The Israeli Journal of Aquaculture - Bamidgeh, IJA_69.2017.1451, 9 pages

MINETFAY NINTWIY ANIRYA Votume 39 1 oI
The IJA appears exclusively as a peer-reviewed on-line
open-access journal at http://www.siamb.org.il. To read THE ISRAELI
N . JOURNAL OF AQUACULTURE
papers free of charge, please register online at BAMIDGEH

registration form.
Sale of IJA papers is strictly forbidden.

A20T0NH?311019 INIUVYW S .

. m'at aralvizaperan g

SOCIETY OF ISRAELI AQUACULTURI

m

Effects of Dietary Phosphorus Levels on Growth
Performance, Plasma Biochemical Parameters, and
Relative Gene Expression of Lipogenesis of Bighead Carp,
Aristichthys nobilis

Ke Ji!, Hualiang Liang?!, Haifeng Mi?, Ahmed Mokrani!, Jun Xiel?,
Bo Liul' 2, Xianping Ge'' 2*, Mingchun Ren?: 2*

IWuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081,
China;
2Key Laboratory for Genetic Breeding of Aquatic Animals and Aquaculture
Biology, Freshwater Fisheries Research Center (FFRC), Chinese Academy
of Fishery Sciences (CAFS), Wuxi 214081, China.

Keywords: bighead carp; phosphorus; growth; requirement;
gene expression.

Abstract

An 8-week feeding trial was conducted to investigate the effects of dietary phosphorus
levels on growth performance, plasma biochemical parameters, and lipogenesis gene
expression of bighead carp. The results showed that weight gain (WG) and specific
growth rate (SGR) increased with increasing dietary phosphorus levels up to 1.12%, and
after that decreased. Feed conversion ratio (FCR) showed a converse trend compared
with WG. Whole body protein and lipid contents significantly increased and decreased
with increasing dietary phosphorus levels, respectively (P<0.05), whereas moisture and
ash contents were not significantly affected by the dietary phosphorus levels (P>0.05).
The highest values of the hepatosomatic index (HSI), total protein, and albumin contents
were observed with 1.12% dietary phosphorus supplementation (P<0.05). Glucose levels
increased with dietary phosphorus up to the level 1.32% phosphorus supplementation,
and then decreased. Serum total cholesterol, total triglyceride, aspartate
aminotransferase, alanine aminotransferase, and alkaline phosphates activity were not
significantly affected by dietary phosphorus levels (P>0.05). Excess phosphorus levels
(1.32% and 1.59%) significantly down-regulated the relative gene expression levels of
sterol regulatory element binding protein (SREBP) -1 and fatty acid synthase (FAS)
(P<0.05). Based on WG and FCR, the optimal dietary phosphorus level should be 1.16%,
using quadratic regression analysis.
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Introduction

As with terrestrial vertebrates, phosphorus is one of the most important AND
abundant minerals for aquatic species (Lall, 2002). Phosphorus is essential for normal
growth and bone mineralization (Watanabe et al., 1988). It is also a constituent of
nucleic acids, cell membranes, and the structural components of skeletal tissues, and is
directly involved in all energy producing cellular reactions (NRC, 1993). Furthermore,
phosphorus plays an important role in metabolic processes, carbohydrate, lipid, and
nitrogen metabolism, and helps maintain a stable buffer system in body fluids (Lovell,
1989; Lall, 2002). Phosphorus requirements have been determined for many aquatic
species, such as tilapia hybrids Oreochromis niloticusxO. aureus (Zhang et al., 2015),
carp Cyprinus carpio L. (Ogino and Takeda, 1976), large yellow croaker Pseudosciaena
crocea R (Mai et al., 2006), Atlantic salmon Salmo salar L. (Asgdrd and Shearer, 1997)
and channel catfish (Ictalurus punctatus (Wilson et al., 1982).

Fish can absorb minerals from the surrounding water (NRC, 1993). However, the
concentration of phosphorus in natural waters and the absorption rate of phosphorus
from the water is limited (Boyd, 1971; Shao et al., 2008; Mai et al., 2006) and fish must
obtain most phosphorus from their diets to maintain normal physiological activities (Liang
et al., 2012). Some studies have indicated that adequate phosphorus levels increase
growth and decrease lipid content in fish (Sakamoto and Yone, 1978; Eya and Lovell,
1997). However, overdoses of phosphorus in practical diets and phosphorus excreted
from cultured animals into water lead to eutrophication of aquaculture environments and
decrease water quality (Beveridge, 1984; Kim et al., 1998). It is therefore important to
determine the optimal supplementation of dietary phosphorus for economy and
environment (Mai et al., 2006; Liang et al., 2012).

Bighead carp (Aristichthys nobilis) are very important freshwater fish for commercial
aquaculture in China (Tong and Sun, 2015). This species is a water column filter feeder
relying on plankton and detritus. It is used to control water quality (Lieberman, 1996). In
practical aquaculture, bighead carp are generally fed commercial diets to improve growth
performance. The aim of this study was to determine the dietary phosphorus requirement
for bighead carp and the effects of dietary phosphorus levels on growth performance,
whole body composition, plasma biochemistry, and relative gene expression of
lipogenesis.

Materials and methods

Diet preparation. Six isonitrogenous and isoenergetic practical diets were formulated to
contain graded phosphorus levels (0.49%, 0.71%, 0.90%, 1.12%, 1.32% and 1.59% of
dry diet), together with phosphorus from dietary ingredients and monocalcium phosphate
(Table 1). Fishmeal was the source of dietary protein. All ingredients were ground into
powder, passed through a 60-mesh sieve, mixed uniformly with soybean oil and water
and extruded with an extruder (Wuxi Tongwei Feed Co. Ltd.). It was then dried at 45°C
and stored at -20°C for further use.

Experimental procedure. Bighead carp were obtained from the breeding farm of
Freshwater Fisheries Research Center (FFCR) of Chinese Academy of Fishery Sciences.
Before the feeding trial, the fish were starved for 24 h. Healthy fish of similar sizes were
selected, and reared in cages (2 m x 1 m x 1 m), and fed with a commercial floating
feed containing 31.6% protein and 6.6% lipid (Wuxi Tongwei feedstuffs Co. Ltd., Wuxi
China) for two weeks to acclimatize to environmental conditions. Fish with an initial
weight of 223.55 + 0.17 g were randomly sorted into eighteen cages (10 fish per cage).
Each diet was randomly assigned to triplicate cages for 8 weeks. Fish were hand-fed
three times daily at 8:00, 12:00, and 16:00 until apparent satiation. During the
experimental period, water temperature ranged from 26-28°C, pH from 7.3-7.8,
ammonia nitrogen was lower than 0.05 mg/L, and dissolved oxygen was not less than
6.0 mg/L.

Sample collection and chemical analysis. At the end of the feeding trial, six
experimental bighead carp from each cage were sampled, anesthetized with 100 mg/L
MS-222, and weighed. Blood samples were collected from the caudal vein with disposable
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medical syringes and separated by centrifugation (3500xg, 10 min, 4°C). Liver samples
were collected and weighed. These were stored at -80°C until analysis. Another three fish
per cage were sampled and stored at -20°C for whole body composition analysis.
Individual body weight and liver weight were recorded to calculate their condition factor
and hepatosomatic index.

Moisture, crude protein, crude lipid and ash content were analyzed. Dry matter was
determined by drying the feeds and fish in an oven at 105°C until constant weight; crude
protein (Nx6.25) was analyzed by Kjeldahl method after acid digestion; lipid was
analyzed by ether extraction using Soxhlet; ash by combustion at 550°C for 5h.
Duplicate analyses were conducted for each sample.

Table 1. Ingredient and nutrient composition of experimental diets (% dry basis)

Ingredients Diets
1 2 3 4 5 6

Fish meal® 5 5 5 5 5
Rapeseed meal! 27 27 27 27 27 27
Soybean meal* 26 26 26 26 26 26
Cottonseed meal* 7.55 7.55 7.55 7.55 7.55 7.55
Wheat meal! 26.79 26.19 25.59 24.99 24.39 23.79
Fish oil 5 5 5 5 5 5
Choline chloride 0.1 0.1 0.1 0.1 0.1 0.1
Vitamin C 0.1 0.1 0.1 0.1 0.1 0.1
Vitamin premix? 1 1 1 1 1 1
Mineral premix3 1 1 1 1 1 1
Ethoxyquin 0.01 0.01 0.01 0.01 0.01 0.01
Monocalcium phosphate 0 0.6 1.2 1.8 2.4 3.0
Trimethylamine oxide 0.15 0.15 0.15 0.15 0.15 0.15
L-glycine 0.3 0.3 0.3 0.3 0.3 0.3
Analyzed proximate composition
Crude protein 31.90 31.35 31.81 31.18 31.71 32.04
Crude lipid 6.63 6.70 6.64 6.91 6.59 6.51
Phosphorus 0.49 0.71 0.90 1.12 1.32 1.59

IFish meal, obtained from obtained from Wuxi Tongwei feedstuffs Co., Ltd, Wuxi, China, crude
protein 61.3%, crude lipid 10.2%; Rapeseed meal, obtained from Wuxi Tongwei feedstuffs Co.,
Ltd, Wuxi, China, crude protein 37.54%, crude lipid 1.4%; Soybean meal, obtained from Wuxi
Tongwei feedstuffs Co., Ltd, Wuxi, China, crude protein 44.17%, crude lipid 1.1%; Cottonseed
meal, obtained from Wuxi Tongwei feedstuffs Co., Ltd, Wuxi, China, crude protein 49.32%, crude
lipid 1.4%; Wheat meal, obtained from Wuxi Tongwei feedstuffs Co., Ltd, Wuxi, China, crude
protein 11%, crude lipid 1.2%.

2Vitamins premix (IU or mg kgt of dry diet): vitamin A, 25000 IU; vitamin D3, 20000 IU; vitamin
E, 200 mg; vitamin K3, 20 mg; thiamin, 40 mg; riboflavin, 50 mg; pyridoxine HCl, 40mg;
cyanocobalamin, 0.2 mg; biotin, 6mg; folic acid, 20 mg; niacin, 200mg; inositol, 1000mg.

3Mineral premix (mg or g kg of dry diet): calcium pantothenate, 100mg; sodium chloride, 2.6;
potassium chloride, 5g; magnesium sulphate, 2g; ferrous sulphate, 0.9g; zinc sulphate, 0.06g;
cupric sulphate, 0.02; manganese sulphate, 0.03g; sodium selenate, 0.02g; cobalt chloride, 0.05g;
potassium iodide, 0.004g.

Plasma aspartate aminotransferase (AST), alanine transaminase (ALT), albumin
(ALB), total protein (TP), Glucose (GLU), total cholesterol (TC), total triglyceride (TG),
and alkaline phosphates (ALP) were measured by an automatic biochemical analyzer
Mindary BS-400 (Shenzhen, China) using assay kits purchased from Shenzhen Mindary
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Bio-medical Electronics Co., Ltd., following previously described method (Liu et al., 2012;
Wang et al., 2014).

Relative gene expression levels of sterol regulatory element binding protein (SREBP) -
1 and fatty acid synthase (FAS) were determined using Real-time PCR analysis. Firstly,
total RNA was extracted from the liver of juvenile bighead carp using a RNAiso plus kit
(Takara, Dalian, China). After quality and quantity of RNA were checked, complementary
DNA (cDNA) was synthesized using a PrimeScript ™ RT reagent kit (Takara, Dalian,
China). Specific primers for SREBP1, B-actin and FAS genes were: primer sequences of
SREBP1: 5-ACAACAGTAGCGACACCCTG-3’ and 5'-AGGAGCGGTAGCGTTTTTCA-3’; primer
sequences of B-actin: 5'-TCGTCCACCGCAAATGCTTCTA-3' and 5'-
CCGTCACCTTCACCGTTCCAGT-37; primer seguences of FAS: 5'-
GTTTGCCAACCGCTTGTCTT-3" and 5'-GGCCATGGCGAATAGCATTG-3’. B-actin was
employed as a non-regulated reference gene, we found no changes in our studies.
Relative quantification of target gene expression was performed using the Pfaffl's
mathematical model (Pfaffl, 2001).

Statistics analysis. Parameters were calculated as follows:

Specific growth rate (SGR) (%/day) =100x [ (In (final body weight (g)) - In (initial
body weight (g)))/days]

Feed conversion ratio (FCR) = dry feed fed (g)/ wet weight gain (g)

Weight gain (WG) (%) = 100 x (final weight (g) -initial weight (g)) /initial weight (g)

Hepatosomatic index (HSI) (%) = 100 x (liver weight (g)/body weight (g))

All data were subjected to one-way analysis of variance (ANOVA) using the SPSS
16.0 software for Windows. Significant differences between means were evaluated by
Multiple Range Test. Probabilities of P<0.05 were considered significant. Data are
expressed as means with SEM. The quadratic regression model was used to estimate the
optimum dietary phosphorus requirement on the basis of WG and FCR.

Results

Growth performance. Results of growth performance of the bighead carp are shown in
Table 2. Final weight (FW), weight gain (WG), specific growth rate (SGR), increased
significantly with dietary phosphorus levels from 0.49% to 1.12% diet, and then
decreased when the phosphorus content increased (P<0.05). Feed conversion ratio (FCR)
showed a converse trend compared with WG and SCR. The hepatosomatic index (HSI) in
the fish fed with 1.12% phosphorus diet was highest, and significantly higher than those
fed 0.49% and 0.71% phosphorus diet (P<0.05). Based on WG and FCR, the optimal
dietary phosphorus level for bighead carp was 1.16% of the diet (Figs. 1 & 2), using
quadratic regression analysis.

Table 2. Growth performance of bighead carp fed with the experimental diets (Means +S.E.M.)!

Diet Initial Weight (g) Final Weight (g) SGR? (%/day) WG? (%) FCR* HSI (%)

1 222.60+0.60 389.90+0.702 1.00+0.01° 52.70+0.73° 1.63+0.01¢ 0.76+0.06°
2 223.60+0.30 394.45+0.25% 1.01+0.01° 54.05+0.09° 1.59+0.01°¢ 0.80+0.07°
3 223.20+0.70 405.90+3.10% 1.07+0.012° 59.45+0.89% 1.44+0.04% 0.96+0.09%
4 223.13+0.41 412.10+£2.23¢ 1.10+0.01° 62.28+0.89° 1.36%+0.01° 1.20+0.07°¢
5 223.43+0.52 407.70+7.37% 1.07+0.042° 60.11+£3.67% 1.43+0.072 1.13+0.09¢
6 223.93+1.33 400.77+3.268b¢ 1.04+0.022b 56.65+1.75% 1.53+0.04°%¢ 1.09+0.07°¢

1Data are means of triplicate; means in the same column sharing the same superscript letter are
not significantly different determined by Tukey’s test (P>0.05).

2Specific growth rate (SGR) (% day't) =100x [(In (final body weight (g)) - In (initial body weight
(9)))/ days]

3Weight gain (WG) (%) = 100 x (final weight (g) -initial weight (g)) /initial weight (g)

4Feed conversion ratio (FCR) = dry feed fed (g)/ wet weight gain (g)

SHepatosomatic index (HSI) (%) = 100 x (liver weight (g)/body weight (g))
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Whole body composition. Whole body composition is presented in Table 3. Whole
body protein increased with the increasing phosphorus level up to 1.59%, but whole body
lipid content was minimized when in the level was 1.59%, and was significantly lower
than in other groups (P<0.05). Whole body moisture and ash content of bighead carp
were not significantly affected by the graded dietary phosphorus levels (P>0.05).

Table 3. Whole body composition of bighead carp fed with the experimental diets (Mean £S.E.M.)!

Diet Moisture (%) Protein (%) Lipid (%) Ash (%)
1 78.63£1.0 13.22+0.2° 3.96+0.2° 4.12+0.2
2 78.06+£0.9 13.84+0.52 4,00+0.1° 4.08+0.1
3 77.93+0.9 14.34+0.2% 3.96+0.1° 3.72+0.1
4 77.92%£1.0 14.45+0.23 3.84+0.2° 3.81+0.3
5 77.69£1.0 15.07+0.3b¢ 3.61+0.1b 3.69+0.1
6 76.91+1.0 16.17+0.2¢ 2.53+0.1° 4.44+0.4

!Data are means of triplicate; means in the same column sharing the same superscript letter are
not significantly different determined by Tukey’s test (P>0.05).

Plasma biochemical parameters. Plasma biochemistry is presented in Table 4.
Total protein (TP) and albumin (ALB) content was maximized when the dietary
phosphorus level was 1.12%, but was significantly higher than those fed 0.49%, 0.71%,
and 1.59% dietary phosphorus (P<0.05). Glucose (GLU) content increased when dietary
phosphorus level was up to 1.32%, and then decreased (P<0.05). The content of serum
total cholesterol (TC) and total triglyceride (TG) activities increased with increasing
dietary phosphorus levels up to 0.90%, and thereafter showed a decreasing trend.
Aspartate aminotransferase (AST), and alanine aminotransferase (ALT) were not
significantly affected by dietary phosphorus levels (P>0.05). Alkaline phosphates (ALP)
were not significantly affected by dietary phosphorus levels (P>0.05).
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Table 4. Plasma biochemical parameters of bighead carp fed with the experimental diets (Mean

+S.E.M.)!

Diet ALB? TP? Glu? TC® TGS ALT? AST?® ALP?

1 12.38+0.36 30.93%£0.77% 4.94+0.39° 2.13+0.07 1.50%0.09 2.70+0.30 12.79+0.57  43.10+4.13
2 11.9940.30° 31.33+£0.82* 5.53+0.43° 2.30+0.07 1.46%0.14 2.21+0.25 12.79+0.74  41.89+4.95
3 12.88+0.35® 31.94+0.97% 5.85+0.23% 2.46+0.08 1.81+0.11 2.04+0.22 12.53+0.94  55.11+5.42
4 14.16£0.28" 34.93+0.84° 7.81+0.33° 2.41+0.14 1.48+0.12 2.00+0.28 12.45+0.83  51.34+6.29
5 13.15%0.33%® 33.57+£0.65%® 8.49+0.39° 2.22+0.07 1.37#0.13 1.97#0.20 11.51+0.96  41.20+5.19
6 12.35£0.27° 31.64+0.60° 7.36+0.45 2.10+0.10 1.36+0.16 2.62+0.31 12.25+0.85 47.3246.19

4.0
3.5
3.0
2.5
2.0
1.5
1.0
0.5
0.0

j
0.49

!Data are means of triplicate; means in the same column sharing the same superscript letter are
not significantly different determined by Tukey’s test (P>0.05).

2Albumin (ALB, g/L); 3Total protein (TP, g/L); *Glucose (GLU, mmol/L); Total cholesterol (TC,
mmol/L); ¢Total triglyceride (TG, mmol/L); “Alanine aminotransferase (ALT, U/L); 8Aspartate
aminotransferase (AST, U/L); °Alkaline phosphates (ALP, U/L).

Relative expression of SREBP-1 and FAS in the liver. These are presented in Figs.
3 & 4. Relative expression levels of sterol regulatory element binding protein (SREBP) -1
and fatty acid synthase (FAS) were significantly down-regulated when the dietary

phosphorus levels

were up to 1.32% and 1.59%, and significantly lower than other

groups (P<0.05), while no significant differences were found among the other groups (P

> 0.05).
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Figure 3. Relative expression levels of
SREBP-1 of bighead carp fed with the
experimental diets for 8 weeks. Values are
means for nine fish per treatment, with
standard errors represented by vertical
bars. Mean values with unlike small letters
were significantly different (P<0.05).

Figure 4. Relative expression levels of
FAS of bighead carp fed with the
experimental diets for 8 weeks. Values
are means for nine fish per treatment,
with standard errors represented by
vertical bars. Mean values with unlike
small letters were significantly different
(P<0.05).
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Discussion

Phosphorus is an essential nutrient for growth, skeletal development, and reproduction of
fish (Shao et al., 2008). Phosphorus deficiency symptoms have been described in many
fish species (Yuan et al., 2011). These including poor growth, reduced feed efficiency,
and poor bone mineralization (Brown et al., 1993). In the present study, a phosphorus-
deficient diet (0.49%) showed poor growth and reduced feed efficiency, which agrees
with reports on sunshine bass Morone chrysops, (Brown et al., 1993) and large yellow
croaker (Mai et al., 2006). Our study showed that in fish fed 1.12% diet, growth
performance improved significantly but based on WG and FCR we found that the optimal
dietary phosphorus level was 1.16% in bighead carp. The result is similar for carp (0.95%
-1.10%) (Ogino and Takeda, 1976), Atlantic salmon (1.0%) (Asgdrd and Shearer, 1997),
but higher than for mirror carp Cyprinus carpio, (0.67%) (Kim et al., 1998), Channel
catfish (0.40%) (Wilson et al., 1982) but lower than results reported for prawn
Litopenaeus vannamei, (1.33% and 2.0%) (Deshimaru and Yone, 1978). These
differences in the estimated phosphorus requirements for aquatic animals are probably
due to specific species, diet composition, model used to determine the requirement, age,
and density (El-Zibdeh et al., 1995; Zhang et al., 2017).

In the present study, crude protein and lipid content respectively, increased and then
decreased with increasing dietary phosphorus, and was consistent with previous studies
including channel catfish (Eya and Lovell, 1997) and grass carp ctenopharyngodon idella
(Liang et al., 2012). Deficient phosphorus might cause impairment in oxidative
phosphorylation, inhibition of TCA cycle, and cause acetyl-CoA. These changes may have
inhibited lipid oxidation, and resulted in fish utilizing lower lipid levels as an energy
source (Sakamoto and Yone, 1978); increased dietary phosphorus levels could also
enhance nitrogen retention and increase protein accretion (Hegsted, 1974).

In fish physiological diagnoses, plasma biochemical parameters are usually used to
determine the general health status (Davis, 2004). Blood TP and ALB content reflect the
nutritional and metabolic status of fish (Ortufio et al., 2001). In this study, TP and ALB
content increased when the dietary phosphorus level was 1.12%. Similar results were
found in yellow croaker (El-Zibdeh et al., 1995). It has been suggested that stress causes
high serum glucose levels in fish species (Ming et al. 2012). In the present study, plasma
glucose content was maximal when phosphorus level was 1.32%, indicating that excess
dietary phosphorus leads to nutritional stress in bighead carp. Blood AST and ALT are
used as general indicators of liver function (Yamamoto, 1981). In the current study, AST
and ALT activities were not significantly affected by dietary phosphorus levels suggesting
that dietary phosphorus does not affect liver function.

SREBP-1 is the most important transcription factor that regulates lipid metabolism in
various physiological and pathological conditions (Wang et al., 2015) and regulates the
biosynthesis of fatty acid by regulating FAS (Jeon and Osborne, 2012). FAS is the sole
enzyme capable of reductive de novo synthesis of long-chain fatty acids (Kuhajda et al.,
1994), and can alter rates of biosynthesis and hydrolysis of fatty acids (Smith et al.,
2003). In this study, down-regulated mRNA levels of SREBP-1 and FAS were observed in
fish when dietary phosphorus was higher than 1.12%, indicating that high dietary
phosphorus levels inhibit the synthesis of fat and demonstrating that excess phosphorus
releases fat deposition in this fish species. There is little information about the effect of
dietary phosphorus on relative expression of SREBP-1 and FAS in fish species. However,
the mechanisms of the way dietary phosphorus affects lipid metabolism is not well
understood and needs to be further investigated.

In summary, phosphorus is essential for growth and lipid metabolism of bighead carp.
Based on WG and FCR, the optimal dietary phosphorus level was determined to be
1.16% of the diet. Dietary phosphorus also affects lipid metabolism by regulating the
expression levels of SREBP-1 and FAS.
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