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Abstract

The effects of high carbohydrate diet on growth, serum physiological response, and hepatic heat shock protein 70
expression in Wuchang bream were determined at 25 °C and 30 °C. The fish were reared at 25 °C had significantly higher
serum C3, respiratory burst activity and hepatic superoxide dismutase activity, lower hepatic malonaldehyde than those were
reared at 30 °C (P<0.05). At each temperature, the fish fed the control diet (31% CHO) had significantly higher weight gain,
specific growth rate, respiratory burst activity, lysozyme, alkaline phosphatase, hepatic total antioxidative capacity, lower feed
conversion ratio, glutamic-oxaloacetic transaminase, cortisol, hepatic malonaldehyde and the relative level of hepatic HSP70
mRNA than those fed the high-carbohydrate diet (47% CHO) (P<0.05). Significant interactions between temperature and diet
were found for glutamic-oxaloacetic transaminase, C3, lysozyme, alkaline phosphatase and respiratory burst activity and
hepatic superoxide dismutase activity (P<0.05). The present study suggested that higher dietary carbohydrate impact growth

performance, the nonspecific immune ability and hepatic antioxidant abilities of Wuchang bream at higher temperature.
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Introduction

The carbohydrate utilization of fish varies
between fish species and carbohydrate sources
(Wilson, 1994; Krogdahl et al., 2005). Fish are known
to have a limited ability for digestion and metabolism
of carbohydrate and hence, excessive intake of this
nutrient may result in nutritional problems (Jauncey,
1982; Robert and Bullock, 1989; Roberts, 1989; Lall,
1991). Excess carbohydrates reduce the growth rate
and are often accompanied by poor feed utilization
(Hemre et al., 2002). Fish with excess glucose are
assumed to be under constant metabolic stress (Pieper
and Pfeffer, 1980; Fletcher, 1981), which may lead to
suppressed immune functions (Erfanullah and Jafri,
1995; Fu and Xie, 2005). And excess dietary CHO
excess dietary CHO caused change of heat shock
protein 70 (HSP70) content in gilthead sea bream
Sparus aurata (Enes et al., 2006).

Temperature is one of the key factors
influencing the physiological characteristics of
ectotherms (Jobling, 1994; Gillooly et al., 2001;
Hochachka and Somero, 2002; Clarke, 2004), and it
also modulates utilization of nutrients by fish
(Keembiyehetty and Wilson, 1998). Ambient

temperature is a critical factor in the development of
both specific and non-specific host immunity (Watts
et al., 2001) and any changes in temperature can
affect the immune response (Lillehaug et al., 1993).
In general, regardless of the fish species examined,
elevated water temperature that still remains within
the physiological range of the species has been shown
to alter immune function (Bly and Clem, 1992). No
effect of temperature on carbohydrate utilization was,
however, found in rainbow trout (Capilla et al., 2003).
Wuchang bream (Megalobrama amblycephala)
is a Chinese freshwater herbivorous species (Ke,
1975) with high potential for aquaculture. Its
optimum temperature is about 25 °C (Ke, 1986). Due
to the merits of this species including tender flesh,
fast growth, economic profitability and cultural values
(Zhou et al., 2008; Li et al., 2010), Wuchang bream is
widely cultured in China with the output of 625,789
ton in 2009 — an increase of 31.50% in the past
decade. This species has been introduced to North
America (northern Canada to southern Mexico),
Africa, Europe and other Asian countries (Ke, 1986).
A recent study showed that capacity for
carbohydrate utilization was reported to be between
25% and 30% (Yang et al., 1989). However, the
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effect of high dietary CHO level on the health and
immunological responses of Wuchang bream are not
known. Thus, the objectives of this study are to
examine whether the effects of high dietary CHO on
the growth, serum metabolites, immune parameters,
antioxidation enzymes, and expression of hepatic heat
shock protein 70 (HSP70) in Wuchang bream at
different water temperatures and to try to identify the
molecular mechanisms for these effects.

Materials and Methods
Fish and Diets

Juvenile Wuchang bream, M. amblycephala
(15.73£0.03g), were obtained by fish farm of
Freshwater Fisheries Research Center, Chinese
Academy of Fishery Sciences in China. Fish were
acclimated at either 25+0.5 °C or 30+0.5 °C in
cylindrical fibreglass tanks in a re-circulating system
for 15days before the feeding experiment. During the
period, fish were fed to apparent satiation with a
control diet every day. The water oxygen content was
approximately 6.0 mg/L during the experimental
period. A 12L: 12D photoperiod was used.

Using fishmeal as protein source, fish oil as lipid
source and cassava starch as carbohydrate source, two
isonitrogenous (34% crude protein) and isolipidic
(8.1% crude lipid) semi-purified diets were
formulated to contain 31% and 47% carbohydrate,
and these were referred to as a control and a high
carbohydrate level respectively (Table 1). Dry

ingredients were mixed thoroughly in a mixer, then
water was added and mixed. Two-mm-diameter
pellets were wet-extruded. The pellets were dried in a
forced air oven at 40 °C to a moisture content of 10%
and then stored at —20 °C until use.

Rearing Management

At the start of the experiment, the fish were
fasted for 24 h and then weighed. Nine fish from each
temperature were sampled. The fish from each
temperature were then divided into two groups, each
group comprising three tanks of 20 fish, and fish fed
to satiation with the control and high-carbohydrate
diets three times (06:30, 11:30 and 16:30 hours
respectively) daily for 8 weeks. Water was exchanged
once a week, and one-third of the volume in the tank
was exchanged each time. Water was oxygenated at
all times using an aerator. Feces and debris were
removed daily using a siphon. Water temperature was
measured every day, and water quality was measured
every week. During this period, feed consumption
was recorded daily. The number and weight of the
dead fish was also recorded. During the test period,
the water quality on average was as follows: dissolved
oxygen (DO) > 6mgL™, NH; < 0.05 mg L™, H,S<0.1
mg L, and pH 6.8-7.3. After the completion of the
test period (70 days), serum and liver samples were
collected. At the end of the feeding trial, the fish were
fasted for 24 h, and then counted and weighed. The
serum and liver samples were collected.

Table 1 Formulation and nutrient compositions of experimental diets

Ingredient

Dietary carbohydrate levels (%)

Fish meal®

Cassava starch”

Microcrystalline cellulose®
Carboxyl-methyl cellulose®

Fish oil®

Vitamin mixture'

Mineral mixture®

Zeolite power”

Proximate composition (% dry matter)
Dry matter (%)

Crude protein (% DM)

Gross energy (kJ/g DM)'

Fat (% DM)

Digestible carbohydrate (% DM)

Control diet High-carbohydrate diet
47 47
30 45
15 0

2 2
4 4
0.5 0.5
1 1
0.5 0.5
94.79 94.79
33.66 33.71
16.56 19.25
8.12 8.15
31.42 47.01

Fish meal (CP 67.70 %, EE 7.90 %, carbohydrate 0.45 %, ash 16.70 %, Norway fish meal, Shanghai Imports and Exports Co. Ltd., China)
b Cassava starch (Wuxi Yongfeng starch Engineering Co., Ltd., China)

¢ Microcrystalline cellulose (Zhejiang Joinway Pharmaceutical Co., Ltd.)

4 Carboxyl-methyl cellulose (Shanghai Jiande Industrial Co., Ltd.)

¢ Fish oil (Wuxi Xunda Ocean Biological Co. Ltd., China)

fVitamin (1U or per kg premix): vitamin A 900000 IU, vitamin D 250000 IU, vitamin E 4500 mg, vitamin K3 220 mg, vitamin B1 320 mg,
vitamin B2 1090 mg, vitamin B5 2000 mg, vitamin B6 500 mg, vitamin B12 116 mg, vitamin C 5000 mg, pantothenate 1000 mg, folic acid
165 mg, folic acid 165 mg, choline 60000 mg

9 Mineral (per kg premix): CuSO,-5H,0 2.5 g, FeSO,-7H,0 28 g, ZnSO,-7H,0 22 g, MnSO,4-4H,0 9 g, Na,Se0;0.045 g, K1 0.026 g,
COC|2'6H20 0.1 g

f‘ Zeolite powder (Nanjing Huamu Animal Research Institute, China)

"Gross energy (GE) ki g™: protein 23.64 kJ/g, fat 39.54 kJ/g, carbohydrate 17.15 kJ/g, and the others are measured in the nutrition levels
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Serum and Liver Sample Collection

At the end of the growth trial, the fish were
starved for 24 h and weighed. Nine individuals from
each group (3 tanks, 3 fish per tank) were
anesthetized with MS-222 and sampled. Blood was
sampled from the caudal vein, centrifuged at 3000 g
for 10min (4 °C), and kept frozen until analysis. The
liver was excised, frozen in liquid nitrogen and then
stored at —80 °C until assay.

Serum Total Protein, Globulin, and Glutamic-
Oxaloacetic Transaminase (GOT) Measurement

Serum total protein and albumin contents were
estimated by the Biuret and BCG dye binding method
and the bromocresol green binding method (Reinhold
1953), respectively. Serum total protein content was
measured using the biuret method (kit purchased from
Shanghai Fudan Zhangjiang Biopharmaceutical Co.,
Ltd.,, China) in a Beckman Cx-4 type auto
biochemical analyzer (Beckman Coulter, USA).
Bovine serum albumin was used as standard (BSA: 66
kDa; Nanjing Jiancheng Biological Engineering
Research Institute of China). Serum globulin was
determined by subtracting serum albumin from total
protein. Activity of serum aspartate aminotransferase
(GOT) was estimated according to the methods
described by the study (Krajnovi¢-Ozreti¢ and Ozreti¢
1978). Serum GOT activity was determined using a
colorimetric kit (Shanghai Fudan Zhangjiang Bio
Medical Co., Ltd., China) in a Beckman Cx-4 type
Auto Bio-chemical Analyzer (Beckman Coulter,
USA).

Respiratory Burst Activity, Serum Complement
C3and C4

The respiratory burst activity of the leucocytes
was carried out following the method described in the
other study (Li et al., 2011). The leucocytes were then
incubated at room temperature for 20 min with 2°,7’-
dichlorofluorescin diacetate (DCFH-DA) (Vuorte et
al., 1996). After diffusing through the cell membrane,
DCFH-DA is deacetylated by cytosolic enzymes to
dichlorofluorescin (DCFH). DCFH is polar and thus
trapped within the cells. Zymosan A (Sigma) was
used directly to stimulate the cells producing active
oxygen. The active oxygen oxidises the
nonfluorescent DCFH to highly fluorescent 2°,7°-
dichlorofluorescein (DCF). After 40 minutes, the
fluorescence value of the cells was detected by flow
cytometry (Goedken and Guise, 2004). The
respiratory burst activity of the cells was measured by
reduction of mean fluorescence value.

The serum complement C3 level and the activity
of the serum complement C4 level were determined
following the method described in another study (Sun
et al., 2010). Results of C3 and C4 are presented as
C3 mg/ml and C4 mg/ml, respectively (Thomas,
1998; He et al., 2009). Test kits for these assays were

purchased from Zhejiang Elikan Biological
Technology Co., LTD in China.
Serum  Cortisol, Lysozyme, and Alkaline

Phosphatase (AKP) Measurement

Serum cortisol was measured by RIA using a
test kit (Beijing Beifang Biotech Research Institute,
China) and following the method described in the
other studies (Pickering and Pottinger, 1983; Xie et
al., 2008). Serum lysozyme activity was measured
using a kit (Nanjing Jiancheng Biological Engineering
Research Institute of China) in a Beckman Cx-4 type
Auto Biochemical Analyzer (Beckman Coulter,
USA), following the method described in the other
study (Muona and Soivio, 1992). Serum AKP activity
was determined by the colorimetric method of Pinoni
et al. (2004) (test kit from Shanghai Fudan
Zhangjiang Bio Medical Co., Ltd., China) in a
Beckman Cx-4 type Auto Biochemical Analyzer.

Hepatic SOD, MDA and T-AOC Measurement

Hepatic samples were homogenized in ice-cold
phosphate buffer (1:10 dilution) (phosphate buffer:
0.064 M, pH 6.4). The homogenate was then
centrifuged for 20 min (4 °C, 3000 x g) and aliquots
of the supernatant were used to quantify hepatic SOD,
MDA and T-AOC. Hepatic SOD activity and MDA
content were measured using a xanthine oxides
(Marklund and Marklund, 1974) and barbituric acid
reaction chronometry (Drape et al., 1993),
respectively. T-AOC was measured by the method
described in the other study (Benzie and Strain, 1996)
using commercial kits (Jiancheng Institute of
Biotechnology, Nanjing, China). We measured the
hepatopancreas protein content using the Folin
method (Lowry et al., 1951), with bovine serum
albumin as the standard.

Real-Time PCR Measurement of Hepatic HSP70

We used M. amblycephala cDNA sequences in
GenBank to design the primers for HSP70 (accession
No EU884290.2) and B-actin (accession No
AY170122.2) (Ming et al., 2010). The primers were:
(1) 5- CTTTATCAGGGAGGGATGCCAGC-3' and
5- CCCTGCAGCATTGAGTTCATAAGGT-3" for
HSP70 cDNA and; 2) 5-
TCGTCCACCGCAAATGCTTCTA-3* and 5 -
CCGTCACCTTCACCGTTCCAGT-3> for p-actin
cDNA. All primers were synthesized by Shanghai
Generay Biotech co., LTD. China. The PCR products
were 100-150 bp long.

We extracted total RNA from the liver tissue
using RNAiso Plus (Dalian Takara Co. Ltd., China).
RNA samples were treated with RQ1 RNase-Free
DNase (Dalian Takara Co. Limited, China) to avoid
genomic DNA amplification. We generated cDNA
from 500 ng DNase-treated RNA using ExScript™
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RT-PCR Kit (Dalian Takara Co. Ltd., China). The
reverse transcription PCR reaction solution consisted
of 500 ng RNA, 2 pL 5x Buffer, 0.5 uL. dNTP
Mixture (10 mM each), 0.25 uLL RNase Inhibitor (40
U/uL), 0.5 pL dT-AP Primer (50 mM), 0.25 mL
ExScript™ RTase (200 U/uL), and DEPC H,0, up to
a final volume of 10 pL. The reaction conditions were
as follows: 37 °C for 15 min, 85 °C for 5 sec, and 4
°C thereafter.

We used real-time PCR to determine mRNA
levels with an SYBR Green I fluorescence kit (Ming
et al., 2010). Real-time PCR was performed in a Mini
Opticon Real-Time Detector (Bio-Rad, USA). The
fluorescent quantitative PCR reaction solution

consisted of 12.5 pL SYBR °:R premix Ex Tag™
(2x), 0.5 pL PCR Forward Primer (10 pM), 0.5 puL
PCR Reverse Primer (10 pM), 2.0 pL RT reaction
mix (cDNA solution), 9.5 puL dH,O. The reaction
conditions were as follows: 95 °C for 2 min, followed
by 44 cycles consisting of 95 °C for 10 s, 59 °C for 20
s, and 72 °C for 20 s. The florescent flux was then
recorded and the reaction continued at 72 °C for 3
min. We measured the dissolution rate between 65
and 92 °C. Each increase of 0.2 °C was maintained
for 1 s and the fluorescent flux was recorded. We
calculated the relative quantification of the target gene
transcript (HSP70) with a chosen reference gene
transcript (B-actin) using the 22T method (Livak
and Schmittgen, 2001). This mathematical algorithm,
which does not require a calibration curve, computes
an expression ratio based on real-time PCR efficiency
and the crossing point deviation of the sample versus
a control. We measured the PCR efficiency by
constructing a standard curve using a serial dilution of
cDNA; AAC; = (Cy, Target — Cr, pactin)time x — (Cr,
Target — CT, ﬁ—actin)time 0.

Calculations and Statistics

Weight gain (WG) (%) = (Final body weight -

initial body weight)x100//initial body weight.

Specific growth rate (SGR) (%) = (LnW, -
LnWg) x100/T, where Wy and W, are the initial and
final body weights, and T is the culture period in days.

Feed conversion ratio (FCR) (%) = total diet fed
(kg)/total wet weight gain (kg).

Results are presented as mean + S.E. Data were
analysed by two-way ANOVA using the SPSS 16.0
(SPSS, IL USA). P < 0.05 indicated that there was a
significant difference.

Results

The Effect of High Dietary Carbohydrate Diet on
Growth of Wuchang bream (M. amblycephala) at
Different Temperatures

At each temperature, the final weight, WG and
SGR of the fish fed the control diet were significantly
higher than those fed the high-carbohydrate diet, and
the FCR of the fish fed the control diet was lower than
that fed the high-carbohydrate diet (P<0.05) (Table
2).

The Effect of High Dietary Carbohydrate Diet on
Serum Total Protein, Globulin and Glutamic-
Oxaloacetic Transaminase (GOT) of Wuchang
Bream (M. amblycephala) at  Different
Temperatures

At each temperature, the GOT of the fish fed the
control diet was lower than that fed the high-
carbohydrate diet (P<0.05). The total protein,
globulin and GOT were not affected by temperature
(P>0.05). The total protein and globulin were not
significantly  different between diets at each
temperature.  Significant  interaction  between
temperature and diet was found for GOT (P<0.05)
(Table 3).

Table 2 Effect of high dietary carbohydrate diet on weight gain, specific growth rate and feed conversion efficiency of
Wuchang bream (M. amblycephala) at different temperatures

Diets(Temperature/CHO) (%) Initial weight (g) Final weight (g) WG(%) SGR FCR
25/31 15.80+0.06 53.40+0.04a 237.97+7.75 2.17+0.03 1.60+0.04
25/47 15.77+£0.07 49.31+0.86bc 212.76+4.83 2.04+0.03 2.31+£0.20
30/31 15.67+0.03 49.51+0.62b 216.07+4.61 2.05+0.03 2.23+0.14
30/47 15.67+0.09 47.04+0.92¢ 200.26+7.34 1.96+0.04 2.93+0.31
Temperatures (°C)

25 15.79+0.07 51.36+0.45 225.36+6.75 2.11+0.04 1.96+0.18
30 15.67+0.06 48.28+0.77 208.16+5.25 2.01+0.03 2.58+0.22
CHO levels (%)

31 15.74+0.05 51.46+0.33 227.02+6.11 2.11£0.03 1.92+0.15
47 15.72+0.08 48.18+0.89" 206.51+4.82°  2.00+0.03" 2.62+0.22"
Two- way ANOVA

Temperature NS NS NS NS NS
CHO NS * * * *
Interaction NS NS NS NS NS

Values are means + SE of 3 replications. Means in the same column with different superscripts are significantly different (P<0.05).
ns not significant. * P<0.05, ** P<0.01, *** P<0.001
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Table 3. Effect of high dietary carbohydrate diet on serum total protein, globulin and glutamic-oxaloacetic
transaminase(GOT) of Wuchang bream(M. amblycephala) at different temperatures

Diets(Temperature /CHO) (%) Total protein (g/L) Globulin (g/L) GOT (U/L)
25/31 33.92+0.43 12.11+0.17 229.34+7.22°
25/47 31.53+1.88 12.8840.72 322.78+5.08%
30/31 31.63+2.66 13.17+0.86 266.33+2.08°
30/47 25.69+0.72 11.69+0.62 319.11+7.78%
Temperatures (°C)

25 32.73+1.01 12.50+0.37 276.06+21.26
30 28.66+1.81 12.4340.58 292.72+12.34
CHO levels (%)

31 32.78+1.31 12.6440.46 247.83+8.93
47 28.61+1.59 12.2840.50 320.94+4.24"
Two- way ANOVA

Temperature NS NS NS

CHO NS NS faleled
Interaction NS NS *x

Values are means + SE of 3 replications.
ns not significant. * P<0.05, ** P<0.01, *** P<0.001

The Effect of High Dietary Carbohydrate Diet on
Serum Complement 3, Complement 4 and
Respiratory Burst Activity of Leukocyte of
Wuchang Bream (M. amblycephala) at Different
Temperatures

C3 and respiratory burst activity were
significantly higher in fish at 25 °C compared with
those reared at 30 °C (P<0.05). At each temperature,
respiratory burst activity of the fish fed the control
diet was higher than that fed the high-carbohydrate
diet (P<0.05). The C4 and respiratory burst activity
were not significantly different between diets at each
temperature (P>0.05). The C4 was not affected by
temperature  (P>0.05).  Significant interactions
between temperature and diet were found for C3 and
respiratory burst activity (P<0.05) (Table 4).

The Effect of High Dietary Carbohydrate Diet on
Serum  Cortisol, Lysozyme and Alkaline
Phosphatase (AKP) of Wuchang Bream (M.
amblycephala) at Different Temperatures

At each temperature, the cortisol was
significantly lower and the lysozyme and AKP were
significantly higher in fish fed the control diet
compared with those fed the high-carbohydrate diet
(P<0.05). The cortisol, lysozyme and AKP were not
significantly different between two temperatures
(P>0.05). Significant interactions between
temperature and diet were found for lysozyme and
AKP (P<0.05) (Table 5).

The Effect of High Dietary Carbohydrate Diet on
Hepatic SOD, MDA, T-AOC and the Relative
Level of Hepatic HSP70 mRNA of Wuchang
Bream (M. amblycephala) at Different
Temperatures

Hepatic SOD were significantly higher and the
hepatic MDA was significantly lower in fish at 25 °C

compared with those reared at 30 °C (P<0.05). At
each temperature, the hepatic T-AOC of the fish fed
the control diet were significantly higher than that fed
the high-carbohydrate diet, and the hepatic MDA of
the fish fed the control diet was lower than that fed
the high-carbohydrate diet (P<0.05). The hepatic
SOD was not significantly different between diets at
each temperature (P>0.05). The hepatic T-AOC was
not affected by temperature (P>0.05). Significant
interaction between temperature and diet was found
for hepatic SOD (P<0.05) At each temperature, The
relative level of hepatic HSP70 mRNA of the fish fed
the control diet were significantly lower than that fed
the high-carbohydrate diet (P<0.05). The expression
levels of hepatic HSP70 were not affected by
temperature (P>0.05) (Table 6).

Discussion

The previous studies suggest that incorporation
of appropriate levels of dietary carbohydrates in fish
feeds can improve their growth performance, physical
quality and to provide an inexpensive non-
nitrogenous energy source (Alliot et al., 1979; Hemre
et al., 1995; Hung et al., 1989; Hemre and Hansen,
1998; Peragon et al., 1999; Vielma et al., 2003).
However, excess levels of carbohydrates reduce the
growth rate and are often accompanied by poor feed
utilization (Hemre et al., 2002; Enes et al., 2006;
Vielma et al., 2003). The previous study shows that
depressed growth and feed utilization in common carp
fed diets high in carbohydrate content (Furuichi and
Yone, 1980). In this study, we found that the weight
gain, specific growth rate were affected by high
dietary carbohydrate. Similar results were observed in
other species (Gao et al., 2010; Tan et al., 2009; Miao
et al., 2011). Temperature influencs the physiological
characteristics of ectotherms (Jobling, 1994; Gillooly
et al., 2001; Hochachka and Somero, 2002; Clarke,
2004), and it also modulates utilization of nutrients by
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Table 4. Effect of high dietary carbohydrate diet on serum complement 3, complement 4 and respiratory burst activity of
leukocyte of Wuchang bream(M. amblycephala) at different temperatures

Diets(Temperature /CHO) (%) Complement 3 (g/L) Complement 4 (g/L) Respiratory burst activity
25/31 0.32+0.01% 0.04+0.01 13.95+0.18°¢
25/47 0.22+0.01% 0.03+0.00 15.00+0.80°
30/31 0.23+0.01° 0.04+0.01 23.1140.55%
30/47 0.20+0.01° 0.030.01 17.57+0.79°
Temperatures (°C)

25 0.27+0.02 0.03+0.01 14.48+0.44
30 0.22+0.01 0.04+0.02 20.34+1.31"
CHO levels (%)

31 0.27+0.02 0.04+0.01 18.53+2.06
47 0.21+0.017 0.03+0.01 16.29+0.77
Two- way ANOVA

Temperature NS NS *x
CHO * NS NS
Interaction ** NS **

Values are means + SE of 3 replications.
ns not significant. * P<0.05, ** P<0.01, *** P<0.001

Table 5. Effect of high dietary carbohydrate diet on serum cortisol, lysozyme and alkaline phosphatase (AKP) of Wuchang
bream (M. amblycephala) at different temperatures

Diets(Temperature /CHO) (%) Lysozyme (U/mL) Cortisol (ng/mL) AKP (umol/L)
25/31 10.37+0.67° 318.713.07 66.44+0.95°
25/47 6.110.40° 380.61+6.30 63.11+0.97°
30/31 6.81+0.25" 326.53+2.93 72.89+1.28°
30/47 5.92+0.26" 389.31+1.17 64.00+1.35°
Temperatures (°C)

25 8.24+1.01 349.66+14.19 64.77+0.96
30 6.36+0.26 357.92+14.11 68.4442.15
CHO levels (%)

31 8.59+0.86 322.62+2.58 69.67+1.61
47 6.02+0.22" 384.96+3.46" 63.56+£0.77"
Two- way ANOVA

Temperature NS NS NS
CHO * *kx *%
Interaction wx NS *

Values are means + SE of 3 replications.
ns not significant. * P<0.05, ** P<0.01, *** P<(0.001

Table 6. Effect of high dietary carbohydrate diet on hepatic SOD, MDA, T-AOC and the relative level of hepatic HSP70
mRNA of Wuchang bream (M. amblycephala) at different temperatures

Diets(Temperature /CHO) (%) SOD (U/mL) MDA (nmol/mL) T-AOC (U/mL) HSP70
25/31 162.95+0.73% 13.07£0.93 7.33+0.51 1.08+0.02
25/47 146.08+0.71° 15.57+0.43 4.48+0.34 1.76+0.05
30/31 121.11+£382°¢ 15.27+0.41 7.04+0.61 1.284+0.02
30/47 116.43+1.10° 17.56+0.35 3.95+0.44 1.9340.05
Temperatures (°C)

25 154.52+3.80 14.324+0.72 5.914+0.69 1.42+0.15
30 118.77+2.06" 16.4120.56" 5.49+0.77 1.61£0.15
CHO levels (%)

31 142.03+£9.52 14.17+£0.67 7.19+0.36 1.184+0.05
47 131.26+6.66 16.56+0.51" 4.22+0.28" 1.85+0.05"
Two- way ANOVA

Temperature il * NS NS
CHO NS * *k*k *kk
Interaction * NS NS NS

Values are means + SE of 3 replications.
ns not significant. * P<0.05, ** P<0.01, *** P<0.001
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fish (Keembiyehetty and Wilson, 1998). However no
effect of temperature on the growth performance was
found in this study.

GOT is ubiquitous aminotransferase that is
found in the mitochondria of fish. The enzyme is
important index for the diagnosis of hepatopancreas
function and damage (Cho et al., 1994). The excess
carbohydrates may cause liver damage (Hemre et al.,
2002; Shoemaker et al., 2001; Holland and Lambiris,
2002). In this study, we also found that GOT activity
was affected by high dietary carbohydrate.

Phagocytes are cellular components of natural
immunity. Phagocyte activation in mammals is
usually associated with an abrupt rise in oxygen
consumption, leading to the production of reactive
oxygen species (ROS) which have potent
microbicidal activities and which play an important
role in the host defence against microorganisms. This
metabolic event is called the respiratory burst (Castro
et al., 2004). High dietary carbohydrate decrease the
respiratory burst activity of phagocytes (Kumar et al.,
2005). In our study, a similar phenomenon was
observed at each temperature. In addition, we found
that temperature negatively modulated respiratory
burst activity and C3 level. Thus, both dietary
composition and temperature seemed to affect the
immunity of Wuchang bream.

Fish in aquaculture are consistently affected by
various stressors such as nutritional factors, high
temperature, stocking density, transport and storage
(Barton 2002, Liu et al., 2012). If fish are in long-
standing stress during culture process, the axis of
hypothalamus - pituitary-interrenal axis of fish will be
continuously stimulated so as to culminate in an
increase in plasma cortisol (Barton 2002; Fevolden et
al., 2003). The change of plasma cortisol has been
widely as an indication that a fish is under stress
(lwama et al., 1997; Hsieh et al., 2003). High dietary
CHO improved the serum cortisol level in Atlantic
salmon (Waagbg et al., 1994) and top-mouth culter
(Erythroculter ilishaeformis Bleeker) (Liu et al.,
2012). In our study, a similar phenomenon was
observed at each temperature.

Lysozyme has bactericidal activity and can be an
opsonin that activates the complement system and
phagocytes to prevent infection and disease
(Alexander and Ingram, 1992). High-CHO diet may
reduce the lysozyme level of E. ilishaeformis (Liu et
al.,, 2012). In the present study, the lysozyme was
significantly higher in fish fed the control diet than
that fed the high-CHO diet at each temperature. Thus,
the high-CHO diet may reduce the immune ability of
the fish to some degree.

AKP is an important enzyme that regulates a
number of essential functions in all living organisms
(Rao et al., 2006). Stress made blood cortisol increase
apparently and in turn caused some immune index
change e.g. serum AKP activity (Fevolden et al.,
1999). The previous study shows that the AKP
activity in the normal carbohydrate group (35%CHO)

was higher than that in 50%CHO group, but no
significant difference (Miao et al., 2011). In our
study, AKP activity was significantly higher in fish
fed the control diet compared with those fed the high-
carbohydrate diet. Therefore the above results of the
present study indicated that high dietary CHO could
somewhat reduce the serum ALP activities of M.
amblycephala to some degree.

The stress response might also increase free
radical contents, leading to increased lipid
peroxidation and lipid peroxidation injury (Zhou and
Liang, 2003; Zhou et al., 2003; Chen et al., 2006; He
et al.,, 2007). In Atlantic salmon, dietary intake of
high CHO can impact on the immunity and fish
mortality after Aeromonas Salmonicida infection
(Waagbe et al., 1994). The hepatic lipid peroxide will
decompose further to produce a large amount of
aldehydes, alcohols and hydrocarbon of which MDA
is a substance with strong toxicity. SOD plays a
significant role in resisting oxide damage (Gu et al.,
1995). The stress response might also impact factors
such as total antioxidation capacity (Lewis et al.,
1995). In this study, at each temperature, the hepatic
MDA of the fish fed the control diet was lower than
that fed the high-carbohydrate diet, and the hepatic T-
AOC of the fish fed the control diet were significantly
higher than that fed the high-carbohydrate diet
suggesting that excessive CHO lowered the hepatic
antioxidant abilities of Wuchang bream. Temperature
plays an important role in cold-blooded animals and
temperatures below or above the thermal limit can
affect physiological functions, including adaptive and
innate immunity, increase susceptibility to infection
and even cause death (Watts et al., 2001; Ndong et al.,
2007). In our study, we found that hepatic SOD were
significantly lower and the hepatic MDA was
significantly higher in fish at higher temperature.

Heat shock proteins (HSPs) are one of the most
conserved and important protein families and have
been studied extensively (Basu et al., 2002). HSP70 is
known to assist the folding of nascent polypeptide
chains, act as a molecular chaperone, and mediate the
repair and degradation of altered or denatured proteins
(Basu et al., 2002). Thus, HSP70 has been most
widely used as a biomarker of stress. In fish, like in
mammals, HSP70 is induced by heat and chemical
shocks (Gornati et al., 2004). In sea bass, HSP70 was
also shown to be inducible by rearing density (Gornati
et al., 2004). HSP70 gene expression was similar in
both cold water and warm water acclimated seabass
fed different carbohydrate source, and weak
downregulation was observed after heat shock only in
fish fed the glucose diet (Enes et al., 2006). In this
study, the relative level of hepatic HSP70 mRNA of
the fish fed the control diet were significantly lower
than that fed the high-carbohydrate diet. This finding
indicated that high dietary CHO may lead to
metabolic stress in Wuchang bream.



218 C. Zhou et al. / Turk. J. Fish. Aquat. Sci. 13: 211-220 (2013)

Acknowledgments

This work was supported by the Modern
Agriculture Industrial Technology System special
project- the National Staple Freshwater Fish Industrial
Technology System (Nycytx-49), Open Fund of Key
Laboratory for Genetic Breeding of Aquatic Animals
and Aquaculture Biology of the Ministry of
Agriculture  (BZ2009-17), Central and Central
Governmental Research Institutional Basic Special
Research Project from Public Welfare Fund
(No.2007JBFBUI) to Freshwater Fisheries Research
Center, Chinese Academy of Fishery Sciences.

References

Alexander, J.B. and Ingram, G.A. 1992. Noncellular non-
specific defense mechanisms of fish. Ann Rev Fish
Dis, 2: 249-279.

Alliot, E., Pastoureaud, A. and Nedelec, J. 1979. Etude de
I'apport calorique et du rapport calorico-azoté dans
l'alimentation du bar (Dicentrarchus labrax).
Influence sur la croissance et la composition
corporelle, in: Halver JE, Tiews K. (Eds.), Proc.
World Symp. on Finfish Nutrition and Fishfeed
Technology, vol. IHeeneman Verlag, Berlin: 241-255.

Barton, B. A. 2002. Stress in Fishes: A Diversity of
Responses with Particular Reference to Changes in
Circulating Corticosteroids. INTEG. AND COMP.
BIOL., 42: 517-525.

Basu, N., Todgham, A.E., Ackerman, P.A., Bibeau, M.R.,
Nakano, K., Schulte, P.M. and Iwama, G.K. 2002.
Heat shock protein genes and their functional
significance in fish. Gene, 295: 173-183.

Benzie, I.F.F. and Strain, J. 1996. The ferric reducing ability
of plasma (FRAP) as a measure of ‘‘antioxidant
power’’: the FRAP assay. Anal Biochem, 239(1): 70-
76.

Bly, J.E. and Clem, L.W. 1992. Temperature and teleost
immune functions. Fish Shellfish Immunol, 2: 159-
171.

Capilla, E., Medale, F., Navarro, |., Panserat, S., Vachot, C.,
Kaushik, S. and Gutiérrez, J. 2003. Muscle insulin
binding and plasma levels in relation to liver
glucokinase activity, glucose metabolism and dietary
carbohydrates in rainbow trout. Regulatory Peptides,
110: 123-132.

Castro, R., Zarra, I. and Lamas, J. 2004. Water-soluble
seaweed extracts modulate the respiratory burst
activity of turbot phagocytes. Aquaculture, 229: 67-
78.

Chen, W.W.,, Cui, L.R. and Yang, C.F. 2006. The study on
Huanggi's protective role of lipid peroxidation injury
during renal ischemia reperfusion in rats. Journal of
Qigihar Medical College, 27: 1666-1667.

Cho, Y.J., Kim, Y.Y., Lee, N.G. and Choi, Y.J. 1994. Basic
studies on developing equipment for waterless
transportation of live fish. Bull Kor Fish Soc, 27: 501-
508.

Clarke, A. 2004. Is there a universal temperature
dependence of metabolism? Functional Ecology, 18,
252-256.

Drape, H.H., Squires, E.J., Mahmoodi, H., Wu, J., Agarwal,
S. and Hadley, M. 1993. A comparative evaluation of
thiobarbituric acid methods for the determination of

malondialdehyde in biological materials. Free Radic
Biol Med, 15: 353-363.

Enes, P., Panserat, S., Kaushik, S. and Oliva-Teles, A. 2006.
Rapid metabolic adaptation in European sea bass
(Dicentrarchus labrax) juveniles fed different
carbohydrate sources after heat shock stress. Comp
Biochem Phys A, 145; 73-81.

Erfanullah and Jafri, A.K. 1995. Protein-sparing effect of
dietary carbohydrate in diets for fingerling Labeo
rohita. Aquaculture, 136: 331-339.

Fevolden, S. E., Roed, K. H. and Fjalestad, K.T. 2003. A
combined salt and confinement stress enhances
mortality in rainbow trout (Oncorhymchus mykiss)
selected for high stress responsiveness. Aquaculture,
216: 67-76.

Fevolden, S. E., Roed, K. H. and Fjalestad, K. T. 1999. Post
stress levels of lysozyme and cortisol in adult rainbow
trout: heritabilities and genetic correlations. Fish
Biol., 54: 900-910.

Fletcher, T.C. 1981. Dietary effects on stress and health. In:
lwama GK, Pickering AD, Sumpter JP, Schreck CB,
editors. London/New York: Academic Press: 147-169.

Fu, S.J. and Xie, X.J. 2005. Effect of dietary carbohydrate
levels on growth performance in Silurus meridionalis
Chen. Acta Hydrobiol Sin, 29: 393-398.

Furuichi, M. and Yone, Y. 1980. Effect of dietary dextrin
levels on growth and feed efficiency, the chemical
composition of liver and dorsal muscle, and the
absorption of dietary protein and dextrin in fishes.
Bull. Japan. Soc. Sci. Fish, 46: 225-229.

Gao, W, Liu, Y. J.,, Tian, L. X,, Mai, K.S., Liang, G.Y.,
Yang, H.J., Huai, M.Y. and Luo W.J. 2010. Effect of
dietary carbohydrate-to-lipid ratios on growth
performance, body composition, nutrient utilization
and hepatic enzymes activities of herbivorous grass
carp  (Ctenopharyngodon idella).  Aquaculture
Nutrition, 16: 327-333.

Gillooly, J.F., Brown, J.H., West, G.B., Savage, V.M. and
Charnov, E.L. 2001. Effects of size and temperature
on metabolic rate. Science, 293: 2248-2251.

Goedken, M. and Guise, S.D. 2004. Flow cytometry as a
tool to quantify oyster defence mechanisms. Fish and
Shellfish Immunology, 16: 539-552.

Gornati, R., Papis, E., Rimoldi, S., Terova, G., Saroglia, M.
and Bernardini, G. 2004. Rearing density influences
the expression of stress-related genes in sea bass
(Dicentrarchus labrax L.). Gene, 341: 111-118.

Gu, J., Gong, J.H., Yin, Y.B. and Li, J. 1995. Effects of
intermittent hyperbaric oxygen exposure and oxygen
convulsions on a trioxidant enzyme activity and lipid
peroxide contents in rats. Chinese Journal of Nautical
Medicine, 2: 31-34.

Hemre, G.I. and Hansen, T. 1998. Utilisation of different
dietary starch sources and tolerance to glucose loading
in Atlantic salmon (Salmo salar), during parr—smolt
transformation. Aquaculture, 161: 145-157.

Hemre, G.I, Mommsen, T.P. and Krogdahl, A. 2002.
Carbohydrates in fish nutrition: effects on growth,
glucose  metabolism and  hepatic  enzymes.
Agquaculture Nutrition, 8: 175-194.

Hemre, G.I.,, Sandnes, K., Lie, @., Torrissen, O. and
Waagb@, R. 1995. Carbohydrate nutrition in Atlantic
salmon, Salmo salar L.: growth and feed utilization.
Aquaculture Research, 26: 149-154.

He, S., Zhou, Z., Liu, Y., Shi, P., Yao, B., Ringg, E. and
Yoon, I. 2009. Effects of dietary Saccharomyces



C. Zhou et al. / Turk. J. Fish. Aquat. Sci. 13: 211-220 (2013) 219

cerevisiae fermentation product (DVAQUonR) on
growth  performance, intestinal  autochthonous
bacterial community and non-specific immunity of
hybrid tilapia (Oreochromis niloticus 9x O. aureusd)
cultured in cages. Aquaculture, 294: 99-107.

He, S.X., Xu, J.L., Zhao, G., Wang, Y.L., Fu, H,, Li, H.X.
and Chang, X.M. 2007. Effects of Salvia miltiorrhiza
bunge injection on the status of lipid peroxidation in
liver cirrhosis patients with massive upper
gastrointestinal hemorrhage. World Chinese Journal
of Digestology, 15: 181-184.

Hochachka, P.W. and Somero, G.N. 2002. Biochemical
Adaptation: Mechanism and Processing Physiological
Evolution. Oxford University Press, NewYork.

Holland, M.C. and Lambris, J.D. 2002. The complement
system in teleosts. Fish and Shellfish Immunology,
12: 399-420.

Hsieh, S.L., Chen, Y.N. and Kuo, C.M. 2003. Physiological
responses, desaturase activity and fatty acid
composition in milkfish (Chanos chanos) under cold
acclimation. Aquaculture, 220: 903-918.

Hung, S.S.0., Fynn-Aikins, F.K., Lutes, P.B. and Xu, R.P.
1989. Ability of juvenile white sturgeon (Acipenser
transmontanus) to utilize different carbohydrate
sources. J. Nutr., 119: 727-733.

Iwama, G.K., Pickering, A.D., Sumpter, J.P. and Schreck,
C.B. 1997. Fish Stress and Health in Aquaculture.
Society for Experimental Biology Seminar Series, vol.
62. Society for Experimental Biology, Great Britain,
278 pp.

Jauncey, K. 1982. Carp (Cyprinus carpio L.) nutrition -- a
review. In: Muir J.F., Roberts R.J., editors. Recent
advances in aquaculture. Croom Helm Ltd, London:
215-263.

Jobling, M. 1994. Fish Bioenergetics, Fish and Fisheries
Series, Vol. 13, pp. 213-230. Chapman and Hall,
London, UK.

Ke, H. 1975. An excellent freshwater food fish,
Megalobrama amblycephala, and its propagating and
culturing. Acta Hydrobiol Sin, 5: 293-312.

Ke, H. 1986. Cultivation of blunt snout bream
(Megalobrama amblycephala) in China. Fisheries
Science and Technology Information, 5: 1-5.

Keembiyehetty, C.N. and Wilson, R.P. 1998. Effect of
water temperature on growth and nutrient utilization
of sunshine bass (Morone chrysopsxMorone saxatilis)
fed diets containing different energy/protein ratios.
Aquaculture, 166: 151-162.

Krajnovi¢-Ozreti¢ M, Ozreti¢ B. 1978. Estimation of the
enzymes LDH, GOT and GPT in plasma of grey
mullet Mugil auratus and their significance in liver
intoxication. Dis Aquat Org, 3: 187-93.

Krogdahl, A., Hemre, GI. and Mommsen, T.P. 2005.
Carbohydrates in fish nutrition: digestion and
absorption in postlarval stages. Aquaculture Nutrition,
11: 103-122.

Kumar, S., Sahu, N.P., Pal, AK. Choudhury, D.
Yengkokpam, S. and Mukherjee, S.C. 2005. Effect of
dietary carbohydrate on haematology, respiratory
burst activity and histological changes in L. rohita
juveniles. Fish and Shellfish Immunology, 19: 331-
344,

Lall, S.P. 1991. Salmonid nutrition and feed production. In:
Cook RH, Pennel W, editors. Proceedings of the
special session on salmonid aquaculture. World
Aquaculture Society, Los Angeles, CA: 107-123.

Lewis, S.E.M., Young, |.S. and Boyle, P.M. 1995. Total
antioxidant capacity of seminal plasma is different in
fertile and infertile men. Fertil Steril, 64: 868-870.

Lillehaug, A., Ramstad, A., Baekken, K. and Reitan, L.
1993. Protective immunity in Atlantic salmon (Salmo
salar L.) vaccinated at different water temperatures.
Fish and Shellfish Immunology, 3: 143-156.

Liu, B., Xie, J., Ge, X.P., Miao, L.H. and Wang, G.Y. 2012.
Effect of high dietary carbohydrate on growth, serum
physiological response, and hepatic heat shock
cognate protein 70 expression of the top-mouth culter
Erythroculter ilishaeformis Bleeker. Fish Sci, 78:
613-623.

Liu, B., Xie, J., Ge, X. P., Xu, P., Miao, L. H., Zhou, Q. L.,
Pan, L. K. and Chen, R. L. 2012. Comparison Study
of the Effects of Anthraquinone Extract and Emodin
from Rheum officinale Bail on the Physiological
Response, Disease Resistance of Megalobrama
amblycephala under High Temperature Stress.
Turkish Journal of Fisheries and Aquatic Sciences,
12: 905-916.

Li, W.X,, Xie, J., Song, R., Zou, H., Wu, S.G. and Wang,
G.T. 2011. Effect of pH stress on cortisol and non-
specific immunity of Carassius auratus gibelio. Acta
Hydrobiologica Sinica, 35(2): 256-261.

Li, X.f,, Liu, W.B., Jiang, Y.Y., Zhu, H. and Ge, X.P. 2010.
Effects of dietary protein and lipid levels in practical
diets on growth performance and body composition of
blunt snout bream (Megalobrama amblycephala)
fingerlings. Aquaculture, 303: 65-70.

Livak, K.J. and Schmittgen, T.D. 2001. Analysis of relative
gene expression data using Real-time quantitative
PCR and the 24T Method. Methods, 25: 402-408.

Lowry, O.H., Rosebrough, N.J., Farr, A.L. and Randall, R.J.
1951. Protein measurement with the Folin phenol
reagent. Biol Chem, 193: 265-275.

Marklund, S. and Marklund, G. 1974. Involvement of the
superoxide anion radical in the autoxidation of
pyrogallol and a convenient assay for superoxide
dismutase. Eur J Biochem, 47: 469-474.

Miao, L.H., Liu, B., Ge, X.P., Xie, J., Zhou, C.P., Pan, L.K.,
Chen, R.L. and Zhou, Q.L. 2011. Effcet of high
carbohydrate levels in the dietary on growth
performance, immunity and transmission electron
microscopy (TEM) on hepatic cell of allogynogenetic
crucian carp (Carassius auratus gibelio). Journal of
Fisheries of China, 35(2): 221-230.

Ming, J.H., Xie, J., Xu, P., Liu, W.B., Ge, X.P., Liu, B., He,
Y.J., Cheng, Y.F., Zhou, Q.L. and Pan, L.K. 2010.
Molecular cloning and expression of two HSP70
genes in the Wuchang bream (Megalobrama
amblycephala Yih). Fish and Shellfish Immunology,
28: 407-418.

Muona, M. and Soivio, A. 1992. Changes in plasma
lysozyme and blood leucocyte levels of hatchery-
reared Atlantic salmon (Salmo salar L.) and sea trout
(Salmo trutta L.) during parr-smolt transformation.
Aquaculture, 106: 75-87.

Ndong, D., Chen, Y. Y., Lin, Y. H., Vaseeharan, B. and
Chen, J. C. 2007. The immune response of tilapia
Oreochromis mossambicus and its susceptibility to
Streptococcus iniae under stress in low and high
temperatures. Fish and Shellfish Immunology, 22:
686-694.

Peragon, J., Barroso, J.B., Garcia-Salguero, L., Higuera, M.
and Lupiaiiez, J.A. 1999. Carbohydrates affect


http://link.springer.com/search?facet-author=
http://link.springer.com/search?facet-author=
http://link.springer.com/search?facet-author=

220 C. Zhou et al. / Turk. J. Fish. Aquat. Sci. 13: 211-220 (2013)

protein-turnover rates, growth, and nucleic acid
content in the white muscle of rainbow trout
(Oncorhynchus mykiss). Aquaculture, 179: 425-437.

Pickering, A.D. and Pottinger, P. 1983. Seasonal and diet
changes in plasma cortisol levels of the brown trout,
Salmo trutta L. Gen Comp Endocrinol, 49: 232-239.

Pieper, A. and Pfeffer, E. 1980. Studies on the effect of
increasing proportions of sucrose or gelatinized maize
starch in diets for rainbow trout (Salmo gairdneri, R.)
on the utilization of dietary energy and protein.
Aquaculture, 20: 333-342.

Pinoni, S.A. and Loépez Mafianes, A. 2004. Alkaline
phosphatase activity sensitive to environmental
salinity and dopamine in muscle of the euryhaline
crab Cyrtograpsus angulatus. Journal of Experimental
Marine Biology and Ecology, 1: 35-46.

Rao, Y.V., Das, B.K,, Jyotyrmayee, P. and Chakrabarti, R.
2006. Effect of Achyranthes aspera on the immunity
and survival of Labeo rohita infected with Aeromonas
hydrophila. Fish and Shellfish Immunology, 3: 263-
273.

Reinhold JG. 1953. Manual determination of serum total
protein, albumin and globulin fractions by Biuret
method. In: Reiner M, editor. Standard method of
clinical chemistry. New York: Academic Press, p. 88.

Roberts, R.J. 1989. Nutritional pathology of teleosts. In:
Roberts RJ, editor. Fish pathology. Bailliere Tindall,
London: 337-362.

Roberts, R.J. and Bullock, A.M. 1989. Nutritional
pathology. In: Halver J.E., editor. Fish nutrition.
Academic Press Inc, London: 423-473.

Shoemaker, G.A., Klesius, P.H. and Lim, C. 2001.
Immunity and disease resistance in fish. In: Lim, C.,
Webster, C.D. (Eds.), Nutrition and Fish Health. Food
Products Press, Binghamton, NY: 149-162.

Sun, Y.Z., Yang, H.L., Ma, R.L. and Lin, W.Y. 2010.
Probiotic applications of two dominant gut Bacillus
strains with antagonistic activity improved the growth
performance and immune responses of grouper
Epinephelus  coioides.  Fish  and  Shellfish
Immunology, 29(5): 803-809.

Tan, Q.S., Wang, F., Xie, S.Q., Zhu, X.M., Lei, W. and
Shen, J.Z. 2009. Effect of high dietary starch levels on
the growth performance, blood chemistry and body

composition of gibel carp (Carassius auratus var.
gibelio). Aquaculture Research, 40: 1011-1018.

Thomas, L. 1998. Clinical laboratory diagnostics. 1st ed.
Frankfurt, Germany: TH-Books Verlagsgesellschaft:
667-678.

Vielma, J., Koskela, J., Ruohonen, K., Jokinen, I. and
Kettunen, J. 2003. Optimal diet composition for
European  whitefish (Coregonus  lavaretus):
carbohydrate stress and immune parameter responses.
Aquaculture, 225: 3-16.

Vuorte, J., Jansson, S.E. and Repo, H. 1996.
Standardization of a flow cytometric assay for
phagocyte respiratory burst activity. Scand J
Immunol, 43: 329-334.

Waagbg, R., Glette, J., Sandnes, K. and Hemre, G.I. 1994.
Influence of dietary carbohydrate on blood chemistry,
immunity and disease resistance in Atlantic salmon,
Salmo salar L. J Fish Dis, 17: 245-258.

Watts, M., Munday, B.L. and Burke, C.M. 2001. Immune
responses of teleost fish. Aust Vet J, 79: 570-574.
Wilson, R.P. 1994. Utilization of dietary carbohydrate by

fish. Aquaculture, 124: 67-80.

Xie, J., Liu, B., Zhou, Q.L., Su, Y.T., He, Y.J., Pan, LK,
Ge, X.P. and Xu, P. 2008. Effects of anthraquinones
extract from rhubarb R. officinale Bail on the
crowding stress response and growth of common carp
(Cyprinus carpio var. Jian). Aquaculture, 281: 5-11.

Yang, G.H., Dai, Q.X. and Gu, L.D. 1989. Nutrition, feed
formulation and high-yield aquaculture techniques of
blunt snout bream (Megalobrama amblycephala).
Feed Industry, 1: 7-10.

Zhou, X.Q. and Liang, H.M. 2003. Change in the contents
of lipid peroxide, and activity of antioxidant enzymes
in the liver of mice under crowding stress. Zoological
Research, 24: 238-240.

Zhou, X.Q., Niu, C.J. and Sun, R.Y. 2003. Effects of Radix
astragali on immunity and anti-stress ability in soft-
shelled turtles (Trinyx sinensis). J Acta Hydrobiol Sin,
27:110-112.

Zhou, Z., Ren, Z., Zeng, H. and Yao, B. 2008. Apparent
digestibility of various feedstuffs for blunt nose black
bream Megalobrama amblycephala Yih. Aquaculture
Nutrition, 14: 153-165.



