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& GEdk T HE K MEAE. Guevara %1 45 1 ~ 20
JEL Uy 1 3R AL A XS Rl PR B 0. 1% 2% B8 3% I i 1Y
Tk, AR SR, TR S 6 JEIE NS 9 JA A B, W i
BRI EY B Em T R4 ., Ak
IR A0L A 52 9 AV A AR 1) 32 e 7 ok U5, 8 3 A Y
AN Te) 523 S 0 2K Pk W g 2 3 0 e AR K T
AE B IR B A A LI A A A8 bR B B i
IS, >R TR W05 28 3 7 4 081 o 1) R A5 EL 1Y
THAS A, Ay 3T 3 5 P A4 55 A o 42 I R
ZHL

1 #MB5F=%
1.1 RIEER

% B8 NRC(1997) "*1 fil de Blas 2™ 5 i 32
o Y T ) R T )RR, L oty A R Rt ) R v D L
5] 1 K T2 il B R S Tk SR 0 (X AR ) (1%
2% 3% A% 1) 5 Fh 50 i K o 45 4L R B
PRI AR AT, TR AL il Bk A2 R 4 ~ 6 mm
() FURE DR , it A7 38 AT Ak &5

F1 RXEREARAMREFKT (KTFEA)

Table 1 Composition and nutrient levels of experimental diets ( air-dry basis) %
g SNk 3E Soybean oil supplemental level/ %
Items 0 1 2 3 4
JE ) Ingredients
E K Comn 22.0 21.0 20.0 19.0 18.0
¥4 Soybean meal 16.0 16.0 16.0 16.0 16.0
/NFE %k Wheat bran 14.0 14.0 14.0 14.0 14.0
14t Peanut shell 45.0 45.0 45.0 45.0 45.0
5.7l Soybean oil 1.0 2.0 3.0 4.0
iR 244 CaHPO, .5 1.5 1.5 1.5 1.5
Ak NaCl 0.5 0.5 0.5 0.5 0.5
iRkl Premix" .0 1.0 1.0 1.0 1.0
411 Total 100.0 100.0 100.0 100.0 100.0
#3:7K S Nutrient levels”
H1k#E DE/(MJ)/kg) 9.93 10.15 10. 38 10. 60 10. 46
HEHT CP 15.89 15.80 15.71 15.63 15. 54
H g7 EE 2.89 3.84 4.87 5.73 5.69
HLZF 4 CF 15.26 15.24 15.22 15.21 15.19
5 Ca 0.60 0.60 0.60 0.60 0.60
s P 0.65 0.65 0.65 0.65 0.65
ffi = R Lys 0.57 0.56 0.56 0.56 0.56
HEHA MR Met 0.23 0.23 0.22 0.22 0.22

VR R T s A AR 4 1k The premix provided the following per kg of diets: VA 13 500 TU, VD, 2 250 IU, VE 15 mg,
VK, 1.5 mg,Lys 1 000 g,Met 500 mg,Cu 10 mg,Zn 70 mg,Mn 16 mg,Fe 60 mg,Se 0.1 mg, VB, 1.8 mg, VB, 6 mg, VB,

13.5 mg,VB,, 0.024 mg,
¥ 3+ Calculated values,,

1.2 Rt RIAFERE

IR 55 AH ST 1Y) W7 3 00t G 200 L BEAIL 4R 5
A, R Al R, a4 40 MEE (A
BE#5 G 172) A EKE 1 H o i o i 08 1 57
FR 07:00,19:00 £ 4R 1 U0, 1) 57 45 PR G 02
o B RURE Py AT, WA 7 d, IE A 53 d,

1.3 EmRESHE

I A5 AHT 6 %, B BEPLI I 8 Hia 5 At
T, Fe R B 2 1 T A B A B Y, BB AR 5RO
TRl AR L A SRR AR AR o AT 3 KIS ML, S 3 KA
R Hlaa S 42 K SRR FIIRAE 4 TR B
A7, IR SR AR IR S B R AR B HEFE A
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HepR & 2R BRI S, O — 2 H S in 10% 1
B R 1 0, 3 K IBCHH [ E 3], S 22 B 3 d, 4R 5 FE At
FPF 65 CTHET 72 h, BRE R H ZEFE 1 KT
#L R 3 d T EFERA Gk, T -20 T
WURPRAAE  FRN o PRAEEDN & J5 , B— 2 Lo T 48 47
(9250 mL BRI, A 5 mL # AR & 4, 55 K
WORE FE AR R, YR AT)E —20 TR dRARTE, 0
RIGE 53 KR4 G PR, A3 4R AL 8
SR IS S, o7 B ER 1L 10 mL,37 C/KiA 40 min
J5,3 000 r/min &0 15 min, 435 Fr A8 ML 15 403 T
Eppdendorf 71, B T —20 TR HERLE, fil
1.4 MEHERSFHE
1.4.1 4K
I LSS, AR IR e T, IS A i
BRRaa, it H ¥ HREE(ADF) ¥ H
¥ H# (ADG) FIRIE L (F/G) .
1.4.2 EIRYBH A
TP} | 2 PR AE T Y R RE 143 1) R LR
SERIE L [ Parr —6200 35 e 48 3 B HEAT
M. BRI AARW T
BRI (% ) = RiRe/ B A LRE
(B ALLHE — 2568 - JREE) /B A BLRE;
BT (% ) = THILRE/ B A LLRE =
(BARHE - 3568) /B ALRE;

AHEAE(g/d) =B AR - A
TIRA(g/d) =BAA -BA - IRE;
REMFEFE(% ) =100 x i JHHEA/ BEAR;
AR (% ) =100 x FLARA/ T IEAL A -
1.4.3 MG EfIEbR

M3 H 3 = F (TG) | S JHE # (CHO) |/ %
JE B 25 (1 B [ i ( HDL-C) AR %5 B2 g 25 11 I [ it
(LDL-C) & i ¥R H B A FG 4 25 Tkt &4t
PEAL A R S, He U B B #RE , T AE H 37 7020
R4 B A A Hr A e o
1.4.4 B

B B S T PR R B, I Rk AR
R I SE B 58 S it PCR O E B B Hf L2 4 240 i A=
K F 5 (FGF5) mRNA i 3= ik &, H & J7 ¥ o
T BB R R 100 mg, fil A Trizol $2 HUE RNA , &
B FL Uk L e L AR S A e e BT Sl B, 2
JG AT I 5%, B Ja AE ABL 7500 52 B 2% 6 A
PCR Y _I-##17 PCR 4"}, PCR J v 5514 :95 C
FiAEPELO 5395 TAEME 5 5,60 CIB Ak FLE 140 s,
40 S5 o B K H OB R OH B S 6
(GAPDH) Fl H iy 5& [ FGF5 51 ) th 35 E [ 57 A4
YRS B o (NCBI) $2 45 1 77 4 Bt i B ifg
M A ARG R AR (R 2) o Zad 2
JIT PR 6 380 o KGO8 A A IR w4 it

&2 PCR3E|#FF
Table 2 Primer sequences for PCR

KA Genes

F|# %% Primer sequence (5'—3")

741K BE Product size/bp

B H e 1Bt =B GAPDH

AT AEAN LA N T 5 FGF5

I : TGCCACCCACTCCTCTA
T if : CCGGTGGTTTGAGGGCTCTTACT

¥ : AACTCCATGCAAGTGCCAAGT
T . CCCTGTTCTCTCCGTTCTGTG

118

110

1.5 HFEKEBESHH

ot LA (8 A3 7 fit iR 22 (R-MSE) IR,
K SAS 9. 1 Bda Ge i 44 h i) GLM B gk 47
BRI )7 224387, ] Duncan [R¥E AT EE N £ &
FLE

2 & B
2.1 RAMEBARIMAENHDE 3 BAiRbH %
KRR

W3R 3 ATLLEH, EW R T 2% 7

(P>0.05) IEOL T, AR 3 K SE X7 |
RERAWRRELW(P<0.01) YR E A B3
(P <0.05) % 3 A AFE A FHHMEIL D
ERW(P>0.05), V¥ H R &A1 2
UK 38 I R B, 5 S N2 5 0 B2 A L
PIFEAER 2% 25 5 (P <0.01) (B IR INZH 2 18] JC
BEEF(P>0.05), ARG IHENKT-N 3%
iR EL Gk B B AR, R I TR (P <
0.01), 5 HA B MAME 2R AR E (P>
0.05),
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Table 3 Effects of dietary soybean oil supplemental level on growth performance of
weaner to 3-month-old Rex rabbits (7 =40)

W H IMEINZK S Soybean oil supplemental level/ % AR 2% P
Items 0 1 2 3 4 R-MSE P-value
VAR TE IBW/g 763.68 768.12 784.89 757.25 757.00 125.689 7 0.948 1
3

1428.81 1442.79 1444.58 1541.20 1 448.36 197.513 1 0.439 5
3-month-old body weight/g
SEHH E ADG/ (g/d) 14.92 15.08 15.19 16.42 15.31 2.3471 0.476 0
¥ H R B & ADFI/(g/d) 68.17%  61.64%  61.22%  59.13%  58.96™ 5.9852  <0.000 1
B /G 4.48" 4.20° 4.10" 3.85" 3.88" 0.596 7 0.020 6

[T B I8 AR JC 7B S R 7 R RN 22 5 A 35 (P >0..05)  AF/NE FHEROR 22 53+ 3 (P <0.05) , R RRS 7 8F
TR (P <0.01) T,

In the same row, values with no lettter or the same letter superscripts mean no significant difference (P >0.05) , while with
different small letter superscripts mean significant difference ( P <0.05) , and with different capital letter superscripts mean signifi-
cant difference (P <0.01). The same as below.

2.2 FEREBFEMAENENES ABHE
EEREHEM

7 4 T LR R 9 K X A
A

RT XA (P <0.01) , {HAS UL Z 8]0 2 3% 22
(P >0.05) , SXFTHRAAALL , 25 B8 n2H fe &
ARG B BT, HITE 2% B8k ik
SBEA R FE LN (P <0.01) , XA R R Fl&EK, HAARZERARFE(P>0.05),

b
E
FERMW(P>0.05), FIRMAEE A CREHT T H

F4 AREHFMKEXENE 3 AR#MEEENGENZMm
Table 4 Effects of dietary soybean oil supplemental level on energy metabolism of

weaner to 3-month-old Rex rabbits (n =8)

i A IN/K3E Soybean oil supplemental level/ % AR P 1
Items 0 1 9 3 4 R-MSE P-value
B AMEE IGE/(kI/d) 2 035.10% 1 951.97°° 1 938.26°° 1 962.17°° 1 926.16°%° 49.681 3 0.001 0
%%t FE/(kI/d) 738.79  708.80  681.84  714.98  681.50  55.4821 0.339 3
JRfE UE/(KJ/d) 335.37  337.43  270.99  258.28  297.75 103.913 1 0.486 9
fieE A% Energy metabolizability/ % 46.99 47.18 52.33 50. 39 49.06 7.232 1 0.654 5
fE /L% Energy digestibility /% 62.88 64.17 66.27 64. 32 63.17 2.642 4 0.250 6
2.3 RAREMAMAKEREDE 3 BRI % 0.05),

AR IR

HI26 5 AT LA, TR 520 U8 i 7K OF 3 A
A ERAMARMNIE ARG R R EL W (P <
0.01) , % FRA . AT 1 AL 2  DURUE AR TR G &
FRM(P>0.05) i {4 L0 I K P i 4
I, & ANRFIERIA BT FEAR, 25 78 N 2H 5 %) B4
HH e 3 22 5 (P <0.01) o Tl ke 23l K
SRRV A5 R 8 (P <0.01) o 55X
L AR L, 25 V8 i 2 0 2 WA 36 % 34 4 i 35 T v
(P <0.01) {645 % il 241 2 o] 22 5 K .35 (P >

2.4 HREBFIMAKENEREI A%
I & & AL 5 R A R A

H1¢ 6 n LUFE e AR S 3 5 0 7K 7 %o 1L 3
R 2 i S O] A R R (P <
0.01) , XJ L7 H 1 =18 | LI L o 2 BE IR 2
JUEL T P 5 G A E LW (P > 0..05) o 50 R AL AR
BU , 2% T8 00 4L 1 355 I % 2 i 1 L[] et 5 3 4
BFERFEM(P <0.01) (HA UM Z 7] 22 574 2.3
(P>0.05),
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Table 5 Effects of dietary soybean oil supplemental level on nitrogen metabolism of

weaner to 3-month-old Rex rabbits (n=8)

i H SIS 7KSE Soybean oil supplemental level/ % R 2 P
Items 0 1 2 3 4 R-MSE P-value
T AE IN/(g/d) 3.22™ 2.93% 2.90"° 2.88% 2.84% 0.086 9 <0.000 1
A FN/(g/d) 0.57 0.41% 0.355%% (.3485% (.34 0.063 1 <0.000 1
JRE UN/(g/d) 0.79 0.55 0.69 0.73 0.66 0.309 2 0.651 6
1k DN/ (g/d) 2.61 2.52 2.56 2.54 2.53 0.078 9 0.308 9
PLFA RN/ (g/d) 1.67 1.71 1.73 1.76 1.76 0.479 3 0.995 8
= Al 22

”%%Xj“{ﬁﬂcﬁ o 0.82° 0.86™ 0.88™ 0.87™ 0.88™ 0.019 2 <0.000 1
Nitrogen apparent digestibility/ %

il Sl =

AR 0.63 0.71 0.67 0.69 0.65 0.195 7 0.939 3

Nitrogen utilization rate /%

F6 FARZMRMAKENETE 3 A % M7 ELIBRIZMm
Table 6 Effects of dietary soybean oil supplemental level on serum biochemical indices of

weaner to 3-month-old Rex rabbits (n =8)

Wi H I /K S Soybean oil supplemental level/ % Py AR 2% P i
Items 0 1 2 3 4 R-MSE P-value
H i =g TG/ (mol/L) 0.97 1.11 1.01 0.95 1.01 0.329 8 0.269 2
HHE R CHO/ (g/L) 1.36 1.25 1.30 1.16 1.13 0.254 4 0.418 7
o 8 T AR I [
. . . 54 . LA .1 . 2
HDL-C/( mmol/L) 0.53 0.53 0.5 0.50 0.49 0.100 6 0.880
pragiiali=] H [ iz
Ly 0.069™  0.049%  0.056"  0.054"  0.047% 0.0105 0.005 6

LDL-C/(mmol/L)

2.5 WHMEMBMAMAKEXNEHNHEI BiRM%E 0 FGF5 mRNA f13%i5H (P <0.01), (iR E

RERER T ISR 2% F13% I FGF5 mRNA )3k
HIZE 7 ] LA W, AR G AN oK X gk iR s T A A A K (P <0.01)

TR KR IC R R (P >0.05)  {H k2.3

RT EREHFMAFENENE3 ARRMEREREN T
Table 7 Effects of dietary soybean oil supplemental level on fur quality of

weaner to 3-month-old Rex rabbits (n=8)

Wi H SH N7k Soybean oil supplemental level/ % B AR P

Items 0 1 2 3 4 R-MSE P-value
Hz 8k T 1 Fur area /cm? 659. 63 718.57 728. 86 728. 20 714. 25 52.682 4 0.088 0
JiZ 5k B 5 Fur weight/g 166.63 168. 38 177.88 176.63 169.43 19.393 2 0.699 6

IRETHEAM A A A 5 mRNA Rk

1.00% 1.22% 2.76™ 2.36™ 1.26%°  1.2613 0.0035
Expression of FGF5 mRNA 00 6 36 6
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W R BERMEEERAE T, AXK
SERW, AR N S $2 & T FGF5 mRNA 1)
Feiha, LA Gl AE B = PR S T & 3 T e
BRARR, L B, WPE 3 i
B R A KB, B B T 32 B RO AR
BT Wi BRI SR ENIEKAE 2
TEAHICOCZ B2 1 73 Ak 32 2578 L4, PRIGOE 7T
R TS I 2 e i B Ak, 3R R B R

4 #& it
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Effects of Soybean Oil Supplemental Level on Growth Performance,
Nutrient Digestion and Metabolism, Serum Biochemical
Indices and Fur Quality of Weaner to
3-Month-Old Rex Rabbits

MU Guozhu LI Fuchang®™ WANG Xuepeng WANG Chunyang WU Zhenyu
(College of Animal Science and Technology, Shandong Agricultural University, Tai’ an 271018, China)

Abstract ; This experiment was conducted to study the effects of soybean oil supplemental level on growth per-
formance, digestion and metabolism of nutrients, serum biochemical indices and fur quality of weaner to 3-
month-old Rex rabbits. Two hundred weaner Rex rabbits with similar body weight were randomly divided into
5 groups with 40 replicates per group and 1 rabbit per replicate. Rabbits in control group were fed a basal diet,
and rabbits in other 4 groups were fed experimental diets which were formulated with 1% , 2% , 3% and 4%
corn replacement by soybean oil with the same proportion on basal diet. The duration of the preliminary experi-
ment was 7 days and the duration of the formal experiment was 53 days. The results showed as follows: soy-
bean oil supplementation significantly reduced the average daily feed intake ( P <0.01) , but had no significant
effect on average daily gain ( P >0.05) under the condition of no significant difference in the initial body
weight (P >0.05). The feed/gain in 3% group was the lowest and significantly lower than that in control
group (P <0.01), but had no significant difference compared with other supplemental groups (P >0.05).
Soybean oil supplementation significantly reduced the gross energy intake, nitrogen intake and fecal nitrogen
(P <0.05 or P<0.01), but had no significant effects on fecal energy, urine energy, digestible nitrogen, ni-
trogen retention and nitrogen utilization rate (P >0.05). The energy digestibility and metabolizability in all
supplemental groups were higher than those in control group, but no significant differences were found ( P >
0.05). The nitrogen apparent digestibility was firstly increased and then decreased with the increase of soybean
oil supplemental level, and reached the maximum when supplemental level was 2% . The nitrogen apparent di-
gestibility in 2% group was significantly higher than that in control group ( P <0.05), but had no significant
difference compared with other supplemental groups ( P >0.05). Soybean oil supplemental level significantly
affected serum low density lipoprotein cholesterol content ( P <0.01), but did not affect serum triglyceride,
total cholesterol and high density lipoprotein cholesterol contents ( P > 0. 05). Compared with the control
group, the serum low density lipoprotein cholesterol content in all supplemental groups was significantly in-
creased (P <0.01), but there were no significant differences among all supplemental groups (P >0.05).
Soybean oil supplemental level did not affect fur area and weight (P >0.05) , but the fibroblast growth factor
5 (FGF5) mRNA expression was significantly changed ( P <0.01) and reached the maximum when supple-
mental level was 2% . Based on above results, the appropriate soybean oil supplemental level is 2% to 3% for
weaner to 3-month-old Rex rabbits. [ Chinese Journal of Animal Nutrition, 2013, 25(6) :1375-1382 ]
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