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Abstract

effects of adding synbiotics in fish fed.

Synbiotics are nutritional supplements that combine probiotics and prebiotics, enhancing their beneficial effects.
Nowadays, probiotics are also becoming an integral part of aquaculture practices to obtain high production, and,
although considerably less information is available regarding probiotics applications for fish, they offer benefits with
regards to improving immune status and fish production. Despite the promising potential benefits demonstrated in
current literature to these feed ingredients, to date the use of synbiotics in fish farms has been poorly investigated
and available data are still scarce. The parameters investigated in these studies have been the following: effect
on survival and growth, feed conversion, body composition, haematological/biochemical parameters, digestive
enzyme activity, immunological response and disease resistance. This review compiles the results from recent
studies, aiming to highlight the properties of synbiotics evaluated for potential application in farming fish. Various
factors as fish specie, time of feeding treatment and supplement dose as well as the type of prebiotics and probiotics
can significantly affect the activity of synbiotics. Moreover, many aspects such as mechanism which mediate host
benefits are poorly understood. Future studies are needed to provide a better knowledge and fully conclude on the

Keywords: Synbiotics; Probiotics; Prebiotics; Fish; Teleosts; Aqua-
culture

Probiotics and Prebiotics: Concept and Properties

The use of probiotics and prebiotics has been regarded during
recent years as an alternative viable therapy in fish culture, appearing
as a promising biological control strategy and becoming as an integral
part of the aquaculture practices for improving growth and disease
resistance [1]. This strategy offers innumerable advantages to overcome
the limitations and side effects of antibiotics and other drugs and also
leads to high production [2-5].

Based on the intricate relationship that an aquatic organism has
with the external environment when compared with that of terrestrial
animals, the definition of a probiotic for aquatic environments needed
to be modified or adapted. Probiotics are often defined as applications
of entire or component(s) of a micro-organism which are beneficial
to the health of the host [6]. Other probiotic definitions are more
encompassing, for example, Verschuere etal. [7] suggested the definition
“a live microbial adjunct which has a beneficial effect on the host by
modifying the host-associated or ambient microbial community, by
ensuring improved use of the feed or enhancing its nutritional value, by
increase the host response towards disease, or by improving the quality
of its environment”. Although there is some dispute about what an
aquatic probiotic actually is, All definitions differ to that of Fuller [8] in
that there is no longer the requisite for the probiotic to be acting in the
gastrointestinal tract. Therefore, modes of action such as competition
for nutrients and production of inhibitory substances could occur in
the culture water. Additional effects of probiotic action should also
be considered, given the modified definition, including change of the
water quality and interaction with phytoplankton [7].

In aquaculture, the range of probiotics evaluated for use is
considerably wider than in terrestrial agriculture. The feasibility and
efficacy of a wide range of probiotics for aquatic animals have been
investigated in numerous studies, but the best documented are possibly
lactic acid bacteria, Bacillus spp. and yeasts [9-11]. Moreover, several
probiotics either as monospecies or multispecies supplements are
commercially available for aquaculture practices [10].

The success of probiotics has laid the foundation for other concepts

as prebiotics. Prebiotics offer an alternative method for manipulating
endogenous microbes to improve health. Instead of introducing
favourable bacteria with the diet the aim of prebiotics is to stimulate
selected favourable indigenous microbial populations [11]. A prebiotic
is defined as a non-digestible food ingredient that beneficially affects the
host by selectively stimulating the growth and/or the activity of specific
health promoting bacteria that can improve the host health [12].

Prebiotics mainly consist of oligosaccharides promoting beneficial
bacterial growth within the gastrointestinal tract of higher vertebrates
[13,14]. In different studies from last ten years, many substances have
been investigated as prebiotics. Based on the studies of Mahious and
Ollevier [15], Fooks et al. [16] and Gibson et al. [17] any foodstuff that
reaches the colon (e.g. non-digestible carbohydrates, some peptides and
proteins, as well as certain lipids) is a candidate prebiotic [18]. However,
most studies have focused on non-digestible carbohydrates, mainly oli-
gosaccharides. According to Gibson et al. [17], only three oligosaccha-
rides were classified as prebiotics: inulin, transgalactooligosaccharide
(TOS) and lactulose. A more recent study includes fructooligosacchari-
des (FOS) in the list of prebiotics [19]. Mannan oligosaccharides (MOS)
and fuctooligosaccharides (FOS, or oligofructose) are perhaps the most
well studied oligosaccharides in fish but some information regarding
applications of galactooligosaccharides, xylooligosaccharides, arabino-
xylooligosaccharides and isomaltooligosaccharides in aquatic animals
is also available [11,20,21]. Aditionally, inulin, a heterogeneous blend
of fructose polysaccharides has also been well regarded in fish [22,23].

In recent years there has been a growing interest in understanding
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the mechanisms of action of probiotics and prebiotics, especially in
humans and other mammals. Probiotics activity is mediated by a
variety of effects that are dependent on the probiotic itself, the dosage
employed, treatment duration and route and frequency of delivery.
Some probiotics exert their beneficial effects by elaborating antibacterial
molecules such as bacteriocins that directly inhibit other bacteria or
viruses, actively participating in the fight against infections, whereas
others inhibit bacterial movement across the gut wall (translocation),
enhance the mucosal barrier function by increasing the production
of innate immune molecules or modulate the inflammatory/immune
response. Several studies have demonstrated that patter recognition
receptors [PRRs, such as toll-like receptors (TLRs)], signalling
pathways, immune responses and the secretion of antimicrobial
peptides such as defensins and chemokines by the epithelium play
important roles in these mechanisms [24,25]. On the other hand,
potential mechanism of prebiotics includes selective increase/decrease
in specific intestinal bacteria that modulate local cytokine and antibody
production, increase in intestinal short chain fatty acids production and
enhanced binding of these fatty acids to G-coupled protein receptors
on leycocytes, interaction with carbohydrate receptors on intestinal
epithelial and immune cells, partial absorption resulting in local and
systemic contact with the immune system [26].

These alternative methods of disease prevention have been used
as a means of reducing the presence of opportunistic pathogens and
simultaneously stimulating the host immune responses. However, other
effects not immune related have been observed, as improve growth
performance, feed utilisation, digestive enzyme activity, antioxidant
enzyme activity, gene expression, disease resistance, larval survival, gut
morphology, alter the gut microbiota, mediate stress response, improve
nutrition, reduce risk of certain cancers (colon, bladder), produce
lactase, alleviate symptoms of lactose intolerance and malabsorption
[1,10,11,18,21,27].

Despite numerous studies evaluating the efficacy of probiotics and
prebiotics in fish, combined application of both additives (synbiotics)
has received till present very little attention and available data are still
scarce. Therefore, the aim of this review is to compile, for the first time,
existing data on the use of synbiotics in aquaculture fish, highlighting
the main effects demonstrated to date.

Studies of the administration of synbiotics in fish aquaculture

Synbiotics refer to nutritional supplements combining probiotics
and prebiotics in a form of synergism, hence synbiotics, enhancing
their isolated beneficial effects. When two nutritional ingredients or
supplements are given together the resulting positive effect generally
follows one of three patterns: additivity, synergism or potentiation.
Additive effect occurs when the effect of two ingredients used together
approximates to the sum of the individual ingredient effects. In case
of synergism, it is said to occur when the combined effect of the two
products is significantly greater than the sum of the effects of each agent
administered alone. The term potentiation is used differently, some
pharmacologists use potentiation interchangeably with synergism to
describe a greater than additive effect and others use it to describe the
effect that is only present when two compounds are concurrently [28].

Synbiotics affects the host by improving the survival and
implantation oflive microbial dietary supplements in the gastrointestinal
tract by selectively stimulating the growth and/or by activating the
metabolism of one or a limited number of health promoting bacteria,
and thus improving the host “welfare”. In humans, probiotics are mainly
active in the small intestine while prebiotics are only effective in the

large intestine, so the combination of the two may give a synergistic
effect [12].

To our knowledge, only five studies so far have investigated the
effect of synbiotics in fish (Table 1). In them, probiotics evaluated
correspond to two bacterial genera, Enterococcus spp. and Bacillus spp.
[29,30], as well as prebiotics FOS and MOS and the studied fish species
have been rainbow trout, Japanese flounder, yellow croaker and cobia.

The first application of synbiotics in fish is that of Rodriguez-
Estrada et al. [31]. In this study a commercial preparation of E. faecalis,
and two kinds of ingredients, MOS and PHB (a prebiotic included
in the group of biopolimers) were used as probiotics and prebiotics,
respectively. Seven supplementation protocols were conducted: C)
control group, without supplementation; E) supplemented with 1%
E. faecalis; M) supplemented with 0.4% MOS; P) supplemented with
1% PHB; EM) supplemented with 1% E. faecalis and 0.4% MOS; EP)
supplemented with 1% E. faecalis and 1% PHP; EMP) supplemented
with 1% E. faecalis, 0.4% MOS and 1% PHP.

In the study of Ye et al. [32] diets were supplemented with FOS,
MOS and B. clausii alone or in combination. B. clausii strain was
previously isolated from grouper (Epinephelus coioides) intestine [33].
The concentrations of the administered supplements in the eight
experimental diets were as follows: C) control diet (no FOS, MOS and
B. clausii); F) 5 g kg FOS; M) 5 g kg' MOS; FM) 2.5 g kg! FOS and 2.5
g kg' MOS); B) 107 cells g B. clausii), FB) 5 g kg FOS and 107 cells g
B. clausii; MB) 5 g kg MOS and 107 cells g B. clausii; FMB) 2.5 g kg™
FOS, 2.5 gkg! MOS and 107 cells g B. clausii.

Mehrabi et al. [34] assessed the dietary inclusion of a commercial
symbiotic, Biomin IMBO (Biomin, Herzogenburg, Austria), in which
was comprised of probiotic (E. faecium 5x10" CFU/kg) and FOS as
prebiotic, in three levels T, = 0.5, T, = 1.0 and T, = 1.5 g into each
kilogram of commercial rainbow trout food.

The study of Ai et al. [35] was conducted to evaluate the effects of
different concentrations of B. subtilis and FOS, combined or separated,
on yellow croaker. Nine practical diets were formulated to contain three
levels of B. subtilis (0.0, 0.42x107 cfu g" and 1.35x107 cfu g), each with
three FOS levels (0, 0.2% and 0.4% of dry weight).

The most recent study, conducted in cobia [36] investigated the
effects of various levels of dietary B. subtilis and chitosan. Out of the
control diet, six different experimental diets containing three graded
levels of B. subtilis (0.0, 1.0, 2.0 g kg! diet) for each of two levels of

Fish species Probiotic Prebiotic Parameters inves-  Reference
tigated

O. mykiss  E. fascalis MOS, PHB GP, BC, IR, HP, DR ~odriguez-Estra-
da et al [31]

P. olivaceus B. clausii ~ MOS, FOS SE I';U’ BC, DEA, Ye et al [32]

O. mykiss  E. faecium FOS GP, SR, BC, HP Mehrabi et al [34]

L. crocea B. subtilis  FOS SR, GP, IR, DR Ai et al [35]

R. canadum B. subtilis  Chitosan SR, GP, IR, DR Geng et al [36]

Fish genera abbreviations: O. = Onchorhynchus, P. = Paralichtys, L. = Larimich-
thys, R. = Rachycentron.

Bacterial genera abbreviations: E. = Enterococcus, B. = Bacillus.

Prebiotic abbreviations: PHB- plyhydroxybutyrate acid, MOS- Mannan oligosac-
charide, FOS- fructooligosaccharide.

Parameters investigated: GP- growth performance, BC- body composition, IR- im-
munological response, HP- haematological/serum biochemical parameters, DR-
disease resistance, FU- feed utilisation, DEA- digestive enzyme activity, SR- sur-
vival rate.

Table 1: Summary of fish synbiotic studies.
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chitosan (3.0 and 6.0 g kg diet) were prepared for the experimental
trial.

All the experimental diets evaluated in the referred studies appeared
summarized in Table 2.

Effects of synbiotics on fish survival rate, growth parameters,
feed utilisation and body composition

All studies conducted to date have evaluated the effects of synbiotics
on survival, growth parameters or feed utilisation. Feed cost about over
50% of the variable costs in most aquaculture operations, therefore
applying the best feeding strategy can have a significant impact on
optimizing profit, which is the primary goal of commercial aquaculture.
Also, if more fish are able to survive until they are of marketable size,
the subsequent cost of production would be reduced drastically.

Administration of E. faecalis and MOS/PHB in rainbow trout for 12
weeks not affects the survival rate of fish [31]. The experimental fish was
healthy and no mortality was observed during the feeding trial. Same
occurs in Japanese flounder feeding B. clausii and MOS/FOS, in which
fish maintained active ingestion, exhibited proper growth and survived
for all time [32].

However, in rainbow trout fingerlings [34], in all synbiotic
treatments, test fish were survived significantly in higher rate toward

Reference Probiotic/Prebiotic Diets Prebiotic/Probiotic Time
Concentration
C 0/0,0
E 1%/0, 0
Rodriguez- . M 0/0.4%, 0
Estrada et al. gﬂfgeca”S/ MOS.  p 0/0, 1% 12 weeks
[31] EM 1%/0.4%, 0
EP 1%/0, 1%
EMP 1%/0.4%, 1%
0/0,0
F 0/5gkg", 0
M 0/0,5g kg g kg
B. clausiilMOS, FM 107 cells g'/5 g kg™, 0
Yeetal. [32]  pog B 107 cells g'/5 g kg, 5 0 days
BF 0/5gkg"',5gkg"’
BM 107 cells g'/0, O
BMF 107 cells g'/0, 5 g kg™
. Biomin IMBO T, 0.5 g kg
gz;"ab' etal (g faecium/FOS) T, 1 gkg' 2 months
T, 1.5gkg"’
C 0/0
F, 0/0.2%
F, 0/0.4%
B, 0.42x107/0
Ai et al. [35] B. subtilislFOS B,F, 0.42x107/0.2% 10 weeks
B,F,  0.42x107/0.4%
B, 1.35x107/0
B,F, 1.35x107/0.2%
B,F, 1.35x107/0.4%
C 0/0
Ch, 0/3 g kg
I - Ch, 0/6 g kg™
gg?g etal. tB().S\:rl]bt/l/s/Chl B,Ch, 1gkg'/3gkg" 8 weeks
B,Ch, 1gkg'/6gkg"
B,Ch, 2gkg'/3gkg"
B,Ch, 2gkg'/6gkg"

Bacterial genera abbreviations: E. = Enterococcus, B. = Bacillus.

Prebiotic abbreviations: PHB/P- plyhydroxybutyrate acid, MOS/M- Mannan oligo-
saccharide, FOS/F- fructooligosaccharide, Ch: chitosan.

Subindex numbers indicates different concentrations of administrated ingredient.

Table 2: Experimental diets and administration time evaluated in studies aimed
on the effects of the administration of synbiotic in farmed fish. All the diets are
explained in the text.

the end of experimental period compared to those from the control.
The highest average of survival rate was observed in the T, that was
statistically different from T, T, and the control groups.

In yellow croaker and cobia, administration of B. subtillis/FOS or
B. subtillis/chitosan respectively, not affect the survival rate, with no
differences among different dietary treatments [35,36].

In terms of growth parameters, almost all references reported
a positive effect of synbiotics on any parameter. Rainbow trout fed
with diets M, EM and EMP recorded significantly higher weigh gain
rate (WGR) and specific growth rate (SGR) than those of the rest
experimental groups. Differences among experimental groups E and
P were not significant with respect to the control group, whereas fish
fed the EP diet showed significant better growth and SGR. In general,
major effects were observed in EM and EMP, with no differences
between the two groups [31]. These results suggest that dietary MOS
significantly improved growth performance and nutrient utilization of
fish, showing a synergist effect when administered combined with E.
faecalis. Combination of E. faecalis and PHB slightly improved growth
performance of rainbow trout.

In the Japanese flounder study [32], the control group exhibited the
lowest final body weight (FBW) and WGR of all dietary treatments.
Diets M, FM, BM and BFM increased FBW, whereas diets MB and
BFM increased WGR (P < 0.05). However, there were no significant
differences in FBW and WGR among any FOS, MOS and B. clausii
treatments. In contrast, the fish that fed diets M, FM, BE, BM or BFM
had significantly lower feed conversion ratio (FCR) than those fed the
control diet. These results showed that a single administration of FOS,
MOS and B. clausii did not improve the WGR of the Japanese flounder
compared with the control diet. Feeding FOS, MOS or B. clausii alone,
or in various combinations, improved WGR and feed efficiency, which
was more pronounced in fish fed the synbiotics than those fed prebiotics
or probiotics alone.

The study of Mehrabi et al. [34] showed that after 60 days groups fed
diets containing different levels of synbiotics (0.5, 1.0 and 1.5) increased
body weight gain about 50, 59 and 53%, respectively, in comparison
with the control group. Even though, the highest average of final
weight and weight gain was observed in group T,, however, there was
no significant difference between T, and T,. The addition of synbiotic
to the feed also produced the better SGR, FCR and conversion factor
(CF) with values significantly higher than the control, more specifically
in groups treated with 0.1% synbiotic. In this study, significant better
growth performance was observed in O. mykiss fingerlings maintained
on the diet supplemented with synbiotic.

The results of the study carried out by Ai et al. [35] showed that
at each dietary FOS level, dietary supplementation of 1.35x10” cfu g
B. subtilis significantly increased the SGR and feed efficiency ratio
(FER) compared with the groups without B. subtilis supplementation.
However, no significant differences were observed between the groups
without B. subtilis and 0.42x10” cfu g B. subtilis group, and between
the two B. subtilis-supplemented groups. In addition, at each B. subtilis
level, dietary supplementation of FOS did not significantly affect the
SGR, survival rate, FER and hepatosomatic index (HIS) of juvenile
large yellow croaker. In this study, dietary supplementation of FOS did
not exert beneficial effects on the growth performance, survival and
feed utilization, and no significant interactions were observed between
B. subtilis and FOS. The significantly enhanced SGR and FER by B.
subtilis in this study clearly showed the growth improving property of
B. subtilis.
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Results in cobia [36] showed that SGR in fish fed with dietary
treatments was significantly higher than that of the control fish
except diet 6 group, fed diet with 2.0 g kg' B. subtilis and 3.0 g kg™
chitosan. At 1.0 and 2.0 g kg supplemental B. subtilis, the cobia fed
diets supplemented with 6.0 g kg chitosan had significantly higher
SGR than those fed diets supplemented with 3.0 g kg chitosan. At 6.0
g kg supplemental chitosan, the cobia had significantly higher SGR in
group fed diets supplemented with 1.0 g kg supplemental B. subtilis.
The significant and maximum SGR was observed in the fish fed with 1.0
g kg! B. subtilis and 6.0 g kg chitosan, suggesting the supplementation
level was optimal for the growth of cobia.

Body composition has been analyzed by Rodriguez-Estrada et al.
[31], Ye et al. [32] and Mehrabi et al. [34]. First of these studies, reported
no significant differences in moisture, crude ash, crude lipids and crude
proteins contents among all the experimental groups. However, in
Japanese flounder there was an increase in body protein content in fish
fed a FOS-, MOS- and/or B. clausii-containing diet compared to the
control. Fish fed diets BF and BEM also exhibited significantly higher
body protein content than fish fed the control diet.

Body lipid content demonstrated an opposite trend to body
protein content, where fish fed diets B, MB and BFM presented with
significantly lower levels than fish fed the control diet. Neither body
moisture nor ash content was affected by any dietary treatments [32].
In the same manner, the percentage of body protein in cobia fed with
synbiotic was significantly higher than that from the control fish
whereas the percentage of lipid, moisture and dry matter was not [34].
Higher body protein content in the treatment groups implies on this
fact that by application of synbiotics, the ingested food was converted
more effectively into the structural protein and subsequently resulted
more muscle as it is a desirable aspect in fish farming.

Effects of synbiotics on fish haematological and biochemical
parameters

Among the haematological and biochemical parameters evaluated
in fish after treatments with synbiotics we find hematocrit, triglyceride
(TG), cholesterol (CHO), low-density protein cholesterol (LDL-C),
high-density protein cholesterol (HDL-C), total serum protein,
albumin, globulin and glucose.

Rodriguez-Estrada and colleagues [31] found that hematocrit value
was higher in the EM and EMP groups than the C, E, M, P, and EP
groups, and significant higher hematocrit value was recorder in the E
and M groups than the C and P groups.

Serum biochemical parameters evaluated by Ye et al. [32], reported
the following results: The TG level was lower or tended to be lower in
fish fed the FOS, MOS and/or B. clausii-containing diets versus the
control diet. Diets supplemented with FOS, MOS and/or B. clausii,
except diet M, significantly decreased TG levels compared with the
control diet. By comparison, the TG level in fish fed diet FM was lower
than in fish fed diet M but similar to the levels in fish fed diet. There
were no differences in TG levels among diets BE, BM and BFM. The
LDL-C response was similar to TG levels. However, feeding diets F, BF
or BFM yielded significant decreases in LDL-C levels compared with
the control diet. Significant differences were not observed in CHO or
HDL-C levels among all dietary treatments.

Dietary administration of commercial symbiotic in rainbow trout
resulted in an increase of total serum protein content in T, and T,
treatments compared to other fed treatment and the control. In terms
of albumin, only T, showed a significant increase. Some other recorded

parameters such as albumin/globulin ratio and triglycerides in fish fed
with different levels of synbiotic did not show any significant difference
in comparison with that from the control group at the end of the
experiment. Furthermore, there was no significant difference between
blood glucose in fish fed with different levels of synbiotic and control
group, whereas this parameter was significantly different between T,
and T,. The significant increase in total serum protein and albumin
confirmed the involvement of synbiotic in triggering the immune
system of rainbow trout following dietary administration [34].

Effects of synbiotics on fish digestive enzyme activity

Only one of these five studies has regarded the effect of synbiotic
administration on digestive enzyme activity. Ye et al. [32], which
evaluated the activities of amylase and protease, found that protease
activity was significant higher in fish fed diets BM and BFM than in fish
fed the control diet, obtaining similar value in both diets. No any other
supplementation could positively affect the protease activity. These
results indicated that administration of FOS in combination with MOS
and B. clausii not determine a major increase in protease activity than
the observed with the BM diet.

Moreover, fish fed the diet BEM exhibited the highest amylase
activity, which was significantly higher than in fish fed diets FM, B, and
control diets.

The increase in digestive enzyme activities would allows the host
degrades more nutrients, improving digestion and promoting a possible
increase in the WGR and/or feed efficiency.

Effects of synbiotics on fish immune system

Among the studies carried out about synbiotics in fish, four
of them have evaluated the effect on immune system, analyzing
different activities such as lysozyme, alternative complement pathway,
phagocytosis, respiratory burst, superoxide dismutase and mucus
production.

Lysozyme activity: Lysozyme is one of the important bactericidal
enzymes of innate immunity, and constitutes an essential defence
mechanism against pathogens in fish [37]. The study of Ye et al. [32] on
Japanese flounder revealed that dietary treatments affected lysozyme
activity differently. This activity was significantly higher in fish fed diets
B, BE, BM and BFM compared with those fed the control diet, however
there was no significant difference in lysozyme activity between diets
E M and FM and between diets FB, MB and FMB. Therefore, the study
concludes that feeding B. clausii promoted lysozyme activity. Moreover,
lysozyme activity was significantly higher in fish fed a symbiotic diet
than in those fed diets supplemented with the individual prebiotics and
tended to enhance activity compared to those fed the B. clausii diet,
which suggests that the dietary administration of FOS or/and MOS
combined with B. clausii synergistically modulates lysozyme activity.

These results contrast with those obtained in yellow croaker by Ai
et al. [35], in which no synergic effect was observed with FOS and B.
subtilis administration. In this study, the serum lysozyme activities in
fish fed B,BF,BF,B,BF, and B,F, diets were significantly higher
than fish fed control, F, or F, diets, while no significant differences
were observed between the two dietary B. subtilis levels. These results
showed that lysozyme activity increase could be independent of FOS,
being a response to B. subtilis. Although no significant differences were
observed between the two dietary B. subtilis levels, a tendency was
observed towards major activity with major B. subtilis concentration.

Geng et al. [36] observed that chitosan at 6.0 g kg significant
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increases lysozyme activity when administered alone or in combination
with B. subtilis at any of the two levels. No significant differences were
observed among groups fed diets with 3.0 g kg™ chitosan with respect to
control diet. Fish fed diets supplemented with high chitosan level (6.0 g
kg') had higher serum lysozyme activities than those fed the basal diet
and diets supplemented with low chitosan level (3.0 g kg') regardless
of B. subtilis levels. At the same chitosan level, no significant differences
were observed among B. subtilis levels, suggesting the serum lysozyme
activity was not affected by dietary B. subtilis.

Alternative complement pathway activity: This activity has been
only evaluated in yellow croaker and cobia, following to administration
of B. subtilis, combined with FOS or chitosan respectively [35,36]. In
yellow croaker, ACP activity was not significantly affected by the pro-
and prebiotics supplementation. In cobia, this activity was significant
enhanced with diets supplemented with low chitosan level (3.0 g kg!)
at any B. subtilis level, whereas the high chitosan level (6.0 g kg') only
produces an increase in ACP when administered with B. subtilis at 2.0
g kg'. However, no significant differences were observed among groups
fed with B. subtilis 2.0 g kg™ + chitosan 3.0 g kg and those fed with B.
subtilis 2.0 g kg + chitosan 6.0 g kg

Superoxide dismutase activity: In the yellow croaker study by
Ai et al. [35] at each FOS level, serum SOD activity was significantly
enhanced by the supplementation of 1.35x107 cfu g' B. subtilis and
there were no significant differences between the B. subtilis-deficient
group and the 0.42x107 cfu g' B. subtilis group, and between the two
B. subtilis supplemented groups. These results seem to indicate than
increase in this activity occurs in response to B. subtilis, and discard a
synergic effect of this symbiotic.

Phagocytic activity: Phagocytic activity has been evaluated in
various studies. Rodriguez-Estrada et al. [31] demonstrated that
phagocytic activity and index in the E, M, EM and EMP groups were
significantly higher than that of the C group. Major increment was
observed in EM and EMP groups, without differences between both
treatments or between groups E and M. This suggests that PHB does
not affect phagocytic activity, and reveals again a synergic effect of E.
faecalis and MOS when administered together.

However, Ye and colleagues [32] report that phagocytic percentage
and index of leucocytes in fish fed diets supplemented with FOS, MOS
and/or B. clausii, were similar to those of fish fed the control diet. The
study carried out by Geng et al. [36] indicates that at all experimental
diets, except chitosan at 6.0 g kg, significantly enhances phagocytic
percentage with respect to the control diet. At any of the levels of B.
subtilis, phagocytic percentage in fish fed diets with 3.0 g kg chitosan
were higher than that in the groups fed diets with 6.0 g kg chitosan,
and there was only statistically significant difference at 2.0 g kg™ B.
subtilis level. At any of the two levels of chitosan, phagocytic percentage
significantly increased with the increase of B. subtilis supplementation
level. Major effect was observed with chitosan at 3.0 g kg™ and B. subtilis
at 2.0 g kg'. These results reveal a synergic effect of chitosan and B.
subtilis when administered together in adequate amounts.

Respiratory burst activity: The respiratory burst of head kidney
leucocytes were not affected by dietary administration of FOS and B.
subtilis in yellow croaker [35]. However, following to administration
of chitosan and B. subtilis in cobia [36] this activity was significant
enhanced by dietary treatments except the group fed high level chitosan
(6.0 g kg'). When administered at low level (3.0 g kg') chitosan
enhances respiratory burst single or with any of B. subtilis level, and
present a maximum with B. subtilis at low concentration. When

administered at high level 6.0 g kg, chitosan exert a possitive effect
on respiratory burst if is combined with any level of B. subtilis. These
results remark the synergistic activity of both prebiotic and probiotic.

Mucus production: Mucus is the first physical barrier that inhibits
entry of disease organisms from the environment into the fish. It is also
a chemical barrier, containing enzymes and antibodies which can kill
invading disease organisms. Mucus also lubricates the fish, aiding their
movement through water, and is important for osmoregulation [38].
Rodriguez-Estrada et al. [31] demonstrated that dietary E. faecalis, MOS
and PHB in rainbow trout increase significantly mucus production in
fish fed E, M, EM and EMP than that of the group C.Major increment
was observed in EM and EMP groups, without differences between
both treatments.

Effects of synbiotics on fish disease resistance

As synbiotic therapy may offer a suitable alternative for controlling
pathogens, the effectiveness of synbiotics in terms of protection against
infectious agents could be evaluated by a challenge test. To date,
challenge test carried out in fish following to symbiotic administration,
have employed Vibrio sp species as pathogens, specifically V.
anguillarum and V. harveyi [32,35,36].

In 2009, Rodriguez-Estrada et al. [31] carried out for first time a
challenge test in fish feed with synbiotics during 12 weeks. After 14 dpi
with V. anguillarum all groups showed lower mortality than that control
group, being significant in EM and EMP groups.

Dietary B. subtilis supplementation (1.35x107 cfu g') in yellow
croaker [35] during 10 weeks elevated the resistance to V. harveyi
infection, but this response was not related with presence or
concentration of FOS. No significant interactions were observed
between dietary B. subtilis and FOS in the cumulative mortality after
challenge.

In Geng et al. [36] cobia fed diets supplemented with various levels
of probiotic and chitosan for 56 days were challenged with V. harveyi.
Post-challenge survival of fish was always significantly higher in high
chitosan groups and increased at each chitosan level with the increase
of B. subtilis supplementation level, which speculated chitosan and B.
subtilis have a synergistic effect.

Conclusions

In recent years, probiotics and prebiotics have become an
integral parts of the aquaculture practices for improving the growth
performance and disease resistance [10,21]. Many studies revealed the
effects of probiotics to improve feed conversion, growth rates, weight
gain, immune system and disease resistance of fish [10,11,20], whereas
the effects of prebiotics on these and other parameters have been
investigated to a limited extent in different species [18,21]. However,
given the progress of previous studies it is clear that biotic applications
are useful tools for improving the health status and production of
fish, in place of more established immunological and disease control
methods as vaccinations, antimicrobials and immunostimulants.

Combined application of probiotics and prebiotics, known as
synbiotics, is based on the principle of providing a probiont with a
competitive advantage over endogenous populations, improving the
survival and implantation of the live microbial dietary supplement in
the gastrointestinal tract of the host [12]. The use of synbiotics may
make possible to produce greater benefits than the application of
individual probionts [20].

J Aquac Res Development

Probiotic & Prebiotic Applications in Aquaculture

ISSN: 2155-9546 JARD, an open access journal



Citation: Cerezuela R, Meseguer J, Esteban MA (2011) Current Knowledge in Synbiotic Use for Fish Aquaculture: AReview. J Aquac Res Development

S$1:008. doi:10.4172/2155-9546.51-008

Page 6 of 7

Results

1 body weight,
SGR, hematocrit
value, phagocytic
activity, phago-
cytic index, mucus
production, |
mortality.

1 body weight,
WGR, | FCR, CF, 1
crude protein and
lipid, 1 lisozime,

| TG and LDL-C,
1 protease and
amylase activities
1 body weight,
body wieght gain,
SGR, FCE, SR,

1 crude protein, 1
serum protein.

1 SGR, FER,
lisozime, SOD, |
mortality.

1 SGR, lisozime,
ACP, phacocytosis,
respiratory burst, |
mortality.

Reference Fish species Probiotic/prebiotic

E. faecalisIMOS,
PHB

Rodriguez-Estrada

etal [31] O. mykiss

B. clausiii/MOS,

P. olivaceus FOS

Ye et al [32]

Biomin IMBO (E.

Mehrabi et al [34] faecium/FOS)

O. mykiss

Ai et al [35] L. crocea B. subtilislFOS

Geng et al [36] R. canadum B. subtilis/Chitosan

Fish genera abbreviations: O. = Onchorhynchus, P. = Paralichtys, L. = Larimich-
thys, R. = Rachycentron.

Bacterial genera abbreviations: E. = Enterococcus, B. = Bacillus.

Prebiotic abbreviations: PHB- plyhydroxybutyrate acid, MOS- Mannan oligosac-
charide, FOS- fructooligosaccharide.

SGR: specific growth rate, WGR: weight gain rate, FCR: feed conversion ratio; CF:
condition factor; FER: feed efficiency ratio; TG: triglicerides, LDL-C: low-density
lipoprotein cholesterol, SOD: superoxide-dismutase, ACP: alternative complement
pathway.

Table 3: Summary of results obtained in fish synbiotic studies.

Studies considered in this review reveal different effects of
synbiotics on regarded species (Table 3). On this way, Rodriguez-
Estrada et al. [31] concludes that dietary incorporation of MOS in a
single or a combined inclusion with E. faecalis, enhances the rainbow
trout growth and activates its immune system, whereas in japanese
flounder the authors did not observe a clear synergistic effect when
we compared the combination feeding to feeding prebiotics (MOS,
FOS) and probiotics (B. clausii) alone [32]. Results of this study are
accordingly with obtained by Ai et al. [35] This study demonstrates that
administration of B. subtilis enhanced not only the growth performance
and feed utilization of juvenile large yellow croaker, but also the
non-specific immune responses and disease resistance. However,
no significant interactions between dietary B. subtilis and FOS were
observed, suggesting no synergic effect of these pre and probiotic
under the experimental conditions. For last, Geng et al. [36] concludes
that diet supplemented with the right level of chitosan and B. subtilis
significantly enhanced the growth, innate immunity and protection
against infection for cobia, and establish the optimal combination of
both ingredients for the assayed conditions and parameters.

Dietary administration of a commercial synbiotic in Mehrabi et al.
[34] has demonstrates an increase in the growth performances, survival
rate, serum protein and albumin content, and improved feeding
efficiency in rainbow trout. However, this study does not evaluate the
capacity of pre and probiotic contained in synbiotic when administered
single, so not allow consider the synergic properties of both ingredients.

In conclusion, considerable variation in growth, feed utilization
and health benefits with the dietary use of prebiotics and/or probiotics
is likely dependent on the fish species, feeding duration and supplement

dose as well as the type of prebiotics and probiotics tested. Moreover,
aspects such as effects on gut microbiota, mucosal barriers, cell
damage/morphology, and mechanisms which mediate host benefits
remain unclear. Therefore, further studies regarding the application
of synbiotics in aquatic animals, especially their appropriate inclusion
levels in specific species and specific rearing conditions, are needed to
obtain the expected responses in fish.
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