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RPEESE CHANRERRGFE.
R A E IR GO N

MR F K ZEE T OB R o9 k&R
T PRGN 5 2 M i se e s RRRFK™ b g BT 361021)

TE IR L & C(Vo)xt & M %17 5 1 4 (Lateolabrax maculatus) #. % . 47 & 4 J 37 L %
By e, LAaH A Bl KT Ve (6.85. 46.90, 88.24, 167.43., 329.21 1 658.69 mg/kg) 77 #H17 I ik &
56d 5, FHATAMMEIER(A 33CAREKIEN2TCARE)ALE 24h fn 48h, £ERE 7, B 24hFr48h
i, &4 MR 3(C3)AKFE T 0 h, MK 4(CHAFIET 0 he 484 Ve & 6.85~167.43 mg/kg
BE, M % IR B M(IgM)/K-F R IR B B B 36 o, Z 24 h 148 h B3 % T 0 h (P<0.05); %1d
B Ve 2 EE T 16743 mg/kg M, &0 E & IgM £ 75 F 8%, fF A W B(LZM) % A KR 48h &
KT IR Ar(P<0.05), T4 Ve i in 4l B % & T 4 8 41(P<0.05). HFEH — B4 (MDA)4 &% R
EREGTHERN, EARRERERL Ve KFHAGTEZEEKP<0.05), I LA
b, B (T-SOD) &~ & [ [ I B 18] B9 396 Am, Je 38 A IS 1K, 72 & B R 8, 704 AT JE At H JIK(GSH) & &
W EEE Ve KFWA ST T, S4ER Ve & 6.85 mgkg H, AFEfsr &4 4B HO-1)%E HE
MR B B E T IR ET(P<0.05); 44K Ve & 88.24~167.43 mg/kg B, AFJE HO-1 EHAKIEE &
FAR T IR BT (P<0.05), 16 #F i v ik % & & (HSP70) K72 1438 5 B 2 & T %98 77 (P<0.05), T %
PR Bt e ik %] 48 h B, & Ve iiimdl HSP70 4 ER F R T B4, #AxkW, "ARFEEN Ve
(46.90~167.43 mg/kg) e iR & & A BE NI AL e 1, MR Mg L R AT, &ML s 2 FE IR TR
By BL R RE o

XA e, fEEC; AMEE; N

FEDES S963 XEFRIZEE A XEHRS  2095-9869(2021)04-0126-08

028 B A IR Eh Y , KRR AR Ak 255 i £ 2K Y
AP A IS S AR LR AR AR A — E YIS N BB
J1, A AZ R, JLHGR KRR AR, kR
BEPEINCH S, 2006), T4 AL BETE 1 K (Wang
et al, 2006), FEERERFEEAL, HmsZm Ak R

(BAA D%, 2004; #3824 2010; Munills-Moran et al,
1996; % &14E, 2010) A K Gl J1 (SR 45, 2012), 4
T L 3 A B Y A% Ak (Wakeling et al, 2000).

AR C(Vo) /KR AE 2R, FR M PTIR IR ,
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G R, 25 MK R 1 (Wilson et al, 1973) .
PG . 2[5 B A9 i (Tolbert, 1979), e ik K ik |
BRE AR i) A i (Dardas et al, 2011), 7E a4 K (Ai
et al, 2004). Hi%fk(Padayatty et al, 2001). LA F s
(B 5%, 2012) 1400 i (Wan et al, 2014)%5 J7 T 2
BEZMEH . Vo RERRMCHLIA R R =4, W%
YR Z BN RSN OT 41855, 2012), 7EFRGH TR
W, FEERER AR Ve, BT DU B A 2R PN SRE T
Bt Ot R | IRGE A BT B2, O R R
IR LS R (RS, 2004; FRERANEE, 2013),

1t i (Lateolabrax maculatus), 5144 15 it | 1 & fifi |
T E ARG . R E AR DL A KA 3 A A6
o FET R HAE R T PO . B SE  E IR
Fw . AR TR E AN A A, 2019), T
R IR ) K, FEFREE A TR, H R
S8 e R B S8 AR SRR T AR AR AL, R EGR R AL B
ARIBSE . SRERRAL, EESI LRGN, AR
AR . EARE(2014)WF5E R B, i1 % (Oncorhynchus
myki ss) 55 ¥4 7K M £ 20T 5 Tl B0 e A R (IR S
PEAR L BRI R el AR, o H e IR . 45
T, AW BT VHERE Ve XF 200k IR 5 16 B e
BE . PUAAL TR BRI, LI Ve TEPUN S

TR i o S LB AR B
1 R 5FZE
11 KEER

Pifky . ARK . SRSEE RN EEEAIR, A
M. AN AR, FCHHE H KON 43% .
FHRR W7 K2R 12%09 S50 FADE, JF DL L-Budk i iR
ZRBEIRER(2APP) N Ve IR ESE HILA K 2y
WA BRA R Ry F, A& &R 34.1%, GB/
T23882-2009), HCiil 6 4R . SFARHY LIk, H
i 7 BB TR LR 1. AR Ve & SE PRl
SEAE SN 6.85. 46.90, 88.24. 167.43., 329.21 Fi
658.69 mg/kg, H, XFHR41M 6.85 mg/kg. Tk T
£ 6 K 2K PR 2R B RN T fm) 4, Ak . A9
Wy . RS TR R (0 R O R AL R B . T A
JFORH L 60 B, SRIFRHBHEY Kk, 45 5E
R E IR A AR, I 40%Z8 47 B K9 4 o
A BB AT G 2L, Wl VERIAE A 2.5 mm [ fif
ORI R SR 5 e F RS TR AR v 43°CE TR T4
8 h, fHSLIRAREH YK REETE 7%~9%, I T-20C
UKFEIRAE 5 o

®1 ZREMEREEFRKF(FIREM)

Tab.1 Formulation and proximate composition of the experimental diets (dry matter basis) (g-kg'1 diet)
BRI #iA % C & Vitamin C level
Ingredients 6.85 46.90 88.24 167.43 329.21 658.69
fa ) Fish meal 250 250 250 250 250 250
XY # Poultry by-product meal 100 100 100 100 100 100
M1 Soybean meal 260 260 260 260 260 260
% Wheat flour 267 266.87 266.74 266.48 265.96 264.92
il Fish oil 30 30 30 30 30 30
HiM Soybean oil 20 20 20 20 20 20
YR#ENR Lecithin 20 20 20 20 20 20
[iN=2 Shrimp paste 20 20 20 20 20 20
R — 245 Ca(H,PO,), 20 20 20 20 20 20
ZALRERE Choline chloride 5 5 5 5 5 5
T Y EBUER Mineral premix’ 5 5 5 5 5 5
A EWUR KL Vitamin premix? 3 3 3 3 3 3
L-BLIR IR 2 SR 5 IR B 2APP 0 0.13 0.26 0.52 1.04 2.08
B F2/KF Nutrient level
MHEH Crude protein 428.00 431.60 424.20 424.90 422.50 423.10
HARWT Crude lipid 111.00 112.30 115.40 116.10 112.20 113.10
HIJK %> Crude ash 80.40 79.80 80.40 80.30 80.20 79.90
#eH=F C Vitamin C/(mgkg™) 6.85 46.90 88.24 167.43 329.21 658.69

d: 112 2% Zhang 55(2018)

Note: 1 and 2 refer to Zhang et al (2018)
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12 HEFEEE

SCU0 T FH At £ N Y AR TR — LR B fa T (A
AR EM T L B EFE R RRARAR), 5
B S0 F R AR AR K = B 4 AV B SR A L Mk AT £
B SR KR M, IE X B IISE 10 do 5 1F
AL 24 b, LSRR AR RS — B[22+
0.2) g]Hy et 720 &, BN R 6 4, B4 4 MW
A BR300 L)SE 30 R, SCiEMh 56 d.
FF R ML 2 YR (08:30 A1 17:30), 10035 T4 £A1 (1) 45
B, TS DT R HES . SRR
FIEFR T 8K R G AT, PR RS R e T
MUZIARHE I 7=, RoE B Hl kKIS 33°C,
EREEN 25~28, WHE =9 mg/L, TR 56d )5, A
AR B AR AR LR AL B 8 ), ok | JEIkiE e
F G 56 SUZ IR =, 7E 2 h PR SE R A
KRR HIAE 27°C, AT NI 24 h F1 48 h () 2Pk
FTRLSEES ,  SEUR I ) AS PR MR ARRL
13 HmRESHH

S tE ZPEREIR 0. 24 A1 48 h, MERSEIRAN 4%
B4 AR, DL T A M RREE(L : 10000))5 & # bk B,
B, —80°CHRAE, FTA WM AL fbHedr; B
JHRE T80 CL-AE, FHT AT A LB P Al 22 .

JH I 68 STk ) I AL i (T-SOD) i M (R e i)
N (MDA) & 12 (TBA ). AWt H AK(GSH) & f (7l
AR L) . ML E A A E HO-1 i6ME | 48R A
B B I O AR e X 1 e A A ) TR
I .

LY 5 TR T (LZ M) 3% P R L e 300 2, T AL ¥
HoMA 3(C3). #MA 4(C4). fERRE A M(IgM) . 4
PR 1 (HSP70) 45 3t ¥ 3 ) il 3¢ 6 95 W o
(ELISA)AE o 12075 &0 [ ma mt J A= 9 TRERIF ST T

kg R C I E R H HPLC %
(Dabrowski et al, 1989),

1.4 HIEZRITS5HH

SCICBAR ] SPSS 22.0 Gii kAT A &
(one-way ANOVA)FIW A Z (two-way ANOVA) J 243
Mro #ACHARM B, WA SPSS Bt ig
EAT T BAON 43 HT (simple effect test), FTA 3L 56K
DL {E 47 HE TR (Mean=SE) I TE XK s .

2 #R

21 VextRMmiREEL % REiERIRm

TPkl Ve X 2RI AR5 L35 S RE 1 A2 L
2, BB C3. C4 Hl IgM Y1524kl Ve /KF 3%

®2 AR Vet 2MEREFRE MNERRERERN RN

Tab.2 Effect of dietary vitamin C on serum immune index of spotted seabass after acute cooling

Fisf ] TRk E C MA 3 A 4 RIEERE A M T TR
Time/h Ve/(mgkg™)  C3/(ugmL™)  C4/(ugmL™") IgM/(mgmL™")  LZM/(U-mL™)
0 6.85 0.35+0.02 1.11£0.10 2.38+0.08 139.46+1.56
46.90 0.32+0.01 1.30+0.07 2.56+0.04 149.91+3.70
88.24 0.35+0.01 1.55+0.07 2.64+0.07 160.72+2.83
167.43 0.39+0.01 1.67+0.04 2.86+0.02 162.52+6.72
329.21 0.41£0.02 1.7240.26 2.84+0.14 173.33+8.95
658.69 0.36+0.01 1.77+0.07 2.89+0.21 189.73+1.74
24 6.85 0.58+0.02 1.0240.04 3.49+0.29 141.98+8.22
46.90 0.60+0.01 1.05+0.01 4.96+0.14 159.46+8.13
88.24 0.55+0.02 0.89+0.01 3.60+0.48 154.23+6.24
167.43 0.65+0.01 0.96+0.01 3.42+0.42 169.73+4.20
329.21 0.77+0.01 1.04+0.05 2.63+0.09 161.98+1.78
658.69 1.06£0.01 0.97+0.03 2.40+0.07 165.40+13.77
48 6.85 0.66+0.06 0.99+0.02 2.67+0.04 131.17+0.65
46.90 0.73+0.05 0.88+0.04 2.35+0.03 148.83+3.28
88.24 0.75+0.02 1.05+0.02 3.65+0.07 152.25+1.78
167.43 0.810.06 1.12+0.01 4.90+0.02 155.32+11.82
329.21 0.53+0.01 0.9240.01 2.26+0.04 147.57+9.92
658.69 0.510.01 0.82+0.03 2.71£0.13 137.66+12.64
P-value
Ve <0.05 <0.05 <0.05 <0.05
[7RE] Cooling time <0.05 <0.05 <0.05 <0.05
VexFEIRETE] Vexcooling time <0.05 <0.05 <0.05 >0.05
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R (P<0.05), tHAZREIR A [E] & E50(P<0.05), H Ve
K- T e Ui BsF 8] 7 7 Sk 32 28 B AR HT(P<0.05), 1 IfiL
T LZM 1521k Ve AK S R v a) it 25 5

AR B3 HAERRW . B 24 h F1 48 h AT,

S C3 KT 0 h, TifEE Ve KR 167.43
658.69 mg/kg MY LT C3 i 25 & T % R 4H (P<0.05).,
L% C4 /KFAE 0 h = FREE)S 24 h f1 48 h, HFF
0 h i}, BFEEDE Ve AR i Fm . Sk Ve
JKFTE 6.85~167.43 mg/kg I, ILIE IgM K F-1ERE IR
24 h f1 48 h J5 W& =T 0 h (P<0.05); 41kl Ve /K
STE 329.21~658.69 mg/kg I, £ IHH] A IgM 22 5%
WE, 5 0hAHLL, M LZM iEPELERER 24 h )5
A B EA(P>0.05), 1M7E 48 h )5 & %K (P<0.05),
BEE R Ve A3, g LZM JGHE7E 88.24~

658.69 mg/kg I 4H i E 5 T X IR 4 (P<0.05).

22 Ve 2R ATIR AL

520

TRl Ve X 2 MR IRE A6 &5 1T BB AL RE 1 1 52
W A% 3 Fios . AEHE I T-SOD . MDA #1 GSH #4157

Tk Ve 7K 2SI (P<0.05), 5% [ R B a] b 2
S (P<0.05), AR Ve 7K IR T i ) 7778 b 3%
ZHAEH (P<0.05), i FIE HO-1 & & A Z 4k Ve 7k
S-S0, {H A2 B R I ] 3 A8 LR A
(P<0.05). JIFIIE T-SOD 5 i Jifi 5 % B[R] A 184 i, Se 344
IS BEAR, 7ERRIR 24 h, 1506 Ve ZKF 329.21 mg/kg
A ERAIR, T ZERE IR 48 h, R0k Ve 7Kk 167.43 mg/kg
BRIk, FME MDA & i 7ERR T 24 h Al 48 h B g 2%
=T 0 h, (R FERR IR B R Ve ZKSE 1 T i i
REAR(P<0.05). 7E45 B ] o, FE6FFIE GSH % it Ak
GrEE Ve ACER TR TR, TSR Ve IKOFAE
6.85~167.43 mg/kg IF, JFIE GSH % i fifi & [ i Bk (7]
38 I S T AR (P<0.05) . ZEREIE AT, HFAE HO-1
i B R Ve ZKF T e TR R BRAR, 41
KB Ve KR 6.85 mg/kg BF, FFAE HO-1 & e R IR
J5 B R TR T (P<0.05), 458K Ve K- 88.24~
167.43 mg/kg i, FFHE HO-1 & S 7EMIR)G B 8L T
WUk Tl (P<0.05).,

£3 AR Ve RMEERRERSTERENE NN M

Tab.3 Effect of dietary vitamin C on antioxidant capacity of spotted seabass after acute cooling

R X S-S B A - i TR 25 ik LREAE

Time/h Ve/(mg'kg ") 50D MDA GSH HO-I
gxe /(U-mg ™" prot) /(nmol-mg' prot)  /(umol-g™' prot) /(ng-mg~" prot)

0 6.85 426.61+7.27 4.53+£0.44 2.86+0.09 15.70+1.15

46.90 428.00+14.67 5.50+0.43 3.60+0.07 23.65+2.05

88.24 446.53+3.53 5.001+0.35 3.70+0.13 24.65+3.02

167.43 475.44+13.41 4.68+0.26 3.82+0.14 22.87+2.68

329.21 443.54+7 .48 5.15+£0.59 5.32+0.46 19.24+1.22

658.69 438.62+12.28 4.54+0.04 5.27+0.02 18.74+0.97

24 6.85 548.30+2.70 13.45+0.19 4.43£0.11 20.64+0.69

46.90 575.61+6.33 7.71+£0.18 8.66+0.14 20.14+0.71

88.24 550.93+13.83 8.52+0.16 4.48+0.07 18.27+0.45

167.43 559.90+6.35 7.80+£0.17 5.11+0.09 20.36+0.61

329.21 508.95+3.21 5.66+0.16 4.65£0.13 19.10+0.56

658.69 535.94+5.44 6.11+0.15 5.29+0.03 22.12+0.10

48 6.85 430.20+3.50 8.33+0.15 2.47+0.05 24.51+0.89

46.90 433.99+5.34 7.16£0.10 2.48+0.05 21.18+1.16

88.24 416.28+3.32 6.34+0.14 2.63+0.06 20.26+1.52

167.43 410.21+3.72 6.66+0.10 2.89+0.03 19.68+1.18

329.21 412.10+4.39 5.87%0.11 3.00+0.02 24.54+1.10

658.69 445.77+4.30 5.224+0.11 3.99+0.06 25.39+0.42

P-value

Ve <0.05 <0.05 <0.05 >0.05
R iR 1] Cooling time <0.05 <0.05 <0.05 <0.05
Vex B[] Vexcooling time <0.05 <0.05 <0.05 <0.05
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2.3 Ve Xt RMEREIR T8 M i M AE 718 R 0E

TRRE Ve X MR IR A6 55 10035 BTN BRE T 1 52
WA 1 BT o AES9IE HSP70 /KF- 3245k Ve /K-
S (P<0.05), 32 BRI 1] &l 25 52 16 (P<0.05)
AEH M HSP70 ZKF-FERE AT L TR o B
7 0 h B, £ 87 1l 55 HSP70 7K-F-7F 88.24~167.43 mg/kg
Ve SCH2H B3 TR BE4H (P<0.05), HTE 167.43 mg/kg
HIRFE MG ; FEIR 24 h B, 7F 88.24 mg/kg SLH 4
HSP70 ZK-Ffemy, 3 m T HAh & 4 (P<0.05), i
46.90 1 658.69 mg/kg SLHR2H 1) HSP70 /K- & &K F
Xif BEZH (P<0.05); K& 48 h B, 4% SZE0 2 113 HSP70
IR 8 E AT X IR AL, HAE 167.43 mg/kg ik 3 i/
{H(P<0.05).

%A= KCH & Vitamin C content/(mg-kg™)
16.85 =246.90 = 88.24 mm167.43 e 329.21 =~ 658.69

—
S
1

(o]
T

IR EASER
Concentration of heat
S

shock protein/(ng-mL™)
o

[ ]

0 24
L MEFRIRET 8] Acute cooling time/h
TRIRE Ve X 2 Bk i I AE B 1
PR TR 5 1 1R
Fig.1 Effect of dietary vitamin C on serum HSP70
concentration of spotted seabass after acute cooling

Bl 1

RR KRG FHEF Rl — Ve KA AS 8] e [i] 22 57 2. 3% (P<0.05);
AFR/NG FEERIR AR Ve /K ATE [R]— b i) 22 53 1 3% (P<0.05)
Different capital letters above the bars indicate significant
differences (P<0.05) at different time of same Vc¢ group.
Different lowercase letters above the bars indicate significant
differences (P<0.05) at the same time in different Vc groups

3 e
31 Vet RIERIREEE ME %R R

#MA R G AR O AR R S g L B
7 Y (Boshra et al, 2006), IgM & 255 S s s i
BEARLN 43T (Scapigliati et al, 1999), J74:1H%:(2012)
W3R, pH Mrif 10 d J5, H3kf(Megalobrama
amblycephala) IfiLi5 C3. C4 /K- 5 ZRAL, itk
I Ve # C3. C4 K TXTIRA . HADAF
FEAEIN, N IOR 2 P o A MAR T 4 (Sunyer et al,
1995; Tort et al, 1996; Ortuno et al, 2001, 2002), AHf

FEM, ARG, g C3 KFFHE, C4 K1
WIS TR, LZM TGPETEREIR 48 h WEFET, (Hin
B Ve KN 88.24~167.43 mg/kg I P i 3548 5
VLI Z0PE RN AR T C4 A LZM 36, 1A
BE Ve IIAT LA & 3 5 P . Magnadottir £5(1999) %
B, A GPESZ KR A, TR 23 4E 97 G I 24 1
A ARBFSE R, MR Ve ZKFEFE 329.21~658.69 mg/kg
B, #BE SN [gM 222 A8 E . N7 IgM 7K
BERE G ] B39 hn, 7E 24 h 1 48 h J5 %5 T 0 h,
A QOIBIFE R, MoK 26°C R3] 20 CHY,
7 & % JF i1 (genetic improvement of farmed tilapia,
GIFT). ¥ J¢ % 4 ff1 (Oreochromis niloticus xO. aureus)
55 1y %k fa (Tilapip aureus)fIML WG IgM 7K F -
Fto i Klesius S5(1990)F 5T 30, iR FEAR b XT BE A5
2 fii(Ictalurus punctatus) IfiL 75 IgM K-ETCM . I
RWTFREE R BIAIE], Al BE 5 SCR PR | A 5 [
RHX,

32 Vet 2R ELE AT S EE MR

SOD  FJ DAY i 1A P 3k v 1 8 460 BH 5 1 PR
SOD i 14 1T LA S e A= 1y Ak 52 31 PR 5% S Ak e i A
GSH 2 Z MK PR, 7EshPpLikfm it
W B AR H(BREIZARAE, 2018), 1 Ve 2R &
BB, T DK AR R A BE IR (GSSG) it i
ik AL e H R (GSH) . AWFFRZE R WoR, IFIE
MDA &5 7E 0 h X TFEIR)G 24 h 148 h, FifiZ5 Tkl
Ve IKF T TR . 1 I S TR A A X A6 fof =
T EALR L, SEL MDA ST, S AL A Y
PN RS S 5% ROS, BRI Ve RERRK
MDA . IR AN . Wan 55(2014)fF
FERB, %5Z%] pH Mhast, Hk@iFE sSoD 76tk
WE LT AMREEAI, Mk Ve KFETE 6.85~
167.43 mg/kg i, JFE T-SOD I H1 GSH & #7E[%
24 h R FHE, SRR 48 hAF, BEETLEILR S
Y AT R B A TE I, AE LA AL I K P A
Tt WA B ) P45 108 8 A AR 8 ) 7 RE o I R RS
fitf (HO-1) &A= W Ak P — b S i 1 R il , B 1 8 B
LT R W TIRESD, I FE 1R 22 A BRI Bt A h & 4%
B RAER, AR BRI T HOM HO-1 MKk
(Butler et al, 2020). A5, X B4 65 1FIE HO-1
T PERE A SRR R T e, SRR Ve KOF
4 88.24~167.43 mg/kg i, JHNE HO-1 3% 14 fifi 25 1% ik
JO7 AT [R]85 i Sk 2 A, URBHIFAIE HO-1 &% /2
et 2oMEBRIR A SUBHE AR, DRI I Ve nTE AR
T AL B BB AP R TR N B RE . AR RS R E A
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K& R 18 (Kitabchi et al, 1967; Montero et al, 1999;
Deane et al, 2005; Henrique et al, 2005),

3.3 {Af Ve aMEREHE M F HSPs B0

HSP70 2 40 i N 1) — e KB L%, 4 8h %)
A 32 B N S s e B, AT TAE AR P AT DR s 2
iK(Hartl et al, 2002), IEHEH T, HSP70 & &t 5 4
FLEE R 1Y 5%~10%, {H Y HLIARAL T D7 R A I
HSP70 fZe 523 15%H 2 55, JF L 15 HE
F 5 5 R T B D RE, AERRANAIE A, PRI L
(4n SOD 4§)i 4, 5w 4f Mu 4t 1 i JEHE /) (Martin et al,
1998; Dong et al, 2008). Wan Z£(2014)FF57 W], 4
Z 5| pH Wraa s, 24 h iy, Bk HSP60, HSP70
FHSPOO FRik it 23+ , 1M v Ve 2 R4 I i 2%,
YA 15 d J5, EfMERIAE T, Deane
(2005 A T 2 h AR B B TR AR N 24 h )5,
JHEIE HSP70 JE R 238 T . AWtsEH, ANdsin ve A
AE 75 HSP70 5 2k it 221 o Tk A ] 10 8 o v e 3%
Fhim, VAR R S B n AR N, W Ve gl
HSP70 &t e G Bk, RWIEEL Ve AT 385 41 iy
DB (53 VAT e T I R i 5 K N ER 7 ST AT 52

4 g

SRR A S B N 33°CARIREE A 27°C Ik 1A)
23 E 0 B[] P 5 | RS A 005 7 A RS I, e kb 7 4]
BHEE 2 C (46.90~167.43 mg/kg)REHE i AL 5 TP 48
fefie s, WG Bt A KT, S E AL BTN S RE T o
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Effects of Dietary Vitamin C on the Immune, Antioxidant Capacity, and Stress
Tolerance of Spotted Seabass (L ateolabrax maculatus) after Acute Cooling

SUN Jingcheng, LI Xiao, LU Kangle, WANG Ling, SONG Kai, ZHANG Chunxiao”
(Xiamen Key Laboratory of Feed Testing and Safety Evaluation, Fisheries College, Jimei University, Xiamen, Fujian 361021, China)

Abstract The purpose of this study was to investigate the effects of dietary vitamin C on the
immunity, antioxidant capacity, and stress tolerance of juvenile Lateolabrax maculatus under acute
cooling stress. An 8-week feeding trial was conducted with experimental diets containing 6.85, 46.90,
88.24, 167.43, 329.21, and 658.69 mg/kg vitamin C (Vc¢). Some fish were then exposed to acute cooling
stress for 24 h and 48 h (transferred from 33°C water to 27°C water). The results showed that the serum
levels of Complement 3 (C3) in each group after cooling were higher than before cooling, while the levels
of serum Complement 4 (C4) showed the opposite pattern. When dietary Vc was 6.85~167.43 mg/kg, the
levels of serum immunoglobulin M (IgM) at 24 h and 48 h were higher than at 0 h (P<0.05). However, there
were no differences among the treatments with higher dietary Vc supplementation (329.21~658.69 mg/kg;
P>0.05). After cute cooling for 48 h, the levels of serum lysozyme (LZM) were lower than at 0 h, but the
Vc-supplemented groups were higher than the control group (P<0.05). The concentration of hepatic
malondialdehyde (MDA) were higher in all groups after cooling stress than before cooling stress, but
decreased with increasing levels of dietary Ve (P<0.05). Total superoxide dismutase (T-SOD) activity
initially increased but then decreased with greater cooling time, and the glutathione (GSH) content increased
with increasing dietary Vc supplementation. Heme oxygenase-1 (HO-1) activity in the 6.85 mg/kg Vc
group was higher after cooling stress, but the groups supplemented with 88.24 to 167.43 mg/kg Vc had
lower activities after cooling (P<0.05). The levels of heat shock proteins (HSP70) were higher before
acute cooling, and when cooled for 48 h, HSP70 levels in the V¢ -supplemented groups were lower than
the control group (P<0.05). These results suggest that dietary Vc supplementation (46.90~167.43 mg/kg)
may improve antioxidant capacity, reduce lipid peroxidation, and enhance the resistance to acute cooling
in L. maculatus.
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