Downloaded from orbit.dtu.dk on: Mar 21, 2019

Probiotics as beneficial microbes in aquaculture: an update on their multiple modes of
action: a review

Zorriehzahra, Mohammad Jalil; Delshad, Somayeh Torabi; Adel, Milad; Tiwari, Ruchi; Karthik, K.; Dhama,
Kuldeep; Lazado, Carlo Cabacang
Published in:
Veterinary Quarterly
Link to article, DOI:
10.1080/01652176.2016.1172132
Publication date:
2016
Document Version
Publisher's PDF, also known as Version of record
Link back to DTU Orbit

Citation (APA):
Zorriehzahra, M. J., Delshad, S. T., Adel, M., Tiwari, R., Karthik, K., Dhama, K., & Lazado, C. C. (2016).
Probiotics as beneficial microbes in aquaculture: an update on their multiple modes of action: a review.
Veterinary Quarterly, 36(4), 228-241. DOI: 10.1080/01652176.2016.1172132

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights.
 Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
 You may not further distribute the material or use it for any profit-making activity or commercial gain
 You may freely distribute the URL identifying the publication in the public portal
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Veterinary Quarterly

ISSN: 0165-2176 (Print) 1875-5941 (Online) Journal homepage: http://www.tandfonline.com/loi/tveq20

Probiotics as beneficial microbes in aquaculture:
an update on their multiple modes of action: a
review
Mohammad Jalil Zorriehzahra, Somayeh Torabi Delshad, Milad Adel, Ruchi
Tiwari, K. Karthik, Kuldeep Dhama & Carlo C. Lazado
To cite this article: Mohammad Jalil Zorriehzahra, Somayeh Torabi Delshad, Milad Adel, Ruchi
Tiwari, K. Karthik, Kuldeep Dhama & Carlo C. Lazado (2016): Probiotics as beneficial microbes
in aquaculture: an update on their multiple modes of action: a review, Veterinary Quarterly,
DOI: 10.1080/01652176.2016.1172132
To link to this article: http://dx.doi.org/10.1080/01652176.2016.1172132

Published online: 14 Apr 2016.

Submit your article to this journal

Article views: 51

View related articles

View Crossmark data

Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=tveq20
Download by: [DTU Library]

Date: 08 June 2016, At: 01:52

VETERINARY QUARTERLY, 2016
http://dx.doi.org/10.1080/01652176.2016.1172132

REVIEW ARTICLE

Probiotics as beneﬁcial microbes in aquaculture: an update on their
multiple modes of action: a review
Mohammad Jalil Zorriehzahraa, Somayeh Torabi Delshadb, Milad Adela, Ruchi Tiwaric, K. Karthikd,
Kuldeep Dhamae and Carlo C. Lazadof

Downloaded by [DTU Library] at 01:52 08 June 2016

a
Department of Aquatic Animal Health and Diseases, Iranian Fisheries Science Research Institute (IFSRI), Agricultural Research Education
and Extension Organization (AREEO), Tehran, I.R. Iran; bDepartment of Aquatic Animal Health and Diseases, School of Veterinary Medicine,
Shiraz University, Shiraz, I.R. Iran; cDepartment of Veterinary Microbiology, Uttar Pradesh Pandit Deen Dayal Upadhayay Pashu Chikitsa
Vigyan Vishwa Vidyalaya Evum Go-Anusandhan Sansthan (DUVASU), Mathura, India; dDivision of Bacteriology and Mycology, Indian
Veterinary Research Institute, Izatnagar, Bareilly, India; eDivision of Pathology, Indian Veterinary Research Institute, Izatnagar, Bareilly,
India; fSection for Aquaculture, National Institute of Aquatic Resources, Technical University of Denmark, Hirtshals, Denmark

ABSTRACT

ARTICLE HISTORY

Wide and discriminate use of antibiotics has resulted in serious biological and ecological
concerns, especially the emergence of antibiotic resistance. Probiotics, known as beneﬁcial
microbes, are being proposed as an effective and eco-friendly alternative to antibiotics. They
were ﬁrst applied in aquaculture species more than three decades ago, but considerable
attention had been given only in the early 2000s. Probiotics are deﬁned as live or dead, or even
a component of the microorganisms that act under different modes of action in conferring
beneﬁcial effects to the host or to its environment. Several probiotics have been characterized
and applied in ﬁsh and a number of them are of host origin. Unlike some disease control
alternatives being adapted and proposed in aquaculture where actions are unilateral, the
immense potential of probiotics lies on their multiple mechanisms in conferring beneﬁts to the
host ﬁsh and the rearing environment. The staggering number of probiotics papers in
aquaculture highlights the multitude of advantages from these microorganisms and
conspicuously position them in the dynamic search for health-promoting alternatives for
cultured ﬁsh. This paper provides an update on the use of probiotics in ﬁnﬁsh aquaculture,
particularly focusing on their modes of action. It explores the contemporary understanding of
their spatial and nutritional competitiveness, inhibitory metabolites, environmental
modiﬁcation capability, immunomodulatory potential and stress-alleviating mechanism. This
timely update afﬁrms the importance of probiotics in fostering sustainable approaches in
aquaculture and provides avenues in furthering its research and development.
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Accepted 25 March 2016

1. Introduction
The aquaculture industry is rapidly growing and is now
considered a major contributor in the global food production. According to the United Nations Food and
Agriculture Organization, the growth of aquaculture
sector is higher than any other types of animal food
production systems (www.fao.org). To meet the global
demand, aquaculture production practices have been
intensiﬁed to a greater extent both in technological
and practical measures (Tuan et al. 2013). However, the
growth of aquaculture industry is hampered by unpredictable mortalities, many of which are caused by pathogenic microorganisms. Bacterial diseases have been
attributed as biological production bottlenecks in
intensive aquaculture, hence necessitating the use of
chemicals such as drugs and antibiotics in health management strategies (Newaj-Fyzul & Austin 2014). Antibiotic application had been an effective strategy in the
beginning, but the residuals remaining in the rearing
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environment exert selective pressure for long periods
of time and became a big challenge (Lakshmi et al.
2013). The indiscriminate use resulted in the emergence of antibiotic-resistant bacteria in aquaculture
environments, in the increase of antibiotic resistance in
ﬁsh pathogens, in the transfer of these resistance
determinants to bacteria of land animals and to human
pathogens, and in alterations of the bacterial ﬂora both
in sediments and in the water column (Verschuere
et al. 2000). These alarming disadvantages prompted
the aquaculture industry to explore and develop strategies that are as equally effective as antibiotics, eco- and
consumer-friendly and most importantly sustainable
(Standen et al. 2013; Lazado et al. 2015).
Probiotics is one of the identiﬁed alternatives that
can lessen the dependence of the aquaculture industry
to antibiotics (Verschuere et al. 2000; Nayak 2010;
Lazado & Caipang 2014a, 2014b; Akhter et al. 2015).
The word probiotic originated from the Greece words
‘pro’ and ‘bios’ which collectively mean ‘for life’, hence
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Figure 1. General mechanism of action of probiotics. (1) Competitive exclusion probiotic organism colonizes the gut thereby
inhibiting colonization of pathogenic bacteria. (2) Probiotic organisms produce certain inhibitory substances which hinder pathogenic organism. (3) Competition for nutrients probiotic organism utilizes the nutrients causing unavailability of nutrients to the
pathogens. (4) Substances produced by probiotics act as antagonist for quorum sensing mechanism. (5) Improved immunity
increase macrophage activity and antibody level.

being widely regarded as beneﬁcial microorganisms.
For some time, Fuller’s deﬁnition of probiotics as ‘a live
microbial feed supplement which beneﬁcially affects
the host animal by improving microbial balance’ was
the adapted understanding of probiotic concept in
many cultured animals. Interestingly, the results of probiotics research in aquaculture have opened numerous
possibilities on the beneﬁts from this group of microorganisms. Recently, Lazado and Caipang (2014a, 2014b)
proposed that probiotics under an aquaculture understanding be deﬁned as ‘live or dead, or even a component of the microorganisms that act under different
modes of action in conferring beneﬁcial effects to the
host or to its environment’. This contemporary deﬁnition
reﬂects all the advances in probiotics research in aquaculture for over three decades since its ﬁrst application.
Probiotics have several mechanisms in conferring
their beneﬁts to the host ﬁsh (Figures 1 and 2). Such a
feature makes probiotic research in aquatic animals a
very dynamic ﬁeld. The results demonstrating the multitude of ways in delivering beneﬁts to the host have
immensely expanded the traditional understanding of
probiotics as modiﬁer of the microbial community in
the host. This paper discusses the immense potential

of probiotics as health-promoting alternative through
the identiﬁed different modes of action of probiotics
following their application in ﬁnﬁsh aquaculture. It
focuses more on how they improve the quality of the
rearing environment, protect ﬁsh from biological hazards, and modulate physiological processes that eventually promote the health and welfare status of ﬁsh in
culture. The synthesis provided here collates our current understanding of how probiotics are beneﬁcial to
ﬁsh and how we can utilize these microorganisms in
fostering more sustainable aquaculture practices.

2. Source of probiotics
In the last three decades, several probiotic microorganisms have been identiﬁed, characterized and
applied in aquaculture. These beneﬁcial microorganisms can be of host or non-host origin (Lazado & Caipang 2014b; Lazado et al. 2015). In a recent review
paper, it was highlighted that host-associated microorganisms offer a great prospect as a source of probiotics with diverse biochemical features (Lazado et al.
2015). Bacteria obtained from intestine of aquatic as
well as terrestrial animals are commonly used as
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Figure 2. Overall beneﬁcial effects of probiotic in aquaculture. Green arrow indicates additive effects. Red lines indicate inhibitory effect.

probiotics in aquaculture (Hai & Fotedar 2010). Several
bacterial species such as Vibrio and Pseudomonas spp.
isolated from marine ﬁshes are being proposed as
probiotics. Different species of probiotics used in
aquaculture and their beneﬁcial effects are enumerated in Table 1. There is no united stand as to what is
the best source of probiotics to be applied for ﬁsh.
Probiotics from terrestrial environment have been
documented conferring numerous beneﬁts to the cultured animals. On the other hand, probiotics of host
origin offer several advantages as well, especially a
leverage in some biotechnical concerns (i.e. temperature, salinity, familiarity of the environment).
Various factors impose a decisive role in the selection
of a suitable probiotic for aquatic species. Different features like type of probiotic (i.e. bacteria, fungi or algae),
host from which they are derived (i.e. host or non-host),
single-strain probiotic or multi-strain, use of either viable
or non-viable organisms as probiotic and also use of spore
formers or non-spore formers was used in aquaculture

(Nayak 2010). These are some of the reasons why having
probiotics of universal application seems impractical.
The most commonly used probiotic species include
genera Lactobacillus, Biﬁdobacterium, Aeromonas, Plesiomonas, Bacteroides, Fusubacterium, Carnobacterium and
Eubacterium and strains of Bacillus, Enterococcus, Bacteroides, Clostridium, Agrobacterium, Pseudomonas, Brevibacterium, Microbacterium, Staphylococcus, Streptomyces,
Micrococcus, Psychrobacter, Carnobacterium, Pediococcus,
Saccharomyces, Debaryomyces, Altermonas, Tetraselmis,
Roseobacter, Weissella and Aspergillus (Balcazar et al.
2006; Nayak 2010; Lakshmi et al. 2013; Tuan et al. 2013;
Lazado et al. 2015).

3. Modes of action
3.1. Competition for space
Many of the pathogenic bacteria require attachment to
the mucosal layer of the host gastrointestinal tract to
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Table 1. Different species of probiotics used in aquaculture and their beneﬁcial effects.
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No.
Probiotic candidates
Gram-negative bacteria
1
Aeromonas hydrophila
2
3

Aeromonas media A199
Aeromonas sobria GC2

4
5
6

Agarivorans albus F1-UMA
Alteromonas CA2
Alteromonas macleodii 0444

7

Burkholderia cepacia Y021

8

Enterobacter amnigenus

9

Neptunomonas 0536

10

Pseudomonas aeruginosa,
P. synxantha
Shewanella putrefaciens

11

Aquatic species in which probiotics
are used
Oncorhynchus mykiss (Rainbow
trout)
Crassostrea gigas (Paciﬁc oyster)
Rainbow trout

Haliotis rufescens (Abalone)
Paciﬁc oyster
Perna canaliculus (Greenshell
mussel)
Pecten maximus (Scallop)
Crassostrea corteziensis (Cortez
oyster), Nodipecten subnodosus
(Lions-pay scallop)
Rainbow trout
Perna P. canaliculus (Greenshell
mussel)
Penaeus latisulcatus (Western king
prawns)
Sparus aurata L. (Gilthead sea
bream)

Gram-positive bacteria
12 Arthrobacter XE-7
13 Bacillus circulans PB7

L. vannamei (Paciﬁc white shrimp)
Labeo rohita (Rohu)

14

Trout

15

Bacillus subtilis and
Bacillus licheniformis
B. subtilis

Labeo rohita (Indian major carp)
White shrimp
Ictalurus punctatus (Channel cat
ﬁsh) and Pangasianodon
hypophthalmus (Striped cat ﬁsh)
Litopenaeus vannamei (White
shrimp)
Litopenaeus vannamei (White
shrimp)
Shrimp

16

B. subtilis UTM 126

17

B. subtilis E20

18

Bacillus megaterium

19

Bacillus pumilus

P. japonicus
O. niloticus (Tilapia)

20
21

Bacillus P64
Bacillus 48

22

Brevibacillus brevis

L. vannamei (White shrimp)
Centropomus undecimalis
(Common snook)
Dicentrarchus labrax (Sea bass)

23
24

Brochothrix thermosphacta BA211
Clostridium butyricum

Rainbow trout
Rainbow trout
Miichthys miiuy (Chinese drum)

25

Carnobacterium divergens

26
27

Enterococcus faecium SF 68
E. faecium MC13

Gadus morhua (Atlantic cod),
Atlantic salmon (Salmo salar) and
rainbow trout (O. mykiss)
Anguilla anguilla (European eel)
Penaeus monodon (Shrimp)

28

Kocuria SM1

Rainbow trout

29

Lactobacillus acidophilus

Nile tilapia

30

L. acidophilus

Clarias gariepinus (African catﬁsh)

30

Lactobacillus rhamnosus
ATCC 53101
L. rhamnosus

Rainbow trout

31

O. niloticus

Beneﬁcial effects

References

Aeromonas salmonicida infection
reduced
Reduced Vibrio tubiashii infection
Protection against Lactococcus
garvieae and Streptococcus iniae.
Similarly protects against
Aeromonas bestiarum (causative
of ﬁn rot) and Ichthyophthirius
multiﬁliis (skin parasite)
Survivability increased
Survivability increased
Controls Vibrio splendidus infection

Irianto and Austi (2002a, 2002b)

Controls Vibrio coralliilyticus and V.
splendidus
Increased growth and survival
Increased resistance towards
Flavobacterium psychrophilum
V. splendidus infection controlled
General health and immune status
improved
Improved growth of juveniles

Gibson (1999)
Pieters et al. (2008); Brunt and
Austin (2005)

Silva-Aciares et al. (2011)
Douillet and Langdon (1994)
Kesarcodi-Watson et al. (2010,
2012)
Granados-Amores et al. (2012)
Burbank et al. (2011)
Kesarcodi-Watson et al. (2010,
2012)
Hai et al. (2009)
De la Banda et al. (2012)

Alters intestinal microbes
Act as immune stimulant and
protects against A. hydrophila
Protects against Yersinia ruckeri,
FCR and growth improved
Controls A. hydrophila
Immunity increased and resistance
against V. harveyi increased
Decreased mortality rate due to
Edwardsiella ictaluri

Li et al. (2008)
Bandyopadhyay and Das
Mohapatra (2009)
Raida et al. (2003)

Protection against vibriosis

Das et al. (2006)

Mortality reduced

Liu et al. (2010)

Immunity improved, intestinal
microbes altered and resistant to
white spot syndrome virus
Improved larval survival
Immunity increased and
survivability increased against A.
hydrophila challenge
Immunostimulant
Growth improved

Li et al. (2009)

Prevent vibriosis and improve
growth
Protect against A. bestiarum
Protect against vibriosis and also
from A. hydrophila and V.
anguillarum infections
Increased immunity and disease
resistance
Protects against V. anguillarum
infection
Prevents against Edwardsiellosis
Protects against V. harveyi and V.
parahaemolyticus
Protects against V. anguillarum and
V. ordalii
Immunity increased and protects
against P. ﬂuorescens and S. iniae
Growth performance,
haematological parameters and
immunoglobulin concentration
Reduction in mortality caused by A.
salmonicida
Protects against E. tarda infection

Kumar et al. (2006)
Zokaeifar et al. (2012)
Ran et al. (2012)

El-Sersy et al. (2006)
Aly et al. (2008a)
Gullian et al. (2004)
Kennedy et al. (1998)
Mahdhi et al. (2012)
Pieters et al. (2008)
Sakai et al. (1995)
Pan et al. (2008)
Gildberg et al. (1997); Robertson
et al. (2000)
Chang and Liu (2002)
Swain et al. (2009)
Sharifuzzaman and Austin (2010)
Aly et al. (2008b)
Al-Dohail et al. (2009)
Nikoskelainen et al. (2001)
Pirarat et al. (2006)
(continued)
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Table 1. (Continued)
Probiotic candidates
Lactobacillus fructivorans
and L. plantarum

33

Lactococcus lactis AR21

Rotifers

Lactobacillus sporogenes

Macrobrachium rosenbergii
(Freshwater prawn)
Rainbow trout

35

Leuconostoc mesenteroides CLFP
196 and L. plantarum CLFP 238
Micrococcus luteus

O. mykiss (Rainbow trout)

36
37

Micrococcus MCCB 104
Pediococcus acidilactici

M. rosenbergii (Fresh water prawn)
Rainbow trout fry

38

Rhodococcus SM2

Rainbow trout

39

Streptococcus phocae P180

P. monodon

40
41

Streptococcus faecium
S. Faecium

Oreochromis niloticus (Nile tilapia)
Cyprinus carpio (Carp)

41

Streptomyces

P. monodon

42

Vagococcus ﬂuvialis

Sea bass

43

Weissella hellenica DS-12

–

34
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Aquatic species in which probiotics
are used
S. aurata (Sea bream)

No.
32

Phages and yeast
44 Phages of family Myoviridae
and Podoviridae
45 Microaglae Tetraselmis suecica

References

Increase in production of HSP70,
thereby increasing heat
tolerance
Improved growth and protects
against V. anguillarum infection
Boosts the survival, growth and
levels of biochemical
constituents
Mortality due to L. garvieae was
reduced
Infection due to A. salmonicida was
reduced
Different bacteria inhibited
Vertebral column compression
syndrome (VCCS) was reduced
Immunity improved and protection
against V. anguillarum
Growth increased and protects
against V. harveyi infection
As growth promoters
Improves growth and intestinal
micro ﬂora
Growth improved and water
quality was also increased
Protection against V. anguillarum
infection
Protects against several ﬁsh
pathogens

Carnevali et al. (2004); Rollo et al.
(2006)

46

Dunaliella tertiolecta

Artemia

47

Yeasts (Phafﬁa rhodozyma,
Saccharomyces cerevisiae
and Saccharomyces exiguous)
Yarrowia lipolytica

Penaeids

Protection against Pseudomonas
plecoglossicida
Protection against bacterial
pathogen
Protection against Vibrio campbellii
and V. proteolyticus
Protection against vibriosis

Pinctada mazatlanica

Improved growth

48

Plecoglossus altivelis

Beneﬁcial effects

Penaeids

initiate the development of a disease (Adams 2010). An
important mechanism of action in probiotic bacteria is
competition for adhesion sites, also known as ‘competitive exclusion’. The ability of bacteria to colonize the
gut and adhere to the epithelial surface and consequently interfere with the adhesion of pathogens is a
desirable criterion in the selection of probiotics (Balcazar et al. 2006; Lazado et al. 2011). Non-pathogenic
intestinal microbes such as Lactobacilli compete with
the pathogens for adhesion sites on the intestinal surfaces, particularly on intestinal villus and enterocytes
(Brown 2011).
Probiotic addition is being suggested as an early
stage husbandry practice in larviculture because the
feature of competitive exclusion for attachment sites
could provide favorable rearing conditions (Irianto &
Austin 2002a). Attachment of probiotics may be nonspeciﬁc, based on the physicochemical agents, or speciﬁc, based on the adhesion of the probiotics on the
surface of the adherent bacteria and receptor
molecules on the epithelial cells (Salminen et al. 1996;
Lazado et al. 2015).

Harzevili et al. (1998)
Seenivasan et al. (2012)
Vendrell et al. (2008)
Irianto and Austin (2002a)
Jayaprakash et al. (2005)
Aubin et al. (2005)
Sharifuzzaman et al. (2011)
Swain et al. (2009)
Lara-Flores et al. (2003)
Bogut et al. (1998)
Das et al. (2006); Newaj-Fyzul
et al. (2014)
Sorroza et al. (2012)
Byun et al. (1997); Cai et al.
(1998)
Park et al. (2000)
Austin and Day (1990)
Marques et al. (2006)
Scholz et al. (1999)
Aguilar-Macias et al. (2010)

3.2. Production of inhibitory substances
Probiotic bacteria produce substances with bactericidal
or bacteriostatic effects on other microbial populations
(Servin 2004) such as bacteriocins, hydrogen peroxide,
siderophores, lysozymes, proteases, among many
others (Panigrahi & Azad 2007; Tinh et al. 2007). In
addition, some bacteria produce organic acid and volatile fatty acids (e.g. lactic, acetic, butyric and propionic
acids), that can result into the reduction of pH in the
gastrointestinal lumen, thus preventing growth of
opportunistic pathogenic microorganisms (Tinh et al.
2007).
Recently, a compound called indole(s,3-benzopyrrole) with potent inihibitory activity against pathogens
was identiﬁed in some bacteria known to have antibacterial and anti-fungal activities (Gibson et al. 1999;
Lategan et al. 2006).

3.2.1. Antibacterial activity
Several probiotics in aquaculture have been documented possessing antibacterial activity against known
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pathogens. For example, probiotic L. lactis RQ516 that
is being used in tilapia (Oreochromis niloticus) exhibited
inhibitory activity against Aeromonas hydrophila (Zhou
et al. 2010). It was also shown by Balcazar et al. (2008)
that probiotic L. lactis had antibacterial activity towards
two ﬁsh pathogens namely, Aeromonas salmonicida
and Yersinia rukeri.
Zapata and Lara-Flores (2013) found that Leuconostoc
mesenteroides was able to inhibit the growth of ﬁsh
pathogenic bacteria in Nile tilapia (O. niloticus). Ghosh
et al. (2008) found that Bacillus subtilis signiﬁcantly
reduced the amount of motile Aeromonads, presumptive Pseudomonads and total Coliforms in ornamental
ﬁshes (Newaj-Fyzul & Austin 2014). Moosavi-Nasab et al.
(2014) also reported that lactic acid bacteria (Lactobacillus buchneri, Lactococcus lactis, Lactobacillus acidophilus,
Lactobacillus fermentum and Sterptococcus salivarius) isolated from the intestine of Spanish mackerel (Scomberomorus commerson) were able to inhibit the growth of
Listeria innocua. Dhanasekaran et al. (2008) reported
that several Lactobacilli isolated from intestine of catﬁsh
(Clarias orientalis), Hari ﬁsh (Anguilla sp.), Rohu ﬁsh
(Labeo rohita), Jillabe ﬁsh (Oreochromis sp.) and Gende
ﬁsh (Punitus carnaticus) showed remarkable antibacterial
activity against Aeromonas and Vibrio sp.
The potential of probiotic including Lactobacillus
plantarum (LP1, LP2), Saccharomyces cerevisiae (SC3),
Candida glabrata (CG2), L. lactis subsp. lactis (LL2) and
Staphylococcus arlettae (SA) isolated from an indigenous ﬁsh sauce in Malaysia showed high inhibitory
activity on Staphylococcus aureus and Listeria monocytogenes (Dhanasekaran et al. 2008).

3.2.2. Antiviral activity
The knowledge on antiviral activity of probiotics has
been raised in recent years (Lakshmi et al. 2013). For
example, Pseudomonas, Vibrio, Aeromonas spp. and
Coryneforms had antiviral activity against infectious
hematopoietic necrosis virus (IHNV) (Kamei et al. 1988).
Li et al. (2009) demonstrated that feeding with a Bacillus megaterium strain increased the resistance to white
spot syndrome virus (WSSV) in the shrimp Litopenaeus
vannamei. It was documented that probiotics such as
Bacillus and Vibrio sp. positively protect shrimp L. vannamei against WSSV (Balcazar 2003). Application of
Lactobacillus probiotics as a single strain or mixed with
Sporolac improved disease resistance against lymphocystis viral disease in olive ﬂounder (Paralichthys olivaceus) (Harikrishnan et al. 2010).
3.2.3. Antifungal activity
There are few studies regarding the antifungal effect of
probiotics. Lategan et al. (2004) isolated Aeromonas
media (strain A199) from eel (Anguilla australis) culture
water and was observed to have a strong inhibitory
activity against Saprolegnia sp. In a separate study, Pseudomonas sp. M162, Pseudomonas sp. M174 and

Janthinobacterium sp. M169 enhanced immunity against
saprolegniasis in rainbow trout. Atira et al. (2012) demonstrated that L. plantarum FNCC 226 exhibited inhibitory activity against Saprolegnia parasitica A3 in catﬁsh
(Pangasius hypophthalamus).

3.3. Competition for chemicals or available energy
The existence of any microbial population depends on
its ability to compete for chemicals and available
energy with the other microbes in the same environment (Verschuere et al. 2000). Many microorganisms,
including the known probiotic group lactic acid bacteria, consume the nutrients that are essential for the
growth of a number of pathogens (Brown 2011).
For example, siderophores are low-molecular-weight
ferric iron-chelating agents that are able to dissolve precipitated iron or extract it from iron complexes, then
making it available for bacterial growth (Neilands 1981).
Siderophore-producing bacteria can be used as probiotics because they can sequester ferric iron in an iron-low
environment, hence making it unavailable for the
growth of pathogenic bacteria (Tinh et al. 2007). Gram
et al. (1999) showed that a culture supernatant of Pseudomonas ﬂuorescens, grown in iron-limited conditions,
inhibited growth of Vibrio anguillarum. It has been
shown that P. ﬂuorescens can competitively inhibit the
growth of the ﬁsh pathogen A. salmonicida, by competing for free iron (Smith & Davey 1993; Gram et al. 1999).
It was also revealed that GP12 and GP21, candidate probiotics from Atlantic cod, are capable of releasing sideropheres and this ability had been implicated for their
beneﬁcial use (Lazado et al. 2011).

3.4. Improving the water quality
Application of Gram-positive bacteria, such as Bacillus
spp., is beneﬁcial in improving the quality of the water
system. Bacillus spp. have a more efﬁcient ability in
converting organic matter into carbon dioxide in comparison to the Gram-negative bacteria, which converts
a greater proportion of organic matter into bacterial
biomass or slime (Balcazar et al. 2006; Mohapatra et al.
2012). Certain probiotic bacteria possess signiﬁcant
algicidal effect as well particularly on several species of
microalgae (Fukami et al. 1997). Ammonia and nitrite
toxicity can be eliminated by the application of nitrifying cultures into the ﬁsh environment (Mohapatra
et al. 2012). In addition, probiotics are beneﬁcial as
they can increase microbial species’ composition in the
water and modify its quality (Mohapatra et al. 2012).
The temperature, pH, dissolved oxygen, NH3 and H2S
in rearing water were found to be of higher quality
when probiotics were added, hence maintaining a positively healthy environment for shrimp and prawn larval in green water system (Banerjee et al. 2010;
Aguirre-Guzman et al. 2012).
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3.5. Nutrients and enzymatic contribution
Some microorganisms have a positive effect in the
digestive processes of aquatic animals (Balcazar et al.
2006). It has been shown that some bacteria contribute
in the digestion process by producing extracellular
enzymes, such as proteases, lipases, as well as growthpromoting factors (Wang et al. 2000).
There are reports demonstrating that some probiotics, especially from Bacteroides and Clostridium sp.,
are capable of supplying vitamins, fatty acids and
essential amino acids to the host (Balcazar et al. 2006;
Tinh et al. 2007). Gnotobiotic oyster larvae (Crassostrea
gigas), fed with auxenic algae (Isochrysis galbana) supplemented with a bacterial strain CA2, showed not
only improved growth performance but efﬁcient
nutrient utilization as well (Douillet & Langdon 1994).
Yeasts are well known in animal nutrition because
they can produce polyamines, which enhance intestinal maturation (Wang et al. 2000). Besides bacterial
probiotics, many strains of yeast have been used
as dietary supplements in a number of ﬁsh species
(Tinh et al. 2007).

3.6. Interference of quorum sensing
Quorum sensing (QS) is deﬁned as the regulation of
gene expression in response to ﬂuctuations in cell-population density. Many bacteria are using this system to
communicate and regulate a diverse array of physiological activities (Miller & Bassler 2001). The disruption
of QS is considered a potential anti-infective strategy
in aquaculture (Defoirdt et al. 2004).
Halogenated furanones, which are produced by the
marine red alga Delisea pulchra (Maneﬁeld et al. 1999),
have been investigated as a promising QS antagonist.
These compounds, added at adequate concentrations,
protected Brachionus, Artemia, and rainbow trout from
the negative effects of pathogenic Vibrios (Rasch et al.
2004; Defoirdt et al. 2006; Tinh et al. 2007). Also, some
probiotic bacteria such as Lactobacillus, Biﬁdobacterium
and Bacillus cereus strains degrade the signal molecules
of pathogenic bacteria by enzymatic secretion or production of autoinducer antagonists (Brown 2011). It
was demonstrated by Medellin-Pena et al. (2007) that
L. acidophilus secretes a molecule that inhibits the QS
or interacts with bacterial transcription of Escherichia
coli O157 gene.

3.7. Immunomodulation
3.7.1. Fish
Probiotics by stimulation of immune system of hosts,
including the stimulation of pro-inﬂammatory cytokines on the activity of immune cells, increasing the
phagocytic activity of leucocytes (Pirarat et al. 2006),
increasing the levels of antibodies, acid phosphatase,
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lysozymes (Lara-Flores & Aguirre-Guzman 2009), complement (Balcazar et al. 2007), cytokines (interleukin-1
(IL-1), IL-6, IL-12, tumor necrosis factor a (TNF-a),
gamma interferon (IFN-g), IL-10 and transforming
growth factor b) (Nayak 2010) and antimicrobial peptides (Mohapatra et al. 2012), and also, by improving the
intestinal microbial balance, inhibiting the colonization
of ﬁsh pathogens in the digestive tract, producing of
inhibitory compounds such as bacteriocins, sideropheres, lysozymes, proteases, hydrogen peroxides
(Saurabh et al. 2005), increasing the digestive enzymes
activity (amylase, protease and lipase) (Ringø et al.
1995) and by producing of fatty acids, vitamins (Sakata
1990) and essential amino acids that are useful for lactic acid bacteria (Ringø & Gatesoupe 1998) could
improve the growth performance, immune system and
increased resistance on common pathogens in ﬁsh
and shrimp (Lakshmi et al. 2013).
In a study, administration of probiotics in tilapia (O.
niloticus) caused increase in lysozyme activity, neutrophil migration, bactericidal activity and ﬁnally
enhanced resistance of ﬁsh to infection of Edwardsiella
tarda (Taoka et al. 2006b). Also, Gomez et al. (2007)
used Vibrio alginolyticus strains as probiotics in white
shrimp (L. vannamei) and observed increased survival
and growth in shrimp (Zhou et al. 2009).
Harikrishnan et al. (2011a) reported that administration of probiotics (Lactobacillus sakei BK19) with
herb (Scutellaria baicalensis) in tilapia (O. fasciatus)
reduces the mortality, alters haematological parameters and enhances innate immunity against E. tarda.
The same researchers repeated this experiment in
olive ﬂounder (P. olivaceus) against Streptococcus parauberis and found improved growth, blood biochemical constituents, and nonspeciﬁc immunity in the
groups treated with probiotics and herbals mixture
supplementation diet (Harikrishnan et al. 2011b).
Irianto and Austin (2002a) reported that feeding with
Gram-positive and Gram-negative probiotics resulted
in the stimulation of cellular rather than humoral
(serum of mucus antibodies) immunity. There was an
increase in the number of erythrocytes, macrophages
and lymphocytes, and enhanced lysozyme activity
during feeding with probiotics. Feeding with diets
containing single or mixed isolated probiotic bacteria
for O. niloticus showed different results in survival
rates and was highest with ﬁsh fed diets supplemented with Bacillus pumilus, followed by a mixture
of probiotics (B. ﬁrmus, B. pumilus and Citrobacter
freundii), and then C. freundii
Avella et al. (2010) used a mixture of Bacillus probiotic bacteria including B. subtilis, B. licheniformis and B.
pumilus in diet of the gilthead sea bream (Sparus aurata) larviculture and observed clear effects on survival,
growth and general welfare.
In a research, ﬁrst, ﬁsh were fed the diet containing L.
plantarum. Assessment of mRNA levels of several
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immune parameters like cytokine IL-8 in the intestine of
the control and L. plantarum groups by using real-time
PCR showed that IL-8 gene expression was signiﬁcantly
upregulated by L. plantarum after Lactococcus garvieae
infection (P
erez-Sanchez et al. 2011). Standen et al.
(2013) evaluated the probiotic effect of Pediococcus
acidilactici on Nile tilapia (O. niloticus) and suggested
that the probiotic treatment may cause upregulation of
the gene expression of the proinﬂammatory cytokine
TNF-a in the probiotic fed ﬁsh. Presence of B. subtilis C3102 in the diets of hybrid tilapia juvenile (O. niloticus £
O. aureus) caused upregulation of cytokines such as
IL-1b, TGF-b, and TNF-a in the intestine of ﬁsh (He et al.
2013). Lactobacillus delbrueckii ssp. delbrueckii (AS13B)
added in the diet of gilthead sea bream resulted in
lower transcription of proinﬂammatory cytokine genes
such as IL1b, IL10, cox2 and TGF-b in the intestine of
treated group (Picchietti et al. 2009).

3.7.2. Shrimp
Use of probiotics in different species of shrimps has
improved the innate immunity (natural or non-speciﬁc
immunity). Several studies have demonstrated that by
using probiotics the production of cellular components
such as phagocytosis, encapsulation, formation of nodules and humoral components including anticoagulant
proteins, agglutinins, phenol oxidase enzyme (Lakshmi
et al. 2013; Song et al. 2014), antimicrobial peptides
(defensins and chemokines), antiapoptotic protein, free
radicals, bacteriocins, siderophores, monostatin, lysozymes, proteases, hydrogen peroxide, gramicidin, polymyxin, tyrotricidin, competitive exclusion and organic
acid was increased (Balcazar et al. 2007). Probiotics have
an important role to enhance the resistance of shrimps
against common diseases such as vibriosis, white spot
disease and A. hydrophila infection (Ahilan et al. 2004;
Ma et al. 2007; Harikrishnan et al. 2009; Liu et al. 2010;
Zokaeifar et al. 2014).
It was also conﬁrmed by RNA interference (RNAi)
assay that the immunity of shrimps was increased
against viral diseases, using probiotics (Kawai & Akira
2006). Rangpipat et al. (2000) showed that Bacillus sp.
(strain S11) provided protection against disease by
activating the Penaeus monodon immune system.
3.7.3. Immunomodulation of the gut immune
system
The immune system of the gut is related to gut-associated lymphoid tissue (GALT) (Nayak 2010; Lazado &
Caipang 2014a, 2014b) and there are some differences
in respect of Peyer’s patches, secretory IgA and antigen-transporting M cells in the intestine of piscine and
mammal gut immune system (Nayak 2010). Although
lymphoid cells, macrophages, granulocytes and mucus
IgM were observed in the intestine of ﬁsh, the effect of
probiotics on the intestinal immune cells is less known
(Bakke-McKellep et al. 2007; Nayak 2010).

There is limited knowledge about application of
probiotics and their ability in stimulating the piscine
gut immune system (Nayak 2010; Lazado & Caipang
2014a, 2014b). The present knowledge is mostly associated with humans and terrestrial vertebrates (Lazado &
Caipang 2014a, 2014b). However, studies indicated
that probiotics can stimulate the piscine gut immune
system, increasing the number of IgC-cells and acidophilic granulocytes (AGs) (Picchietti et al. 2007, 2008,
2009; Salinas et al. 2008). For example, it has been
reported that the supplementation of LAB (Lactobacillus rhamnosus GG, human origin) in diet of tilapia, O.
niloticus could modulate the population of the intestinal immune cells. Also, the amount of intra-epithelial
lymphocytes and AGs enhanced signiﬁcantly in the
probiotic-fed group (Pirarat et al. 2011). Addition of
probiotic containing Lactobaccillus fructivorans (host
origin) and L. plantarum (human origin) to the diet of
larval gilthead sea bream, S. aurata, by live vectors
affected the extent of IgC-cells and AGs, mostly the
MAb G7(C) phagocytic population in gut (Picchietti
et al. 2007).
Picchietti et al. (2009) used rotifers and artemia in
administration of L. delbrueckii ssp. delbrueckii (AS13B)
as live vectors to the larval sea bass, Dicentrarchus labrax. They observed the population of T-cells and AGs in
the intestinal mucosa signiﬁcantly increased in probiotic-fed ﬁsh.
In a study, rainbow trout (Oncorhynchus mykiss)
were fed by diets supplemented with probiotics such
as L. lactis spp. lactis, L. mesenteroides and L. sakei. At
the end, an enhancement was observed in phagocytic
activity of mucosal leucocytes by LAB group (Balcazar
et al. 2006). Pediococcus acidilactici was used by
Standen et al. (2013) in the feeding of Nile tilapia
(O. niloticus).

3.8. Amelioration of the effects of stress
Stress might be regarded as a physical or chemical
agent causing reactions that may result in disease and
death. Any change in water parameters may have a
side effect on the physiological and behavioral aspect
of aquatic animals. Different types of stress that may
have negative effects on ﬁsh include thermal (Das
et al. 2005; Logan & Somero 2011), nutritional, high
density (Lupatsch et al. 2010), anoxia, hypoxia, chemicals and toxins (DeMicco et al. 2010). Many harmful
agents for ﬁsh exist in their environment like the water,
soil, air or even their own body (Smith et al. 2012). In
intensive systems of aquaculture where the high density is an important factor for outbreak, in stressful conditions, aquatic animals are more susceptible than wild
ﬁshes. Application of probiotic bacteria, both as a feed
supplement and water can prevent stressful conditions, enhancing immune system and therefore reducing the harmful effects of various stressors (Taoka et al.
2006a).
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Any situation that enhances reactive oxygen species
(ROS) concentration is called oxidative stress that can
lead to disturbing cellular metabolism and its regulation,
thereby damaging cellular constituents (Jia et al. 2011;
Lushchak 2011). ROS production is nearly related to antioxidant responses (Lesser 2006; Bidhan et al. 2014). The
alterations of temperature and other environmental
parameters can severely affect physiological activities of
aquatic animals (Wabete et al. 2008). In addition, a wide
range of contaminants (xenobiotics), UV radiation, hypoxia and other environmental physicochemical parameters may cause oxidative stress in the animal (Mohapatra
et al. 2012). Feeding with probiotics may ameliorate the
effects of these oxidative stress factors by increasing the
antioxidant status (Mohapatra et al. 2012).
Blood glucose, cortisol and the RNA/DNA ratio of
the different tissues are used as valid biochemical
stress indicators to study the ﬁsh stresses, growth and
health status (Sivaraman et al. 2012). Another way to
assess stress tolerance in ﬁsh involves subjecting them
to heat shock (Cruz et al. 2012).
Taoka et al. (2006a) grew ﬂounder (P. olivaceus)
under stress conditions and evaluated the effects of
probiotics on growth, stress tolerance and non-speciﬁc
immune response in ﬁsh. Plasma lysozyme activity in
the probiotic diet group and the water supply group
was signiﬁcantly higher than in the control group. In
heat shock stress tests, ﬂounder in the probioticstreated groups showed greater heat tolerance. Koninkx
and Malago (2008) demonstrated that under stress
conditions, normal intestinal micro ﬂora taken as probiotics were able to enhance defense system by increasing speciﬁcally the putative heat shock protein (HSP).
Some probiotic bacteria have been found to
decrease several biochemical stress indicators. There is
a report regarding the decrease in cortisol level on supplementation of L. delbrueckii ssp. delbrueckii in the diet
of European sea bass (D. labrax) compared to the controls during temperature stress (Carnevali et al. 2006).
Taoka et al. (2006a) found that administration of Bacillus spp. during transport reduced handling stress by
inﬂuencing the cortisol level. Varela et al. (2010) carried
out probiotic administration studies on gilt-head bream
(S. aurata) and concluded that there was improved tolerance to stress with this treatment under high stocking
density. Castex et al. (2009) evaluated the antioxidative
effect of P. acidilactici MA 18/5 in shrimp, Litopenaeus stylirostris. Results showed the modulation of the activities of
antioxidant enzymes such as superoxide dismutase and
catalase. It has been reported that administration of L.
plantarum could enhance the antioxidant state in shrimp
L. vannamei and consequently improve resistance to V.
alginolyticus infection (Chiu et al. 2007).

4. Side effects and misuses
Probiotics are generally considered safe and well tolerated (Boyle et al. 2006). One theoretical concern
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associated with probiotics includes the potential for
these viable organisms to move from the gastrointestinal tract and cause systemic infections (Snydman
2008). Another theoretical risk associated with probiotics involves the possible transfer of antibiotic resistance
from probiotic strains to pathogenic bacteria; however,
this has not yet been observed (Martin et al. 2013).
Also, by introduction of probiotics importation in the
aquaculture industry, possibilities of change in intestinal microﬂora, emerging diseases, mutagenesis or
recombination of DNA of bacteria may result into systemic infections and economical losses in ﬁsh farms
(Ringø et al. 2010).

5. Conclusion and future perspectives
Despite doing many studies about efﬁciency and
mechanisms of probiotics, there are many questions
that are not yet clear. Additional and future studies can
be directed to transcriptome and proteome proﬁling
of gut microbiota, host/microbe interactions, interactions between gut microbes, the intestinal epithelium,
gut immune system, antioxidant status, lipid level of
hosts, antagonistic and synergist activity or probably
side effects of probiotics.
Aquaculture holds an important place among the
fastest developing growth sectors globally and contributes about 90% of the world production. Aquaculture
provides an important source of ﬁshes with nutritional
security for human consumption but infections and
disease outbreaks in large aquaculture industry affect
both socio-economic status and economic advancement of the country. As therapeutic regimen antibiotics used pose some negative impacts such as residual
toxicity, emerging drug resistance, immune suppression and reduced consumer preference for drugtreated aquatic products in the market, hence demand
for non-antibiotic-based, environmentally friendly
agents is highly desired for health management in
aquaculture. Use of probiotics is an effective alternative
sustainable source of beneﬁcial microbes with bactericidal or bacteriostatic effect on pathogenic bacteria,
with anti-bacterial, anti-viral and anti-fungal activity,
immunomodulatory capabilities of promoting health
and welfare to improve the growth performance, augment the immune system, disruption of QS as a new
anti-infective strategy, ameliorate the harmful effects
of oxidative stress factors and increased resistance for
common pathogens in ﬁshes for controlling potential
ﬁsh pathogens. An interactive approach among academicians, scientists, producers and ﬁsh sector owners is
required to focus and explore the speciﬁc aspects of
bacteria host interactions conferring the possible
favorable changes in diverse immune responses elicited by different bacterial strains in order to propose
clinically effective, bacteria-based strategies to promote the health, production and economic growth of
the aquaculture industry. Probiotic formulation should
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be viable on large scale at low operational cost. They
should not be treated as ‘elixir of life’, rather they
should be used as supplement to balance the diet to
avail and maintain the sound health free of infections
and disease-causing microorganisms. The present
review has summarized the importance of potential
probiotics and their future perspectives in fastest growing food production sector of aquaculture industry.

Acknowledgment
All the authors acknowledge their thanks for support to their
respective institutions and universities.

Disclosure statement

Downloaded by [DTU Library] at 01:52 08 June 2016

No potential conﬂict of interest was reported by the authors.

References
Adams CA. 2010. The probiotic paradox: live and dead cells
are biological response modiﬁers. Nutr Res Rev. 23:37 46.
Aguilar-Macias OL, Ojeda-Ramirez JJ, Campa-Cordova AI, Saucedo PE. 2010. Evaluation of natural and commercial probiotics for improving growth and survival of the pearl
oyster, Pinctada mazatlanica, during late hatchery and
early ﬁeld culturing. J World Aquac Soc. 41:447 454.
Aguirre-Guzman G, Lara-Flores M, Sanchez-Martinez JG,
Campa-Cordova AI, Luna-Gonzalez A. 2012. The use of
probiotics in aquatic organisms: a review. Afr J Microbiol
Res. 6(23):4845 4857.
Ahilan B, Shine G, Santhanam R. 2004. Inﬂuence of probiotics
on the growth and gut microﬂora load of juvenile gold
ﬁsh (Carassiusauratus). Asian Fish Sci. 17:271 278.
Akhter N, Wu B, Memon AM, Mohsin M. 2015. Probiotics and
prebiotics associated with aquaculture: a review. Fish
Shellﬁsh Immunol. 45(2):733 741.
Al-Dohail MA, Hashim R, Aliyu-Paiko M. 2009. Effects of the
probiotic, Lactobacillus acidophilus, on the growth performance, haematologyparameters and immunoglobulin
concentration in African Catﬁsh (Clarias gariepinus,
Burchell 1822) ﬁngerling. Aquac Res. 40:1642 1652.
Aly SM, Mohamed MF, John G. 2008a. Effect of probiotics on
the survival, growth and challenge infection in Tilapia nilotica (Oreochromis niloticus). Aquac Res. 39:647 656.
Aly SM, Ahmed YAG, Ghareeb AAA. Mohamed MF. 2008b.
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 Shellﬁsh Immunol. 25:128 136.
Atira NJ, Aryantha INP, Kadek IDG. 2012. The curative action
of Lactobacillus plantarum FNCC 226 to Saprolegnia parasitica A3 on catﬁsh (Pangasius hypophthalamus, Sauvage).
Int Food Res J. 19(4):1723 1727.
Aubin J, Gatesoupe FJ, Labbe L, Lebrun L. 2005. Trial of probiotics to prevent the vertebral column compression syndrome in rainbow trout (Oncorhynchus mykiss, Walbaum).
Aquac Res. 36:758 767.
Austin B, Day JG. 1990. Inhibition of prawn pathogenic Vibrio
spp. by a commercial spray-dried preparation of Tetraselmis suecica. Aquaculture. 90:389 392.

Avella MA, Gioacchini G, Decamp O, Makridis P, Bracciatelli C,
Carnevali O. 2010. Application of multi-species of Bacillus
in sea bream larviculture. Aquaculture. 305:12 19.
Bakke-McKellep AM, Froystad MK, Lilleeng E, Dapra F, Refstie
S, Krogdahl A. 2007. Response to soy: T-cell-like reactivity
in the intestine of Atlantic salmon, Salmo salar L. J Fish
Dis. 30:13 25.
Balcazar JL. 2003. Evaluation of probiotic bacterial strains in
Litopenaeus vannamei. Final report. Guayaquil: National
Center for Marine and Aquaculture Research.
Balcazar JL, de Blas I, Ruiz-Zarzuela I, Cunningham D, Vendrell
D, Muzquiz JL. 2006. The role of probiotics in aquaculture.
Vet Microbiol. 114:173 186.
Balcazar JL, de Blas I, Ruiz-Zarzuela I, Vendrell D, Calvo AC,
Marquez I, Giron
es O, Muzquiz JL. 2007. Changes in intestinal microbiota and humoral immune response following
probiotic administration in brown trout (Salmo trutta). Br J
Nutr. 97:522 527.
Balcazar JL, Vendrell D, de Blas I, Ruiz-Zarzuela I, Giron
es O,
M
uzquiz JL. 2008. In vitro competitive adhesion and production of antagonistic compounds by lactic acid
bacteria against ﬁsh pathogens. Vet Microbiol. 122
(3 4):373 380.
Bandyopadhyay P, Das Mohapatra PK. 2009. Effect of a
probiotic bacterium Bacillus circulans PB7 in the formulated
diets: on growth, nutritional quality and immunity of Catla
catla (Ham.). Fish Physiol Biochem. 35:467 478.
Banerjee S, Khatoon H, Shariff M, Yusoff FM. 2010. Enhancement of Penaeus monodon shrimp post larvae growth and
survival without water exchange using marine Bacillus
pumilus and periphytic microalgae. Fish Sci. 76:481 487.
Bidhan CD, Meena DK, Behera BK, Das P, Das Mohapatra PK,
Sharma AP. 2014. Probiotics in ﬁsh and shellﬁsh culture:
immunomodulatory and ecophysiological responses. Fish
Physiol Biochem. 40(3):921 971.
Bogut I, Milakovic Z, Bukvic Z, Brkicand S, Zimmer R. 1998.
Inﬂuenceof probiotic Streptococcus faecium M74 on
growth and content oﬁntestinal microﬂlora in carp Cyprinus carpio. Czech J Anim Sci. 43:231 235.
Boyle RJ, Robins-Browne RM, Tang MLK. 2006. Probiotic use in
clinical practice: what are the risks? Review Articles. Am J
Clin Nutr. 83:1256 1264.
Brown M. 2011. Modes of action of probiotics: resent developments. J Anim Vet Adv. 10(14):1895 1900.
Brunt J, Austin B. 2005. Use of a probiotic to control lactococcosis and streptococcosis in rainbow trout, Oncorhynchus
mykiss (Walbaum). J Fish Dis. 28:693 701.
Burbank DR, Shah DH, La Patra SE, Fornshell G, Cain KD. 2011.
Enhanced resistance to coldwater disease following feeding of probiotic bacterial strains to rainbow trout (Oncorhynchus mykiss). Aquaculture. 321:185 190.
Byun JW, Park SC, Benno Y, Oh TK. 1997. Probiotic effect of
Lactobacillus sp. DS-12 in ﬂounder (Paralichthys olivaceus).
J Gen Appl Microbiol. 43:305 308.
Cai YM, Benno Y, Nakase T, Oh TK. 1998. Speciﬁc probiotic
characterization of Weissella hellenica DS-12 isolated from
ﬂounder intestine. J Gen Appl Microbiol. 44:311 316.
Carnevali O, de Vivo L, Sulpizio R. 2006. Growth improvement
by probiotic in European sea bass juveniles (Dicentrarchus
labrax, L), with particular attention to IGF-1, myostatin and
cortisol gene expression. Aquaculture. 258:430 438.
Carnevali O, Zamponi MC, Sulpizio R, Rollo A, Nardi M, Orpianesi C, Silvi S, Caggiano M, Polzonetti AM, Cresci A. 2004.
Administration of probiotic strain to improve sea bream
wellness during development. Aquac Int. 12:377 386.
Castex M, Lemaire P, Wabete N, Chim L. 2009. Effect of dietary
probiotic Pediococcus acidilacticion antioxidant defences

Downloaded by [DTU Library] at 01:52 08 June 2016

VETERINARY QUARTERLY

and oxidative stress status of shrimp Litopenaeus stylirostris. Aquaculture. 294(3 4):306 313.
Chang CI, Liu WY. 2002. An evaluation of two probiotic bacterial strains, Enterococcus faecium SF68 and Bacillus toyoi,
for reducing edwardsiellosis in cultured European eel,
Anguilla anguilla, L. J Fish Dis. 25:311 315.
Chiu CH, Guu YK, Liu CH, Pan TM, Cheng W. 2007. Immune
responses and gene expression in white shrimp (Litopenaeus vannamei), induced by Lactobacillus plantarum. Fish
Shellﬁsh Immunol. 23:364 377.
Cruz PM, Ibanez AL, Monroy Hermosillo OA, Ramirez Saad HC.
2012. Use of probiotics in aquaculture. ISRN Microbiol.
2:1 13.
Das S, Lyla PS, Khan SA. 2006. Application of Streptomyces as a
probiotic in the laboratory culture of Penaeus monodon
(Fabricius). Isr J Aquacult. 58(3):198 204.
Das T, Pal AK, Chakraborty SK, Manush SM, Sahu NP,
Mukherjee SC. 2005. Thermal tolerance, growth and oxygen
consumption of Labeo rohita fry (Hamilton, 1822) acclimated to four temperatures. J Therm Biol. 30:378 383.
De la Banda IG, Lobo C, Chabrillon M, Leon-Rubio JM, Arijo S,
Pazos G, Lucas LM, Morinigo MA. 2012. Inﬂuence of dietary administration of a probiotic strain Shewanella putrefaciens on Senegalese sole (Solea senegalensis, Kaup 1858)
growth, body composition and resistance to Photobacterium damselae subsp piscicida. Aquac Res. 43:662 669.
Defoirdt T, Boon N, Boosier P, Verstraete W. 2004. Disruption
of bacterial quorum sensing: an unexplored strategy to
ﬁght infections in aquaculture. Aquaculture. 240:69 88.
Defoirdt T, Crab R, Wood TK, Sorgeloos P, Verstraete W,
Bossier P. 2006. Quorum sensing disrupting brominated
furanones protect the gnotobiotic brine shrimp Artemia
franciscana from pathogenic Vibrio harveyi, Vibrio campbellii, and Vibrio parahaemolyticus isolates. Appl Environ
Microbiol. 72:6419 6423.
DeMicco A, Cooper KR, Richardson JR, White LA. 2010. Developmental neurotoxicity of pyrethroid insecticides in zebra
ﬁsh embryos. Toxicol Sci. 113:177 186.
Dhanasekaran D, Saha S, Thajuddin N, Panneerselvam A.
2008. Probioticeffect of Lactobacillus isolates against
bacterial pathogens in Clarias orientalis. Med Biol.
15(3):97 102.
Douillet PA, Langdon CJ. 1994. Use of probiotic for the culture
of larvae of the Paciﬁc oyster (Crassostrea gigas Thurnberg). Aquaculture. 119:25 40.
El-Sersy NA, Abdelrazek FA, Taha SM. 2006. Evaluation of various probiotic bacteria for the survival of Penaeus japonicus
larvae. Fresenius Environ Bull. 15:1506 1511.
Fukami K, Nishijima T, Ishida Y. 1997. Stimulative and inhibitory effects of bacteria on the growth of microalgae.
Hydrobiology. 358:185 191.
Ghosh S, Sinha A, Sahu C. 2008. Dietary probiotic supplementation on growth and health of live-bearing ornamental
ﬁshes. Aquac Nutr. 14(4):289 299.
Gibson LF. 1999. Bacteriocin activity and probiotic activity of
Aeromonas media. J Appl Microbiol. 85:243 248.
Gildberg A, Mikkelsen H, Sandaker E, Ringø E. 1997. Probiotic
effect of lactic acid bacteria in the feed on growth and survival of fry of Atlantic cod (Gadus morhua). Hydrobiology.
352:279 285.
Gomez GD, Balcazar JL, Shen MA. 2007. Probiotics as control
agents in aquaculture. J Ocean Univ China. 6(1):76 79.
Gram L, Melchiorsen J, Spanggaard B, Huber I, Nielsen TF.
1999. Inhibition of Vibrio anguillarum by Pseudomonas ﬂuorescens AH2, a possible probiotic treatment of ﬁsh. Appl
Environ Microbiol. 65(3):969 973.

11

Granados-Amores A, Campa-Cordova AI, Araya R, MazonSuastegui JM, Saucedo PE. 2012. Growth, survival and
enzyme activity of lions-paw scallop (Nodipecten subnodosus) spat treated with probiotics at the hatchery. Aquac
Res. 43:1335 1343.
Gullian M, Thompson F, Rodriguez J. 2004. Selection of probiotic bacteria and study of their immunostimulatory effect
in Penaeus vannamei. Aquaculture. 233:1 14.
Hai NV, Buller N, Fotedar R. 2009. Effects of probiotics (Pseudomonas synxantha and Pseudomonas aeruginosa) on the
growth, survival and immune parameters of juvenile
western king prawns (Penaeus latisulcatus Kishinouye,
1896). Aquac Res. 40:590 602.
Hai NV, Fotedar R. 2010. A review of probiotics in shrimp
aquaculture. J Appl Aquacult. 22:251 266.
Harikrishnan R, Balasundaram C, Heo MS. 2009. Effect of chemotherapy, vaccines and immunostimulants on innate
immunity of goldﬁsh infected with Aeromonas hydrophila.
Dis Aquat Organ. 88(1):45 54.
Harikrishnan R, Balasundaramb C, Heo MS. 2010. Effect of
probiotics enriched diet on Paralichthys olivaceus infected
with lymphocystis disease virus (LCDV). Fish Shellﬁsh
Immunol. 29:868 874.
Harikrishnan R, Kim MC, Kim JS, Balasundaram C, Heo MS.
2011a. Probiotics and herbal mixtures enhance the
growth, blood constituents, and nonspeciﬁc immune
response in Paralichthys olivaceus against Streptococcus
parauberis. Fish Shellﬁsh Immunol. 31:310 317.
Harikrishnan R, Kim MC, Kim JS, Balasundaramb C, Heo MS.
2011b. Protective effect of herbal and probiotics enriched
diet on haematological and immunity status of Oplegnathus fasciatus (Temminck & Schlegel) against Edwardsiella
tarda. Fish Shellﬁsh Immunol. 30:886 893.
Harzevili ARS, Van Duffel H, Dhert P, Swings J, Sorgeloos P.
1998. Use of a potential probiotic Lactococcus
lactis AR21 strain for the enhancement of growth in the
rotifer Brachionus plicatilis (Muller). Aquac Res.
29:411 417.
He S, Zhang Y, Xu L, Yang Y, Marubashi T, Zhou Z. 2013.
Effects of dietary Bacillus subtilis C-3102 on the production,
intestinal cytokine expression and autochthonous bacteria of hybrid tilapia Oreochromis niloticus £ Oreochromis
aureus. Aquaculture. 412 413:125 130.
Irianto A, Austin B. 2002a. Use of probiotics to control furunculosis in rainbow trout, Oncorhynchus mykiss (Walbaum).
J Fish Dis. 25:1 10.
Irianto A, Austin B. 2002b. Probiotics in aquaculture. J Fish Dis.
25:633 642.
Jayaprakash NS, Pai SS, Anas A, Preetha R, Philip R, Singh ISB.
2005. A marine bacterium, Micrococcus MCCB 104, antagonistic to vibrios in prawn larval rearing systems. Dis Aquat
Org. 68:39 45.
Jia X, Zhang H, Liu X. 2011. Low levels of cadmium exposure
induce DNA damage and oxidative stress in the liver of
Oujiang colored common carp (Cyprinus carpio var color).
Fish Physiol Biochem. 37:97 103.
Kamei Y, Yoshimizu M, Ezura Y, Kimura T. 1988. Screening of
bacteria with antiviral activity from fresh water salmonid
hatcheries. Microbiol Immunol. 32:67 73.
Kawai, T, Akira S. 2006. Innate immune recognition of viral
infection. Nat Immunol. 7:131 137.
Kennedy SB, Tucker JW, Neidic CL, Vermeer GK, Cooper VR,
Jarrell JL, Sennett DG. 1998. Bacterial management strategies for stock enhancement of warm water marine ﬁsh: a
case study with common snook (Centropomus undecimalis). Bull Mar Sci. 62:573 588.

Downloaded by [DTU Library] at 01:52 08 June 2016

12

M. J. ZORRIEHZAHRA ET AL.

Kesarcodi-Watson A, Kaspar H, Lategan MJ, Gibson L. 2010.
Alteromonas macleodii 0444 and Neptunomonas sp. 0536,
two novel probiotics for hatchery-reared Greenshell (TM)
mussel larvae, Perna canaliculus. Aquaculture. 309:49 55.
Kesarcodi-Watson A, Miner P, Nicolas JL, Robert R. 2012. Protective effect of four potential probiotics against pathogen-challenge of the larvae of three bivalves: Paciﬁc
oyster (Crassostrea gigas), ﬂat oyster (Ostrea edulis) and
scallop (Pecten maximus). Aquaculture. 344:29 34.
Koninkx JFJG, Malago JJ. 2008. The protective potency of probiotic bacteria and their microbial products against
enteric infections-review. Folia Microbiol. 53:189 194.
Kumar R, Mukherjee SC, Prasad KP, Pal AK. 2006. Evaluation of
Bacillus subtilis as a probiotic to Indian major carp Labeo
rohita (Ham). Aquac Res. 37:1215 1221.
Lakshmi B, Viswanath B, Sai Gopal DVR. 2013. Probiotics as
antiviral agents in shrimp aquaculture. J Pathog. Article ID
424123, p. 1 13.
Lara-Flores M, Aguirre-Guzman G. 2009. The use of probiotic
in ﬁsh and shrimp aquaculture. A review. In: Perez-Guerra
N, Pastrana-Castro L, editors. Probiotics: production, evaluation and uses in animal feed. Chapter 4. Kerala: Research
Signpost; p. 4 16.
Lara-Flores M, Olvera-Novoa MA, Guzman-Mendez BE, Lopez
Madrid W. 2003. Use of bacteria Streptococcus faecium
and Lactobacillusacidophilus, and the yeast Saccharomyces
cerevisiae as growthpromoters in the Nile tilapia
(Oreochromis niloticus). Aquaculture. 216:193 201.
Lategan MJ, Booth W, Shimmon R, Gibson LF. 2006. An inhibitory substance produced by Aeromonas media A199, an
aquatic probiotic. Aquaculture. 254:115 124.
Lategan MJ, Torpy FR, Gibson LF. 2004. Control of saprolegniosis in the eel (Anguilla australis, Richardson) by Aeromonas media strain A199. Aquaculture. 240:19 27.
Lazado CC, Caipang CMA. 2014a. Mucosal immunity and probiotics in ﬁsh. Fish Shellﬁsh Immunol. 39:78 89.
Lazado CC, Caipang CM. 2014b. Bacterial viability differentially inﬂuences the immunomodulatory capabilities of
potential host-derived probiotics in the intestinal epithelial cells of Atlantic cod Gadus morhua. J Appl Microbiol.
116(4):990 998.
Lazado CC, Caipang CMA, Brinchmann MF, Kiron V. 2011. In
vitro adherence of two candidate probiotics from Atlantic
cod and their interference with the adhesion of two pathogenic bacteria. Vet Microbiol. 148:252 259.
Lazado CC, Caipang CM, Estante EG. 2015. Prospects of hostassociated microorganisms in ﬁsh and penaeids as probiotics with immunomodulatory functions. Fish Shellﬁsh
Immunol. 45(1):2 12.
Lesser MP. 2006. Oxidative stress in marine environments:
biochemistry and physiological ecology. Ann Rev Physiol.
68:253 278.
Li J, Tan B, Mai K. 2009. Dietary probiotic Bacillus OJ and isomalto oligosaccharides inﬂuence the intestine microbial
populations, immune responses and resistance to white
spot syndrome virus in shrimp (Litopenaeus vannamei).
Aquaculture. 291:35 40.
Li JQ, Tan BP, Mai KS, Ai QH, Zhang WB, Liufu ZG, Xu W. 2008.
Immune responses and resistance against Vibrio parahaemolyticus induced by probiotic bacterium Arthrobacter
XE-7 in Paciﬁc white shrimp, Litopenaeus vannamei. J
World Aquac Soc. 39:477 489.
Liu KF, Chiu CH, Shiu YL, Cheng W, Liu CH. 2010. Effects of the
probiotic, Bacillus subtilis E20, on the survival, development, stress tolerance, and immune status of white
shrimp, Litopenaeus vannamei larvae. Fish Shellﬁsh Immunol. 28(5 6):837 844.

Logan CA, Somero GN. 2011. Effects of thermal acclimation
on transcriptional responses to acute heat stress in the
eurythermal ﬁsh Gillichthys mirabilis (Cooper). Am J Physiol
Regul Integr Comp Physiol. 300(6):1373 1383.
Lupatsch GA, Santos JW, Schrama JA, Verreth J. 2010. Effect of
stocking density and feeding level on energy expenditure
and stress responsiveness in European sea bass (Dicentrarchus labrax). Aquaculture. 298:245 250.
Lushchak VI. 2011. Adaptive response to oxidative stress: bacteria, fungi, plants and animals. Comp Biochem Physiol
Toxicol Pharmacol. 153:175 190.
Ma THT, Tiu SHK, He JG, Chan SM. 2007. Molecular cloning of
a C-type lectin (LvLT) from the shrimp Litopenaeus vannamei: early gene down-regulation after WSSV infection.
Fish Shellﬁsh Immunol. 23(2):430 437.
Mahdhi A, Kamoun F, Messina C, Santulli A, Bakhrouf A. 2012.
Probiotic properties of Brevibacillus brevis and its inﬂuence
on sea bass (Dicentrarchus labrax) larval rearing. Afr J
Microbiol Res. 6:6487 6495.
Maneﬁeld M, de Nys R, Kumar N, Read R, Givskov M,
Steinberg P, Kjelleberg SA. 1999. Evidence that halogenated furanones from Delisea pulchra inhibit acylated
homoserine lactone (AHL)-mediated gene expression by
displacing the AHL signal from its receptor protein. Microbiology. 145:283 291.
Marques A, Thanh TH, Sorgeloos P, Bossier P. 2006. Use ofmicroalgae and bacteria to enhance protection of gnotobiotic artemia against different pathogens. Aquaculture.
258:116 126.
Martin H, Floch MD, Macg A. 2013. Probiotic safety and risk
factors. J Clin Gastroenterol. 47(5):375 376.
Medellin-Pena MJ, Wang H, Johnson R, Anand S, Grifﬁths MW.
2007. Probiotic effects virulence related gene expression
in Escherichia coli O157:H7. Appl Environ Microbiol.
73:4259 4267.
Mohapatra S, Chakraborty T, Kumar V, De Boeck G, Mohanta
KN. 2012. Aquaculture and stress management: a review
of probiotic intervention. J Anim Physiol Anim Nut.
14:1 26.
Moosavi-Nasab M, Abedi E, Moosavi-Nasab S, Eskandari MH.
2014. Inhibitory effect of isolated lactic acid bacteria from
Scomberomorus commerson intestines and their bacteriocin on Listeria innocua. Iran Agricult Res. 33(1):43 52.
Miller MM, Bassler BL. 2001. Quorum sensing in bacteria.
Annu Rev Microbiol. 55:165 199.
Nayak SK. 2010. Probiotics and immunity: a ﬁsh perspective.
Fish Shellﬁsh Immunol. 29:2 14.
Neilands JB. 1981. Iron absorption and transport in microorganisms. Annu Rev Nutr. 1:27 46.
Newaj-Fyzul A, Austin B. 2014. Probiotics, immunostimulants,
plant products and oral vaccines, and their role as feed
supplements in the control of bacterial ﬁsh diseases. J
Fish Dis. 14:12313 12318.
Newaj-Fyzul A, Al-Harbi AH, Austin B. 2014. Review: developments in the use of probiotics for disease control in aquaculture. Aquaculture. 431:1 11.
Nikoskelainen S, Ouwehand A, Salminen S, Bylund G. 2001.
Protection of rainbow trout (Oncorhynchus mykiss) from
furunculosis by Lactobacillus rhamnosus. Aquaculture.
198:229 236.
Pan X, Wu T, Zhang L, Song Z, Tang H, Zhao Z. 2008. In vitro
evaluation on adherence and antimicrobial properties of a
candidate probiotic Clostridium butyricum CB2 for farmed
ﬁsh. J Appl Microbiol. 105:1623 1629.
Panigrahi A, Azad IS. 2007. Microbial intervention for better
ﬁsh health in aquaculture: the Indian scenario. Fish Physiol
Biochem. 33:429 440.

Downloaded by [DTU Library] at 01:52 08 June 2016

VETERINARY QUARTERLY

Park SC, Shimamura I, Fukunaga M, Mori K, Nakai T. 2000. Isolation of bacteriophages speciﬁc to a ﬁsh pathogen, Pseudomonas plecoglossicida, as a candidate for disease
control. Appl Environ Microbiol. 66:1416 1422.
Perez-Sanchez T, Balcazar JL, Merriﬁeld DL, Carnevali O,
Gioacchini G, de Blas I. 2011. Expression of immunerelated genes in rainbow trout (Oncorhynchusmykiss)
induced by probiotic bacteria during Lactococcus garvieae
infection. Fish Shellﬁsh Immunol. 31:196 201.
Picchietti S, Fausto AM, Randelli E, Carnevali O, Taddei AR,
Buonocore F. 2009. Early treatment with Lactobacillus delbrueckii strain induces an increase in intestinal T-cells and
granulocytes and modulates immune-related genes of larval Dicentrarchus labrax (L.). Fish Shellﬁsh Immunol.
26:368 376.
Picchietti S, Guerra L, Selleri L, Buonocore F, Abelli L,
Scapigliati G. 2008. Compartmentalisation of T cells
expressing CD8a and TCRb in developing thymus of
sea bass Dicentrarchus labrax (L.). Dev Comp Immunol.
32:92 99.
Picchietti S, Mazzini M, Taddei AR, Renna R, Fausto AM,
Mulero V. 2007. Effects of administration of probiotic
strains on GALT of larval gilthead sea bream: immunohistochemical and ultrastructural studies. Fish Shellﬁsh
Immunol. 22:57 67.
Pieters N, Brunt J, Austin B, Lyndon AR. 2008. Efﬁcacy of infeed probiotics against Aeromonas bestiarum and Ichthyophthirius multiﬁliis skin infections in rainbow trout
(Oncorhynchus mykiss, Walbaum). J Appl Microbiol.
105:723 732.
Pirarat N, Kobayashi T, Katagiri T, Maita M, Endo M. 2006. Protective effects and mechanisms of a probiotic bacterium
Lactobacillus rhamnosus against experimental Edwardsiella
tarda infection in tilapia (Oreochromis niloticus). Vet Immunol Immunopathol. 113:339 347.
Pirarat N, Pinpimai K, Endo M, Katagiri T, Ponpornpisit A,
Chansue N. 2011. Modulation of intestinal morphology
and immunity in Nile tilapia (Oreochromis niloticus) by Lactobacillus rhamnosus GG. Res Vet Sci. 91:9 97.
Raida MK, Larsen JL, Nielsen ME, Buchmann K. 2003.
Enhanced resistance of rainbow trout, Oncorhynchus
mykiss (Walbaum), against Yersinia ruckeri challenge following oral administration of Bacillus subtilis and B. licheniformis. J Fish Dis. 26:495 498.
Ran C, Carrias A, Williams MA, Capps N, Dan BCT, Newton JC,
Kloepper JW, Ooi EL, Browdy CL, Terhune JS, Liles MR.
2012. Identiﬁcation of Bacillus strains for biological control
of catﬁsh pathogens. PLoS One. 7:9 14.
Rangpipat S, Rukpratanporn S, Piyatiratitivorakul S, Menasaveta P. 2000. Immunity enhancement in black tiger shrimp
(Penaeus monodon) by a probiont bacterium (Bacillus S11).
Aquaculture. 191:271 288.
Rasch M, Buch C, Austin B, Slierendrecht WJ, Ekmann KS,
Larsen JL, Johansen C, Riedel K, Eberl L, Givskov M,
Gram L. 2004. An inhibitor of bacterial quorum sensing
reduces mortalities caused by vibriosis in rainbow trout
(Oncorhynchus mykiss, Walbaum). Syst Appl Microbiol.
27:350 359.
Ringø E, Gatesoupe FJ. 1998. Lactic acid bacteria in ﬁsh: a
review. Aquaculture. 160:177 203.
Ringø E, Olsen RE, Gifstad T, Dalmo RA, Amlund H, Hemre G,
Bakke AM. 2010. Probiotics in aquaculture: a review.
Aquac Nutr. 16:117 136.
Ringø E, Strom E, Tabacheck J. 1995. Intestinal microﬂora of
salmonids: a review. Aquac Res. 26:773 789.
Robertson PAW, Dowd O, Burrells C, Williams C, Austin B.
2000. Use of Carnobacterium sp. as probiotic for Atlantic

13

salmon (Salmo salar) and rainbow trout (Oncorhynchus
mykiss, Walbaum). Aquaculture. 185:235 243.
Rollo A, Sulpizio R, Nardi M, Silvi S, Orpianesi C, Caggiano M,
Cresci A, Carnevali O. 2006. Livemicrobial feed supplement in aquaculture for improvement of stress tolerance.
Fish Physiol Biochem. 32:167 177.
Sakai M., Yoshida T, Atsuta S, Kobayashi M. 1995. Enhancement of resistance to vibriosis in rainbow trout, Oncorhynchus mykiss Walbaum, by oral administration of
Clostridium butyrium bacterin. J Fish Dis. 18:187 190.
Sakata T. 1990. Microﬂora in the digestive tract of ﬁsh and
shellﬁsh. In: Lesel R, editors. Microbiology in poecilotherms. Amsterdam: Elsevier , p. 171 176.
Salinas I, Myklebust R, Esteban MA, Olsen RE, Meseguer J,
Ringø E. 2008. In vitro studies of Lactobacillus delbrueckii
subsp. lactis in Atlantic salmon (Salmo salar L.) foregut: tissue responses and evidence of protection against Aeromonas salmonicida subsp. salmonicida epithelial damage.
Vet Microbiol. 128:167 177.
Salminen S, Isolauri E, Salminen E. 1996. Clinical uses of probiotics for stabilizing the gut mucosal barrier: successful
strains for future challenges. Anton van Leeuwenhoek.
70:347 358.
Saurabh S, Choudhary AK, Sushma GS. 2005. Concept of probiotics in aquaculture. Fish Chimes. 25(4):19 22.
Scholz U, Garcia Diaz G, Ricque D, Cruz Suarez LE, Vargas
Albores F, Latchford J. 1999. Enhancement of vibriosis
resistance in juvenile Penaeus vannamei by supplementation of diets with different yeast products. Aquaculture.
176:271 283.
Servin A. 2004. Antagonistic activities of lactobacilli and biﬁdobacteria against microbial pathogens. Microbiol Rev.
28:405 440.
Seenivasan C, Saravana BP, Radhakrishnan S, Shanthi R. 2012.
Enrichment of Artemia nauplii with Lactobacillus sporogenes forenhancing the survival, growth and levels of biochemical constituents in the post-larvae of the freshwater
prawn Macrobrachium rosenbergii. Turk J Fish Aquat Sci.
12:23 31.
Sharifuzzaman SM, Abbass A, Tinsley JW, Austin B. 2011. Subcellular components of probiotics Kocuria SM1 and Rhodococcus SM2 induce protective immunity in rainbow
trout (Oncorhynchus mykiss, Walbaum) against Vibrio
anguillarum. Fish Shellﬁsh Immunol. 30:347 353.
Sharifuzzaman SM, Austin B. 2010. Kocuria SM1 controls vibriosis in rainbow trout (Oncorhynchus mykiss, Walbaum).
J Appl Microbiol. 108:2162 2170.
Silva-Aciares FR, Carvajal PO, Mejias CA, Riquelme CE. 2011.
Use of macroalgae supplemented with probiotics in the
Haliotis rufescens (Swainson, 1822) culture in Northern
Chile. Aquac Res. 42:953 961.
Sivaraman GK, Barat A, Ali S, Mahanta PC. 2012. Prediction of
ﬁsh growth rate and food availability in the Himalayan
water bodies by estimation of RNA/DNA ratios. IUP J
Genet Evol. 4(3):15 19.
Smith P, Davey S. 1993. Evidence for the competitive exclusion of Aeromonas salmonicida from ﬁsh with stress-inducible furunculosis by Pseudomonas ﬂuorescens. J Fish Dis.
16:521 524.
Smith KF, Schmidt V, Rosen GE, Amaral-Zettler L. 2012. Microbial diversity and potential pathogens in ornamental ﬁsh
aquarium water. PLoS One. 7(9):e39971.
Snydman DR. 2008. The safety of probiotics. Clin Infect Dis.
46(2):104 111.
Song SK, Beck BR, Kim D, Park J, Kim J, Kim HD, Ringø E. 2014.
Prebiotics as immunostimulants in aquaculture: a review.
Fish Shellﬁsh Immunol. 40(1):40 48.

Downloaded by [DTU Library] at 01:52 08 June 2016

14

M. J. ZORRIEHZAHRA ET AL.

Sorroza L, Padilla D, Acosta F, Roman L, Grasso V, Vega J, Real
F. 2012. Characterization of the probiotic strain Vagococcus ﬂuvialis in the protection of European sea bass (Dicentrarchus labrax) against vibriosis by Vibrio anguillarum. Vet
Microbiol. 155:369 373.
Standen BT, Rawling MD, Davies SJ, Castex M, Foey A,
Gioacchini G. 2013. Probiotic Pediococcus acidilactici modulates both localised intestinal- and peripheral-immunity
in tilapia (Oreochromis niloticus). Fish Shellﬁsh Immunol.
35:1097 1104.
Swain SM, Singh C, Arul V. 2009. Inhibitory activity of probiotics Streptococcus phocae PI80 and Enterococcus faecium
MC13 against vibriosis in shrimp Penaeus monodon. World
J Microbiol Biotechnol. 25:697 703.
Taoka Y, Maeda H, Jo JY. 2006a. Growth, stress tolerance and
non-speciﬁc immune response of Japanese ﬂounder Paralichthys olivaceusto probiotics in a closed recirculating system. Fish Sci. 72(2):310 321.
Taoka Y, Maeda H, Jo JY. 2006b. Use of live and dead probiotic cells in tilapia (Oreochromis niloticus). Fish Sci.
72:755 766.
Tinh NTN, Dierckens K, Sorgeloos P, Bossier P. 2007. A review
of the functionality of probiotics in the larviculture food
chain. Mar Biotechnol. 10:1 12.
Tuan TN, Duc PM, Hatai K. 2013. Overview of the use of probiotics in aquaculture. Int J Res Fish Aquacult. 3(3):89 97.
Varela JL, Ruız IR, Vargas L. 2010. Dietary administration of
probiotic Pdp11 promotes growth and improves stress
tolerance to high stocking density in gilthead sea bream
Sparus auratus. Aquaculture. 309(1 4):265 271.
Vendrell D, Balcazar JL, de Blas I, Ruiz-Zarzuela I, Girones O,
Muzquiz JL. 2008. Protection of rainbow trout (Oncorhynchus mykiss) from lactococcosis by probiotic bacteria.
Comp Immunol Microbiol Infect Dis. 31:337 345.

Verschuere L, Rombaut G, Sorgeloos P, Verstraete W. 2000.
Probiotic bacteria as biological control agents in aquaculture. Microbiol Molecul Biol Rev. 64(4):655 671.
Wabete N, Chim L, Lemaire P, Massabuau JC. 2008. Life on the
edge: physiological problems in penaeid prawns Litopenaeus stylirostris, living on the low side of their thermo
preferendum. Mar Biol. 154:403 412.
Wang X, Li H, Zhang X, Li Y, Ji W, Xu H. 2000. Microbial ﬂora in
the digestive tract of adult penaeid shrimp (Penaeus
chinensis). J Ocean Univ Qingdao. 30:493 498.
Zapata AA, Lara-Flores M. 2013. Antimicrobial activities of
lactic acid bacteria strains isolated from Nile tilapia
(Oreochromis niloticus) intestine. J Biol Life Sci. 4
(1):123 129.
Zhou X, Wang Y, Yao J, Li W. 2010. Inhibition ability of lacticacid bacteria Lactococcus lactis, against A. hydrophila and
study of its immunostimulatory effect in tilapia (Oreochromis niloticus). Int J Eng Sci Technol. 2(7):73 80.
Zhou XX, Wang YB, Li WF. 2009. Effect of probiotic on larvae
shrimp (Penaeus vannamei) based on water quality, survival rate and digestive enzyme activities. Aquaculture.
287:349 353.
Zokaeifar H, Babaei N, Saad CR, Kamarudin MS, Sijam K,
Balcazar JL. 2014. Administrationof 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 Immunol. 36:68 74.
Zokaeifar H, Balcazar JL, Saad CR, Kamarudin MS, Sijam K,
Arshad A, Nejat N. 2012. Effects of Bacillus subtilis on the
growth performance, digestive enzymes, immune
gene expression and disease resistance of white shrimp,
Litopenaeus vannamei. Fish Shellﬁsh Immunol. 33:
683 689.

