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W E: [H/Y] NS KZEBE (Scophthalmus maximus ) TERER S FE R AR O B, SR @ WL & B, BFSS KR R i
Ik 2 C X K ZE ST IR0 T A B A AL AR AR LA S 52, [Aa3k] Wk, MRS TIMAZTO . 25,
50 . 100 mg'L ™ 4E/E R CIEALIE 12 h, RFEAHB IR K BGMIEE 3 C, LARMIHO, 12, 24, 36, 48 . 60,
72h, WMEHFWRILM G4 F Ol Hik, UREWESEE R C M ASEN 1205, #HTHERE 18,
13, 8. 3°C, ZHIAE 4 TR SRS 4000 . B RIRE . R BESEAEEA M KA B HER. [4R] 50
mg-L " 4R 2 C WAL B K S5 B TC K AR 72 h A R IR, 40.0%, 4R 2 C AL B R SE T I 1 4R . 214
JiL L 20 A MR R B TR AL A (P<<0.05); MEIRERET, MIEE EARE . RREE . MEASER
SR LT, T A . IR . LA pH 2 TRk, 4i4 3R C AL AR F A AL R AR AR fh R 3 W
NTXFBRA (P<0.05); #EAR CAAFAIREE | b . PEE PSSR AR ] WO T XA (P<0.05). [£igt] £ 50
mg-L ™ 4i2E % C ARG, R O 10 o7 R 3 VT B I 0 P AR S A, R LA R DLIA B T T R . &
WA 3 24 0 4 A 36 C Ab T AT — 5 Rt 8 0% A A T B 300 XoF A S5 9 ) 97 v R

KRR 4EER C; REERE; AU SR RS WL BT
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Effects of Vitamin C Pretreatment on Physiology, Biochemistry, and Meat Quality of
Scophthalmus maximus Under Cold Stress
JIANG Lexia?, HUA Maozhen™, ZHANG Changfeng™’, HUANG Baosheng™ , TANG Jiaming'”, ZHANG Jiaguo™*
(1. College of Food Science and Technology, Zhanjiang, Guangdong 524088, China; 2. Shandong Institute of Commerce and
Technology/Shandong Key Laboratory of Storage and Transportation Technology of Agricultural Products, Jinan, Shandong
250103, China; 3. National Demonstration Center for Experimental Fishery Science Education, Shanghai Ocean University,
Shanghai 201306, China; 4. National Engineering Research Center for Agricultural Products Logistics,
Jinan, Shandong 250103, China)
Abstract: [Objective] Effects of vitamin C addition in water to improve cold-tolerance of turbot ( Scophthalmus maximus )
on the physiology, biochemistry, and muscles of the fish in chilling preservation were studied. [ Method] Live turbots were
kept in water containing 0, 25, 50, or 100 mg-L71 of vitamin C for 12 h prior to chilling to 3 ‘C by circulating the water through
a refrigeration system and holding for 0, 12, 24, 36, 48, 60, or 72 h out of water to observe the survival rate of the fish and

determine the optimal vitamin C concentration for the pretreatment. In water with the optimized vitamin C concentration,
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turbots were kept for 12 h followed by cooling the water to 18, 13, 8, and 3 “C to measure the physiological and biochemical

indexes, such as white blood cells, epinephrine, cortisol, and muscle texture, of the turbots under cold stress. [Result] The

turbots kept in water containing 50 mg~L7] vitamin C then chilled to 3 ‘C for 72 h had the highest survival rate at 40.0%. The

white blood cells, red blood cells, hemoglobin, and platelets of the vitamin C-treated fish were significantly higher than those

of control (P<<0.05). During cooling from 18 ‘C to 3 °C, the contents of serum epinephrine, cortisol, and total protein in fish

were on an increasing trend, while serum glucose, liver glycogen, and muscle pH decreasing; the physiological and biochemical

indexes changed significantly less on the pretreated turbots than control (P<<0.05); and the muscle firmness, elasticity, and

chewiness of the treatment fish were significantly higher than those of control (P<<0.05). [ Conclusion] With a 50 mg-L™'

vitamin C pretreatment, the negative impacts of cold stress on liver and kidney of the chilled turbots were significantly reduced

and the energy metabolism and meat quality of the fish relatively unaffected.

Key words: Vitamin C; Scophthalmus maximus; physiological and biochemical indexes; muscle quality
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L5 E X Y KEEHT ( Scophthalmus maximus ), J&
THILH ( Pleuronichthys cornutus ), %FB} ( Bothidae ) ,
BRRERIN L B 1, 25, JE = F RV AL R i
B, BB KES TR PRI AR R
MEBEERME, REFRCVERE LA 2150
Sk AT, KEEEERE T OO A K IS
AR R ToKisH . SA KSR, KIS
FHIK A, (R B A] 4 v R 22 B A7 16 %2 . AR R JoKis
LR ZRINE 5 3 NI 87 R X N 7 R A s R I R R T e 2
o IR F R TR IR A A0 28 AR S VKR AT R T
Be, SCBUKSRIRY. KRB LM, a2 AEik
PRI A I 9 R 28 B4 P g 1 T K2 a0 IR
B AR — KA WY, S DR R Sl AR
BN . B RGN, DT 52 0 380 3K AR B A5 Bsf
PR . BRI, B R R R 2 A DR A R
7S I ) Ak Bk Xof 4 e £ 2K A Ty RN A B LA
wEE X, [T AR RE]Y 484 R C (Vitamin
C), XWPURMAR, J&—MKEE4EE R, W HAE
R R SR AR A TR 0 B g B SR S I 2 KA, DA
I PUAACRE T, DGR N R N, 3 5 R A
PR 1Y DR, 4 % C A RO TR A
3 55 ( Megalobrama amblycephala ) . #8fh ( Cyprinus
carpio ) . T 3 A X UF ( Penaeusvannamei ) . & %4
#l ( Carassius auratus gibelio ) iz % 1% WP 1) Pt N 38 BE
TR ALRE 1, R e S AR KOs 4
2 CNAT 4 5 2 AW 38 A5 10 R 6 4 £ ( Barbus
capito ) . #eWIEM{£a ( Polyodon spathula ) . [ BE 245
it ( Verasper variegatus ) . T i ( Mylopharyngodon
piceus ) WIHTAALRE ), 2l 2 B Wi 7 A 1Y s
AR €0/ A7 N W= B:ii 5 G o 7 N L7 1 E 1 4
F CIRGE RZE PR N S Ao i e il . [
iff DR 11 S B [ JE ] A5 DA R 32 67 R il g %k 52, i

T 2% K 32 BT A IR 1 K e AR AR AR K CWRIE, TR
PIEEAR 3R C O U9 22 BF [ T W B ) s el Sl R 38
B JC 7K AR 38 i B BE R SR AR
1 #HH57%
1.1 XA

REEETILARE BB T AEMGHE, 22 H
FAR = S AR I TR ARG . PRIEA R 1R
KT (930 £46) g, f@#HEIRER. RFRITHMG . KD
Yo i, BT E AL A IR TR AR
WEFE H O K= SR IRE KT I R G . B AR A&
fF: BFEEECY 2d, KR (18 £ 1) C, BEE=
6mgL ', pH7~8, £hi¥ 28,
1.2 UR5EE

BK-280 4> [ gh A A B (L AR RHE H77 ll
HBRZHE ) XT-18001V 4 H 3 4335 1l 41 M 7 A7
[ A AREFEEHE T (L) ARAR]; TS %
Hh 430t 6 BE T (b 503 Al AL #R A R AR A
A ); Multiscan MK3 fiff b5 {% [ F€ 2R /R (B )
IR BRAT 15 K= FR MG KRG (55
TR KA B2 TREA FRA R )5 220 pH &I T
(A IAREHABRAF] )5 IPB-607A RIEHAE X7
S HTAL (VT R AR B R A FRA F] ) 5
LS10T # 3 (S M AT sy i PR A BR AR ) .
1.3 5%
131 mELEF CREHE KB YA
% C R4 I E 25, 50 . 100, 200 mg'L'
RRERAE, AIRERINGEE 2 (0 mg L) Ab B Y K 35
VESR AT HRZ, BRd 15 S0 REE0T . W 37 )5 1 R ZE 6T
Iy NEE ANGEE R C (S bral, 4EFE 99.0%, W H kst
RIEEFHEABR A A ) & B AR MG KI5 R 5
AbFE 12 h, SRIGBRERRIRE 3 C; £ 3 C &M
I RICKORTE , I W SR T 2
132 $AF CAE  DUiikhMREgEEE CIR
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R IR AL, DI B INZELE R C AR B g %) 1
4l AbEERER 130, BT, 2 5AE 18 |
13, 8 . 3 °CBEHLIEHL 3 )2 K 25 6 J & # ok R 1f
— I AEELE 4 °C PKAFALHE ShS. 4°C. 12000 r-min '
B0 15 min, BB WO 80 C UK RAF5 53—
AT EER, T E R A AR bR . RIS
fif E U IE A ZLMALN ZH S, B T80 °C vKAE TR A7
B

133 ik AR 4RM R R4 A Z A2 m
J oA (XT-18001V ) JE AR ( White blood cell,
WBC). £L41/ (Red blood cell, RBC). Ifil .7
( Hemoglobin, HGB). Ifi. /M4 (Platelet, PLT) %%
IV A= FRFE R

134 @A fagirne  RHA2 ALY
(BK-280 ) M| 2 &L % 1 ( Total protein, TP)., [1%E
H (Albumin, ALB)., & W # & # (Alanine
aminotransferase, ALT). % & % 4 fiff ( Aspartate
AST). WL PR ¥ K (Creatine
kinase, CK). M it & B (Lactate dehydrogenase,
LDH). #ij % # (Glucose). . M2 (Lactic acid,
LAC). R FH a0 A W TR B 5% A DG 3K 7 &
W22 B il ( Cortisol ) . B _EHRZE ( Epinephrine, E) .
8T B 5% AL B A H 3 TR 22 -9 ( Proprotein convertase
subtilisin/kexin Type 9, PCSK-9 ) N##E ( Glycogen ).
135 AR (1) Bikgfsts. S E &
U gk, WY E lem X 1em X 1.5 em K
AN, R TPA IE . Rk TA39, R4 RN

aminotransferase,

1 mmes ', JEGRTREE N 50%, W5E $6 b 04wt | A
JE L WU R R

(2) pHHEM & . WA MAR 5.0 g A
B HIZEBK, DA EAR 2 50.0 mL, #E
30 min J5 38, FiT pH R I E 5E i pH (™
14 HIEG

i FH SPSS 22.0 B4 %t Bl i A7 40 B, Bt R
Duncan £ 5 LA AT B & T o

2 ZRE5oH

2.1 REHEERC Ak

M 1R, R ORIG R IE K, &4 A7 R
PIRTREE ., SXTRAME, 0~24h, FABYILF
TR T REIREE RN, 50 . 100 mg L Ak 3 4H (4 K 35
70 R d . JCKARTE 36 h i, 50 mg L' b F4
REZOERIRAR A RAF, IR EESE, J0H i 48R0
A7 15 R0 100%, 17 HoAth £ 20 47 35 263 1 2% T B%
(P<0.05). FoAKLEIE 72 hif, 50 mg L 4b B 20 47
R R, h42.22%, 100 mg' L AbFERAIR =z, X
FRZH . 25mgL . 200 mgL ' AbFHLHFLAK, KIEH A
TR BN 0%, 3 1] g & PR Ry 2 & sl ad AR & 1
ik R C AR TR RE RN A A i, dmc
VAR O RE A g Y g b TR,
50 mg-L ' 2R F C VA WRAL BT S5 R T KSR 6T
IR, 50 mg-L ' 4EAE R C R K EE T IR

14 frid HH

®1 TR%EERCHELETAZHRKFETENENEEE

Table 1 Survival rates of turbots pretreated by vitamin C in different concentrations prior to out-of-water chilling

ANTR) Ab B8] (/) 77375 2 Survival rates/%

4 %C Vitamin C/(mg'L™")

Oh 12h 36h 48h 60 h 72h
0 100.00£0.00a  100.00%0.00 a 9533+£385ab 64.45+3.85d 48.89+3.85d 8.89+7.70 ¢ 0.000.00 ¢
25 100.00£0.00a  100.00%0.00 a 91.11£3.85b 64.45+£3.85d 53.33%£0.00cd 28.89+3.85b 0.000.00 ¢
50 100.00£0.00a  100.00+0.00a  100.00£0.00a  100.00+0.00a 91.11%+3.85a 77.77£385a 42.22+385a
100 100.00£0.00a  100.00+0.00a  100.00%0.00 a 71.11£3.85¢  62.22+3.85b 13.33£0.00c  15.55+3.86b
200 100.00£0.00a  100.00%0.00 a 82.22+7.70 ¢ 8222+385b 55.55+3.95¢ 28.89+7.70b 0.0010.00 ¢

FBEHRE G ARG AR BENZR (P<0.05), MANEEEEZST (P>0.05) .

Data with different lowercase letters on same column indicate significant differences at P<<0.05; those with identical letter, no significant difference(P >0.05).

22 #HHEFECHEERMEBETKELFMAERIERN
A

W 2 Frow, i B RN 38 56 2 K 35 6 1Ml W 21 4
b 5 B R P AR 2 B R B ER, 8 €L 3 C i
IR B3 = XA (P<0.05). XF HEAL AL 5

ML EAFEERE THRETREESE, BEE
8 C ML SR 3 °C Wk BIRRANME , 504 B E &
TRRRZH (P<<0.05), &I 50 2H I35 6F 7 1 X IG
TRkl 3 B, R AR R T O R . 1l 2 55 X
2 /N R B L B R R R R, R R R R
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o, IR A M /MRCECR IR 2 T R, R B AN, A, S 4R B m TR (P<<0.05),

MREE 3 °C, RIS /MR ET R BT 79.6% (P<
0.05) o FEXT AR BRI AR % M T h il & BE
L BE B WA ARG 2 S Bt/ v B R RS A
fir U SIS B R R W s S 1 U R A N
P, (HEFRRYW, TRIFEEAUE ., FiRE 8 C

R2 HERCHEMEBTAENMGPLHEM. MAES. MR,

20 060 2L T I 2 RS O 1 AN MR 3 °C 390 F o
KB, AHEET 18 °C, WHZHAMAI R4 2.546 X107, 2.652%
10" AL, Fe W BE T B2 X R 25 BT A 8 i 1 7= AR

—5E B o

Sk AT

Table 2 Effects of vitamin C pretreatment on red blood cells, hemoglobin, platelets, and leukocytes of turbots under cold stress

i@ Temperature/ ‘C

izt 2151

Index Group 18 13 8 3
T $HE4 Control 1.67£0.02a 1.62£0.05 a 1.4840.06 b 123£0.04 b
RBC/ (X107 4L KU 4 Treatment 1.7140.01 a 1.654+0.02 1.56+0.02 a 134+0.03 a
e $HE4 Control 55.40%0.06 a 5120%1.13a 42.00+0.86 b 39.300.30 b
HGB/ (gL KL Treatment 54.8040.40 a 5230+1.02a 46.00+£0.41 a 41.10+£0.80 a
TV $HE4 Control 15.60+0.28 a 14704027 b 11.30+0.13 b 8.60+0.01 b
PLT/ (X 10" L) KL Treatment 16204+0.02a 16.10+0.41 a 14304021 a 10.840.03 a
A4 $HE4 Control 8.01+0.44a 7.87+0.12a 735+025b 536+0.11a
WBC/ (X10" L) R4 Treatment 8.06%0.30 a 7.96+0.25 2 7.65+021 a 55140.13 2

ARANEGF RN AR E R T ARLHAL WEREE (P<0.05);

Data with different lowercase letters indicate significant differences among groups with identical indices at same temperature under different treatments at P<<0.05.

Same for following tables.

23 HEZECXHEEMBETKESTIER K
TRERERENII

W 3 B, kIR ZH A5G 4 B Bl AL B R

-

R R B

A 3k B e KA,

ETF SR T mkas, BEE3 C
B 18 °C 4b, HAKIEE

SIREG 2 K

FREEAE [ AR B ik s B B I R (P<<0.05 ),

R3 HER CHBEMETAEMBRREEFMSE FRFRERFIM

Table 3 Effects of vitamin C pretreatment on serum cortisol and epinephrine concentration in turbots under cold stress

i@ B Temperature/C

=2 e
Index Group 18 13 3 3
b X$I4L Control 75.6+1.28 2 84.5+194a 89.8+1.56a 100.5+1.50 a
Cortisol/ (ngmL™) KIG 4 Treatment 7484075 a 823+1.09b 85.4+1.25b 89.7+1.06 b
[ X$I4L Control 43.6+£0.68 a 48.6+0.84 2 55.8+1.242 63.4+143a
Adrenaline/ (ng-mL ") RY6 4 Treatment 41340784 45.610.43 b 48.5+£0.92b 524+1.14b

24 HEERCHBERMETAZHMESER. A
Q. AREEKE. aAERRUBHRERER9

k=AY

W2 4 BT, XTHRAFMIEH RS S EE S
ERRE TSR ETHE TR, YEERE
8 CHY, Il & EEHFMTXIA (P<0.05);

iRz 3 Cmf, XA HNEN S
R, HARE0 4 8 K T 3R 4 (P<<0.05),

HYT
poRiiEal

2 B LT AR A R RER R B e BT T R

%t# FEiE 2 8 °C I,

Tk R RE, BERE

3C W, WREE IR /ME ; 5 4 RS B 108 H R
BT BRI B P2 BT aE; BIRE3
B, 35 2 I T AR O R B e T IR A
(P<0.05) . X B 4 ik 6 21 K 35 6 1l 5 48 9 7 &

P 15 24 Bl BE A R 22 T e

3%C

I,k EZH A% TN R R R R TR ] (P<
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0.05 ) o X HE 21 it 06 20 22 6 i 37 0 i A 11 5 A JEREZE 8 . 3 CHF, X HR4LKSEHT M 3% PCSK-9 5 &
MR TR R -9 & MR E R B AR R IR, | BESTIREH (P<0.05),
F4 HEECXEEMNETAZLEME TP, ALB. ALT. PCSK-9 RIS
Table 4 Effects of vitamin C pretreatment on serum TP, ALB, ALT, and PCSK-9 of turbots under cold stress
izt 405 ¥ Temperature/ C
Index Group 13 8 3
BEA XtHEZL Control 4044001 a 4214021 a 458+0.29 a 44.5+0.46 a
TP/ (gL R4 Treatment 39.140.06 a 41.6+049a 43.44037b 425+028b
HEE XtHEZL Control 17.840.10 a 18.5+0.11b 193+0.14a 18.140.08 b
ALB/ (gL R4 Treatment 1734+0.08a 19240.09a 1934+0.11a 19.6+0.14a
AR Xt HE2H Control 42+0.13a 45+0.01a 52+030a 5.6+030a
ALT/ (UL R4 Treatment 41+0.13a 43+0.12a 45+020b 49+030b
219 58 1 LB VA 20 FHE4H Control 0.340.003 a 0.340.009 a 0.440.001 a 0.6+0.010 a
-1
PCSK-9/(U'L ) RIS Treatment 03+0.003 a 0.2+0.008 a 0.3%0.001 b 0.440.001 b
25 HEEERCHBEWETAKETMBESEXLR TP, IREREE 3 C K, X RE4H LER G 1S

B, ALERAES. FLERAE: SESEMERISIN

W% 5 FrR, X BE L AR 06 41 K 38 07 1fi 375 4% 5
TR IR T TR R LI, RERE - C
B, X B A R A T B A TR (<
0.05), HARKIRESEEZERAEE (P>0.05), X
FEC 2 03X 2L i s LR T T e e R T R AR

BEETIREA (P<0.05). XF M4 AR 4 K3
6 1 75 L 1 O S il i L B T B S O TR R BRI
o, IRE R 13 °C 18 °C B, X R ZH LR I S
BEHTIREA (P<0.05); FIRZE3 CH, R
2 7L 5t ST P 3 v TR R AL (P<<0.05)

F=S5 HEZCBEEMET KELME AST. CK. LDH EM4AIZ I

Table 5 Effects of vitamin C pretreatment on serum AST, LDH, and CK activities in turbots under cold stress

=20 20 5] 7 FE Temperature/'C

Index Group 18 3 ) ;
AR R X R4 Control 33.9+027a 38240482 45.6+046a 51.6+0.41a
ASTI(UL™) BI%4H Treatment 3454041 a 36.74+0.552 42.84038b 50340302

WL kit XFHEZH Control 991.3+21.11a 1123412444 a 1756.7+£32.22a 1849.8+24.44 a

CKAUL™D RI441 Treatment 1000.3+16.67 a 1098.6+25.56 a 1698.2427.78 a 1704342222 b
LRI RHR4L Control 2740062 3.9+0.14a 4140072 354011 b
LDH/(U'L") BRI Treatment 3.140.03a 3440.14b 3.840.13b 3740.14a

2.6 HHEZECHMEEMETAERMEEEE. AT
PEE . FLERAISZM

e 6 Fron, X B A K S5 6T I I A 4 o ik Bl
BE TR IR, FRE3 Ch, &akil&EE
(1.540.08) mmol-L"; a3 2H A 25 6 I Vi 7 45 W 75
R TR R TR B EE, R - C T,
ik B F/ME (1.640.056) mmol-L s i K 13 C

F18 °C B, X HEZH I v A A 0 o 0 Tl Al
(P<0.05), JRFEFEZ 3 °C W, W RELH Il 375 % 25
SEDBEMTIREA (P<0.05). %ML E &
EREE R TR TG LIk, 54 b
Ji B i B R R R R R IR 13 °C F 8 °C I,
00 2 R i s T IR (P<<0.05), B
A3 Cu, XA AR S B R T8l
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(P<<0.05). X HRZ0 AR 6 21 22 0F 1175 LR 1R
BtV R R T, FRIRE 3 °C B, X BR AL A 5

HEERBNRAME, RAFREE §ZE S Tl
7H (P<<0.05),

F<6 HERCXEEMETNKRESME GLU, FFHEE. LAC BT

Table 6 Effects of vitamin C pretreatment on serum GLU, liver glycogen, and LAC of turbots under cold stress

& Temperature/'C

fabr 415

Index Group 18 13 8 3
Prv— %t A4 Control 24+0.07a 22+40.09a 1.940.04 2 1.540.08 b
GLU/ (mmol L) 620 Treatment 2.340.00a 1.84+0.08b 1.6£0.06 b 194004 a
- SFHE4L Control 43240304 39.84040b 3524030b 3944051 a
Hepatic glycogen/(mg-g ) R I641 Treatment 43.6+0.39a 41.8+030a 39.5+0.71a 3694050 b
AW T2 Control 0.8+0.04 a 1.5+0.03a 2.1+0.03 a 2.54+0.04a
LAC/ (mmol-L) X564 Treatment 0.9+0.03a 1340.04b 1.740.03 b 2.040.03b

27 BEZECHBEEMETAZHINARAR
pH BIE20

R 7 BroR, X BEA 500 2 L PR ) A R 3 B
TR T MR, B0 g A R S X R 22
FARRE (P>0.05) X I8 LAY B b 2 8 U o 7L
TR T, G 4 e ek e A AR B R T R
TREJE ETFR g, xF B2 R 0 AR A R R A
LI 22 R 3 o X B2 A 5 4 A UL A 5 i
TR TR R TR, BRE 3 CrHL8 g
R TR (P<0.05). Xof B8 2 L ) IRk B
T R AR BT R A, T 2 ML G R o v
TrERE%LTHE TREBE, BRE3 CH, I
NEL Mg 7Y 4 2 5 X 2 (P<<0.05) . X HEZH WLIA [H]
EPEREIRE T IR R TR FREEE, e

[ Ak Bt 3R 3 R B S B R R R B TR, IR
HAKKEH TR FEZR (P>0.05), XWHEHAS5HE
AR ZEGTALA pH (H RGBT R, FRRZE 3 C
B, F BRZ ARG 4 pH (B A B AR, WRBEH 18 C
13 Cuf, XA FREANN pH G B EH £ 7
(P>0.05), JLEEFEZ 8 C M3 C W, AR K3E
BEALIA pH {E % T4l (P<0.05). FHIEE
MIREAS, FECESWBA R, HomE HEL
AR, MLATLE N, pH TR Arrekm™,
FLIR = BEAE A IR b o, A0 RR 22 B IR 4%
5% IO R T i T — o AR AR,k H T
15, AR C oM T IR E R R, PR
K H LA pH /& X IR .

R7T BERCHEEME T RETHARER pH ST

Table 7 Effects of vitamin C pretreatment on meat texture and pH of turbots under cold stress

ekr 2H 5] 5 Temperature/C
Index Group 18 13 8 3
FHEZH Control 6.844+024 a 6.80+0.15a 6.76+0.23 a 6.72+0.17 a
fig & Hardness/N

R4 2H Treatment 6.83£0.13a 6.82+0.18 a 6.80£0.17 a 6.77£0.09 a
FHEZH Control 0.384+0.02b 0.42+0.02 a 0434+0.01 a 0.434+0.02a

A Gumminess/N
iR I84 Treatment 0414£0.02a 0.39+0.05b 0.444+0.02a 0.4440.03 a
XFHEZ Control 0.514+0.02a 0.50+0.04 a 0.45+0.07b 0.414+0.04b

F1% Springiness/mm
k62l Treatment 0.52+0.02a 0.50+0.02 a 0.48+0.04 a 0.45+0.02a
FHEZH Control 0.30+0.03 a 0.31%£0.02a 0.274+0.01 a 0.25+0.01 b

MM Chewiness/mJ
X541 Treatment 0.2940.02 a 0.32£0.04a 0.294+0.04 a 0.284+0.02a
FHEZH Control 0.20%£0.01 a 0.23+0.03a 0.19+0.02 a 0.20%£0.01 a

[5] 52 P Reversibility/mm
i35 4H Treatment 0.2240.02 a 0.214+0.01 a 0.18+0.04 a 0.2240.02 a
XFHEZ Control 7.15£0.03 a 6.91+0.06a 6.531+0.04b 6.324+0.05b
pH{H pH value

X520 Treatment 7.21+0.08 a 6.931+0.03 a 6.79%0.07 a 6.57+0.08 a
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3.1 HH R C MERIMNE T AEETIIGE IR RS2

141 i 0 2T 2R 1R A P s AR R R R
WA, 2t R IR R R B AR R, BB
RIS S 2 s AR KRS AT IR X R
2H 553 6 2 o 20 0 R K L 20 2 P B R I
A, 5 20 T BIESE  K S5 O i 30 2 B AR Ak
Pk —30, AR R AR SR T AL BRAR 8 Y
AR, MR R R AT, S B00 I b 2T 40 B
RN AT 8 AT T R, WA, ARy
Wi BB  UE T AZ A 5TL l ad A RS T LA
R, dEA R C AP ) R 25 B T I i 5E ) B0 o
I /INR 2 2 ) T A 0 6 O F) /N B L, AN
ALY 0.05%, 7E@EHLAT F2 S5 1k im T #E,
MR AR, i /NRRGERE T C A, B
JR Ak T L R R R R, A R S O i B
Jaip s m IS, M TS R, XK@ T X
R ot /A R B R R B S . AR TR R A
TG 20 K S5 07 2 R A T WU B A B S I, 3
T LA 2 C AL B S (4 R S5 B i /N BRE I 1k 1 A A5
AN E NI iON: a = ab o (4 P = 1 PSS R B )
KT BhRE 1, S SRR BT R, A1 45 4i i
A G g AR AR IR R, X IR
F I 4 P 20 M KO ] S R e, R IEE T At
RSO BERE J1 77 A — S 54, X 15 Slater'” $2 1
SRR AR T X AR b e A R T 25—
3.2 HHE R C XMMFERIMNE T AELIESE LIRS

Mt BB, OISR RS ER S, K
VAR R E R, Vg 5 4 B R TR it Y LS 1)
25 £ (Catecholamine ), S EIM K 'H FIR R
(EP1) & ETtaE, FOskme . mEnghms . i
JETFm, AR TG s B A B 22 8 i IR 1 R A i
HREFEESE; MG NEERZ T ERRER RS -
R ) B8 2 BEL A F ( Corticotrophin releasing factor )
L, o3 i fE ' b AR Bz BUi & (Adrenocorticotropic
hormone ) %6 45 B [RIZH 2L, M RIZH L r=4: L i
B (Cortisol ) Ay 2 Y ¢ T 2% [ B, I A% e ) i
o, YRR R A R TR R, T LUIN g RE A 3h
B, PR BT, S P R SR LA R R S S g
e, MR, RIREEN T2, o AL G
ey, FEWIARZI . IS bR 2R AR AR
W JEAIUAAR K A 7 R O S ) BRI, 2 B A
Wi e 75 A N7 38R I AN LA IO 38 Fz Iy A ) o 4
P ARBRGO T, BRIRAE A, ok L A 6 4 it
B EMREB B LT, UL RZEETZ IR M, 18

A MRS LR R PRk RE, HOBARIR , dEREE
TG A, AR WS AP MO K 3 1 A
A48 br 52w B, BRI B AR Ak 23 0 R 35 6 AR
W, FEELRREERETE, X5ARKLEEE R~
o BT, U 2 A5 R R AR SR B I B R
R W EART XA, RUIKEHAELDT 120 44
R CAHE, VAN REZERE 83 —Emigag, 1F
Sk I B I A g e — TR R, R R R B AR Ak nT LA
J2 e g A R R A Y e B B L b T e R SR A
FE R A R TP B TSR B B s N, LR TR 4 R
Jo R N 3 6 S AS i R st K A2 81 6 38 AT B4R 2
XTECE 0 2 RS2 BT Il T R o v B 1R K T
XPRRA, FUIEA R C i ke T KRBV VM. £
W R IP ) Ye e % C o 7E JLAS I e R G At i %
A BRI AR h A AR, 4R ER R 98 A 2R
W, XEAMREGR %, fAER CRHEERERY
B, WA FREWR A, SR K EE 6T N X R IR
SENPIAT SrA AN

Mg B A FEMARFEAEAMBREN, 1TE7E
HFRE 5, Y HF Sl RESZ 40 (& sk 5
AR PE 2 B Hil 1, YLK AR AE AR R - s oh
BB AT, R R S ER A i Y
TR REAR, KREFEEALF R BRI in 3 07 3 &
AR, 1T RESE A B IR O & T K26
fif 5z Y, FETFUR 32450, 45 A A 00 T 1 52 2]
ma, x5TEEEY ST s —%. =
WA & i, WIRZEAE 8 °C JFHE T I, FHIHLIK
ZARE MG, AR E RIS AR AR R, W
REGHAHEAWRELE BT, R GENRE —EL
TG EORAS, 58 RS2 BT AU IR IR P38 i RE 7 . DA
BEREWY, AR CTEE R RIS Z 40
FEMFER, IR ENER T/, SHER
il 2 £ VA 0 L P TS A D T, 2 AR i
AR AT AR, EEAAE TR, ST
Y ff sz FL T, A0 AR E AR N, ALT 28k R E)
ML o BRI 205, 0 BE A A 56 A K 32 B 1 35
ALT {EPEX BT, 0 0 2 X 56 fa T 40 g o BEAS )
FEEE IR0, X 5 gk e B A B BB gy — 5.
PRSP, R4 ALT W5 M B E K TP iRg, £
B2 A 2 C W IR ST T T 200 i 200 i 5 4 3 o e
V2% HT 20 M ) 32 3R S . PCSK-9 S —Fft TR I 43 ik
HA®, W AKIER N MAS KT, B SS
AMME IR TS, 4 PCSK-9 #I% )5, AT R 04
e, Bl R, PCSK-9 ik 1 2B TG 7t
s, g5 S5 BE Y — 8. R R T g
& PCSK-9 i i3 VM #E B 5 >k U) #1224 iR & 11 il -3
(Caspase-3) HifA, 1% Caspase-37 J1 {d T 41l Jits 4
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TP BRI 3 °C BF, PCSK-9 fEIE S E RN, FxHE
CHE P TR A, U AN L IR R AR B
T, A PRALUR TR R I A O, LA SRR
Y% C A LARRIE PCSK-9 3G A7, IIF4nEro T,

PR b A B . LR B R LR 5
s 3 FEERR RO LR . B R BLT, O LA 34y
e LA rF, I3 b A, O LA i 4
MRS Z W, OIS BRI, g+
O JUUR IR PE TR 5, PRl b T L o A ) 3 v LR
F9 305 P f 0 BT 0 UL B 5 52 1 YL 7 R I e AR
H Xt BRZH A6 40 1 AST Al CK Y566 1L B W ARG T
Thes, Fe MR 0 A5 S 60 NE N 45 T PR, 0
LT CUR 29 10 076 W A 1 (0 T i e -y [
3 °C B Xof R A 56 2 R 32 6 1 v AST Al CK i
PR EN M, HIE TR, R0 gz i
o S N BTN P - PA 1 )1 B
AR, BRI 41K SE 6T I 35 AST A1 CK i M K T
X R, W2 2R 2 C X oK 3 T 7 o U R M 30 I £
AR R —E R EE R . BRI R, xR
2H I B0 2 K 5 0 I 3 LR I L T B O R A,
B ETHE TR, X 520 F % B g ke g
g T X R 35 6 3L O M T A Ak B — B, B
Y AR S0 30 X UL B 7 A T — 5 BB . T g S
it 2% C R B A W M 0 T — S R
I, By HUARAE R iR AL R . A g6 LDH 3
Thin 5 R W, 32 W 2L IR I 0 09 07 T 55k 35 6 X
A Tk B 35 107 BB AR OG , BRI 4R ZE R C B TS
SR T 2 77

A g 1 B B A R VR T, Rt A
T A A I 2T e IO R U . U S T & 1R
P — AR, R AU NI, R R 4
i A AR, o R A T Y, BRI R
i, 82 TR IE RS, LR &, ¥
R A R A E, A AR S R, DAt
HCATEY o IR B 3 fa 2 SR A, A 2
PE— 2o AR L e i, I A AR B R, ALK
5 1 I 20 SUHR BT FE S B RE 1 R DY fERRIR A
S, R T B 0 o TR 2L 3 0 2L 49 IR o A T
REAR, (ER B0 20 MO ok B 035 o TR IR, o
S [ A AR R, AR o e 325 O 3 o R £ Ok 38 IR A1
W, B PGRE DR S X 5 B CY B Y —
B MELEZ C RO & T k56 4 K2 6T X 3L
(200 7, A A v T R AL, X BR 2 KSR 6T
VIS N Y AT L R R A A, O
A AR, DL R R A A B . IR K
SO LY 2 C AL ER, TE N RIRAE AR . 7R
TR, X HE L S L T I 4 7 A B 5 o

AR B, TR DR T S I R A R A B (1 R A1 A ok
T B 22 (KB SR B A AR, T e A O
W — R T P S i T LR i L o
VA R A, A S T S A
TN T A5 WU LE 63 3, BT IETT 46 & B B
JEU, LA 7 X6 SR B X b X BR 4L, g %
C Ak B f9 R 35 S A0S 3R R 0 T 0 . LR R L L
A 0 2 5 Bl A P b A A, R T R A
SR, YT, RN, 25N O i 1 1
ML FLAR R TR X B AR 0 i v FL
Itk B L B R AR T . XU R RS B, K
S5 0P /E AR AR 5 B, 2 T IR F S K, I A %
i I R 3 B A, BRI, R4
PR B A, LSRR . T, B
HAVTE KIS ) AR RN, B [ A B 4 4
240 T S0 3 P, S B W FUIR S R .
S5 160G SR 68 R A K O R AR, LR TG 1k S B
B, SEULE RIS, X SARB LS
B RIS IR o B T AL,
7Y R g A & C Gt Z R R B, B
ditk % CHYBp AL, RN FLER & BT T ORE AL,
F WG NI BRI P9 Pl R L R % T U 57 it
FREEA —E R, SARBHI L R —5.
3.3 44 E C MEEMNE T AT R B RIS
A RE B . B . RCBEYE . R . R
A R L B A bR, AE 2 0L R Ik P B i b
G801k B 5 2 LA 1
JiE WA L NE Y R B R R R R M, T A
R 52 P o LB 0 R T A AL . MR TR
2, XL TSR, WL 2140 b LT 4k
B, HRBERAE T T RE™, S 8O0 A R
BPE . RHEE TR, BLEAEE R C R IR 41
41, AR WU A e P 4, X S i pF
FELE R B, MEWLA pH 76 U O F 55 iR,
YOI A, B R W R, AR
B, G, PR A AR P 40 B T 4
ORI, pH TR,

4

A5 38 o W ST K M R A R R C LA SR
SEBE I W 38 B LY AR, A5 S0 mg L 4k
HEER CAbFRS Y R RO NI I A A A A
B, REm AU LA o Bl AR E , RZE 6]
L3 i 4 A2 3R C Ab BT 2K 22 % 375 T IR I A= 1 b
o T LS BB T A T B, Wi
NI T AR A PRI D 3 5 TRLE 9 s A SCHR AL .
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