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THE: A HE AR AE A8 £ K. KAk BB EE. DFEELER. LA
Rk R, BamE T F BURAAEN IE R IR, AR AT 5 8 3.01%.
5.12% 7.14%. 9.35%Fn11.64% 57 % G L L 1A, W2T0R A Y Sk E &
(81.38+0.14) gl h 54, BUAMER, BENELZBR A, EE/NFARAMAARE
56d. R Exr: OMAERR B ATH AT, LhealER(WGR), 24 kX
(SGR). fa# 4% . & & M % E (PER). R IHSDEE# E(CHH ER LA EE TR
oy, BE A E, 24 SGRIA B & A{E B, 1A RS B AT 7.88%; % PER 3| & K
(B, AR R AT A 9.47%; @B s LA AT REALAE B4 B A 8 R AT £ A T
FA, 11.64%4 8 %5 T3.01%. 5.12%F07.14%41, 4 & F LA M E &4 8 AR
KPR ME P, 301%A 5 EMTEMA, 7.14%. 9.35%4 2 o %4 B = 4 £
S 52 He & LA Fu A UE £ BE NG U BR 4 Ak G A R R B BR A1 R AR K, A A AR R R T KT B
T, BLPA A AT E -6 % 18 F0 fig B B (n-6 PUFA) LBl 7+ &, n-3/m-6F% M, AT JIE & 18 fo
fig i B (SFA, C16:0. C18:0)Ff & 17 £} flg i A F LT T M5 S8 18 fo fig B 8 C18:1n-9 £
S EFE TE RS LA Ao BT E A B BR 41 K, 41 B n-37% 16 Fn A B B (n-3 HUFA). n-
3PUFALLGI M H R EF MR £ R, O714% 4 & a8 iE M 8 &5 T9.35%4, B &
WA ATTI4%L LA B TR, FhEZaB BB EEEARN AL ESE 2
5y @MmiE & & A (TP). &% & (ALB) &k 2k & & (GLOB)W® Z A e i K A& E £+
Y, mEEEEBE(TC). B % E %G EEBEMHDL-C)K E11.64%4 8 F5 T
3.01%4, 47 4% A% (ALT)fn 4 ¥ 4 2 8 (AST) 76 M & % 2|47 8 e i A -F 0 &5 ©1F
AR ATFH EATULE ZRE oFAEEAAN L ABESOD)EM, B AL EFE Y
SODE 14 ik 2| & K& B, 4K 8 i KT 4 9.69%; B % & Bt kit b 4 88 (GSH-Px) &
M. W_BMDA)EEXH T EF W, AFIESODE 4 11.64%4 7 & K T H &4, GSH-
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REEWE: Ry, RMAT; £K; AR, HABENE, mFENER; RAKKERE
FEDES: S 963 XakFRER: A

W#S B4 2018-01-14  {&EIHHA: 2018-03-19
BENTE - PRV A RS AH 0 H (2015KTTSNY01-05)
BIEEE: H4, E-mail: jihong@nwsuaf.edu.cn

http://www.scxuebao.cn


http://dx.doi.org/10.11964/jfc.20180111138
http://www.scxuebao.cn

12 4] XUBHHE, &% FRHAR /KPR R W A . IR A . T ARG T L I3 A= A R e AL P B 0 S 1941

ReWy ] (Polyodon spathula) & J& T #1E H
(Acipenseriformes)& W) i3 £} (Polyodontidae) 1) I8 £
PERK 2, BUAF REW SRR 192 W) i 2
— U2l R wy ] J T b 56 5V P LT A R
T e, AR A I TE AR AT A A
o XA A, PRIEEESE, AR,
TR, Bk, HA RS, mELRKE
V22 ML IX O 28T e L Wy 3 i 95 3 A 7). A7 Gk
W) 5 37 GE A I 5T R A T T AR e R SR K
MR RO S BRSO AL . L
PRI it Jo A R B A 2 T DT A K 18 B e 25 7 T,
A RHFE IR ORISR IE R D . MimsFE A
W IE IR AL W BT, SR 2R A IE A AR S R e
FEUFSh YRR L, REWE R T, B ILP AR
FiR I I AR O A, RE W) B A Y RE B A
TASER, RV ) K IR RETE I 3 W ) R
BRI 5 7K1 23 531 65%18.85%! .- On-
ders®F W FE W], 2L Wy 653 £5% £ 0 28 4R} (2R 11 5
IKF-45%, A5 W 7K T 16%) i fili 2 ) 464 (2 11 BT 7K
F-32%, Fg 7K F-4.5%) % HoA7 16 FAE KA
FRW . WAME ORI, BB B R R
il 1 M, REAT RO A AR, AN [ Ao 2R
LRI £14 85 05 ) e s 7 1) 5 R AN [ P

& 28 o 0 28 R i S AR AL RE B, RIS O
AR B ST MR o A R S A6 1 AT
AR o 10 28 1 A RO R AR A TR . R 28
12868 B8 105 A BE D0 05k, SR AR BR 05 H T £
R34 K o it BERE SR R 18 90% L 1, g i
8T A RE R4 35 B e 1k O ¥ BE 1O B8R L A 1 TR
F K AL B 0 1 5%~10%, TR I i i A2 £ 2 e A
ARERERIE™, PP IR & SIS, f2ERENS
FEI MR WG o ER 2 AR A R I 8 A 2
W, SR AERMAR, NG
A i R A AR R A = 5 2 4RI 0 S
R, i AR AR T HERL, S
A T R, T L2 B I AR S 1 & AR AR 0
M A2, 53 A0 3k v 10 i st 25 o 366 i ) e 4
AR, AT £t A5 T

ARGIH R IR, B TR IR ARG 5 7K
X RE Wy B Ay 0 A L AR e AR IR
T AL TG 1 L I A AR B LA S BT BT S A 1
RE Y SR, O B S R W) 5 I5C 5 ) 1) 5 SR A e
FIBLE & B IR KPR S5

1 MEE
1.1 SEIGEN

Dl A EEEAR, Sl 1R
AAE AR UE , B H 54N R BE By 7K - B9 45 2R
R T RRL R B S AE 43 ) M 3.01% . 5.12% .
7.14%. 9.35%F111.64%, A JFURHE#E S 1480 H
i, FRHC AR S, I TR AR 3 mmy R
fEAL AR, BT, —20 CCOKARIRAER . mRHAC
T RVE SRR LA, TRl REIR I AR 4 g I 2

1.2 XK E5EFETE

I BH S 0 7E VG JL A RBE L R 2% 22 JE K = 5
BR W EAN R R G AT LR R A
JE K 75 S 0 % 3 il N TS Y ] — v fa
S8 R S 56 £0 7F % A8 /K JE 1t (3.54 mx4.42 mx
0.90 m)rf EAT 208 A PN F% 5256t o ] FH B 1)
BT, ARG PH X, K R0.60 mAE AT,
KRR H9.39 m* W57 10 8] 43 WKL 25 11 7K P 24
42% ., BEWi K =3% R s Ak ik, 9k
J&, PRIER/NAY R . T A (81.38+0.14)g
IR, BEALT MSA, HAH3NEE, B4 H
18R, {FE24 NEXTIF RS, AL
Be, 2 4 M S2H S B4R RES6 d.

S5 1 1] g R AR B 3K (19:00 . 23:0071
05:00)., AR WE, SFBERHEIFITE, ITE
B A o SCIS FOK RS MIEOK, TR K 3R
B, BRI IO . B H KR . KT,
JF WG 5L 56 0 (B AT N FIAE T3 55 . R0
18] /K 1 20.5~26.0 °C, pH 7.8~8.2, Vf#%A 5~
6 mg/L, % %<0.1 mg/L, WAEREE<0.01 mg/L,
WL #1<0.05 mg/L.

1.3 H@mXEE&E

FRGH S AR T — R B L6 A, e
R K. &K, JIFEEmHREA, WE
TR AR

FRIHSLIRLE R, 152405, A L a
R E . KK KSR, TR ER
Rtk IBWESSH. B0 ELZ ML
BRI ARE S, PRIV o ) # ik
K, 4 °CYKAA#FE12h, 4 °CES.Lx(4 000 r/min,
10 min), [IEWEHRAE TWA T, JEH-80 °Cik
FEORAFE, HIAE 75 A= A48 br Kbt S 1k i 375 1 DU
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1942 Koo 4%
Fx1 AREAREFER (NFEMD
Tab. 1 Formulation and nutrient composition of the diets (air-dry basis) %

BiH TR K /%  dietary lipid levels

items 3.01 5.12 7.14 9.35 11.64
JF#}  ingredients
taf}  fish meal 36.40 36.40 36.40 36.40 36.40
fiylh fish oil 0.50 1.50 2.50 3.50 4.50
il soybean oil 0.50 1.50 2.50 3.50 4.50
TAHH soybean meal 15.00 15.00 15.00 15.00 15.00
M rapeseed meal 15.00 15.00 15.00 15.00 15.00
/NFEH wheat meal 22.40 22.40 22.40 22.40 22.40
ZFYEFE cellulose! 8.08 6.08 4.08 2.08 0.08
LR BHT 0.02 0.02 0.02 0.02 0.02
BITUREL  premix ? 1.00 1.00 1.00 1.00 1.00
SN Y04 0.10 0.10 0.10 0.10 0.10
IR &4 Ca(H,PO,), 0.60 0.60 0.60 0.60 0.60
SALHERS  choline chloride 0.40 0.40 0.40 0.40 0.40
&it total 100.00 100.00 100.00 100.00 100.00
E57KFE nutrient levels®
HAEWT  crude lipid 3.01 5.12 7.14 9.35 11.64
HZEHA  crude protein 41.53 41.47 41.18 41.42 41.15
/K4 moisture 10.99 10.20 10.30 10.02 10.28
HK4r  crude ash 8.03 7.84 7.89 7.99 7.98
HHREEN P/E 23.74 22.89 22.24 21.75 21.12

e 1R E R

YR, 2. WHREDVE T i eHE M (g/ke):

i RA 20.1; 4 KD 0.405; 4E4EKE 7.4; i RK, 0.34; 445

B, 0.67; 4E4EFKB, 1; 4E4EE B, 0.8; 4E4E KBy, 0.001 4; 4E4E 3K C 10; D-Z IR 2.65; MR 0.33; AEEAL 5.35; 5 ALAAH 35; ZEM) 3K 0.034; LB 8; 2k
14; FKBRERH 0.35; 4% 4; 46 0.001 4; B 10; 45 0.03; Bl 0.04; Tif§ 0.035. 3. REREELL VM, HANINE

Notes: 1. The cellulose used was microcrystalline cellulose. 2. Sturgeon premix provided the following per kg of diets(g/kg): vitamin A 20.1; vitamin D
0.405; vitamin E 7.4; vitamin K5 0.34; vitamin B, 0.67; vitamin B, 1; vitamin B, 0.8; vitamin B, 0.001 4; vitamin C10; D-pantothenic acid 2.65; folic
acid 0.33; nicotinamide 5.35; choline chloride 35; biotin 0.034; inositol 8; Fe 14; CuSO4-5H,0 0.35; Zn 4; Mn 0.001 4; Mg 10; Co 0.03; I 0.04; Se

0.035. 3. P/E was a calculated value and others were measured values

TSI o T QS i B 0 N = N
L, #RE, IFENEALL . AP kL,
JEHUILA . BFBRAE T 20 cCokAi PR A7, FIVEMRA
T

W), BRI L, i
FRPIAL  TFIBEE . i iE SR
TR, JaH-80 cCURFITRTE, M 1L
ST HEST A B P A I 5E
14 FERNE

TRk, 2 R i ) R RS SR I K )
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W, FJ240 °CKEET . IR M 210 K& H ER 1L
Z M Christie W 5 . AT mLIE C e (3%


http://www.scxuebao.cn

12 4] XUBHHE, &% FRHAR /KPR R W A . IR A . T ARG T L I3 A= A R e AL P B 0 S 1943

F2 ZWANEMRAR (HEBEHRIBSL)

Tab. 2 Fatty acid composition of experimental diets (percentage of total fatty acids) %
e TARHIENT K F/%  dietary lipid levels

fatty acid 3.01 5.12 7.14 9.35 11.64
C14:0 4.17 4.14 3.86 4.09 4.30
C16:0 17.91 17.96 17.74 17.93 17.33
Cl6:1 4.48 4.92 4.36 4.43 4.42
C18:0 4.17 4.32 4.61 4.74 4.56
C18:1n-9 26.72 26.42 25.70 25.52 26.55
C18:2n-6 19.11 21.41 24.41 24.76 26.09
C18:3n-6 0.25 0.25 0.31 0.35 0.36
C18:3n-3 5.41 4.42 3.65 3.60 2.96
C20:3n-6 1.90 1.93 2.01 1.83 1.58
C20:3n-3 4.06 2.73 2.40 2.63 1.95
C20:4n-6 0.76 0.65 0.74 0.65 1.04
C20:5n-3 0.53 0.62 0.99 0.74 0.78
C22:6n-3 11.08 10.83 9.88 9.38 8.79
SFA' 26.46 26.63 26.41 26.99 26.41
MUFA® 31.40 31.56 30.23 30.12 31.16
n-6 PUFA 22.09 24.31 27.57 27.69 29.20
n-3 PUFA 21.22 18.67 16.98 16.41 14.51
PUFA’ 44.41 44.05 45.70 45.19 44.72
n-3/n-6 0.96 0.77 0.62 0.60 0.50
n-3 HUFA 15.71 14.20 13.29 12.77 11.52
HUFA' 18.42 16.81 16.07 15.28 14.17

E LAER. 2 BAEAERR. 3. 2 AMORIENRR. 4 mAMBRENR. TR
Notes: 1. SFA, saturated fatty acids. 2. MUFA, monounsaturated fatty acid. 3. PUFA, polyunsaturated fatty acid. 4. HUFA, highly unsaturated fatty acid.

The same below

4, FIA1 mL KOH-H B (0.4 mol/L), i
730 minf9 BB fL . SJE A2 mLE B FK, TF
Oy Z IR SRR 20 °CHR-TE . FE S 2 AL g
fRJa, B4 b AUM @38 BT G T . IR i
fiz 26 1 A €535 {1 (A gilent 7820a, Agilent
Technologies, Santa Clara, CA,USA)# 47l & . g
I 12 R 1 3 ok 5 1 7 TR Y TR T 5 A M 1 (47015-U,
Sigma-Aldrich, USA)#E 17 FL B4 a0 I 2 iIF B
20 pLAfE a5 5 uLt L LERR R (10 mg/mL, H4515,
Sigma-Aldrich, USA)RZ), SRJ5H pLIR &9 L
BUREIN o BRI 3R o B 17 12 2 1S 1) A X
Sy Hr T AUA — R AT, LLRUIR IR 1 4y

BRI,

oF AR BIHEE(TC), Hih =8
(TG). HHH(TP), HIEH(ALB), ¥ H(GLOB),
FIER I (A/G) . & W B (AST) . 45 TN 5 2
(ALT). #Z30(GLU) ., /&% I8 & A JH [ B
(HDL-C). &% 3 i 2 1 JI0 [ B (LDL-C) ¥ vik & >R
F4 B 2 A 53 B AL (H 327180 5E o

TH AL % % 11 ¥ (enteric protease) . AFMIE
#5 [ i (hepatic protease) . J-E g Wil (lipase) . I
JIEE € 493 Tt (ai-amylase) 1) 3 1 0 FH re o AR ) T
FEOE G A ) B BTV B
WY R AT INE
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1944 KopE o R 245

wiF, AR A ARG
(SOD)IF . i F AL E W (CAT)WEPE . 4 e H Ak
(GSH)F & . 7 e H K & AL ¥ 1 (GSH-Px) i 74
T 76 (MDA ) & H i JH g 50t il 2 9 T R BF 5
JIr R G

15 Ritoh

BB T HA KA

171 R (survival rate, SR, %)=100xN,/N,

34 W % (weight gain rate, WGR, %)=100x
(W=W)IW,y;

¥ 8 A K F (specific growth rate, SGR,
%/d)=100x[In/V~In W, ]/t;

7 B} & % (feed conversion ratio, FCR,
%)=100xFI(TW ~TW,);

1 Ji 81K (protein efficiency ratio, PER,
%)=100%(TW—TW,)/(FxPy;

5 1 i URLR (protein productive value, PPV,
%)=100%(TW,xCP,~TW,xCP)/(FxP;)

g Wi DUFL K (lipid productive value, LPV,
%)=100%(TW,x CLTW,x CLy)/(FXLy)

¥ kb (hepatosomatic index, HSI,
%)=100x(WL/W,);

AE A& Lk (viscerosomatic index, VSI,
%)=100x(W W)W, ;

J# 1A Lt (intestine index, ISI, %)=100xW,/W, ;

81 A B 3 £ (condition factor, CF, g/cm’)=
100X W,/Ly’s
K, NRAKEE, NAWIGRRBE, WRhER
ARFL R (g), WA VIR AR (g), TWH
SEUS LR R R R, TR S T 4 B A AR R
#H, FHEER (), thmFRREd), PoAmEHE
H & 5 (%), LA meHig i & & (%), CPoN5E
WA Rn e E N SR, CPoN LRI R4
MM &, CLON S0 45 o 4 fo i i &
i, CLOASEW IRt et il & &, Wit
EE f, WA, wehpiEER, Loy
K.

S BT AR BN SR F SPSS 22. 04K 1R 1 47 B 1M
E )7 %4781 (One-Way ANOVA), K HDuncan[t £
LY RO A 0 S 0 A B A D] A 25 S W ML 2
P<0.05 s S A) 22 5 W35 0 T 5080 LAT- 1
{H 45 22 (mean+SD)E 7k . S % Safari®s!"™ | i
AR Al NI NS B Ty R e R B AL 5 ¥ o s i = W D
DL Rt S A B A5 R A HR AR A T A T -
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2 HEH

2.0 GERBEEIK TR RS KRR
S04 R BB

B HAETG R H100%, 7.14% . 9.35%ZH 1Y
FBW . WGR XSGR i 3 & F HAth 4 4H (P<0.05)
(#£3). LARLW 5 SGRN AR B (Y), Tl ki
IKAE R F AR 5 (QOR) —WR B1EH J5 72 4 ¥=-0.029 5
X*+0.465 2X+0.320 6(R*=0.991 2), 13T /#7745
SGREg KIS, TapkHIg 17 7K -4 7.88%(J41 1)

T RE R BU(FCR)9.35%4 i Ik T°3.01%4H (P<
0.05); PERFH % 15 BHIS i K 71 Fss 2 2% B TR
TR, 9.35%4] 3 5 T 3.01%41(P<0.05),
FoAlh A2 1R G i 3 25 55 11.64%41PPV i 3 5
F3.01%4 , 155 H A TC B E M2 5 (P>0.05);
3.01%2H , H A4 B9 LPVEE R R IE 15 7K - 19 7+
i N R $(P<0.05), LIALW)EFPER K R AF &
(Y), VURCELRE D 7K AR A A8 (X)), s T4k
o] 943 H7 45 4 Y=—0.061 8X+2.764 8, R’=0.937 8
5y=-0.0830X+4.135 8, R*=1M3C 5 19.47%, It
i PER S K (J512).

3.01%ZHHSIiE MK T5.12% . 7.14%. 9.35%
ZH(P<0.05), 511.64%H TR EMEZES; 11.64%
ZHISLIE Z AR T Hifl 4% 41 (P<0.05); Tl ity 7K SF
XTVSIE A BB ; 5.12%. 7.14%. 9.35%%H
CFi 3 i T HiAth 4 (P<0.05)(#3).

2.2 ERLAE R 7K T X REM 65 4R 4 Bl B9S2 M

TE Y R R M EA ST EN
9.99%, HLAEW & & }5.12%, MK &7 A
1.72%, K58 H69.85%, BRKAr4h, HAts
b5 5B 45 05 3.01%2H 4 fa AR 2 H A 3T .
4= £ AL PRORL IR 7 5 5 B 2 1R REAR D5 2K SF 1Y
WMEWHENFEEE, 11.64%H B EST
3.01%. 5.12%. 7.14%%(P<0.05)(#4). kg i
KT 110 3 Jin s 5 35 R e T 4 £ RN AL A B4 A 2R
T, 11.64% A emllEASE D &S T Hi
M, 3.01%A LA M E A & & B E T
(P<0.05); {HX}FHFAEM & A & &% A B
S, Al K& e R T R R LI (P<
0.05), HH3.01%H % E R T5.12%. 7.14%.
9.35%4 (P<0.05), 511.64%4H Tt &M% R
9.35%ZH WL IR R K 43 % 1 i R T 3.01%4
11.64%2H 5 WKL K 4 B i ) g i K7 B4 7 v 2
TRER R, Ky i BE A R K 1
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AR HE/g FBW

FiEE/% SR

177.51+7.83¢

100

233.33+5.52°

100

WHER/Y% WGR 118.48+9.71¢ 186.56+7.17°
B e E KR /(%/d) SGR 1.45+0.08° 1.95+0.05"
AR &R % FCR 0.81+0.06 0.80+0.03"
B AF/% PER 2.99+0.23 3.0240.11"
BEHRIZE/% PPV 29.95+9.51° 31.57+1.14%
fEWTUIRZ/%  LPV 154.41+14.23° 184.90+5.86°
/% HSI 1.62+0.12° 1.89+0.10°
Fati b/ % 1.12+0.06 1.2240.10°
JEAAEL/% VST 12.05+1.78 11.97+0.55
AR /(g/em’)  CF 0.38+0.01° 0.41+0.01°

252.63+1.57°

255.24+1.01°

1234 XUBRVE, % DRI WK EXTREMp B A 4 | ARAT AL . TH AL RIS | 13 AE Ak R et RR 5 i 1945
Fz3 AREERKEREMEE K REMEIZE MRS
Tab.3 Effects of dietary lipid level on growth performance and biological characteristics of P. spathula
Wi H TAREIT K /%  dietary lipid levels
items 3.01 5.12 7.14 9.35 11.64
YIdE¥IE/g IBW 81.25+0.09 81.43£0.15 81.42+0.16 81.410.15 81.410.15

207.89+8.60°

100 100 100
210.27+2.35° 213.53+1.58° 155.34+10.19°
2.10+0.01° 2.12+0.01° 1.73+0.07°
0.76+0.01% 0.72+0.00° 0.77+0.05"
3.21+0.04% 3.36+0.02° 3.17£0.21%
33.04+3.40™ 36.65+2.83" 42.90+4.22°

134.33+1.34°

128.90+0.52°

108.07+5.76*

1.95+0.10° 1.90+0.11° 1.79£0.10"
1.26+0.03* 1.17+0.07* 0.96+0.02°
12.72+0.21 12.17+0.32 11.04+0.12
0.41£0.01% 0.43+0.01° 0.40£0.01%

I FSIBREARRE T RN 2 57 5.3 (P<0.05), TR
Notes: the same column marked with different letters showed significant difference (P<0.05), the same below

2571

K A KR /(%/d)
SGR
- N
W [e]

—
(=]

0.5

& 1

¥=-0.029 5X*+0.465 2X+0.320 6
R*=0.9912

5 7 9 11 13
RLAI K T/%
dietary lipid level

TR BE KSRV ESHFEEKE

Z [BJE R BV 5 4

Fig. 1 Quadratic regression analysis between

specific growth rate and

dietary lipid levels for P. spathula

TR B HA(P<0.05), E UL PR R IR 4 7K 43

4.0

35 ¢

PR %
PER
2

¥=-0.061 8X+2.764 8 Y=—0.083 0X+4.135 8

R>=0.937 8 R=1
25 ¢
2.0 . - - : '
3 5 7 9 11 13
B T K P %
dietary lipid level
B2 EREMRKESRVEBELRYE

Z By [El Y3 5 4

Fig. 2 Regression analysis between protein efficiency

ratio and dietary lipid levels for P. spathula

2.3

A5 L IRNRAT 3 1 22 5 (P>0.05).

TR 4 AR A7 K S xof R 12 &3 AL P A0 AT A B A
B& 28 RR B 527

R Wy 85 JLPA) FR S o i 7 R 2 R A R R

JIg W5 R 21 BURE O, BE A DRI I 2K 1Y B2
T RHFT LA 3 2 Bin-6 PUFALL 6 7t =, 1iin-

3/m-6F& A% B F (#5), @k Hn-3 HUFA, n-3

PUFALL (1 BE 4R IR D5 7K 7 ETH 22 T B s, L

A I JU PR 2L B P 4% 4 (RIS A 2 1 25 57 (P>0.05) .
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1946 Koo 4%
4 (ARAE AR K S X 2L ) 83 R 4R Bk OS2 0 GR 2 A A
Tab. 4 Effects of dietary lipid level on body composition of P. spathula (wet weight) %
HiH TR K /%  dietary lipid levels
items 3.01 5.12 7.14 9.35 11.64
%  whole body composition
FARWT  crude lipid 4.37+0.95° 6.70+0.33° 6.56+0.60° 7.53+0.50" 7.87+1.24°
A crude protein 9.96+1.40° 10.29+0.52° 10.18+0.70° 10.62+0.83° 12.17+0.97°
HL&K4r  crude ash 2.10£0.23° 1.76+0.08™ 1.6120.18° 1.45+0.09° 1.95+0.30™
/K43 moisture 82.76+3.43° 73.85+3.46° 71.20£0.91% 66.79£1.13° 67.53£2.17°
Al muscle composition
FARWT  crude lipid 6.35£1.10° 7.40+0.82° 7.06+0.96" 9.77+1.17* 9.27+0.76"
A crude protein 18.67+0.98° 22.45+1.14° 23.08+0.99™ 23.42+2.09® 24.51+0.99*
HL&K4r  crude ash 1.35+0.15° 1.2440.15% 1.18+0.16™ 1.04+0.26" 1.33+0.20°
JK4>  moisture 63.89+6.00 64.06:4.44 62.96+3.46 58.30+5.78 59.20+3.21
BFHE liver composition
FARWT  crude lipid 16.09£1.57° 19.88+1.61° 20.15+1.80® 19.09+2.67° 22.06+1.12°
HIEMA  crude protein 9.03+0.62 8.84+0.51 8.98+0.32 8.37+1.06 8.68+0.64
HL&K4r  crude ash 1.05+0.11° 0.89+0.12% 0.88+0.08" 0.77+0.10° 0.81+0.25
/K4y moisture 59.36+1.45 52.9943.37 53.2743.32 55.19+5.63 51.86:1.75

LA C18:2n-6 [ i ¥} B s K ~F- 1 b i | F,
11.64%H 5% K (P<0.05); C18:3n-6ZFfb ANHH i ; Bl
T g K S8 BT, C18:3n-35E RS T
(P<0.05), PUFALLMISE EFHEas, Hr11.64%H
I K (P<0.05),

LW B3I o SFALL 1 (C16:0, C18:0)Ffi &
T kAR 107 7K AP B T TR B (P<0.05)(#6); C18:1n-
O BT TR, 5.12%. 7.14%. 9.35%
Y5 T 11.64%4] . TNk AR I 2 48 7 T n-3
HUFA . n-3 PUFA [ fi] #5 41 (] 3 A i 5 1 25 =
(P>0.05)o {HF 43N i R 41 18 15 ) ek v i s R 441
WH A H 4, n-6 PUFA. PUFALL{(C18:2n-
6. C18:3n-6. C20:3n-6)K T EHIE Bi K F- 1) L T i
FTF(P<0.05), n-3/n-65 FFEHH(P<0.05),

2.4 AR B K X REM)ESIH L ERTE M AY S M

9.35%4 i & G 74 S5 IR T 7.14%4 (P<
0.05)(FR7);5 5.12%H JFF Ik VE #93 lg i7% 1k Wk 3 v T
L4 (P<0.05), £ 2 [] JH-JUE 28 11 1 A o i 0
WA P25
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2.5 (R AR RN T XY R M3 L A B AR
%0

M.i&ETP. ALBK GLOB J [ g 5 7K F Tt
TS, 3.01%4] 8 E 18T 11.64%41(P<0.05)
(#8), (H5HAMMMAZ AR HER; 7.14%. 9.35%
HA/G 5T 3.01%4 (P<0.05), RLW& i TC
WP 11.64%4] 2.2 75 T3.01%24 (P<0.05), 5.12%.
7.14%. 9.35%H Z A% A W& P25 %, HDL-CU
I 11.64%4H i 35 155 T°3.01%4 (P<0.05), H4HZ
(VA BB PE2E S ALTHIASTIYNE M T A 52 5
Tl EHIE W7 KT 5 )

2.6 TR BER KT R L6 0 A R AT L
i BEROR T

3.01%2H SOD 1 i L T H A4 41(P<0.05)
(29); ARG AKSF X I 38 CATIHG Mt A5 2 3%
P, BR7.14%4H, 3.01%4H B E S THAK
20 (P<0.05); L7 GSH i 11.64%4 i (X T
3.01%. 5.12%4H(P<0.05), 5 H A4 2 5 &1
5t TEPREIR D5 7K -5 175 GSH-Px % ¥4 . MDA
SRR BEEE I . LU 10 7 SODYE M A
PR A (), BRRRIE I K SEAE S B AR B (O K
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=5 AR B K X RE M) E3 A1 P B BT R 4B B A B2 AR

Tab.5  Effects of dietary lipid levels on muscle fatty acid profiles of P. spathula %

HG i YARIRE T K /%  dietary lipid levels
fatty acid 3.01 5.12 7.14 9.35 11.64
C14:0 2.21+0.01 2.22+0.11 2.38+0.25 2.70+0.24 2.40+0.17
C16:0 25.30+1.28 24.65+1.32 24.46+2.62 27.31+1.98 22.06+1.39
C16:1 5.74+0.55 5.70+0.19 5.58+0.55 5.13+0.75 5.05+0.18
C18:0 3.68+0.48 3.68+0.26 3.30+0.43 4.41+0.64 3.51+0.04
C18:1n-9 35.59+1.03 34.39+3.02 35.1743.16 29.44+2.10 33.70+3.88
C18:2n-6 15.39+0.48° 16.43+0.8 17.31£0.77° 20.02+0.92° 20.46+1.55°
C18:3n-6 0.78+0.31% 0.77+0.05% 0.85+0.16™ 0.67+0.13° 0.83+0.24°
C18:3n-3 3.25+0.11° 2.90+0.07° 2.12+0.03° 2.40+0.12¢ 2.49+0.13°
C20:3n-6 0.58+0.23 0.57+0.10 0.41+0.08 0.84+0.13 0.52+0.04
C20:3n-3 1.4740.62 1.81+0.07 1.44+0.46 1.1540.10 1.84+0.11
C20:4n-6 0.43+0.05 0.43+0.02 0.43+0.04 0.45+0.01 0.45+0.03
C20:5n-3 0.47+0.09 0.38+0.00 0.53+0.14 0.41+0.02 0.42+0.00
C22:6n-3 6.68+0.85 7.09+0.20 7.10+0.52 7.4240.28 7.26+0.54
SFA 31.28+0.90 30.79£1.71 30.36+2.45 32.98+4.66 28.00+1.56
MUFA 41.56+0.61 40.51+2.91 41.18+2.65 36.52+4.71 38.06+3.03
n-6 PUFA 17.13+0.60° 18.23+0.87% 19.03+0.73° 20.97+0.93° 23.25+0.75°
n-3 PUFA 11.83£0.29 12.21£0.31 11.21£0.75 11.18+0.27 12.23£0.61
PUFA 29.27+0.38° 30.79+1.09* 30.58+1.47" 32.55+1.12° 36.01+1.42°
n-3/n-6 0.690.04° 0.67+0.03" 0.59+0.02° 0.54:+0.02" 0.53+0.01°
n-3 HUFA 8.58+0.37 9.29+0.25 9.08+0.72 8.83+0.22 9.64+0.55
HUFA 9.60+0.26 10.29+0.35 9.92+0.67 9.97+0.29 10.66+0.52

[ 09 05 #2h Y=—0.214 9X*+4.163 7X+19.392 O(R*=
0.988 2), it /4115 SODE KAEAT, Tk
95 7K F-49.69%(1&13)

JHFHESODYE P 11.64%2H i 3 I% T HAth 45 41 (P<
0.05) (#£9); JHFHECATIE :7.14%H & #E K T5.12%
24 (P<0.05), {H5HAWHEA B EHE2ER; GSH
B RS2 BRI 7 K F- 5 ;- GSH-PxI 7
9.35%H & T3.01%. 5.12%. 7.14%4 (P<
0.05), H11.64%4 %A W EMHZES; RS K
XTI IEMDA & AT 255

3 iR
3.1 EARBERS K EXT R EE KR E Y F
VN:OEAL

Tk v KL G s 7K - 5% g 1K OF SRR (1K

1) 5 AR R AR A AR, R R
AN B2y 3 Rt PR PR T E AR, 5 DR it

S =R NG R N e D G R % N B e
AR, ARLIGZE R, AR I K 7 Xk
WA K R A R R R K . 7.14%
9.35%Z AR . WGR M SGRY) B % 7 T H
4540, 5.12%. 7.14%. 9.35%ZCF. ¥ & T
3.01%A A 11.64%41 , w] WLARDR} e i i 7K P 3 A1
s M SR A, X5 Y
(Acipenser gueldenstaedti)(7.00%~10.69%). 51 [G#F
(A. schrenckii)(8.00%) VW 58 45 | — 2, W) [
SRTE K WA v LR 1 BT i 40%, BRI
B N6.5% ., 8.5%. 10.5%. 12.5%[1 Rl k% 1
et | 22386 (Huso dauricus @xA. schrenckiil)
N o (GG, KRR V- 25 H 3G R R R RO
3P i 3 E N D N 8%~9%, S ARSI A
K E5 R0 A AR, X 0] (e 5 77 58 20 58 R 3R 56 7
EWNEIEES

Bifi 5 )RR D K- B s, LW B PER R
WS EIHE T BER B, 1E9.36%M ik 3 i
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Tab. 6  Effects of dietary lipid levels on liver fatty acid profiles of P. spathula %
G 7 YRR K /%  dietary lipid levels
fatty acid 3.01 5.12 7.14 9.35 11.64
C14:0 1.10£0.10% 0.99+0.12° 1.0240.05% 0.95+0.10° 1.23+0.09°
C16:0 27.87+0.39° 27.26+0.60° 26.32+0.30° 26.44+0.38" 26.17+0.20°
Cle:1 5.78+0.06 5.92+0.14 5.65+0.15 6.01+0.33 5.93+0.14
C18:0 6.14+0.20" 5.66+0.18® 5.75+0.23* 5.40+0.28" 5.57+0.16°
C18:1n-9 54.42+1.46™ 56.45+1.58" 56.77+0.18" 56.36+0.93" 53.60+0.37°
C18:2n-6 2.38+0.57° 1.96+0.19° 2.67+0.06"° 2.73+0.24° 4.17+0.42°
C18:3n-6 0.63+0.09" 0.61£0.02° 0.71£0.03° 0.75+0.08" 1.12+0.07*
C18:3n-3 1.67+0.06 1.59+0.05 1.56+0.07 1.56+0.13 1.57+0.11
C20:3n-6 0.15+0.04° 0.19+0.07" 0.24+0.09" 0.27+0.01* 0.31+0.07*
C20:3n-3 0.69+0.10 0.7040.12 0.64+0.06 0.78+0.02 0.89+0.16
C20:4n-6 0.05+0.01 0.04+0.02 0.05+0.02 0.05+0.00 0.03+0.01
C20:5n-3 0.19+0.06 0.1940.02 0.21£0.06 0.24+0.03 0.27+0.01
C22:6n-3 1.95+0.38 1.75+0.37 1.71£0.16 1.70+0.08 1.96+0.08
SFA 35.48+0.57" 34.24+0.88" 33.40+0.20° 33.09+0.53° 33.29+0.24°
MUFA 61.33+1.59® 63.63+1.53" 63.62+0.12" 63.64+0.76" 60.66+0.50°
n-6 PUFA 3.21+0.66™ 2.80+0.14° 3.67+0.04" 3.81£0.31° 5.63+0.52°
n-3 PUFA 4.50+0.55 4.224+0.54 4.13+0.28 4.28+0.07 4.70+0.07
PUFA 7.72+0.81° 7.02+0.41° 7.81£0.26° 8.10+0.33" 10.34+0.50"
n-3/n-6 1.46+0.36" 1.52+0.28" 1.12+0.08® 1.13+0.09® 0.84+0.08"
n-3 HUFA 2.83+0.54 2.6340.50 2.57+0.21 2.72+0.09 3.13+0.16
HUFA 3.03+0.50 2.87+0.56 2.86+0.10 3.04+0.10 3.47+0.10
F 7 GAREE BA K S X RE M) 830 10 B SE 14 50 52 N
Tab.7 Effects of dietary lipid level on digestive enzyme activities of P. spathula
HiE FARIENIKF/% - dietary lipid levels
items 3.01 5.12 9.35 11.64

& A1 /(U/mg prot)  enteric protease

JH W25 1T #¥/(U/mg prot)  hepatic protease

FFREVE R B§/(U/mg prot)  a-amylase

JFFHE 6 i /(U /g prot)

lipase

1 892.06+687.65"
706.06+186.32
0.09+0.02"

35.57+19.59

1 526.83+299.96™
697.98+236.95
0.14+0.07*

31.64+9.80

2015.50+821.14®
676.37+91.31
0.10+0.02°

37.69+19.80

1344.18+197.16°
570.15+78.37
0.10£0.01°

21.26+5.71

2338.95+425.18"
564.00+227.30
0.10£0.02°

27.66+5.29

. 5 11L64%H A W E 2R, RAE T
YN, AR R K ST B0 38 2 8 i aT DR e
FHICR, WEIRACHEI S, 9L 8 1 T 20
HI7BY W9 R, # Gt (Nibea albiflora)®
R B P AN = A AR B, &5 A
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HEHE B & FRE D KCFR BT, RRPPY
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Tab. 8 Effects of dietary lipid level on serum biochemical indexes of P. spathula

A TRIEE T K /%  dietary lipid levels

items 3.01 5.12 7.14 9.35 11.64
MIEH/gL) TP 17.40+0.96" 17.57+1.32" 18.33+0.52" 18.13+0.31" 19.47+0.42°
HEH/(g/L) ALB 5.80+0.51° 6.10:£0.45" 6.63+0.31° 6.60£0.24" 6.70+0.14°
HEA/(g/L) GLOB 11.60+0.45° 11.47+0.90° 11.70+0.22* 11.53+0.19° 12.77+0.29°
HERLL  A/G 0.500.03° 0.53+0.02"™ 0.56£0.02" 0.57+0.03" 0.52+0.00™
H & B/ (mmol/L)  GLU 2.89:0.40 3.0320.05 3.4520.11 3.03£0.26 2.96+0.16
SH[E B2 /(mmol/L)  TC 2.56+0.37" 2.91+0.07" 2.9420.11% 2.84+0.24" 2.99+0.00°
Hih =E&/(mmol/L) TG 7.24+1.22% 6.75+0.37" 7.34+0.92" 6.04+0.39° 8.00+0.63"
1% FE i 8 1B 5] 8% /(mmol/L)  HDL-C 0.200.05" 0.27+0.02" 0.30£0.05" 0.37+0.06 0.33+0.05°
R 2 M 2 IR B %/ (mmol/L) - LDL-C 1.02+0.23 1.2240.11 1.180.12 1.37+0.19 1.32+0.23
BWHAER/(U/L) ALT 82.83+31.53 106.16+16.23 133.129.47 95.87x13.12 104.27+26.87
A EYEEE/(UL) AST 163.63+46.70 194.53+15.88 214.67+46.79 175.47+12.35 210.67+43.12

Fz9 (AREERKEXEMEME. RS LN

Tab. 9 Effects of dietary lipid level on serum and liver antioxidant indexs of P. spathula

WiH TR KF/%  dietary lipid levels

items 3.01 5.12 7.14 9.35 11.64
IM3%E serum
BENE AL EE/(U/mL)  SOD 29.86+5.36° 35.53+5.89° 37.55+5.68" 39.89+6.41° 38.66+3.52°
A EE/(U/mL)  CAT 8.93+1.61° 5.66+1.70° 7.92+1.49" 5.81+1.31° 6.71+1.61%
B HIK/(mg/L) GSH 22.66%6.05" 24.89+4.64° 15.71£7.40" 16.24+3.60" 13.46+4.28°
A M S A /(U/mL) - GSH-Px 962.2+97.14 977.31£104.97 9843111498  905.10+188.09  1020.02+110.06
I ZB§/(nmol/mL) MDA 6.77+0.33 6.53+0.17 6.46:0.38 6.39+0.31 6.53+0.21
BFRE  liver
BB AL EE/(U/mg prot)  SOD 106.31£16.73*  99.88+13.09° 109.61+13.80° 101.37+10.06° 84.74+7.06°
A A E/(U/mg prot)  CAT 2.160.69™ 3.10+1.18" 1.35+0.78" 2.04+0.66™ 2.22+0.63"
e H IK/(mg/mg prot)  GSH 21.40+12.43 23.09+9.30 23.14+14.77 23.18+8.03 24.53+4.62
B e H BRI A IS /(U/mg prot)  GSH-Px 37.96+18.89" 39.29+17.41° 32.1649.87° 69.68+43.76° 57.16+21.03*
N —[i%/(nmol/mg prot) MDA 1.82+0.18 1.72+0.37 1.77+0.14 1.85+0.24 1.6340.12

UTAR, IRAN BT 29 8 1 BT AR T B A SR B e 25 S BUI E AR 5 5 2 11 3

RITE AR TR WO, LAH I = R Y B
KAEEAENG T . BiE . WL . BFAESE 4819,
ASLIGSE LRI, HSIRE RIS 5 7K 1 38 A
TR, M11.64%4 A%, AR S faikiE T

%, N f R F AR K, TR 90T 2 (1)
BEME, (HEHSIAEK, #H, NN & & Sb s
TRk 5 7K S ) T s A R B . AR FSE H13.01%
5.12%. 7.14%4ISIRE % B M7 7K - 38 hni o 2 1
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gvé 20 | R?=0.988 2
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3 TRAERKES M M B R L LEs
SEMEZ B ZORE YA 53 47
Fig. 3 Quadratic regression analysis between SOD

activity in serum and dietary lipid levels for P. spathula

hn, 7.14%H B, BEIGERAC, i 23 isik
WS FR W ) B Y, FRZE IR ATRE S M
il A K B RS AR I BE T A P,

3.2 ARBERKESREEIKRER. BEHER
p=la: A

JULPA B 25 1 5 R0 I % R AT 2R LA
EFRU RS & IR ARDY . Bl TR 5 7K
SR TR, R BG4 Ao R ATL PRORE B 7 A A B
Z 3, B eb g A 05 7E AR IR, (B AR
Rk i B 1 31— 2 K F R (9.35% LA 1), Rkmp g
JUPARLIE 7 & B T A, i 3h SRR B ol
T Z R EDN 73 5 4R M (Carassius auratus gibelio)
AT BB Tk A

JUL PR 0 4 iR 2R 118 B DR 1D 2K F 1Y
OGN, 435 20 7.14% L PR
BA W Ve 28 5 o 3Kl T ) RS B K R
e, S BCE A A LY A A 42U G I iR
GURRAE T, 8 15 K P 2o s DA A1) 7 4R 2
FR 2 Al R A A b 2 B R TRR D

R 3 52 ik gl 4 4 230 sl ) HE T P i
it 1F 550~600 °C i il b HoKe BT A A ALY 5T 4 o 4
5 R A sk, T2 ) A A ik 26
GTAY BT, AR D RIRY, SRR
gFo 9.35%ZH At LD BT A KL K o3
RAK, Smpks &R R, SHEYAE
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i1 (GIFT Oreochromis niloticus)®'7E 1) 4} g 1 7K SF
H3.71%~16.55%I WL I 53 7K 3 & i fe fik
i (Aristichys nobilis)®7E &G i 7K F-411.02%
A4 f0OR K 3 55 7K o3 i IR — 2

ARG, FERERUILA i s R 4 RS
TRk 7 IR 2 BORE OGP, {HL B A DR B 1 7K T
B T, FFREFULA Fn-3 HUFAfIn-3 PUFALL
il A8 6 5 AR IR — 3, W AR B
R (Botia reevesae) % 0.3 H R Wi /K 1Y, R
Ffadh - Gli=1 WENARIR, &R b Yn-
3 Wi 8 Lo A B S B i KT R R R, B
NI e R N o = O TR <Rl K (=gl i)
5 ) BEE BT B B i B Y 1 B B (Atractoscion
nobilis)*J5 , HWLA Hin-3 PUFAFRE L RHIE 15 7K -
B8 T B, AT BE S LA ARk AR Sk AR R R
TRk & A K -3 PUFA, A T A2 44 L 1A I
JIE 1 i n-3 PUFA L ] B 17 £k n-3 PUF A3 i
o B, SRR KR, R E AL
PR i I R 2L 1 A Ak 22 S 5 S 30 FH 0 )L B I
U UIAH G, Tk v i B I R A2 1k X 2 4L b iR
0 P 2H 1 5 M A /0N, ] BE R T 2R 2 AR i
THBR T X225,

LWy AL PR A B Hn-6 PUF AL ] 37 1) et
SR 2, n-6 PUFASRIR K M2 75 A5 R 2
—, PUFARERZ M HLIA M T2 HLEE, n-3 PUFAFI
n-6 PUFAI) Hb i1, 25 X G 28 Dy il 7™ A= 5 i . 5 W
5N Hn-3 PUFA 5 n-6 PUFA L% 2 ] RE 189 58 28
SR AR SRS, A5 Hh B A 5 7K )
i, n-3/m-6FHE, MIEH TP, ALB. GLOB%
W R LIRS T X — 5.

i A5 R 0T G B T2 B AR H A0 M 5T PN R I TR
G U, R DT R 5 N 3 ) O R
iR C16:0F1C18:0", JIF Ik i SF AR 25 15} g 1y
P/ S 3 T A O 15 e s AN O = e
AR R A Al R AT A AR e Ak, R K
Fad g, BT AR ELE, B9
SR AFBERAS , A FfFE™,

3.3 AR A7k X R 65 5H L B SE 1 RS2

HanZE"7E B 2 W (Sepia lycidas) I 5
SR BN, WEEBIKEAE4.15%0L 1, BEN
it 1 JoE 2K 1 O R BE A T DT KO B T I R
i, BB W7 B2 PSR T m Ja BRI R 2, X € B i
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I W ;. LuoS5E " E X AL 8 (Lateolab-
rax maculatus)W 5T R B, B 5 H B IE R E
il 15 1k B R D KT B o e R e B R R R
R as, JEAE10%0 35 Bl Ak, AR 107 G2 30k
BT, TER B TS MR 8% L B TR
Eo MFEARSIE A, 7.14%2 i 5 B v
R T 9.35%4L, JEEAR 1 BERE 7 AKSE T i R
e, ARG —FEX A BEMEER, EhH
B E7.14%00 Bt TRasE , A D i s Pk 5 L
WA AT, A RE S KA A 8] 1) £
255 A AR 1 2 SR L

3.4 TARLRR B K X RE M) &3 5B & AL 4R AR AT

AL

MLV TP 3 S ML 2 1 Jo W WAc AR Y
FEIRIRZ — . TPHALBMIGLOBAI AL, fE N1
HHER WIS DL B BURAE bR, BB A% B i £8 A 1Y
@ FREARBLEY, A 4 05 N 1 A 33 R
PRI EE | oy 22 A A L I T s e ) o Y
ABERSEZ 6, I SPUR R R A %
VI Z&, HAKVA] DL B & i ae . &
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3.5 IR AR Bk S X R M3 5 K A 4 R
it B O TS

R i B AP A LR AR 45 SOD . CAT.
GSH-Px“5 4t A AL i 15 PE"Y, SOD S AP &+
YEH, 7= EH,0,810,, 1 CATHIGSH-PxA] L
B H,0, 00 it UH,OF1 0, , i [ H 3 4k 45 5 48
K7k F, MDATE N BB BT it S04k B 1 1 32 22 AR
PR, TR T R R A AR Ak S N Y 5
B S i 2y 2 BN T T
B W i, BE A RIS 7 K S T
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Effects of dietary lipid levels on growth, body composition, digestive
enzyme activities, serum biochemical indexes and antioxidant
performance of Polyodon spathula

LIU Yangyang ', YU Haibo', WU Wenyi', ZHONG Mingzhi', XING Junxia ',
ZHOU Jishu', JIHong', XUE Min”

(1. College of Animal Science and Technology, Northwest A & F University, Yangling 712100, China,
2. Feed Research Institute, Chinese Academy of Agricultural Sciences, Beijing 100081, China)

Abstract: This study investigated the effects of dietary lipid levels on growth performance, body composition, di-
gestive enzyme activities, serum biochemical indexes and antioxidant enzyme activities of paddlefish (Polyodon
spathula). A total of 270 P.spathula with initial body weight of (81.38+0.14) g were randomly divided into five
groups with 3 replicates per group and fed with five diets (dietary protein level 41.35%) containing different lipid
levels (3.01%, 5.12%, 7.14%, 9.35% and 11.64%) for 8 weeks. With the increment of dietary lipid level, weight
gain rate, specific growth rate, feed conversion ratio, protein efficiency ratio, hepatosomatic index and condition
factor of P.spathula all showed a trend of first rising and then decreasing, and regression analysis determined that
the specific growth rate and protein efficiency ratio reached the maximum when the dietary lipid level was 7.88%
and 9.47%, respectively. The lipid content of muscle and liver increased with the increase of dietary lipid level,
and the lipid content in 11.64% group was significantly higher than those in 3.01%, 5.12% and 7.14% groups. The
total fish and muscle crude protein contents were related to dietary lipid level, and crude protein contents in total
fish and muscle of 3.01% groups were the lowest, while 7.14% and 9.35% groups had no significant difference.
Main fatty acid composition in the muscle and liver of the P.spathula were related to the fatty acid in the feed, with
the increase of dietary lipid level, the ratio of n-6PUFA in the muscle and liver increased, the n-3/n-6 PUFA and
SFA (C16:0, C18:0) in the liver decreased; MUFA C18:1n-9 first ascended, then decreased, and there was no sig-
nificant difference in the proportion of n-3HUFA and n-3PUFA in the fatty acid composition of muscle and liver.
The enteric protease activity of 7.14% group was significant higher than 9.35% group, a-amylase activity was
more stable when lipid level reached 7.14%, and no significant difference between hepatic protease and lipase
activity. The concentration of serum total protein, albumin and globulin increased with the increase of lipid level,
the serum total cholesterol and high density cholesterol concentration in 11.64% group were significantly higher
than 3.01% group, in addition, alanine aminotransferase and aspartate aminotransferase were not affected by diet-
ary lipid level. The serum superoxide dismutase activity reached the maximum when dietary lipid level was 9.69%,
and there was no significant difference in glutathione peroxidase activity and malondialdehyde content. The super-
oxide dismutase activity of liver in 11.64% group was significantly lower than other groups and glutathione perox-
idase activity in 9.35% group was significantly higher than other groups except 11.64% group, whereas there was
no significant difference in glutathione and malondialdehyde content. The comprehensive analysis of growth, feed
utilization, fish quality, digestive enzyme activity and healthy condition showed that appropriate lipid level for
P.spathula was 7.88%-9.69% under this trial condition.

Key words: Polyodon spathula; lipid level; growth; body composition; digestive enzyme activities; serum bio-
chemical indexes; antioxidant performance
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