0.05).

469



Fes. J. Microbiol., 6 (5): 466-4789, 2011

Table 3: Details of the feeding treatments and ingredients inclusion levels adopted in the feeding experiment with P. indicus juveniles

Dietary treatment code
Ingredients Dy Dy Dy D; D,
Soybean flour 36 36 36 36 36 36
Shrimp waste meal 10 10 10 10 10
Fish meal 15 15 15 15 15
Rice bran 12 12 12 12 12
Wheat flour 20 20 20 20 20
L. acidophilus - 5x10° cells/ - - -

- gof diet
S. cremoris - 5x10° cells/ - -

- g of diet

- 5%10° cells/

L. bulgaricus-56 - - g of diet -
L. bulgaricus-57 - - - 5x10° cells/g of diet

Table 4: Proximate chemical composition of the experimental (moist) and control feeds used for the feeding experiments with P. indicus

juveniles
Percentage
Dietary treatment Moisture content Crude?* protein *Lipid *Fiber *Ash **NFE
Dy 3.10+£0.04 55.00+2.86 4.00+£0.92 2.047+0.07 11.64+1.02 24.25+3.82
Dy 26.38+2.86 55.042+4.93 4.14+0.88 1.627+£0.02 12.5+2.92 28.09+2.45
Dy 24.96+1.92 55.076+3.33 4.12+0.42 0.247+0.03 12.6+2.26 28.16+0.93
D 22.57+2.83 55.05+1.98 4.06+0.62 0.247+0.02 13.1+1.99 27.03+1.87
D, 24.01+3.02 55.035+3.62 4.01+0.72 0.247+0.05 13.8+1.90 28.09+3.02

* % Dry matter basis, *NFE-nitrogen free extractives calculated as (100- % crude protein + crude lipid + ash + crude fiber + maoisture)

Table &: Growth performance of P. indicus juveniles reared on the experimental and control feeds for four weeks

Treatments
Growth parameters D, D, D, D D,
Average initial length 6.257+0.86 6.18+0.92 6.20+£0.65 6.15+0.78 6.22+0.35
Average final length (cm) 6.43+0.132 6.45+0.662 6.78+0.23° 6.70+£0.55° 6.714+0.46°
Average initial weight (g) 0.985+0.067 0.9944+0.073 0.932+0.065° 0.899+0.044° 0.980+0.036
Average final weight (g) 1.195+0.19° 1.26+0.24° 1.74140.18° 1.250+0.26° 1.45+0.31°
Average increase in length (cm) 0.18+0.02= 0.27+0.05% 0.58+0.12 0.55+0.18° 0.494+0.21°
Average increase in weight (g) 0.21+0.0342 0.266+0.0542 0.809+0.062° 0.351+0.031° 0.474+0.063"
% increase in length 2.88+0.62% 4.37+0.29* 9.3542.45° 8.9440.71° 7.94+0.97°
% increase in weight 21.32+4.982 26.76+5.322 86.80+£6.67 39.04+5.88° 48.37+4.45°
SGR* 0.006 0.008 0.023 0.010° 0.014>
Survival (%) 70+5.0° 05+7.0° 98+2.0°F 92+5.0° 05+3.0°

*SGR-Specific growth rate. Row means with same superscripts are not significantly different (p>0.05)
Amongst the experimental feeds feed D, incorporated with S. ecremoris gave the lowest and best

FCR of 0.64 followed by 1.66 for feed D, (.. bulgaricus-57), 1.99 for feed D, (L. bulgaricus-56) and
2.64 in case of feed D, (L. acidophilus), respectively. The control feed, though being dry and
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Fig. 1: Effect of LAB probionts on feed conversion ratios
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Fig. 2: Effect. of LAB probionts on protein efficiency ratios (PER)

pelleted gave a much higher (Poor) FCR of 3.1 in comparisen to the experimental feeds (Fig. 1). The
Protein Efficiency Ratios of the experimental and control feeds elicited a similar pattern ebtained
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Table 6: Apparent total digestibility (%) of the control and probiont incorporated feeds in P.indicus juveniles

Dietary treatment Apparent digestibility (%)
Dy 70.46+£5.78
Dy 90.68+6.34°
Dy 93.98+0.94°
D 88.98+£0.62°
Dy 82.15+1.82°

Column means with same superscripts are not significantly different (p=0.05)

Table 7: Changes in the nutritional quality of the cantrol and treatment groups after feeding probiotic incorporated feeds for four weeks

Final

Nutrient % Initial D, Dy D, D; D,

Dry matter 20.00+1.56° 27.30+£2.00° 26.80+1.87° 32.80+2.03" 23.30+0.95° 22.60+0.622
*Crude protein 38.50+2.772 30.38+1.86* 43.75+3.13* 55.40+2.80° 41.565+1.62 48.39+4.30°
*Lipid content 4.23+0.967 5.00+0.34° 5.30+0.82° 5.12+1.03% 5.25+1.12 3.50+0.62
*Ash 11.73+2.18% 17.1943.45° 14.32+1.94 % 9.45+1.03* 18.78+1.93" 10.30+2.09%
*(Crude fiber 1.60+0.232 1.39+0.22= 4.4141.35° 2.20+0.56° 4.65 £0.342 5.50+1.022
**NFE 10.50+£3.552 5.72+1.46° 0.55+0.11c 6.58+:2.32 7.96+0.81% 8.67+2.16%

*% Dry matter basis. **NFE-Nitrogen free extractives calculated as (100-% crude protein+erude lipid+ash+ crudefiber+moisture). Row

means with same superscripts are not significantly different (p>0.05)
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Fig. 3: Effect of LAB probionts on gross conversion efficiency (K')

in the case of Feed conversion Ratios. Feed D, gave the best PER of 3.8 followed by D, and D, with
values of 3.47 and 2.37, respectively. Comparatively lower PER of 1.69 was obtained in feed ;. The
control feed D, gave a very low PER of 0.08 (Fig. 2). The highest K, value of 32 was obtained for
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D, and lowest value of 7.6 for feed D, (Fig. 3). Feed D, gave a K| value of 12.8 and feed D, a value
of 10.1. Again the lowest gross conversion efficiency value of 89 was obtained in the control feed
y. The net conversion efficiency values (Fig. 4) showed the maximum conversion efficiency of
65.25 was obtained with feed Dy, Feeds D, D), and D, gave comparatively poor conversion
efficiencies of 13.9, 11.8 and 18.1, respectively. A conversion efficiency of 12.19 was obtained on
the control feed. The apparent total digestibility of the probiont incorporated feeds in P. indicus
juveniles given in Table 6 showed the probiont incorporated feeds to give higher and better
digestibility ranging from 93.98% for feed D, to 90.68% for feed D| Digestibility obtained for fead

D, (88.98%) and feed D, (82.15%) were also higher than 70.46% the total digestibility obtained for
the control feed Dj (p<0.05).

Changes in the nutritional quality of the control and LAB fed P. indicus: An increase was
recorded in the dry matter content in the carcasses of all the treatment groups as compared to the
initial dry matter content of the shrimp at the start of the experiment (Table 7). Crude carcass
protein increased in all the treatment groups upon feeding LAB from 38.5% the value recorded at,
the start of the experiment to 39.38% in the control group (Dy). The highest increase of 55.4% was
obtained for I, group fed with S. eremoris biomass followed by 48.39% for D,, 43.75% for D, and
41.508% for D, respectively. Lipid content recorded an increase from the initial 8.5 to 4.23% for the
control group and 5, 5.3, 5.12 and 5.25% for the treatment groups D,, D,, D, and D,, respectively.
Ash content of the animals did not show any particular trend as the control group D, and treatment
groups D, and D, showed higher values of 17.19, 18.78 and 14.32%, respectively as compared to
the initial value of 11.73% at the start of the experiment. Comparatively low values of 9.00 and
10.3% were recorded for the ash content in treatments D, and D,. Though the fiber and
carbohydrate contents of the carcasses recorded mild variations but these were however not
significant.
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Total plate counts (TPC) of sea water and gut micro flora: The sea water used in the amimal
experiments was subjected to TPC. Flextbacter spp. Enterobactereaceae spp. and Pseudomonas spp.
formed the dominant bacterial flora in the sea water before subjecting it to sterilization using
ultraviclet radiation. The TPC of the gut micro flora 1s presented in Table 8. The predominance of
LAB was chserved in all treated groups.

DISCUSSION

The use of probionts as feed additives has been preferred over that of antibiotics as they do not
exhibit any of the undesirable effects associated in the use of antibiotics viz., toxicity, allergy,
residues in food, bacterial drug resistance and indiscriminate suppression of intestinal micro flora.
Metchnikoff (1907) worked with Bulgarian bacillus, an organism closely related to lactobaciiius
starter of yogurt (L. delbreuckii subspecies bulgaricus) and to this day Lactobacilli have remained
the most commonly used probiotic organisms.

Several mechanisms have been investigated whereby bacteria could function as a probiotic.
These include adhesion to digestive tract wall to prevent colenization of pathogens (competitive
attachment) neutralization of toxins, bactericidal activity and increased immune competence.

Fish are continuously exposed to a wide range of microorganisms present in the environment
and the micro biota of fish has been the subject of several reviews. Moriarty (1998) evaluated lactic
acid bacteria in fish and demonstrated that Streptococcus, Leuconostoe, Lactobacillus and
Carnobacterium belonged to the normal micro biota of the gastrointestinal tract in healthy fish.
However, it is well known that the population level of lactic acid bacteria associated with the
digestive tract is affected by nutritional and environmental factors like dietary polyunsaturated
fatty acids, chromic oxide, stress and salinity. Pathogenic lactic acid bacteria such as Streptococcus,
Enterococcus, Lactobacillus, Carnobacterium and Lactococcus have been detected from ascites,
kidney, liver, heart and spleen. Some antibiotic treatments and vaccinations have been proposed
to cure or prevent these diseases that seem however, to spread with the development of fish culture.
It has also been reported that some lactic acid bacteria isolated from the gastrointestinal tract of fish
can act as probiotics. These candidates are able to colonize the gut and act antagonistic against
Gram-negative fish pathogens. These harmless bacteriocin-producing strains may reduce the need
to use antibiotics in future aquaculture (Piard and Desmazeaud, 1992),

Production of lactic acid by lactic acid bacteria reduces the pH of the stomach contents in
endothermic animals. Studies in vitro have shown that an acid condition of less than pH 4.5
prevents the growth of many bacteria including coli forms but still allows the growth of some strains
of lactobacilli (Sissons, 1989). LAB are also known to produce hydrogen peroxide which has

bactericidal actions in vitro and produces a metabolite thought to neutralize the effect of enter toxin

Table 8: Bacterial flora of gut wall in the control and experimental animals at the end of feeding trial. The bacterial counts are given as
colony forming units (CFU)/shrimp

Treatment number CFUShrimp Composition(%)

Control (D) 45,0004+ Pseudomonas+Eneterobacteriaceae
L. acidophilus (D) 2,10,000+15,00 LAB 65 35
S. eremoris (D) 3,00,000+2000 LAB 70 30
L. bulgaricus-56 (D) 1,71,000+3700 LAB 80 20
L. bulgaricus-57 (D) 1,92,000+2651 LAB 75 25
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released from coli forms. Clearly LAB is the best studied among all probionts, even so the effect of
its use in crustaceans has not been studied. Although LAB is not the dominant gut micro flora in
marine fish as compared to endothermic animals, researchers have been able to introduce LAB into
larval and juvenile fish with pronounced protection against Vibro infections. As in the case of fish
a strain of Vibro alginelyticus is used as probiotic agent for larval rearing of Penaeus vannamei in
Ecuador. Use of this strain increased survival of F. vannamet post-larvae by competitive exclusion
of pathogenic virblos and reduced antibiotic prophylaxis in intensive larval culture systems
(Griffith, 1995), Uma et al. (1999) reported that the growth and survival of F. indicus juveniles
were significantly improved by the addition of Lacto-sace™ (a commercial livestock probiotic feed
supplement composed of Saccharomyces sp. Lactobactlius acidophilus and Streptococcus fascium)
at levels ranging from 2.5 to 7.5 g kg™ basal feed. A challenge with Vibro alginolyticus resulted in
low mortality rate in Lacto-sace™ fed animals than in control group. However, the presence of these
organisms in the gut of the shrimp after feeding was not ascertained. Sridhar and Paulraj (2003)
introduced strains of Bactllus and Micrococcus isolated from shrimp guts by coating them onto
compounded diets into P. indicus post-larvae. They chserved significantly higher specific growth
rates and survival in treatment groups than control. Up to 10° CFU/shrimp of probiotic organisms
was detected in the gut of the post-larvae. The results of the present study are alsc in agreement,
where 65 to 80% colonization of LAB was obtained in the gut due to oral feeding. However, the
permanency of these LAB cultures in the gut should be ascertained by estimating their numbers
after stopping the oral feeding.

The improvement of the production rate of rotifers was observed with Adjulact, a spray -dried
whey with two strains of live lactic bacteria (5. thermophilus and L. helveticus). As the heat killing
of the probiotic increased further the rotifer production rate, it was assumed that this effect was due
to a growth factor(Gatesoupe et al., 1989a). This growth factor may have come from L. helveticus,
since the whey containing S. thermophilus as the only live bacteria did not improve the production
{(Gatesoupe, 1991a). In the same study the efficiency of L.plantarum was found to be higher than
that of L. helveticus. Acosil a spray dried extract from sprouting cereal grain, fermented with
selected strains of lactic acid bacteria, limited the bacterial proliferation in rotifers during their
overnight enrichment with fish oil emulsion (Gatesoupe ef al., 1989b) Adjulact with L. plantarum
decreased the bacterial counts in rotifers, especially the count of the dominant Vibrionaceae
(4. salmonicida). The spores of Bactllus IPH832 (Paciflor) did not decrease the bacterial counts but
the proportion of Vibrionaceae dropped dramatically while a very diversified flora set up. Therefore,
the effect on the rotifer flora depends on the probiotic but there 1s a general trend to reduce the
bacterial counts, at least those of Vibricnaceae (Gatesoupe, 1991b). On the other hand no further
improvement was observed when probiotics were given to Arterma nauplli .The improvement of the
rotifer preduction and/or the improvement of their bacterial environment may account for the
increase of the growth rate of larval fish.

The most promising result of probiotics use was reported in the improvement of the survival rate
of turbot due to rotifers fed with spores of Bacillus (Gatesoupe, 1993). This improvement was
observed in the event of an infection with A. Avdrophila whether the infection was casual or
experimental. As the spores are fast ingested then digested by rotafers, the hypothesis was that a
Vibrostatic substance from Bacillus hinders the proliferation of Vibrionaceae in rotifers and thereby
in turbot. The advantage of this treatment over antibiotics was that it worked at a very low
concentration (about 20 spores per rotifer, daily) and the medium also was not affected by any
drug.
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Metaillier and Hollocou (1993) fed triplicate lots of young 30 g Kuropean sea bass
{(Dicentrarchus labrax) three different diets each including a different, probiotic ad libitum. They
were compared with lots fed on a standard diet. Food consumption was quite the same for all the
lots. When compared with the standard, growth was slightly improved (5%) for two diets but not.
significantly. Nutritional parameters obtained with probiotics were not different from the standard
a finding contradictory to the results of the present study. They concluded that only through a new
study carried out on younger animals, during weaning period for example, would it be possible to
point out a potential probiotic effect for this species.

Bacillus S11 bacterium isolated from black tiger shrimp habitats was added to shrimp feed as
a probiotic in three forms: Fresh cells, fresh cells in normal saline solution and a lyophilized form
{(Rengpipat et al.,, 1998). After a 100-day feeding trial with probiotic supplemented and
non-supplemented {control) feeds, Penaeus monodon (from PL30) exhibited no significant
difference (p=0.05) in growth, survival nor external appearance between all three probiotic
treatments but significant differences (p<0.05) occurred between probiotiec and control groups also
a finding in agreement with the results of our study. After challenging shrimps with a shrimp
pathogen, Vibre harveyi, by immersion for 10 days, all probiotic treatment groups had 100%
survival whereas the control group had only 26% survival. In addition, the control group had an
unhealthy external appearance and deformed texture of the hepatopancreas and intestine, while
treatment group shrimp appeared healthy and normal. In another experiment that was performed
by Rengpipat et al. (2003), the growth and resistance to Vibro in black tiger shrimp (F. monodon)
fed with a Baecillus probiotic (BS11) were studied. As reported by us in the present study they
found that the growth and survival rates of shrimps fed on the probictic supplement were
significantly greater than those of the controls.

Seven putative probionts isclated from the gut were mixed with an equal volume of a lipid
oralizer and incorporated into compounded feed pellets to achieve a dose of 5x10 bacterial cells g™+
of fish food and fed teo rainbow trout Oncorhynchus mykiss fingerlings for a period of 25 days
{(Sridhar et al., 2006). Superior growth and feed efficiencies were obtained in animals fed the
probictic feeds clearly demonstrating the beneficial effects of orally administered probionts in
enhancing growth of culture organisms as well as in increasing their resistance to diseases. The
present study also shows that commercial cultures of LAB accorded superior growth and
digestibility upon oral administration in shrimp larvae.

Isolated LAB was used as a probiotic in fresh water fish tilapia (Oreochromis mossambicus)
against the most common fish pathogen Aeromonashy drophila (Vijayabaskar and Somasundaram,
2008). Higher antagonistic activity recorded from Extra Cellular Protein (ECP) or bacteriocin
compared to the Intra Cellular Protein (ICP) against A, hvdrophila. After feeding with the potential
probictics for 25 days, challenge by immersion indicated effectiveness at reducing disease caused
by A. hyvdrophilain fishes. Tilapia exhibited no significant difference in growth, survival nor
external appearance between the probictic fed treatments but significant differences (p<0.05)
occurred between probiotic and control groups. Askarian ef al. (2008) analyzed the composition of
Lactic Acid Bacteria (LAB) in intestine of two species of sturgeon, beluga (Husc huso) and Persian
sturgeon (Acipenser persicus) and observed that the LAB population levels in the two sturgeon
species was not similar and in beluga it was significantly higher than Persian sturgeon. Two species
of LAB including Enterococcus seriolicida and Leuconostoc mesenteroides were 1solated from GI

tract of Persian sturgeon and the predominant species was L. mesenteroide. Furthermore,
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Lactobacillus curvatus, Lactococcus raffinolactis, Lactococcus lactisandStreptococcus sp. were
isolated from the GI tract of beluga and the counts of L. curvatuswas significantly higher in the GI
tract of beluga than other species.

Wang (2007) reported Daily Gain (DW@G) and Relative Gain Rate (RGR) in all groups of
Penaeus vannamei treated with probiotics at all concentrations to be significantly higher than those
of the Control. However, mean values of DWG and EGR were not significantly different among
treatment groups. These results show that probiotics composed of equal weight of photosynthetic
bacteria and Bacillus sp. increased growth performance in shrimps. The results of our study also
clearly demonstrate the positive role of LAB orally monitered via compounded feed on growth in
F. indicus juveniles. It is thus possible to seed the gut with harm Less bacteria which occupy the
attachment sites and prevent infection by pathogenic bacteria by maintaining artificially these
bacterial populations at high level by regular intake with feed. Such treatments would be beneficial
to improve health and quality of shrimp 1n culture without the use of antibiotics.

CONCLUSION

Probictics have been successfully used in aquaculture to enhance both internal and external
microbial environments. The role of beneficial bacteria to limit and to control environmental
pathogens will become particularly important in the future of aquaculture, especially with regard
to the inecreasing number of antibictic resistant strains of bacteria, the tightening of governmental
and environmental regulations of treatments and the cost-effectiveness. The use of probiotics in
aquaculture is now an acceptable practice and is on the increase. The present investigation clearly
demonstrates the role of LAB as probionts and orally monitored via compounded feed on growth
in P. indicus juveniles. It 1s thus possible to seed the gut with harmLess bacteria which occupy the
attachment sites and prevent infection by pathogenic bacteria by maintaining artificially these
bacterial populations at high level by regular intake with feed. Such treatments would be beneficial
to improve health and quality of shrimp in culture. These LAB Probiotics could be complementary
therapy for restoring balance to the intestinal flora, Further research on these lines using molecular
and immunological appreaches will provide conclusive evidence for these studies.
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