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WE: RSB 2 E &R0 5% )(Carassius auratus var. Pengze) 5 AE K | BREL R B RIE TS . PrEfLIshR
R E SR iR, SEBIIA AT }(256.30+4.70) g USSP SEA BEAT SRR, FEME S 0 my/kg (SIE N
68.1 mg/kg). 400 mg/kg (SHMIE K 462.3 mg/kg)Fl 1600 mg/kg (SEMIE A 1655.8 mg/ke) e/ % E MR ARERE, F75H
JEHE 60 do 25w AR E B SRR AN K | ARG ER TG R (P>0.05), 400 mg/kg 41T
TR W25 T 0 mg/kg 4H(P<0.05); 400 mg/kg ZH PERRAEEL 1 % i THARPIZ(P<0.05), 1600 mg/kg ZMFHE T 4EA- % E &
2 R T AR (P<0.05), 400 mg/kg FT 1600 mg/kg 1IN h 44K E &8 B 3E ST 0 mg/kg 41(P<0.05); BHENTE
RALTR S B IN(P<0.05), 400 mg/kg AMHIEIR . SruaiR . HaEm o aEmR D E ST 0 mgkg 41(P<0.05),
1600 mg/kg AR . AR EZ R &2 B35 m T HRAMWAHP<0.05); I8 SE 1600 mgkg 4 C18 : 3n6
YPUFA T3 T HAMZH (P<0.05), C22 : 6n3 (DHA)FI =n-3PUFA 7E 400 mg/kg ZHiKI6(E, B2 & T 0 mg/kg 2H(P<0.05).
IM7% 71, 400 mg/kg 411 1600 mg/kg 21 CAT ACP 1 VTG 35T 0 mg/kg 41(P<0.05), #MAEEER E W45 0 mg/kg
ZAHEL MDA i 3 FAIN(P<0.05), T-AOC I LZM 7F 400 mg/kg Z1iA0E(E, W& m T 0 mg/kg 41(P<0.05). HFAEH, SOD i
PETE 400 my/kg 4HIR0E(E, BEET 0 mg/ke 41(P<0.05), ELREEFRI4EE R E &80, MDA I B R (P<0.05).
LE L FTIR, TEABESEH, Tk 400 mg/kg MZEAE R E AU IR AT 508 35 B o 2 BRI E AR I PR AR R SO IR SLrh 4B R E
i, AT SRR R A D TAR TR T i R rh S e R LS ), Ik i R AR R

KR QAR E; MR PEREEG brE g
FE S EKS: S963 MER SR A XEHS: 1005-8737—(2024)11-1387—-12
JUJE, AMUEAE TE RS TR, Wik T

il (Carassius auratus var. Pengze)e: [E

NI B A AT N T & TR . 4k,
BHOF N GO FR R | a5t AL 2 A P SOAS [
IR AT T REBMT, KA ZEMEA T E
LS S B ). Ed HEF A EF
7= #Jl (Carassius auratus var. Pengze QxCyprinus
acutidorsalis Wang )M #HEi05: GS-01-001-
2015)fifE £ fll(Carassius auratus var. Pengze @ x
Cyprinus acutidorsalis Wang &)/ ft %40 & -

GS-01-002-2023) %5 Fl, 7 4 [ Rl N KA 4

i B HA: 2024-06-13; 1&iTBHA: 2024-07-04.
E£WH:
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PEARR SR A )8 H 25 BB, W42 S M e e
2R KT FEBE M T ) 2R AR . SRR
(9 A VBB 40 TR QB AR 0, TR R AR
TR P SR e R P, 4K E
VB —FhE 2 AR M AE YA B AR, fEfa
FE K . B A R B A
HAE 2011 4F3&[H [E % 2% 51 2 (National Research
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Council, NRC)A MR B, H WIR/K A KT
it B o EEA P 25~100 mg/ke . BT
MARTT AT A ML R E, HILLo6E ke
SRR B 4 A= B B Sk 445 FLIE 3 A= BRI AEL,
YA E fEKAEA N H TR RGEC A
1R 2, hni 3 %) 40 8% #f (Brachymystax 1enok)!”!
4 1 1 I % f2.(Myxocyprinus asiaticus)!™ 4 1 1)
WS &I, WE PG 4R E nfDl R
P A K8 8. 7E K W 7 s (Cynoglossus
semilaevis)” 3 11 1 BF 58 b & B, fA R b s 0
1200 mg/kg F4EA: K E 0 DA g 2548k 2 401 iR 1
KB ERENR P LB, Mk hgEER BEIR
Ik E] 200 me/kg B, MESE ) ZEE M RE B B 2L
%, (KT 50 mg/kg BFSAMHIHINE LT, & T
200 mg/kg HFXT BN & F B B E WY, K,
HeE R B KA YRR B LR E A
o, AT LU K R s v R R e e e U e
Z ot A IINGEE FR E #R ] AR AR KWK AL B
Y s, ELER PR, (R 2 5w A T o
PR BT i B

AT, XT84 R E MHaEAR R LT N
SN AL TR L B 1| 8 (Pl atichthys stellatus) 6 A<
1 4 71 (Coreius guichenoti) 3z A" Jg B % 4k fa
(Oreochromis  niloticus)!® F1 > # 7% i} (Cynoglossus
semilaevis) P EA L A DB BFSY, 6 T R
A BTSN AR DL EE o A 5T DA B2 B Al o AR
FWFTERT S, BRI A SRR PR I 4E A &R OE,
MEFEMEALRK, MIRET S0,
DL Sk J S 0T 9 352 R B 5 AR OB 3R T SR R (IR B IS
FEA

1 MRE5FE

11 XREREFERE

PR SR A I SE T LT RS AR AR R R A
BT, 1E S50 T 4R BT AR 96 21K 2R 58 b SE Ak
TERHE SR 4 JH, DASE N SR IR BT AR R o Bl
PLBE AR B — S H A 1 1 2R SR A 135
B, V) i T M (256.30£4.70) g, BEHLIT A 3
M, BHEE I, BT 15 B, AR
TE 35 FE AR A% 8 H A4S 800 mmx7&; 650 mm)X )i
1 AT, FE5 W 60 d. SEE s H 9:00 Al

17:00 1 &R MESEEG H AR 2 Wk, 3845256 1 (8] K
RS B0 s KR (2042) C, I AR LT R
X T 7 mg/L, pH 7.53+0.12, %2 ZF Gl R vk B A
BT 0.1 mg/Lo SERMIR AR,
1.2 AR

EN RGNV EE R R i o s =
oyl RN, ISR 1 Y IC T I ) 3 A ] A
e S Bl b ek o 1 4 A R E IR i 4393 0, 400

®1 TREABARREFRKERTERM)
Tab.1 Composition and nutrient levels of
experimental diets (DM basis)
%

. 44 E & /(mg/kg)
i H vitamin E content

items

0 400 1600
K soybean meal 45 45 45
#E Ok imported fish meal 15 15 15
Bk gluten 5 5 5
TOKPEH corn starch 25 25 25
i fish oil 5 5 5
R A5 1 1 1
calcium dihydrogen phosphate
Z 4 ! vitamin premix 1 1 1
£ %" ? mineral premix 2 2 2
AL choline chloride 0.5 0.5 0.5
LT 4EZE microcrystalline cellulose 0.5 0.5 0.5

EF7/KF nutritional level

T dry matter 91.89 91.82 91.27
ME MR crude protein 35.73 35.52 36.01
HMUIENE crude lipid 7.92 787 7154
MK S crude ash 693 692 727
Stk & E & /(mg/kg) 68.1 4623 1655.8

actual measurement of vitamin E content

' 24 (mg/kg M) BilEE 15, B E 25, MEME 15, 44
# B, 0.2, MRS, BkERES 50, HLEE 500, MHFR 100, W% 2, T
WNIER 100, 442 A 100, 442 D 20, 4i4: % E 55, 4 E K 5.

? 2% (mg/kg HH): MgSO, 7TH,0 450, FeSO,-7H,0 950, CuSO4-5H,0
10, ZnSO,7H,O 108, MnSO44H,0 40, KI 1.5, NaCl 600,
NaH2P042H20 850, KH2PO4 1350, COSO44H20 0.50.
EFRACE R SEIAE.

Note: 'Multivitamin (mg/kg, daily ration): thiamine 15, riboflavin 25,
pyridoxine 15, vitamin B, 0.2, folic acid 5, CaCO; 50, inositol 500,
nicotinic acid 100, biotin 2, ascorbic acid 100, vitamin A 100,
vitamin D 20, vitamin E 55, vitamin K 5.

*Multimineral (mg/kg, daily ration): MgSO,-7H,0 450, FeSO, - 7H,0
950, CuSO4-5H,0 10, ZnSO4-7H,0 108, MnSO4-4H,0 40, KI 1.5,
NaCl 600, NaH,PO,-2H,0 850, KH,PO, 1350, CoSO,4-4H,0 0.50.
Nutritional level is measured value.
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11600 mg/kg. SEHHI4EE R E iy DL-o-E
BB R RO H 5 ARAE T 25 A R A A
iR 50%. KA A N RS E E K bR
GB/T 17812—2008 [ =3 250 AH €2 1% 7 A5 3 2 7]
B giA 2= E SEPRE RN 68.1, 462.3 Fl
1655.8 mg/kg. FrA R 5t 80 H i, 4%
T eIk E S, M AKIE &S EAS 2 mm
) URE T R, BT S R B 0 AR R B T UKAR
—20 CIRFFEH .

1.3 HMm*

TSRS ZE R G, DU 24 b e X REASR A £
ATRREE, G RE e L 40 i HE ek A 1k
(BRI AR 2 RE BT IS R, i #0183 32 20
AR W HERE, TR FREEAR T BEDLE 6 R fh,
2 MS-222 (120 mg/L)REESS, IR A,
DL 158 BB 35 B (condition factor , CF), M 1 mL JG
P VE ST g AT R ER R ML, TR R T R At
B, 4 CH#IE 12 h )5, 4000 r/min 250> 10 min,
BOH BB W, SRS, KRR AS b i i fa 1
UKL AR, S0 B M AR (R B 8 A, i
SRPERREE . B 1 g ZE 4 PSRN 28 T 4% P R v 3]
FE 12 h, AT UM OE & I, OREE 20 )
BRSO &, AR & 20
ASGUEEANAL o IR DAV L BRI 4 SR
T VKFE-70 CHAAT S
1.4 HHRUE

KAy RLIR I FCRLER 114300 SR P P R T ik
(GB/T 5009.3—2003) . & [KAH$E:(GB/T 5009.6—
2003)F1EIL G2 &L (GB/T 5009.3—2003) 5%, #
TRy &I E R 550 C DBy 4Bk (GB/T
5009.4—2003), fapRHF1 IR S I R 7 i 2
GB/T 17377—2008 Y5k, RSO
(SHIMADZU, GC-2010, Japan)# il ji 5 i A4 ik
O3 o 3 AR A TR R TR R A A Lok
TR TR (B AE TR %) . AL IEL i (SOD)
15 1R T e S AL T, TN (MDA
RO ZIRY A ek, BHUEATTE(T-A0C),
i EAL S (CAT) . R B (LZM) . Bl R
fiF(ALP) ., MRYEWEIRME(ACP), M —f¥ 2 (E2), 2

fil(PROG) . P (A E(VTG) . JH LRGP Hi4E A4
# B Sk A st gt s E W TR 53 i )
ez, v P A5 R B IR
15 HiEsbE

X % B 00 45 AR 1) 52 15 G £ R AR B e
HEAT AR B, W AF IS A8 HG AR W B Y AR Ak
AT B, WSS R 48 By 28 4k, 48 X P P
(0 7 3 0 DR AP R AT BR R P AR S E -
(=R 1 = SV R = SR Ll L T e
S AT FE LTI W RN AN FER:

15 K (survival rate, SR, %)=100xN,/N;;

14T % (weight gain rate, WGR, %)=100x(W—
Wo)/Wo;

JE 3% J (condition factor, CF, g/cm’)=100x
WL,

P BR 45 %X (gonad somatic index, GSI, %)=100x
We/W;

26 XHA PP i (absolute fecundity, F, #7)=0gxWg;

FEXF A BN i (relative fecundity, RF, 7/g)=F/W,.
Krh, Ny A ARG L, N, il A2k e
B, W N LR IR (g), Wo N LRI ER IR (2); W
A (g), L WERFE AR (cm), W 1
B T (2), Og M B ot & OF 8L P 1Y 5P ki 2L
(eggs/g), F R4 Xd PRBI it (h)

SLI6 Fr A5 8045 F Microsoft Excel 2021 #f 173
H, F SPSS 17.0 Geit# it itds N &R T5 220 M
(one-way ANOVA), 42z 5 ik 5| i 2 (P<0.05)HT,
KM Turkey AT 4L MR A9 2 8 AR . S 45 R DU
SRR 22 (X £SD) R o

2 HZRE5HMH

21 fARHELEE ESEXNSEHUERAERKHEM

T Aok 4 A 2B K P X 52 5 0 AR AR K R
M an 3R 2. ANl & 44 R B MR IR 2 ok
AR I 2SR R H R G R B 3 R T (P>0.05) o
AN Tr) 552 30 2 522 5 0 S A 0 T 6 AP TE B 3 22
S, BD 400 mg/kg 0B B # 5T 0 me/ke
ZH(P<0.05), fH5 1600 mg/kg 4H G W & 2% 5
(P>0.05).
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*2 ARBPEINAEREELEREN I
FGAREFHEREKSH
Tab.2 Thegrowth parameters of Carassius auratusvar.

Pengze broodstock cultured at three groups with
different contents of dietary vitamin E

X£SD

K S8 4 F E % /(mg/kg) vitamin E content
growth parameter 0 400 1600
WG IR/ 253.78+5.34  257.0743.77  260.08+1.30
(¢/)’) IBW
LRNETE/ 344.12421.67 347.97423.86 344.83+56.72
(¢/}2) FBW
1715 %/% SR 100+0.00 100+0.00 1000.00
W HR/% WGR  35.58+7.65  35.42+10.02  32.66+22.54
AU /(g/em®) CF 3.11£0.04° 3.28+0.10° 3.16+0.04™

VE: AT B E AR A NG TR ROR 22 5 B 3 (P<0.05), ARIR L
TR 22 AN 2 (P>0.05).

Note: Means with different letters in the same column are
significantly different (P<0.05), and means with the same or no
letter in the same column are not significantly different (P>0.05).

22 fAR%ELESE E SEXNTEFHIAEELEY
ZSHRMN

HerE R E XTSRRI PR £ . B AR FIA
GRS UL 3. 400 mg/kg HPERIE B R EE T
HARPILL(P<0.05). UIFEAE 400 mg/kg 418 5| W
H1(674.58+19.08) pum, {H-5H AP T E 25
(P>0.05) . AH X ¥4 BF & 1 48 X 4 B & 2 7F
400 mg/kg A ikF & m, 7E 1600 mg/kg HMEA T
K, {H4%40 2 8] JC i 2 2 57 (P>0.05),,

x3 ARPRIMARSELEREN I
KA P FHE SR RN EEENFESH
Tab.3 Reproductive parameters of Carassius auratusvar.

Pengze broodstock cultured at three groups with
different contents of dietary vitamin E

x£SD

BIAEYFSE Y &K E %8 /(mg/kg) vitamin E content

reproductive

parameter 0 400 1600

PERRIEH/% GIS  8.15+0.25°  11.05£0.51°  8.3240.93
BRA%/um 646.48+44.40 674.58+19.08 642.40+15.76
egg diameter, D
apaR N IR=V) 3.30+0.32 5.53+1.86 5.13+0.70
10* eggs F
HE PR B i/ 97.02+10.53 163.06+67.98 149.31+5.37

(eggs/g) RF

e AT E AR AN R /N B Bk 3R R 22 57 1 3 (P<0.05), AR 5l
T T RERIR 22 578 1 3 (P>0.05).

Note: Means with different letters in the same column are

significantly different (P<0.05), and means with the same or no
letter in the same column are not significantly different (P>0.05).

23 fAMELEE E SEXNTEHFELRMFMF
M EERENEAR%EEE ESENEM

MR 4 AT, TR R E & R SRR
A I 75 FAFAE R A E2 Al PROG 270 i 3 %2 W
(P>0.05), IMLEH, 1600 mg/kg 4H VIG & & T
0 mg/kg 41(P<0.05), {AFAEH VIG L EXER
(P>0.05), HTMEZZH, 1600 mg/kg LH4EHE K E &
HRE®T 0 mg/kg 4181 400 mg/kg 41(P<0.05),
G ELZH 41 400 mg/kg Fl 1600 mg/kg AA4EH K E
SR BERT 0 mg/kg 4H(P<0.05),

F4 ABPIMAREELEZENINIWASEEF
B EARMFMAFEPRRERRMELAREERESE
Tab.4 Hormoneindexesin the serum and liver and
vitamin E content in the ovary tissue of Carassius auratus
var. Pengze broodstock cultured at three groups
with different contents of dietary vitamin E

x+SD

i E Arim/(mg/kg)
vitamin E content

0 400 1600

ZH 0 LD
tissue indicator

M7 METEE 2/ (ng/L) B2 94.05+5.86 84.98+7.37 82.80+12.61
serum  Jpf/(ng/mL) PROG  4.51£0.72  4.41£020  3.84+0.68

BT B 2.97+0.08° 3.05+0.09" 4.28+0.67°
(ng/mL) VIG
JFIE  MEBE 2/ (ng/L) B2 23.39+6.66 21.15+2.42 20.28+1.93
liver  Zupfl/(ng/ml) PROG  1.55+0.35 1.45%0.14  1.3620.13
B 1 R 0.60£0.14  0.64£0.06  0.61+0.04
(ng/mL) VIG
Y EE 5B/ 0.24+0.03* 0.30£0.41°  0.99+0.07°
(ng/mg prot)

vitamin E content
GHEL 4iEFR E ShY

ovary (pg/mg prot)
vitamin E content

0.64+0.20" 1.07+0.10°  1.00£0.10°

T AT R R R A [/ NG TRk RR 22 5 8.3 (P<0.05), A R 5X
T B3R R 22 57 AN .35 (P>0.05).

Note: Means with different letters in the same column are
significantly different (P<0.05), and means with the same or no
letter in the same column are not significantly different (P>0.05).

24 fAMBEER E SEXNTFHFEARPEAL
SEBRSENEIE

M S T, R IR I R E s gl
2R B 5 A B B 4 20 rp b T A SRR I A i
4N, 400 mg/kg 2 ¥ & T 0 mg/kg 4 (P<0.05),
HA 8212 (Val) . e MR (1le). 757 % f2 (Thr).
T 2 R (Lys) FURL 0 5 & FE R 35 (i 35 1 ), B 5
1600 mg/kg 217G & 3 2% 5 (P>0.05). 1600 mg/kg



55114

RS AR EXEEMEARERK | BRI 1391

ZH 2 Z R (His) . A &R (Glu) FLE & FE R & = It
T HEAMAH(P<0.05), &4 2 AE0 T i
PR s TG ik 3 25 5 (P>0.05)

*5 ABRPEINAEREELEREMN IIRASR
LEHFRANPESERAN(EE)

Tab.5 Amino acid composition in the ovary of Carassius
auratus var. Pengze broodstock cultured at three
groups with different contents of dietary
vitamin E (wet weight)

%
AW 4= F E & /(mg/kg) vitamin E content
amino acid 0 400 1600
R Ar 1.02+0.07 1.10£0.05 1.08+0.07
g
HAE MR His 0.69+0.02° 0.74+0.06* 0.82+0.03*
HER Val 0.82+0.05° 1.05+0.07° 1.02+0.06*
KN Phe 0.76+0.04 0.77+0.05 0.81+0.05
SLEM Leu 1.61£0.09 1.76+0.13 1.67+0.11
SELER e 0.59+0.04° 0.83+0.08" 0.79+0.06°
JhE R Thr 0.86+0.03" 0.99+0.03* 1.03+0.04°
ERR Met 0.310.06 0.28+0.01 0.28+0.06
WER Lys 1.23£0.05° 1.39+0.01° 1.38+0.04°
AR Trp 0.18+0.02 0.18+0.01 0.20+0.01
SEAA' 8.08+0.41° 9.10+0.30* 9.08+0.43"
KL Asp 1.60+0.06 1.51£0.01 1.55+0.12
2R Ser 1.4140.07 1.5440.04 1.58+0.12
AREMR Glu 3.42+0.18° 3.87+0.22% 4.2240.21°
WHER Ala 1.74+0.08 1.78+0.03 1.76+0.14
H&fR Gl 1.56+0.05 1.97+0.34 2.20+0.33
y

B IR Tyr 0.79+0.04 0.81%0.03 0.83+0.06
IR Pro 0.98+0.08 1.06+0.05 1.03+0.07
SNEAA? 11.5120.54  12.54+0.54 13.17+0.99
TAA® 19.58+0.95°  21.6+0.22% 22.19+1.43°

H: 'ZSEAA: BTFEILIR; 2INEAA: BIEMTEILR; *TAA:
SRR . [FATEE R bR [F) NG FRE SRR 22 55 1 3 (P<0.05),
AH R B TE B R 25 5 AN B 3 (P>0.05).

Note: 'SEAA: total essential amino acids; *XNEAA: total non-
essential amino acids; *LAA: total amino acids. Means with different
letters in the same column are significantly different (P<0.05), and
means with the same or no letter in the same column are not
significantly different (P>0.05).

25 ANBEE E SENTFHERINLAL
i B 2 28 B B 2 i

M 6 AlHl, MEAFR4EAER E S ENEZE
B0 27 A 1 S5 1 7 R 2L B P S B AR — 3, LA i
7 Fh At RIS BT R (SFA) . 4 Fi B0 A g B R
(MUFA) 1 8 Fh Z2 At F G 5 2 (PUFA), 1 Al il
R (SFA)A C14 : 0.C15 : 0 F1 C17 : 0 B & 44
[F] 22 S AN 5 25 (P>0.05), (AN R 17 R 109 2 2 2
SR ME R ELE R B KRG N, 2

FEATNE AL F 1600 mgkg 4 C18 : 3n6 Al
YPUFA 8 F& T HAYM2H (P<0.05), Tii C22 : 6n3
(DHA)FI =n-3PUFA 7E 400 mg/kg 2H ik F g {H, I
BEET 0 mg/kg 4(P<0.05), {5 1600 mg/kg
21 i 7 25 5 (P>0.05),

x6 EARPEMARNSELEREN I
S0 28 PP 3 33 B0 55 7 O B A A B 48 X
Tab. 6 Fatty acid composition of ovary in Carassius

auratus var. Pengze broodstock cultured at three
groups with different contents of dietary vitamin E

%
Wi fatty acid i 2 E & /(mg/kg) vitamin E content
5]
0 400 1600

Cl4:0 1.04+0.00 1.03+0.08 1.12+0.15
Cl5:0 0.17+0.03 0.17+0.02 0.18+0.01
Cl16: 0 16.36+0.84°  16.78+0.67° 18.58+0.61°
Cl7:0 0.24+0.06 0.21+0.03 0.22+0.02
Cl18:0 4.01+0.31 4.18+0.54 4.28+0.31
C20:0 0.09+0.01 0.1+0.01 0.110.02
C21:0 0.17+0.04 0.18+0.07 0.16+0.03
TSFA' 22.0941.22  22.65%1.24  24.65+0.9
Cl6: 1 3.33+0.31 3.48+0.55 3.62+0.47
C18 : 1n9c 40.1+0.84  38.14%1.51 37.71+1.08
C20: 1 1.99+0.12 2.03+0.17 2.15+0.27
C22 : 1n9 0.28+0.06 0.27+0.05 0.29+0.06
IMUFA? 45.7+0.8 43.91+1.6 43.77+0.94
C18 : 2n6c 21.15+1.64  20.34+1.02  18.70+0.97
C18 : 3n6 0.26+0.01*°  0.24+0.02*  0.21£0.01°
C18 : 3n3 1.28+0.09 1.12+0.2 1.05+0.24
C20 : 2n6 0.55+0.03 0.56+0 0.59+0.03
C20 : 3n6 1.05+0.06 1.1320.16 1.08+0.03
C20 : 4n6 (ARA)  2.02+0.19 1.98+0.51 2.00+0.45
C20 : 5n3 (EPA) 0.69+0.15 0.89+0.09 0.95+0.12
C22: 6n3 (DHA)  5.21£0.79°  7.17+0.86"  6.81+0.99*°
THUFA® 8.97+1.07  11.18+1.55 11.03£1.26
SPUFA* 32.21+0.83%  33.44+0.37° 31.58+0.07°
n-3PUFA’ 7.18+£0.85°  9.19+£0.69*  9.01%0.56"
n-6PUFA® 25.03£1.60  24.25+0.36  22.57+0.54
n-3/¥ n-6 0.294£0.05*  0.38+£0.03*  0.40+0.03"

TE: 'SSFA: {0 RUIG T AR AR PEMUFA: SR A0S B AR
*SHUFA: = A A AR S, *SPUFA: 2 AR AR R S 0
*E£n-3PUFA: n-3 Z A AR R & ik *En-6PUFA: n-6 Z RN AI
NEWTRR Bk, AT B R R A R /NG PR R R 22 5 B35 (P<0.05),
MR IR B TE 7 BE 27 22 5 4 1. %5 (P>0.05).

Note: 'ZSFA: total saturated fatty acids; >£MUFA: total monounsa-
turated fatty acids; *ZHUFA: total highly unsaturated fatty acids;
*SPUFA: total polyunsaturated fatty acids; Xn-3PUFA: total n-3
polyunsaturated fatty acids; °Zn-6PUFA: total n-6 polyunsaturated
fatty acids. Means with different letters in the same column are
significantly different (P<0.05), and means with the same or no
letter in the same column are not significantly different (P>0.05).
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26 AMBELEE E SENTEHELANFRRE
M AN IEFR R

3R 7 WAL R R B AR s
AIfFEH SOD F1 ALP 376 i 3 5% 11 (P>0.05).
400 mg/kg 411 1600 mg/kg 21 CAT il ACP i
7 T 0 mg/kg 41 (P<0.05); MDA i # [k (P<0.05),
{H 400 mg/kg 41 1600 mg/kg 4 = 8] JC &k & 25 7
(P>0.05); T-AOC F1 LZM 7E 400 mg/kg ZH 153 (i,
BEET 0 mg/kg 4(P<0.05), {H5 1600 mg/kg ZH
Jo i 3 22 5 (P>0.05).

F7 ANPENARESELERZEMN 3N XLLASP
HEHEANMERZEFREMNLIER
Tab. 7 Serum immune and antioxidant indexes of

Carassius auratus var. Pengze broodstock cultured at
three groups with different contents of dietary vitamin E

i 2 E % & /(mg/kg) vitamin E content
0 400 1600
0.82+0.04° 0.96+0.05" 0.88+0.06™

fE845 indicator

BTEA/
(mmol/L) T-AOC

ALY LR 238.93+5.38
(U/mL) SOD

[t
(nmol/mL) MDA
o Al
(U/mL) CAT

T R T/
(U/mL) LZM

ol 2 i/
(KU/100mL) ALP

2 1 B R il
(KU/100mL) ACP

TE: AT EEE R R A R/ NG 7R R 28 5 B35 (P<0.05), A A 5%
TeF PR 25 5 A8 3 (P>0.05).

Note: Means with different letters in the same column are
significantly different (P<0.05), and means with the same or no
letter in the same column are not significantly different (P>0.05).

27 fAR%ELEE E SEXNTEFHFEAFREN
Ei Lo pA |

H 3R 8 WAL TAREA R E & iz s
AHFWEF T-AOC 1 CAT 47 i 3 50 (P>0.05) .,
SOD i VETE 400 mg/kg AP ikBNIE(E, BFET
0 mg/kg (P<0.05), W& T 1600 mg/kg 41 (P>
0.05)., BEEWEI4EA R E SRS, 400 mg/kg
Fl 1600 mg/kg MDA MW E LT 0 mg/ke 4
(P<0.05).

240.36+13.32  250.92+14.66

24.7843.63"  18.24+0.75°  18.37+2.38"

2.96+0.52" 5.29+0.71° 6.54+0.68"

45.02+8.88°  63.14+4.42*  60.78+5%

1.74+0.31 2.37+0.40 2.52+0.43

445.50+£32.62° 587.04+£59.48" 588.86+34.51°

%8 ARFPENAREELEEZEN 3N
UG A P FEEE AR ENIERR
Tab. 8 Liver antioxidant indexes of Carassius auratus var.

Pengze broodstock cultured at three groups with
different contents of dietary vitamin E

15k #:: E E % 52 /(mg/kg) vitamin E content
indicator 0 400 1600
P 0.21+0.04 0.21£0.01 0.21+£0.01

(mmol/L) T-AOC

WAL M ARG 699.72+39.32° 915.26+49.16° 880.64=13.75°
(U/mL) SOD

N 1.23£0.20°  0.69+0.08°  0.55+0.07°
(nmol/mL) MDA
st AL G 20.13£3.89  19.78+1.43  17.86%2.88
(U/mL) CAT

W FATEAE IR bR AN R /NG b 380K 25 57 i 3 (P<0.05), AR [R] 5%
TFBEFRIR 22 58 1B (P>0.05).

Note: Means with different letters in the same column are
significantly different (P<0.05), and means with the same or no
letter in the same column are not significantly different (P>0.05).

3 itig

31 AMYEEER E SENTFHMERERKAME
IR % B BIR NG

B EW, WEhRIERgEEE B AT
Y 3% B f6 (Ctenopharyngodon idella)!'” . %' [CVH
#F(Macrobrachium rosenbergii)!' 1 j¢ % % 9 [1°)
o)y 0 55 1 3 R I ZE AR RS h, 2 R S A K
WA FE W, X5 B #l i (Pelteobagrus
fulvidraco)>"'4)j fii . 7 ff1(Plecoglossus altivelis)*!!
fFHEfa . b G fa (Pseudotropheus socolofi)®!
F# 45 7 8 (Cyprinus carpio var. Golden)™ i HfF
FEAERLEAL, KU RIYFPTEA R A B Bt 4
A FE B RVERIPLE T REAAAE 22 57 o AE AT
MRZZ G R A, ANREYEER E X R3E
BEORE I KB W25, HE 700 meg/kg 4E
AR E AZEFEPERERNAR W% = X IR, HEWAE
ZAME SRR B, BRI S SeE B
R, FHF PR & B DUAIE 205 A 2, S8
REZ BRI Ty TR, ABFIEh % 2,
I 400 mg/kg 4E4: EK E BRHAE B2 B PR AR
FEEL, BRAR AR DN B A B . BEEAEA R E
WM E] 1600 mg/kg, KEHMI L H I
PR HE— N . SAM AR5, FEM
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DIV bl R B, WSINGE R R OB i
NRAEHGR B e = KO, SR E 4R R B
W ek o — AR AR IR B . RSO 5
B, @i ngEd: 2 E nl LU S 20 BB AR (Cherax
quadricarinatus)#fi #F 4 14 i 45 £ 7E X U R
s P R B, N 375 mg/kg M4EE R E
R R RS BOR R AR BT Ak, AR AE &
B, WEFNAEER E SRSERET B —
3, 400 mg/kg Arp W EE TX A, HEmE
1600 mg/kg B, DU 4EER E S TR, 1E
P ICEIF T S A S U, 4E2E R E ] LITE
O PR B, O T R A A 2 R A e 1
EE SR, AME R AR, Wik, R’
EHEE R E A KOG SR B, (AL
A DA S 3 1 32 R R A ) T R R N B B rp 4
AR B TR, E I R R 0 R G 1 &
FE BRI, HERINGEA R B A
ARWVERR &, LA AT 55 78 5 b g 23 R
AT 4 S R 2 7K Bl ) A e e [) P TG vk G I HE
it w4 R B, RN EBOE 45k
PEHIPY,
32 [AB4ER E FEX
SE BN AR B ER 4R X B9 BT

WG & E A B i BE RS 77 58 SR
DIE, SEAS IR N U1 AR A A R 2 80 b
TEFRY, RS ANERAEE N EE
REEP, ARTA KBTS, EIER &Stk
A SIPERR R B AR R E L SR R Trp figfie
o B I A - - R Rt SR HE IR, Lys &
AR 2 RN R R AR SRR [
BE, HIFFE KRB RERD Lys i, Hy= Rz 6
HIBEAL R B AR, Glu WS HEE . =Rk
3R K ek 2 B PRI BE SR PO A
FEHR R, EHE RS MR R B AT R
FUIFH Glu, Val, Tle, Thr fl Lys SF2 32 A0
i, MIRE B LR, DR AT R
ZINEIIRS SINF A, E IR R,
B L B kg B

PERRAE R BB, BEMTAE A 552 0% 240 i RS 47 o,
Ry OB A 1 AR SR AR B, B D R AN A AT

N

FH)EAINEHA

DLJE T — S 2 [ B 3 10 B it ] 42 484k 20 il
A fg i, PR A F R ERAERDY. BR
PUFAs 5 a2 A RE ML 100 5 2%, (H2&
A5 kKB, LC-PUFAs ., 2R HIBEIL R K V-2
R Y o O W B DA S S
A NRAE R T Wt PR LC-PUFAs
T A AR A A MR 0 A 2 6 o I Y B 52 3 T,
T2 2545 8 B #6200 5 1l B 2
JEAA T B L 2 1) LC-PUFAs, iR 75 B PE [H
B R A AR A e Se L A X 82 R S
NERFER AT KB, W& 44 R E WLy
Hh iR AN TR R D R B, R Ea-
3PUFA #2555 T 28%, =n-3PUFA 21T 4 Ul $40 211y
FEFEPR . Luo 25 HiaE, BHLrP n-3 PUFAs &
S, TR R I i I S AN A RS AR
() i SO B G o AE X o B B 5 R R B, n-3
PUFAs fit i 3548 &5 SF 07 BRI PERE . 7e bl 4
BESE A R R RN 0.2% 09 44 R E 1, 24590
n-3PUFA & 35w TR n-3PUFA &
WM S 4R R E AR A A B
KR, UEAERR R IR T ONE N is, I IngEg
# E WEmpURm AR g, D R AR
iR Ak, AL i S MR L . 32K . IR
Gk T AL, M AR LERR G & B IR EA TR
DL, RS s A R B on] B R S AN
FURG D5 R AE U P TR, dE— 2B E AR & B
X SRR A () O SR B A AR EVE .
33 fARgELEE E SEXNHFWMFEAMBFMAT
A i SIS FRAO R

2B BRI K BEXt PUFA BT R,
A FHALELE WA S E ik, XAME SR PUFA
T SR IEIN T A AL S RS, SRR A B
PR HHLE, FEXMEN T, mREHE M
A7 U T B B it A v A A R A B BT A A B A
BT, X Sehr A A o2 A N B B R F
PR . 44 E EfE R — M EZENIRAEAEY
HAGUEALFIFN At 3L BRI, Z&Bj1k PUFA i
AALIARCT B, REB R A REAS 32 I i R
E, RIS S A EEAE 11, T-AOC [k
SE] LR BL S I HLIR i BB A AR RE 1, AR BTA
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ki 2 5o fAEREE 25147, ARAFFEH, 400 mg/kg
IME T-AOC %3 =T 0 mg/kg 4. {F R % 1Al kL
Yer: F E AR iNE) 1600 meg/kg, I3 T-AOC W
A AR, S7ERAG b U ) i 4 — 2 AT
REEH TRAL Z ML R E S BRI
& EPUEAE R, R et AR, s kT
2R B M T B AR ER T, S
HUME T-AOC T M, ML 4 A 52 4 B

Lee Z8"1L 91, BE 15 %) #F (Penaeus monodon) Ifil i
A B AL TG RS i R B IR T
HELETHE RS, Mgl £ B X4 s ol
(Haliotis discus hannai)IfiL /5 /i 421k 49 05 £k B P
o E PO AR BE ST P R B, B
e R E S nysgm, H I S 5 A
PER e THIE BB R, T I T HhofE 4 Tk i Ak il
TR TE 35 ) %2k AR ST 4 R —E

1 R BRI A AN I 22 R D R 11 ok 4R
b, A= i Re B it AL, O S 4o i TS R,
P, 79 it BERTAE D ML A it S e
PEHIARE, o] [a] 4 S BRAILAAR B il L 0 7= 5
BT R G0 . oS A I 1 T AR RE T 1
550, Garg PNEBUARI4EE R B OBE W AT
NS . ARG A R, JHE R I3
MDA & EHRiE 4R B & i hnm w2 1%
K, &EBT PR W E(LZM)2 2R B2 Ak
RSt e i, RRH R RIS B4R R E Sk
N7 ¥ fa (Rachycentron canadum)® | 545 77 B ffr
(Epinephelus malabaricus)” 1% i fa > LzMm
WtE . TEABEFE i & BE, % 400 mg/kg 4E4:
Z EJ5, IiliE LZM M E RE EIh . XU
b IR ANGE B 42 R E 1 1 S A I
KA MRS, X HARRE S MR ge A BE

4

i LR, 7EAREH, iR+ 400 mg/kg Y
AELE R E ROUSINEE Al 1 35 48 i o2 R R A P i
RBP4 R E i, AN TRBERAE
U7 PR )RR I 384 00 XL 5 A0 FE U P S 8 T S AL
W1, IITHBGE 2 BRI R .
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Effects of dietary vitamin E on growth, reproduction and nutrient
composition, antioxidant immunity and tissue vitamin E content of
Pengze crucian carp (Carassius auratus var. Pengze) broodstock
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Abstract: To investigate the impact of varying protein levels in feed on the growth performance, ovarian amino
acid and fatty acid composition, gonad development, and serum hormone deposition of pengze crucian carp
(Carassius auratus var. Pengze) broodstock, 135 broodstock with an average initial weight of (256.30+4.70) g
were randomly selected for the experiment. These fish were then divided into three groups, each with three
replicates and 15 individuals in each replicate. Fish and soybean meals were the primary protein sources, while
corn starch was used to adjust the protein gradient, with dietary vitamin E content at 0 mg/kg (68.1 mg/kg), 400
mg/kg (462.3 mg/kg), and 1600 mg/kg (1655.8 mg/kg). The experiment was conducted for 60 days. No significant
difference was observed in the growth, survival rate, and weight gain rate of Pengze crucian carp (P>0.05). The
fattening degree showed a significant increase and a stable trend with the increase in vitamin E in the feed. The
gonadal index of the 400 mg/kg group was significantly higher than that of the remaining two groups (P<0.05),
and the egg diameter and number of eggs conceived showed an increasing trend and a decrease with an increase in
vitamin E (P>0.05). In the liver, vitamin E content in the 1600 mg/kg group was significantly higher than that in
the remaining two groups (P<0.05). In the ovaries, the vitamin E content in the 400 and 1600 mg/kg groups was
significantly higher than that in the 0 mg/kg group (P<0.05). The addition of vitamin E significantly increased the
total amount of essential amino acids in the ovary (P<0.05). Valine, isoleucine, threonine, lysine, and the total
essential amino acids in the 400 mg/kg group were significantly higher than those in the 1600 mg/kg group
(P<0.05). Histidine, glutamic acid, and total amino acids were significantly higher in the 1600 mg/kg group than
in the remaining two groups (P<0.05); however, no significant difference was observed in the total non-essential
amino acids between the groups (P>0.05); seven saturated fatty acids, four monounsaturated fatty acids, and eight
polyunsaturated fatty acids were detected in the ovaries of the various groups (P<0.05). Polyunsaturated fatty
acids, C18:3n6, and ZPUFA were significantly lower in the 1600 mg/kg group than in the remaining two groups
(P<0.05), whereas DHA and Zn-3PUFA peaked in the 400 mg/kg group and were significantly higher than those in
the 0 mg/kg group (P<0.05), but did not differ significantly from the 1600 mg/kg group (P>0.05). In the serum,
CAT, ACP, and VTG were significantly higher in the 400 and 1600 mg/kg groups than in the 0 mg/kg group
(P<0.05), and MDA was significantly lower (P<0.05), while T-AOC and LZM reached their peaks in the
400 mg/kg group and were significantly higher than that in the 0 mg/kg group (P<0.05). In the liver, the SOD
activity peaked in the 400 mg/kg group and was significantly higher than that in the 0 mg/kg (P<0.05), and MDA
activity decreased significantly with increasing feed vitamin E levels (P<0.05). In conclusion, the addition of 400 mg/kg
vitamin E in the diet significantly increased the gonad index and vitamin E content in the ovary of Pengze crucian
carp, which was beneficial to the deposition of amino acids and fatty acids and increased the immune and antioxidant
enzyme activities in serum and liver, thereby improving the gonadal development of Pengze crucian carp.
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