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Abstract

A feeding experiment was carried out to develop a practical diet with low fishmeal
for juvenile golden pompano (Trachinotus ovatus) by substituting fishmeal protein
with soybean products mixture. Six isocaloric (17.6 KJ g~!) diets were designed by
replacing 0 (FM100), 5 (FM95), 10 (FM90), 15 (FM85), 20 (FM80), and 25% (FM75)
of the fishmeal with soybean products mixture (SPM) (soybean meal and soybean
protein concentrate). The experiment diets were supplemented with 1.5%, 3%,
4.5%, 6% and 7.5% squid paste as attractants or palatability enhancer. The
experimental fish (6.9 g) were cultured in sea cages (1.0 m x 1.0 m x 1.5 m) with
25 fish in each cage. Fish were fed the corresponding experimental diets to
satiation twice daily for 8 weeks. At the end of the feeding experiment, no
differences were found in the final weight and weight gain (WG) of fish fed FM100,
FM85, FM80, and FM75 diets (P > 0.05). The WG was significantly (P < 0.05) better
in the fish-fed FM95 diet compared to FM100 and FM75 diets. FCR in diet FM95 and
FM90 was significantly (P < 0.05) than that of FM80 and FM75, but these values
were not significantly different from those in other treatments. Although the
condition factor value in diets FM90, FM85, and FM80 was significantly (P < 0.05)
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higher than that of FM100, these values were not significantly different from the
rest of the other groups. There was no statistical difference in SGR, FR, VSI, and
survival rates among different dietary treatments. The plasma AST activity was
significantly lower in fish fed FM90 diet compared to fish fed with control, FM85,
FM80, and FM75 (P < 0.05). There was no significant difference in plasma AST
among all dietary treatments except FM95 and FM90. In contrast, the plasma AKP
activity showed the opposite trend. Compared with the control, the fish-fed FM80
and FM75 diets had significantly decreased plasma cholesterol, triglyceride total
protein, albumin, and globulin level (P < 0.05) while significantly increasing plasma
COR levels (P < 0.05). There was no significant difference in ALT, Urea and glucose
values among all treatments. No statistical difference was observed among the
FM100, FM80, and FM75 treatments for those of plasma LYZ activity, C3, and C4
levels. The hepatic T-AOC and SOD activities were significantly increased in fish
fed the FM90 diet (P < 0.05) compared to those in fish fed with FM100 diet.
According to the current experiment, it can be concluded that SPM supplemented
with SP could partially substitute fishmeal (25%) for juvenile golden pompano
without any adverse symptoms.

Introduction

Golden pompano (Trachinotus ovatus) belongs to the family Carangidae (Tutman et al.,
2004; Zhou et al., 2018). T. ovatus, a carnivorous fish, is widely distributed in China, Japan,
Australia, and other countries (Zheng et al., 2014). Recently, interest in the commercial
culture of golden pompano has been increasing due to its high price in the market and its
adaptability to salinity and temperature ranges (Lin et al., 2012; Othman, 2008). To date,
studies of the nutritional requirements of golden pompano are limited. Previous studies
reported that the optimum protein and lipid requirements of golden pompano ranged from
43% to 49% and from 6% to 6.5%, respectively (Liu et al., 2011; Liu et al, 2011). Du et al.
(2011) found that the optimum dietary lysine level for optimal growth of juvenile pompano
was 2.94 g kg diet, which corresponds to 6.70 g kg~! dietary protein (Du et al., 2011). Niu
et al. (2013) reported that the optimum dietary methionine level for optimal growth of juvenile
pompano was 10.6-12.7 g kg~! diet, corresponding to 24.6-29.5 g kg~! dietary protein (Niu
et al., 2013). In addition, Lin et al. (2012) found that fermented soybean meal could replace
white fish meal by up to 100 g kg=! without negative effects on the growth of T. ovatus (Lin
et al., 2012). Some amino and fatty acids have been studied in our lab (Huang et al., 2015;
Huang et al., 2017; Lin et al., 2015; Qi et al., 2016). However, to our knowledge, few studies
have been conducted to evaluate the effect of the replacement of fishmeal by soybean
products mixture supplementing attractants in diets for juvenile T. ovatus.

Fish meal is the main protein source, especially for carnivorous fish (Lin et al., 2012).
Finding suitable protein sources as alternatives to the fish meal is critical in the commercial
culture of carnivorous fish species (Shapawi et al., 2007). Soybean proteins have a consistent
nutritional profile, relatively balanced amino acid composition, availability, and affordable
price, thus becoming one of the most suitable alternative protein sources for fishmeal in the
aquafeed industry (Kader et al., 2012). However, during the formulation of soy-based diets,
the negative effects of antinutritional factors, imbalance of amino acid, and less palatability of
soybeans should be reckoned with. Recently, plant protein has been improved by neutralizing
antinutritional factors and improving digestibility. The amino acid and palatability problems
could also be overcome by supplementing amino acids or by appropriate feed formulation
(Kader et al., 2010). Several previous studies have been conducted using soybean proteins to
replace fishmeal, and it was shown that 20-50% of the fishmeal protein could be substituted
in the diets of red sea bream (P. major) (Takagi et al., 1999); Japanese flounder (P. olivaceus)
(Deng et al., 2006). However, higher dietary soybean protein levels might have detrimental
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effects on the growth performance of fish because of its imbalanced amino acids and
decreased palatability. Therefore, soybean protein is one of the potential alternative protein
sources for carnivorous fish species. Soybean proteins could be formulated to lower the
fishmeal diet by satisfying the deficient amino acids and enhancing its palatability (Takagi et
al., 2008). The complementary effect of different ingredients is often more effective than CAA
supplementation in addressing nutritional deficiencies in formulating alternative protein-based
diets. Animal proteins, especially marine by-products, contain more balanced amino acids and
many free amino acids, which could supplement the deficiencies of marine carnivorous fish
diets based on high plant protein (Kader et al., 2012; Kousoulaki et al., 2009). Recently, Kader
et al. (2010) investigated that the addition of a small amount (10%) of crude ingredients (e.g.
fish soluble, squid meal, and krill meal) in high SPC diets (without CAA) was effective in
achieving similar performances of red sea bream fed with the fishmeal-based control group
(Kader et al., 2010). It was reported that the addition of plant proteins such as DSM to the
mixture of fish soluble, squid meal, and krill meal could even replace 100% fishmeal in diets
of juvenile red sea bream (Kader et al., 2012).

Therefore, the objective of the present study was to investigate the effect of the gradual
replacement of fishmeal by soybean products mixture with attractant supplementation (squid
paste) in diets for juvenile T. ovatus.

Materials and methods

Experimental diets.

Six experimental diets (Table 1) were prepared based on nearly isonitrogenous (42.3%
crude protein) and isolipidic (11.3% total lipid). The control diet contains 30% fishmeal
(FM100). Fishmeal was gradually substituted at 5, 10, 15, 20, and 25% with soybean products
mixture (soybean meal and soybean protein concentrate), and designated as FM95, FM90,
FM85, FM80, and FM75, respectively. All the replacement diets (except FM100) were added
1.5%, 3%, 4.5%, 6% and 7.5% squid paste (SP) as attractants or palatability enhancer. Fish
oil and lecithin served as lipid sources, and wheat flour as carbohydrate sources. The
ingredients were all ground through a 60-mesh screen. Vitamins and minerals premix were
mixed by the progressive enlargement method (Zhou, Ge, Niu, Lin, Huang, Tan, 2015). Lipid
and distilled water (35-40%, v/w) were added to the premixed dry ingredients and thoroughly
mixed until homogenous in a Hobart-type mixer. The 1-mm diameter pellets were wet-
extruded using a pelletizer (Institute of Chemical Engineering, South China University of
Technology, Guangzhou, China) and then air-dried, sealed in plastic bags, and stored at —20
°C in a freezer until use.

Fish and animal husbandry

The feeding trial was carried out at Shenzhen Experimental Station of the South China Sea
Fisheries Research Institute of the Chinese Academy of Fishery Sciences, China. Golden
pompano juveniles were obtained from a local hatchery in Shenzhen, China. The fish were
acclimated to the experimental condition for two weeks. During this period, commercial feed
(42% crude protein) was provided to the fish. The feeding experiment was carried out in sea
cages (1.0 m x 1.0 m x 1.5 m). In this process, the water quality parameters were monitored:
water temperature is between 27.1 and 30.8 °C, salinity from 27 to 30%o0, and pH from 7.4
to 8.0. The dissolved oxygen was not less than 6.0 mg I and the ammonia nitrogen was
kept lower than 0.03 mg 1.

Feeding protocol

At the start of the feeding trial, juveniles (initial mean body weight, 6.87 £ 0.03 g) were
randomly stocked in eighteen cages at a stocking density of 25 fish in each cage and in
triplicate for each dietary treatment. All fish were manually fed to satiation state twice daily
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(08:00 and 16:00) for 8 weeks. The experimental diet consumption and water quality
parameters were recorded regularly.

Sample collection and chemical analyses.

At the end of the feeding trial, fish were fasted for 24 h to empty the digestive tract
contents, then anesthetized with diluted eugenol (1: 10000; Shanghai Reagent Corp., China)
and weighed. The blood from three randomly selected fish in each cage was collected by
caudal vein using 2 ml heparinized syringes. After collection, a portion of whole blood was
used to analyze respiratory burst activity. The remaining blood was centrifuged (3000 x g at
4 °C for 10 min) to acquire plasma (stored at -80 °C for further measurement). The intestine
and liver were cut off, frozen in liquid nitrogen, and then stored at -80 °C until analyzed.

The chemical composition of diets and fish was determined by standard methods (AOAC,
2005). Moisture was determined by drying in an oven at 105 °C until a constant weight was
obtained. Crude protein content (N x 6.25) was determined by the Kjeldahl method after acid
digestion using an Auto Kjeldahl System (1030, Auto-analyzer; Tecator, Hoganas, Sweden).
Crude lipid was measured by the ether extraction method using a Soxtec extraction System
HT (Soxtec System HT6, Tecator). Ash content was determined by placing the sample in a
muffle furnace at 550 °C for 4 h.

Blood biochemical parameters measurements

Plasma glutamic-pyruvic transaminase (ALT), glutamic-oxalacetic transaminase (AST),
alkaline phosphatase (AKP) activities, Urea, glucose, cholesterol, triglyceride, contents, total
protein, albumin were analyzed by ROCHE-P800 automatic biochemical analyzer (Roche,
Basel, Switzerland) using a standard kit method for each assay. Plasma globulin was obtained
by subtracting plasma albumin from total protein.

Immunological and hormones assays

The LYZ activity was determined by turbidimetric assay according to the previous study
(Muona and Soivio, 1992). The plasma C3 and C4 levels were determined by the immune
turbidimetric method, as described in the previous study (Zhou et al., 2014). Plasma cortisol
(COR) and Norepinephrine (NE) were estimated by validated enzyme-linked immunosorbent
assay (ELISA) methods according to the manufacturer's protocol (Nanjing Jiancheng
Bioengineering Institute, China).

Hepatic antioxidative enzyme activities measurements

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

Statistical analysis

Data from each treatment were subjected to a one-way analysis of variance (ANOVA).
Duncan’s test was employed to compare means between treatments when overall differences
were significant. The level of significant difference was P < 0.05. Statistical analysis was
performed using SPSS19.0 (SPSS Inc., Michigan Avenue, Chicago, IL, USA), and the results
are expressed as mean * SEM (standard error of the mean).
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Table 1 Composition of the experimental diets
Diet group
Ingredients
FM100 FM95 FM90 FM85 FM80 FM75

Fish meal® 30 28.5 27 25.5 24 22.5
Soy protein concentrate 19 19.5 20 20.5 21 21.5
Soybean meal 7 8 9 10 11 12
Peanut meal 6 6 6 6 6 6
Wheat flour 25 23.6 22.2 20.8 19.4 18
Fish oil 8 7.9 7.8 7.7 7.6 7.5
Calcium biphosphate 2 2 2 2 2 2
Vitamin mixture® 1 1 1 1 1 1
Mineral mixturec 1 1 1 1 1 1
Choline chloride (50%) 0.5 0.5 0.5 0.5 0.5 0.5
Lecithin 0.5 0.5 0.5 0.5 0.5 0.5
Squid pastes* 0 1.5 3 4.5 6 7.5
Proximate composition (% dry matter)
Dry matter 92.1 91.9 91.6 91.3 91.0 90.8
Crude protein 42.3 42.3 42.4 42.4 42.5 42.5
Crude lipid 11.3 11.3 11.4 11.4 11.4 11.5
Ash 7.4 7.2 7.1 6.9 6.7 6.6

a White fishmeal was north pacific white fishmeal and purchased from American Seafoods Company,

Seattle, Washington, USA.
b Vitamin premix (mg or g kg-1 diet): thiamin, 25 mg; riboflavin,45 mg; pyridoxine HCI, 20 mg;

vitamin B12, 0.1 mg; vitamin K3,10 mg; inositol, 800 mg; pantothenic acid, 60 mg; niacin acid, 200
mg; folic acid, 20 mg; biotin, 1.20 mg; retinal acetate, 32 mg; cholecalciferol, 5 mg; a-tocopherol,
120 mg; ascorbic acid, 2000 mg; choline chloride, 2500 mg; ethoxyquin 150 mg; wheat middling,

14.012 g.

¢ Mineral premix (mg or g kg-1 diet): NaF, 2 mg; KI, 0.8 mg; CoCI2:6H20 (1%), 50 mg; CuS0O4:5H20,

10 mg; FeS04:-H20, 80 mg; ZnS04-H20, 50 mg; MnS04-H20, 60 mg; MgS04:7H20, 1200 mg;

Ca(H2P04)2:-H20, 3000 mg; NaCl, 100 mg; zoelite, 15.447 g.

d Squid pastes were purchased from Lufeng Detaifeng Feed Raw Materials Co., Ltd.
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Results

Growth. Growth performance, feed utilization, morphometry index, and survival rate of fish
are shown in Table 2. Compared to the FM75 group, the final weight was remarkably (P <
0.05) improved in the FM95 and FM90 groups. The weight gain (WG) was significantly (P <
0.05) increased in the FM90 group compared to FM100, FM85, FM80, and FM75 groups. Among
the treatments, fish fed the FM75 diet had the lowest growth performance numerically (P >
0.05). The FCR of fish-fed FM95 and FM90 diets were significantly lower than those of fish-fed
FM80 and FM75 but not remarkably different (P < 0.05) from those in other treatments. There
was no difference in SGR and FR among all treatment groups. The CF of fish in all the
substitution groups was numerically higher compared to the fish fed the control diet (P >
0.05). The CF was significantly increased in the fish-fed FM90 diet and then gradually
decreased in the FM90, FM85, and FM80 groups. No difference was also observed in other
morphometry indices (such as VSI and HSI) among different treatments. Similarly, there was
no significant difference in survival rate (P > 0.05) at the end of the feeding trial.

Table 2 Growth performance, feed utilization and morphometry index in juvenile Trachinotus ovatus
fed test diets for 56 days

Diet group
Ingredients

FM100 FM95 FM90 FM85 FM80 FM75
Initial weight (g) 6.83+0.03 6.87+0.03 6.87+0.03 6.87+0.03 6.9+0 6.87+0.03
Final weight (g) 44+0.5% 44.7+0.12 44.8+12 43+0.7%° 42.5+1,5% 41.9+0.5°
WG (%) 526.3+2.8>¢ 550.5+2.3®® 555,5+5.52 524.3+12.8b¢ 519.4+10.5¢ 504.1+£12.2¢
SGR (% day™) 3.36+0.04 3.34+0.01 3.27+0.06 3.31+0.12 3.21+0.07 3.25+0.13
FCR 1.35£0.01%"  1.25+0.01° 1.21+0.02° 1.32+0.012° 1.41+0.052 1.4+0.09°2
FR (% day™) 3.51+0.06 3.4+0.02 3.45+0.07 3.49+0.1 3.6+0.07 3.55+0.16
VSI 5.86+0.15 6.16+0.31 5.48+0.07 5.77+0.27 5.92+0.15 5.99+0.17
HSI 0.77+0.02 0.75+0.04 0.77+0.03 0.72+0.06 0.69+0.01 0.76+0.04
CF 2.99+0.02° 3.12+0.06%>  3.19+0.042 3.14+0.01° 3.16+0.04° 3.06+0.072b
Survival rate (%) 96.0+4.0 98.7+1.3 98.7+1.3 97.3+1.3 98.7+1.3 92+4.6

Values are means = SEM of three replications. Means in the same line with different superscripts are
significantly different (P < 0.05). WG, weight gain; SGR, specific growth rate; FCR, feed conversion
ratio; FR, feeding rate; VSI, viserosomatic index; HSI, hepatosomatic index; CF, condition factor
Proximate body composition

The Israeli Journal of Aquaculture — Bamidgeh ¢ ISSN 0792-156X « 1JA.74.2022.1809699



Effect of replacement of fishmeal by soybean on golden pompano 7

The proximate whole-body composition of the fish at the end of the feeding experiment is
shown in Table 3. There was no significant difference (P > 0.05) in the final whole-body
proximate composition of the fish in all treatment groups.

Table 3 Proximate composition (% wet weight) of whole body in juvenile Trachinotus ovatus fed test
diets for 56 days

Diet group
Ingredients

FM100 FM95 FM90 FM85 FM80 FM75
Moisture 69.61+£0.49 68.95+0.66  69.74+0.75 69.85+0.39 69.39+0.53 69.29+0.47

Crude protein 17.15+0.16 17.38+0.12 17.04+0.19 17.36+0.26 17.36+0.54 17.14+0.38

Crude lipid 6.48+0.72 7.09+0.58 6.33+0.69 6.17+0.37 6.96+0.34 7.07+0.71

Crude ash 3.88+0.24 4.10+0.04 4.07+0.07 4.08+0.06 4.09+0.04 4.17+0.1

Values are means £ SEM of three replications. Means in the same line with different superscripts are
significantly different (P < 0.05).

Blood biochemical measurements

Plasma AST activity decreased with the increase of substitution level up to FM90 and then
increased (Table 4). Plasma AST activity was lower in fish fed FM90 diet than those in fish
fed with control (FM100), FM85, FM80, and FM75, respectively (P < 0.05). There was no
significant difference in plasma AST between the FM95 and FM90 diets. In contrast, the plasma
AKP activity increased with increasing substitution level up to FM90 and then decreased. The
plasma AKP activity of fish fed with the FM90 diet was significantly higher than that of the
control group (P < 0.05). The other treatments had no significant effect on plasma AKP activity
compared to the control. Compared with the control, the fish-fed FM80 and FM75 diets had
significantly decreased plasma cholesterol levels (P < 0.05), while the other treatment groups
had a tendency to decrease.

Similarly, compared with the control, the fish-fed FM90, FM85, FM80, and FM75 diets had
significantly increased plasma triglyceride levels (P < 0.05). There was no significant
difference in plasma triglyceride levels between the control and FM95. Compared with the
control, plasma total protein levels were significantly higher in the fish-fed FM95 diets and
significantly lower in fish-fed FM85, FM80, and FM75 (P < 0.05). No significant difference in
plasma total protein level was observed between the control (FM100) and FM90. Compared
with the control, the fish-fed FM95 and FM90 diets had significantly increased plasma albumin
levels (P < 0.05), while the fish-fed FM85, FM80, and FM75 diets had significantly decreased
plasma albumin levels (P < 0.05). Compared with the control, the plasma globulin level was
significantly increased in fish-fed FM95 diets while significantly decreased in fish-fed FM80 and
FM75 diets (P < 0.05). There was no significant difference in plasma globulin levels among
control, FM90, and FM85. No significant difference was observed in ALT, Urea, and Glucose
values among all treatments.
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Table 4 Plasma parameters in juvenile Trachinotus ovatus fed test diets for 56 days

Diet group
Ingredients

FM100 FM95 FM90 FM85 FM80 FM75
ALT (U/L) 27.743.7 21.241.2 30+3.8 30.3+4.9 31.942.7  28.242.9
AST (U/L) 42.242.5%  38.5+3.3b¢  32.0+3.2¢ 45.742.0%  42.3+2.9%  51.0+4.0°
AKP (U/L) 20.2+0.7° 23.5£0.5%®  26.7£1.22 24,742,236 254263  22.8+1.7%
UREA (mmol/L) 0.93+0.07  1.2740.22  0.9340.2 0.83+0.15  0.7740.13  0.7740.03
Glucose (mmol/L)  5.13+0.42  5.374#0.75  5.43£1.00  4.73£1.23  5.240.36  5.242.15
Cholesterol 2.97+0.122  2.83+0.03% 2.63+0.43%  2.3+0.06%¢  1.87+0.09° 2.17+0.33b
(mmol/L)
Triglyceride 1.58+0.06°  1.59+0.05°  1.24#0.11°  1.12+0.01®  0.9+0.11°  0.98%0.2°
(mmol/L)
Total protein (g/L)  38.7+1P 46.6%0.5° 44.542.5% 321 8¢ 27.64£2.3¢  27.742.7°
Albumin (g/L) 13.940.06°  15.67+0.19° 16.37+0.15% 8.63+0.41¢  7.93+0.71¢ 7.5+0.96¢
Globulin (g/L) 24.8+0.95¢  30.9+0.52 28.242.6%®  23.4+1.4  19.7+1.6° 20.2+1.7°

Values are means £ SEM of three replications. Means in the same line with different superscripts are
significantly different (P < 0.05).

Non-specific immune response

The plasma LYZ activity increased with the increase of substitution level until FM90 and
then declined (Table 4). Plasma LYZ activity was significantly higher in the fish-fed FM90 diet
compared to the control group (P < 0.05). The other treatments had no significant effect on
plasma LYZ activity compared to the control. Compared with the FM75 diet group, the fish-
fed FM90 diet had significantly increased plasma C3 levels (P < 0.05). There was no significant
difference in plasma C3 level among other treatments. The fish among all treatments had
similar trends in plasma C4. However, compared with the FM75 diet group, the fish-fed FM85
diet had significantly increased plasma C4 levels (P < 0.05). The highest plasma C4 level was
found in the fish-fed FM85 diet. The content of plasma COR increased with the increase of
substitution level until FM90 and then remained almost constant thereafter. Except for the
FM95 group, the plasma COR content was significantly increased in FM90, FM85, FM80, and
FM75 groups compared to the control group (P < 0.05). Compared with the control, the plasma
NA content was significantly increased in FM90, FM85, FM80, and FM75 diet groups (P < 0.05).
No statistical difference in plasma NA content was found between the control (FM100) and
FM90 diets.
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Table 5 Immunological and hormones indexes in juvenile Trachinotus ovatus fed test diets for 56 days

Diet group
Ingredients

FM100 FM95 FM90 FM85 FM80 FM75
LYZ (U ml?) 58.9+0.4° 63.4+1.72b 64.5+1.92 61.3+1.23b 60.8+1.13b 61.6+1.63P
C3 (glL?) 1.95+0.482%° 2.33+0.18%® 2,95+0.182 1.75+0.493° 1.85+£0.24%>  1.32+0.44°
C4 (gL?) 3.38+0.332 3.86+0.44%>  3,77+0.5%° 4.55+0.23° 3.67+0.59%>  2.39+0.49°
COR (pg mi?t) 801+23¢ 893+20¢ 997+3P 1043+682> 1044+2032b 1127+162

Values are means £ SEM of three replications. Means in the same line with different superscripts are
significantly different (P < 0.05).

Hepatic antioxidant status

The hepatic T-AOC increased with increasing substitution level up to FM90 and then
decreased. As for the FM95 and FM90 groups, hepatic T-AOC levels were remarkably increased
compared to the control group (P < 0.05). However, there was no significant difference in
hepatic T-AOC among the control (FM100), FM85, FM80, and FM75 diet groups. The hepatic
SOD activity increased with the increase of substitution level until FM95 and then decreased.
Compared with the control, hepatic SOD activity was significantly higher (P < 0.05) and tended
to increase in the other groups, FM90, FM85, and FM80. At the same time, there was a trend
toward lower hepatic SOD activity in the FM75 group. In contrast to hepatic SOD activity, the
hepatic MDA content decreased until FM90 and then increased with replacement levels.
Compared with the control group, the hepatic MDA content in the FM95, FM90, FM85, and
FM80 diet groups showed a decreasing trend, while the FM75 diet group showed an increasing
trend.

Table 6 Hepatic antioxidative status in juvenile Trachinotus ovatus fed test diets for 56 days

Diet group
Ingredients
FM100 FM95 FM90 FM85 FM80 FM75
1 b a a b b 3.1+0.51
T-AOC (U mg prot) 2.85+0.16 4.8+0.53 5.58+0.46 3.61+0.19 3.42+0.27 b
SOD (U mg™ prot) 327+17°¢ 505312 362+9°P 344+413bc 355+5P 298+7¢
-1 ab b b ab ab 2.76+0.2
MDA (nmol mg™ prot) 2.28+0.41 1.64+0.17 1.69+0.32 1.88+0.41 1.93+0.22 6°

Values are means £ SEM of three replications. Means in the same line with different superscripts are

significantly different (P < 0.05).
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Discussion

In the present study, the WG ranged from 504 to 556%, relatively higher than the previous
study (Lin et al., 2012) and Niu et al. (2016) who reported a WG of 307-455% for juvenile
golden pompano (18 g) fed diets replacing fishmeal with soybean meal for 56 days (Niu et al.,
2016). Ma et al. (2014) also reported a WG (%) of 204-257% in juvenile golden pompano
(16.7 g) after 8 weeks of growth experiment (Ma et al., 2014). Although several alternative
protein sources have been reported to replace fishmeal in many fish diets partially, there are
few studies on juvenile T. ovatus. Riche and Williams (2011) found that in Florida pompano
(2.60 g), the substitution level of soybean meal for fishmeal protein appears to be 380 g kg™
protein (Riche and Williams, 2011), while Gao et al. (2013) reported the replacement of fish
meal by soybean meal could reach 50% without significant difference in growth and survival
in juvenile golden pompano (18.0 g) when enough DL-Met and Lys-HCL (78%) were
supplemented in the diet (Wen, Andreas, Silva, Yan, Evonik Industries, 2013). The fish fed
the diets containing 37.0 % USBM (usual soybean meal) replaced 45.1 % fish meal protein,
and 44.0 % FSBM (fermented defatted soybean meal) replaced 60.8 % fish meal protein had
significantly decreased weight gain rate and feed utilization in juvenile golden pompano than
the fish fed the other diets (Liu et al., 2010). In contrast, the current result showed that 25%
fishmeal could be substituted in the diets of juvenile golden pompano. Thus, it is clearly shown
that soybean protein could be utilized more efficiently by supplementing squid paste, which is
consistent with previous studies (Kader et al., 2010; Kader et al., 2012). Comparatively higher
fishmeal substitution of fishmeal by soybean products has been reported in some marine fish
species (Aragao et al., 2003; Salze et al., 2010), and the full substitution of fishmeal was
implemented in rainbow trout (Kaushik et al., 1995) and cobia (Salze et al., 2010). However,
CAAs (crystalline amino acid) supplementation was needed to meet their requirements in
these studies.

The VSI and HSI of the fish in this study were not significantly affected by the gradual
substitution of fishmeal with soybean products and the addition of squid paste. Similar results
were also reported in other fish species, such as red sea bream (Kader et al., 2012) and sea
bass (Tibaldi et al, 2006). Dietary soybean products did not affect whole body composition
among the fish fed with the various diets, which were also consistent with previous studies
(Kader et al., 2012; Lin et al., 2012; Tibaldi et al., 2006).

Blood parameters are important indicators of physiological stress response and the overall
health status of fish (Kader et al., 2012). AST is one of the ubiquitous aminotransferases in
the mitochondrion of fish, which is an important parameter for the diagnosis of
hepatopancreas function and damage (Zhou et al., 2013). In this study, plasma AST activity
decreased with increasing replacement level up to FM90 and thereafter increased to the same
level as the control group. This result indicated that higher soybean products (FM75) with
supplementation of squid paste might not impair its hepatic functions, which were comparable
to those observed by Lin et al. (2012) in juvenile golden pompano ingesting fermented
soybean diets (Lin et al., 2012). Similarly, no significant difference was observed for plasma
concentrations of AST in Atlantic cod with increased plant-protein inclusions (Olsen et al.,
2007). AKP is an important regulatory enzyme involved in many essential functions in all living
organisms (Zhou et al., 2014). In Drosophila virilis, AKP activity has been shown to decrease
upon heat stress (Sukhanova et al., 1996). In this study, in contrast to plasma AST, the
plasma AKP activity increased with increasing substitution levels up to FM90. It then decreased
to basal levels in the FM75 group, indicating that higher soybean protein levels did not
adversely affect the health status of fish. Although cholesterol, triglyceride, and total protein
levels in the present study were decreased in fish-fed lower fishmeal diets, these values were
similar to those found in the previous study (Lin et al., 2012). However, the previous study
on juvenile red sea bream showed a significant increase in plasma total protein and triglyceride
in the fish-fed FMO diet (Kader et al., 2012).
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Lysozyme is an important component of fish immune defense and is wildly used as an
indicator of humoral immunity in fish species (Zhou et al., 2014). It is responsible for breaking
down the polysaccharide wall of bacteria and thus prevents pathologic infection and disease
(Haug et al., 2002). There is a correlation between serum lysozyme activity and total protein
concentration in Limanda limanda (Hutchinson and Manning, 1996). Similar results were
observed in the present study. In the study, compared with the control, the fish-fed FM90 diet
had significantly increased plasma LYZ activity. The other treatments had no significant effect
on plasma LYZ activity compared to the control. Complement is the main humoral component
of innate immune responses. It, therefore, plays a vital role in alerting the host immune
system to the presence and clearance of potential pathogens (Boshra et al., 2014).
Complement is initiated by one or more of three pathways, namely, the classical pathway, the
alternative pathway, and the lectin pathway. C3 is involved in all three pathways, which merge
and proceed through the final pathway, leading to the formation of a membrane attack
complex that directly lyses pathogenic cells (Boshra et al., 2006). C4 is a key component of
classical and lectin pathways (Boshra et al., 2006). In the current study, compared with the
control, plasma C3 content was increased in the FM90 diet group, while plasma C4 content
increased in the FM85 diet group. There was no statistical difference in plasma C3 and C4
levels among other treatments, respectively. These results showed that the treatments (FM85,
FM80, FM75) had no significant effect on plasma LYZ, C3, and C4 activities compared to the
control, suggesting that the low fishmeal diets did not lower the health status of the fish.

Stress is one of the emerging factors in aquaculture activities that may affect aspects,
including hormone secretion rate, intermediary metabolism, immunity, and nutrient utilization
(Li et al., 2009; Zhou et al., 2014). Plasma or serum cortisol concentration is a reliable
biological indicator of stress response in fish and terrestrial animals (Li et al., 2009). An
increase in the blood cortisol level is widely used to indicate that a fish is under stress (Hsieh
et al., 2003). A previous study showed that low dietary fishmeal levels did not affect plasma
cortisol in red sea bream (Kader et al., 2012). In the present study, dietary intake of low
fishmeal diets increased plasma cortisol levels in golden pompano. The response of plasma
cortisol to low fishmeal diets is inconsistent, which means that the stress response caused by
a low fishmeal diet may vary from species to species.

The body's defense system of the antioxidation ability is closely related to health status
(Zhou et al., 2014). In addition, multiple antioxidants (such as T-AOC, SOD, and MDA) are
required to maintain the complex immune system of fish (Jia et al., 2012). The antioxidant
system can be divided into two systems: the enzymatic antioxidant system and the non-
enzymatic antioxidant system. Antioxidant enzymes include T-AOC, SOD, and MDA, which
constitute the first line of enzymatic defense mechanism against free radicals in organisms.
In general, the antioxidant defenses of fish depend on nutritional factors to some extent
(Sheikhzadeh et al., 2012). For fish, the T-AOC level could reflect the antioxidant capacity and
is related to health status (Feng et al., 2011). SOD is one of the main antioxidants in the
defense mechanism against lipid peroxidation in a biological system and converts active
oxygen molecules into non-toxic compounds (Zimmermann et al., 1973). The decrease in SOD
is related to the accumulation of high-living free radicals, which leads to impaired cellular
function (Okamoto and Colepicolo, 1998). In this study, the hepatic antioxidant capacity,
which can be demonstrated by the T-AOC levels and SOD activities. However, there was no
significant difference in hepatic T-AOC levels or SOD activities among the control (FM100) and
other treatments (FM85, FM80, FM75) groups, indicating that the low fishmeal diets did not
lower the hepatic antioxidant status of the fish. MDA production was a notable oxidation
process resulting from the peroxidation of membrane polyunsaturated fatty acid, influencing
cell membrane fluidity and the integrity of biomolecules and was an important indicator of
lipid peroxidation (Almroth et al., 2005). In the present study, although, compared with the
control, the FM95, FM90, FM85, and FM80 diet groups had a tendency to decrease, and the
FM75 diet group had a tendency to increase in hepatic MDA level, these values were
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comparable. The study showed that low fishmeal diets had no detrimental effect on the speed
of lipid peroxidation reaction and body damage in this experiment.

Conclusion

In summary, the soybean product mixture is a suitable strategy as a fishmeal replacement
for juvenile golden pompano. The results in the current study suggested that the addition of
squid pastes with plant protein, such as soybean products mixture, could substitute even 25%
of fishmeal for juvenile golden pompano, which may provide a reference for feed companies
to produce low-cost and sustainable fish feed using plant proteins more efficiently.

Acknowledgments

This work was supported by the Central Public-interest Scientific Institution Basal Research
Fund, South China Sea Fisheries Research Institute, CAFS (2021XK02); the Central Public-
interest Scientific Institution Basal Research Fund, CAFS (2022XT0404 ; 2020TD55); National
Natural Science Foundation of China (32172984); Projects subsidized by special funds for
science technology innovation and industrial development of Shenzhen Dapeng New District
(Grand No. PT202101-26); the Fund of Southern Marine Science and Engineering Guangdong
Laboratory (Zhanjiang) (ZJW-2019-06).

References

Almroth, B.C., Sturve, J., Berglund, A., Forlin, L., 2005. Oxidative damage in eelpout (Zoarces
viviparus), measured as protein carbonyls and TBARS, as biomarkers. Aquatic Toxicology. 73, 171-
180. https://doi.org/10.1016/j.aquatox.2005.03.007

AOAC, 2005. Official Methods of Analysis of AOAC International. 18th ed. AOAC International,
Gaithersburg, Md.

Aragao, C., Conceigao, L.E.C., Dias, J., Marques, A.C., Gomes, E., Dinis, M.T., 2003. Soy protein
concentrate as a protein source for Senegalese sole (Solea senegalensis Kaup 1858) diets: effects on
growth and amino acid metabolism of postlarvae. Aquaculture Research. 34, 1443-1452.
https://doi.org/10.1111/j.1365-2109.2003.00971.x

Benzie, I.F.F., Strain, J.]J., 1996. The Ferric Reducing Ability of Plasma (FRAP) as a Measure of
“Antioxidant Power”: The FRAP Assay. Analytical Biochemistry. 239, 70-76.
https://doi.org/10.1006/abio.1996.0292

Boshra, H., Li, J., Sunyer, J.0., 2006. Recent advances on the complement system of teleost fish.
Fish & Shellfish Immunology. 20, 239-262. https://doi.org/10.1016/j.fsi.2005.04.004

Deng, J., Maij, K., Ai, Q., Zhang, W., Wang, X., Xu, W., Liufu, Z., 2006. Effects of replacing fish
meal with soy protein concentrate on feed intake and growth of juvenile Japanese flounder,
Paralichthys olivaceus. Aquaculture. 258, 503-513. https://doi.org/10.1016/j.aquaculture.2006.04.004
Draper, H.H., Squires, E.J., Mahmoodi, H., Wu, J., Agarwal, S., Hadley, M., 1993. A comparative
evaluation of thiobarbituric acid methods for the determination of malondialdehyde in biological
materials. Free Radical Biology and Medicine. 15, 353-363. https://doi.org/10.1016/0891-
5849(93)90035-S

Du, Q., Lin, H.Z., Niu, J., Ding, X., Huang, Z., Chen, X., Chen, Y.F., 2011. Dietary lysine
requirements of juvenile pompano (Trachinotus ovatus). Chin. J. Anim. Nutr. 23, 1725-1732.

Feng, G., Shi, X., Huang, X., Zhuang, P., 2011. Oxidative Stress and Antioxidant Defenses after
Long-term Fasting in Blood of Chinese Sturgeon (Acipenser sinensis). Procedia Environmental
Sciences. 8, 469-475. https://doi.org/10.1016/j.proenv.2011.10.074

Haug, T., Kjuul, A.K., Stensvag, K., Sandsdalen, E., Styrvold, 0.B., 2002. Antibacterial activity in
four marine crustacean decapods. Fish & Shellfish Immunology. 12, 371-385.
https://doi.org/10.1006/fsim.2001.0378

Hsieh, S.L., Chen, Y.N., Kuo, C.M., 2003. Physiological responses, desaturase activity, and fatty acid
composition in milkfish (Chanos chanos) under cold acclimation. Aquaculture. 220, 903-918.
https://doi.org/10.1016/S0044-8486(02)00579-3

The Israeli Journal of Aquaculture — Bamidgeh ¢ ISSN 0792-156X « 1JA.74.2022.1809699



Effect of replacement of fishmeal by soybean on golden pompano 13

Huang, Z., Lin, H., Peng, 1., Tan, X., Zhou, W., Zhou, C., Lei, M., 2015. Effects of dietary
isoleucine levels on the growth performance, feed utilization, and serum biochemical indices of juvenile
golden pompano, Trachinotus ovatus. The Israeli Journal of Aquaculture-Bamidgeh. 67, 1-9.
https://doi.org/10.46989/001¢c.20679

Huang, Z., Zhou, C,, Lin, H., Tan, X., Peng, J., Zhou, W., Zhao, S., Qi, C., 2017. Effects of dietary
isoleucine levels on activities of digestive enzymes and immune index of Trachinotus ovatus. South
China Fisheries Science. 13, 50-57. https://doi.org/10.3969/j.issn.2095-0780.2017.01.007
Hutchinson, T.H., Manning, M.J., 1996. Seasonal trends in serum lysozyme activity and total protein
concentration in dab (Limanda limanda L.) sampled from Lyme Bay, U.K. Fish & Shellfish Immunology.
6, 473-482. https://doi.org/10.1006/fsim.1996.0045

Jia, R., Cao, L., Xu, P., Jeney, G., Yin, G.J.F.P., Biochemistry, 2012. In vitro and in vivo
hepatoprotective and antioxidant effects of Astragalus polysaccharides against carbon tetrachloride-
induced hepatocyte damage in common carp (Cyprinus carpio). 38, 871-881. Fish Physiology and
Biochemistry. https://doi.org/10.1007/s10695-011-9575-z

Kader, M.A., Koshio, S., Ishikawa, M., Yokoyama, S., Bulbul, M., 2010. Supplemental effects of some
crude ingredients in improving nutritive values of low fishmeal diets for red sea bream, Pagrus major.
Aquaculture. 308, 136-144. https://doi.org/10.1016/j.aquaculture.2010.07.037

Kader, M.A., Bulbul, M., Koshio, S., Ishikawa, M., Yokoyama, S., Nguyen, B.T., Komilus, C.F., 2012.
Effect of complete replacement of fishmeal by dehulled soybean meal with crude attractants
supplementation in diets for red sea bream, Pagrus major. Aquaculture. 350-353, 109-116.
https://doi.org/10.1016/j.aquaculture.2012.04.009

Kaushik, S.J., Cravedi, 1.P., Lalles, J.P., Sumpter, J., Fauconneau, B., Laroche, M., 1995. Partial or
total replacement of fish meal by soybean protein on growth, protein utilization, potential estrogenic or
antigenic effects, cholesterolemia and flesh quality in rainbow trout, Oncorhynchus mykiss.
Aqguaculture. 133, 257-274. https://doi.org/10.1016/0044-8486(94)00403-B

Kousoulaki, K., Albrektsen, S., Langmyhr, E., Olsen, H.]J., Campbell, P., Aksnes, A., 2009. The water
soluble fraction in fish meal (stickwater) stimulates growth in Atlantic salmon (Sa/mo salar L.) given
high plant protein diets. Aquaculture. 289, 74-83. https://doi.org/10.1016/j.aquaculture.2008.12.034
Li, P., Ray, B., Gatlin III, D.M., Sink, T., Chen, R., Lochmann, R., 2009. Effect of Handling and
Transport on Cortisol Response and Nutrient Mobilization of Golden Shiner, Notemigonus crysoleucas.
Journal of the World Aquaculture Society. 40, 803-809. https://doi.org/10.1111/j.1749-
7345.2009.00301.x

Lin, H., Chen, X., Chen, S., Zhuojia, L., Huang, Z., Niu, J., Wu, K., Lu, X., 2012. Replacement of fish
meal with fermented soybean meal in practical diets for pompano Trachinotus ovatus. Aquaculture
Research. 44, 151-156. https://doi.org/10.1111/j.1365-2109.2011.03000.x

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.
https://doi.org/10.1016/j.aquaculture.2014.12.025

Liu, X., Xu, D., Zhang, H.T., Liang, H.O., 2011. Optimum dietary protein requirement for juvenile
Trachinotus ovatus. South China Fisheries Science. 7(1), 45-49. https://doi.org/10.3969/j.issn.2095-
0780.2011.01.007

Liu, X.W., Wang, H.L., Zhang, H.T., Xu, D., 2011. Optimum dietary protein to energy ratio in juvenile
pompano, Trachinotus ovatus. Fish. Sci. 30, 136-139. https://doi.org/10.16378/j.cnki.1003-
1111.2011.03.006

Liu, X.W., Wang, H.L., Zhang, H.T., Jiang, Y.J., Zhao, L.M., 2010. Effect of soybean meal and
fermented soybean meal in diets on the feed intake and growth of pompano Trachinotus ovatus. China
Feed, 27-36. https://doi.org/10.15906/j.cnki.cn11-2975/s.2010.18.010

Lowry, O.H., Rosebrough, N.J., Farr, A.L., Randall, R.J., 1951. Protein measurement with the Folin
phenol reagent. ] Biol Chem. 193, 265-275. https://doi.org/10.1016/s0021-9258(19)52451-6

Ma, X., Wang, F., Han, H., Wang, Y., Lin, Y., 2014. Replacement of Dietary Fish Meal with Poultry By-
product Meal and Soybean Meal for Golden Pompano, Trachinotus ovatus, Reared in Net Pens. Journal
of the World Aquaculture Society. 45, 662-671. https://doi.org/10.1111/jwas.12154

Marklund, S., 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.
https://doi.org/10.1111/j.1432-1033.1974.tb03714.x

The Israeli Journal of Aquaculture — Bamidgeh ¢ ISSN 0792-156X « 1JA.74.2022.1809699



14 Zhou et al. 2022

Muona, M., Soivio, A., 1992. Changes in plasma lysozyme and blood leucocyte levels of hatchery-
reared Atlantic salmon (Salmo salar L.) and sea trout (Sa/mo trutta L.) during parr-smolt
transformation. Aquaculture. 106, 75-87. https://doi.org/10.1016/0044-8486(92)90251-F

Niu, J., Du, Q., Lin, H.Z., Cheng, Y.Q., Huang, Z., Wang, Y., Wang, J., Chen, Y.F., 2013. Quantitative
dietary methionine requirement of juvenile golden pompano Trachinotus ovatus at a constant dietary
cystine level. Aquaculture Nutrition. 19, 677-686. https://doi.org/10.1111/anu.12015

Niu, J., Figueiredo-Silva, C., Dong, Y., Yue, Y.R., Lin, H.Z., Wang, J., Wang, Y., Huang, Z., Xia, D.M.,
Lu, X., 2016. Effect of replacing fish meal with soybean meal and of DL-methionine or lysine
supplementation in pelleted diets on growth and nutrient utilization of juvenile golden pompano
(Trachinotus ovatus). Aquaculture Nutrition. 22, 606-614. https://doi.org/10.1111/anu.12284
Okamoto, O.K., Colepicolo, P., 1998. Response of Superoxide Dismutase to Pollutant Metal Stress in
the Marine Dinoflagellate Gonyaulax polyedra. Comparative Biochemistry and Physiology Part C:
Pharmacology, Toxicology and Endocrinology. 119, 67-73. https://doi.org/10.1016/S0742-
8413(97)00192-8

Olsen, R.E., Hansen, A.C., Rosenlund, G., Hemre, G.I., Mayhew, T.M., Knudsen, D.L., Tufan Eroldogan,
0., Myklebust, R., Karlsen, @., 2007. Total replacement of fish meal with plant proteins in diets for
Atlantic cod (Gadus morhua L.) II — Health aspects. Aquaculture. 272, 612-624.
https://doi.org/10.1016/j.aquaculture.2007.05.010

Othman, M., 2008. FAO/NACA regional workshop on the future of mariculture: a regional approach for
responsible development in the Asia-Pacific region, Guangzhou, China, 7-11 March 2006., FAO
Fisheries Proceedings 11. FAO, Rome, pp. 207-224.

Qi, C.L., Lin, H.Z., Huang, Z., Zhou, C.P., Wang, Y., Wang, J., Niu, J., Zhao, S.Y., 2016. Effects of
dietary arachidonic acid levels on growth performance, whole-body proximate composition, digestive
enzyme activities and gut morphology of juvenile golden pompano trachinotus. The Israeli Journal of
Aquaculture-Bamidgeh. https://doi.org/10.46989/001¢.20819

RICHE, M., WILLIAMS, T.N., 2011. Fish meal replacement with solvent-extracted soybean meal or soy
protein isolate in a practical diet formulation for Florida pompano (Trachinotus carolinus, L.) reared in
low salinity. Aquaculture Nutrition. 17, 368-379. https://doi.org/10.1111/j.1365-2095.2010.00808.x
Salze, G., McLean, E., Battle, P.R., Schwarz, M.H., Craig, S.R., 2010. Use of soy protein concentrate
and novel ingredients in the total elimination of fish meal and fish oil in diets for juvenile cobia,
Rachycentron canadum. Aquaculture. 298, 294-299.
https://doi.org/10.1016/j.aquaculture.2009.11.003

Shapawi, R., Ng, W.K., Mustafa, S., 2007. Replacement of fish meal with poultry by-product meal in
diets formulated for the humpback grouper, Cromileptes altivelis. Aquaculture. 273, 118-126.
https://doi.org/10.1016/j.aquaculture.2007.09.014

Sheikhzadeh, N., Tayefi-Nasrabadi, H., Khani Oushani, A., Najafi Enferadi, M.H.J.F.P., Biochemistry,
2012. Effects of Haematococcus pluvialis supplementation on antioxidant system and metabolism in
rainbow trout (Oncorhynchus mykiss). Fish Physiology and Biochemistry. 38, 413-419.
https://doi.org/10.1007/s10695-011-9519-7

Sukhanova, M.Z., Grenback, L.G., Gruntenko, N.E., Khlebodarova, T.M., Rauschenbach, 1.Y., 1996.
Alkaline phosphatase in Drosophila under heat stress. Journal of Insect Physiology. 42, 161-165.
https://doi.org/10.1016/0022-1910(95)00070-4

Takagi, Shusaku, Shimeno, Sadao, Hosokawa, H., Ukawa, M., 2001. Effect of lysine and methionine
supplementation to a soy protein concentrate diet for red sea bream Pagrus major. Fisheries Science.
67, 1088-1096. https://doi.org/10.1046/j.1444-2906.2001.00365.x

Takagi, S., Murata, H., Goto, T., Endo, M., Yamashita, H., Ukawa, M., 2008. Taurine is an essential
nutrient for yellowtail Seriola quinqueradiata fed non-fish meal diets based on soy protein concentrate.
Aqguaculture. 280, 198-205. https://doi.org/10.1016/j.aquaculture.2008.05.012

Takagi, S., Hosokawa, H., Shimeno, S., Maita, M., Ukawa, M., Ueno, S., 1999. Utilization of soy protein
concentrate in a diet for red sea bream, Pagrus major. Aquaculture Science. 47, 77-87.
https://doi.org/10.11233/aquaculturesci1953.47.77

Tibaldi, E., Hakim, Y., Uni, Z., Tulli, F., de Francesco, M., Luzzana, U., Harpaz, S., 2006. Effects of the
partial substitution of dietary fish meal by differently processed soybean meals on growth
performance, nutrient digestibility and activity of intestinal brush border enzymes in the European sea
bass (Dicentrarchus labrax). Aquaculture. 261, 182-193.
https://doi.org/10.1016/j.aquaculture.2006.06.026

The Israeli Journal of Aquaculture — Bamidgeh ¢ ISSN 0792-156X « 1JA.74.2022.1809699



Effect of replacement of fishmeal by soybean on golden pompano 15

Tutman, P., Glavi¢, N., Kozul, V., Skaramuca, B., Glamuzina, B., 2004. Preliminary information on
feeding and growth of pompano, Trachinotus ovatus (Linnaeus, 1758) (Pisces; Carangidae) in
captivity. Aquaculture International. 12, 387-393.
https://doi.org/10.1023/B:AQUI.0000042135.88381.f4

Gao, W., Andreas, L., Silva, C., Dong, Y., 2013. Comparison of performance between DL-Methionine
add or not in fish meal reduction diet for juvenile golden pompano (Trachinotus ovatus). Feed
Industry, 20, 28-33. https://doi.org/10.3969/j.issn.1001-991X.2013.20.007

Zheng, P., Ma, Z., Guo, H., Li, Y., Zhang, D., Jiang, S., 2014. Ontogenetic development of caudal
skeletons in Trachinotus ovatus larvae. South China Fisheries Science. 5, 45-50.
https://doi.org/10.3969/j.issn.2095-0780.2014.05.007

Zhou, C., Ge, X., Lin, H., Niu, J., 2014. Effect of dietary carbohydrate on non-specific immune
response, hepatic antioxidative abilities and disease resistance of juvenile golden pompano
(Trachinotus ovatus). Fish Shellfish Immunol. 41, 183-190. https://doi.org/10.1016/j.fsi.2014.08.024
Zhou, C., Liu, B., Ge, X., Xie, J., Xu, P., 2013. Effect of dietary carbohydrate on the growth
performance, immune response, hepatic antioxidant abilities and heat shock protein 70 expression of
Wuchang bream, Megalobrama amblycephala. J Appl Ichthyol. 29, 1348-1356.
https://doi.org/10.1111/jai.12264

Zhou, C., Ge, X., Niu, J., Lin, H., Huang, Z., Tan, X., 2015. Effect of dietary carbohydrate levels on
growth performance, body composition, intestinal and hepatic enzyme activities, and growth hormone
gene expression of juvenile golden pompano, Trachinotus ovatus. Aquaculture. 437, 390-397.
https://doi.org/10.1016/j.aquaculture.2014.12.016

Zhou, C., Lin, H., Huang, Z., Wang, J., Wang, Y., Yu, W., 2018. Molecular characterization, expression
and activity of glucokinase in golden pompano, Trachinotus ovatus: Response of its expression to
carbohydrate in the diet. Aquaculture. 485, 124-130.
https://doi.org/10.1016/j.aquaculture.2017.11.035

Zimmermann, R., Flohé, L., Weser, U., Hartmann, H.J]., 1973. Inhibition of lipid peroxidation in isolated
inner membrane of rat liver mitochondria by superoxide dismutase. FEBS Letters. 29, 117-120.
https://doi.org/10.1016/0014-5793(73)80539-3

The Israeli Journal of Aquaculture — Bamidgeh ¢ ISSN 0792-156X « 1JA.74.2022.1809699



