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FHE  266003;

FE hH R H A A # & (Larimichthys crocea)d7 4. 1L Fn 3 5 8 R th B v, AT de k&
H(13035+837) g Y A H ALK 6 4, BAIANEE, FANAEE(WH)S0 B, LAk d
ARE I E A E N H AT (0. 0.6%. 1.2%. 2.4%. 4.8%F1 6.0%), B#|HH &5 L4808 N
(1.58%. 2.15%. 2.75%. 3.96%. 6.33%% 7.51%)¢th 6 A sLab4a K, 2t 30d HFaE, *hk#H &t
TR ES EREW, FAERERG, AHLERGKE N FERERRL T ELED W,
FREEREMEDEANEEREGEN 275%HAEEAM, MTA_BHEEAHARSEN
3.96% 3k Bl & /IME, 125 2.75%4 T 8 % % F(P>0.05), VLAFIE BT A I AT d4r, RIEZ
K& EVAMAG N K E 2@ P HEABRNET S EN 3.57%. f7E A F 4 2 B fn & 7 % 2 8 10 7%

WA AR S EN 2.75%0 £ I H/MMEP<0.05), E# KA EKHT, AHEBREEN 2.75%
B, KEZMFELFIENEGERT. EHENNRE, ZAENAE & 0FEZRBEN TR ERD,
ki A AR B AT AL RAE AN ANMILL G S, KAREFEAF 2L+

HABRWET S EN 2.75%-3.57%,
KA

FESES S963  TEARIRAD A

K # ff (Larimichthys crocea) & H i & [ /= 45
— B K FRIE A SE, 2014 AR FRAE SN 12.79 T t
(P EEL SR, 2015), 7EHFR A SR,
TR B R A XAKIEAR LSRN A, B
FFERLR 2R B 5 & . BET A i A AR KO
GZEANR MG KA, EESE W ERATFHA, #2
e R HE 0 TR AR ) X TR B ) SR A PR A
EEE L,
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G 7 LA B AT 5 SR AR g BREAS A1 1 52 1k (Matilla
et al, 2002; de Koning et al, 2003; Lewis et al, 2005),

KT H A BRAEAK = Sl ek v i FH i 5E 4570
Xie 55(2014)fff i LA 5 2 0 EANHE AR, PIIRIRE N
0.61 g /=45 i L&A X R (Litopenaeus vannamei )i £}
rhH R R FIE H SN 2.54% 0 AR ST ILE i3 A i AR
Ak H A [R] 5 i T 2R 6 O B 0 40 A Ak R S
I B SE I, Sy H 2 R E R o JC A ek v g g
LAl HCHE o

1 HREH®
1.1 SCIgE

KB R St , Lok A SO o E 2 E A
W, ANFR R EBREIR, AR SORBEAR S 2R

W, [T RIR AW . 0 RIR G AiAE
FIEE  Be A ML 1 2 46% . HLIENT 29 12%R0 HE Rl
WENER 1o URKBMAKRZEIEREENSE, B
R IR , (LA AR T SR Lk B R
R A EGER 2), JFAESLIERE L, SrlEsm o,
0.6%. 1.2%. 2.4% . 4.8%F 6.0% ) H 2 MR (1A kHH 2
MR S & f A 1.58% . 2.15% . 2.75%. 3.96% . 6.33%.
7.51%), BCHla 6 LLSEue k) . £ 2 k) b s 3L R 41
AT R L2 2,

12 LBHEKEFEAFEE

SIS K R T AR A T E A KA R
OSEIRY I — At FSEREDRL DML 14 d, iz
TR N SRR N SR AR A BT o PhpE s et | A% —
B, WILAARE }(130.35+8.37) g HYK & BRI FEAIL A3

F1 ARBEAREERHRS % )
Tab.l Ingredients and proximate composition of the experimental diets (% dry weight)
JFUBl Ingredients Dietl1(1.58%) Diet2(2.15%) Diet3(2.75%) Diet4(3.96%) Diet5(6.33%) Diet6(7.51%)

4 ¥} Fish meal 23 23 23 23 23 23
SHKY Soybean meal 24 24 24 24 24 24
/NZE ¥y Wheat meal 20.5 20.5 20.5 20.5 20.5 20.5
K HIBENR Soybean lecithin 2 2 2 2 2 2
a1 Fish oil 7 7 7 7 7 7

WY RIR A Y ' Mineral mix 2 2 2 2 2 2
4k RIRA Y * Vitamin mix 2 2 2 2 2 2
Wb R 4E % Microcrystalline cellulose 6.50 6.50 6.50 6.50 6.50 6.50
P2 Alanine 6.0 5.4 4.8 3.6 1.2 0.0
H & Glycine 0.0 0.6 1.2 2.4 4.8 6.0
2 E1FEEH Attractant 0.4 0.4 0.4 0.4 0.4 0.4

%525 7] Mold inhibitor 0.1 0.1 0.1 0.1 0.1 0.1

PUAAT (L A FEEMR) Ethoxyquin 0.05 0.05 0.05 0.05 0.05 0.05
HHEBRIREY Amino acid mixture 6.45 6.45 6.45 6.45 6.45 6.45
434347 Proximate analysis

M & H Crude protein(%DM) 45.43 45.26 45.78 45.37 45.73 45.22
HLIE N7 Crude lipid(%DM) 11.89 12.05 11.40 11.94 11.27 11.08

1. H Y IE &Y (g/kg TIRY)) Mineral mix (g/kg premix): MgSO,4-7H,0, 182.57; CuSO,-5H,0, 0.98; FeS0O,-7H,0, 11.95;
ZnS0,-7H,0, 7.59; MnSO4H,0, 4.40; CoCl,-6H,0, 0.20; Na,SeOs, 0.05; Ca(10;),-6H,0, 0.24; ML 4EZE Microcrystalline
cellulose, 792.03

2. AR AW (mg/kg HE: Vo BERREE, 16000 TU; VD5, 2500 1U; a-4: &1, 120; MEALAR S84 H 251 (MSB), 5.1; #h
MRBME R, 24.5; Bk K, 36; MEMSEE, 19.8; T4k, 0.1; D-IZ RS, 58.8; MIMR, 198; MR, 19.6; EWE, 1.2; WIEL, 784; Ve
WEERTE, 700

2. Vitamin mix (mg/kg diet): Retinol acetate, 16000 IU; Cholecalciferol, 2500 IU; a-Tocopherol, 120; MSB, 5.1;
Thiamin-HCI, 24.5; Riboflavin, 36; Pyridoxine, 19.8; Vitamin By, 0.1; D-pantothenic acid calcium, 58.8; Niacin acid, 198; Folic
acid, 19.6; Biotin, 1.2; Inositol, 784; Ascorbyl polyphosphate, 700

3. FEF]: BN, 40%; T HIE-NERVESE, 20%; HEMR, 20%; AR, 10%; S-BRILH, 10%

3. Attractant: Lycine, 40%; Dimethyl-propionate thiamethoxam pavilion, 20%; Glycine, 20%; Alanine, 10%; Inosine 5-
phosphoric acid, 10%
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Tab.2 Amino acid composition of the diets (% dry weight)

HIEMR 43%fa R E A Dietl Diet2 Diet3 Dict4 Diet$ Diet6

Amino Acid 43% of whole-body protein  (1.58%)  (2.15%)  (2.75%)  (3.96%)  (6.33%)  (7.51%)
K& R Arginine 3.54 3.40 3.53 3.70 3.41 3.58 3.46
ZH % R Histidine 0.88 0.91 0.97 1.09 0.95 0.99 0.95
SR E R Isoleucine 1.76 1.74 1.76 1.93 1.77 1.76 1.72
SE4 MR Leucine 3.54 3.43 3.54 3.67 3.50 3.55 3.53
&R Lysine 3.48 3.26 3.36 3.51 3.32 3.49 3.38
7 & H2 Methionine 1.33 1.33 1.38 1.24 1.34 1.24 1.32
HNZ R Phenylalanine 1.76 1.64 1.77 1.81 1.71 1.75 1.71
F1% B2 Threonine 1.90 1.85 2.02 1.85 1.85 1.87 1.90
HE PR Valine 1.97 1.97 1.92 2.01 1.91 1.95 1.98
RAR M Aspartic acid 4.07 3.95 4.14 3.66 4.07 3.98 4.15
7 Z PR Serine 1.83 1.81 1.83 1.91 1.78 1.86 1.83
H%& R Glycine 2.46 1.58 2.15 2.75 3.96 6.33 7.51
N4 MR Alanine 2.94 7.54 6.43 3.98 2.88 2.25 1.66
LR Cystine 0.20 0.20 0.19 0.19 0.21 0.18 0.20
fi% %2 Tyrosine 1.31 1.30 1.29 1.46 1.30 1.30 1.31
A E PR Glumatic acid 6.17 6.17 5.97 6.61 6.21 6.14 5.92

%) 18 MPI4E (2 mx2 mx2.5 m)fr, &M% 50 B,

RIS AR A AT, R e IR
BEDLAT LB 3 ANRAE(ED 1 b PEg 3 A ER), &
K 05:00 F1 17:00 {2 K, FHid sk K A7
oL, FRPH R LEFT 30 do

1.3 HmXE

FRFH SR ZE AT, YUK ¥ A 24 h, Bl 5 NEEAS
MFEREALE I S R, RIS PR B R, H7EvK
He F#E 12h, T 4°CLA 3000 r/min &.0> 10 min, FF
FRIE & T80 CHRAF & H o RIS Y S5 55 £ i ]
BUFRE . . WU, AR, —80°CIR-AF

14 MHEIe

FRIH LSS R, SEHE T TR AR A, SRS
EATHE P N P Sy, B L1 SR A XA e R
NGy 25 1K TaT, 2583 FR 88 10s, FRHEMECT R fAfEK
10 s SRR, EEARAE 3K, 30 min J5HBUMLRE
(Benfey et al, 2000).

15 Hma
TRk o B Rl R AR A R TR E A
ZE , RLIR DT & F R &R [ il 2, AFIEZH 21
H o R % S s e, DR H 2R 2 i e ]
PR K A 0 22 (H 57 8900 4= F Sha FER I 2 1%) .
SPrAAk J1(Total anti-oxidative capacity, T-AOC) .,

A /% (Malondialdehyde, MDA) . i % fk %4 (Catalase,
CAT) i % . M A bW 15 {1k i (Superoxide dismutase,
SOD)iEME . AWt H kit &AL Yl (Glutathion peroxidase,
GSH-PX) i £ . % & % & Wi (Glutamic oxalacetic
transaminase, GOT)Jif 4 I A 4 2 i (Glutamic-pyruvic
transaminase, GPT){GE | LY H B2 i (Cortisol) & 12 45
SR FH B A ) TR 5 BT A ™ 1 3R e A
FE o L 7 % 5 (Glucose) B I 72 16 H C W B 125 (2
Aete 4, 2012), HAALES 0 H L4 A 3 AL Bl
(HITACHI7600).

JFREAI 2R CAT B 109 E L. a4
HEHEEFE 1 umol AY H,O, BIE A 1 ANTE SR
(U/mg prot),

JEREAI 3R SOD gt 1 . B2 e 24
BATE 1 ml R SOD I 33K 50%FT Xt 5 11
SOD # A~ 1 4~ SOD i J1 ¥4 (U/mg prot).

P23 h T-AOC HYE X 7E 37°CHE, H5
o g 2 5 2H 2B 1 S AR &R B WOL B (OD) B3
i 0.01 fiF, A1 AR HE ST HAL(U/mg prot).

FERES) 2 W GSH-PX & e X . B2
AL A KB A e | H 2 (Y S A (35 R PR VA &
1 GSH MBEREAR 1 pmol/L 2 1 AMEIE Iy A
(U/mg prot),

JERESI AL o GOT . GPT R 152 X
TEIRJE 25°C . pH 7.4, P 340 nm, Jof% 1 em HYZ%
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P, 1 ml M NADH B9 GEE T [ 0.001 154
B PE R 1 ARITTIREAAL, R 1) B FH ) 5 ) O
N ISR R VA

1.6 HIES

4 R OV 208 55 E 1% (MeantSE) % /n . H
SPSS 17.0 #4755 75 22 731 (One-way ANOVA),
75 B F )5 (P<0.05), K Tukey K46 it47T £ & HAL .
FH ¢ A0 N BT S AR L . MRAE T-AOC #idis,
I Z 0k i R ASE 7 A R £ )k v SR Y S

.
2 HE

21 TFi&

HHZE T Z 0N En, £ BA R A7 g
(%)M Ny 88.85+5.60, 82.22+1.66. 88.24+1.77.
92.85+4.23 . 90.67+3.84 Fil 84.04+3.86, EFAEE
(P>0.05).

22 mEWRMA

K fahr A A S N A5 5 L3R 3. TRk p H 2R
SEHIN 2.15%H 2.75%0F, B E 5 T HFIE SOD
W, HE5REHERSE 3.96%4 2 54 B %
(P>0.05), FFAEfaBlH 2R & A 2.75%H Ui ik
{H 291.12 U/mg prot (P<0.05). Tt H &R & 2>
2.75%F 3.96%M}, Wb FE LS THE CAT 361 (P<
0.05), FF7E 2.75% H &R BUS i KAE . kb H &
MR 3.96%F, JFMEH MDA 7K-F & 2 FEAIK
(P<0.05), HSEHZAMRSTEN 2.75%H2ER A0
#(P>0.05), JFIE T-AOC /KFAEimkH e m &l
2.75% I} B A5 f K {H (P<0.05) . 4% &b BH 20 b JF Bt
GSH-PX i 2 %A i 3 (P>0.05),

DARDRHH S R 1 N R A AR . K EE a0 I
T-AOC KRR, 2Rk A5, v =
—0.0157%% +0.1122x +0.219, R = 0.9718, Lk T-AOC
FIEA R bR, STt AT R DR b H R Y IS
TR 3.57% (K 1),

®3 ARNPIEAHERSENAHEANBEREN R MM

Tab.3 Effects of different dietary glycine levels on anti-oxidative responses in the liver of large yellow croaker

HamR SPUEAT) ALY AL SOD it A Ak S [t AW H st S Ak A
Glycine T-AOC (U/mg prot) (U/mg prot) CAT (U/mg prot) MDA (nmol/mg prot) GSH-PX (U/mg prot)

Diet 1 (1.58%) 0.3440.01% 211.64+12.05% 13.09+1.18° 3.39+0.14% 6.59+0.47

Diet 2 (2.15%) 0.40+0.01° 262.69+9.57° 16.28+1.33% 2.70£0.19% 7.19£0.72

Diet 3 (2.75%) 0.43+0.04° 291.12+12.50° 26.71+1.69° 2.02+0.07% 8.16+0.79

Diet 4 (3.96%) 0.40+0.02" 258.84+9.64% 22.23+1.52% 1.43+0.14° 8.96+0.53

Diet 5 (6.33%) 0.30+0.03° 201.64+10.54° 17.70+£1.10% 3.24+0.05% 8.36+0.41

Diet 6 (7.51%) 0.18+0.01° 189.40+7.52° 15.30+1.09° 3.68+0.21¢ 7.56+0.73

A FAESES, BA MR AR TR E 2 0] 22 5 A8 B 3 (Tukey /258, P>0.05), £ 6 [F]

Note: Means in the same column sharing a common superscript letter were not significantly different (P>0.05) as

determined by Tukey's test. The same as inTab.6

0.50
0.45
0.40 . .
035 é
0.30
0251y =—0.0157x2+0.1122x+
0.219

0.20f g2—0.9718
0.15

0.10 Xomax = 3.57
0.05 ’

JEE/ % |

Total anti-oxidative capacity/(U/mg prot)

g
1 2 3 4 5 6 7 8
AR H AR & & Dietary glycine level/%

B DR H &R S A ST R A K i 56 &
Fig.1

Relationship between hepatic total anti-oxidative
capacity and dietary glycine level

23 MMNERAN

PN R O S VAT GRS ST U= S LT DIV
F, TR H R & 2.75%H1 3.96%0, A
&R TR (P<0.05), JERN R, AAbFRA
T A INNE B 25 R B 35 (P>0.05) . 4Bt [R)—Ab B
2 6 X 7 8T AR 5 A AR b e B s DR R
TN 2.75%F 3.96%MT, Hi X BT R 2
SR 3 (P>0.05) . HoA 45 b #4046 0 1 380 IR
I 2 T N T (P<0.05),

i IR AT, AR H R B i 2.75%0T, IiLYE
HR R SR P i 2 R T IR A (P<0.05) o i I N i
TR H BR8N 2.75%F0 3.96%H ), IfiL I B s A
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Tab.4 Effects of different dietary glycine levels on anti-stress responses of large yellow croaker

ML Glucose (mmol/L)

J% JFil Cortisol (ng/ml)

H & W& Glycine —
I I AT Before stress

N5 After stress

I T Before stress N5 After stress

Dietl (1.58%) 1.82+0.06* 3.64+0.17
t-test X=0.001
Diet2 (2.15%) 2.20+0.20%° 3.91+0.24
t-test X=0.005
Diet3 (2.75%) 2.74+0.21% 3.27+0.26
t-test X=0.186
Diet4 (3.96%) 3.1940.19° 3.76+0.20
t-test X=0.109
Diet5 (6.33%) 2.17+0.14% 3.75+0.28
t-test X=0.005
Diet6 (7.51%) 2.08+0.08%° 4.07+0.21
t-test X=0.001

60.53£5.19* 223.61+17.98%
Y=0.001

159.64+8.93%
Y=0.003

137.76+14.69
Y=0.341

134.50+10.76
Y=0.028

191.87+13.45%¢
Y=0.002

225.59+14.63°
Y=0.000

73.73+£9.20°

119.78+7.86°

91.49+6.84%

83.11+4.52%

60.97+5.21%

TE: tAg T, X O[] Ak B A A4 19 157 8T S U B4 PO AL, Y O[] — A Ak 2 7 4 O IO 93T i B Jo e ) L
Note: In the t test, X is the comparison value of glucose of the same treatment group before and after net stress. Y is the
comparison value of cortisol of the same treatment group before and after net stress

B E KT X R4 (P<0.05) . 43 AT [ —Ab B4 K % fa
T ) 17 BT J LR R o P B et ) AR AR S AR Rk
RS 5N 2.75%F, 6 N BRT JE L9 B o e A
2 RN I (P>0.05),  HoA £ 4k 320 46 I 10 380fS I
T8 T P it i TN ORI (P<0.05)

24 BEEHY S

KRB BT BE L3 S kb b H &R
X R B K Sy R L HLAR DT R K S5 B S e AN
13 (P>0.05),

25 RFREFNM % SEE S

K A0 A AL GOT A GPT 7 ME%dis W2 6.
Tk AN ] H 2088 % 1 6 FE GOT il GPT By M 1%
A B EFZ W (P>0.05), IliF GOT Fl GPT i M3 7E
BHHERR SR 2.75%0 U5 5/ ME(P<0.05), 435
4 6.70 F13.38 U/L, SXFREZAALL, 7.51%H 2R
M¥E GOT /K- 3 T 55 (P<0.05).

3 Wit

T H &R A S 20 0 75 23R, A 55 H &M
TEFRAE ISP B FRAE TS A 2 o FELI R — 2t
R NT A IR T R B T IE b, 75 B A AR Rk
VI B 1 O 5 A SE TR I R G GRDRL, R (R AR
Wb B TR AR T AR BV B . A Zhou 45(2006)
1EHF 5% 45 £ (Rachycentron canadum)fl &}t 25 2 iR
R, R &R . KRR A 2 R 8 7717
B E A S Zhang 25 (2008)7E A E K i £ b Bl
T R oK B I, R A U ke R 1 R i R R A
i XFEHEAT SR O AT R R . R R AR
T @ EER, RN A SRR A U RE T 2 IEF AR T
B, AR E SR 0 E R — gL AR B, X SR
ARG A S WE R, A5 30 d
() 35 GE S B 245 R, MRk h o H A R Y A
1.58%—7.51%HY T FRl N AZ BN, 00 R £ &)y £ 1) 77376
AN R HRBAT 35 50

®5 FARPAEHERSEXKEEEENEIRHNN

Tab.5 Effects of different dietary glycine levels on the body composition of large yellow croaker

HEm Ky HEH R 17 K5y

Glycine Moisture (%) Crude protein (% dry weight)  Crude lipid (% dry weight) Ash (% dry weight)
Diet 1(1.58%) 67.46+1.68 52.71+2.13 12.89+0.64 3.67+0.06
Diet 2(2.15%) 65.80+1.89 52.30+2.04 13.24+0.84 3.74+0.11
Diet 3(2.75%) 66.80+0.90 53.54+0.88 12.93+0.40 3.56+0.20
Diet 4(3.96%) 67.15+£1.26 52.42+1.26 13.14+0.72 3.48+0.15
Diet 5(6.33%) 66.42+1.22 52.25+1.84 13.03+0.98 4.09+0.15
Diet 6(7.51%) 66.44+0.84 52.27+0.81 13.40+0.27 3.58+0.23
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Tab.6 Effects of different dietary glycine levels on activity of transaminase in liver and serum of large yellow croaker

Ham JFFIIE 28 425 il JREIE 25 R B S 375 45 B2 S ity I35 7% DN %

Glycine Liver GOT (U/mg prot) Liver GPT (U/mg prot) Serum GOT (U/L) Serum GPT (U/L)
Diet 1(1.58%) 42.61+4.62 20.18+2.85 10.13+0.96" 5.53+0.82%
Diet 2(2.15%) 40.76+2.37 24.13+2.34 9.58+0.50% 5.23+0.39%
Diet 3(2.75%) 43.82+2.26 17.81£2.31 6.70+0.64 3.38+0.30°
Diet 4(3.96%) 40.15£1.72 22.05+2.64 10.01+0.35" 4.77+0.27%
Diet 5(6.33%) 42.05+3.50 21.24%£2.38 10.75+0.66" 6.26+0.30°
Diet 6(7.51%) 39.36+2.71 19.44+3.28 14.50£0.33¢ 6.58+0.64°

SR, AL AE AL R L ) £ BE SR 73, ASBIESE
S B RE AN [ 5 o B H R SR R R A T
BFER

30 e N H S X k% R AT A AL BE ST
200

SOD. CAT Hl GSH-PX ZHUANIT ARG
() T EE AR, T-AOC 7K [ WML A Bt S AL i 2R 48 A
AL A2 3 0 %0 A0 AR A AL B8 0 S WL [ fl 3R
WHPRAS, T MDA & it 5 ok 2 m fig a id SE fb K1Y
I, TR S e A P [ e 3 KPR AR 0 (8] 8
4, 2003; BHAE, 2015).

ARFFTEE R BN, TR 2.75% 0 H 2R W%
TR EAAFIF CAT #1 SOD BYWEPE, 038 FRA% T T
IiE MDA &8, HHAFE T-AOC /K FEAEmRH 2R &
TN 2.75% B R K ME . L) T-AOC NI 48 4x,
PR K E AR AR IS H S 8N 3.57%. R
TIF 5 45 S AE FLAA I X R A0 ki A= B HE S P h A & 3
(Wang et al, 2013; Xie et al, 2014; Ito et al, 2008;
Wijekoon et al, 2004; Yin et al, 2002), T HZR1E
2 B FRE I E b BT LA S
Rt R A I 5 v T 2 30 R 7E R Ak P e
PR RTIRE . SR, HERRENUIANPLAL RS
) TR T AR AR R — 38 R4S B H K (Reduced
glutathione, GSH)AYZ A KRR, HprEAb1EH T g
SRl R GSH MG B S8, 1 GSH M & it 5
GSH-PX MTE UM G, SL 2 51&N B Hh 2R
AT o Ao F7KF Ok 7, Sheth 25201 1) 5T £,
H R X WA S A 47 g PR AP AL AT R . TR A2
TRBEROG , 51& T 3B 10 PRI IR 5 1 s i Ak
T A AN M Y R B AR K, BRI T Ak 45 -

32 fARPRME SERX K E AR EE 8IS0

01 2T 52 LIBT3 b R B A s
T, SETTAL RS BRI, R RS S LA
Fpp PR BT 2 R i, 15 0 20 0 N IO B PRI
YA 7 e 0 Jo e 1 28 Al S VP 2R AT
e BB E 8 R (Fanouraki et al, 2011; Millan-Cubillo
etal, 2016),

ARG, TR R T R R 2.75%F, TEHE M
IO ORI, KB LA R O P B A, T R P
WG, R A B A Y DR AR LT B Jo P ) 72 A R
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Dietary Glycine Improved the Capacity of Anti-Oxidation and Anti-Stress
of Large Yellow Croaker (Larimichthys crocea)

PAN Xiaoyi', ZHANG Qin?% LI Jun', LIU Dong', ZHANG Hanle', ZHANG Wenbing'", MAI Kangsen'

(1. Key Laboratory of Aquaculture Nutrition and Feeds, Ministry of Agriculture; Key Laboratory of Mariculture,
Ministry of Education; Ocean University of China, Qingdao 266003;
2. Guangxi Institute of Oceanology, Key Laboratory of Marine Biotechnology of Guangxi, Beihai  536000)

Abstract Large yellow croaker Larimichthys crocea is one of the most successful marine fish culture
operations in terms of the number of juveniles produced and commercial size fish production annually in
China. The production of this farmed species was more than 120000 metric tons in 2014 in China.
However, large yellow croaker was often encountered with many stress situations, such as net cage
changing, typhoon and water temperature oscillations during the grown-up farming. Generally, these
could result in the decreases of feed utilization, anti-diseases ability and growth, even causing great
economy losses. So, it is important to improve the anti-stress ability of large yellow croaker. The purpose
of this study was to investigate the effects of dietary glycine on anti-oxidative and anti-stress responses of
large yellow croaker (initial body weight 130.35+8.37 g). There were 6 experimental diets containing
graded levels of glycine (1.58%, 2.15%, 2.75%, 3.96%, 6.33% and 7.51%) with different levels of glycine
supplementation (0, 0.6%, 1.2%, 2.4%, 4.8% and 6.0%). After a 30 d feeding trial, the experimental
animals were challenged with a 30 s trawl stress for three times. The results showed that the survival and
body compositions of large yellow croaker had no significant differences among all the treatments
(P>0.05). The significant highest value of the total anti-oxidative capacity in liver was found in the
treatment with 2.75% dietary glycine. The lowest value of the malondialdehyde in liver was found in the
treatment with 3.96% dietary glycine. However, this value of malondialdehyde did not significantly differ
from that in the treatment with 2.75% dietary glycine (P>0.05). On the basis of hepatic total anti-oxidative
capacity, using the second-order regression analysis, the most reasonable dietary glycine content for large
yellow croaker was estimated to be 3.57%. Both the glutamic-oxaloacetic transaminase and the glutamic
-pyruvic transaminase activities in serum had the lowest value in the treatment with 2.75% dietary glycine
(P<0.05). Before the trawl stress, treatment with 2.75% dietary glycine resulted in the highest
concentration of cortisol in serum (P<0.05). After the trawl stress, the serum cortisol concentration in this
group kept little change. Meanwhile, the glucose concentration in serum kept at a relative higher level. In
conclusion, for the purpose of improving the capacities of anti-stress in large yellow croaker, while had no
significant negative effects on the survival and liver health, 2.75%-3.57% of dietary glycine were
recommended for large yellow croaker.

Key words Large yellow croaker (Larimichthys crocea); Glycine; Anti-oxidation; Anti-stress;
Nutrition
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