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502, Andhra Pradesh. bacteria. Probiotics, such as Bacillus spp. can be introduced into the
culture environment to control and compete with pathogenic bacteria

as well as to promote the growth of the cultured organisms. In addition, Bacillus spp. are non-
pathogenic and non-toxic microorganisms without undesirable side-effects when
administered to aquatic organisms. Probiotics can help to boost the immune system and ward
off inflammatory responses in the gut. Application of Bacillus subtilis as probiotic has
brought very promising results for shrimp aquaculture. This bacterium is a non-pathogenic
Gram positive spore-forming which has been used to improve the growth performance and
also shrimp health and disease management. The maintenance of good water quality is
essential for optimum growth and survival of shrimps. The levels of physical, chemical and
biological parameters control the quality of pond waters. The level of metabolites in pond
water can have an adverse effect on the growth. Good water quality is characterized by
adequate oxygen and limited level of metabolites. Recently, more studies on probiotics
including Bacillus subtilis have concentrated its role in digestion, absorption, growth,

nonspecific immunity, and pathogen resistance in aquatic animals.
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INTRODUCTION

Today, Aquaculture is the fastest growing and food-producing sector in the world, with an
average annual growth rate of 8.9% since 1970, compared to only 1.2% for capture fisheries
and 2.8% for terrestrial farmed meat production systems over the same period. World
aquaculture production has increased outstandingly in the last few years.! Among them,
farming of shrimp is one of the fastest growing aquaculture sectors in many tropical
countries; however, this development has been accompanied by adverse impacts due to the
intensification, such as problems related to diseases and deterioration of environmental
conditions.”) The occurrence of infectious diseases in shrimp aquaculture is a serious
problem due to the overuse or misuse of antibiotics and antibiotic resistance genes among
opportunistic pathogens such as Vibrio species.®*® The occurrence of infectious diseases in
shrimp aquaculture is a serious problem due to the overuse or misuse of antibiotics and

antibiotic resistance genes among opportunistic pathogens.

During the last decades, antibiotics used as traditional strategy for fish diseases management
and also for the improvement of growth and efficiency of feed conversion. However, the
development and spread of antimicrobial resistant pathogens were well documented.®”
There is a risk associated with the transmission of resistant bacteria from aquaculture
environments to humans, and risk associated with the introduction in the human environment
of non-pathogenic bacteria, containing antimicrobial resistance genes, and the subsequent
transfer of such genes to human pathogens.’®! Considering these factors, there has been
heightened research in developing new dietary supplementation strategies in which various
health and growth promoting compounds as probiotics, prebiotics, synbiotics, phytobiotics
and other functional dietary supplements have been evaluated.” In this context, microbial
intervention can play a vital role in aquaculture production, and effective probiotic treatments
may provide broad spectrum and greater nonspecific disease protection.!%"!

In addition, the invertebrate immune system is highly depends on the innate mechanisms and
is incapable of responding to specific vaccines.™ In fact, the development of vaccines for
shrimp infectious diseases have had limited success and limited information has resulted from
these studies.**' Therefore, other alternatives such as probiotic bacteria have been

examined in order to control the infectious diseases not only in shrimp aquaculture but also in
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other farmed aquatic species™™ recent study has demonstrated that dietary administration of
an antagonistic bacterium, improved the feed utilization, enzyme activity and immune
response.'®! Moreover, dietary administration of Lactobacillus plantarum resulted in an

enhanced immune response in white shrimp, Litopenaeus vannamei.!*®!

Bacteria used as Probiotics in Aquaculture

In aquaculture practices, probiotics are used for a quite long time but in last few years
probiotics became an integral part of the culture practices for improving growth and disease
resistance. This strategy offers innumerable advantages to overcome the limitations and side
effects of antibiotics and other drugs and also leads to high production through enhanced
growth and disease prevention.”*®!

The probiotics which are used as biological control agents in aquaculture belong to the Lactic
acid bacteria (Lactobacillus, Lactococcus and Carnobacterium), such as Lactococcus lactis,
Lactobacillus plantarum, L. rhamnosus, L. sakei, L. delbrueckii, L. fermentum,L. Casei,
Leuconostoc mesenteroides, Carnobacterium divergens and C. Inhubens.!*71%24

Another important Probiotic group is Bacillus, such as Bacillus subtilis, B. clausii, B.
coagulans, B. Pumilus, B. cereus, B. Firmus, B. Circulans, and B. Licheniformis, B.
Claisey.31

Vibrio such as Vibrio alginolyticus, Vibrio fluvialis®>*®!, Pseudomonas!®*®! and Aeromonas

such as Aeromonas hydrophila, A. Media **Y are also used as probiotics.

These probiotics have been used in different aquatic organisms and have been shown to be
successful, not only for their ability to prevent disease, but also for improving digestion and
growth. Many of these applications have been targeted at the early stages of development of
the aquatic organisms, such as the larval stages, because these stages are more susceptible to
infections.! 2!

[“JHong et al.(2005) have reported that Bacillus strains are suitable as probiotics for
aquaculture as they are commonly found as part of the microbiota in the gastrointestinal tract
of animals. Some studies have reported that Bacillus subtilis enhances the growth of tilapial*”
the survival and net production of channel catfish®®! and the immune response of white

shrimp.%!
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Application of Bacillus subtilis as probiotic has brought very promising results for shrimp
aquaculture. This bacterium is a non-pathogenic Gram positive spore-forming which has been
used to improve the growth performance and also shrimp health and disease management.[>*
%3 In addition it is well documented that Bacillus species are able to produce a wide range of

extracellular substances and antimicrobial peptides against variety of microorganisms.>*"]

Bacteria of the Bacillus genus are among the most widespread microorganisms in nature, they
can be found in soil, water and air. Bacillus constitutes a diverse group of rod-shaped, Gram-
positive bacteria, characterized by their ability to produce a robust spore.*®%! The Bacillus
subtilis genome is totally sequenced, leading to generation of a great amount of basic
knowledge in this bacterium. Additionally, developments of molecular and genetic
methodologies are well established in B. subtilis.®*®% B. subtilis is not harmful to mammals,
including humans, and is commercially important as producer of a high and diverse amount
of secondary metabolites like antibiotics, fine chemicals and enzymes, as well as
heterologous proteins, antigens and vaccines.'**** B. subtilis grow efficiently with low-cost
carbon and nitrogen sources, because its enzymes are very efficient breaking down a great
variety of proteins, carbohydrates and lipids from animal and vegetable origin, into their
constituent units.*® The enzymes also degrade organic accumulated debris from
shrimp/fish cultures inducing ponds bioremediation and consequently the prevention of viral
and bacterial diseases.!”*®! On the other hand, the antimicrobial activity of Bacillus is greatly
determined by their ability to produce antibiotics, principally from peptide origin.’® There
were identified 795 antibiotics from Bacillus species. B. subtilis is the genus most productive
species devoting 4-5% of its genome to their synthesis, producing 66 antibiotics./*”
Furthermore, Bacillus subtilis is Generally Recognized as Safe (GRAS) by the FDA, meaning
this bacterium is not harmful to animals or humans (Figure - 1). Taking into account
beneficial properties of B. subtilis, this bacterium is a potential probiotic candidate to be

considered in “Functional Feeds” of crustaceans and fishes.[""]

Bacillus subtilis Probiotic Capacities

B. subtilis is between the oldest species on earth, reason why animals and humans since the
beginning of their existence have been in contact with this bacterium. In this sense,
recognition of B. subtilis for animal and human immune system is well established and a
symbiotic relationship had been developed for a long period of time.”>”*"! On the other

hand, million years of evolution has created an amazing quorum sensing communication-
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recognition mechanism between beneficial and pathogenic bacteria.l’®’? However, animals
and humans only sense pathogens when the disease had been developed, due equilibrium
between beneficial and pathogenic bacteria had been broken because; environmental,
nutritional and/or metabolic changes has occurred favouring pathogens proliferation.
Synthetic antibiotics was the first option to control pathogens overgrowth in humans and
animals, however the unregulated use of these compounds induced a multi-resistant
mechanisms preferentially developed by the pathogenic bacteria.l”™ Today, antibiotics
utilization is well regulated in humans and also in animals including aquaculture. In this
sense, the utilization of beneficial bacteria (probiotics) has emerge as an alternative due good
results are been obtained in both; animals and humans.!®""!

Probiotics are Gram-positive, lactic acid-producing bacteria that cause an increase in
enzymatic activity, leading to a better feed digestibility. The criteria for lactic acid bacteria
strains to be used as “Probiotics” includel’®: (i) exert a beneficial effect on the host; (ii)
endure into a food product at high cell counts; (iii) survive during passage through the
gastrointestinal tract; (iv) adhere to the intestinal epithelium; (v) produce antimicrobial
substances; (vi) have antagonistic activity against pathogenic bacteria; (vii) stabilize the
intestinal microflora; (viii) stable against bile, acid, enzyme and oxygen; and (ix) safety

assessment (non-pathogenic, non-toxic and non-allergic).

A probiotic organism must possess certain properties, such ast™: (i) not be harmful to the
host; (ii) be accepted by the host; (iii) reach the location where the effect is required to take
place; (iv) work in vivo as opposed to in vitro findings; and (v) not contain virulence

resistance genes.

Probiotics are used in: (i) human nutrition, as dietary supplements; (ii) animal feed, as growth
promoters and competitive exclusion agents; and (iii) aquaculture systems, for enhancing the
growth and disease-resistance.®” Methods to select probiotic bacteria for use in the

aquaculture industry might include the following steps!®8:

(i) collection of background
information; (ii) acquisition of potential probiotics; (iii) evaluation of the ability of potential
probiotics to out-compete pathogenic strains (in vitro evaluation); (iv) evaluation of
pathogenicity and survival test; (v) evaluation of the effect of the potential probiotics in the

host (in vivo evaluation); and (vi) economic cost/benefit analysis.

WWW.Wjpr.net Vol 7, Issue 12, 2018. 295




Reddy et al. World Journal of Pharmaceutical Research

Probiotics, such as Bacillus spp. (a Gram-positive endospore-forming bacteria), can be
introduced into the culture environment to control and compete with pathogenic bacteria as
well as to promote the growth of the cultured organisms. In addition, Bacillus spp. are non-
pathogenic and non-toxic microorganisms without undesirable side-effects when
administered to aquatic organisms.®2%! Their levels of incorporation range between 10 7 and
10® CFU/g feed, and the application period between 2-4 weeks for enhanced immune

response and improved host survival.[®*

Spore probiotics Bacillus spp. (such as Bacillus subtilis, Bacillus clausii, Bacillus cereus,
Bacillus coagulans and Bacillus licheniformis) have a number of advantages over non-spore
forming bacteria (such as Lactobacillus spp.), as follows!™: (i) spores can be stored at room
temperature in a desiccated form without any effect on viability; and (ii) spores are capable of

surviving the low pH of the gastric barrier.

The benefits of probiotics in aquaculture farming include several effects, such as®>®!: (i)
modulation of immune system; (ii) immunity stimulation under in vitro and in vivo
conditions; (iii) feed conversion improvement on the organism through microbial

colonization of the digestive tract; and (iv) disease control.

Effects of Bacillus spp. in shrimp culture

According to®” Zokaeifar et al. (2014), the administration of Bacillus subtilis at a dose of 10°
CFU/mL in the rearing water of shrimp (Litopenaeus vannamei) for 8 weeks confers
beneficial effects for shrimp culture, such as: (i) water quality; (ii) growth performance; (iii)

digestive enzyme activity; (iv) immune response; and (V) disease resistance.

In addition, administration of Bacillus subtilis strains increased total protein, protease and
amylase activity of treated shrimp after the colonization in the gastro-intestinal tract. A study
of® Li et al. (2007) revealed that Bacillus licheniformis administered to white shrimp
Litopenaeus vannamei water culture at 10° CFU/mL inhibited Vibrio species by competitive
exclusion, and improved shrimp immunity by increasing their total haemocyte count activity,
superoxide dismutase activity and phenoloxidase activity.’®”! Guo et al. (2009) investigated
the effect of three probiotics (Bacillus foraminis, Bacillus cereus biovar toyoi and Bacillus
fusiformis), isolated from hydrogen-producing fermented solution, against pathogenic
bacteria in shrimp larviculture. Results showed that a daily addition of Bacillus fusiformis at

an optimum concentration of 10° CFU/mL can improve the survival and accelerate the
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metamorphosis of the larval shrimp Penaeus monodon and Litopenaeus vannamei by

competitive exclusion effect against pathogens.

The continuing goal of new world aquaculture® is to maximise the efficacy and optimise the
profitability of fish production. As a result, global aquaculture is becoming more intensified.
This may lead to increased fish yields and per capita fish production; however, it is also
directly leading to deterioration in water quality resulting in outbreaks of fish diseases.l”
Farmers usually control fish diseases by using antibiotics as feed supplements. The excessive
use of antibiotics results in the development of antimicrobial-resistant pathogens, inhibits or
kills the beneficial microbiota in the gastrointestinal (GI) system, and produces antibiotic
residues in the fish body that are accumulated in fish products and may be harmful for human
consumption® The European Union banned the import of fish fed with antibiotic
supplements in 2006. Subsequently, aquaculture scientists began to explore new strategies to
replace the antibiotics used in the feeding and health management of fish in aquaculture™
These researchers have evaluated new dietary supplements® such as dietary prebiotics,
probiotics, symbiotics, phytobiotics, and other functional dietary supplements.*?

The growth of the shrimp Aquaculture industry also increased the need to intensify farming
practices to maximize the profits. Problems of diseases often accompanied this intensification
as environmental conditions deteriorated and brought the decline of the industry. Pressure to
ensure production led to reliance on Antibiotics and Chemotherapeutic agents. The regular
and indiscriminate use of Antibiotics and Chemotherapeutic agents in Aquaculture has led to
problems of drug resistance.®*?®! The use of preventive and environmentally friendly
approaches, namely Antibacterial peptides, probiotics and prebiotics are becoming
increasingly important on Aquaculture, particularly in light of new trends toward organic

production systems.*%!

The word ‘probiotic’ comes from Greek language ‘pro bios’ which means ‘for life’ opposed
to ‘antibiotics’ which means ‘against life’. The term ‘probiotic’ firstly used in 1965 by Lilly

and Stillwell to describe substances which stimulate the growth of other microorganisms.

The original definition of probiotics is organisms and substances contributing to intestinal
microbial balance.®”! The probiotics are a live microbial feed supplement, which beneficially
affects the host by improving its intestinal balance.®® Moriarty et al. (2005) proposed to

extend the definition of probiotics in Aquaculture to microbial “water additives”. Probiotics
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can also be defined as microbial cells administered through the gastrointestinal tract with the
[76]

aim of improving health of the hosts.
The term “Probiotics” was derived from the Greek word, meaning “for life”.®®! According to
the currently adopted definition by FAO/WHO, probiotics are: “Live microorganisms which
when administered in adequate amounts confer a health benefit on the host.™®! Since 50 year
ago exists a scientific and commercial interest in the use of beneficial bacteria for the
prevention and treatment of diseases.''®™ Probiotics are live microorganisms that provide
colonization resistance to the pathogenic microbes and thus are effective in prevention and

treatment of some diseases.

Nowadays, the term refers to viable, non-pathogenic microorganisms (bacteria or yeasts) that,
when ingested, are able to reach the intestine in sufficient numbers to confer health benefits
to the host."%1 A probiotic microorganism that will be used as a microbial supplement in
animal feeding should survive and grow under rumen-like conditions, resist to gastric acidity
and the presence of lysozyme, bile salts and pancreatic enzymes. These characteristics can be
evaluated in vitro and can be used for strain selection.'*®! Duodenal acidities and the high
concentration of bile in the intestine are the first factors to consider in probiotic selection.
Several culture media have been developed and evaluated for the selective enumeration of
probiotic Lactic Acid Bacteria in yoghurts.'%! A large number of studies have been carried
out for the identification of Lactic Acid Bacteria, which include; gram staining, catalase test,
long term preservation of isolates, resistance to low pH, tolerance against bile salt,
antimicrobial test, antibiotic test, and carbohydrate fermentation. It is well known that, the
major selection criteria (antibiotic resistance, resistance to low pH, tolerance against bile salt,
bile salt hydrolysis and antimicrobial activity) used for the determination of probiotic

properties of lactic acid bacteria isolates.!**!
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Figure 1: Bacillus subtilis probiotic capacities in humans and animals.

In this sense, probiotics as a living microbial supplement that:

(a) Positively affects host health status by modifying the host-associated microbial
community and its immune system;

(b) Secrete a variety of enzymes to increases feed degradation-assimilation enhancing its
nutritional values;

(c) Improves quality of environmental parameters by the bioremediation of waste products
and

(d) Support extreme changing environmental and physical parameters (Figure- 1).

However, to accomplish all these objectives the utilization of “Bacillus subtilis spore
producing multifunctional probiotics bacterium” it is recommended, to support
environmental, nutritional and metabolic changing conditions where probiotic will be involve

and most importantly, to take advantage of them. 271!

B. subtilis has

a) Versatility of growth nutrients utilization,

b) High level of enzymes production,

c) Secretion of antimicrobial compounds,

d) Spore producer,

e) Develops in aerobic and anaerobic conditions, and

f) B. subtilis is Generally Recognized As Safe (GRAS) by the Food and Drug Administration
(FDA) (Figure 2). In this sense, B. subtilis in “theory” could be considered as a perfect

multifunctional probiotic bacterium for humans and animals.!*71%!
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Figure 2: Bacillus subtilis Intrinsic Properties.

Microorganisms in Probiotic Products

Probiotics are used for long times in food ingredients for human and also to feed the animals
without any side effects. Also probiotics are acceptable because of being naturally in
intestinal tract of healthy human and in foods .The probiotics which are use to feed both man

and animals are shown in the Table -1.

Mechanism of Probiotics

Lactobacillus and Bifidobacterium species are the most commonly used probiotics in foods
for human consumption given the significant health benefits associated with ingestion of
these micro-organisms.!*® The ability to resist gastric acidity, adhere to intestinal cells,
reduce pathogen adherence, be safe and non-pathogenic and to live and grow as part of a
normal, healthy microbiota are characteristics that are considered to make lactobacilli

successful probiotics. 0114

1. The mechanisms by which probiotics exert their effects are largely unknown, but may
involve modifying gut pH, antagonizing pathogens through production of antimicrobial
compounds, competing for pathogen binding and receptor sites as well as for available
nutrients and growth factors, stimulating immunomodulatory cells, and producing lactase.

2. These bacteria are also able to synthesize vitamins, help in digestion and absorption,

inhibit growth of exogenous organisms and stimulate the immune system.™?
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3. The therapeutic potential of probiotics appears through a number of mechanisms of
action, including modulation of the immune response, competitive inhibition of invading
microbiota in the gut, modification of pathogenic toxins and host products, and
enhancement of epithelial barrier function.!***]

4. 1t was postulated that Gram-positive Bacteriocins produced by lactic acid bacteria (LAB)
have received great attention in the past decade owing to their potential applications as
food preservatives. Production of bacteriocins and bacteriocin-like inhibitory substances
(BLIS) from the Bacillus.**?

5. Many bacteriocins and BLIS kill sensitive cells by a common mechanism of action
through the formation of a transient pore in the cytoplasmic membrane resulting in the
leakage of small intracellular compounds and dissipation of proton motive force (PMF)
component(s). Antimicrobial proteins may deplete either or both components of PMF
(proton motive force) and cause intracellular ATP depletion by either efflux or
intracellular ATP hydrolysis.

6. Lactic acid bacteria play a key role in maintaining the balance of normal gastrointestinal
microflora™ One of the key properties of probiotic lactic acid bacteria is the adhesion of
cells to epithelial cells or intestinal mucus. This requires strong interaction between
receptor molecules on epithelial cells and bacterial surfaces.™® Adhesion of probiotic
cells prevent the adhesion of pathogens™**¥ and stimulate the immune system.!

7. The antibacterial activities of the lactobacilli involve numerous mechanisms of action,
including the production of H,0,, metabolites, and antimicrobial substances, including
bacteriocins and nonbacteriocin molecules.™!

8. Bifidobacteria, obligate anaerobic rods play an important role in maintaining the healthy
function of the colon in a number of ways, including production of short chain fatty acids,
pro-motion of the host immunological activity and production of digestive enzymes and
vitamins.'™ It is generally accepted that successful delivery and colonization of viable
probiotic cells in the host large intestine is essential for probiotics to be efficacious,

although a few studies have indicated that non-viable probiotics have similar effects.[*®]
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Table 1: Microorganisms applied in Probiotic products.

Lactobacillusspecies

Bifidobacterium species

Others

L. acidophilus B. bifidum Enterococcus faecalis

L. rhamnosus B. animalis Enterococcus faecium

L. gasseri B. breve Streptococcus salivarus subsp. thermophilus
L. casei B. infantis Lactococcus lactis subsp. lactis

L. reuteri B. longum Lactococcus lactis subsp. cremoris
L. delbrueckii subsp. bulgaricus | B. lactis Propionibacterium freudenreichii
L. crispatus B. adolascentis Pediococcus acidilactici

L. plantarum Saccharomyces boulardii

L. salivarus Leuoconostoc mesenteroides

L. johnsonii

L. gallinarum

L.plantarum

L. fermentum

L. helveticus

Selection Criteria for all Probiotics

In order to be able to exert its beneficial effects, a successful potential probiotic strain is

expected to have a number of desirable properties. The desired properties of probiotics

strains.[**]

e Acid and bile stability

Adherence to human intestinal cells

e Colonization of human Gl tract

Ability to reduce the adhesion of pathogens to surfaces

e Antagonism against carcinogenic and pathogenic bacteria

e Production of anti-microbial substances

e Survive the various technological processes of production

e Safety evaluation: non-pathogenic, nontoxic, non allergic, non mutagenic

e Desirable metabolic activity and antibiotic resistance/sensitivity

e Clinically validated and documented health effects

The selection criteria can be categorized in four basic groups

e Appropriateness

e Technological suitability

e Competitiveness

e Performance and functionality
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Strains which have these criteria should be used in order to get effective on health and

Functional probiotic strains. Probiotics are choosed by using the criteria in Table - 1.

Immune System and Probiotics

Probiotics can help to boost the immune system and ward off inflammatory responses in the
gut. However, when inflammation is present but not needed, illnesses such as allergies, flu
and chronic infections can occur. Probiotics offer a beneficial defense against the effects
caused by this unwarranted inflammation. The effects of immune system are promising.
However, the mechanism is not well understood. Human studies have shown that probiotic
bacteria can have positive effects on the immune system of their hosts.[*?!
Probiotics affect the immune system in different ways such as

e Producing cytokines

e Stimulating macrophages

e Increasing secretory IgA concentrations.[*??

In the last decade, the consumption of Aquatic products has been increased substantially, but
the world fishery production was decreased and hence the productions of Aquatic products
through controlled conditions have been come into lime light. The probiotics are known to
play an important role in carrying out a wide variety of functions including modulation of
mucosal and systemic immunity, improving microbial balance by preventing colonization of
undesirable bacteria in the intestinal tract.'23124

The common probiotics used in pond management are live Bacterial inocula (Non-
Pathogenic organisms) rich in extracellular enzymes claims about the potential benefits of
probiotics in Aquaculture ponds enhances decomposition of organic matter, reduction of
Nitrogen and Phosphorous concentrations, enhances the availability of Oxygen, reducing the
Blue-Green Algae, controls Ammonia, controls Nitrate and Hydrogen sulfide, enhances the
production rates.

The sustainability and the success of Aquaculture depend on the quality of soil, water, seed
selected and feed used. A good quality of soil, water and seed and feed plays an important
role in the successful yield under skilful management practices. The ponds often accumulate
with uneaten feed materials excreta, moulted shells, dead algae and surface run of organic

matter carried by wind and water. When all the above mentioned materials remain un-
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degraded or partially degraded in reduced oxygen condition and toxic gases such as H,S and
NH; will be produced. These gases give rise to stress to the cultured organisms resulting in
the loss of appetite sluggishness, gulping for oxygen etc and ultimately results in the
reduction of growth patterns.[?!

The maintenance of good water quality is essential for optimum growth and survival of
shrimps. The levels of physical, chemical and biological parameters control the quality of
pond waters. The level of metabolites in pond water can have an adverse effect on the
growth. Good water quality is characterized by adequate oxygen and limited level of
metabolites. Excess feed, faecal matter and metabolites will exert tremendous influence on
the water quality of the shrimp ponds. Hence critical water quality parameters are to be
monitored carefully as adverse conditions may be disastrous effect on the growing
shrimps.!*2127] The optimum range of temperature for the black tiger shrimp is between 28 to
30°C. The temperature in the present study was 26 to 30°C and the low temperature 25°C was
observed due to cloudy weather. The optimum range of temperature of P. monodon was
between 26 to 33°C126:128149.1%0] anq temperature range of 28 to 33°C supports normal growth
as observed in the present study. Salinity is important parameters to control growth and

survival of shrimps.

Recently, more studies on probiotics including Bacillus subtilis have concentrated its role in

digestion, absorption, growth, nonspecific immunity, and pathogen resistance in aquatic

animals. However, few reports have studied a relationship between probiotics™*! and

enhanced intestinal mucosal barrier function in aquatic animals. Probiotics improve mucosal

barrier function against pathogens, but the specific mechanisms are not well understood.

Several possible mechanisms in mammals are presented here:

1. Probiotics can enhance immune function by stimulating mucus and antimicrobial peptide
production.

2. Probiotics can improve mechanical barrier function by enhancing tight junction proteins
expression and/or localization.!*¥+3!

3. Probiotics can prevent epithelial cell apoptosis through inhibiting pro-apoptotic
p38/MAPK activation™? and

4. Probiotics can inhibit adhesion of intestinal pathogens by competing for binding sites on

the intestinal mucosa surface and inducing mucus secretion.™*

WWW.Wjpr.net Vol 7, Issue 12, 2018. 304




Reddy et al. World Journal of Pharmaceutical Research

REFERENCES

1.

10.

11.

12.

13.

FAO/WHO. The state of the Worlds fisheries and aquaculture 2008. Rome: Food and
Agriculture Organization of the United Nations, 20009.

Shariff M, Yusoff FM, Devaraja TN and Rao PSS. The effectiveness of a commercial
microbial product in poorly prepared tiger shrimp. Penaeus monodon (Fabricius), ponds.
Aquac Res, 2001; 32: 181-7.

Balcazar JL, de Blas I, Ruiz-Zarzuela I, Cunningham D, Vendrell D and Muzquiz JL. The
role of probiotics in aquaculture. Vet Microbiol, 2006; 114: 173-86.

Hjelm M, Bergh O, Riaza A, Nielsen J, Melchiorsen J and Jensen S. Selection and
identification of autochthonous potential probiotic bacteria from Turbot larvae
(Scophthalmus maximus) rearing units. Syst Appl Microbiol, 2004; 27: 360-71.

Austin B. Vibrios as causal agents of zoonoses. Vet Microbiol, 2010; 140: 310-317.
Cabello FC. Heavy use of prophylactic antibiotics in aquaculture a growing problem for
human and animal health and for the environment. Environ Microbiol, 2006; 8: 1137-
1144,

Sorum H. Antimicrobial drug resistance in fish pathogens. In: Aarestrup FM, ed.
Antimicrobial Resistance in Bacteria of Animal Origin. Washington DC; ASM Press:
2006; 213-238.

FAO. In: Serrano PH, ed. Responsible Use of Antibiotics in Aquaculture. Rome: FAO,
2005; FAO Fisheries Technical Paper, 469.

Denev SA. Ecological Alternatives of Antibiotic Growth Promoters in the Animal
Husbandry and Aquaculture. DSc. Thesis. Stara Zagora, Bulgaria: Department of
Biochemistry Microbiology, Trakia University; 2008.

Rengpipat S, Rukpratanporn S, Piyatiratitivorakul S, Menasaveta P. Immunity
enhancement in black tiger shrimp (Penaeus monodon) by probiotic bacterium (Bacillus
S11). Aquaculture., 2000; 191: 271-288.

Paningrahi A, Azad IS. Microbial intervention for better fish health in aquaculture: the
Indian scenario. Fish Physiol Biochem, 2007; 33: 429 - 440.

Rowley AF, Powell A. Invertebrate immune systems specific, quasi-specific, or
nonspecific?. J Immunol, 2007; 179: 7209-14.

Powell A, Pope EC, Eddy FE, Roberts EC, Shields RJ, Francis MJ. Enhanced immune
defences in Pacific white shrimp (Litopenaeus vannamei) post-exposure to a vibrio
vaccine. J Invertebr Pathol, 2011; 107: 95-9.

WWW.Wjpr.net Vol 7, Issue 12, 2018. 305




Reddy et al. World Journal of Pharmaceutical Research

14.

15.

16.

17.
18.

19.

20.

21.

22.

23.

24,

25.

26.

Verschuere LRG, Sorgeloos P, Verstraete W. Probiotic bacteria as biological control
agents in aquaculture. Microbiol Mol Biol, 2000; 64: 655-71.

Sun YZ, Yang HL, Ma RL, Zhang CX, Lin WY. Effect of dietary administration of
Psychrobacter sp. on the growth, feed utilization, digestive enzymes and immune
responses of grouper Epinephelus coioides. Aquacult Nutr, 2011; 17: 733-740.

Chiu C-H, Guu Y-K, Liu C-H, Pan T-M, Cheng W. Immune responses and gene
expression in white shrimp, Litopenaeus vannamei, induced by Lactobacillus plantarum.
Fish Shell fish Immun, 2007; 23: 364-377.

Fuller, R. Probiotics in man and animal. J. Appl. Bacteriol, 1989; 66: 365-378.

Sahu MK, Swarnakumar N.S, Sivakumar K, Thangaradjou T, Kannan L. Probiotics in
aquaculture: importance and future perspectives. Indian Journal of Microbiology, 2008;
48: 299-308.

Garbeva P, Van Veen JA, Van Elsas JD. Predominant Bacillus spp. In agricultural soil
under different management regimes detected via PCR-DGGE. Microb Ecol, 2003; 45:
302-316.

Nicholson WL. Ubiquity, longevity, and ecological roles of Bacillus spores. In Bacterial
Spore Formers: Probiotics and Emerging Applications, Ricca E, Henriques AO, Cutting
SM (eds). Norflok, Horison Bioscience, 2004; 1-15.

Balcazar Jose L, Daniel Vendrella, Ignaciode Blasa, Imanol Ruiz-Zarzuela, Jose L.
Muzquiza, Olivia Girones. Characterization of probiotic properties of lactic acid bacteria
isolated from intestinal microbiota of fish. Aquaculture, 2008; 278(1-4): 188-191.

Hagi T, Hoshino T. Screening and characterization of potential probiotic lactic acid
bacteria from cultured common carp intestine. Biosci Biotechnol Biochem, 2009; 73(7):
1479-83.

Merrifield DL, Bradley G, Baker RTM, Dimitroglou A, Davies SJ. Probiotic applications
for rainbow trout (Oncorhynchus mykiss Walbaum) I. Effects on growth performance,
feed utilisation, intestinal microbiota and related health criteria. Aqua. Nutr, 2010; 1365-
2095.

Jorge Olmos, J Paniagua-Michel. Bacillus subtilis A Potential Probiotic Bacterium to
Formulate Functional Feeds for Aquaculture. J Microb Biochem Technol, 2014; 6-14.
Ochoa-Solano J, Olmos-Soto J. The functional property of Bacillus for shrimp feeds.
Food Microbiol, 2006; 23: 519-525.

Balcazar J.L, Rojas-Luna T, Cunningham D.P. Effect of the addition of four potential

probiotic strains on the survival of pacific white shrimp (Litopenaeus vannamei)

WWW.Wjpr.net Vol 7, Issue 12, 2018. 306



https://www.ncbi.nlm.nih.gov/pubmed/?term=Hagi%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19584561
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hoshino%20T%5BAuthor%5D&cauthor=true&cauthor_uid=19584561

Reddy et al. World Journal of Pharmaceutical Research

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

following immersion challenge with Vibrio parahaemolyticus. Journal of Invertebrate
Pathology, 2007; 96: 147-150.

Newaj-Fyzul A, Adesiyun A.A, Mutani A, Ramsubhag A, Brunt J, Austin B. Bacillus
subtilis AB1 controls Aeromonas infection in rainbow trout, Oncorhynchus mykiss
(Walbaum). Applied Microbiology, 2007; 103: 1699-1706.

Sun YZ, Yang HL, Ma RL, Zhang CX, Lin WY. Effect of dietary administration of
Psychrobactersp on the growth, feed utilization, digestive enzymes and immune responses
of grouper Epinephelus coioides. Aquacult Nutr, 2011; 17: 733-740.

Olmos J, Ochoa L, Paniagua-Michel J, Contreras R. Functional feed assessment on
Litopenaeus vannamei using 100% fish meal replacement by soybean meal, high levels of
complex carbohydrates and Bacillus probiotic strains. Mar Drugs, 2011; 9: 1119-1132.
Jorge Olmos J, Paniagua-Michel. Bacillus subtilis A Potential Probiotic Bacterium to
Formulate Functional Feeds for Aquaculture. J Microb Biochem Technol, 2014; 166-172.
Elshaghabee FMF, Rokana N, Gulhane RD, Sharma C, Panwar H. Bacillus as potential
Probiotics: status, concerns, and future perspectives. Front Microbiol, 2017; 1480-1490.
Fjellheim AJ, Klinkenberg G, Skjermo J, Aasen | M, Vadstein O. Selection of candidate
probionts by two different screening strategies from Atlantic cod (Gadus morhua L.)
larvae. Vet Microbiol, 2010; 144: 153-159.

Thompson J, Gregory S, Plummer S, Shields RJ, Rowley AF. An in vitro and in vivo
assessment of the potential of Vibrio spp. as probiotics for the Pacific White shrimp,
Litopenaeus vannamei. J. Appl. Microb, 2010; 109: 1177-1187.

Chythanya R, Karunasagar |, Karunasagar I. Inhibition of shrimp pathogenic vibrios by a
marine Pseudomonas I-2 strain. Aquaculture, 2002; 208: 1-10.

Subhasish Das, Palashpriya Das. Effects of cultivation media components on
biosurfactant and pigment production from Pseudomonas aeruginosa paol. Brazilian
Journal of Chemical Engineering, 2015; 32(02): 317-324.

Preetha R, Jayaprakash N S, Philip R, Bright Singh | S. Optimization of carbon and
nitrogen sources and growth factors for the production of an aquaculture probiotic
(Pseudomonas MCCB 103) using response surface methodology. Journal of Applied
Microbiology, 2007; 102: 1043-1051.

Abd El-rhman AM, Khattab YAE, Shalaby AME. Micrococcus luteus and Pseudomonas
species as probiotics for promoting the growth performance and health of Nile tilapia,
Oreochromis niloticus. Fish Shellfish immunol, 2009; 27: 175-180.

WWW.Wjpr.net Vol 7, Issue 12, 2018. 307



https://www.ncbi.nlm.nih.gov/pubmed/?term=Rokana%20N%5BAuthor%5D&cauthor=true&cauthor_uid=28848511
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sharma%20C%5BAuthor%5D&cauthor=true&cauthor_uid=28848511
https://www.ncbi.nlm.nih.gov/pubmed/?term=Panwar%20H%5BAuthor%5D&cauthor=true&cauthor_uid=28848511

Reddy et al. World Journal of Pharmaceutical Research

38. Strom Bestor, Wiklund T. Introduction of Yersinia ruckeri biotype 2 into Finnish fish
farms. Aquaculture, 2010; 308; 1-5.

39. Irianto A, Robertson PA, Austin B. Oral administration of formalin-inactivated cells of
Aeromonas hydrophila A3- 51 controls infection by atypical A. salmonicida in goldfish,
Carassius auratus (L.). J Fish Dis, 2003; 26: 107-120.

40. Lategan M J. Gibson L.F. Antagonistic activity of Aeromonas media strain A199 against
Saprolegnia sp., an opportunistic pathogen of the eel, Anguilla australis Richardson.
Journal of Fish Diseases, 2003; 26: 147-153.

41. Lategan M J, Booth W, Shimmon R, Gibson L F. Inhibitory substance produced by
Aeromonas media A199, an aquatic probiotic. Journal of Aquaculture, 2006; 254: 115-
124,

42. Bricknell lan, Dalmo Roy A. The use of immunostimulants in fish larval aquaculture. In:
Fish & shellfish immunology, 2005; 19(5): 457-472.

43. Vine Niall G, Leukes Winston D, Kaiser Horst. Probiotics in marine larviculture. In:
FEMS microbiology reviews, 2006; 30(3): 404-27.

44. Dierckens K. Development of a bacterial challenge test for gnotobiotic sea bass
(Dicentrarchus labrax) larvae. In: Environmental microbiology, 2009; 11(2): 526-33.

45. Avella Matteo A. Use of Enterococcus faecium to improve common sole (Solea solea)
larviculture. In: Aquaculture. Elsevier B.V, 2011; 315(3-4): 384-393.

46. Hong H. A, Duc L. H, Cutting S. M. The use of bacterial spore formers as probiotics:
Table 1. FEMS Microbiology Reviews, 2005; 29: 813-835.

47. Gunther J, Jimenez-Montealegre R. Effect del probidtico Bacillus subtilis sobre el
crecimientoy alimentacion de tilapia (Oreochromis niloticus) y langostino
(Macrobrachium rosenbergii) en laboratorio. Rev. Biol. Trop, 2004; 52: 937-943.

48. Queiroz J. F, Boyd C. E. Effects of a Bacterial Inoculum in Channel Catfish Ponds.
Journal of the World Aquaculture Society, 1998; 29(1): 67-73.

49. Li K, Zheng T, Tian Y, Xi F, Yuan J, Zhang G, Hong H. Beneficial effects of Bacillus
licheniformis on the intestinal microflora and immunity of the white shrimp, Litopenaeus
vannamei. Biotechnol Lett, 2007; 29: 525-530.

50. Potten C.S. Epithelial cell growth and differentiation Il Intestinal apoptosis. American
Journal of Physiology, 1997; 273: 253-257.

51. Groschwitz K. R, Hogan S. P. Intestinal barrier function: molecular regulation and

disease pathogenesis. J Allergy Clin Immunol, 2009; 124: 3-22.

WWW.Wjpr.net Vol 7, Issue 12, 2018. 308



https://www.ncbi.nlm.nih.gov/pubmed/?term=Zheng%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17333467
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tian%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=17333467
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17333467
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yuan%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17333467
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17333467
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hong%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17333467

Reddy et al. World Journal of Pharmaceutical Research

52.

53.

54,

55.

56.

S7.

58.

59.

60.

61.

62.

63.

Liu X. C, Mei Q, Xu J. M, Hu J. Balsalazine decreases intestinal mucosal permeability of
dextran sulfate sodium-induced colitis in mice. Acta Pharmacol Sin, 2009; 30: 987—993.
Niklasson L, Sundh H, Fridell F, Taranger G. L, Sundell K. Disturbance of the intestinal
mucosal immune system of farmed Atlantic salmon (Salmo salar), in response to long-
term hypoxic conditions. Fish Shellfish Immunol, 2011; 31: 1072—-1080.

Berkes J, Viswanathan V K, Savkovic S. D, Hecht G. Intestinal epithelial responses to
enteric pathogens: effects on the tight junction barrier, ion transport and inflammation.
Gut, 2003; 53: 439-451.

Olsen RE, Sundell K, Mayhew TM, Myklebust R, Ringo E. Acute stress alters intestinal
function of rainbow trout, Oncorhynchus mykiss (Walbaum). Aquaculture, 2005; 250:
480-495.

Chu WH, Lu CP. In vivo fish models for visualizing Aeromonas hydrophila invasion

pathway using GFP as a biomarker. Aquaculture, 2008; 277: 152-155.

Marel M D, Schroers V, Neuhaus H, Steinhagen D. Chemotaxis towards adhesion to and
growth in carp gut mucus of two Aeromonas hydrophila strains with different
pathogenicity for common carp, Cyprinus carpio L. Journal of Fish Diseases, 2008; 31.:
321-330.

Ivanova EP, Vysotskii MV, Svetashev VI, Nedashkovskaya Ol, Gorshkova NM.
Characterization of Bacillus strains of marine origin. Int Microbiol, 1999; 2: 267-271.
Olmos J, Bolanos V, Causey S, Ferrari E, Bollvar F. A functional SpoOA is required for
maximal aprE expression in Bacillus subtilis. FEBS Lett, 1996; 381: 29-31.

Olmos J, Paniagua Michel J. Bacillus subtilis A Potential Probiotic Bacterium to

Formulate Functional Feeds for Aquaculture. J Microb Biochem Technol, 2007; 6: 361-
365.

Westers L, Westers H, Quax WJ. Bacillus subtilis as cell factory for pharmaceutical
proteins: a biotechnological approach to optimize the host organism. Biochim Biophys
Acta, 2004; 1694: 299-310.

Stein T. Bacillus subtilis antibiotics: structures, syntheses and specific functions. Mol

Microbiol, 2005; 56: 845-857.

Valdez A, Yepiz Plascencia G, Ricca E, Olmos J. First Litopenaeus vannamei WSSV

100% oral vaccination protection using CotC::Vp26 fusion protein displayed on Bacillus
subtilis spores surface. J Appl Microbiol, 2014; 117: 347- 357.

WWW.Wjpr.net Vol 7, Issue 12, 2018. 309




Reddy et al. World Journal of Pharmaceutical Research

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Arellano CF, Olmos SJ. Thermo stable a-1,4- and a-1-6-glucosidase enzymes from
Bacillus spp. isolated from a marine environment. World J Microb Biot, 2002; 18: 791-
795.

Ochoa Solano J, Olmos Soto J. The functional property of Bacillus for shrimp feeds.
Food Microbiol, 2006; 23: 519-525.

Ochoa SJL, U.S. Patent 0128827 Al, May 24, 2012.

Guo JJ, Liu KF, Cheng SH, Chang ClI, Lay JJ, Hsu YO, Yang JY, Chen TI. Selection of
probiotic bacteria for use in shrimp larviculture. Aquaculture Research, 2009; 40: 609—
618.

Olmos J, Ochoa L, Paniagua Michel J, Contreras R. Functional feed assessment on
Litopenaeus vannamei using 100% fish meal replacement by soybean meal, high levels of
complex carbohydrates and Bacillus probiotic strains. Mar Drugs, 2011; 9: 1119-1132.
Sorokulova I. Modern status and perspectives of Bacillus bacteria as probiotics. J Prob
Health, 2013; 1: 1-5.

Olmos SJ, Paniagua Michel J, Lopez L, Ochoa S L. Functional feeds in aquaculture, S.K.
Kim (Ed.), Handbook of Marine Biotechnology. NY: Springer, 2014; 2: 1800-1852.
Vreeland RH, Rosenzweig WD, Powers DW. Isolation of a 250 million year-old
halotolerant bacterium from a primary salt crystal. Nature, 2000; 407: 897-900.

Fajardo Cavazos P, Nicholson WL. Bacillus endospores isolated from granite: close
molecular relationships to globally distributed Bacillus spp. from endolithic and extreme
environments. Appl Environ Microbiol, 2006; 72: 2856-2863.

Cutting SM. Bacillus probiotics. Food Microbiol, 2011; 28: 214-220.

Bassler BL, Greenberg EP, Stevens AM. Cross-species induction of luminescence in the
quorum-sensing bacterium Vibrio harveyi. J Bacteriol, 1997; 179: 4043-4045.

Nikaido H. Multidrug Resistance in Bacteria. Annu Rev Biochem, 2009; 78: 119-146.
Gatesoupe FJ. The use of probiotics in aquaculture. Aquaculture, 1999; 180: 147-165.
Chantharasophon K, Warong T, Mapatsa P, Leelavatcharamas V. High Potential
Probiotic Bacillus Species from Gastro-intestinal Tract of Nile Tilapia (Oreochromis
niloticus). Biotechnology, 2011; 10: 498-505.

Sharma P, Tomar S.K, Goswami P, Sangwan V, Singh R. Antibiotic resistance among
commercially available probiotics. Food Research International, 2014; 57: 176-195.
Kesarcodi Watson A, Kaspar H.M, Lategan J, Gibson L. Probiotics in aquaculture: The
need, principles and mechanisms of action and screening processes. Aquaculture, 2008;
274: 1-14.

WWW.Wjpr.net Vol 7, Issue 12, 2018. 310




Reddy et al. World Journal of Pharmaceutical Research

80. Dong TC, Van PH, Cutting SM. Bacillus Probiotics. Nutra Foods, 2009; 8: 7-14.

81. Oelschlaeger TA. Mechanisms of probiotic actions e a review. Int J Med Microbiol, 2010;
300: 57- 62.

82. Farzanfar A. The use of probiotics in shrimp aquaculture. FEMS Immunology and
Medical Microbiology, 2006; 48: 149-158.

83. Das A, Nakhro K, Chowdhury S, Kamilya D. Effects of potential probiotic Bacillus
amyloliquifaciens FPTB16 on systemic and cutaneous mucosal immune responses and
disease resistance of catla (Catla catla). Fish & Shellfish Immunology, 2013; 35: 1547—
1553.

84. Kiron V. Fish immune system and its nutritional modulation for preventive health care.
Animal Feed Science and Technology, 2012; 173: 111-133.

85. Salminen S, Ouwehand A, Benno Y, Lee YK. Probiotics: how should they be defined?
Trends Food Sci Tech, 1999; 10: 107-110.

86. Mohapatra S, Chakraborty T, Kumar V, DeBoeck G, Mohanta K.N. Aquaculture and
stress management: a review of probiotic intervention. Journal of Animal Physiology and
Animal Nutrition, 2013; 97: 405-430.

87. Zokaeifar H, Babaei N, Saad C.R, Kamarudin M.S, Sijam K, Balcazar J.L.
Administration of Bacillus subtilis strains in the rearing water enhances the water quality,
growth performance, immune response, and resistance against Vibrio harveyi infection in
juvenile white shrimp, Litopenaeus vannamei. Fish & Shellfish Immunology, 2014; 36:
68-74.

88. Li K, Zheng T, Tian Y, Xi F, Yuan J, Zhang G, Hong H. Beneficial effects of Bacillus
licheniformis on the intestinal microflora and immunity of the white shrimp, Litopenaeus
vannamei. Biotechnol Lett, 2007; 29: 525-530.

89. Food and Agriculture Organization (FAO). The state of world fisheries and aquaculture,
Rome, FAO, 2014.

90. Bondad Reantaso M G, Subasinghe R P, Arthur J R, Ogawa K, Chinabut S, Adlard R,
Tan Z, Shariff M. Disease and health management in Asian aquaculture. Veterinary
Parasitology, 2005; 132(3): 249-279.

91. Abdelghany A E, Ahmad M.H. Effects of feeding rates on growth and production of Nile
tilapia, common carp and silver carp polycultured in fertilized ponds. Aquaculture
Research, 2002; 33(6): 415-423.

92. Denev S A. Ecological alternatives of antibiotic growth promoters in the animal

husbandry and aquaculture. DSc. diss., Trakia University, 2008.

WWW.Wjpr.net Vol 7, Issue 12, 2018. 311



https://www.ncbi.nlm.nih.gov/pubmed/?term=Zheng%20T%5BAuthor%5D&cauthor=true&cauthor_uid=17333467
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tian%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=17333467
https://www.ncbi.nlm.nih.gov/pubmed/?term=Xi%20F%5BAuthor%5D&cauthor=true&cauthor_uid=17333467
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yuan%20J%5BAuthor%5D&cauthor=true&cauthor_uid=17333467
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17333467
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hong%20H%5BAuthor%5D&cauthor=true&cauthor_uid=17333467

Reddy et al. World Journal of Pharmaceutical Research

93. Karuna Sagar |, Pai R, Malathi GR. Mass mortality of Penaeus monodon larvae due to
antibiotic resistant vibrio harveyi infection. Aquaculture, 1994; 128: 203-209.

94. Balcazar JL, Rojas Luna T, Cunningham DP. Effect of the addition of four potential
probiotic strains on the survival of pacific white shrimp (Litopenaeus vannamei)
following immersion challenge with Vibrio parahaemolyticus. Journal of Invertebrate
Pathology, 2007; 96: 147-150.

95. Soltanian S, Francois JM, Dhont S, Arnouts S, Sorgelos P, Bossier P. Enhanced disease
resistance in Artemia by application of commercial (beta) glucans sources and chitin in a
biotic Arteniecla Lange test. Fish Shellfish Immunol, 2007; 23: 1304-1314.

96. Decamp O, Moriarty DJW, Lavens P. Probiotics in shrimp culture: Review of field data
from Asia and Latin 1 America. Aquacult. Res, 2008; 39: 334- 338.

97. Parker RB Probiotics, The other half of the antibiotic story. Anim. Nutri. Health, 1974;
29: 4-8.

98. Moriarty DJW, Decamp O, Lavens P. Probiotics in Aquaculture. Aquaculture. Asia.
Pacific. Mag, 2005; 14-16.

99. Brunt B, Austin B. Use of a probiotic to control lactococcosis and streptococcosis in
rainbow trout, Oncorhynchus mykiss (Walbaum). Journal of Fish Diseases, 2005; 28: 693-
701.

100. De Carla Dias D, de Stefani M.V, Ferreira C.M, Franca F.M, Ranzani Paiva M.J.T,
Santos A.A. Haematologic and immunologic parameters of bullfrogs, Lithobates
catesbeianus, fed probiotics. Aquaculture Research, 2010; 41: 1064-1071.

101. Tavakoli H, Akhlaghi M. Study of lysozyme, immunoglobulin, blood cell and
hematocrit changes following experimental infection with a pathogenic Aeromonas
hydrophila in rainbow trout. Iranian journal of veterinary research, 2009; 2: 157-162.

102. Schrezenmeir J, De Vrese M. Probiotics and synbiotics-approaching a definition. Am. J.
Clin. Nutr, 2001; 73(2): 361-364.

103. Salminen S, Bouley C, Boutron Ruault M.C, Cummings J.H, Franck A, Gibson G.R,
Isolauri E, Moreau M.C, Roberfroid M, Rowland I. Functional food science and
gastrointestinal physiology and function. British Journal of Nutrition, 1998; 80: 147-
171.

104. Hassan Pyar and Peh Kok-Khiang. Characterization and Identification of Lactobacillus
acidophilus using biological rapid identification system. International Journal of

Pharmacy and Pharmaceutical Sciences, 2014; 6: 1-5.

WWW.Wjpr.net Vol 7, Issue 12, 2018. 312



https://www.researchgate.net/profile/Peh_Kok-Khiang

Reddy et al. World Journal of Pharmaceutical Research

105.

106.

107.

108.

109.

110.

111.

112.

113.

114.

115.

Bassyoni RH, Abdel-all WS, Fadi MG, Kamel Z. Characterization of Lactic acid
Bacteria isolated from dairy products in Egypt as Probiotic. Life Sci. J, 2012; 9: 234-
2444,

Aly S.M, Ahmed Y.A.G, Ghareeb A.A.A, Mohamed M.F. Studies on Bacillus subtilis
and Lactobacillus acidophilus, as potential probiotics, on the immune response and
resistance of tilapia nilotica (Oreochromis niloticus) to challenge infections. Fish and
Shellfish Immunology, 2008; 25: 128-136.

Brunt J, Newaj Fyzul A, Austin B. The development of probiotics for the control of
multiple bacterial diseases of rainbow trout, Oncorhynchus mykiss (Walbaum). Journal
of Fish Diseases, 2007; 30: 573-579.

Sharifuzzaman S.M, Austin B. Influence of probiotic feeding duration on disease
resistance and immune parameters in rainbow trout. Fish & Shellfish Immunology,
2009; 27: 440-445.

Stanton C, Murphy J, McGrath E, Devery R. Animal Feeding Strategies for Conjugated
Linoleic Acid Enrichment of Milk. In "Advances in Conjugated Linoleic Acid
Research, Volume 2" (J. L. Sebedio, W. W. Christie, and R. Adolf, Eds.), 2003; 123-
145,

Salminen S, Isolauri E, Salminen E. Clinical uses of probiotics for stabilizing the gut
mucosal barrier: successful strains and future challenges. Antonie van Leeuwenhoek,
1996; 70: 347-358.

Salminen S, Bouley C, Boutron Ruault M.C, Cummings J. H, Franck A, Gibson, G.R,
Isolauri E, Moreau M.C, Roberfroid M, Rowland 1. Functional food science and
gastrointestinal physiology and function. British Journal of Nutrition, 1998; 80: 147-
171.

Oelschlaeger TA. Mechanisms of probiotic actions e a review. Int J Med Microbiol,
2010; 300: 57- 62.

Chapman BB, Hulthén K, Blomqvist DR, Hansson LA, , Brodersen J, Anders Nilsson
P, Skov C, Bronmark C. To boldy go: individual differences in boldness influence
migratory tendency, Ecol. Lett. 2011; 14: 871-876.

Orokulova I. Modern status and perspectives of Bacillus bacteria as probiotics. J Prob
Health, 2013; 1: 1-5.

Rolfe RD. The role of probiotic cultures in the control of gastrointestinal health. J Nutr.
2000; 130: 396-402.

WWW.Wjpr.net Vol 7, Issue 12, 2018. 313



https://www.ncbi.nlm.nih.gov/pubmed/?term=Chapman%20BB%5BAuthor%5D&cauthor=true&cauthor_uid=21718420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hulth%C3%A9n%20K%5BAuthor%5D&cauthor=true&cauthor_uid=21718420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Blomqvist%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=21718420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hansson%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=21718420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brodersen%20J%5BAuthor%5D&cauthor=true&cauthor_uid=21718420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anders%20Nilsson%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21718420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anders%20Nilsson%20P%5BAuthor%5D&cauthor=true&cauthor_uid=21718420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Skov%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21718420
https://www.ncbi.nlm.nih.gov/pubmed/?term=Br%C3%B6nmark%20C%5BAuthor%5D&cauthor=true&cauthor_uid=21718420

Reddy et al. World Journal of Pharmaceutical Research

116.

117.
118.

119.

120.

121.

122.

123.

124,

125.

126.

127.

128.

Servin AL. Antagonistic activities of lactobacilli and bifidobacteria against microbial
pathogens. FEMS Microbiol Rev, 2004; 28: 405-440.

Tamura Z. Nutriology of Bifidobacteria. Bifidobacteria Microflora, 1983; 2: 3-16.
Ouwehand A C. Probiotic products: should the microorganisms be viable? In
Proceedings of Mini symposium on New Developments in Probiotics ed. Ahokas. J.
Salminen, S. RMIT University: Key Centre for Applied and Nutritional Toxicology,
1998; 11-14.

Mattila Sandholm T, Matto J, Saarela M. Lactic acid bacteria with health claims
interference and interactions with gastrointestinal flora. Int. Dairy J, 1999; 9: 25-35.
Klaenhammer T.R, Kullen M.J. Selection and design probiotics. International Journal of
Food Microbiolog, 1999; 50(1): 45-57.

Mombelli B, Gismondo M.R. The use of probiotics in medical practice. International
Journal of Antimicrobial Agents, 2000; 16: 531-536.

Dugas B, Mercenier A, Lenoir-Wijnkoop I, Arnaud C, Dugas N, Postaire E, Immunity
and probiotics. Trends Immunology Today, 1999; 20(9): 387-390.

Saha SB, Khan YS, Hakim MA, Anwar MN. A note on the bacterial flora of freshly
caught prawn Macrobrachium rosenbergii (de Man) from Bangladesh. Mahasagar,
1988; 21: 253 — 256.

Ravi VS, Ajmalkhan S, Rajagopal S. Influence of Probiotics on growth of Indian white
prawn Penaeus indicus. J. Sci. Ind. Res, 1998; 57(10-11): 752-756.

Bhavani M., Y. Suneetha, C. Kumaraswamy Naidu and M. Srinivasulu Reddy,
Monitoring the effect of water and feed probiotics on the growth potentials in fresh
water prawn Macrobrachium rosenbergii. International Journal of Fisheries and
Agquaculture Sciences. 2015; 5(1): 59-70.

Soudara pandian, P, Gunalan B. Recent Technology for the Survival and Production of
Giant tiger shrimp Penaeus monodon along South East Coast of India. International
Journal of Zoological Research, 2008; 4: 21-27.

Jaideep Kumar P, Chearan E, Thampi Sam Raj. Growth and survival of Swollen Hind
Gut (SHG) infected Penaeus monodon (Fabricus, 1798) post larvae, in farm Grow-out
system. World Journal of Fish and Marine Sciences, 2011; 3(3): 190-193.

Boyd CE. Water quality management in shrimp farming. Fisheries World, 1995; 3: 33-
38.

WWW.Wjpr.net Vol 7, Issue 12, 2018. 314




Reddy et al. World Journal of Pharmaceutical Research

129.

130.

131.

132.

133.

Ghosh B, Cain K D, Nowak BF, Bridle AR. Microencapsulation of a putative probiotic
Enterobacter species, C 6-6, to protect rainbow trout, Oncorhynchus mykiss (Walbaum),
against bacterial coldwater disease. Journal of Fish Diseases, 2014; 39: 1-11.

Mondel M1, Schroeder BO, Zimmermann K, Huber H, Nuding S, Beisner
J, Fellermann K, Stange EF, Wehkamp J. Probiotic E. coli treatment mediates
antimicrobial human [B-defensin synthesis and fecal excretion in humans. Mucosal
Immunology, 2008; 2: 167-172.

Dykstra NS, Hyde L, Adawi D, Kulik D, Ahrne S, Molin G, Jeppsson B, Mackenzie
A, Mack DR. Pulse Probiotic Administration Induces Repeated Small Intestinal Muc3
Expression in Rats. Pediatric Research, 2011; 69: 206-211.

Khailova, Sarah K, Mount Patrick, Kelly M, Arganbright, Melissa D, Halpern, Toshi
Kinouchi, Bohuslav Dvorak. Bifidobacterium bifidum reduces apoptosis in the intestinal
epithelium in necrotizing enterocolitis. American Journal of Physiology Gastrointestinal
& Liver Physiology, 2010; 299: 1118-1127.

Mack DR, Ahrne S, Hyde L, Wei S, Hollingsworth MA. Extracellular muc3 mucin
secretion follows adherence of lactobacillus strains to intestinal epithelial cells in vitro.
Gut, 2003; 52: 827-833.

WWW.Wjpr.net Vol 7, Issue 12, 2018. 315



https://www.ncbi.nlm.nih.gov/pubmed/?term=M%C3%B6ndel%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19129752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Schroeder%20BO%5BAuthor%5D&cauthor=true&cauthor_uid=19129752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Zimmermann%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19129752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Huber%20H%5BAuthor%5D&cauthor=true&cauthor_uid=19129752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nuding%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19129752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beisner%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19129752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Beisner%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19129752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fellermann%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19129752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Stange%20EF%5BAuthor%5D&cauthor=true&cauthor_uid=19129752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Wehkamp%20J%5BAuthor%5D&cauthor=true&cauthor_uid=19129752
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dykstra%20NS%5BAuthor%5D&cauthor=true&cauthor_uid=21135754
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hyde%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21135754
https://www.ncbi.nlm.nih.gov/pubmed/?term=Adawi%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21135754
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kulik%20D%5BAuthor%5D&cauthor=true&cauthor_uid=21135754
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahrne%20S%5BAuthor%5D&cauthor=true&cauthor_uid=21135754
https://www.ncbi.nlm.nih.gov/pubmed/?term=Molin%20G%5BAuthor%5D&cauthor=true&cauthor_uid=21135754
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jeppsson%20B%5BAuthor%5D&cauthor=true&cauthor_uid=21135754
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mackenzie%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21135754
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mackenzie%20A%5BAuthor%5D&cauthor=true&cauthor_uid=21135754
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mack%20DR%5BAuthor%5D&cauthor=true&cauthor_uid=21135754
https://arizona.pure.elsevier.com/en/persons/melissa-d-halpern

