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5 BEHER IR . K5, [ U 2% 52 50
o0 PR g IR L DA R FET R o 5256 FH /K 4% 1
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Tab. 1 Effects of different overwintering time treatment on biometric parameters in grass carp (n=3)

#4331 Group
L34 Group 0/ 1 2 4 8 120 SE16J
Week 0 Week 1 Week 2 Week 4 Week 8 Week 12 Week 16

A% Body weight (g) 1051.67+20.82° 981.67+20.45" 931.67+24.66" 896.67+25.66° 861.67+22.52™ 848.33+10.72" 816.67+19.83"

a @’Zﬁ’i’f{% Hepatopancreas 32.842.98°  19.47+2.17°  16.83+1.25°  18.2+1.67° 16.43+£1.12"  14.69+0.94"  13.34+0.88"
Efgff){i%‘;‘l%“io“ 2.06£0.09°  1.94:0.03°  1.92+0.07°  1.91£0.14%  1.88£0.03"  1.85:0.14  1.71+0.08"
iﬂi Lt Hepatosomatic 3.1120.63°  2.94+0.37° 2.86£0.01°  2.774026"  2.67+0.12°  2.39+0.55"  2.13+0.43"
?ﬂfjh Viscerosomatic 13.62£027" 1344046  1276£071°  12.84:0.60° 11.9820.19"  11.8940.97°  9.93£0.77"
??Eﬂ&t Relative intestine 2.06£0.18°  1.96£0.09°  1.95:0.10°  1.8120.15™ 170029  1.580.18"  1.540.14"
B84 Kidney index 0.26£0.05°  0.30£0.05°  0.32+0.03™  0.39+0.04°  0.40+£0.09  0.40+£0.05*  0.43+0.08°
[l 6% Spleen index 0.10£0.03"  0.11+0.01°  0.10+0.01°  0.12£0.02"  0.12+0.01°  0.12+0.02°  0.14+0.02"
R R 35 ) y C C . . ﬁ
Intraperitoneal 2.63+£0.54 2.37£0.20 2.16+0.19 2.09+0.33 1.83+0.18 1.66+0.24 1.27+0.06
fat body index

RE 2 Survival rate (%) 100.00 100.00 100.00 100.00 100.00 100.00 100.00

A FR P RERORA R A 2 5, B 1EP<0.05; TIH

Notes: Different letters indicate differences between treatments at a significance of P<0.05. The same applies below
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Fig. 1 Effects of different overwintering time treatment on antioxidant indexes in tissues of grass carp (n=3)
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Fig. 2 PCA score plot and loading plot are generated based on selected antioxidant capacity variables (Fig. 1) obtained by analyzing the

fatty acid composition in tissue and serum of grass carp under different overwintering time treatments
A VPO EIMRRE 1 AR 2 1R A DR 1R S 2 T 0 T A8 45 73 B RE A 8 ) 2R K, A IR X 2 F-95% B LA X [A1, 73 5% AN R4 21 B. )
BTN FETENA R, # AR PRI AL R T e PCIAMPC2I TR K T 1)

A. The score plot explains the correlation between variables and the clustering between samples based on the scores obtained from the

analysis. The ellipse corresponds to the 95% confidence interval and corresponds to different organizations respectively; B. The vector

represents the variable leading to the variance, and the arrow indicates how the antioxidant enzyme activity variable promotes the formation

of PC1 and PC2; The same applies below

®2 MAEEMEETHEZ TR BEIHEES
Tab. 2 Eigen analysis of the covariance matrix loadings for

significant principal components

A5 & Variables PCl1 PC2 PC3
P MDA 0.01 0.10 0.09
AN ERECAT 0.22 -0.95 -0.19
AR T 0, 0.00 0.02 0.01
AN BALEFSOD 0.94 0.26 -0.23
B EH ISR # BEGST 0.27 —0.14 0.95
¥51E{E Eigen value 96616.52 16143.72 1096.24

TTHkZE Contribution rate (%) 84.79 14.17 0.96
Fit 5T E Cumulative
contribution rate (%) 84.79 98.96 99.93

e LR EES A BRI TR B kAT 0 4, PCTL PC2HI
PC37r Al 1. 2713, &b B R S (FE 7 32 10
AR KR AR LA TT 1), A B E (>0.5) AR U7 20R,
()R 23 5 R IEAH R A AR G

Note: A total of 5 antioxidant enzymes activity variables are
selected for the analyses. PC1, PC2 and PC3 refer to principal
components 1, 2 and 3, respectively. The values in the table
represent loadings (indicating degree and direction of the
relationship of the variables within a principal component).
Significant loading values (>0.5) are indicated in bold numbers. (+
and —) signs indicate positive and negative correlations, respectively

(MR Kaiser LN o /T34 B 7 FIRFEE KT
1.0, FIIX3IN A T X PCAMRREI Bt 7 =6 &
HETTHR. PCIFIPC2—EfERE 17 98.96% 1 Rt T7
25 TURRZE (7 Z DT MR ZE 53 311 9 84.79%A114.17%),
PC3 R fifh0.96% 77 22 DTik 3 . Rk, 3N AR+ 2
DARRREAS [l A A 3R, AN [ 22 A Rl B s L Re
JIAERFRFR B FEVE S B H, AN [R] 20 15 T
RN FIRA R H L H A BE T AH AR PR EA

) o A ) [R] AR BT 1 AR b R 34, T RVER K, Kot
AL BE 7 HH 5 F8 BR 18 B A6 i TE) A B R AR Ak R P R
K, IBAAZH LA A1 18] 3 H BT A RE 148 bRk
FARALEREIZ R [ TR K B MK O A4
2> I B R > UL AL > 1T > I - 567 A 7 2H 4U7E el
A ] N P AL BE T Fa bRk RAR AR FE AR A,
Vi) 2 A B0 G s 2HL 23 7 o A A 1 T A 44 I R
BR; HL VR B IR AL, 2 4k B /0N ) 2 i B A
Mi%. M E SR, SODMICATH MR F E AL fE
778 DT R H R R (3 R4 BT R AR A 4
KTF0.5).
23 AEMER B ESERFRIE. ALPIFBEAGE
0 A B ER 4R RX B 52 0

PR _FR 45 5, AN [0 60 A I 18] P4 FF R . WLIA)
A 0 2H 2R B SR A AR R AR B R Z, T 3 X
3l 2H LR AT i 0 R L o o ot e A% s ) i 1
K, BFIEAE . WLPARD g s 4 23 b 252K R i FR 2H ik L
W)= A T I8 35 7 5 (P<0.05; % 3—5). @i F Rk
a3, B 3 VT 23 B R TR AN [F] R A (] b B R B
o F IR . RILPR A s 42 mp B O TR LB F AR 4k
Fa, HHSE R E AR R AL FE R, R I T
BRI 22 S0 TERFBRAT , B4 250, SE1RNEE4
Ab PR TEVE o3 28 — DU R, A SE 2R 5 128 b
PRAATESE IR, M ZESAI16/F AL 7R 55 =
PR FENLAI AR, BRAE50. 1. SH4FEESE A FEL
TEVE o B = I R, MRS B A B S — 4
PR, BA B 12R1 55 16 A BRAH7E 58 — % B M4l
ZUrp ) R4S B A A AR B — RIR, A S50, 2B
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Tab. 3 Fatty acid composition of hepatopancreas in grass carp under different overwintering time treatments (% total fatty acid; mean+SD;
n=3)

2051 Group

Jilsfiligive o o o y
Fatty acid E)E F1A #28A | g 12/ H16/H
Week 0 Week 1 Week 2 Week 4 Week 8 Week 12 Week 16
C14:0 2.25+0.11° 2.09+0.07" 1.87+0.05" 3.04+0.06° 2.86+0.35° 1.87+0.12° 2.9120.16°
C16:0 2224+0.43%  22.26+0.69  19.57+0.68"  19.95+0.79°  22.17£0.12°  20.50+0.27°  23.20+0.52°
C18:0 9.50+0.38" 7.77+0.19¢ 6.17£021"°  5.62+0.46" 7.41£0.61° 6.48+0.21° 9.21+0.13°
SFA 33.99+0.56° 32.120.81° 27.61£0.79"  28.61£1.14°  32.44+£0.79°  28.85+0.48"  35.32+0.53"
z
C16:1n-7 5.87+0.09° 6.66+0.12° 4.69+0.17" 9.86+0.53" 7.6940.26° 5.34+0.20° 5.9240.23°
C18:1n-9 4525+024° 44244037  42.87+1.32°  453040.72°  38.0240.83°  36.40+0.64°  33.81+0.80°
YMUFA 51124031°  50.91£026°  47.56x1.46°  55.16£1.25'  45.70+0.88°  41.74+0.82°  39.7240.57"
C18:2n-6 9.36+0.51" 12.2240.95°  20.48+0.92°  10.34+0.24"  12.65+0.18°  21.08+1.01°  15.00+0.35°
C18:3n-6 0.34+0.05° 0.400.03" 0.59+0.04" 0.35+0.04" 0.55+0.16° 0.66+0.03" 0.69+0.12°
C20:30-6 0.68+0.19" 0.64+0.03" 0.82+0.06° 0.33+0.09" 0.30+0.07" 0.22+0.02° 0.32+0.03"
C22:4n-6 0.16+0.03" 0.15+0.01° 0.20+0.05" 0.33+0.05" 0.64+0.40" 0.34+0.03" 1.15+0.03°
Yn-6PUFA 10.54+0.35" 13.4240.96°  22.09£0.99"  11.3620.26"  14.14+0.19°  22.30£0.98'  17.16£0.26°
C18:3n-3 2.57£0.11° 2.110.10° 1.60£0.12" 2.64£0.25° 2.39+0.14° 1.47+0.03" 1.36+0.18"
C20:5n-3 EPA 1.06+0.04° 0.75+0.18° 0.52+0.07" 1.23+0.12° 3.68+0.23° 3.40+0.26° 3.08+0.08°
C22:6n-3 DHA 0.70+0.10" 0.70+0.15" 0.61+0.06" 1.00£0.19" 1.65£0.10° 2.26+0.30° 3.35+0.32°
Sn-3PUFA 4.34+0.08° 3.55+0.37" 2.73+0.16"  4.87+0.15°  7.72%027°  7.11£0.07°  7.80+0.36'
SPUFA 14.8940.27°  16.97+0.59°  24.83:0.86°  16.22+0.19°  21.85£0.15°  29.41£0.97°  24.96+0.31°
1-3/n-6Y PUFA 0.41+0.02° 0.27+0.05 0.1240.02" 0.4320.02° 0.55+0.02° 0.3240.02° 0.45+0.02°
£t Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00

R4 TREIMLHELIENE & | LA LA B AR RIS/

Tab. 4 Fatty acid composition of muscle in grass carp under different overwintering time treatments (% total fatty acid; mean+SD; n=3)

#4731 Group

i o o = . o - =
Fatty acid 0 F1H EY) 4k 8 128 164
Week 0 Week 1 Week 2 Week 4 Week 8 Week 12 Week 16
C14:0 2.33£0.15° 3.25+0.11° 3.57+0.08° 3.68+0.26° 3.6340.13° 2.85+0.07° 1.63+0.09"
C16:0 21.67+025°  20.74+0.73°  21.08+£0.34°  22.71£0.99°  23.91+027°  21.52+0.14° 19.86:0.82"
C18:0 6.14£0.36" 9.20+0.94° 11.18+0.57° 10.60+£0.22° 8.19+0.19° 7.24£0.35" 5.54+0.38"
TSFA 30.1540.39°  33.20£0.42°  35.84+0.87"  36.99+1.23"  3573:0.31°  31.61£0.55  27.03+0.51°
C16:1n-7 5.77+0.27" 6.50+0.14° 4.71+0.28" 5.95+0.52"  5.93+029™  4.98+0.13" 5.13+0.36"
C18:1n-9 39.98+0.41°  35.99+0.72° 30.56+0.32° 30.67£1.27°  33.3440.69°  36.27+0.32° 40.25+0.20"
YMUFA 45.75+0.58'  42.49+0.72° 3527005  36.63+1.52'  39.27+0.96°  41.24+0.34°  45.38+0.55
C18:2n-6 18.16£0.14°  14.27+0.99" 17.96£036"  13.16£0.96°  13.46+0.50°  20.19+0.78°  20.94%0.30°
C18:3n-6 0.8420.04° 0.66+0.04" 0.64+0.19" 0.34+0.11° 0.48+0.07°  0.53+0.02" 0.70+0.24"
C20:3n-6 0.55+0.06" 1.22+0.27° 0.81+0.05" 1.30£0.25° 0.63+0.22" 0.74+0.06" 0.71+0.06"
C22:4n-6 0.56:0.08" 0.55+0.14" 0.83+0.05" 1.4120.22° 1.2320.15° 0.54+0.11° 0.61+0.08"
Sn-6PUFA 20.10£0.03°  16.71£0.76'  2025+0.55°  1621+0.59°  15.81£0.66'  22.00£0.63°  22.96+0.19°
C18:3n-3 1.37+0.05 1.55+0.12 1.60+0.08 1.120.63 1.1620.10 1.2540.06 1.30£0.12
C20:5n-3 EPA 1.36£0.17" 2.87+0.20° 3.67+0.08" 3.59+0.16° 3.62+0.29" 1.88+0.13" 1.83+0.33"
C22:6n-3 DHA 1.27+0.10° 3.19+0.74° 3.37+0.23° 5.46+0.15" 4.4240.42° 2.02+0.37° 1.50+0.15®
Tn-3PUFA 4.00£0.24"  7.61£1.06° 8.64+0.38"  10.1740.62°  9.19£0.07°  5.15+0.44° 4.63£0.47"
PUFA 24.10£021°  2432+1.03°  28.89+0.89°  26.38+031°  25.00£0.73°  27.14£021"  27.59+0.29°
2

n-3/n-6y PUFA 0.20+0.01° 0.46+0.07" 0.43+0.01" 0.630.06° 0.58+0.02° 0.23+0.03" 0.200.02°
it Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00




8 31 055 A X A S A RE ) B T R AL AR ER 52

1229

8 FHI2FIEE 168 A LEVE 0 A — = %R,
AR AR A FRAATEVE RSB IU R IR . 3R 6+,
TR AT Ja, S BFREE . UL IRLARD fig J 2 200 15
Hi: B3N B Bk DTk F 3 95%, KB AT LA
3 _ER3AS E 7 (PCL. PC2AIPC3) LT i %
18T i IR A e dhr . Z5A B 3, STRFIEAE . AL
FUHE 17 20 2 3407 BEIREAT 0 T vl 43 R AEPUF AL
525 1 ot s A i 177 TR L A5 A8 A 7= A 32 R I (32 B
I3 AR R AEAE K T°0.5), 7E A HATE], PUFA BG4 A2
1 2B 2 ETH(P<0.05); WLAIC18:2n-6F1C16:0Lk
Bk A AR I R 2H =2 T 254, C18:2n-6
Eb A7) A5 A0 7 1 A< 3 ) SR B2 B 3 R BRI G B
F+, C16:0 L1281k 2 3 N F%(P<0.05); M H= A5 i
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Tab. 5 Fatty acid composition of adipose tissue in grass carp under different overwintering time treatments (% total fatty acid; mean+SD;

n=3)
R 25 Group
Fatty acid 0/ F1H H2JH 4 H8JH F124 $16/4
Week 0 Week 1 Week 2 Week 4 Week 8 Week 12 Week 16
C14:0 2.15+0.02° 2.084£0.25 1.98+0.06" 2.11x0.03" 1.64+0.02° 1.69+0.03" 1.76+0.04"
C16:0 20.00£0.42°  19.65:0.22°  22.05£0.08°  21.36£0.29°  21.04%0.36° 18.3740.04"  18.97+0.31"
C18:0 4.54+0.28" 4.95+0.09° 5.5020.14° 5.83£0.35° 5.1120.13° 47740.15°  4.51+0.03"
TSFA 26.69+0.18"  26.68+0.38°  29.53+0.19"  29.30+£0.52"  27.79+038  24.83x0.15'  25.24+0.28"
C16:1n-7 6.48+0.14° 7.14£0.09° 5.35+0.09° 6.40+0.38" 5.65+0.16" 5.51+0.07" 7.04£0.15°
C18:1n-9 43.62£022°  44.51£0.69° 43.62+0.28" 46.54+0.34° 43.59+0.59" 43.65+0.06" 44.5840.22°
YMUFA 50.10£0.35"  51.65£0.61°  48.97+0.35"  52.94£0.07°  49.24+0.43"  49.16+0.13"  51.62+0.29°
C18:2n-6 19.97+0.14°  18.54+0.12°  18.28+0.18°  14.79+0.62°  19.79+0.25°  22.54+0.11°  19.41%0.14°
C18:3n-6 0.43+0.12" 0.53£0.06™  0.56+0.03"  0.4540.06°  0.52+£0.01°°  0.71+0.04° 0.57+0.03°
C20:3n-6 0.19+0.05" 0.600.06" 0.56+0.15" 0.47£0.06" 0.54+0.11" 0.56+0.04" 0.590.05"
C22:4n-6 0.21£0.08°  0.15£0.06® 0.13+0.10° 0.16£0.03°  0.20+0.03" 0.26+0.04° 0.22+0.01"
Yn-6PUFA 20.8040.22°  19.81£0.23°  19.54+0.14"  15.87+0.63"  21.04£0.27°  24.08£0.04'  20.79+0.19°
C18:3n-3 1.66£0.21° 1.49+0.15" 1.42+0.04" 1.47£0.04" 1.38+0.14" 1.38+0.08" 1.65+0.05"
C20:5n-3 EPA 0.20+0.06" 0.20+0.09° 0.39+£0.21° 0.27+0.02"°  0.38+0.04® 0.19+0.04° 0.40+0.06"
C22:6n-3 DHA 0.58+0.07° 0.16+0.05" 0.15+0.03" 0.15+0.03" 0.18+0.04 0.35+0.03" 0.30+0.03"
Sn-3PUFA 2.44+0.31°  1.85+0.26" 1.96+0.14' 1.88+0.05" 1.9420.17" 1.9240.06"  2.35+0.08"
PUFA 23.24+0.18°  21.67+0.47° 21.54020°  17.76£0.59"  22.97+028°  26.00£0.02°  23.14%0.11°
2
n-3/m-6YPUFA  0.1240.02°  0.0940.01°  0.10+0.01"  0.12+0.01"  0.09+0.01"  0.08+0.01"°  0.11+0.01°
il Total 100.00 100.00 100.00 100.00 100.00 100.00 100.00




1230

KRR Y R

46 %

WICAT. O,-~+ SOD. GSTHIEHiEZC16:0. C18:0.
C20:3n-634 75 55 DU R PR 5% SR 4, MDA R IR 7 2
SFA. MUFA. EPAJTES — R IREZRE, KW
FRAETEAH O, BRARIX BEAR & 506) 7 22 DT RR A /DS, (H M
LT R AR IS T A U B IR 4L RS PR AL BE

TIARSRAR B[R AR A R 25 2R

3 g

3.1 AEBEREXESEENFHROFE
R BRI AR R, @8 minILkix —
T B AR IE . ARV BT, AR R

K3
B

A. Tl Hepatopancreas

« 0
2r - 1 week
2 week
« 4 week
& Ir 8 week
S = 12 week
N « 16 week
@
~ 0
QO
(=9
_1 -
_2 1 N
-2 -1 0 1
PC1 (72.0%)
B. AILIA Muscle
<0
2F - 1 week
2 week
« 4 week
~ 1t 8 week
= : - 12 week
o « 16 week
<
S0
O
&
71 -
72 1 1
-2 -1 0 1
PC1 (77.0%)
C. &N £ Adipose tissues
-0
2r - 1 week
2 week
- 4 week
~ 1t 8 week
g - 12 week
- * 16 week
2
S0
@]
&
_1 -
_2 1 1 1
-2 -1 0 1 2

PC1 (81.6%)

REMKEE E B 18 IRV 5 AT AR R ZE RF B e o1
P AR R R AN IR A R fA
IR A T RE A I B AR AR AR A
BB, A E T, Ay AR S,
R R E R EWERE . AR, AR EL.
Fon Vi LEAN B Jes i i 418 5008 2 LR 3% R B a3, (2
e B ARBON RS R I 2 BT S LB
PR MR iR R s I A 5 4, U 2 1R 85 2 el B
TRFN T IX R A Y R], T A A A
HE W LG E 55 — I [RI3EAT 1 B 5%, Nt ik
BEAT 1 RERIHAL, IX VR RN 18 N A ML

04 C18:1n-9
>n-6PUFA
02
PUFA
s
< 0.0
Q €22:6n-3 DHA
~ C20:5n-3 EPA e
2 02 s
-9 :
>n-3PUFA
-04
YSFA
706 1
03 0.0 0.5
PC1 (72.0%)
03 C18:2n-6 >n-6PUFA  PUFA
§ C18:0
% 0.0 _—C14:0 YSFA
: ’ & Pn3pUTA
O C22:6n-3 DHA
A~ 16:0
C16:1n-7
C18:1n-9
SMUFA
-0.5 L
-0.5 0.0 0.5
PC1 (77.0%)
0.6
04r
§ 0.2 100 OPUFA
R e ———
5
o -02r
_04 -
_06 -
—0.6 -0.4 -0.2 0.0 0.2 0.4

PC1 (81.6%)

I I3 BT A (R AC IR T b 35 e T IBRUE S ATLIRLR N 7 2B 23R U R 2L B, AR 32 58 ) IR DT R A2 B (3¢ 3—5)/E BPCAF 7> &I I

Fig. 3 PCA score plot and loading plot are generated based on selected fatty acid variables (Tab. 3—5) obtained by analyzing the fatty acid
composition in hepatopancreas, muscle and adipose tissue of grass carp under different overwintering time treatments
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Tab. 6 Eigen analysis of the covariance matrix loadings for significant principal components

. AT/ Hepatopancreas WLPI Muscle fa 4L 23 Adipose tissue
RGN Fatty acid
Factor 1 Factor2 Factor3 Factor 1 Factor2 Factor3 Factor1 Factor2 Factor3

C14:0 0.01 —-0.05 0.11 0.09 —-0.01 0.08 0.03 —-0.01 —-0.14
C16:0 0.01 -0.23  -0.18 0.10 -0.12 0.64 0.20 0.45 —-0.15
C18:0 0.01 -0.20 -0.34 0.24 0.10 —-0.33 0.08 0.09 0.32
>'SFA 0.03 -0.48 041 0.43 —-0.03 0.39 0.31 0.54 0.04
Cl6:1n-7 0.10 —0.04 0.49 0.01 -0.15  -0.08 0.04 -0.28  -0.60
C18:1n-9 0.38 0.41 —-0.28 -047 026 —0.04 0.18 -0.29 0.60
>MUFA 0.48 0.37 0.21 -046 041 -0.12 0.22 -0.57 0.00
C18:2n-6 —-0.39 0.38 —0.15 —-0.31 0.52 0.21 -0.49 0.07 0.06
C18:3n-6 -0.01 0.00 0.00 —0.01 0.00 0.01 —0.01 0.00 0.05
C20:3n-6 0.01 0.02 —0.07 0.02 -0.01 -0.14 0.00 —-0.01 0.07
C22:4n-6 -0.02 —0.04 0.03 0.04 —-0.01 0.00 —0.01 0.00 0.00
>n-6PUFA -0.41 0.35 —0.18 -0.27 0.49 0.07 -0.51 0.06 0.18
C18:3n-3 0.05 —-0.01 0.06 0.00 0.01 —0.08 0.00 —-0.03 —-0.13
C20:5n-3 EPA -0.08 -0.13 0.24 0.11 0.01 —0.11 0.00 0.02 —-0.03
C22:6n-3 DHA -0.07 -0.11 0.09 0.18 -0.06 -0.15 -0.02  -0.01 —-0.07
>n-3PUFA -0.10 -0.25 0.38 0.29 -0.05 -0.34 —-0.01 —-0.03 -0.23
PUFA -0.51 0.11 0.20 0.03 0.45 -0.27 -0.53 0.03 —0.05
n-3/n-6) PUFA 0.00 —-0.02 0.03 0.02 -0.01  -0.02 0.00 0.00 —0.01
RHEH Eigen value 99.62 3106  6.56 60.67 1433  2.08 20.57  3.94 0.42
TUHRZ Contribution rate (%) 7199 2245  4.74 77.02 1819  2.64 81.58 1565  1.67
Z7FDTH®E Cumulative contribution rate (%)  71.99 9444  99.18 77.02 9521 9785 81.58 9723  98.90

T FE RIS AL B AT 43 HT; SFA. WWRIIEIIRR, MUFA. B AR DTRZ, HUFA. @ AMEFIENIRR, PUFA. 2 AR IR
Note: A total of 18 fatty acid variables are selected for the analyses. SFA. Saturated fatty acid, MUFA. Monounsaturated fatty acid,

HUFA. Highly-unsaturated fatty acid, PUFA. Poly-unsaturated fatty acid
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Tab. 7 Eigen analysis of the correlation matrix loadings for significant principal components
HFiENE Hepatopancreas AP Muscle e iZH4 Adipose tissues
AR & Variables
Factor 1 Factor2 Factor3 Factor 1 Factor2 Factor3 Factor 1 Factor2 Factor3

C14:0 0.03 -0.26 -0.26 -0.25 -0.01 -0.04 0.14 0.23 0.15
C16:0 -0.06 -0.26 0.33 -0.17 0.30 -0.20 0.27 0.00 0.28
C18:0 -0.02 -0.22 0.46 -0.23 -0.21 0.00 0.30 —-0.06 0.01
>'SFA -0.04 -0.28 0.34 -026 —0.01 -0.09 0.30 0.01 0.23
Cl6:1n-7 0.16 -0.17  -0.40 -0.09 0.39 0.32 —0.04 0.29 -0.30
C18:1n-9 0.32 0.12 0.01 0.25 0.17 0.14 0.20 0.16 -0.35
>MUFA 0.32 0.05 —0.11 0.28 0.23 0.19 0.13 0.25 -0.39
C18:2n-6 —-0.24 0.24 -0.03 0.24 -0.22 -0.17 -0.29 -0.19 0.10
C18:3n-6 —-0.29 0.05 —-0.03 0.19 —0.04 0.18 -0.14 -0.28 -0.20
C20:3n-6 0.16 0.20 0.35 -0.15  -0.09 0.20 0.03 -0.18 -0.39
C22:4n-6 -021  -0.20 -0.05 —-0.24 0.08 —-0.16 -0.20 —-0.03 0.02
>n-6PUFA -0.25 0.23 —0.02 0.24 -0.25 -0.17 -0.29 -0.21 0.06
C18:3n-3 0.29 -0.14  -0.12 0.03 —-0.26 0.24 —-0.11 0.32 0.02
C20:5n-3 EPA -024 -021 -0.15 -0.27 -0.13 0.01 0.01 0.03 0.03
C22:6n-3 DHA -0.28 -0.17 -0.04 —-0.28 0.02 —-0.03 -0.23 0.15 0.26
>n-3PUFA -022 -026 -0.15 -0.28 -0.07 0.01 -0.19 0.28 0.17
>PUFA -0.31 0.11 —-0.07 0.00 -0.29 -0.25 -0.30 -0.17 0.08
n-3/n-6) PUFA -0.01 036 -0.14 —-0.28 0.05 0.06 0.06 0.36 0.08
MDA 0.08 0.26 0.03 0.21 0.10 0.08 0.16 0.08 0.40
CAT -0.13 0.21 -0.27 —0.14 0.29 —-0.33 0.16 —-0.31 0.01
0y~ —-0.03 0.24 —0.12 0.12 0.02 —0.42 0.23 -0.24 0.11
SOD -0.24 0.10 0.16 0.19 0.13 —-0.26 0.28 -0.14 -0.01
GST -0.23 0.16 0.05 0.10 0.27 -0.40 0.27 —0.18 0.01
FFF1H Eigen value 8.87  7.09 297 1242 318 294 8.87 5.99 2.66
DIk Contribution rate (%) 38.54  30.83 12.91 54.01 13.80 12.78 38.58 26.03 11.58
K1 TTHk % Cumulative contribution rate (%)  38.54  69.37  82.28 5401 67.82  80.59 3858  64.61  76.19

T SR P24 AR AT 0 AT

Note: A total of 24 variables are selected for the analyses
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EFFECTS OF OVERWINTERING ON ANTIOXIDANT CAPACITY AND FATTY
ACID COMPOSITION IN GRASS CARP (CTENOPHARYNGODON IDELLUS)

WU Wen-Yi and JI Hong
(College of Animal Science and Technology, Northwest A & F University, Yangling 712100, China)

Abstract: Grass carp Ctenopharyngodon idellus often faces the stress of overwintering in natural environment. It has
been reported that fish can induce excessive production of reactive oxygen species (ROS) and cause oxidative stress
during overwintering. Excessive ROS may destroy the balance and stability of antioxidant system, resulting in cell
damage, nuclear apoptosis and fatty acid peroxidation. Especially during the period of overwintering, the fatty acids as
the main energy supply material, have been greatly threatened and challenged because of the fatty acids maybe inf-
luenced by ROS. The most direct effect is to reduce the level of energy supply, the antioxidant capacity and immunity
of the body, and increase the mortality rate, and to explore the relationship between oxidative stress and the change of
fatty acid composition in tissues, In order to explore the metabolic adaptation mechanism of energy utilization of grass
carp during overwintering, the initial body weight of (1053.33+16.11) g was investigated, 45 fish were randomly di-
vided into three repetitions. When the water temperature (15°C) naturally decreased to the point that the grass carp
ceased ingestion, the experiment began. When the water temperature (15°C) naturally rose to the point that the grass
carp refeeding commenced, the overwintering period and our experiments were concluded. Samples were collected
after 0, 1, 2, 4, 8, 12 and 16 weeks of natural overwintering. Biological indexes, antioxidant capacity of hepatopancreas,
muscle, foregut, adipose tissue and serum and the fatty acid composition of hepatopancreas, muscle and adipose tissue
were measured. The relationship between antioxidant capacity index and fatty acid composition was also studied asso-
ciation analysis. The results showed that the BW, CF, HSI, VSI, IFI and LW decreased significantly (P<0.05), while KI
and SI increased significantly (P<0.05). Adipose tissue, hepatopancreas and muscle are the three tissues with the largest
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oxidative stress. During the overwintering period, the proportion of PUFA in hepatopancreas had a major effect on the
total fatty acid composition (principal component load characteristic value >0.5), the proportion of C18:2n-6 and
C16:0 in muscle had a major impact on the total fatty acid composition, and the proportion of PUFA, n-6 PUFA, SFA
and MUFA in adipose tissue had a major impact on the total fatty acid composition. At the same time, association ana-
lysis showed that SFA in adipose tissue of grass carp was mainly positively correlated with oxidative stress and the fish
body damage during the period of overwintering. PUFA and MUFA in muscle were positively correlated with oxida-
tive stress and the fish body damage, while MUFA in hepatopancreas was mainly positively correlated with oxidative
stress and the fish body damage. This study showed that the grass carp was subjected to strong oxidative stress during
the period of overwintering, especially in adipose tissue; the fatty acid ratio of hepatopancreas, muscle and adipose tis-
sue changed significantly, the correlation analysis with antioxidant index showed that SFA in adipose tissue, MUFA in
hepatopancreas, PUFA and MUFA in muscle were related to oxidative stress have a more direct relationship between
stimulation and injury. The baseline information provided in this study can be used to formulate effective feeding
strategies before overwintering, and to make appropriate management and feeding decisions during the period of over-
wintering, and the recovery stage after overwintering and improving the survival rate and production efficiency of grass
carp after overwintering.

Key words: Overwintering; Antioxidant capacity; Fatty acid composition; Association analysis; Ctenopharyngodon
idellus
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