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FRF. ARZHESPOLUE X7 THMFOLMN M HE ALY, TEERXEEZHR. &
& ESPO4I & 1K, SO & &. TOAZ & IRtk KK/ FH ML H N KK, WL
WERE. FHRWMPLAL Z5H THRLOANN HME 4. EFEMFO4 B 5 T HCO4
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HEE-1Fn ACCHE M ¥ ki 5 ; CO4 ¥ TG, TC. K% & fk & & JE B B (LDL-C) & & fn 44 ¥
HAamEEyh&kE; LOFMSOT L ERBZ FE AR N RE L. A
fe i & &, SOXT ¥ EF#R | & & &t & & JE E B2 (HDL-C)#fn [ {{LDL-C. TCH &
£; SPO. LOMSOT R B X REFEANA F & FaF M B . o TR B o T2 i B2 &Y
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idella)" VA& (Elopichthys bambusa)'*%5 . W55 4%
Bl T AS TR0 IR 6 M D R 2 A 22 Ik, X
i AR R i AR — TR [ 2 [] — i 5 VR
() A FH 7 2R RE ) A 2200

7x i (silkworm pupae) & 4 22 |V 19 = F =
Y, TREH30%L A4 0mAE, W 8,
5 ) LA AR b i R o R R R A R
fief 7% W AT 7 5 AT IR 702 76 K i 22 5 Y A I
HEAT Wi B A B 8 K 1) A 15 98 (silkworm pupal oil,
SPO) AL FI AR i 8 A AH AT 5 1o 61.5%Y, &
TR 7K AL ZE ) 75 B8 W R o- 0 JBR R (C18:3n-3), H.
C18:3n-3AJ 7EIR /K FAR AT AR Ry 22 AN Al D)7 12
Y EPA(C20:5n-3)FIDHA(C22:6n-3), J&7K =1
B L BRI IR . B AT 2 SPOIM ST £
BAE TR LA K BU(Rattus norvegicus) WX s ¥ 1Y
BRI E . BFgT R, SPORT TR i A ILIE ,
R AT T o 6 N I O, IR RE IS T BRAILIA A
FERBG SR BT SR BE ) AU (R AR R R Y
MBI ZE 1 R DL o BT, ARSI LI E
B k1. (GIFT O. niloticus) WHF5E X4, HESPO
55 HABAS [R5 1 6P 2l A8 4 T BE % LA 4 L A
2R B g AR R s, P B e )
SPOR FH A AT A7, i S el AR A 1y R A4 T
K, AT L TE NG DR Y B R AR
A IR VR ML R B I SR AL S B0 S 2 Ak Al
1 MESITE
1.1 LIEER

MG & P AR R R, DR I & it
JERRCRT . ARG SR MORYAE)A 2, B AR
7 A R CHL AR 1133.5%) %5 B5 CHELAR 15 5.6 %) A 52 56
TRk, BRAE W URAS TR A1, H A T R i 4 34 A1
(R 1) 705256 f Rk b i FH 5.0% 19 AS [5] i i
Ui, 4300 o8 %R i (SPO) . K ff i (MFO) . %
a3 (TO) . &I (PL) . Al (CO) . VBT i
(LO)FI K KL (SO)(THI il I A H2 R F8 bR 4 7545 £
A FRIE) . SPON ) P K3t 111 22 J4 4 FR 2
oy 5 ) A AE T VS VR AR AT BERR b B Uy
5, MFOIg H #r it 24y s A R A wl, TOF
PLIW [ & KA B BH A FR A /], CO H T R 44
Yo Z P e A R |, LOFSOW | BT . 4kt
JERL ST 40 H i, 45 5256 FRDRHE AR 1 482.0 mmiy
WOk, KT, SUZBEMSERIFE O, 20 °CfR

®1 EMARESREBZEFES (KT E)

Tab.1 Formulation and nutrient composition of

the basal diet (air-dry basis) %
IiH S
items content

JR¥L ingredients

M1 soybean meal 30.00
Kk cottonseed meal 12.00
ZEH rapeseed meal 25.00
[k wheat flour 24.30
W oil 5.00
R IR LR EE  lysine hydrochloride 0.20
E% % methionine 0.10
R &4 Ca(H,POy), 2.00
SALHHEE  choline chloride 0.30
TRIEEL  premix’' 1.00
[i# 7  mold inhibitor 0.05
Pré A antioxidant 0.05
it total 100.00

B nutrient composition

K4 moisture 11.30
HME A crude protein 33.50
HARWG  crude lipid 5.60
K5y ash 7.98

e LWERED Sikg R I RHE L £k 150 mgs 4 3.2 mg; ¥ 34.1
mg; % 13.0 mg; fill 0.8 mg; fifi 0.3 mg; #3.0 mg; 4EAEHRA
2000.0 1U; 4E/E 2D 2000.0 1U; 4E/E%E 100.0 mg; 42 %#K,
10.0 mg; #EAE3B, 5.0 mg; 4EAEEB, 10.0 mg; JHAR 100.0 mg; 4
£ #EBg 10.0 mg; V2R 40.0 mg; MR 5.0 mg; 4E4E B, 0.02 mg;
AWE 1.0 mg; 44 C 150 mg; ALEE 100 mg;

2.5

Notes: 1. premix provided per kg of diet: Fe 150 mg; Cu 3.2 mg; Zn
34.1 mg; Mn 13.0 mg; I 0.8 mg; Se 0.3 mg; Co 3.0 mg; vitamin A
2000.0 IU; vitamin D 2000.0 IU; vitamin E 100.0 mg; vitamin K3 10.0
mg; vitamin B; 5.0 mg; vitamin B, 10.0 mg; niacin 100.0 mg; vitamin Bg
10.0 mg; calcium pantothenate 40.0 mg; folic acid 5.0 mg; vitamin B,
0.02 mg; biotin 1.0 mg; vitamin C 150 mg; inositol 100 mg;

2. measured values

A4 o SPOFTEIRLAE I R 2H B UL 22, AR 4 1]
REAE 5 R 28 15 1R RPRLG 107 & B3 545 7N e R
&R IR R 09 & = W23,

12 SR BE5RFER

St [ RAL R B S A Y, S
3% B ER IR BOIH BRI, 7 ZE AR KK AR
PR, DIEERAEEIIIE10 do EXUSEER T, R
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Tab. 2 Fatty acids composition of silkworm pupal oil and the experimental diets (total fatty acids) %
Tl J# 8l ingredient kL diets
fatty acids o mh SPO MFO TO PL co LO o)
silkworm pupal oil

C14:0 0.52 0.49 6.06 2.83 1.30 0.58 0.07 0.09
C16:0 23.05 22.11 20.16 21.55 22.99 22.75 5.86 11.25
C18:0 4.47 4.30 3.78 4.79 11.51 4.88 2.74 3.68
C24:0 0.24 0.21 0.09 1.68 0.00 0.04 0.00 0.00
> SFA 28.28 27.11 30.09 30.85 35.80 28.25 8.67 15.02
C16:1n-7 1.71 1.61 7.27 5.69 2.98 291 0.31 0.31
C18:1n-9 30.94 30.48 18.83 30.22 39.11 39.31 28.28 25.05
C24:1n-9 0.28 0.41 10.99 0.37 0.56 0.37 0.92 0.27
>MUFA 32.93 32.50 37.09 36.28 42.65 42.59 29.51 25.63
C18:2n-6 6.33 10.11 7.32 20.85 16.81 24.63 18.77 50.51
C18:3n-3 30.35 27.82 4.67 4.13 2.30 2.20 40.93 6.93
C18:3n-6 0.37 0.41 0.95 1.36 0.58 0.37 0.08 0.45
C20:4n-6 (ARA) 0.66 0.59 1.84 2.40 0.93 0.61 0.53 0.13
C20:5n-3 (EPA) 0.77 1.18 6.77 1.98 0.60 0.81 0.99 0.98
C22:6n-3 (DHA) 0.31 0.28 10.82 1.91 0.28 0.54 0.07 0.05
> PUFA 38.79 40.39 32.37 32.63 21.50 29.16 61.37 59.05
YHUFA 1.74 2.05 19.43 6.29 1.81 1.96 1.59 1.16
>n3 31.43 29.28 22.26 8.02 3.18 3.55 41.99 7.96
>n6 7.36 11.11 10.11 24.61 18.32 25.61 19.38 51.09
>n3-HUFA 1.08 1.46 17.59 3.89 0.88 1.35 1.06 1.03
n6/n3 0.23 0.38 0.45 3.07 577 7.21 0.46 6.41
n3/n6 4.27 2.64 2.20 0.33 0.17 0.14 2.17 0.16

i SFA.MUFIRINTRR; MUFA. SRR IRITIR; PUFA. 2 AOAIIRITES; HUFA. @& AR 2; Yn3. n3 2 AEAIRIIR S Yn6. n6% Al
FBR TR B AN, Yn3-HUFA. n3 s AN 2 2 .
Notes: SFA. saturated fatty acids; MUFA. monounsaturated fatty acids; PUFA. polyunsaturated fatty acids; HUFA. highly unsaturated fatty acids; Y'n3.
total n3 polyunsaturated fatty acids; > n6. total n6 polyunsaturated fatty acids; Y n3-HUFA. total n3 highly unsaturated fatty acids. The same below

*3

AR R AT ERES E

NG

Tab.3 Content of partial fatty acids of

the experimental diets

%

HE i Wkl diets
fattyacids ~ gpo MFO TO PL CO LO SO
Cl82n6 057 041 1.17 094 138 1.05 2.83
Cl83n3 156 026 023 0.3 012 229 039
Tn6 062 057 138 103 143 1.09 286
n3-HUFA 008 099 022 005 008 0.06 0.06

http://www.scxuebao.cn
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A <0.10 mg/L,
1.3 MAXRE. g

TR NG, L failifk24h, HMS-222
BREEIG , R A R I 2 B AR T R A1 %
e, R AR R . R AR, Hop,
R AT M E SR MM E, 38T I 6l &
I mL— K PETC 9 a8 BB kCR L, 4 °CHiE
3 hJ&, 4000 r/min(4 °C)E5>10 min, FEHMLIE,
ST RIS R T v B R IR e A-80 °CIR-AE, T
M35 A= R 8 AR 22 o 55 6% 10 7 VK 43 Hh HE A7 R
F L WO R, 43 RN B &R B O
PR, [, B R sk 5 E S 2 R T
RIS LKL, —80 cCIAFERF .

14 #5#RE

ARABBRIGFFMNE LR RE,
fFE24h, MEMRPREORMERE, THREHAK
OB ARTE 5 -

34 T K (weight gain rate, WGR, %)=(W,—
W)/ Wyx100;

7 8 A K K (specific growth rate, SGR, %/d)=
(InW—In W)/ DX 100;

T Bt R % (feed conversion ratio, FCR)=
Wy (W=Wy);

5 M iR (protein efficiency rate, PER, %)=
(W=Wo)/ (W< W;)>x100;

% &t [feed intake, FI, g/(J&-d)]=D;x
2/[(My+M)*D];

JIEAAK HY (viscerosomatic index, VSI, %)=W,/
Wx100;

JF 1A Lt (hepatosomatic index, HSI, %)=W,/
Wx100:

HE 3% ¥ (condition factor, CF, g/cm’)=
W/BL*x100;

1K MK 5 (body length/body depth)=BL/BD;

& g 3R (intraperitoneal fat ratio, IPF, %)=
W /Wx100
X, Wo: WITRIITE(g); W, LRBHE(Q); D:
TR R W B TYREE E(2);
Wy EHLE H &S (%) De: ST E A
(8); My: WlrfaRE(R); M,: ZREERER);
w. falkiE(g), W,: WIEE(g); W: FEE
(2); BL: fafkK (cm); w,,: % RIENEH E(g);

BD: faf{kE (cm).

4 8 Fo i 4UF HLE I 4L RN A K43 %
TE YT 5 (105 °C), HLAR I & 5 >Rk &R IRl 42
B, MR I e 280 Ak, Ko
KRB (550 °C).

BFHE TR AR
F . OHLIR W AUK S TUBUR (RR)) :

RR{(%)=100x(Wx CNi— WoxCO,)/(WxCF))
K, ON;: LRIRTYR . HER . MR
MK & COp: Pk o . HER .
HLIE W5 F0 ok or & 55 CF: BB T8, HLE
F . OHLBE G RO 50 5 1

Fig o B 4R R M) K HZ 527820 oA
A SE o FRE0.3~0.5 gft (Rl LA RE 5 T
10 mLELCAE, AR « 051 20K F2 )5 mL,
FOE LA SN, B E 1~ hE E IR AR R,
4 mLZEME K, 3000 r/minS.[>5 min, 2= L
W, FIZKIBHS40°C), FfJE A1 mL{ %4k
1E O BB i 5 ¥ 7 (SPOIM 2 B 76 L AR 100 uL),
N1 mL. 0.4 mol/L& 4 1k B — H B 75 Vi i &
30 mind#F AT HBRAL, ZJE 2 mLAB 7K, o
J2 5 1 2 A AORE g e A D 4 A, OF
Fie 1 FRIH — A TS T R A5 4 o % i . AU
3% . 30 mx0.320 mm, 0.25 pm Agilent
19091J-413 GC Columns, FEFEE 210 °C, Kl
i JE (FID)300 °C, #FFEAFIRE250 °C, AN
BaAS, BW30 mL/min, & 540 mL/min, =5
=450 mL/min™" ",

AfFEARRE M AAREGLU).
M =HR(TG). BHFEEL(TC) K% B A 25 1 IH [
BE(LDL-C). % FE g & (1 H [E B (HDL-C) . 73 %
A ME(GOT). & A AW B AL (T-SOD) Fl TN
T (MDA)Y R F B e AR ) TR 5 T 14K
R GHEATINE o JFFIE . PRBRAE Bt 4% # B -1(CPT-I)
2 Tk 3 TG AR AL T (ACC) b 9 3 Sl i 45y
A BRA /I E o
1.5 HIELTE

S 45 5 HISPSS 19,05k 44 %t &l 4 it 47 )y 22
F 1A 56 F1LEA PR 2R U7 22 43 BT (One-Way ANOVA),
XF AR 55 PR B 22X 0 B 45 )5 43 B .l Duncan
REHE LK m 2R 0 EERE, BEK
F-240.05, HdE HISF- Y {1 +45 1 2% (mean+SD)JE X
E TN

T, M
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4%

2 4

2.1 TMUMBEXE E T AR & & KM RE AN TR AL F
oA

H @ P AE W, WGRHISGRHLOMSO4L
i % = T SPOFIMFOZ (P<0.05), 5TO. PLAI
CO%H 2 5% A & (P>0.05), FCRJYSPO i & &
T BRMFOZH A1 HoAth 540 (P<0.05),  FHiAth 54H 6] 2%
SN (P>0.05), MPERSZ K., FINSPO.
MFO. TORMICO% 41 [ 2 5 A i 3 (P>0.05), A
1 58 K T SO (P<0.05), LOFISOZ [] 2% %A
L3 (P>0.05)(#4),
22 THHBEXEE T IEE BRI

VSI TOA £ fik, {H5SPOFISOL 2 5 A &
& (P>0.05), HSIPLAL & % = TERLO MM HiAth
%4 (P<0.05), CFNSPOL AL, TO fit i (P<
0.05). BL/BD CO it % = T BRLOZ A1 HAth 5

R4 THMAS

41 (P<0.05), IPF MFOZ &} 3 = T Fr CO41 41 iy
A4 (P<0.05)(#£5)

23 TMHENETEFEELEMARNENE
FrLH AR R

4 LR I LOFI SO i 3 i T Hifth 45 41
(P<0.05), MFOH A%, {H5SPOM 22 5% A b %
(P>0.05); 4 fflE APLARM; &Ky
MFOZH . 2 55 T BR TOMPLA S MY HAY 40 (P<0.05).
WL LA CO. LOMSOM % & T H4x44
(P<0.05); WLPAKLE FATOMLOA W3 & TPLA
(P<0.05); WLIAJK4rSPO. MFORTOH 3% & T
PLAILOZ (P<0.05), AT WA A5 I SPOL f fiX
CO4 i 51 (P<0.05)(#6).

24 THMMENEETEEEANPERRTR
=0

+ ) IR TR SPORIMFO4] & 35 1% T oAl

JE BT IFEE K MEEERIERF RS0

Tab.4 Effects of seven kinds of lipid on growth performance and feed utilization of GIFT O. niloticus

Tkl diets

SPO MFO TO PL Cco LO SO
WY HE/g W, 47.7+0.4 47.9+0.1 47.5+0.3 46.9+0.4 47.3+0.8 47.8+0.7 47.6+0.5
ZORB W/ W, 197.3£5.7° 207.1£6.9° 215.7+4.1% 213.0+1.8™ 213.442.3" 220.0+8.7° 217.8£1.8°
A /% WGR 314.1£15.4° 332.2+13.8%  354.0+6.8" 354.0+3.6™ 351.7+3.8™ 360.8+19.5° 357.9+8.0°
R AR KR /(%/d) SGR 2.54+0.07° 2.61+0.06™ 2.71£0.03" 2.70+0.01™ 2.69+0.02" 2.73+0.08° 2.72+0.03°
Tkl Z 3 FCR 1.0620.02° 1.03£0.02" 0.97+0.02" 0.99+0.01° 0.97+0.01° 0.98+0.04" 1.00£0.02"
H I FB%/% PER 2.82+0.06" 2.91+0.05® 3.07+0.06° 3.010.04™ 3.09+0.03¢ 3.06+0.12¢ 2.98+0.07"
e E/[g/(R-d)] FI 2.83+0.05° 2.92+0.07" 2.92+0.01" 2.95+0.07™¢ 2.87+0.04™ 3.00:£0.04* 3.05+0.10°

T AT RO R R0 7 RE B R 7 BER R 2 AN B #5 (P>0.05), ARG P RERIRZE ST % (P<0.05). T I

Notes: in the same row, values with no or the same letter superscripts mean no significant difference (P>0.05), while with different small letter

superscripts mean significant difference (P<0.05). The same below

#5 THMRENEES AR A IERNEIT
Tab.5 Effects of seven kinds of lipid on morphologic indices of GIFT O. niloticus

kL diets

SPO MFO TO PL Cco LO SO

HEAA LG /% VST 9.7120.19™ 9.94:0.18° 9.18+0.14° 9.93+0.16" 9.80+0.19° 9.92+0.13° 9.52+0.14%
JHFAALE/% HSI 2.09+0.09 2.12+0.03* 2.010.05° 2.36+0.03° 1.90+0.08° 2.28+0.02" 2.09+0.07*
JIE 5% 2 /(g/em®) CF 3.66+0.13° 3.86+0.13" 3.91£0.11° 3.77£0.15% 3.70+0.09® 3.77+0.11% 3.85+0.12%
44K /4% BL/BD 2.53+0.09" 2.55+0.09" 2.49+0.06" 2.5240.09% 2.62+0.05° 2.56+0.08" 2.54%0.07"
JIE g %/% IPF 1.85+0.03" 2.69+0.05° 1.65+0.05" 1.79+0.07" 2.29+0.06™ 1.97+0.03* 2.05+0.05"

http://www.scxuebao.cn
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F41(P<0.05), HAA 425 A B3 (P>0.05),
Jig 15 UL AR SPORIMFO4] (i 25 K T Hifth 4% 41 (P<
0.05), LOZHIR i, 1H5SO%H % AR & (P>0.05),
AU ZESPOAL &AL, COMSOA & T
B LO4 Fh 1 H4x 4 41 (P<0.05) . R/ ULFL
SPOFISOL ki & (% T HoAth 45 41.(P<0.05)(£ 7).

2.5 TMHBEXEEZIEE A KBS FER AR AT
=AU

WG TR & EMFO . TOMPLAH B &5 T
HALA4L, LOFSOL & 1IK T HAth 4% 41(P<0.05).
B FING B7 R IR R (C18: 1n-9) 7 & 4 CO4H

B, SOHFAK(P<0.05), 22 ANHHLFING 5 2 & &
SO i 2 5 T Hifh 4% 40 (P<0.05), H R HLOAI
SPOA . i T HoAth 44 (P<0.05), H:i, C18:2n-
67 it SO I 3 i T HoAth 45 41 (P<0.05), LO.
CO. PL. SPOA & % = TTOMMFOZ, TO4
5 TMFO% (P<0.05); C18:3n-3% & HLOZ >
SPO>SO4>MFO4>TO4>PL4>CO4H
(P<0.05) = ANHFIAR 7 IR A2 75 £ SPOH 8. % 5
T B SO A iy HoAh 45 20 (P<0.05) . Yn3HIYn6 &
51 3 A LOH FISOL i 2 = T HoAth 4% 4H (P<0.05)
(#38),

®o6 THHENTESEFaLEMEANAENEFRHERHZI
Tab. 6 Effects of seven kinds of lipid on the nutrient composition of

whole body and tissues of GIFT O. niloticus %

Tkl diets

SPO MFO TO PL Cco LO SO
48 whole body
JK4r  moisture 71.66+0.93 71.32+1.85 71.3240.82 70.88+1.64 70.73+1.35 70.27+1.04 70.24+0.74
HUEW*  crude lipid 26.86+1.29™ 26.00+0.86" 28.06+0.71% 28.28+0.87° 28.30+0.23° 29.67+0.55° 29.63+0.65°
HIEA*  crude protein 58.36+1.31% 58.85+2.02° 57.30+1.30® 56.42+0.62° 58.204+2.29® 56.82+0.55" 58.68+1.06™
K4r*  ash 13.25+0.25° 13.89+0.44° 13.37+0.40 13.52+0.01% 12.99+0.38™ 13.000.09™ 12.65+0.17°
WA muscle
7Ky moisture 77.60£0.21° 76.21+0.38" 76.87+0.09° 76.63+0.39™ 76.46+0.62" 76.79+0.10™ 76.57+0.18%
HUEW*  crude lipid 2.79+0.04" 3.25+0.04° 2.49+0.03" 2.95+0.02" 3.9420.05° 4.02+0.02° 4.160.06°
HEH*  crude protein 89.54+0.31° 89.48+0.49™ 90.28+0.28° 89.37+0.22° 89.86+0.52" 90.00+0.20" 89.84+0.16™
K4r*  ash 5.98+0.04° 5.98+0.05° 5.99+0.04° 5.87+0.01° 5.91£0.04" 5.80+0.07° 5.97+0.10™
FFRE  liver
7Ky moisture 70.37£0.47° 70.1940.18" 69.69+0.15° 67.73+0.88" 67.69+0.56" 70.66+0.44° 67.91+1.01°
HIREW*  crude lipid 28.35+0.44" 32.84+0.99¢ 31.55+0.36° 30.86£0.97  33.96+0.76° 30.01£0.27° 31.27+0.75°
e Tmh R
Notes: *. the content in dry matter
=7 TMHENEETERARNPFERRNRENZ I
Tab.7  Effects of seven kinds of lipid on dietary nutrient retention ratio of GIFT O. niloticus %
1Akl diets
SPO MFO TO PL Cco LO SO
TH dry matter 33.50+0.66" 33.74+0.53" 35.4040.66  35.19£0.50  36.61+0.32° 36.54+1.23"  35.85+0.86™
JEWi - lipid 151.30£2.41°  149.07+1.92°  169.6£2.93"  167.64+2.53°  172.65+1.39  179.31£5.28"  174.50+4.25
HAJR protein 45.21+0.95° 47.66%0.78" 48.54+0.94"  47.54+0.67 51.11£0.46" 50.01£1.75°  50.71x1.21°
K4 ash 43.20+1.05° 47.45+0.89° 47.68£0.97°  47.37+0.64° 46.19+0.45° 45.82+1.78° 43.00+1.02°
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F 8 THMBE T E = T 3F & AL BE B BR 4B AK RO B2 00 (2 AR AR ER)
Tab. 8 Effects of seven Kkinds of lipid on muscle fatty acid composition of
GIFT O. niloticus (total fatty acids) %
Wi Tkl diets
fatty acids SPO MFO TO PL co LO o)

Cl14:0 1.50+0.02° 2.30+£0.04° 2.41£0.03" 2.17+0.05* 2.16+0.09* 1.76£0.06° 1.35+0.05
C16:0 19.13£0.32°  19.93+0.56™  20.46+0.29° 22.28+0.86" 20.60+0.83° 16.88+0.89° 16.86+0.26"
C18:0 6.61+0.03" 6.74£0.08° 6.60+0.09™ 7.87+0.08° 7.28+0.10° 6.50£0.11° 6.29+0.03"
C24:0 4.42+0.10° 8.62+0.19" 6.3240.12° 3.72+0.05 2.86+0.03" 4.15+0.09° 3.59+0.06
YSFA 31.66£0.90°  37.59+1.11° 35.79+0.89° 36.04£1.01°  32.90+1.05" 29.29+0.50° 28.09:£0.80°
Cl16:1n-7 3.22+0.07° 4.54+,0.04" 4.43+0.05° 3.77+0.03" 3.8120.04° 2.99+0.02° 2.66+0.01°
C18:1n-9 25.80£1.10°  24.49+1.09° 25.38+1.04° 28.7+0.90% 30.24+0.82° 27.64+0.73° 21.63+0.59°
C24:1n-9 0.65+0.01° 1.03+0.01° 2.20+0.02° 1.1540.01° 1.16+0.03° 1.06+0.03 1.28+0.02
SMUFA 29.67+0.80°  30.06+0.89" 32.01+0.92° 33.62:+0.63" 35.21+0.74° 31.69+0.83° 25.57+0.63"
C18:2n-6 13.76+0.50° 11.32+0.39° 12.38+0.28" 14.09+0.25° 14.26+0.30° 14.310.43° 21.85+0.33¢
C18:3n-3 6.56:0.07" 5.74+0.05° 3.42+0.06° 2.94+0.07° 2.55+0.04" 8.70+0.03¢ 5.96+0.02°
C18:3n-6 3.29+0.10° 2.66+0.04° 2.83+0.09° 2.10+0.03* 2.75+0.02 2.55+0.04° 3.16+0.03¢
C20:4n-6 (ARA) 6.89+0.11° 4.38+0.16" 5.73+0.13° 5.02+0.12° 6.08+0.14¢ 5.80+0.12° 7.110.15¢
C20:5n-3 (EPA) 3.68+0.10* 3.80+0.06° 3.57+0.06° 2.42+0.10° 2.01+0.07* 3.65+0.07° 3.00+0.05¢
C22:6n-3 (DHA) 4.49+0.09¢ 4.45+0.4° 3.74+0.05 3.38+0.03" 4.05+0.04° 4.010.03 3.90+0.02°
SPUFA 38.67+0.12° 32.35+0.90° 31.67+0.91° 29.95+0.89" 31.70+0.79° 39.02+0.66° 44.98+0.55°
YHUFA 15.06+0.11¢ 12.63 £0.91° 13.04+0.89" 10.82+0.90° 12.14£0.79° 13.46+0.59" 14.01£0.49%
>n3 14.73£0.50° 13.99£0.49° 10.73+0.21° 8.74=0.11° 8.61£0.19" 16.36+0.20" 12.86+0.12°
Sn6 23.94+0.90¢ 18.36+0.77° 20.94+0.45° 21.21+0.27° 23.09+0.46% 22.66+0.83° 32.12+0.83¢
n6/n3 1.63+0.02¢ 1.31+0.01° 1.95+0.03 2.43+0.03° 2.68+0.04¢ 1.39:0.02° 2.50+0.03
n3/n6 0.62+0.01° 0.76+0.01° 0.51+0.01° 0.41£0.01° 0.37+0.01° 0.72+0.01° 0.40+0.01°

2.6 THHEEXMEFESEEE WIEFRAIR Y
COFILOH MG TGH i i & & T HAb 4 ,

SPOZH i Ak, MFOFITOZ fi i (P<0.05)(#9).

3 iR

1M SPO4 {2 MK T HiAth 4 (P<0.05). MFORICO#4]
M3 TCH &t i 2 & T HAb A4, PLARAN(P<
0.05). SOZIHDL-C?; & . 3 & T Fk COFLOZ 4h
R H AT 41(P<0.05), [RIAFSOZ] LDL-C & i i %
X T BRMFOFITOZH 4 14 HAth % 2H (P<0.05) . CPT-I
W &I (PL. CO4) 35 & T HoAth o g
20 (P<0.05), ACCIGM: HMFO4 . 2w T H A 41
(P<0.05), H:X NPLFISOM W% & T F 444
(P<0.05), GLU & SPOMIMFO4 i # 1k T'TO.
LOFISO% (P<0.05), GOTIETOH A%, B
SPOMIMFO# 25 5 K i 3 (P>0.05). MDA &
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&9 THMAS

5 B S & MFFAT AR L IE iR EI R T

Tab. 9 Effects of seven Kinds of lipid on serum and liver biochemical indices of GIFT O. niloticus

kL diets

SPO MFO TO PL Co LO SO
H i = 5/(mmol/L) TG 0.72£0.01°  1.2240.05°  0.95+0.05°  0.85+0.01>  1.37+0.03°  1.34+0.03°  0.96+0.05°
S [ B2 /(mmol/L) TC 3.49+0.11*  3.98+0.11°  3.59+0.11°  3.30+0.06°  4.01£0.10°  3.45+0.04"  3.41+0.04"
1 2 B T 8 1 IR i/ (mmol/L) HDL-C 3.08+0.13*  2.91+0.09"  2.66+0.13°  3.08+0.07*  3.18+0.10°  3.17+0.11°  3.28+0.11¢
1% 2 J5E I 2 (A JIF ] [E2/(mmol/L) LDL-C 0.29+0.02"  0.23+0.02°  0.22+0.01°  0.28+0.02™  0.31+0.01°  0.26+0.02°  0.23+0.01°

PRI B9 % B8 g -T*/(pg/mL) CPT-1

LA AR A E*/(U/mL) ACC 21.71+0.69°  38.82+0.62°
Hi% #/(mmol/L) GLU 4.80£0.16"  4.81%0.18"
B E S B/(U/L) GOT 5.64£0.10°  6.05+0.13"
RSB AL EE/(U/mL) T-SOD 45.19£221  49.91x1.17
7 —¥/(nmol/mL) MDA 4.1440.13*  6.20+0.13"

245.66+9.08" 288.56+4.01°

193.48+£9.30° 327.54+8.55° 358.69+8.65" 263.19+4.74° 251.64+9.33"

28.94+1.00° 35.14=£1.50° 20.21+0.84™ 18.67+0.70" 35.94+0.90°
5.16+0.13"¢  4.89+0.13"  4.93+0.14™ 524+0.19°  5.22+0.19%
4.64£0.08°  6.47+0.10**  7.99+0.11°  7.40+0.07°"  7.48+0.11¢
49.98+0.59  46.62+4.70  44.62+4.53  49.98+425  50.48+5.98
6.20£0.35°  5.09+0.21°  5.82+0.07°  6.03+0.41°  5.52+0.30°

et PR AR bR

Notes: *. liver biochemical indices

BOR AR, WO B AR . A ARE R, T
TR RO B 22, AU R 25 . R IR AR
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Comparative study on effects of silkworm pupal oil and
other six kinds of lipid on growth, body composition and lipid metabolism of
GIFT Oreochromis niloticus

BAI Fujin', LUOLi", HUANG Xianzhi’, CHEN Yongjun ',
HU Xin', HUANG Wang', LINKen'

(1. Key Laboratory of Freshwater Resources and Reproductive Development of Ministry of Education,
College of Animal Science and Technology, Southwest University, Chongqing 400715, China,
2. State Key Laboratory of Silkworm Genome Biology, Chongqing 400715, China)

Abstract: The experiment was conducted to study the feasibility of the application of silkworm pupal oil to GIFT
Oreochromis niloticus feed. Seven isonitrogenous and isolipidic diets were formulated by adding 5.0% silkworm
pupal oil (SPO), marine fish oil (MFO), tilapia oil (TO), pork lard (PL), chicken oil (CO), linseed oil (LO) and
soybean oil (SO), respectively, to the basal diet to feed tilapia [initial body weight (47.51+£0.52) g]. Each treatment
contained three replicates with 20 fish per replicate and fish were fed for 56 days. The results showed that the final
body weight, weight gain rate and specific growth rate of LO and SO groups were significantly higher than that of
SPO and MFO groups, but showed no significant differences with that of TO, PL and CO groups. Feed conversion
ratio of SPO group was significantly higher than that of other groups, except that of MFO group, while protein
efficiency rate showed an opposite trend. Feed intake showed the lowest value in SPO group, and highest value in
SO group. TO group presented the lowest viscerosomatic index, body length / body depth and intraperitoneal fat
ratio and the highest condition factor. Hepatosomatic index in PL group was significantly higher than that of other
groups except LO group. Intraperitoneal fat ratio in MFO group was significantly higher than that of other groups
except CO group. Compared with the other groups, SPO could reduce the crude lipid in whole body lipid and
tissue and triglyceride (TG), glucose and malonaldehyde contents in serum. MFO could reduce the crude lipid in
whole body and enhance the acetyl-CoA carboxylase (ACC) activity in fish liver. PL groups presented lower TG
and total cholesterol (TC) contents in serum and higher carnitine acyl transferase-I and ACC activities in liver. The
highest TG, TC, low density lipoprotein cholesterol (LDL-C) contents and aspartate transaminase activity were
observed in serum of CO group. LO and SO could significantly increase the lipid retention ratio and crude lipid
content in whole body and muscle. SO significantly increased the high density lipoprotein cholesterol (HDL-C)
and reduced LDL-C and TC contents in serum. SPO, LO and SO, respectively, could significantly increase highly
unsaturated fatty acids, a-linolenic acid and linoleic acid contents in fish muscle. In conclusion, although fish
growth performance is affected, SPO has advantages of decreasing body lipid, blood lipid and glucose, protecting
fish health, and optimizing muscle fatty acids composition.

Key words: GIFT Oreochromis niloticus; silkworm pupal oil; lipid source; lipid metabolism; serum biochemical
indices
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