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’ 1
b
] 1.1
b B
[10] s
, , 51% 13%
[10-11] 0 1.25mg/kg
(Epinephelus lanceolatu & x E. 2.5 mg/kg 5mgkg 10 mg/kg 20 mg/kg( )
fuscoguttatus ) fif  (Serranidae) (CoMet, 6.10%,
(Epinephelus), (E. lanceolatu) ), 0.30 mg/kg
(E. fuscoguttatus) , 1.75 mg/kg 3.42 mg/kg 6.73 mg/kg 12.56 mg/kg
25.50 mg/kg( DI D2 D3 D4 D5
, D6 ) :
5 1 s s
, 4 mm 6 mm ,
b
x1 ZTRERBEMRKREFRKTE
Tab.1 Composition and nutrient levels of the experimental diets
% % dry weight
. group
item
D1 D2 D3 D4 D5 D6
fish meal 34 34 34 34 34 34
casein 30 30 30 30 30 30
fish oil 7 7 7 7 7 7
o- alpha-starch 15 15 15 15 15 15
microcrystalline cellulose 8.9500 8.9480 8.9459 8.9418 8.9337 8.9174
soybean lecithin 1 1 1 1 1 1
choline chloride 0.5 0.5 0.5 0.5 0.5 0.5
Ca(H,POy), 0.5 0.5 0.5 0.5 0.5 0.5
» vitamin mix" 1 1 1 1 1 1
? Co-free mineral mix? 1 1 1 1 1 1
sodium carboxymethylcellulose 0.5 0.5 0.5 0.5 0.5 0.5
attractant 0.5 0.5 0.5 0.5 0.5 0.5
antioxidant 0.05 0.05 0.05 0.05 0.05 0.05
/(mg-kg™") CoMet 0 20.49 40.98 81.97 163.93 327.87
total 100 100 100 100 100 100
crude protein 51.42 51.46 51.55 51.39 51.20 50.86
crude lipid 13.28 13.36 13.50 13.29 13.28 13.81
/(mg-kg™") cobalt content 0.30 1.75 3.42 6.73 12.56 25.50
) (mg/kg): A 38.0, D; 13.2, E 210.0, K; 10, 115.0, 380.0,
88.0, 368.0, 1030.0, 10.0, 20.0, By, 1.3, 4000.0, 500.0; 2) (mg/kg):
100.0, 3020.5, 11.3, 363.0, 8.0, 3568.0, 65.1, 2.3,
7.5, 4.0, 25558.0, 15978.0, 1523.0.

Note: 1) Vitamin mix (mg/kg): vitamin A 38.0, vitamin D5 13.2, vitamin E 210.0, vitamin K; 10, thiamin 115.0, riboflavin 380.0, pyridoxine
HCI 88.0, pantothenic acid 368.0, niacin acid 1030.0, biotin 10.0, folic acid 20.0, vitamin B, 1.3, inositol 4000.0, ascorbic acid 500.0;
2)Co-free mineral mix (mg/kg): NaCl 100.0, KC1 3020.5, KAI(SO,), 11.3, ZnSO,47H,0 363.0, CuSO45H,0 8.0, MgSO,-7H,0 3568.0,
MnSO44H,0 65.1, Na,Se05 2.3, KI 7.5, NaF 4.0, NaH,PO,-2H,0 25558.0, Ca-lactate 15978.0, FeCsHs07-5H,0 1523.0.
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1.2 1.4.2 105°C
, (GB/T 6435—2006);
(LECO FP-528): (GB/T
, 800 6433—2006); 550°C
55 cm ( 90 cm (GB/T 6433—2007)
60 cm) , 14.3
Dl 21 d , , ,
360 18 , ,
20 3 (8: 30, 16: 0.1~0.2 g, , )
30), 1.5%, ,
0.5h (Inductively Coupled Plasma Mass Spectrometer
, 7500ce, Agilent Technologies, USA)
2 L/min 29~32 (26+1)C >7 mg/L 1.4.4 (T-AOC)
<0.10 mg/L  pH 7.80+0.20, 8 (GSH-PX) (MDA)
1.3
5 (DArg) A (CPA)
, 24 h, MS-222 (10 mg/L)
, 15 1.5
5 , 10 , SPSS 17.0 (one-way
, , ANOVA), , Duncan’s
-20C , , P<0.05
14 + (x+SD)
1.4.1 5
(WGR, %)=( - )/
x100; 2.1
(SGR, %/d)=(In —In
)/ x100; 2 ; ;
(PER)=( - M , D3
X ) (P<0.05), Dl 20.34%
(FCR)= /( 12.56%, D6 (P<0.05) D3
_ ); D1 15.90%, D6
(SR, %)= / x100; (P<0.05)
(HSI, %)= / x100; , D3 D4 (P>0.05),
(VSI, %)= / x100; D6 (P<0.05)
(CF, %)= /( 3)%100;
(%)=( x (P>0.05) D3 D6 (P<
- X )% ( 0.05), (P>0.05) D3
x )*100 (P<0.05), (P>0.05)
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Tab.2 Effects of dietary CoMet on growth and physical indicators of juvenile pearl gentian grouper
(Epinephelus lanceolatu 3xE. fuscoguttatus Q)
n=3; x £SD
group
item
D1 D2 D3 D4 D5 D6
/g initial body weight 60.23+0.18 60.16+0.10 59.94+0.28 60.02+0.15 59.90+0.27 59.85+0.25

/g final body weight 152.41+0.98° 161.69+2.08° 170.33+1.43" 165.50+0.95°

155.98+2.25° 141.74+1.43%

/% WGR 153.05+1.45" 168.74+3.02¢ 184.18+1.07" 175.75+2.17° 160.41+3.15° 136.84+3.08"
/(%-d ") SGR 1.66+0.01° 1.77+0.02¢ 1.87£0.01° 1.81£0.01° 1.71£0.02¢ 1.54+0.02°
PER 2.39+0.03" 2.58+0.03° 2.77+0.08¢ 2.81+0.18¢ 2.55+0.08" 2.1340.05°

FCR 0.81+0.01° 0.75+0.01° 0.70+0.02° 0.70+0.05° 0.77+0.02° 0.92+0.02¢

/% SR 100 100 100 100 100 100

/% VSI 10.39+0.03 10.82+0.24 11.05+0.47 11.03+0.06 10.980.04 10.69+0.34

/% HSI 3.98+0.14" 3.9940.07" 4.56+0.06° 4.2420.14° 4.2020.27°° 4.42+0.03"

/% CF 3.1440.02" 3.2440.07" 3.66£0.11° 3.2040.19% 3.1740.17° 3.1620.03"

(P<0.05).

Note: Values in the same row with different superscripts are significantly different (P<0.05).

, , D6 (P<0.05), D4
, (60.02+£0.42) g (P<0.05)
3.25 mg/kg [53.28 mg 2.3
(CoMet)/kg( ), 1]
2.2 4 ) ,
(P<0.05), D6
3 , , D1 5.68
(P>0.05) 11.50 10.00 25.00
, D5 D6 D1~D4 (P<0.05), ,
(P>0.05) , D1 (P<0.05),
24}
35 22
~20}
|
# 12}
1.0 s s - s - : : : : : ' ' :

0 2 4 6 8 10 12 14 16 18 20
TR B /(mg-kg™) dietary cobalt content

1
Fig. 1
(Epinephelus lanceolatu 3 ¥E. fuscoguttatus Q)

22 24 26

Regression analysis between dietary cobalt content and SGR of pearl gentian grouper
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D6 D5 (P>0.05) ,

*3 EERHVBRLEAHREYEMNAEMNFIG
Tab. 3 Effects of dietary CoMet on muscle composition of juvenile pearl gentian grouper
(Epinephelus lanceolatu 3xE. fuscoguttatus Q)
n=3; x £SD; % % wet weight

. group
1tem
D1 D2 D3 D4 D5 D6
moisture 74.05+0.06 74.23+0.08 74.17+0.26 74.17+0.32 74.42+0.27 74.26+0.82
crude protein 22.31+0.03¢ 22.16+0.08" 22.08+0.13° 22.07+0.05° 21.49+0.15° 21.38+0.14°
crude lipid 2.83+0.13¢ 2.65+0.06° 2.63+0.01° 2.40+0.04* 2.60+0.03° 3.45+0.08¢
ash 1.47+0.01 1.51£0.05 1.51+0.01 1.49+0.01 1.46+0.03 1.49+0.04

(P<0.05).

Note: Values in the same row with different superscripts show significant difference (P<0.05).

x4 BERRUENPREZEARENSEARAHSEMNEEMTRENE M
Tab. 4 Effects of dietary CoMet on Co content in tissues and Co deposition rate in whole body of juvenile pearl gentian
grouper(Epinephelus lanceolatu 3XE. fuscoguttatus Q)

n=3; x £SD
group
item
D1 D2 D3 D4 D5 D6

/(mg-kg™") cobalt content in liver 0.34+0.02° 0.46+0.02° 0.62+0.06° 0.68+0.04° 1.11£0.02¢  2.27+0.05°
/(mg-kg™") cobalt content in intestine 0.14+0.01° 0.20+0.02° 0.31+0.01°  0.44+0.00° 0.80+0.03°  1.75+0.05"

/(mg-kg™") cobalt content in vertebra 0.06=0.00" 0.09+0.00° 0.12+0.00°  0.19£0.00° 0.32+0.01°  0.66+0.01"
/(mg-kg™") cobalt content in muscle 0.01+0.00" 0.02+0.00®°  0.03+0.00° 0.06+0.01° 0.12+0.01¢  0.26+0.02°

/%

. ) —46.83+0.23"  —4.58+0.39°  —0.19+0.02° 2.94+0.14° 4.20+0.28°  4.23+0.25°
cobalt deposition rate in whole body

(P<0.05).

Note: Values in the same row with different superscripts show significant difference (P<0.05).

2500 ,
i liver 714 intestine 3
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Fig. 2 Regression analysis between dietary cobalt content and cobalt content in tissues of pearl gentian grouper
(Epinephelus lanceolatu 3 ¥E. fuscoguttatus Q)
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2.4 DI 13.72% 50.09% 11.82%
5 : (P<0.05), D6 , DI
, D3 . 45.60%
%5 BEERGVBKLEEHeSENETYTESENER

Tab.S Effects of dietary CoMet on mineral element concentration in liver of juvenile pearl gentian grouper
(Epinephelus lanceolatu 3xE. fuscoguttatus Q)

n=3; ¥ =SD; mgkg"

group
mineral element D1 D2 D3 D4 D5 D6
iron 278.27+4.53° 295.03+6.91¢ 316.45+4.97° 226.59+3.06" 221.80+4.71° 164.40+5.88°
copper 21.76+1.12° 26.02+2.32° 32.66+1.74 27.11+1.80° 25.13+1.15% 23.07+0.88%
zine 70.96+2.46° 74.97+2.55% 79.35+2.06" 61.14+4.08" 61.07+3.32° 53.80+4.29"
manganese 1.25+0.03¢ 1.20£0.01° 1.18+0.01° 0.82+0.03" 0.81+0.03° 0.68+0.02°
: (P<0.05).
Note: Values in the same row with different superscripts show significant difference (P<0.05).
2.5 (P>0.05), D6 D5
(P>0.05), DI 38.96%
6 , , -AOC DArg
, D3~D5 (P>0.05), , DI D2 D3 (P>0.05); D6
DI D6 (P<0.05); GSH-PX DI 123 (P<0.05)
, D5 (P<0.05), D1 CPA D2 D3 (P>0.05);
D1 (P<0.05); MDA D6 D4 D5 (P>0.05), D1
, D1~D4 22.97%

=6

BRI PR LB AN & 4 & IR E DR

Tab. 6 Effects of dietary CoMet on enzyme activities in liver of juvenile pearl gentian grouper
(Epinephelus lanceolatu 3xE. fuscoguttatus Q)

n=3; x £SD
group
item
D1 D2 D3 D4 D5 D6
/(U-mg™") T-AOC 0.69+0.01° 0.73£0.00™ 0.76+0.03° 0.79+£0.01°¢ 0.76+0.02" 0.70+0.02°

B 137.21£4.93°
/(U'mg ') GSH-PX

148.88+1.04°

174.64+4.07¢

194.53+3.82¢

216.05+2.18"  166.59+2.88°

/(mol-kg™") MDA 2.49+0.27° 2.35+0.07° 2.25+0.15" 2.2140.18° 1.57+0.07* 1.52+0.01*
/(U-g™") DArg 2.27+0.44° 2.49+0.09* 2.64+0.33% 3.23+0.26" 3.98+0.56° 5.06+0.61¢
Al/(ng-g") CPA 40.92+2.96" 43.44+2.69° 43.48+1.07" 49.69+1.73° 50.29+2.68° 50.32+3.49°
(P<0.05).
Note: Values in the same row with different superscripts show significant difference (P<0.05).
3 (WGR)
3.1 (SGR) (PER), ,
Anadu (Tilapia zillii)

VB]Z;



580 23
VB, A 5- R , Tomlinson
[5, 12] [22] .
R [13], ; 12.56 mg/kg
[14]
25.50 mg/kg (327.87 mg CoMet/kg ,
) )
, , (Scophthalmus
maximus)[ls] , , (Salmo salar)
, R 5~700 mg/kg
[, , : 900 mgkg
SGR [23] [24]
3.25 mg/kg, , )
Lin [
10 mg/kg,
3 ) > >
Co™"
[25]
Cott Co? [16]
Cott [25].
Co** [17] [26].
(Carassius auratus gibelio) [261,
(E. coioides) , ,
2eg D7-18] [16]
3.2 [27],
(Salmo trutta fario)
[19] [28]
[15]
(Penaeus vannamei)'®! 29 2.5 mg/kg
5.68 )
reochromis niloticus tenopharyngodon , ,
(Oreoch s niloticus) («C i d [30] [31]
idellus) 422 Wi166 9143
[20]

B

[21]

3.42 mg/kg

(Lates calcarifer)™
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B

T-AOC GSH-PX

( 20 mg/kg)

AOC ,

SOD B3,

T-AOC (341
(DArg)

DArg

A(CPA)

, CPA

, DI1~D3
, CPA

: D4~D6
CPA  Zn™,

3.25 mg/kg,

MDA ,
GSH-PX T-

23.87 mg/kg,
7.16 mg/kg,

331 DArg
(5]

, DArg

D4~D6

361 p1~D3

CPA B37

(60.02+0.42) ¢

53.28 mg CoMet/kg( )
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Effects of dietary cobalt methionine on growth performance, mineral
deposition, and hepatic enzyme activities in juvenile pearl gentian
grouper (Epinephelus lanceolatus® x E. fuscoguttatus®?)

LIU Yun" 2, WANG J iyingz, LI Baoshanz, QIAO Hongjinz, LIU Xudong3, HAO Tiantian3, WANG Xiaoyanl’ 2

1. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China;

2. Key Laboratory for Shandong Marine Ecological Restoration, Shandong Marine Resource and Environment Re-
search Institute, Yantai 264006, China;

3. Shandong Shengsuo Fishery Feed Research Center, Yantai 265500, China

Abstract: Cobalt (Co) is one of the essential elements for fish, with various biological functions, including in growth
promotion, blood production, reproduction, and immunity. In this study, we evaluated the effects of dietary cobalt me-
thionine (CoMet) on growth performance, mineral deposition, and hepatic enzyme activities in the juvenile pearl gen-
tian grouper (Epinephelus lanceolatus & * E. fuscoguitatus Q). Six extruded isonitrogenous and isoenergetic diets (51%
crude protein and 13% crude lipid) were formulated by supplementing the basal diet with CoMet, providing actual Co
contents of 0.30, 1.75, 3.42, 6.73, 12.56, or 25.50 mg/kg diet, which were fed to groups designated D1, D2, D3, D4, D5,
and D6, respectively. Each diet was randomly assigned to triplicate groups of 20 juveniles (initial weight, 60.02+0.42 g).
The experiment was conducted for 8 weeks in plastic cylindrical tanks in an indoor recirculated feeding system. The
weight gain rate (WGR) and specific growth rate (SGR) of the juveniles both increased and then decreased with higher
CoMet levels, and both were significantly higher in the D3 group than in the other groups (P<0.05). The feed conver-
sion rate declined with dietary CoMet level decrease but increased with dietatry CoMet increase, and the lowest feed
conversion rate was observed in the D3 group. There were no significant differences in the moisture or ash contents of
the muscle among the treatment groups (P>0.05). The crude protein content of the muscle was clearly reduced by die-
tary CoMet, and was significantly lower in the D5 and D6 groups than in the other groups (P<0.05), whereas it did not
differ in groups D5 and D6 (P>0.05). The muscle of fish fed the D6 diet had the highest crude lipid content (P<0.05),
and the muscle of fish fed the D4 diet had the lowest crude lipid content (P<0.05). The Co contents of the liver, intestine,
vertebrae, and muscle were significantly increased with CoMet supplementation (P<0.05). The Co deposition rate in the
whole body was markedly increased (from 0.30 mg/kg to 6.73 mg/kg diet) by dietary Co (P<0.05), and then plateaued
in the fish fed diets with Co contents of 12.56 mg/kg (D5) and 25.50 mg/kg (D6). The Fe, Cu, and Zn contents of the
liver increased from group D1 to group D3 and then declined from group D4 to group D6 (P<0.05). The Mn content of
the liver was significantly reduced by dietary CoMet (P<0.05). The glutathione peroxidase activity of the liver in-
creased and then decreased as CoMet increased (P<0.05), and was maximum in the fish fed the D5 diet (P<0.05). Fish
fed the D5 or D6 diet showed significantly lower hepatic malondialdehyde contents (P<0.05). The arginase activity in
the liver was significantly increased by dietary CoMet (P<0.05), and was highest in the D6 group (P<0.05). The car-
boxypeptidase A activities in the livers of the D4, D5 and D6 groups were significantly higher than those in the D1, D2
and D3 groups (P<0.05), but did not differ among the D4, D5 and D6 groups (P>0.05). In conclusion, under the ex-
perimental conditions used here, the optimum Co requirement for the juvenile pearl gentian grouper was 3.25 mg/kg
diet (53.28 mg CoMet/kg diet) based on a broken-line regression of SGR.
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