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Bro E I ROR (XU RE) B SRR R R B
% 19.63% ,HLIEIT 2. 01% ,ML2F4E 24. 71% |, ik
VBV 47 4k 46. 06% , R PR VB U 25 4k 41. 40% , 5
0.15% , W5 0.22% ,BE R 0. 9% , & Fi & W
0.33% .
1.2 RKIi&it

I A (35 +2) H % R FE A7 T g Rk O
RAFATHTIE 245 200 H o R AR+ 58 2 FE AL

T, B 200 FUBTVG 22 G BEHL AT B 5 4, Bl 4 A
BOEAERL 10 B AR & 172, % AL R RN
WA =g et A R, IR (T ~ VL) 4331
TRIMEAS N 10% .20% 30% 40% [ = M F Ay 1 i
IR, SRR 2 B NRC (1977) B R i 2
IR OE Y A e G < S R N WS E =1 A UE- 3
TR B H AR 8 4 mm K 10 ~ 15 mm (%) Fikr
Tkt

F1 ARARREFKTE (KT EAM)

Table 1 Composition and nutrient levels of diets ( air-dry basis) %
T H 2 5] Groups
Items %} B Control I I I v
JEB} Ingredients
[ = P& #y White clover meal 10. 00 20. 00 30.00 40. 00
K Corn 28.00 27.00 27.00 28.00 28.00
/N3 %k Wheat bran 25.00 25.00 22.00 17.00 13.00
¥ Soybean meal 23.00 19.00 16.00 13.00 10.00
Sk Chaff 20. 00 15.00 11.00 8.00 5.00
5.7l Soybean oil 0.20 0.50
IR E 45 CaHPO, 1.50 1.50 1.50 1.30 1.00
145 Limestone 1.00 1.00 1.00 1.00 1.00
B h NaCl 0.50 0.50 0.50 0.50 0.50
iRkl Premix" 1.00 1.00 1.00 1.00 1.00
41t Total 100. 00 100. 00 100. 00 100. 00 100. 00
#F 7K Nutrient levels”
H1kHE DE/(MJ/kg) 10. 54 10. 55 10.53 10. 52 10. 52
HLEE H it CP 16. 32 16.33 16.37 16.35 16.36
AN EE 3.86 3.84 3.77 3.69 3.60
ML 4E CF 13.36 13.13 13.26 13.73 14. 32
45 Ca 0.92 0.91 0.90 0.85 0.77
W TP 0.74 0.73 0.70 0.62 0.53
AR Lys 0.84 0.80 0.78 0.75 0.72
EEKRRR S-AA 0.37 0.36 0.36 0.35 0.34
APk i £F 4E NDF 23.63 25.36 26. 64 27.71 29.07
iR MBIk 417 4 ADF 17.96 19. 56 20. 96 22.32 23.99

U IR 4 T v iR K $24E The premix provided the following per kg of diets; VA 8 000 TU, VD 31 000 IU, VE 50 mg,
VK 2 mg, #i 2%/ Lys 1.5 g, &R Met 1.5 g,Cu 50 mg,Zn 50 mg,Mn 30 mg,Fe 100 mg,10.5 mg,Mg 150 mg,
DAL BE R TR, oAt 35 K 44 S SZ (., DE was a calculated value, while other nutrient levels were measured

values.
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10% T VEAR IR ED AR I 2 W T o KB T 2R E bR
EWT 2 E M A R G K G2 A )
R, A IR ARME - 2L (HE) Je a7k
W T AT IS A 41400 A bk 8 A LA
MEF (BT GEMEH) , WE =S ERKE.
Bo s VR 0 I R S W b s TR B2 R R
1.4.2  Hak BN E

JB S22 J5 7 B pH —90 B 4= pH -
FEEHNAEY® pH, B & AW, P e A
WA 30 min J5 BUE A - 30 T kA R ARAT, H
T 2 AR (NH,-N) ¥ B VFA & i L4 R
G PE . NH,-N R EE R ] UV -9100 #1285k 530
JEEETH A 0 2 , VEA & 2% Al Agilent — 6890
ST A, 0 B W E

B E (%) =(EME/GARE) x100,
1.4.3 TR P 0 I

JE B g G AT I AR
BEFE ARE AR Y, RS R AN 30 min J5 B
A =30 CUkF AT T 38 e
it 0 0 M e 0 SR P P T A AR ) R 5T BT 4

PR &, B W 0 2T 4 2R W R AR Y
FL2F 4k 2 41 (CMC-Na) AL 135 5E .
L5 HKBRHEARITSSHN

P A5 R0 ¥ LA 3 {E + s o 22 3R, R
SAS 9. 1.3 84775 2250 I Duncan [Gi% 2 5
HA

2 5 R
2.1 A=MXR%ERERSHHN
2, I AN E WS IRE RS
TXTHRA (P <0.05), I | IV 5% B4 22 = A 1
FH(P>0.05) ; bl R v B = 5 i i 3
B AR R B IS B B R (B4 Az
FZERARE(P>0.05); DHMEWYESE.
TR JBE J3E RN 06 vy B/ B B8 TR B (V/C) B R, 4333
5 885.40 um .1 057.55 wm Fl 4. 55, %f B 24 ) fa
EIREE /N, B 176,36 pwm, 28 [8] 5 534, 25 1 4%
EBEECY) 5H =& (X) Z R EE 5
Fp:Y, =711.945 4 +1 275. 371 5X -2 874. 428 71X
(R*=0.6070),

R2 B=MXAZRBHEBRERSHRE

Table 2  Effects of white clover on intestinal mucosal morphology of meat rabbits

- 2 5] Groups

Items %} #& Control I I 1 v

B Cecum

fﬁﬁgmmm 136.66 £29.96"  186.06 £21.75° 157.76 £13.70" 183.78 £39.67°  173.15 +25. 84"
Rl S

226.00 +34.25
Mucosal thickness/pm

2= [l Jejunum

Villus height/ um
B TR

Crypt depth/ um

Rh MR [

Mucosal thickness/pm
SR R R
v/C

748.32 +17.18%

176.36 +18.74°

4.24 +0.10°

237.46 £71.01

726.87 +29.18°

196.30 £13.55™

4.54 £0.96™

240.74 £32.32  249.53 £23.78 215.50 +31.43

885.40 £21.03" 875.25+29.15"  736.93 +32.58"

198.05 +£51.87® 217.38 £23.46°  209.24 =35.02°

042.85 £26. 2245 82473 +30.22°°1 057.55 £17.30"" 787.38 £18.67% 870.18 £29. 29"

4.55 £0.84® 4.03 £0.03° 4.14 £0.99"

45 Bl R AR ARG PR R 22 57 B35 (P <0.05) , A RS FRE /R 22 el 3% (P < 0. 01) AR [ 30 5 B 7R

ZFARE(P>0.05) . MEF,

In the same row, values with different small letter superscripts mean significant difference (P <0.05), and with different

capital letter superscripts mean significant difference ( P <0.01) , while with the same or no letter superscripts mean no significant

difference (P >0.05). The same as below.
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2.2 A=MXA%E+ZIEMEIEHEFAE DS
i M B 2 e

HIZE 3 R, IV 2H A TR A0 T 9 1k 3 i T X
MR (P <0.05) , 2 T HA IS4 (P <
0.01) o £ [ A 3 M7, FEAR BFIG 1R (Y,) 5 H =M

hn (X)) ZE eI N Y, =1/(0.037 7 +
0.078 8X —0.242 9X*) (R*=0.997 4) ; |1 =%}
JIE I3 kT PR R AN .25 (P > 0. 05)  (HEfA =0t
N 0 A 3 45 1 6 2 Y B U e A R AR Y
B

R3 B=MxA%R+ZI5RIENEEFEEHEEEN I

Table 3 Effects of white clover on activities of amylase and lipase in duodenum of meat rabbits U/g
WH 2H 51| Groups
Items %t 8 Control I I I \Y
TEMEE Amylase 26.49 £3.12°%® 23,02 £3.68°  23.14£2.59°  25.05£5.11°" 32,92 +2.87™
g i il Lipase 57.15+11.85 94.41 +38.68 87.16 £47.45  86.55 +17.94 84.39 +11.62
2.3 HE=MXAZEBTEREFENZID X RAZRARZ (P >0.05), 2 B34, £
HIZE 4 I, BEE B =M A g, #4980 HEREEETE(Y,) 58 =i (X)) Z 18 A4 R

B BT Y R B VR B Tk, ok T T4 &7
A Z B PEAR B E AR TR IR (P <0.01) , VALY

Ji N Y, =1/(0.013 7+0.016 0X —0.051 6X°)
(R*=0.9780),

LR YE R B VEAR B S TR IR (P <0.01) , IT4H
F4 B-MIARERTERETENZME
Table 4 Effects of white clover on caecal cellulase activity of meat rabbits U/g
HiH 20 51| Groups
Item %} f8 Control I I I i\
L4 Z i Cellulase 73.10 £1.10"  65.79£1.20*  68.35+1.35%  71.64 £1.20" 83.82 £1.02"

2.4 HEMXYAREHAZENRN

H12E 5 Al 1, B B = s i, B
pH Z#7 ot Hop VAL E i pH Al 235 T4
W (P <0.01),H ‘ﬁ/ﬁ\ﬁﬁfﬁ@ﬁ?ﬂ%#TE%‘

(P>0.05); H=MX 5 IH NH,-N % J& 4%
JEIWTER (TVEA) & 4 LA K | I 3 AV E i e T Y 32

WA 2 % (P >0.05), {H Ffi & 4 & 59 55
TVFAY & EMEMERILE R LA BE; LW
IR/ (NIER + T HR) BEE B = a5 1y
s e, e T VAL R & XA (P <
0.05) , VA 2 5 T X R4 (P <0.01) , N
U Rn TR L 91 Bl 5 1 = i S m 2 1% 3 n
e, IV IV A9 R L i S 2 8 T R4 (P <
0.01),IVA T MRl B 2 2% = T X 4L (P <
0.01) , & |30, B/ (NR + TR) (Y,) 5
HEEmaE (X)) ZMpyEl 3R Y, =
1.684 0 +4.420 0X (R*=0.987 3),

3 3t i
3.1 B=EMXA%BEFERSHEE
m%%m%%ﬁ%wwwmiﬁ%%JM$
BT 25 1 Ly B 1) S8 B P S R34 75 10 3 76 43 9
WS LR o /N 8 B R S A B TR v 8
WIHLOR AL R s B 0, R J 28 B 8 1 A A
M4 AT DL B 1k A 5 T TR I 38 i A, R T
AIRER A . TEIE S BT, B R 40k
20220 6 R 40 M0 R Y T AR R R, i TR
BT b K AR AN T I 7 lﬂ%ﬁéﬂiﬁ@r%ﬁii,M
TR 06 T 260 M B2 4 L F) SR U Ak T — A B
m*wﬁﬁ¢[ommm%%%mﬁgﬁ%ﬁ
R T LA b Bz 4 4R K R B
PRI BE 7 B K /N o R A T, GRAR v 2T 4 Y R IR
IR, BB X i 5 6 85 B B s TR L B8 R B
WCFiﬂmWOCMm%MH%%%ﬂme&
B % 1T 5 5 W) S 10 i 9 B v T AL IA) 2 TR
¢ﬁy R W] BRDRL R R R  Ee f E = e



1882 o Y B F

% 25 %

FOR BN RREHE W T RS m e R
Wass B B V/C UL E M s iR B, S
L 20% [ =2 A5 I 9B K R L R RS B R
V/C e K ABX B R L e A 2 . Ak,

AN E =2 B A O T R0 S A e TR A
[FIRRBE R T B AL, HfE Il BB il T 19 = M2 SR
WY, SAERMH N T, AKX ERE RN A
I 2 i R R T 25 A — S BRI

x5 B=MXAZEMAENZINE

Table 5 Effects of white clover on caecal fermentation of meat rabbits

i H 2 5] Groups
Items %I B Control I il i v
pH 6.46 £0.52% 6.71 £0. 30" 6.81 £0.29"%  6.83 +0.35*™ 6.99 +0.18"
ANRUE
NH,-N concentration/ 2.15 +0.03 2.15+0.01 2.14 +£0.02 2.19 £0.07 2.18 +0.02
(mmol/g)
SRR DT
o
41.23 +0.15 41.21 £0.13 41.23 £0.09 41.24 £0.11 41.28 0. 14
TVFA/(mg/mL)
R I
a%‘.mﬂ. ) 62.12 £2.46™  64.13 £2.13*®  69.14 £1.98** 72.07 +2.87** 75.60 £2.18%
Acetic acid ratio/ %
7 1
m‘.“ﬁ@ . . 11.73 £0.96™ 9.36 +1.11°5® 8.09+1.14""  6.88 +1.69%° 6.47 £1.24%
Propionic acid ratio/ %
” I
;%r%{ziid ratio) % 23.69 £2.22%  21.23 £1.54*% 19,39 +1.21%% 17.81 £1.75*%  14.81 +1.73%™
0
LR/ (IR + THR)
Acetic acid/ ( propionic 1.75 £0.07* 2.10 £0. 134 2.52 £0.23%" 2,92 +0. 1945 3.55 +0.22>
acid + butyric acid)
HhE
. 23.74 £3.67 23.90 +3.81 24.49 +3.32 25.44 £7.67 26.74 £8.49
Caecum weight/g
=
Rl s 1.39 +0. 04 1.39 +0.03 1.42 +0.07 1.48 +0.02 1.51 £0.06

Caecum rate/ %

3.2 A=K+ 155 E Y E RS
BRI

T P T 1 0 A A A 45 Rl A A B2 B 11— 2K
KR 15T, 35 A R A A A TR B
PEAT I AL A0 20 %, b 25 Wy T B A K 0 % 3 T
(4 FhE SR . i T T 0 AL B K AL
BB — YR EH AR Z MK A,
VEAY T 00 P A R 5RO Low! ™ WS 4
S AR R AR [ 2T 4 95 T Ak B £ 0 R
#R L HE AN TR B 5% 0 . Richard 26 BF5E 1T/
BB 23 B TR IS 1 7 Bk 27 2 28 0 A e
Sy T2 LT A 5 I Ak T P R I 4 R R R
ORISR T T TR T L 0 U G 3 e, B T
BB B0 VR A RO S AR S T RS I i
F % R 2 1 e T R A T A R A A
SO IR, AR ZE R EW, [ = REaE Y

M 5 A3 T 3 1, G P 40 % 1 = I 2 B O Tl O P
BT =i R 1 8= N I 5 ey N
AN VE by B M T A R 3 T RE U B 2 )RR
HRES D B R = X S R T R AN R
AR RS A R S e iE s, A=
Xt Ji P T 4 9 D)5 i AN S
3.3 BEMNARERAHEEREETENZIN
TR £ 4 A A e B AN N FE AR AN o i, oF
ANEMZIGHEE B MAEWMIERT , 8 R % 5T A
o REBURIE B, R A 1R R 18 25 4k 7K 1 Kok IR
FRAESLA T I 9 2T 4 R WE g% 4 ' . Gidenne
2 VTR e I 5 R P 45 Al K ST B 84 0 S
2 25 0 M W B, AR A5 R BOR,
Bl = A N A5G0, B W A 4k K T
(ERURTE | P o Ny N i 1 A Sl = 1 RN
I ARS8 TN, Pl R H 2T A K AR O B e, T
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PEREE A5 bR, VFA RE% 78 N %R )5 I Bl 0 3 g
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L TR IR, R ARAEA KB BT, B T
PRV K i B A 200 FREPE T e 2 5
PSP i i 35 oK. AR i 45 R 3R, bl
EHEMRmEmEm, EhEMER L ERLA
T s, AN A H =i E g, AR
AR %) R P SR S A R N A [ AR EE Y
AR A R REXT A SR B I B ROE 2 L 32 S AL T
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Effects of White Clover on Intestinal Mucosal Morphology, Intestinal
Digestive Enzyme Activity and Caecum Fermentation of Meat Rabbits

SONG Zhonggi' GAN Youmin'* TAN Jianrong' LI Tao' LIU Tao'
YANG Shujing1 YANG Junhui®
(1. College of Animal Science and Technology, Sichuan Agriculture University, Ya’ an 625014, China;
2. Tibet Animal Science Unit, Lasa 850000, China)

Abstract; This experiment was conducted to evaluate the effects of dietary white clover on intestinal mucosal
morphology, intestinal digestive enzyme activity and caecum fermentation of meat rabbits. A total of 200 New
Zealand rabbits weaned at (35 +2) days of age with the similar body weight were randomly allotted into 5
groups with 4 replicates per group and 10 rabbits per replicate. The rabbits in control group were fed a basal di-
et without white clover, while the others in experimental groups were fed the basal diets supplemented with
10% , 20% , 30% and 40% white clover, respectively. The experiment lasted for 35 days. The results
showed as follows: 1) white clover had significant influences on the villus height, crypt depth, mucosal thick-
ness and villus height/crypt depth of jejunum and crypt depth of caecum (P <0.05), and the villus height,
mucosal thickness and villus height/crypt depth of jejunum got the maximum in 20% white clover group.
White clover had no significant influence on the mucosal thickness of caecum (P >0.05). 2) White clover
had significant influences on the amylase and cellulase activities ( P <0.05) , and the amylase and cellulase ac-
tivities got the maximum in 40% white clover group. White clover had no significant influence on the lipase
activity (P >0.05). 3) The pH of caecum, acetic acid ratio and acetic acid/ ( propionic acid + butyric acid)
were significantly raised when dietary white clover increased (P <0.05) , but the propionic acid ratio and bu-
tyric acid ratio were significantly dropped when dietary white clover increased ( P <0.05). White clover had
no significant influences on the contents of ammonia nitrogen and total volatile fatty acid, caecum weight and
caecum rate (P >0.05). The results indicate that white clover has significant influences on intestinal mucosal
morphology, main digestive enzyme activity and caecum fermentation. [ Chinese Journal of Animal Nutrition ,
2013, 25(8) :1878-1885 |
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