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Abstract

The growth performance, body composition and blood chemistry of Nile tilapia
(Oreochromis niloticus) reared under different salinities (O ppt, 5 ppt, 10 ppt and 20
ppt) and different diets (0.5% yeast [Saccharomyces cerevisiae] supplement diet and
basal diet) were investigated during 90 days. Fish fed with yeast supplement diet and
reared at 5 ppt water salinity showed significantly improved (p<0.05) growth
performances as weight gain (WG), specific growth rate (SGR) and average daily
growth gain (ADG) compared to fish fed with basal diet. Feed conversion ratio (FCR)
of fish fed with yeast supplement diet reared at all salinity levels (0, 5 and 10 ppt) was
significantly lower than fish fed with basal diet (p<0.05). Cortisol levels of fish fed
with yeast supplement diet were significantly lower than those of the basal diet group at
10 ppt (p<0.05). Both fish groups showed significant increases in cortisol and
malondialdehyde (MDA) levels at salinity of 10 ppt compared to fish reared at 0 and 5
ppt (p<0.05). Crude protein content of fish fed with yeast supplement diet and reared at
salinity levels of 0 and 10 ppt was higher than those fed with basal diet (p<0.05). Fish
fed with yeast supplement diet showed a decrease in crude lipid content under salinity
regime up to 10 ppt (p<0.05). Thus, Nile tilapia fed with yeast supplement diet at 0.5%
showed improved growth performance, body composition and blood chemistry under
salinity treatments (0 ppt and 5 ppt).
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Introduction

Rising mean global temperatures are
causing glaciers to retreat (Tandong et
al., 2011). Global warming also directly
reduces the area of inland water,
especially during the summer season in
Thailand. Maha Sarakham Province is
located in the northeast of Thailand
(16.0132° N, 103.1615° E) and a long
period of warm dry weather resulted in
a drought, with reservoir levels and
irrigation systems severely affected
(Office of Agricultural Economics,
2015). The area was declared a drought
disaster zone. Drought conditions
increase freshwater salinity because
Maha  Sarakham  Province  has
approximately 2,848,000 ha of
underground rock salt (Department of
Mineral Resources, 2009). Soil salinity
is a global threat to agricultural because
it reduces plant growth (Yan et al.,
2015). Soil salinity also has an adverse
effect on freshwater fish growth.
Tilapia are among the most important
warm water fish species used for
aquaculture production in Thailand, and
Nile tilapia (Oreochromis niloticus) is
the most popular with a vyield of
205,896 tons in 2016 (Department of
Fisheries, 2018). Tilapia can adapt to a
wide range of environments (Charo-
Karisa et al., 2006) and can be
cultivated in Dbrackish water after
acclimatization (Dominguez et al.,
2004). However, Nile tilapia (O.
niloticus) acclimated and adapted to
high water salinity with lower survival
rates compared to Dblue tilapia
(Oreochromis aureus) and
Oreochromis mossambicus (Kamal and
Mair,  2005). Salinity is an

environmental factor that affects fish
survival rates (Igbal et al., 2012; Kiglk
et al., 2013), and brackish water results
in low survival rates of Nile tilapia (O.
niloticus) larvae sized 1-2 cm (Basuki
and Rejeki, 2015). Some published
evidence have been reported that Nile
tilapia (O. niloticus) cannot tolerate
salinities above 20 ppt (Baroiller et al.,
2000) and showed skin lesions and
body injuries (Ali et al., 2006).
However, 100% survival rate of Nile
tilapia fingerlings was recorded at 0 to
7 ppt salinity levels (Lawson and
Anetekhai, 2011), with 81.67% at 15
ppt (Basuki and Rejeki, 2015). Thus,
salinity is one environmental factors
that influences survival rate and growth
rate of different stages of Nile tilapia
(O. niloticus) (Pongthana et al., 2010;
El-Dahhar et al., 2011; Igbal et al.,
2012; Kugik et al., 2013; Moorman et
al., 2014; Basuki and Rejeki, 2015).
Salinity tolerance affected growth
performance dependent on fish species
and was strain-specific (Suresh and Lin,
1992; Garcia-Ulloa et al.,, 2001).
Probiotics  have  now  become
commonplace in  health-promoting
‘functional foods’ for improved growth
in animal production (Irianto and
Austin, 2002; Newaj-Fyzul et al., 2014)
and yeast (Saccharomyces cerevisiae) is
commonly used in animal feeds
(Nalage et al., 2016). Yeast has high
potential content of B-glucans, mannan
oligosaccharides (MOS) and nucleic
acid (Li and Gatlin, 2006; Refstie et al.,
2010; Kuhlwein et al., 2014) which
improve growth, energy and high
nutrient digestibility (Lara-Flores et al.,
2003). Several previous reports have
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been stated that dietary supplements
with  MOS improved local velocity
absorption surface in fish species such
as Oncorhynchus mykiss (Staykov et
al., 2007), Sciaenops ocellatus (Zhou et
al., 2010), Dicentrarchus labrax
(Torrecillas et al., 2007, 2011), Sparus
aurata (Gultepe et al., 2011), Carassius
auratus gibelio (Akrami et al., 2012)
and Channa striata (Talpur et al.,
2014). Suitable levels of yeast
supplement concentrations ranged 0.1-
1% of diet kg™ but 0.5% of diet kg™
optimized growth rate and immune
response in fish (Ortufio et al., 2002;
Mazurkiewicz et al., 2005; Abdel-
Tawwab et al., 2008). Under stress
conditions, probiotics can prevent and
reduce harmful effects of various
stressors and enhance the immune
system (Taoka et al., 2006). Probiotics
increased  antioxidant  status by
ameliorating oxidative stress factors
(Mohapatra et al., 2012) such as
waterborne cadmium exposure (Zhai et
al., 2017) and crowding stress (Reyes-
Cerpa et al., 2018). Scant published
evidence exists concerning fish cultured
under salinity stress and fed with
probiotics. Researches on Nile tilapia
fed with the probiotic Lactobacillus
plantarum at 10" CFU ml?
supplemented diet and cultured under
9-12 ppt salinity in a polyculture system
with  marine shrimp (Litopenaeus
vannamei) have indicated that tilapia
groups fed with a probiotic-
supplemented diet had high potential
for growth performance and survival
rate under salinity stress. Here, effects
of yeast supplement diet on growth
performances, body composition and

blood chemical analysis of Nile tilapia
were evaluated under diverse salinity
treatments.

Materials and methods

Supplemental diet preparation

Baker’s yeast (S. cerevisiae) was
obtained as a commercial preparation
(Perfect®, Thailand). Procedures of feed
preparation were modified from our
previous reports (Sutthi et al., 2018b).
Briefly, 0.5% yeast supplement diet
was prepared from 5 g of baker’s yeast
mixed with 20 g of guar gum (pellet
binder) and 1 kg of 32% protein
commercial feed, then sprayed with
water (10 ml kg* diet) and air dried.
The pellets then have been coated with
4% agar solution at 10 ml kg™ diet and
air dried again (Panase et al., 2018). For
the basal diet, the method also added
guar gum with coating by 4% agar
solution but without yeast supplement.

Fish and experimental design

Sex reversed (male) juveniles of Nile
tilapia (O. niloticus) were obtained
from Maha Sarakham Inland Fisheries
Research and Development Center,
Thailand. After acclimatization in 1,000
L of freshwater in fiberglass tanks for
two weeks, healthy specimens with
initial average weight of 7.51+0.26 ¢
were randomly assigned into eighteen
glass tanks (50x30x38 cm) with 10 fish
in each tank. Rock salt from Maha
Sarakham Province was used to prepare
stock water salinity at 0, 5 and 10 ppt,
measured using a salinity meter.
Treatments were performed for three
different salinities (0, 5 and 10 ppt) and
two diet groups as (1) 0.5% yeast
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supplement diet, and (2) basal diet, with
three replications. Fish were fed twice
per day at 3% of body weight
throughout the 90-days’ experimental
period (Panase et al., 2018). Water was
changed every week for all treatments
and the three different salinity levels
were  maintained. Water  quality
parameters as temperature, dissolved
oxygen and pH were measured using a
CyberScan PC 650 (Eutech
Instruments, Singapore) and total
ammonia nitrogen (TAN) content was
assessed using a test kit (Tetra®,
Germany).

Sampling and analyses of biochemical
parameters

After 90 days, the fish were
anesthetized by clove oil (5 ml L™) and
blood samples were collected from the
caudal vein following Van Doan et al.
(2018) method. Collected blood was
immediately transferred into two tubes
as (1) sterile Eppendorf tubes without
anticoagulant for keeping serum, and
(2) anticoagulant (EDTA) tubes for
collected plasma. Blood samples in
Eppendorf tubes were allowed to clot (1
h at room temperature and 4 h at 4 °C)
and then centrifuged at 5000%g, 10 min,
at 4 °C. All serums were stored at -20
°C until required for use, while plasma
was separated from blood using
anticoagulant  (EDTA) tubes by
centrifugation at 1.500xg, 10 min, at 4
°C and stored in a cryotube at -20 °C
(Beheshtipour, 2019).

Blood biochemical analysis
Serum  aspartate  aminotransferase
(AST) and alanine aminotransferase

(ALT) were detected using commercial
reagent kits (AST/GOT Liqui-UV® and
ALT/GOT Liqui-UV®, Stanbio, USA,
respectively). AST and ALT
concentration  levels  (units L™
determined with Kinetic assay using a
TC6060L fully automated Chemistry
Analyzer (Tecom Science Co., Ltd.,
China). Glucose level has been detected
using commercial reagent kits (Glucose
LiquiColor®, Stanbio, USA), glucose
concentration level (mg dI™) has been
determined with end-point assay using
a TC6060L fully automated Chemistry
Analyzer (Tecom Science Co., Ltd.,
China). Serum cortisol level (ug dI™)
has been determined using
radioimmunoassay (RIA) with a
cortisol test kit (Biogenetech, USA),
and measured with an automatic
gamma counter wizard 1470/2470
(Perkin Elmer, USA). Lipid
peroxidation analysis to measure
thiobarbituric acid reactive substances
(TBARS) has been conducted to
determine malondialdehyde (MDA)
following our previous method (Sutthi
et al, 2018a). Plasma MDA
concentration level (uM L™?) has been
determined from the absorbance
reading at 532 nm using a GENESYS™
20 Visible Spectrophotometer (Thermo
Fisher  Scientific, Germany), and
compared with the 1,1,3,3-
tetraethoxypropane (TEP) standard
curve (Sigma-Aldrich, USA).

Proximate analysis and organosomatic
indices

Fillets of three fish were randomly
sampled from each tank for proximate
analysis using standard methods
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(AOAC, 1995). Samples were dried in
an oven at 60 °C for 24-36 h. Nitrogen
was determined by the Kjeldahl method
and crude protein was calculated as
Nx6.25. Crude lipid content was
analyzed following the soxhlet method,
while ash content was determined by
incineration in a muffle furnace at 600
°C for 4 h. Organosomatic indices such
as  %fillet, gonadosomatic  index
(%GSI), hepatosomatic index (%HSI)
and viscerosomatic index (%VSI) were
computed as follows (Biswas and
Takeuchi, 2003; Da et al., 2012; Panase
et al., 2018):

Fillet (%) = [100x (fillet weight
(9)/body weight)].

Gonadosomatic index (% GSI) = [100x
(gonad weight (g)/body weight)].
Hepatosomatic index (% HSI) = [100x
(liver weight (g)/body weight)].
Viscerosomatic  index (%VSI) =
[100%(visceral weight (9)/body
weight)].

Data analysis

All fish were determined for growth
rate using the mathematical growth
model described by Bagenal (1978) and
Panase and Mengumphan (2015) as
follows:

Weight gain (WG; g) = final weight (g)
— initial weight (g).

Length gain (LG; cm) = final length
(cm) — initial length (cm)

Average daily gain (ADG; g day?) =
[final weight (g) - initial weight
(9)]/days

Specific growth rate (SGR; %/day)=
100x[{Ln final weight (g)-Ln initial

weight (g)}/days]

Feed conversion ratio (FCR)=total feed
(9)/weight gain (g)

Survival Rate (SR, %)=[number of
survived  fish/initial  number  of
fish]x100

Statistical analysis

Data were tested for normality using
Shapiro-Wilk test, and test for
homogeneity of variance using the
Levene’s Test before analysis. All data
were examined for two-way analysis of
variance (ANOVA), with means
determined by Tukey’s multiple
comparison tests for pat a significance
level of p<0.05. Results were presented
as meanzstandard deviation (SD).

Results

Growth performance and survival rate

Effects of yeast (S. cerevisiae)
supplement in diet on growth
performance and survival rate under
different salinity levels for 90 days are
displayed in Fig. 1. Weight gain
(52.67+2.10 g), SGR (2.45+1.98 % day’
) and ADG (0.58+0.45 g day) of fish
fed with 0.5% yeast supplement diet
reared at 5 ppt water salinity were
significantly higher than fish fed with
basal diet (p<0.05). Under diverse
salinity levels, fish in the group fed
with 0.5% yeast supplement and reared
at 10 ppt showed significantly lower
weight gain than fish reared at 5 ppt by
Tukey’s test (p<0.05). Fish fed with
basal diet and reared at 10 ppt showed
weight gain (38.23x3.33 g), SGR
(1.90+0.13 % day?) and ADG
(0.42+0.03 g day™), lower than fish
reared at 0 and 5 ppt salinity. No
significant improvements were
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observed in length gain and survival
rate. FCR of fish fed with 0.5% yeast
supplement diet reared at 0, 5 and 10
ppt salinities were 1.33+£0.09, 1.14+0.09
and 1.42+0.15, respectively, and
significantly lower than those fed with
basal diet (1.82+0.12, 1.75+0.39 and
1.96+£0.12, respectively) by Tukey’s
test (p<0.05). Throughout the 90-days’
experimental period, water temperature
ranged between 24.52 and 26.20 °C,
dissolved oxygen 4.21-5.83 mg L™, pH
6.54-7.37 and TAN 0.25-2.00 mg L™
These  parameters presented no
significant difference (p>0.05) between
all treatments.

Biochemical parameters

Effects of yeast (S. cerevisiae)
supplement in diet on biochemical
parameters and lipid peroxidation under
different salinity levels for 90 days are
displayed in Fig. 2. Significant
difference was observed in cortisol
(5.04+0.30 pg dI™) levels of fish fed
with 0.5% yeast supplement diet, lower
than those of the basal diet group at 10
ppt salinity level (7.06+1.60 pg di™)
(p<0.05). Under different salinity
concentrations, cortisol and MDA
levels significantly increased in both
fish groups fed with 0.5% yeast

supplement (86.33+8.38 unit L™ and
88.50+8.80 pM L™, respectively) and
fish fed with basal diets (7.06+1.60 ug
dlI* and 103.30+12.97, respectively) at
10 ppt than those reared at 0 and 5 ppt
salinities (p<0.05). No significant
difference was observed in AST, ALT
and glucose levels by Tukey’s test
(p>0.05).

Proximate analysis and organo-somatic
indices

Proximate analyses of fish fillets
exposed to 0.5% yeast under diverse
salinities are presented in Table 1.
Under the three different salinity
concentrations (0, 5 and 10 ppt), fish
fed with 0.5% yeast supplement showed
crude protein content higher than fish
fed with basal diet (p<0.05). However,
crude lipid contents of fish fed 0.5%
yeast supplement diet reared at 0 and 5
ppt (2.57% and 2.60 %, respectively)
were significantly higher compared 10
ppt (1.59%) by Tukey’s test (p<0.05).
No significant  differences  were
observed in % ash, %fillet,
gonadosomatic index (%GSI),
hepatosomatic index (%HSI) and
viscerosomatic index (%VSI) in all
treatments by Tukey’s test (p>0.05).
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Figure 1: Effects of yeast supplement diet on growth performances of Nile tilapia for 90 days. Data

are presented as mean + SD. Different superscripts (*°) indicate significant differences
between levels of salinity in the same diet group (p<0.05). An asterisk (') indicates
significant differences in diet groups at the same salinity level (p<0.05).
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Figure 2: Effects of yeast supplement diet on blood chemistry of Nile tilapia for 90 days. Different
superscripts (*>°) indicate significant differences between levels of salinity in the same
diet group (p<0.05). An asterisk (') indicates significant differences in diet groups at the
same salinity level (p<0.05).
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Table 1: Proximate chemical analysis (%odry matter basis) of fish fillets and organosomatic indices

(%fillet, gonadosomatic index (%GSl), hepatosomatic index (%HSI) and viscerosomatic
index (%VSI)) of Nile tilapia fed on 0.5% yeast supplement and basal diet at different
salinities for 90 days.

. Salinity level

Diet group Parameter 0 ppt * 5 ppt ] 10 ppt ]
%Crude protein 82.35+3.96° 83.94+0.24° 81.79+£3.29°

0.5% Yeast %Crude lipid 2.57+0.15% 2.60+0.25% 1.59+0.50°
suppl_ement %Ash 5.25+2.04° 4.45+0.08° 5.41+1.14°
diet %Fillet 27.2145.92° 31.10+3.98° 26.71+4.83°
%GSI 2.15+1.04% 2.09+1.19% 0.92+0.50°

%HSI 2.16+0.35% 2.41+0.65% 2.26+0.25%

%VSI 5.01+0.55% 5.23+0.45° 4.93+0.23°

%Crude protein 76.63+1.08° 75.82+2.11° 72.63+5.99°

%Crude lipid 2.45+0.72° 2.39+0.57% 1.89+0.49°

Basal diet %Ash 4.67+0.09° 4.90+0.08° 4,71+0.13%
%Fillet 27.81+4.41° 27.54+3.27° 23.12+3.85°

%GSI 1.31+0.23 1.92+1.19° 0.80+0.53°

%HSI 2.06+0.85% 2.36+0.95% 2.19+0.75%

%VSI 5.11+0.63° 5.03+0.35° 4.98+0.31°

Data are given as mean+SD. Mean values in the same row with different superscripts (*°) indicate
significant differences between levels of salinity in the same diet group (p<0.05). An asterisk () indicates
significant differences in diet groups at the same salinity level (p<0.05).

Discussion

In this study, growth performance
results of diet supplemented with yeast
(S. cerevisiae) under diverse salinities
during the 90-day experiment show,
fish fed with 0.5% yeast supplement
diet under 5 ppt salinity had better
growth in terms of weight gain, SGR
and ADG than those fed with basal diet
(p<0.05). The lowest FCR has been
found in fish fed with 0.5% yeast
supplement diet, significantly lower
than fish fed with basal diet under
diverse salinities (p<0.05).
Furthermore, fish reared at 0-5 ppt
salinity showed higher potential growth
performance than fish reared at 10 ppt
(Fig. 1). Scant data exist concerning the
effects of probiotics on salinity
tolerance in Nile tilapia. Jatoba et al.
(2011) investigated Nile tilapia fed with
the probiotic (Lactobacillus plantarum)
as 10" CFU mI™ supplemented diet in a
polyculture system with marine shrimp

(Litopenaeus vannamei) at 9-12 ppt
salinity concentrations. They  have
found that tilapia groups fed with a
probiotic-supplemented diet showed
higher potential for final weight, feed
efficiency and yield than fish fed with
basal diet. This result has indicated that
Nile tilapia fed with probiotics were
able to enhance their growth
performance at higher salinities. SGR,
weight gain, and food intake of blue
tilapia (Oreochromis aureus) were high
in 12 ppt salinity, with lowest results
recorded in 24 ppt (Kugik et al., 2013),
while FCR of hybrid tilapia (O.
niloticusxO. urolepis urolepis) was
better in 15, 25 and 35 ppt salinities
than 2 ppt (Mapenzi and Mmochi,
2016). El-Zaeem et al. (2011) reported
that genetically modified Nile tilapia
gave poorest FCR at 32 ppt salinity,
which did not differ significantly with
the result at 16 ppt salinity. Normally,
salinity tolerance was found to be more
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closely related to body size than age
(Villegas, 1990). Chowdhury et al.
(2006) have reported that biomass
growth of adult Nile tilapia was
significantly affected by salinity at 8
ppt, more than net production at 15 ppt
and 22 ppt. However, we found that
survival rate (79.49-97.44%) of Nile
tilapia fingerlings was not significantly
different for fish fed with 0.5% yeast
supplement and basal diet under
different salinities (0-10 ppt) for 90
days. Our results were similar to Jatoba
et al. (2011) who also had found that
probiotics did not affect survival rate
under 9-12 ppt water salinity
polyculture ~ with  marine  shrimp.
Lawson and Anetekhai (2011) reported
100% survival rate of Nile tilapia
fingerlings reared between 0 and 7 ppt
salinity. Other tilapia, as juveniles of
blue tilapia (Oreochromis aureus), Nile
tilapia (O. niloticus) and Florida red
tilapia showed optimal survival (>81%)
in salinity levels up to 20 ppt (Nugon,
2003), while poor survival rates were
recorded at 35 ppt salinity regimes for
O. aureus (54%) and Florida red tilapia
(33%) (Nugon, 2003). Mississippi
commercial tilapia survived salinity up
to 10 ppt but recorded poor survival at
20 ppt (5%) (Nugon, 2003). The hybrid
tilapia  (O. niloticusxO. urolepis
urolepis) gave better survival and
growth rates in saline water than O.
niloticus (Mapenzi and Mmochi, 2016).
Scientists believe that since Nile tilapia
is a euryhaline species, it had been
developed from marine teleost ancestry
(Suresh and Lin, 1992). Fish can
control their homeostasis via chloride
cells in gill filaments, which proliferate

and increase Na'/K" ATPase activity to
regulate blood salt concentration when
subjected to high salinity levels (Avella
et al., 1993). Normally, tilapia species
can be reared from freshwater into
brackish and seawater after
acclimatization (Dominguez et al.,
2004). However, fish require pre-
acclimation for an optimal period
before transfer to a new environment
(Kamal and Mair, 2005). Nile tilapia
showed slower acclimation and low
survival rate in full strength seawater
compared with blue tilapia
(Oreochromis aureus) and
Mozambique tilapia  (Oreochromis
mossambicus) (Kamal and Mair, 2005).
Blood chemical analysis for AST and
ALT activities involves
aminotransferases produced in
hepatocyte cells in the liver. Plasma
levels are low when animals are healthy
but increase when they become sick and
enzymes leak into the blood causing
liver damage or death (Park et al.,
2012; Pakhira et al., 2015). Stress
conditions also induce higher levels of
AST and ALT (Park et al., 2012; Nandi
et al., 2018). For example, under stress
through long-term starvation, AST and
ALT levels of the olive flounder
(Paralichthys olivaceus) significantly
increased compared to the fed group
(Park et al., 2012). Rohu (Labeo rohita)
under stress condition with pathogens
showed significantly higher AST and
ALT levels than the control group fed
with probiotic (Nandi et al., 2018). We
previously reported that Nile tilapia
reared in water treated with probiotics
Bacillus  spp. (B. subtilis, B.
megaterium and B. licheniformis) and
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yeast (S. cerevisiae) showed decreased
AST and ALT levels compared with the
control group (Sutthi et al., 2018a).
Present study showed no significant
differences of AST and ALT levels
between Nile tilapia fed with 0.5%
yeast (S. cerevisiae) and basal diet
under 0-10 ppt salinity. This result
indicated that fish fed with yeast at
salinity of 0-10 ppt show no effects on
liver cells. Moreover, we also found no
significant difference on glucose level
between Nile tilapia fed with 0.5%
yeast (S. cerevisiae) and basal diet
under 0-10 ppt salinity (p<0.05).
Similarly, Kuicguk et al. (2013) found
that plasma glucose in blue tilapia
(Oreochromis  aureus) was  nhot
significantly  affected by salinity
difference (8-24 ppt). Other studies also
have been found that glucose level in
fish did not change during salinity
exposure (Morgan et al., 1997; Arjona
et al., 2009; Mylonas et al., 2009).
Generally, glucose is an indicator of
secondary phase stress response in fish
(Barton and lwama, 1991; Morgan and
Iwama, 1997; Wendelaar-Bonga, 1997).
Under stress conditions, catecholamine
hormones, adrenaline and noradrenaline
are released into blood circulation, and
in conjunction with cortisol, they
elevate glucose production through
glucogenesis  and glycogenolysis
pathways (lwama et al., 1999) to cope
with the energy demand produced by
the stressor. Thus, 0-10 ppt of salinity
stress had no effect on AST, ALT and
glucose levels because the fish may
have become acclimatized to high
salinity concentrations before the
experiment began (Kuguk et al., 2013).

However, our results presented that fish
fed with 0.5% yeast supplement in diet
and reared at 10 ppt salinity had cortisol
levels lower than those fed with basal
diet (p<0.05). Cortisol levels of both
fish groups fed with 0.5% yeast
supplement and basal diet showed an
increased trend for salinity regimes
from 0 to 10 ppt (Fig. 2d). Our results
concurred with Kammerer et al. (2010)
who reported that plasma cortisol and
osmolality in tilapia changed rapidly in
response to salinity stress. High salinity
concentration is  associated  with
changes in blood chemistry (Kiglk et
al., 2013) and increased metabolic rates
(Othman et al., 2015) which may
inhibit growth. Normally, salinity
chronic stress can promote
physiological changes in cortisol level
after an exposure period of hours, days,
or weeks (McEwen, 2008). Cortisol
level is a primary feature and good
target indicator for stress studies in fish
(Barton and Iwama, 1991) and is
frequently used as a stress indicator
(Morgan and Iwama, 1997).
Furthermore, MDA is a biomarker,
which is used to assay cell oxidative
stress damage (Livingstone, 2001,
Valavanidis et al., 2006) and a pollution
stress detector in aquatic animals
(Favari et al., 2002). MDA levels found
here showed significant increase in both
fish fed with 0.5% yeast supplement
and basal diet at 10 ppt than at 0 and 5
ppt (p<0.05). Nile tilapia fed with
Lactobacillus plantarum CCFM8610
supplement in diet and reared under
waterborne cadmium exposure showed
improved lower levels of MDA than the
control group (Zhai et al., 2017).
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Atlantic salmon (Salmo salar) fed with
yeast (Xanthophyllomyces
dendrorhous) and  subjected to
crowding stress showed decreased
MDA levels compared to the control
group (Reyes-Cerpa et al., 2018). B-
glucan is a major structural component
of yeast cell walls (Vallejos-Vidal et
al., 2016) which inhibits MDA levels
against cell oxidative stress (Sener et
al., 2005). Thus, our results indicated
that Nile tilapia survived at salinity
regimes up to 10 ppt and exhibited
good growth and blood chemistry at 0-5
ppt.

Proximate analysis results
demonstrated that Nile tilapia fed 0.5%
yeast under all salinity stress
concentrations (0-10 ppt) showed crude
protein content higher than fish fed with
basal diet (p<0.05). Our results agreed
with Asadi Rad et al. (2012) who
reported that body protein of Nile
tilapia fed with yeast (S. cerevisiae)
supplementation in diet significantly
have been affected. Yeast has high
potential contents of B-glucans, mannan
oligosaccharides (MOS) and nucleic
acid (Li and Gatlin, 2006; Refstie et al.,
2010; Kudhlwein et al., 2014) which
improve growth, energy and high
nutrient digestibility (Lara-Flores et al.,
2003). Moreover, yeast
supplementation enhanced food intake
and improved fish body composition
with increase in deposited nutrients
(Abdel-Tawwab et al., 2008). Our
results showed increasing levels of
crude lipid content in fish fed 0.5%
yeast supplement diet reared at 0 and 5
ppt compared with 10 ppt (p<0.05),
while fish fed with basal diet recorded

no significant differences in crude lipid
percentage under diverse salinity. These
findings concurred with El-Zaeem et al.
(2011) who reported that protein
content of Nile tilapia at salinity levels
of 0-16 ppt was higher than fish reared
at 32 ppt, while lipid content showed no
significant differences. High salinity
concentrations of 20-24 ppt
significantly decreased the
hepatosomatic index of blue tilapia
(Oreochromis aureus) (Kucik et al.,
2013). Our results showed that Nile
tilapia reared under salinity
concentrations of 0-10 ppt had similar
hepatosomatic indices. Normally, Nile
tilapia do not tolerate salinities above
20 ppt and are not suitable for culture in
full-strength salinities (Baroiller et al.,
2000). Our results suggested that Nile
tilapia fed with 0.5% yeast diet showed
enhanced body compositions of crude
protein and crude lipid content, even
when reared under salinity stress up to
10 ppt.

Our results demonstrated that fish
fed with 0.5% yeast (S. cerevisiae)
supplement diet showed high growth
performance, with enhanced crude
protein and crude lipid content in fillets.
Cortisol levels and MDA content also
improved under salinity stress. Salinity
regimes of 0-10 ppt were well tolerated
by fish fed with 0.5% yeast supplement;
however, we suggest that culture of
Nile tilapia (O. niloticus) in aquatic
environments should be better in
salinities up to 5 ppt than 10 ppt.

Acknowledgments
This research was financially supported
by Maha Sarakham University in 2018.


https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.3.38.4
http://jifro.ir/article-1-3714-en.html

[ Downloaded from jifro.ir on 2026-02-15 ]

[ DOR: 20.1001.1.15622916.2020.19.3.38.4 ]

Iranian Journal of Fisheries Sciences 19(3) 2020 1440

We gratefully thank the Faculty of
Technology, Maha Sarakham
University for facilities support. Special
thanks for Mr. Supanat Promsena and
Ms. Somrudee Wanghinkong for
assistance with data collection.

References

Abdel-Tawwab, M., Abdel-Rahman,
M. and Ismael, N.E.M., 2008.
Evaluation of commercial live
bakers’  yeast,  Saccharomyces
cerevisiae as a growth and immunity
promoter for Fry Nile tilapia,
Oreochromis niloticus (L)
challenged in situ with Aeromonas
hydrophila. Aquaculture, 280(1-4),
185-1809.

Akrami, R., Chitsaz, H., Hezarjaribi,
A. and Ziaei, R., 2012. Effect of
dietary mannan  oligosaccharide
(MOS) on growth performance and
immune response of gibel carp
juveniles (Carassius auratus
gibelio). Journal of Veterinary
Advances, 2(10), 507-513.

Ali, M.S., Stead S.M. and Houlihan,
D.F., 2006. Effect of salinity and
food ration level on the growth of
Nile tilapia (Oreochromis niloticus
L.). Bangladesh Journal of Fisheries
Research, 10(2), 111-120.

AOAC, 1995. Official Methods of
Analysis of the Association of
Official Analytical Chemistry. 16th
Edn., AOAC International,
Washington, USA., 1141 P.

Arjona, F.J., Vargas-Chacoff, L.,
Ruiz-Jarabo, 1., Goncalves, O.,
Pascoa, I., Martin, Del Rio, M.P.
and Mancera, J.M., 2009. Tertiary
stress responses in Senegalese sole

(Solea senegalensis Kaup, 1858) to
osmotic challenge: Implications for
osmoregulation, energy metabolism
and growth. Aquaculture, 287(3-4),
419-426.

Asadi Rad, M., Mohammad, Z.,
Yavari., V. and Mousavi, S.M.,
2012. Effect of different levels of
dietary supplementation of
Saccharomyces cerevisiae on growth
performance, feed utilization and
body biochemical composition of
Nile tilapia (Oreochromis niloticus)
fingerlings. Journal of the Persian
Gulf, 3(9), 15-24.

Avella, M., Berhaut, J. and
Bornancin, M., 1993. Salinity
tolerance of two tropical fishes,
Oreochromis aureus and O.
niloticus. Biochemical and
morphological changes in the gill
epithelium. Journal of Fish Biology,
42(2), 243-254.

Bagenal, T., 1978. Methods for the
assessment of fish production in
fresh waters. 3rd edn, Blackwell
Scientific Publications, London. 365
P.

Baroiller, J.F., Clota, F. Cotta, H.D.,
Derivaz, M., Lazard, J. and
Vergent, A., 2000. Seawater
adaptability of two tilapia species (S.
melanotheron and O. niloticus) and
their reciprocal F1 hybrids, in K.
Fitzsimmons and J.C. Filho, editors.
Proceedings of the Fifth
International Symposium on Tilapia
in Aquaculture, 303 P.

Barton, B.A. and Iwama, G.K., 1991.
Physiological changes in fish from
stress in aquaculture with emphasis
on the response and effects of


https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.3.38.4
http://jifro.ir/article-1-3714-en.html

[ Downloaded from jifro.ir on 2026-02-15 ]

[ DOR: 20.1001.1.15622916.2020.19.3.38.4 ]

1441 Sutthi and Thaimuangphol, Effects of yeast (Saccharomyces cerevisiae) on growth performances, body composition and...

corticosteroids. Annual Review of
Fish Diseases, 1, 3-26.

Basuki, F. and Rejeki, S., 2015.
Analysis on the survival rate and
growth of Larasati tilapia
(Oreochromis niloticus) F5 seed in
Saline Media. Procedia
Environmental Sciences, 23, 142-—
147.

Beheshtipour, J., 2019. Appropriate
approach to technology in animal
hematology. Toxicology Reports, 6,
118-1109.

Biswas, A.K. and Takeuchi, T., 2003.
Effects of photoperiod and feeding
interval on food intake and growth of
Nile tilapia Oreochromis niloticus L.
Fisheries Science, 69(5), 1010-1016.

Charo-Karisa, H., Komen, H., Rezk,
M., Ponzoni, R.W., Van
Arendonk, J.A.M. and Bovenhuis,
H., 2006. Heritability estimates and
response to selection for growth of
Nile tilapia (Oreochromis niloticus)
in  low-input  earthen  ponds.
Aguaculture, 261(2), 479-486.

Chowdhury, M.AKK., Yi, Y. Lin,
C.K. and El-Haroun, E.R., 2006.
Effect of salinity on carrying
capacity of adult Nile tilapia
Oreochromis  niloticus L. in
recirculating systems. Aquaculture
Research, 37(16), 1627-1635.

Da, C.T., Lundh, T. and Lindberg,
J.E., 2012. Evaluation of local feed
resources as alternatives to fish meal
in terms of growth performance, feed
utilisation and biological indices of
striped  catfish  (Pangasianodon
hypophthalmus) fingerlings.
Aguaculture, 364-365, 150-156.

Department of Fisheries, 2018.

Fisheries Statistics of Thailand 2016.
Fishery Statistics Analysis and
Research Group, Fishery
Information  Technology Center,
Department of Fisheries, Ministry of
Agriculture  and  Cooperatives,
Thailand (in Thai). 92 P.

Department of Mineral Resources,

2009. Geological and mineral
resources management in Maha
sarakham Province. Department of
Mineral Resources, Thailand (in
Thai). 107 P.

Dominguez, M., Takemura, A,

Tsuchiya, M. and Nakamura, S.,
2004. Impact of different
environmental  factors on the
circulating immunoglobulin levels in
the Nile tilapia, Oreochromis
niloticus. Aquaculture, 241(1-4),
491-500.

El-Dahhar, A.A., Ebtehag, A.K, El-

Wakil, H.F. and Grana, Y.S., 2011.
Effect of salinity stress on growth of
three strains of Egyptian Nile tilapia
(Oreochromis niloticus). Journal of
the Arabian Aquaculture Society,
6(2), 251-269.

El-Zaeem, S.Y., Ahmed, M.M.M.,

Salama, M.E.S. and El-Maremie,
H.A.R., 2011. Production of salinity
tolerant Nile tilapia, Oreochromis
niloticus through traditional and
modern  breeding methods: Il
Application of genetically modified
breeding by introducing foreign
DNA into fish gonads. African
Journal of Biotechnology, 10(4),
684-695.

Favari, L., LoOpez, E., Martinez-

Tabche, L. and Diaz-Pardo, E.,


https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.3.38.4
http://jifro.ir/article-1-3714-en.html

[ Downloaded from jifro.ir on 2026-02-15 ]

[ DOR: 20.1001.1.15622916.2020.19.3.38.4 ]

Iranian Journal of Fisheries Sciences 19(3) 2020 1442

2002. Effect of insecticides on
plankton and fish of Ignacio Ramirez
reservoir (Mexico): A biochemical
and biomagnification study.
Ecotoxicology and Environmental
Safety, 51(3), 177-186.

Garcia-Ulloa, M., Villa, R.L. and

Martinez, T.M., 2001. Growth and
feed utilization of the tilapia hybrid
Oreochromis mossambicusxO.
niloticus cultured at different
salinities under controlled laboratory
conditions”. Journal of the World
Aguaculture Society, 32(1), 117-121.

Gultepe, N., Salnur, S., Hossu, B. and

Hisar, Q. 2011. Dietary
supplementation with
Mannanoligosaccharides (MOS)
from Bio-Mos enhances growth
parameters and digestive capacity of
gilthead sea bream (Sparus aurata).
Aguaculture Nutrition, 17(5), 482-
487.

Igbal, K.J., Qureshi, N.A., Ashraf,

M., Rehman, M.H.U., Khan, N.,
Javid, A., Abbas, F., Mushtaq,
M.M.H., Rasool, F. and Majeed,
H., 2012. Effect of different salinity
levels on growth and survival of Nile
tilapia (Oreochromis niloticus). The
Journal of Animal & Plant Sciences,
22(4), 919-922.

Irianto, A. and Austin, B., 2002.

Probiotics in aquaculture. Journal of
Fish Diseases, 25(11), 633-642.

Iwama, G.K,, Vijayan, M.M,,

Forsyth, R.B. and Ackerman, P.A.,
1999. Heat shock protein and
physiological  stress in  fish.
American Zoologist, 39(6), 901-909.

Jatoba, A., Vieira, F.N., Buglione-

Neto, C. C., Mourifo, J.L.P., Silva,

B.C., Seiftter, W.Q. and
Andreatta, E.R., 2011. Diet
supplemented with probiotic for Nile
tilapia in polyculture system with
marine shrimp. Fish physiology and
biochemistry, 37(4), 725-732.

Kamal, A.H. and Mair, G.C., 2005.

Salinity  tolerance in  superior
genotypes of tilapia, Oreochromis
niloticus, Oreochromis mossambicus
and their hybrids. Aquaculture,
247(1-4), 189-201.

Kammerer, B.D., Cech, J.J. Jr. and

Kdultz, D., 2010. Rapid changes in
plasma cortisol, osmolality, and
respiration in response to salinity
stress in tilapia (Oreochromis
mossambicus). Comparative
Biochemistry and Physiology. Part
A, 157(3), 260-265.

Kiiciik, S., Karul, A., Yildirim, S. and

Gamsiz, K., 2013. Effects of salinity
on growth and metabolism in blue
tilapia  (Oreochromis  aureus).
African Journal of Biotechnology,
12(19), 2715-2721.

Kihlwein, H., Merrifield, D.L.,

Rawling, M.D., Foey, A.D. and
Davies, S.J., 2014. Effects of dietary
B-(1,3) (1,6)-D-glucan
supplementation on growth
performance, intestinal morphology
and haemato-immunological profile
of mirror carp (Cyprinus carpio L.).
Journal of Animal Physiology and
Animal Nutrition, 98(2), 279-289.

Lara-Flores, M., Olvera- Novoa,

M.A., Guzman-Mendez, B.E. and
Lopez-Madrid, W., 2003. Use of
the bacteria Streptococcus facium
and Lactobacillus acidophilus, and
the yeast Saccharomyces cerevisiae


https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.3.38.4
http://jifro.ir/article-1-3714-en.html

[ Downloaded from jifro.ir on 2026-02-15 ]

[ DOR: 20.1001.1.15622916.2020.19.3.38.4 ]

1443 Sutthi and Thaimuangphol, Effects of yeast (Saccharomyces cerevisiae) on growth performances, body composition and...

as growth promoters in Nile tilapia
(Oreochromis niloticus).
Aquaculture, 216(1-4), 193-201.

Lawson, E.O. and Anetekhai, M.A.,
2011. Salinity Tolerance and
Preference of Hatchery Reared Nile
Tilapia,  Oreochromis  niloticus
(Linneaus 1758). Asian Journal of
Agricultural Sciences, 3(2), 104-110.

Li, P. and Gatlin 111, D.M., 2006.
Nucleotide nutrition in fish: current
knowledge and future applications.
Aguaculture, 251(2-4), 141-152.

Livingstone, D.R., 2001. Contaminant-
stimulated reactive oxygen species
production and oxidative damage in
aquatic organisms. Marine Pollution
Bulletin, 42(8), 656-666.

Mazurkiewicz, J., Przybyl, A. and
Mroczyk, W., 2005. Supplementing
the feed of common carp (Cyprinus
carpio L.) juveniles with the biosaf
probiotic. Archives Polish Fisheries,
13(2), 171-180.

Mapenzi, L.L. and Mmochi, A.J.,
2016. Role of Salinity on Growth
Performance of Oreochromis
niloticus 9 and Oreochromis
urolepis urolepisd Hybrids. Journal
of Agquaculture Research and
Development, 7(6), 1-5.

Mcewen, B.S., 2008. Central effects of
stress hormones in health and
disease: understanding the protective
and damaging effects of stress and
stress mediators. European Journal
of Pharmacology, 583(2-3), 174-
185.

Mohapatra, S., Chakraborty, T.,
Kumar, V., De Boeck, G. and
Mohanta, K.N., 2012. Aquaculture
and stress management: A review of

probiotic intervention. Journal of
Animal Physiology and Animal
Nutrition, 97(3), 405-430.

Moorman, B.P., Inokuchi, M.,

Yamaguchi, Y., Lerner, D.T.
Grau, E.G. and Seale, A.P., 2014.
The osmoregulatory effects of
rearing Mozambique tilapia in a
tidally changing salinity. General
and Comparative Endocrinology,
207, 94-102.

Morgan, J.D. and lwama, G.K., 1997.

Measurement of stress states in the
field. In Iwama, G.K., Pickering,
A.D., Summer, J.P. and Schreck,
C.B. (Ed.), Fish stress and health in
aquaculture. Cambrige University
Press, Cambrige, United Kingdom.
pp. 247-270.

Morgan, J.D., Sakamoto, T., Grau,

E.G. and Iwama, G.K., 1997.
Physiological ~and  Respiratory
responses of the Mozambique tilapia
(Oreochromis  mossambicus) to
salinity acclimation. Comparative
Biochemistry and Physiology Part A:
Physiology, 117(3), 391-398.

Mylonas, C.C., Pavlidis, M.,

Papandroulakis, N., Zaiss, M.M.,
Tsafarakis, D., Papadakis, I.E. and
Varsamos, S., 2009. Growth
performance and osmoregulation in
shi drum (Umbrina cirrosa) adapted
to different environmental salinities.
Aquaculture, 287(1-2), 203-210.

Nalage, D., Khedkar, G., Kalyankar,

A., Sarkate, A. and Ghodke, S.,
2016. Single cell proteins. In
Caballero, B., Finglas, P. and Toldra,
F. (eds) Encyclopedia of Food and
Health 4, Oxford, UK: Academic
Press. pp. 790-794.


https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.3.38.4
http://jifro.ir/article-1-3714-en.html

[ Downloaded from jifro.ir on 2026-02-15 ]

[ DOR: 20.1001.1.15622916.2020.19.3.38.4 ]

Iranian Journal of Fisheries Sciences 19(3) 2020 1444

Nandi, A., Banerjee, G., Dan, S.K,,
Ghosh, K. and Ray, A.K., 2018.
Evaluation of in vivo probiotic
efficiency of Bacillus
amyloliquefaciens in Labeo rohita
challenged by pathogenic strain of
Aeromonas hydrophila MTCC 17309.
Probiotics and Antimicrobial
Proteins, 10(2), 391-398.

Newaj-Fyzul, A., Al-Harbi, A.H. and
Austin, B., 2014. Review:
Developments in the use of probiotic
for disease control in aquaculture.
Aguaculture, 431, 1-11.

Nugon, R.W., 2003. Salinity tolerance
of juveniles of four varieties of
tilapia. M.Sc. Thesis, Louisiana
State University, USA, 76 P.

Office of Agricultural Economics,
2015. The situation and trends of
agricultural products in 2015. Office
of Agricultural Economics, Ministry
of Agriculture and Cooperatives,
Thailand. (in Thai). 226 P.

Ortufio, J., Cuesta., A., Rodriguez,
A., Esteban, M.A. and Meseguer,
J., 2002. Oral administration of
yeast, Saccharomyces cerevisiae,
enhances the cellular innate immune
response of gilthead seabream
(Sparus aurata L.). Veterinary
Immunology and Immunopathology,
85(1-2), 41-50.

Othman, A.R., Kawamura, G,
Senoo, S. and Fui, C.F., 2015.
Effects of different salinities on
growth, feeding performance and
plasma cortisol level in hybrid
TGGG (Tiger Grouper, Epinephelus
fuscoguttatusxGiant Grouper,
Epinephelus lanceolatus) juveniles.

International Research Journal of
Biological Sciences, 4(3), 15-20.

Pakhira, C., Nagesh, T.S., Abraham,
T.J., Dash, G. and Behera, S.,
2015. Stress responses in rohu,
Labeo rohita transported at different
density. Aquaculture Reports, 2, 39-
45,

Panase, P. and Mengumphan, K.,
2015. Growth performance, length-
weight relationship and condition
factor of backcross and reciprocal
hybrid catfish reared in net cages.
International Journal of Zoological
Research, 11(2), 57-64.

Panase, P., Kamee, B., Moungmor,
S., Tipdacho, P., Matidtor, J. and
Sutthi, N., 2018. Effects of
Euphorbia hirta plant leaf extract on
growth performance, hematological
and organosomatic indices of hybrid
catfish, Clarias macrocephalus x C.
gariepinus. Fisheries Science, 84(6),
1025-1036.

Park, I.S., Hur, J.W. and Choi, J.W.,
2012. Hematology responses,
survival, and respiratory exchange in
the olive flounder, Paralichthys
olivaceus, during starvation. Asian-
Australasian Journal of Animal
Sciences, 25(9), 1276-1284.

Pongthana, N., Nguyen, N.H. and
Ponzoni, R.W., 2010. Comparative
performance of four red tilapia
strains and their crosses in fresh and
saline water environments.
Aquaculture, 308, 109-114.

Refstie, S., Baeverfjord, G., Seim,
R.R. and Elveb@, O., 2010. Effects
of dietary yeast cell wall B-glucans
and MOS on performance, gut
health, and salmon lice resistance in


https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.3.38.4
http://jifro.ir/article-1-3714-en.html

[ Downloaded from jifro.ir on 2026-02-15 ]

[ DOR: 20.1001.1.15622916.2020.19.3.38.4 ]

1445 Sutthi and Thaimuangphol, Effects of yeast (Saccharomyces cerevisiae) on growth performances, body composition and...

Atlantic salmon (Salmo salar) fed
sunflower and soybean meal.
Aquaculture, 305(1-4), 109-116.

Reyes-Cerpa, S., Vallejos-Vidal, E.,
Gonzalez-Bown, M.J., Morales-
Reyes, J., Pérez-Stuardo, D.,
Vargas, D., Imarai, M., Cifuentes,
V., Spencer, E., Sandino, A.M. and
Reyes-Lépez, F.E., 2018. Effect of
yeast (Xanthophyllomyces
dendrorhous) and plant (Saint John's
wort, lemon balm, and rosemary)
extract based functional diets on
antioxidant and immune status of
Atlantic salmon (Salmo salar)
subjected to crowding stress. Fish
and Shellfish Immunology, 74, 250-
259.

Sener, G., Toklu, H., Ercan, F. and
Erkanli, G., 2005. Protective effect
of beta-glucan against oxidative
organ injury in a rat model of sepsis.
International Immunopharmacology,
5(9), 1387-1396.

Staykov, Y., Spring, P., Denev, S. and
Sweetman, J., 2007. Effect of
mannan oligosaccharide on the
growth performance and immune
status of rainbow trout
(Oncorhynchus mykiss). Aquaculture
International, 15(2), 153-161.

Suresh, AV. and Lin, C.K., 1992,
Tilapia culture in saline waters: A
review. Aquaculture, 106, 201 226.

Sutthi, N., Thaimuangphol, W,
Rodmongkoldee, M., Leelapatra,
W. and Panase, P., 2018a. Growth
performances, survival rate, and
biochemical parameters of Nile
tilapia  (Oreochromis  niloticus)
reared in water treated with

probiotic. Comparative  Clinical
Pathology, 27(3), 597-603.

Sutthi, N., Wigraiboon S. and

Supakankul, P., 2018b. Effects of
yeast (Saccharomyces cerevisiae)
supplements on growth performance
and blood chemical profiles of Nile
tilapia (Oreochromis niloticus) at
different stocking density. Burapha
Science Journal, 23(2), 649-668 (in
Thai).

Talpur, A.D., Munir, M.B., Mary, A.

and Hashim, R., 2014. Dietary
probiotics and prebiotics improved
food acceptability, growth
performance, haematology and
immunological  parameters  and
disease resistance against
Aeromonas hydrophila in snakehead
(Channa striata) fingerlings.
Aquaculture, 426-427, 14-20.

Tandong, Y., Youqging, W., Liu, S.,

Jianchen, P., Yongping, S. and
Anxin, L., 2011. Recent glacial
retreat in high Asia in China and its
impact on water resource in
Northwest China. Science in China
Ser. D Earth Sciences, 47(12), 1065-
1075.

Taoka, Y., Maeda, H. and Jo, J.Y.,

2006. Growth, stress tolerance and
non-specific immune response of
Japanese  flounder  Paralichthys
olivaceus to probiotics in a closed
recirculating  system.  Fisheries
Science, 72(2), 310-321.

Torrecillas, S, Makol ZA.,

Caballero, R.J., Montero, D.,
Robaina, L., Real, F., Sweetman,
J., Tort, L. and lzquierdo, M.S,,
2007. Immune stimulation and
improved infection resistance in


https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.3.38.4
http://jifro.ir/article-1-3714-en.html

[ Downloaded from jifro.ir on 2026-02-15 ]

[ DOR: 20.1001.1.15622916.2020.19.3.38.4 ]

Iranian Journal of Fisheries Sciences 19(3) 2020 1446

European sea bass (Dicentrarchus
labrax) fed mannanoligosaccharides.
Fish and Shellfish Immunology,
23(5), 969-981.

Torrecillas, S., Makaol ZA.,

Caballero, M.J., Montero, D.,,
Ginés, R., Sweetman, J. and
Izquierdo, M.S., 2011. Improved
feed utilization, intestine mucus
production and immune parameters
in sea bass (Dicentrarchus labrax)
feed mannan  oligosaccharides
(MOS).  Aquaculture  Nutrition,
17(2), 223-233.

Valavanidis, A., Vlahogianni, T.,

Dassenakis, M. and Scoullos, M.,
2006. Molecular biomarkers of
oxidative stress in aquatic organisms
in relation to toxic environmental
pollutants. Ecotoxicology  and
Environmental Safety, 64(2), 178-
189.

Vallejos-Vidal, E., Reyes-Lopez, F.,

Teles, M. and MacKenzie, S., 2016.
The response of  fish to
immunostimulant diets, Fish. Fish
and Shellfish Immunology, 56, 34—
69.

Van Doan, H., Hoseinifar, S.H.,

Khanongnuch, C., Kanpiengjali,
A., Unban, K., Van Kim, V. and
Srichaiyo, S., 2018. Host-associated
probiotics boosted mucosal and
serum immunity, disease resistance
and growth performance of Nile
tilapia  (Oreochromis niloticus).
Aquaculture, 491, 94-100.

Villegas, C.T., 1990. Evaluation of the

salinity tolerance of Oreochromis
mossambicus, O. niloticus and their
F. hybrids. Aquaculture, 85(1-4),
281-292.

Wendelaar-Bonga, S.E., 1997. The

stress response in fish. Physiology
Review, 77(3), 591-625.

Yan, N., Marschner, P., Cao, W.,

Zuo, C. and Qin. W., 2015.
Influence of salinity and water
content on soil microorganisms.
International  Soil and  Water
Conservation Research, 3(4), 316-
323.

Zhai, Q., Yu, L, Li, T., Zhu, J,

Zhang, C., Zhao, J., Zhang, H. and
Chen, W., 2017. Effect of dietary
probiotic supplementation on
intestinal microbiota and
physiological conditions of Nile
tilapia (Oreochromis niloticus) under
waterborne  cadmium  exposure.
Antonie Van Leeuwenhoek, 110(4),
501-513.

Zhou, Q.C., Buentello, J.A. and

Gatlin, D.M., 2010. Effects of
dietary  prebiotics on growth
performance, immune response and
intestinal morphology of red drum
(Sciaenops ocellatus). Aquaculture,
309(1-4), 253-257.


https://dor.isc.ac/dor/20.1001.1.15622916.2020.19.3.38.4
http://jifro.ir/article-1-3714-en.html
http://www.tcpdf.org

