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TR D5 7700 R I B TEAR SRR . HEUIRMTRAL S M35 A=Ak T bn S IR S AL M RE R 52
g
oy FEM R OB HBAE

KiEwE & B W E BRE
MREFRE, TH 315211)

(TWRAFIFPE BT
W2 BRI A K E B AR TR bR LRI AL IS A AL SR AR AN
FUEALTEARIIE M, DLF SR TR N (4.1220.02) g BIK I B e BT ST 5, 64T 8 8 A 5%
. #4270 RS EBENL k3 A, A3 ANES, BAES 30 M. DU, Gl
K IR AR, BHIIENI T2 5N 5.76%. 11.05%- 17.65%HIRI Tk . 45 EoR:
DYFRPRHE 07 7K P36 R 1 R A TR L A4 EE B S IR AS B35 (P>0.05): A ELBEE TR T 7K~
(Tt BT, 17.65% M8 =T 5.76% MM 4H(P<0.05);  WEAA LBt 25 TRl R 5 /K~ v
JeTtaEa N, LA 11.05% i i, B mT 5.76%F 17.65%52H(P<0.05). 2)5.76% A5 i
AW Z AEFE T EE (PUFA) Fl n-6 = ARG 7 B (HUFA) A1 & 35 (KT 11.05% 1
17.65%JE 7 4H.(P<0.05), 1fii n-3 HUFA/n-6 HUFA &3 T 11.05%F1 17.65%J8 i 2H.(P<0.05);
5.76% Mg i ZHL AT T n-3 HUFA EL 535 T 17.65% 18 1 41.(P<0.05), n-3 HUFA/n-6 HUFA &
Z T 11.05%A1 17.65%/5 11 4H(P<0.05), 1fi n-6 HUFA HA B EML T 11.05%H1 17.65% /18 i
H(P<0.05). )R A T-H 5.76% T+ 5] 11.05%E% 17.65%, K 1 Sy 375 Hhoms P ik PR il s
PEDL RSB RERE, S AR A NS IR A & B R THE(P<0.05), 114 P 2 Mg L U
B FFEP<0.05), {H FIRIEARIE 11.05%F1 17.65%/I8 i 2.2 181350 H 5.2 2 5:(P>0.05). 11.05%
J o 2H R 1 S i v H = e S R B T 5.76%H0 17.65%/ W7 41(P<0.05). 4)5a kg i 7K °F
XF K R A SIS SIS EK(SOD). Bt H I A GSH-Px). T VE IR i (AKP). &
PR B (ALT) 3 1 & 9 B (MDA) & & 2 5 A 8.2 (P>0.05), 1H 11.05% A5 1 4L AT ik i
AALABF(CAT)IEME T T At 2 41(P<0.05), 1M 17.65% /18 5 2 AT 45 H5 3 RE(AS T) %

P82 v T A 2 2H(P<0.05). HIBEAR Y, TARHIE KT BESE R K 1 B85 R IR, 2

WokE H . 2017-07-11
AT« F5 A RREIE G0 H (31272670): T T A BHE % E K0 H (2012C10025);
[ K B3 AR KR H (2014GA701001); WL Eh 2 2R OKP2) P

&

TEF TS RIFIE(1993-), Zo, WHLEIHA, Lo TeA, WSKAEZIWE = S5 R T,
E-mail: 648294230(@qq.com
«IEEEE: FBUE, 20, HE4F)0, E-mail: zhougicun@nbu.edu.cn
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AR B BRI ALK, I o s me s h e e R O AR B e A & e, Bk
1 S Bt IR U1 10 & A0 R 1) g

FHEI]: KR BT AR, TEIRRALG: s dabs: PrEidabs

HE S S963 SCHRFRIRAS: A G

K 1S (Micropterus salmoides), J&%J% H (Perciformes), 3l H (Porcoidei), APHf
Fl(Cehtrachidae), S J&(Micropterus), JEr=TIbEM, & —Fhtk ARl M. KIOHE
i R 4 T 25 S A i R M PR A D5 T AN, g D 2 AN IEA ORI SR A TG 5 ST (M
salmoides salmoides)F1 K [ By i &' BLIE W FH (M. salmoidesfloridanus)M. K171 B fyiE —Fp Ak
Kby B oo WREESE . PRIE. EIRBONF B 4 St A a0, 20 et 70 44K
K, REGEENESN G B, I 1983 FRIN#HT N TEH, FEINRE, @i
ZAEMFRERIE, ROV E N B Z R RK IR R — W, SRR, FRIE K M B e e
TREFLE 10 75 ¢ BAE, o, RO BT R ERMEXIBET RE, Fraemlnar=g8mn
75%051,

NRWIE N =REFRERZL —, RMREERRREY, MAKEREZKERCT, fak
iigh Z AR TR R At AN 2, 5l IR R A 4R R s =, TS B A
REE L TIRITER, Mot plitm KR KGNS . HUm RE, B fE SRRl &RA S
SR FEV R URAE N AE K TR RS RS, DRI, Gkl b 8 DI B 1 i T AR 3000 3 1 2K
Ak WAERARKEM. A, mEH DK SR AR RE R VAHNASRE
SZARU231, KA PR g B R 2R 45 2 B0, AT B2 ZK 72 B [ R R G I3 s (14151,

HRAE AR N HALRSE, <DL = BRI G AE & . WL IS 2 e,
i 17 B g T PO R BR g ) e N (1 4% LA B P AR AN, AnAE S i AR 2 38 B R B
JE, SRR RS BRIIT . —RIBL T, MRS E RS L, TR RN
Jlg 5%

R, K0 S ) /F 2 (153 A S IR T A 7072005 22, 1T skt g i % I i R PO 7
B BT, RIS AR B, st 3 MR (5.76% 11.05% 17.65%),
WEFUIRLIR I /K% K I SR T AR 2% ZHSUIRITIRAEL AR LB EAs S A PR AR S,
NI K 1 Ry 5 Y0 20 B IS & ARDRE B i 4 A i s AN PR 255
1 MRS
L1 Btk

ARG LA AR . TR ANEEER . NN EARUE, ol Sl KRG EREEIR IR



54 P, BCHIRETACES BN 5.76% 11.05%- 17.65%(1] 3 PR s ael, wRus el i % 5 727K
55 PR 1, RISERR R IR TR AL LK 2.

56 ® 1 R R L E IR A (TS Al
57 Table 1 Composition and nutrient levels of experimental diets (air-dry basis) %

YRR 7KF Dietary lipid level/%

WiH Items
5.76 11.05 17.65

FH £k White fish meal 36.00 36.00 36.00
TH Soybean meal 22.00 22.00 22.00
/NEE AR Wheat gluten meal 10.00 10.00 10.00
/NEEH Wheat flour 13.35 13.35 1335
i3 Fish oil 0.45 245 445
i Soybean oil 0.90 4.90 8.90
KEHIHERE Soybean lecithin 1.00 1.00 1.00
IR — S5 Ca(HPOu): 1.50 1.50 1.50
S{LHEBH Chorine chloride 0.30 0.30 0.30
W YIR kL Mineral premix!” 2.00 2.00 2.00
YL EKTREL Vitamin premix!” 0.50 0.50 0.50
£F4ER Cellulose 12.00 6.00 0.00
A1t Total 100.00 100.00 100.00
B 75K F Nutrient levels?
TF4)J# Dry matter 89.65 90.39 91.06
HE AR Crude protein 47.12 47.02 4723
FHAERG Crude lipid 5.76 11.05 17.65
FKSy Ash 11.43 11.75 11.80
[ BE Gross energy/(MJ/kg) 15.69 17.76 20.41

58 D™ 53 T VR R A 4 A 2K TR BE S HE Mai 5 R4EC il . Mineral premix and vitamin

59  premix were prepared according to Mai, et all?4],

60 DERE N IE A, HARE FR K L IAE . Gross energy was a calculated value,

61 while the other nutrient levels were measured values.
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2 IR RHIE DT ER AL (o BRI R K 1 2 EEOD

Table2 Fatty acid composition of experimental diets (percentage of total fatty acids)

%

TiH Items

PRGN 7KF Dietary lipid level/%

5.76 11.05 17.65
C14:0 2.11 232 225
C16:0 19.79 19.02 17.85
C16:1n-7 3.10 3.05 2.80
C18:0 4.77 5.29 5.20
C18:1n-9 18.84 20.60 21.66
C18:2n-6 26.35 29.77 32.50
C18:3n-6 0.12 0.15 0.11
C18:3n-3 2.65 3.12 3.41
C18:4n-3 0.67 0.56 0.49
C20:0 0.23 0.45 0.41
C20:1n-9 4.46 3.10 2.56
C20:2n-6 0.23 0.16 0.19
C20:4n-6 0.57 0.49 0.42
C20:5n-3 (EPA) 5.50 4.30 3.49
€22:0 0.19 0.21 0.30
C22:1n-9 0.74 0.32 0.50
C22:5n-6 0.28 0.23 0.27
C22:5n-3 0.58 0.58 0.48
C24:0 0.16 0.16 0.15
C22:6n-3 (DHA) 8.67 6.14 5.00
MFIENIEE SFA 27.25 27.45 26.16
BRI MUFA 27.14 27.07 27.52
Z AN B PUFA 45.62 45.50 46.36
n-3 FAEMENIEE n-3 HUFA 18.07 14.70 12.87
n-6 FAEMENIEE n-6 HUFA 27.55 30.80 33.49
n-3 S AR IR DT B2 /-6 & AT AN

fIE /W n-3 HUFA/n-6 HUFA 066 0.48 038
DHA/EPA 1.58 1.43 1.43

KT R R RS, 1k 80 HW, %I | BT MERIRRE, JHIRAHS), Hhged %
RO TRk S AR VS N P 7 R BB R R IR B350, Z S M@ B K, PRI
SIREE, I BORAE 7 ) 1.5 A1 2.0 mm BJRURLIRRL . FEREAEH 90 "C #4430 min, HX
HIHTFZAK N 10% L4, MANE A8, BF-20 CUKFEHRR.
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12 BEFRER

I K 1 RS P N RV A P I K P R BE AR, 16 TR I P B B TR
TR IR A N REAT RIS . AEARBGRT, R S gh i R ATRI 2 . 2 5R 2 R, L
24 h, PEMERDN—BL ARFTCHEIVIIAAR TR (4.1240.02) g KIHEHZIE 270 B,
BEHLSME 9 AN 300 L (25N EL, M 30 FEfi. ARARIBENLIEE 3 AN FRAEHE, A RFE 2
%, IFIE] 2353029 08:00 A1 18:00, HFAHMEENIATTEH] 3%~4%. FFRIIKEN 50%, HieHid
SAEEAGET BB, S e RO, . A 2 JAAK 1 IRIRBR R, AR AR MR B i
BN 8 J, AEI ], /KRR 22.2~31.0 °C, WEARAEVKELE 6.0 mg/L LL I, pH 4 7.5~8.0.
1.3 FEaleREE

FRIERIGE A, YLK 24 h, RIG s T T AR (1:10 000)FRIN =, BESFRFEMBENLE 3 2
i, PEHARRTE . R, RN, BRI T, 73 IR, FSR TSR EE(HST).
HIEAREL(VST) JRIRLL(IPE) B AEIHRE (CF) o REANIRIEAT I BENLIL 6 FEfi, MEFHIKCRIM T 1.5 mL
BLEW, T4 COKFEPEERR, 3500 r/min B0 10 min HI45 EHE0, HCEE-80 CUkAE
RAE# M R I pa e, BUHAPIET 2.0 mL 5045 0, T T4 A0 18 s S R mRZH A 1
W5E s FIEHAMZELL VAT 4.0 mL &0 W, HTHURBRIERZ I E .

1.4 METTIE

TRV IUE TR 904 288 AOAC(1995) 7715, KM 105 CHEFEEENE KD & & R
JH 7 00 52 AX (SX360)I s AR 5 i, JUJRF R 28 I id; R FH 2 5 & {X(Leco FB-528)
WEEA R EwE, HERERSWRIE: RADIEN 550 CHRPRERNERA S &, 4
ST A Bk

MIEFEFR T B EBEALT) A H 2 M (AST) B PERE R BE(ALP) 135 P K 7 %) 4
(GLU). BJHFEEE(TC). HM=8(TG). Mm% ENFHEHMHDL). K% EHEHLDL). &HH

(TP) & &K H A Hr X (Pro-M)Mll 7€ .

HERTBRAL R T K UL R VANR T8 48 h, 78 G007~ PR BEVA R bR S 3 AT BT b FE )
SEF ep [ RF 2 B T AR EOR 5 AR ST BT by, 8 A0 - 5S4 (GCMS-QP2010
Plus, SHIMADZU)ZATRNTER I BRI, AR —35 KA % RN TR AN B 0 & & .

FFEFTAALIE R T Bk H IO B A8 GSH-PX) . AL L EE(SOD). &4 %
ZHBHALT). A HHEZE(AST), S EAABG(CAT) ik B RR B (AKP) TG VE LA Y —
i (MDA) 125 525051 FH 7 g B R A= e 5 B A 7= R R e A T e
L5 HEAR
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PEH I (g/em®y=100x /L3

FIFAA LG (%)=100% 7./ W

e PR EL(%)=100% WY/ W s

A EE(%)=100x W1/ W

Arbe wRRAARTE(): L RntiEK(em): W RRWIEE; Wi LRI G
Wh F R I E (g).
1.6 HRALEE R A

HdE S Excel 2007 40FE, 4R J5 K SPSS 16.0 BAFEAT /00T o iR I6 45 Fdb AT BRI Ky
ZE M (one-way ANOVA), %7 WEN, H Turkey 2 ERRHHT, P<0.05 NEFEZE.

g5 R (bR #E 22 (mean=SD) R 7~ -

2 SRS
2.1 TAREACT AR B AR bR R
TR AT R I B S TAAFRRR RN WA 3o ARSI 7Kg o I B P PR ELARE L

AP REN(P>0.05), Horb HAR A BB RR DT A B TS s s, L 17.65% 017
M. NRARLLBEETRBII AT T E LT, 17.65%AaMi 4R 2 m T 5.76%5 i 24H(P<0.05);
JEAA L REF S RIR DT AP B TR e T fa R B, DL 11.05% Rl i s, B8 @ T 5.76%H1 17.65%
g 4H.(P<0.05).

3 AR T K0T ORI R AT AR SR AR ) SR

Table 3 Effects of dietary lipid level on morphology indexes of largemouth bass (n=3) %

LI KT Dietary lipid level/%

WiH Items

5.76 11.05 17.65
JEAREE VST/% 6.67+1.03* 8.62+2.03° 7.98+1.29%
JHAEE HSU% 1.06+0.24 1.15+0.42 1.23+0.35
B CF/g/em?) 1.97+0.42 1.83+0.12 1.93+0.27
gt L TPF/% 0.4140.17 0.64+0.39% 1.104+0.73°

[FAT Hud )8 b o 7 B RN 'S T REROR 2 7 A B35 (P>0.05), ANFEVNG T RS 2 R

BE(P<0.05). F £,
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In the same row, values without letter or with the same small letter superscripts
indicated no significant difference (P>0.05), while with different small letter superscripts
indicated significant difference (P<0.05). The same as below.
22 TAIRHIRI KT R S R R s

AR 0 7 S 0 R SR L PR s s PR 2L RS PR 1 L3 40 AR SR 23 B 2 1K 1 R A UL A
I J7 R 0 2L e 5 PR R B s PR (R AEL A E IEAR KOG &, LA DHA [ EU B2 n-3 i AN AT
iif% (HUFA) /n-6 HUFA. C22:6n-3 (DHA) /C20:5n-3 (EPA) Bt Tkl i /KF i 7 i
MR TGS, Sk =20 asHE—8, BLL5.76% IR0 Al m . BEE R
[P, WU R RIRIER (SFAD ILLBI FRE, T2 AMAARNTER (PUFA) LU
FFt. n-6 HUFA B EG A1 BE 25 FARHIE 7 K7 B i 5 2 FH(P<0.05), X 51k n-6
HUFA A EHAH—E

R4 ERHIR T AT K 1 B S ULA R T BR AL s s ma i B IR TR I B 43 ED

Table4 Effects of dietary lipid levels on fatty acid composition in muscle of largemouth bass

(percentage of total fatty acids, n=3) %

YRR 7KF Dietary lipid level/%
TiH Items

5.76 11.05 17.65
C14:0 1.42+0.10 1.26+0.10 1.11+0.21
C16:0 23.85+0.45° 21.91+1.06° 20.13+0.59°
Cl16:1n-7 2.44+0.13° 2.00+0.152 1.93+0.08*
C16:4n-3 0.24+0.01 0.24+0.04 0.27+0.02
C18:0 6.98+0.44 7.92+0.44 7.86+0.47
C18:1n-9 19.66+0.35° 17.56+0.68° 18.05+0.58*
C18:2n-6 18.18+1.172 22.59+1.09° 25.54+0.90¢
C18:3n-6 0.30+0.08 0.31£0.03 0.31+0.05
C18:3n-3 1.57£0.57 1.58+0.17 1.65+0.46
C18:4n-3 0.31+0.05 0.31+0.17 0.27+0.04
C20:0 0.20+0.08 0.22+0.04 0.26+0.03
C20:1n-9 2.48+0.09 1.82+0.24 1.88+0.47
C20:2n-6 0.74+0.05* 0.83+0.04 0.97+0.09°
C20:3n-6 0.36+0.10 0.35+0.02 0.354+0.06
C20:4n-6 1.07+0.17 1.1940.10 1.40+0.23
C20:3n-3 0.22+0.03 0.24+0.06 0.25+0.06
C20:5n-3 (EPA) 1.65+0.09 1.85+0.13 1.74+0.11

C22:1n-9 0.20+0.06 0.2+0.02 0.214+0.09
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142

C22:5n-6 0.46+0.04* 0.52+0.02% 0.64+0.08°

C22:5n-3 1.50£0.08 1.64+0.06 1.51+0.26
C22:6n-3 (DHA) 15.90+0.41° 15.45+0.88% 13.95+0.71°
MFIEITR SFA 32.46:0.56° 31.3141.42% 29.36+0.84°
BABAREPTEE MUFA 24.79+0.41° 21.59+0.93% 22.07+0.94°
ZAMBHENE PUFA 42.50+0.732 47.11£1.31° 48.85+0.41°
n-3 SAEFENIER n-3 HUFA 21.39+0.56 21.31+1.09 19.65+0.82
n-6 FAEMENIEE n-6 HUFA 21.11£1.06° 25.80+0.96° 29.80+0.71¢

n-3 R ANE RS TR Mm-6 = AN Al
g Wi n-3 HUFA/n-6 HUFA
DHA/EPA 9.63+0.49° 8.3440.14% 8.04+0.78°

DA M7 7K T 3% K 10 S B JE U g R ZEL S (R S L3R S o AHORIEr TR B, K 1 SRy
JUE R Ui O AL IS S5 R UL PR I R (2L A FE IE A G DG &, HFJIEHh DHA Ei 9l & n-3
HUFA/n-6 HUFA. DHA/EPA i IR I K7 871 s B, 1M n-6 HUFA (9 EE 45 0 B A
T RLE KT B T R 3 T H(P<0.05), STARL LA X DU AR a3 A — 3, Ho5.76%
JEMi4ir n-3 HUFA/n-6 HUFA &3 5T HAth 2 41(P<0.05). BEE TR K TIOF s, BEAEH
SFA HELGI R BE, 1 PUFA [IEG] B TE, 33Xt [RILPA Aok 9 3 (K A A e 34 A0 — 35
5 FARHIR T KX R 1 R A AR T BR AL s s o B IR TR IR 43 B

1.01+0.07° 0.83+0.06° 0.67+0.04°

Table 5 Effects of dietary lipid level on fatty acid composition in liver of largemouth bass

(percentage of total fatty acids, n=3) %

TRHIEIN KT Dietary lipid level/%

WiH Items

5.76 11.05 17.65
C14:0 0.9+0.08 1.05+0.24 1.5+0.39
C16:0 20.01+1.67 19.66+0.46 18.54+0.79
Cl16:1n-7 1.64+0.35 1.78+0.59 2.07+0.31
C18:0 13.42+0.71 12.26+2.42 10.45+0.02
Cl18:1n-9 12.54+0.03 13.89+1.19 14.47+0.21
C18:2n-6 10.47+0.62* 13.39+0.87° 19.22+40.56¢
C18:3n-6 0.30+0.07 0.33+0.02 0.23+0.06
C18:3n-3 0.53+0.04° 0.22+0.03* 1.44+0.07°
C20:0 0.22+0.05* 0.72+0.03° 0.21+0.042
C20:1n-9 1.82+0.18 1.59+0.42 1.52+0.16
C20:2n-6 0.95+0.12 0.78+0.21 0.99+0.21
C20:3n-6 0.80+0.09* 0.57+0.02® 0.32+0.16*
C20:4n-6 2.42+40.19 2.43+0.54 1.98+0.40

C20:3n-3 0.18+0.022 0.26+0.01° 0.28+0.04°
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C20:5n-3 (EPA) 1.64+0.12 1.66+0.52 1.58+0.52

C22:5n-6 0.65+0.07 0.69+0.04 0.54+0.11
C22:5n-3 0.83+0.06° 0.98+0.18% 1.21+0.14b
(22:6n-3 (DHA) 29.30+1.80° 27.42+0.37° 22.47+0.83°
HIMARITEE SFA 34.55+1.30 33.70£1.77 30.62+0.49
AR R MUFA 16.15+0.51 17.26+1.99 18.42+0.21
ZAWHENE PUFA 48.08+1.65 48.74+0.73 51.11+0.48
n-3 FAEMENIEE n-3 HUFA 32.49+1.68° 30.5440.94% 28.14+2.020
n-6 F BN n-6 HUFA 15.60+0.44* 18.20+£0.21° 22.98+1.53¢

n-3 F AR B BT /n-6 = AN Al
Refil: n-3 HUFA/n-6 HUFA

2.08+0.13¢ 1.68+0.07° 1.23+0.172

DHA/EPA 17.90+1.86 17.43+4.63 15.17+5.50
2.3 TR TR ] By i A A AR bR s

RLISE R 5 7T X6 DR 1 R A T A AL FE AR RS2 LR 6.0 ek i 77 7K ~Fxef DRI Rty of. 3 v
BRI BEVE LR ET R SRS B R RN (P>0.05), H, SRR
AR S B A BEERIR WP 1T i IS AR T s e g, T AR 3 B R A U A
(7. FEHIE M KT 5.76% Tt 3 11.05%5K 17.65%, KIS il 75 s v i R et 2 LA K% s fIE
[, AR A RSN M BT S (P<0.05), TS AL ZURG G I 225 T bE
(P<0.05), 1H LIRIBARTE 11.05%F1 17.65%J 412 A1 8H B35 72 5 (P>0.05). KITREfiE
b =S B TR IR AT TR R I S LT T RIS, 11.05% B 22 & T
5.76%F1 17.65%5 i 2H(P<0.05).

6 TARLIR T KSR IR I R A L i AR AL AR A 1) RS

Tab.6 Effects of dietary lipid level on serum biochemical indexes of largemouth bass  (n=3)

YR 7KF Dietary lipid level/%

TiH Items

5.76 11.05 17.65

LA ALT/(U/L) 120.86+4.78" 61.13+4.70 67.89+0.28°
B R AST/(U/L) 254.90+66.55 176.72+15.47 255.58+36.30
Bk R ALP/(U/L) 93.310.73° 119.84+2.53b 113.77+4.27°
% ¥E GLU/(mmol/L) 6.93+2.43 4.77£1.79 5.65+1.04

GEEEE TC/(mmol/L) 7.19+0.17° 9.63+0.75 10.21+0.99°
Hih =88 TG/(mmol/L) 3.34+0.44° 4.67+0.36 3.63+0.392
5 ¥ g8 HDL/(mmol/L) 5.000.05° 6.51+0.59° 6.800.55°
X% E 1 LDL/(mmol/L) 2.67+0.04 3.34+0.14b 3.79+0.340
HEA TP/(gL) 35.21+1.36 40.50+3.68 38.76+4.11

24 TERHIRDTACT RS R D SRS R TR bR
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a0y S s PN 8 g7 ek = el 2 /e Sy R 71l S D PN B TN0) D
GSH-Px. AKP. ALT i 1% X MDA & &5 774 B3 52 (P>0.05), HH1, GSH-Px i1
H1 MDA 5 ¥ B85 TR 07 KT 1) Fh i N R, B3 PL 17.65% 807 44K, 1 AKP. ALT
P B A TR B KT R TR R S B TR o K SR CAT Y& TELL 11.05% AR 4 s,
BERT 5.76%F 17.65%H5W741(P<0.05). KITBEHFAE AST iGtELL 17.65% M54, &%

N

T 5.76%1 11.05%f5 i 2H(P<0.05).

T ARIR DT KT X KRR S BT A A R S

Table 7  Effects of dietary lipid level on liver antioxidant indexes of largemouth bass ~ (n=3)

TRV 7K P Dietary lipid level/%
WiH Items

5.76 11.05 17.65
HBEAY) EikEE SOD/(U/mg prot) 199.31+23.95 201.50+11.75 200.05+18.14
B H IS E B GSH-Px/(U/mg

oro0 104.41+16.59 75.82+18.93 60.43+17.79
T PERERREE AKP/(4: K B /g prot) 80.51+7.07 68.51+10.33 114.07+45.04
A MDA(mmol/mg prot) 1.51+0.59 0.910.05 0.760.15
A ERE CAT(U/mg prot) 35.57+8.09° 72.31+4.18° 43.92+12.38¢
B R EE ALT/(U/g prot) 129.12+40.18 113.77+15.08 119.80+5.95
BHE R AST/(U/g prot) 38.53+4.80%® 32.42+1.89° 41.9143.31°
30 i

3.1 AR AT K SR AR BRI

NEWAE N RN TR RV E TR, SERER R T EORIE . —, W HA Al sl A EE R R,
PWEPESE IS IR0 F SRR TR ESE, KM EfRSRFROK MR, Atk ing &
IR B A B R AT W R 2 RIS, — B S, BEE PR 10 T e, AR5
EAARNIEIN, X I ERPRE PR i IR T DA HERTHE i A 44 22124, 5 R 17 240 L ) A AR AR
RESY, - M A 5 22 ) R 05 AT B 2], e 8GR EU AR K o AWFTEES R, APk K
SRR I R AR I S AT A LU 50 A S 25 R M, T A A B B e RS 0 7T B8 T v i 2 T

N

=, X5 _FIRGERANE, (B BT (Melanogrammus aeglefinus L)), TLIKH Fifh (Pelteobaggrus

=
E=EN
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FARPRHIRITTRRZEL 5, B LRPRHIRITT AP0 s, PRI SFA BELE1 D9 T k%, PUFA
(LLBIAT s, X S iaktbo R A A B — Sk . ffAfR7#+ n-3 HUFA/n-6
HUFA 28K =i B A EEREZ —, WHO/FAO HEFEIKFELE 0.1~0.253, 7EK [ 5k
(ARGE, LA n-3 HUFA/n-6 HUFA KT WHO/FAO HEFF A, IR 1 B (RIS T i bR
o

REBW T iR, HOE EPA, HAARERIRTEZ () DHARPS, JX 5ACHIGGEs R —2, |
KRG DHA (BT ST EPA HIELA]. DHA 1 EPA X I Kt aE HEEH,
Trushenski S35 H, ZEH# ta FHEHKSEANT DHA A fglii 2 KHE n-3 PUFA [RIF5R, 7EABEaZnHp;f)
HLIH, DHA Lt EPA SO, [k, 7RSI+ DHA R SR Em T EPA 5 R HE
3.3 TAPRHRR KT R 1 S A AR AR R

MBI RS S ITE IR IR SR RHERR, IR A,
TARSZEIN, FAEIEINA T AR Sotid My A= PRAE e m S HE RIS, JIE [P s
SEMRBCSI E e —, MRRERE R BT =AE, BRI S A RIS, IR (e
W & BT ThRE . BRI B IR R AR IR, = B R AT
JES MR B REE R, THERE R I EF EAFAR S, KPP OB RE S 3 25N
o1, K SZBIIY Psetta maxima) FE LY Megalobrama amblycephala) IR FEH KRB, g H
TH1 =T 5 R B TR LR /K (T e T v, R A RO ARG, S T xRl s
R S). FEARIGH, I S = A R IR AT T SR I ST RS R R,
I 5 i S S UAE R R T IR SO E Bk 1 b A A5 IR — 3. T GRS, REEIRIL
VAR R B A e B IR R, S HENFAE R . DRI, 4RI AP T 11.05%IH
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SOD Fl CAT AT A AR B2 S, ATLAGRY A, (S S, GSH-Px
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FEIES I FITIRERIERIRY, MDA R A IRISIZS =2 —, AT LA BRI LA R A4

PR, AR5 b, JFHIET SOD A1 CAT HvE HERETa R IR K T m i e T s e R

e, R IVIRHIRIT KT AT DA SR I SR A e A RTINS AL

Be7, AR IR 7K P2 TR AL e 05 B SDRHIE Ay, JFHEAT GSH-Px

(F3IEE B MDA (¥ BERIEIN N a3, 1 5t Kty S S i 1 FRIRFF 04 S — B0 /TR R T g

AT R PR E R Rl IR AR R TR, S5 MDA & & bF, (S ATAnM 2 2.

4 45 ®
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H AR HIRII A TR 11.05%0, 255 /8K SRt F D Re 24

SR (24-25 ZSCHREI IR A 1%, 15 0)

[1] BROWN T G,RUNCIMAN B,POLLARD S,et al.Biological synopsis of largemouth bass
(Micropterus  salmoides)[J].Canadian Manuscript Report of Fisheries and Aquatic
Sciences,2009,2884:1-27.

[2] ZREWAAHE B, VT UK M 5 (Micropterus salmoides) 3= ) 2 45 M AV 3% 75 SR T 7L HE g
[7]. %) TAlk,2014,35(16):31-36.

B3] TR, EFH,E MR, KOBYERFTRIFASERIFHS
#,2013,9(11):38-43.

[4]  RUSURRE, (545 8 NP B A ) 8 B B B [0 K BH R 1, 1996,23(5):225-228.

[5] ZEHaL, T a e AN S, A0 T AR I b R A O P g [J]. 7K™ 37 5E,2012(9):21-24.



233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

[6] B, MRALAN, 2 — i, 55 ARG D5 7K 1 0 #2028 A2 A< R IR 1D AR B0 5% 1 [ 1] 7K 7
%,2013,32(8):485-491.

(7] 4% Je & ARDR TG 07 o0 i gyt AL R KR I A0 T 7 PR AR R B S [D]. #2208
I By E R AE,2013.

[8] RN IKF=SNWE T 5 FRFE M AL b AR H R, 1996.

[9] JAFRI A K.Effect of dietary carbohydrate-to-lipid ratio on growth and body composition of
walking catfish (Clarias batrachus)[J].Aquaculture,1998,161(1/2/3/4):159-168.

[10] TAN Q,XIE S,ZHU X.et al.Effect of dietary carbohydrate to lipid ratios on growth and feed
utilization in Chinese longsnout catfish (Leiocassis longirostris Giinther)[J].Journal of
Applied Ichthyology,2007,23(5):605-610.

[11] CHOU B S,SHIAU S Y.Optimal dietary lipid level for growth of juvenile hybrid
tilapia,Oreochromis niloticusxOreochromis aureus[J].Aquaculture,1996,143(2):185-195.

[12] 28N HOfE o 0,55 BRIR s 2 B 5 B e 0 At 4y 4 I 285 45 M RS A0 A A S 1k
(7). 5 77 /K= Fk22,2008,4(5):37-43.

[13] AR SR BRI, 50 = 5 5 B Je % 3 f A7 A £ TapR) ob i 8 16 05 7K 7 B F 72 (9], o )
¥},2010(20):32-37.

[14] [0 5, J % 4 R a5 TRDRLAR D KT 50 1 R B g AR KPR R . AR ORI I T AR A R b ) 5
[T 3h 48 724 4#,2013,25(8):1805-1816.

[15] SARGENT J R,HENDERSON R J,TOCHER D R.The lipidsiyM]//HALVER J E.Fish
nutrition.London:Academic Press,1989:154-209.

[16] REGOST C,ARZEL J,CARDINAL M,et al.Dietary lipid level,hepatic lipogenesis and flesh
quality in turbot (Psetta maxima)[J].Aquaculture,2001,193(3/4):291-309.

[17]  RBYE RS F 5K 5 00 7 & Ik B AN 78 K R AR A ZH ORI G 58 0 A2 i
(DA 22 18 SC. B iR R 24,2012,

[18] B JoFa, AEENI, F IR IR, 5 AL R AR P s bRkt b 78 b /5 Z L BN K 1 R A ARG L AR K
G B FR bR I 52 [J]. 7K A AR 4 41k,2014,38(2):262-271.

[19]  JAHE 7K, K 10 2R A 0f 4 el b b 2 R 75 oK B HOBIE S [D] A - 22 A2 18 50 B B K
#2011,

[20] E) % RB4, R, S, K SRS DU AR s DR JEURE A ST AL A T[] L B

RAK,2008,35(6):36-39.



263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

287

288

289

290

291

292

[21] PP, J7 AR A 2R G 75 SR AT 78 MR [J].7E PH 7K 7 FHZ,2010(4):7-9.

[22] HEFHFH AN 5T AR T AURE K3 Bk 5 4 i AR KPR RE L R 2 AN AR B AR AR AR )
SEME (D] A 22 A8 18 5 g 5 B BUAOE R 57,2012,

[23] DIAS J,ALVREZ M J,DIEZ A,et al.Regulation of hepatic lipogenesis by dietary
protein/energy in juvenile European seabass (Dicentrarchus
labrax)[J].Aquaculture,1998,161(1/2/3/4):169—186.

[24] UMINO T,NAKAGAWA H,ARAI K.Development of adipose tissue in the juvenile red sea
bream[J].Fisheries Science,1996,62(4):520-523.

[25] BELLARDI S,BIANCHINI M L,DOMENIS L,et al.Effect of feeding schedule and feeding
rate on size and number of adipocytes in rainbow trout oncorhynchus mykiss[J].Journal of the
World Aquaculture Society,1995,26(1):80-83.

[26] NANTON D A,LALL S PMCNIVEN M A.Effects of dietary lipid level on liver and
muscle lipid deposition in juvenile haddock,Melanogrammus aeglefinus L.[J].Aquaculture
Research,2001,32(S1):225-234.

[27] HELLAND S J,GRISDALE-HELLAND B.The influence of replacing fish meal in the diet
with fish oil on growth,feed utilization and body composition of Atlantic salmon (Salmo
salar) during the smoltification period[J].Aquaculture,1998,162(1/2):1-10.

[28] 3575, S AE P, 2, 55 BRDRLIR M 7K ) B B 3 0 A A A B AR (o ) S M (], Bk ™
RE24,2008,17(5):577-584.

[29] 4L, H fh . o AN VLRI 0 R (HUF As) 75 198 7K £ 5 o (108 FRAF T BIF T8 8E & [1]. 7K™ 2
#%,2014,38(9):1650-1665.

[30] 330002 X A UAE AN TR it o froBy ) B St gl i AR VR RE L TR S E ST AL RE
T3 R (1.3 77 7 41%,2015,27(12):3744-3753.

[31] LOPEZ L M,DURAZO E,VIANA M Tet al.Effect of dietary lipid levels on
performance,body com position and fatty acid profile of juvenile white seabass,Atractoscion
nobilis[J].Aquaculture,2009,289(1/2):101-105.

[32] HUANG C H.LHUANG M C,HOU P C.Effect of dietary lipids on fatty acid com position
and lipid peroxidation in sarcoplasm ic reticulum of hybrid tilapia,Oreochromis niloticusxO.
aureus[J].Comparative Biochemistry and Physiology Part B:Biochemistry and Molecular

Biology,1998,120(2):331-336.



293

294

295

296

297

298

299

300

301

302

303

304

305

306

307

308

309
310

311

312

313

314

315

316

317

318

319

320

321

[33] Rl W, 01 SC e ATz 2 S5 TR 7 7K T B S AR e b . A ZUIR G & 2 5 IR IR
20 R I 5 e (7). DR 9T,2016(6):36-41.

[34] XU J H,QIN J,YAN B L,et al.Effects of dietary lipid levels on growth performance,feed
utilization and fatty acid composition of juvenile Japanese seabass (Lateolabrax japonicus)
reared in seawater[J]. Aquaculture International,2011,19(1):79-89.

[35] MARTINS D A,VALENTE L M P,LALL S P.Effects of dietary lipid level on growth and
lipid utilization by juvenile Atlantic halibut (Hippoglossus
hippoglossus,L.)[J].Aquaculture,2007,263(1/2/3/4):150-158.

[36] TRUSHENSKI J,SCHWARZ M,BERGMAN A et al. DHA is essential, EPA appears largely
expendable,in meeting the n-3 long-chain polyunsaturated fatty acid requirements of juvenile
cobia Rachycentron canadum [J].Aquaculture,2012,326/327/328/329:81-89.

[37] LIN Y H,SHIAU S Y.Dietary lipid requirement of grouper,Epinephelus malabaricus,and
effects on immune response[J].Aquaculture,2003,225(1/2/3/4):243-250.

[38] DJANGMAH J S.The effects of feeding and starvation on copper in the blood and
hepatopancreas,and on blood proteins of Crangon vulgaris (Fabricius)[J].Comparative

Biochemistry and Physiology,1970,32(4):709-731.

[39] ARSI EAL M]3 Fi AL Hp RO Y RcH:,2001:126-127.
[40] DEPLANO M,CONNESR,DIAZJ Pet al.Intestinal steatosis in the farm-reared sea bass

Dicentrarchus labrax[J].Diseases of Aquatic Organisms,1989,6:121—-130.

[41] LI X FLIU W B,JIANG Y Y.et al.Effects of dietary protein and lipid levels in practical
diets on growth performance and body composition of blunt snout bream (Megalobrama
amblycephala) fingerlings[J].Aquaculture,2010,303(1/2/3/4):65-70.

[42] BT UL, D0 ML, 55 ARDRH AR 1977 7K~ 50 il 4 2B 4 A R o3 K i A= AL AR B B2 M ).
Harp Rl K222 417,2012,31(3):357-363.

[43]  FD6um, BUH IR, 2 HERR, 5 57 (0 25 5 7 AT SRR L (0] FH42,2002,26(7):36-39.

[44] LIN D,MAO Y Q,CAI F S.Nutritional lipid liver disease of grass carp Ctenopharyngodon
idullus (C. et V.)[J].Chinese Journal of Oceanology and Lim nology,1990,8(4):363—-373.

[45] ARETAVFLL, A5 10, 55 B AR fa e T A | AR e 1 e 2 R 2 Il 0 17 £ B i)

[J]. R /K= 24 B3 24 41,2009,24(2):104-108.



322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

342

343

344

345

346

347

348

349

[46] T HE, 2= WS B T 0, 55 DRE AR 7K T xek B e 20 A fi 4y A A AL e AR AL R B (R 5 T
(0], g R 2241, 2009,18(1):35-41.

[47] SCIZZL,pdiete, [ i, 5 b iRy B A Qa0 s i PU A Fabm . T AL 1k K i
JHF M JIE 2H 2 68 ) e 52 m [0 Rk 2 M,2015,36(4):29-35.

[48] Ttk g, i 22 06, 522 WY S5 DR U7 7K ST ) 8 i LTS AR A AR AR S S BRI 7D
IR (7). 7 B 7K P2 RH2,2013,20(1):101-107

Effects of Dietary Lipid Level on Morphology Indexes, Tissue Fatty Acid Composition, Serum
Biochemical Indexes and Liver Antioxidant Indexes of Largemouth Bass (Micropterus salmoides)
ZHU Tingting JIN Min SUN Peng LI Chenchen MA Hongna LUO lJiaxiang YUAN Ye
ZHOU Qicun”
(Laboratory of Fish Nutrition, School of Marine Sciences, Ningbo University, Ningbo 315211,
China)

Abstract: An 8-week feeding trial was conducted to evaluate the effects of dietary lipid level on

morphology indexes, tissue fatty acid composition, serum biochemical indexes and liver antioxidant

indexes of largemouth bass (Micropterus salmoides). Three experimental diets were prepared, in

which fish oil, soybean oil and soybean lecithin were used as lipid sources, and the lipid levels of

three experimental diets were 5.76%, 11.05% and 17.65%, respectively. A total of 270 juvenile

largemouth bass with an initial body weight of (4.12+0.02) g were randomly divided into 3 groups

with 3 replicates per group and 30 largemouth bass for each replicate. The results showed as

follows: 1) dietary lipid level had no significant effects on condition factor (CF) and

hepatosomatic index (HSI) of largemouth bass (P>0.05); the intraperitoneal fat ratio (IPF) was

increased with the dietary lipid level increasing, and it in 17.65% fat group was significantly higher

than that in 5.76% lipid group (P<0.05); the viscerasomatic index (VSI) was firstly increased and

then decreased with the dietary lipid level increasing, ant the 11.05% lipid group had the highest

value, which was significantly higher than that in 5.76% and 17.65% lipid groups (P<0.05). 2) The

proportions of polyunsaturated fatty acids (PUFA) and n-3 high unsaturated fatty acids (HUFA) in

muscle of largemouth bass in 5.76% lipid group were significantly lower than those in 11.05% and

17.65% lipid groups (P<0.05), but the n-3 HUFA/n-6 HUFA was significantly higher than that in
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11.05% and 17.65% lipid groups (P<0.05). The proportion of n-3 HUFA in liver of largemouth bass
in 5.76% lipid group was significantly higher than that in 17.65% lipid group (P<0.05), and the n-3
HUFA/n-6 HUFA was significantly higher than that in 11.05% and 17.65% lipid groups (P<0.05),
but the proportion of n-6 HUFA was significantly lower than that in 11.05% and 17.65% lipid
groups (P<0.05). 3) When dietary lipid level increased from 5.76% to 11.05% or 17.65%, the activity
of alanine aminotransferase (ALT) and the contents of total cholesterol (TC), high-density
lipoprotein (HDL) and low-density lipoprotein (LDL) in serum of largemouth bass were
significantly increased (P<0.05), and the alanine transaminase activity was significantly decreased
(P<0.05), but the differences in those indexes were not significant between 11.05% and 17.65% lipid
groups (P>0.05). The triglyceride (TG) content in serum of largemouth bass in 11.05% lipid group
was significantly higher than that in 5.76% and 17.65% lipid groups (P<0.05). 4) The activity
superoxide dismutase (SOD), glutathione peroxidase (GSH-Px), alkaline phosphatase (AKP) and
alkaline phosphatase (ALP) and the content of malondialdehyde (MDA) in liver of largemouth
bass were not significant affected by dietary lipid level (P>0.05). The activity of catalase (CAT) in
liver of largemouth bass in 11.05% lipid group was significantly higher than that in other two
groups (P<0.05), while the activity of aspartate transaminase (AST) in liver of largemouth bass in
17.65% lipid group was significantly higher than that in other two groups (P<0.05). In conclusion,
dietary lipid level can affect the lipid deposition of largemouth bass, alter the fatty acid
composition in tissues, and change the ability of lipid transport and utilization by affecting the
HDL and LDL contents in serum,

Key words: largemouth bass (Micropterus salmoides); lipid level; morphology indexes; tissue

fatty acid composition; serum biochemical indexes; antioxidant indexes



