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Abstract

This study explored the effects of dietary pantothenic acid (PA) supplement on
juvenile golden pompano (Trachinotus ovatus). Six isonitrogenous and
isolipidic diets containing six graded levels of pantothenic acid (0, 16.4, 20.0,
26.0, 33.4 and 37.0 mg/kg) were formulated. Juvenile golden pompano
(8.80+0.10g) were randomly assigned into six groups with three replicates in
each group and 20 fish in each replicate. The fish were fed twice a day for 8
weeks. The results indicated that PA deficiency caused clubbed gills with
interlamellar proliferative lesions. Survival rate increased significantly
(P<<0.05) when PA levels were increased. Dietary PA significantly increased
the activities of hepatic acid phosphatase (ACP), alkaline phosphatase (ALP),
peroxidase (POD) and glutathione reductase (GR) (P<0.05) and their
activities reached the maximum in the Diet-P4 group. A diet supplemented
with 20.0 and 26.0 mg/kg PA significantly decreased (P<<0.05) the activity of
hepatic MDA. Dietary PA also increased the diversity and abundance of
intestinal microflora and inhibited the growth of harmful bacteria. In
conclusion, PA deficiency caused lesions of gills and optimal PA supplement in
diet increased hepatic antioxidative abilities and improved intestinal microflora
of juvenile golden pompano.

* Corresponding author. H.Lin; email: linheizhao@163.com
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Introduction

Pantothenic acid (PA) is a water-soluble vitamin, which has been demonstrated to be an
essential dietary nutrient for fish (Raggi et al., 2016). It plays an important role in the
metabolic tricarboxylic acid (TCA) cycle (USA, 2011). PA-free diets have a negative
influence on normal metabolism in cells which undergo rapid mitosis and high energy
expenditure. PA deficiency can cause clubbed gills and severe hyperplasia of gill lamellae
cells (USA, 2011). Our previous studies indicated that diets with 21.03 mg/kg PA can
satisfy growth and enhance the blood serum response and activities of amylase, creatine
kinase, and y-glutamyl transpeptidase, in the intestines of juvenile golden pompano (Xun
et al., 2018). But the effects of PA on hepatic antioxidative abilities of juvenile golden
pompano remain unknown. In fish, liver has the antioxidative and alexipharmic function
(Zhang et al., 2015) that enhances disease resistance of juvenile Jian carp (Wen et al.,
2010) and disease resistance related to antioxidative ability of fish (Yang et al., 2010, Ai
et al., 2004). Intestinal microflora are sensitive to dietary changes. The secretory
metabolites of intestinal microflora decompose organic matter in foods and enhance
digestion and absorption of nutrients (Li et al., 2015). Nevertheless, there are few
reports on the effect of PA on hepatic antioxidative ability in fish.

As far as we know, there is only one report about the effect of PA on intestinal
microflora in fish, that indicates that PA promotes growth and reproduction of beneficial
bacteria and depresses harmful bacteria in juvenile Jian carp (Wen et al., 2010). It is
important to study the effects of PA on intestinal microflora in juvenile golden pompano.
With the popularization of high-throughput sequencing technology, the study of intestinal
microflora has reached the gene level, which can further help explore their mechanism of
action. 16S/18S/ITS rDNA sequence consists of a conserved region and a hypervariable
region. There is little difference between microbial species in the conserved region and
the hypervariable region has the specificity of genus or species. Therefore, 165/18S/ITS
rDNA can be used as an indicator to reveal the characteristic nucleic acid sequence of
biological species and its suitability for microbial phylogenetic development and
taxonomic identification. (Wang, 2005)

This study was a part of a larger study to determine PA requirements (Xun et al.,
2018) and it investigates the characterization of PA deficiency and its effect on hepatic
antioxidative ability and intestinal microflora of golden pompano, T. ovatus.

Materials and Methods

Experimental diets.

Composition of the basal diet is presented in Table 1. Vitamin-free casein, soy protein
concentrate, and fishmeal were used as dietary protein. Fish oil and soybean lecithin
were used as lipid sources. The basal diet was formulated to contain 44.76% crude
protein and 13.43% crude lipid. This formulation has enough nutritional value for the
growth of golden pompano (Tan et al., 2016, Lin et al., 2015, Zhou et al., 2015). PA was
added to the diets in the form of calcium pantothenate to form six diets that were
determined by liquid chromatography (GB/T 18397-2014) to contain 0, 16.4, 20.0, 26.0,
33.4, 37.0 mg/kg diet. Manufacturing process of the diets was the same as in our

previous studies (Xun et al., 2018). The diets were stored at -20°C until used.
Table 1. Formulation and proximate analysis of the basal diet

Ingredient Content/%

Casein 20.0 t. Vitamin premix provided the following per kg
Sov protein concentrate 18.0 of diet: VB1 25mg,VB2 45mg, VB> 0.1mg,VKs

C&T’\r:er:tel?llour 528 10mg, inositol 800mg, nicotinic acid 200mg, folic
Fish oil 8.0 acid 1.2mg, biotin 32mg, VD3 5mg, VE 120mg,
Sovbean Lecithin 4.0 VC 2.0g, choline chloride 2.0g, ethoxyquin
Choline chloride 2.0 150mg, avicel 14.52mg;

Antioxidant 0.5 +. mineral premix provided the following per kg
Vitamin premix (PA free) T 2.0 of diet: NaF 4 mg, KI 1.6 mg, CoCl2e6H,0(1%)
mgg@;l‘gﬁm';ﬁosohate 10 100 mg, CuSO4e5H,0 20 mg, FeSOseH20 160
micro-cellulose 3.5 mg, ZnS0seH20 100 mg, MnSO4eH.0 120
Attractant 1.0 mg, MgS04e7H>0 2.4 g, Ca(H2P0a4)2¢H>0 6.0
proximate composition g, NaCl 200 mg, zeolite powder 30.90 g.
moisture 7.97

crude protein 44.76

crude lipid 13.43

ash 6.44
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Experimental procedure.

Juvenile golden pompano (7. ovatus) fingerlings were obtained from Shenzhen Long
Qizhuang Industrial Development Co., Ltd. Prior to the feeding trial they were acclimated
to laboratory conditions for 2 weeks in polythene cages and were fasted for 24h, and
thereafter were fed a commercial diet. A total of 360 golden pompano (initial weight
8.80+0.10 g) were randomly assigned to 18 floating cages (1x1x1.5 m3; three cages
per treatment) and 20 fish per cage. The juvenile golden pompano were fed twice a day
at 6:30 and 17:00 until apparent satiation. The weight and number of dead fish and
feeding quantity was recorded on a daily basis. Water temperature ranged from 26.7-

29.0°C, salinity ranged between 15-20%o0, and pH from 7.1-8.0. Dissolved oxygen was

higher than 6.0 mg/L. Ammonia nitrogen was maintained lower than 0.05 mg/L.

Sample collection and analysis.

At the end of the feeding trial, fish were fasted for 24 h, then anesthetized with 100
mg/L Eugenol (Shanghai Medical Instruments Co., Ltd, Shanghai, China). Five fish with
similar body weight from each cage were sacrificed, their gills dissected and placed in the
Polyformaldehyde solution and then sent to Google Biotechnology Ltd. to prepare
segments. The gill sections were examined for histological changes. Livers from the
sampled fish were dissected and centrifuged together with sterilized physiological saline
(0.86%, pH 7.4). Hepatic samples were homogenized by handheld homogenizer in an ice
bath. The homogenate was then centrifuged for 20 min at 3000 r/min and the
supernatant collected to quantify hepatic activities of acid phosphatase (ACP), alkaline
phosphatase (ALP), total antioxidant capacity (T-AOC), peroxidase (POD), glutathione
peroxidase (GPX), glutathione reductase (GR), and malondialdehyde (MDA) using an
assay kit produced by Nanjing Jiancheng Bioengineering Institute (China). Intestines of
the five fish were dissected, immediately placed in liquid nitrogen, and sent to
Guangzhou JiRui Gene Technology Co. Ltd (China) for extraction and detection of DNA,
PCR amplification by Illumina MiSeq Sequencing platform. After processing data,
intestinal microflora diversity was analyzed by operational taxonomic unit (OUT) analysis
and alpha diversity. Shannon-Wiener diversity index is defined as:

5
H= _Z['P—i log;p;) f t: s is the number of OTUs; p, is the proportion of the community
=1 represented by OTU i.

Statistical analysis.

Results are expressed as the mean+S.D of three replicates following a one-way
analysis of variance (ANOVA). P-value of <0.05 was considered significant, and Duncan'’s
multiple range test was used to rank the treatments. (Duncan, 1955). All statistical
analyses were performed using SPSS 21.0 (SPSS Inc., Chicago, IL, USA) for Windows.

Results
Effect of dietary PA deficiency on histological changes of gills of golden pompano.
Effect of dietary PA deficiency on gills histological changes is shown in Fig. 1. After 8
weeks, the fish fed PA-free diet exhibited clubbed gills with interlamellar proliferative
lesions, which was the most apparent deficiency sign. Compared to the Diet-P1 (PA-free)
group, there were lesions in the gills of fish fed with the supplemented diets.
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Fig. 1. Gills histological
images (x400) of golden
pompano fed on
Diet-P1(PA-free),
Diet-P2(16.4mg/kg),
Diet-P3(20.0 mg/kg),
Diet-P4(26.0 mg/kg),
Diet-P5(33.4 mg/kg) and
Diet-P6(37.0 mg/kg) for
8 weeks

Effect of dietary PA level on the hepatic antioxidative ability of golden pompano.

Effect of dietary PA deficiency on the hepatic antioxidative ability of golden pompano
is shown in table 2. Dietary PA significantly increased the activities of ACP, ALP, POD and
GR (P<0.05) and their activities reached a maximum or second maximum when the fish
were fed Diet-P4 (26.0mg/kg). Dietary PA significantly decreased MDA activity (P<<0.05).
The minimum levels were recorded with Diet-P3 and Diet-P4. There were no differences
on GPX and T-AOC activities.

Table 2. Effects of dietary PA on hepatic antioxidative abilities in golden pompano (7. ovatus) T

Diets Diet-P1 Diet-P2 Diet-P3 Diet-P4 Diet-P5 Diet-P6
(Vitamin PA 16.4 20.0 26.0 33.4 37.0

mg/kg)

ACP activity  246.69+4.53° 236.94+29.57% 381.42£50.19® 352.59+23.6° 251.34%+35.47° 247.17+0.02°
(U/mg)

ALP activity ~ 22.83+5.72®  26.91+10.17*  34.60+0.00° 51.81+0.98®  23.93+6.83° 27.38+12.71°
(U/mg)

POD activity 0.61+0.00? 0.62+0.05° 0.69+0.10% 0.74+0.02° 0.74+0.02° 0.76+0.09°
(U/mg)

MDA 1.5140.252 1.12+0.00P 0.78+0.05¢ 0.78+0.15¢  0.82%0.00¢ 1.1540.02°
content

(nmol/mg)

GR activity  7.66+1.32° 7.59+0.207 7.85+1.61° 10.70+0.51° 7.81+1.46° 8.54+0.98°
(U/9)

GPX activity  64.19+4.17 67.56+17.69  73.97+2.36 69.62+2.27  69.15+0.00 65.70+4.98
(U/9)

T-AOC 0.91+0.03 0.90+0.01 0.88+0.01 0.88+0.01 0.88+0.01 0.88+0.02
(U/9)

TACP, acid phosphatase; ALP, alkaline phosphatase; POD, peroxidase; MDA, malondialdehyde; GR,
glutathione reductase; GPX, glutathione peroxidase; T-AOC, total antioxidant capacity; Date represents
meanxSD of three replicates and values in the same column with different letters are significantly different
determined by Tukey’s test (P<0.05).

Effect of dietary PA level on the intestinal microflora of golden pompano.

OTU number and Alpha diversity of intestinal microflora in golden pompano are
shown in table 3.

Table 3. OTU number and Alpha diversity of intestinal microflora in golden pompano (7. ovatus)

Diets Diet-P1 Diet-P3 Diet-P4 Diet-P6 e
(Vitamin PA mg/kg) 0 20.0 26.0 37.0 T Optimized total number of sequences
¥The operational taxonomic units (OTU)
Readst 59111 66589 64163 67496 were defined at the 97 % similarity level
OTUs# 31 32 41 35 §The richness estimators (ACE and
ACES§ 66.12 66.43 80 73.90 Chaol), diversity indices (Shannon and
Chaol 64.5 65.5 80 71.5 Simpson) and coverage percentage
Shannon 2.35 2.38 2.43 2.27 (coverage) were generated with Qiime
Coverage 100% 100%  100% 100% programme

1t Optimized total number of sequences
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Good's coverage was estimated for the completeness of sampling, by calculating the
probability that a randomly selected amplicon sequence was already detected in the
same sample (Li et al., 2015). Coverage reached 100% in this study, which suggests that
all of bacterial phylotypes present in the samples were identified. This result reflects the
true coverage of the intestinal microflora samples. Operational Taxonomic Units (OTU)
represent the abundance of intestinal microflora. Analysis of biological information
revealed that each sequence obtained by sequencing comes from a strain. In order to
recognize the number of bacteria and genera in a sample, it is necessary to classify the
sequence. By categorizing operations, sequences are grouped based on their similarity,
and a group is an OTU. The number of OTUs first increased and then decreased when the
PA-supplement was increased and the maximum OTUs were recorded in Diet-P4 group.
The Chaol,ACE index can be used to estimate the number of OTUs in the community.
This is commonly used in ecology to estimate the total number of species. The greater
the value, the greater the total number of species (Shu et al., 2015). The result was
similar to those of ACE and Chaol. The number of OTUs covered 47~51 and 48~51% of
the richness estimated by the ACE and Chaol indices, respectively. Shannon index
reflects species diversity based on the number of species, and the greater the index, the
more complex the community (Shu et al., 2015). Shannon analysis results showed the
diversity of intestinal microflora which increased first and then decreased with increased
PA-supplement. The maximum level was recorded in Diet-P4 group (Fig.2).The results of
intestinal microflora composition are shown in Figs 3 & 4. Composition of intestinal
microflora at the level of phylum included Proteobacteria, Firmicutes, and Tenericutes.
They occupied 96~99% in all microflora (Fig.3). Composition of intestinal microflora at
the level of genus included mainly Exiguobacterium, Unclassified, Acinetobacter,
Pseudomonas and Mycoplasma. They occupied 96%~98% in all microflora (Fig.4).

2.8

100% o w——— —t—

—_—t—
90%
Proteobacteria
b 4 1 3
26 §0% 37.18 3411 12.50 105 Firmicutes
»x v . B ETenericutes
3] o 70% .
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; T 60% WEBacteroidetes
g ., _E $00 HUnclagsified
c ® 0
ki v BSpirochaetae
>
[} = 40% B Actinobacteria
‘ & 30% BFusobacteria

N 63.14
50.10 56.5 208
Rk 35.05 EDeinococcus-Thermus
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2.2
10%
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Fig. 3. Bacterial composition of the different
communities (% of relative read abundance of
bacterial phyla within each community).

Fig.2. Inter-group difference box diagram
based on Shannon analysis
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the different communities (%
of relative read abundance of
bacterial genus within each
community).
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Discussion

The growth of fish is closely related to the health status of the gills (Liney et al., 2006).
Gills are a vital organ for breathing and also for the excretion of nitrogenous waste,
osmoregulation, hormone production, and pH regulation (Herrero et al., 2018). In the
present study, PA deficiency disease appeared in the Diet-P1 group. Compared to the PA-
supplemented groups, the Diet-P1 group exhibited clubbed gills with interlamellar
proliferative lesions. Gill filaments of fish fed Diet-P1 were thicker than those fed the PA-
supplement diets, but the survival rate of fish fed Diet-P1 group was significantly lower
than those in the PA-supplemented groups. (see Fig 5). Clubbed gills decreased
superficial area of gill filaments, resulting in reduced oxygen uptake probably responsible
for low survival rate. The reports on the effects of PA on juvenile hybrid striped bass
(Raggi et al., 2016) and grouper, Epinephelus malabaricus (Lin et al., 2012) supported
our results.

1 r b b b
095 | [ [ | [ Fig. 5. Relation between
09 | N the survival rate of golden
004 | pompano and dietary PA.

°
o
i

°
©

urvival rate(%o)

8

0.88

0.86

0.84

.
0.0 16.4 20.0 26.0 334 37.0
Dietary PA (ing’kg)

The liver is an important immune organ in fish. Hepatic antioxidative abilities are

related to antibacterial compounds like ACP and ALP (Wu et al., 2013). ACP plays a key
role in decomposing phagocytosed bacteria (Puangkaew et al., 2005, Boshra et al., 2006)
and its activity is an indication of macrophage activation (Dalmo et al., 2010). ALP as a
non-specific hydrolase that is widespread in liver. It plays a key role in growth, apoptosis
and signal transduction pathways (Jin et al., 2015). Hepatic antioxidative ability is closely
correlated to POD, GR, GPX, MDA and T-AOC. In the present study, PA deficiency
decreased ACP, ALP, POD and GR activities significantly, whereas optimal PA
supplementation could reverse this tendency. PA deficiency increased MDA content in the
liver of golden pompano. Oxidative damage may be associated with the decrease in free
radical scavenging capacity. MDA indirectly reflects lipid peroxidation and the severity of
free radical attacks on fish body cells (Li et al., 2015). In reactive oxygen species
scavenging is correlated with antioxidant systems, including non-enzymatic agents like
glutathione and enzymatic antioxidants like POD, T-AOC, GPX, and GR. T-AOC reflected
antioxidant capacity of fish. POD and GPX decompose H202 and protect organism from
highly reactive hydroxyl radicals (Williams and Burk, 1990, Tan et al., 2016). They play
an indispensable role in scavenging ROS in the liver of fish (Li et al., 2015). These results
suggest that optimal PA supplementation improves antioxidative status by inhibiting free
radical formation, reducing lipidic superoxide harm, increasing ACP, ALP, POD and GR
activities and decreasing MDA content. There was no report on the effect of PA on liver
antioxidative ability of fish. There are reports that PA can decrease MDA levels and
increase GPX and GR activities in the gills and intestine of grass carp. These results are
similar to our results (Li et al., 2015, Li et al., 2015).
In fish, intestinal microflora fulfill several roles. Digestion and absorption of nutrients is
often related to intestinal microflora. In the present study, compared to Diet-P1, a diet
supplemented with 26.0 mg/kg increased the diversity and abundance of intestinal
microflora. The dominant bacteria of golden pompano belonged to three phyla:
Proteobacteria, Firmicutes, and Tenericutes according to gut microbial analysis; this
agreed with turbot (Xing, 2013). The maximum and minimum proportion of
Proteobacteria appeared in the Diet-P3 and Diet-P6 groups, respectively, whereas the
maximum and minimum proportion of Firmicutes appeared in Diet-P4 and Diet-P3
groups. Diet-P4 group had the smallest proportion of Tenericutes of all groups.
Mycoplasma was regarded as pathogenic bacteria in many studies (Chaudhry et al.,
2016, Biirki et al., 2016). In the present study, the greatest proportion of Mycoplasma
was found in the Diet-P1 group, which suggests that PA-supplement could inhibit the
number of Mycoplasma thus increasing the antioxidative abilities of golden pompano.
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Cyanobacteria appeared only in the Diet-P1 and Diet-P6 groups. Cyanobacteria can
produce and release microcystins, which can be harmful to the liver in aquatic life (Dong
et al., 2009, Qiao et al., 2013). This suggests that both deficiency and excess of PA could
increase growth of Cyanobacteria thus harming the liver of golden pompano.

Conclusions
Three primary, novel, and interesting results from this study demonstrated that: (1) PA
deficiency in T. ovatus can cause clubbed gills with interlamellar proliferative lesions and
low survival rate; (2) PA deficiency significantly decrease hepatic antioxidative abilities of
golden pompano; (3) A diet supplemented with 26.0 mg/kg PA could improve intestinal
microflora of golden pompano by increasing the diversity and abundance of intestinal
microflora, inhibiting the growth of harmful bacteria.

Acknowledgements

The authors wish to thank the participants in this trial. The study was supported by
Central Public-interest Scientific Institution Basal Research Fund, South China
Sea Fisheries Research Institute, CAFS(2017ZDO01); Modern agricultural biotechnology
industry promoting and support projects (Shenzhen strategic emerging industry
developmental special funds (biotechnology industry)) (SWCYL20150330010013);
Special Scientific Research Funds for Central Non-profit Institutes, South China Sea
Fisheries Research Institute, Chinese Academy of Fishery Sciences (2016YDO03); the
Science and Technology Program of Guangzhou, China (201707010445).

References
Boshra, H., Li, J. & Sunyer, J.0. (2006) Recent advances on the complement system
of teleost fish. Fish Shellfish Immunol, 20, 239-262.
Biirki, S., Spergser, J., Bodmer, M. & Pilo, P. (2016) A dominant lineage of
Mycoplasma bovis is associated with an increased number of severe mastitis cases in
cattle. Vet Microbiol, 196, 63-66.
Chaudhry, R., Ghosh, A. & Chandolia, A. (2016) Pathogenesis of Mycoplasma
pneumoniae: An update. Indian J Med Microbiol, 34, 7.
Dalmo, R.A., Ingebrigtsen, K. & Bggwald, J. (2010) Non-specific defence
mechanisms in fish, with particular reference to the reticuloendothelial system (RES). J
Fish Dis, 20, 241-273.
Dong, G.F., Zhu, X.M., Han, D., Yang, Y.X., Song, L.R. & Xie, S.Q. (2009) Effects of
dietary cyanobacteria of two different sources on growth and recovery of hybrid tilapia
(Oreochromis niloticus x O. aureus). Toxicon Official J Int Soc on Toxicol, 54, 208-216.
Herrero, A., Thompson, K.D., Ashby, A., Rodger, H.D. & Dagleish, M.P. (2018)
Complex Gill Disease: an Emerging Syndrome in Farmed Atlantic Salmon (Salmo salar
L.). J Comp Pathol, 163, 23-28.
Jin, L.Y., Dong, Y.M., Wu, X.M., Cao, G.X. & Wang, G.L. (2015) Versatile and
Amplified Biosensing through Enzymatic Cascade Reaction by Coupling Alkaline
Phosphatase in Situ Generation of Photoresponsive Nanozyme. Analyt Chem, 87, 10429-
10436.
Li, L., Feng, L., Jiang, W.D., Jiang, J., Wu, P., Kuang, S.Y., Tang, L., Tang, W.N.,
Zhang, Y.A. & Zhou, X.Q. (2015) Dietary pantothenic acid deficiency and excess
depress the growth, intestinal mucosal immune and physical functions by regulating NF-
kB, TOR, Nrf2 and MLCK signaling pathways in grass carp ( Ctenopharyngodon idella ).
Fish Shellfish Immunol, 45, 399-413.
Li, L., Feng, L., Jiang, W.D., Jiang, J., Wu, P., Zhao, J., Kuang, S.Y., Tang, L.,
Tang, W.N. & Zhang, Y.A. (2015) Dietary pantothenic acid depressed the gill immune
and physical barrier function via NF-kB, TOR, Nrf2, p38MAPK and MLCK signaling
pathways in grass carp (Ctenopharyngodon idella). Fish Shellfish Immunol, 47, 500-510.
Li, T.T., Long M., Francois-Joél Gatesoupe., Zhang Q.Q., Li A.H & Gong X.N.
(2015) Comparative Analysis of the Intestinal Bacterial Communities in Different Species
of Carp by Pyrosequencing. Microbial Ecol, 69:25.



8 Lin et al.

Lin, H., Tan, X., Zhou, C., Niu, J., Xia, D., Huang, Z., Wang, J. & Wang, Y. (2015)
Effect of dietary arginine levels on the growth performance, feed utilization, non-specific
immune response and disease resistance of juvenile golden pompano Trachinotus ovatus.
Aquaculture, 437, 382-389.

Lin, Y.H., Lin, H.Y. & Shiau, S.Y. (2012) Estimation of dietary pantothenic acid
requirement of grouper, Epinephelus malabaricus according to physiological and
biochemical parameters. Aquaculture, 324, 92-96.

Liney, K.E., Hagger, J.A., Tyler, C.R., Depledge, M.H., Galloway, T.S. & Jobling, S.
(2006) Health Effects in Fish of Long-Term Exposure to Effluents from Wastewater
Treatment Works. Environ Health Persp, 114, 81-89.

Puangkaew, J., Kiron, V., Satoh, S. & Watanabe, T. (2005) Antioxidant defense of
rainbow trout (Oncorhynchus mykiss) in relation to dietary n-3 highly unsaturated fatty
acids and vitamin E contents. Comp Biochem Physiol Toxicol Pharmacol Cbp, 140, 187-
196.

Qiao, Q., Liang, H. & Zhang, X. (2013) Effect of cyanobacteria on immune function of
crucian carp (Carassius auratus) via chronic exposure in diet. Chemosphere, 90, 1167-
1176.

Raggi, T., Buentello, A. & Iii, D.M.G. (2016) Characterization of pantothenic acid
deficiency and the dietary requirement of juvenile hybrid striped bass, Morone chrysops
x M. saxatilis. Aquaculture, 451, 326-329.

Shu D.T., He Y.L, Yue H., Zhu L. & Wang Q.Y. (2015) Metagenomic insights into the
effects of volatile fatty acids on microbial community structures and functional genes in
organotrophic anammox process. Bioresource Technology, 196:621-633.

Tan, X., Lin, H., Huang, Z., Zhou, C., Wang, A., Qi, C. & Zhao, S. (2016) Effects of
dietary leucine on growth performance, feed utilization, non-specific immune responses
and gut morphology of juvenile golden pompano Trachinotus ovatus. Aquaculture, 465,
100-107.

USA, C.O.N.R. (2011) Nutrient requirements of fish and shrimp. Nutr Requirements of
Fish & Shrimp, .

Wang, B., Mi T.Z,, Lv S.H., Sun J,, Li R.X. & Yu Z.G., (2007) Cloning and analysis of
28S rDNA partial sequences of several strains of Prorocentrum. Acta Oceanologica Sinica,
29:120-126.

Wen, Z.P., Feng, L., Jiang, J., Liu, Y. & Zhou, X.Q. (2010) Immune response, disease
resistance and intestinal microflora of juvenile Jian carp ( Cyprinus carpio var. Jian) fed
graded levels of pantothenic acid. Aquacult Nutr, 16, 430-436.

Wen, Z.P., Zhou, X.Q., Feng, L., Jiang, J. & Liu, Y. (2010) Effect of dietary
pantothenic acid supplement on growth, body composition and intestinal enzyme
activities of juvenile Jian carp ( Cyprinus carpio var. Jian). Aquacult Nutr, 15, 470-476.
Williams, A.T. & Burk, R.F. (1990) Carbon tetrachloride hepatotoxicity: an example of
free radical-mediated injury. Seminars in Liver Disease, 10, 279-284.

Wu, P., Jiang, J., Liu, Y., Hu, K., Jiang, W.D,, Li, S.H., Feng, L. & Zhou, X.Q. (2013)
Dietary choline modulates immune responses, and gene expressions of TOR and elIF4E-
binding protein2 in immune organs of juvenile Jian carp (Cyprinus carpio var. Jian). Fish
Shellfish Immunol, 35, 697-706.

Xing, M.X., Hou Z.H., Yuan J.B., Liu Y., Qu Y.M. & Liu B. (2013) Taxonomic and
functional metagenomic profiling of gastrointestinal tract microbiome of the farmed adult
turbot (Scophthalmus maximus). FEMS Microbiol Ecol, 86:432-443.

Xun, P., Lin, H., Huang, Z., Zhou, C., Yang, Y., Yu, W., Huang, Q., Wang, J.,
Wang, Y., Tan, L. & Lin, Y. (2018) Diertary panththenic acid requirement of juvenile
golden pompano (Trachinotus ovatus). South China Fish Sci, 14, 73-80.

Zhang, D.L., Liu, S.Y., Zhang, J., Hu, C.X,, Li, D.H. & Liu, Y.D. (2015) Antioxidative
responses in zebrafish liver exposed to sublethal doses Aphanizomenon flos-aquae DC-1
aphantoxins. Ecotoxicol Environmental Safety, 113, 425-432.

Zhou, C,, Lin, H., Ge, X., Niu, J., Wang, J., Wang, Y., Chen, L., Huang, Z., Yu, W. &
Tan, X. (2015) The effects of dietary soybean isoflavones on growth, innate immune
responses, hepatic antioxidant abilities and disease resistance of juvenile golden
pompano Trachinotus ovatus. Fish Shellfish Immunol, 43, 158-166.



