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LI fii/NEZZ 15 AR, T 2010 4 11 &
2011 4F 6 HAETLIE RO R 2= BE AE 4 BT i 45 b Fh
T, R AT 3 NI ZKF (0.50% ,66% ) il
3ANHERI A (2.4.8 d) BYAb PR, SRR X BT,
F2 XA B K -, 2R DX Ay 38 B B[] 4> Ak B % 3
NEE, BAELZ/DNXEM 2.5 mx4.0 m, KHA
[F] %5 114 R € Je e JHE B X i A7 AN [] 3 B K - Ak
PR OGEPH PR T 2 m, LA IE B4 58 KSR,
THERIEZE . /N GAMORZE RS 65 CTHET Mg s
it 20 H K 28 HXUZ i, B ] py BHS 56 s 9,
FIRRAE TR A&
1.1.2 9 B R AR B 37 e

Jed H WK R m AR R 2= 30 ) By 4 Sk A K
NI B A 0 A B AR e BRI, il Y
HRME 2 h REE E W, RAF T 39 CTHUHIF
T Ak A BB A, T ] S 56 = 7R IR 4R
KT &4 BOMEIEES 5 fERBRERE 7
SIRA,60 mL/f 2 & 1 ¢ X R BT,
BRI K AR BB TS 39 CTREERGFE 72 h,
1.2 NEHEREMNETE
1.2.1  EHLEFR 8

02 5 T e Oy vk I s 06 R R T A R
(DM) A HLY (OM) M & H 5 (CP) H i Wi
(EE) ALK 43 (ash) & &, & ] Van Soest %% J7
2 7€ 1 BE R AT 4k (NDF) 2 R P vk % 41 4
(ADF) & & 31 W ve i nT A 9 (NDS) 5 4
MR T H 5y B R T R S R R
(iin vitro disappearance rate of DM,IVDMD) . "4
PE A HE ARSI 2R (in vitro disappearance rate of
NDF,IVNDFD ) Fl R 1 Pk % £F 4 1k 41 [ i R (in
vitro disappearance rate of ADF,IVADFD)
1.2.2  RFEHRIE

% Wik % v & B Theodorou 2" AR =
IR Sh AR, T 72 h S5 AR B

FE K LIS pH, S IR BRSO (6 2
5E VFA =4
1.3 HiESH

AR 5 B 4 Excel 2010 )45 # 3 )5 A H
SPSS 17.0 4t i1 #1445 Multivatiate J5 32 i 17 7
ZE5HT , FE RN 31 3 B 7K SF- R B B[], Dun-
can [RIEIFATZH R, 5045 3R LUV Y (E bR ifE
1% (mean+SEM) /KR, UL P<0.05 KR Z R B FE

2 #ER595W
2.1 IBERA K A58 BA A (A 3 2 A E IR AL S I B2

1% 1 AT B B K 38, LA T
EERBRETHEES 5 0 A, BT 50% 240
FRHLAR 1 5 2 i 5 B IR (P <0.05) 5 388 [ I 8] X
B BE W (P>0.05) ;5 BH /K SF 5 i
FY s Tv0] % 22 8 785 7% B 40 1) 2 i 5 A A8 HAE (P>
0.05) .
2.2 BB 7K F 7038 BA B 18] X4 3= L 4K SN BE AR R
A

H 2 2 Al T, B B 2K SF 34 in IVDMD Al
IVNDFD 2 Z#i 5L, 5 0 4AH L, # I 50%
HEY5 66%H &AL T 24 1) IVDMD Hl IVND-
FD(P<0.05) , 3 50% 405 66% 41 2% 7 A i %
(P>0.05) ; 3 A ] %o 85 5% 9 o Ak A0 % i 2 0
1 ZF 5 (P>0.05) 5 [F] B 38 B 7K 7 55 38 B s (] 719
IR A L BAEH (P>0.05) .
2.3 EFA/KEANERA R EIX E AL BEFFS ER
=AU
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=S @ m, KB RE, 0 dikmE, >
(113.46+0.83) mL; HX MR 2 d 19,2 d 66% 41
M2 d 55% 4 458 5 H (111.89 £ 0.54) mL Al
(110.29+0.33) mL; BRI MR 4 d /9,4 d 66%
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Table 1 Effects of level and time of shading on nutrient composition of wheat straw %
‘ , , g P R RV RS
s TR OR&AE mEIN omps oo MRS iR
e YE LT 4 Y
Items DM CP EE Ash
NDF ADF NDS
T 0 92.51+0.13 4.92+0.04" 0.95+0.15 6.07+0.06 78.37+1.05 48.36+0.90 21.63+1.05"
B RH 7K
. 50  92.51+0.47 4.22+0.31° 1.20+0.11  6.33+0.45 80.00+0.50 48.67+0.34  20.00+0.50"
Shading level/ %
66  92.55%0.31 5.15+0.32° 1.13+0.12 5.34+0.58 79.33+0.83 47.68+0.72 20.67+0.83®
SRR 2 92.47+0.12 4.87+£0.50 1.12+0.10 6.59+0.34 78.66+0.29 48.07+0.29 21.34+0.29
JE [OH A [
. '. 4 92.99+0.26 4.63+0.40 1.10+0.13  5.53+0.47 78.94+0.44 48.08+0.82  21.06%0.44
Shading time/d
8  92.12+0.20 4.79+0.09 1.07+0.12 5.62+0.35 80.10+0.87 48.56+0.23  19.90+0.87
P {8 P-value
JEFH K Shading level 0.997 <0.050 0.222 0.177 0.090 0.394 0.090
HEBF AT [E] Shading time 0.177 0.739 0.941 0.111 0.121 0.746 0.121
S ik B Asf [
IEFACEAE IR T 0.656 0.180 0.308 0.617 0.580 0.409 0.580

Shading levelxshading time

P [l — RN R T 90 B AR ] B 7 B R AR RS 28 52 AN 3 (P>0.05) , AN A/NS 5 BEJA bR 3R 28 5 35 (P<

0.05), T,

In the same column, values of the same main effector with no letter or the same letter superscripts mean no significant differ-

ence (P>0.05), while with different small letter superscripts mean significant difference ( P<0.05). The same as below.

xR2

15 1A 7k S 0 182 BA B 1) ot 25 4k S P iR 22 B0 RS I

Table 2 Effects of level and time of shading on in vitro disappearance rate of wheat straw

A R 7DD IR S S o 3 R R N N S 7 o b S B N
Items IVDMD IVNDFD IVADFD
0 32.45+0.93° 34.71+1.38" 25.69+2.62
I B K P b b
. 50 30.73+0.44 31.43+0.17 25.82+0.45
Shading level/ %
66 29.92+0.23" 30.83+0.90" 24.20+0.28
BRI 31.32+0.68 32.90+0.96 25.64+0.59
B BF A [
. ! . 31.16+0.67 31.76+1.55 25.26+0.46
Shading time/d
30.61+0.93 32.31+1.25 24.81+0.60
P {8 P-value
MEFAZK - Shading level <0.050 <0.050 0.584
B BH B [E] Shading time 0.556 0.422 0.889
3 BH 7 S x 3 FH Bf [
IR BT 1) 0.923 0.585 0.997

Shading levelxshading time

2.4
Al

158 BA 7k < 0 36 A B [ 3 2 FE AR S R BR FE AR Y

HRERASN KWW pH 4 F 6.26 ~6.32 Z [1],
2% 3 AT B 2 2 B K380, 2R 7 5 A
FEfiass, 5 0 AL, ] 50% 45 66% 4 W %
B T MR 7P2 4 (P<0.05) , M 50% 405 66% 4
X ZFRARFE (P>0.05) , Bl By w580, S 4%
KAERR Wil ( TVEA) Il 218 7 i S 3 7 PR A

LR 2 A4 d UAH L BT 8 d 41 E R RS
AN K B TVFA I R =5 (P<0.05) , i 2 d
LR W Tl 4 d 41(P<0.05) , A
i 1] S5 3 5% W) 22 G R Ah R 8% £ R Ml TVFA 77 i
(P<0.05), i BA KV B FE LR ™ & (P<
0.05) 5 388 BA 7K S 13 B 1sF ) X6 2, 1 7= i 114 5% Wi 7

L HAERH (P<0.05) ,
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Fig.1 Effects of level and time of shading on gas production in vitro of wheat straw

3 ERA K TR0 BA B (8] 3 22 7 (R O R BEHE AR B RS 0

Table 3 Effects of level and time of shading on in vitro fermentation indices of wheat straw

Wi SRR N R 2w 3] T LR/ TR
Itc;ms TVFA/ Acetate/ Propionate/ Butyrate/ Acetate/
(mmol/L) (mmol/L) (mmol/L) (mmol/L) propionate
" 0 49.25+1.56 29.56+0.88" 13.29+0.28 4.40%0.18 2.22+0.04
=P 50 46.58+2.40 27.77+2.13° 13.0920.36 4.60%0.04 2.10+0.16
Shading level/ %
66 45.79+2.77 27.54+2.15" 12.69+0.35 4.66£0.25 2.10£0.12
— 2 49.61£0.19° 30.03+0.39° 13.17£0.11 4.68+0.17 2.31£0.05
AN [ [H
. : ) 48.15£0.59" 28.24+0.67" 13.27+0.30 4.60+0.12 2.16£0.08
Shading time/d
8 45.19+2.73° 26.61+2.21° 12.64+0.36 4.37£0.10 2.01£0.14
P {H P-value
#EBI 7K Shading level 0.088 <0.050 0.491 0.361 0.335
JHEBA RST8] Shading time <0.050 <0.050 0.426 0.236 0.067
3 R 7K S 3 B Bsk [
IS AP i B i) 0.169 <0.050 0.714 0.420 0.174

Shading levelxshading time

3 it
3.1 SRAMENEREFRRSHEMm

55 6 Wt X1 9 A K B4 52 i K 22 0K FH 3 B
LB S EE T —SE U Y BFSE R [ A S 3 B X
KIGIE AR AN 77 5 A 5 & B, 3 B2 S 80k
VS5 BB G BR A B AR 29.97 % , T 43 K2 K0CFN
BARR TR R R R AR O, NI BOK G R
FEAR, 2T U X RIF ST AS R8O 38 Xk
FEAEEIR B 7R R R R A B 5T A B T S LA 2
B, R T ZE R R A BB B R AR, KRS
SOV RIR 5 3 B XoF A R 114 5 i 2 B, 4T 300 3 B
8 RN AR R, 0 A BE R, AT 5
I v A e AR (A2 3 P X ol 2 30 K R 1 5

M 5 /0N o AFUIHE BF X VE 0 RS T 35 % B3 14 5% 1) v AN
A AR 45 R R U], BRof & 1 T A i ]
K55 3 B B ) X 22 G 3R AR A 1 i R R
F o A B KT 68 3 /N 2 R LR O
i, BT 50 % 2H KL AR 5T B 1 S S R AIG, 1T B
BFZKSF-3m  HHL R 5 o S 3 B, R U 36 A
IKES% /0N 22 A KL B 1 0 £ 1 g T 2 B R AIK R
HEMAEEY BERA 50% 41/ F FERLE (A R S
fIK AT RS2 f Tl B AL B AR T /022 R Ak
R HHRCT HH/NZE 0 25 KRN o A A s i R A
S AFUE A ARG, DT AR T ML B R A
W 2R IS S AN R AR R L 2 5
(1R 5 s 4 B0, B 9 300 5555 6 Jop 3 RAEAN T 25 B B I
R B 5 bk, T REAIR 1 i R Bl il AR S
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Fep S BRI, ASB 5T K B B 66 %
1 50% AAH LA 2 1 T & i 0 3 T, X AT R
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FORZE) #5328 BFFRLH B 9 0 B i R A, DA
BRI Z W TY RS REEPHRE, S8
BRI, RaREP A X N
RERR R R 532 K 0 0 B ) 4 B0, B 7 30 &8 1l
WLER W E R TS ERGEVEARN s
T T B AR T X kb R R W stk R, (T E
PR 50X e S R A R LB S fic 5 AR AR
P 1 B 52 0 % B, 5506 IR 2 58 R AL R R 4%
A E ST L A AR A R R B, 4
JiC 2 R AR A 8 /0 . Grashoff 25 22V BIF 5% 38 [ % 4 K
e R FE YRR KA A 0 5 i K B S
FHAEZE I i ) 32 3, [R) I3 75 37 4 B % iz 31 kPR
H R R MK L & PR,
3.2 FEAMENEREMLZENEm

0 S5 A R A R B TR ) A R AR R Pk
AR P % fip 1) R B A 2 T R I rPOREL At R
RIGEEAE AR AR B 45 F 3 0, 5 b #E
FEAK T % IVDMD A1 IVNDFD, 3% 1] fiE &
T8 B Ak B AR 2 A IR 25 A8 PR AR K AL B W
&, NI BT A DL & 2 RC, HR
Blge B R YRR AR B SR A BIE 5 v 3 B Ak B
X2 75 NDS &% BE 2 m  HEF NDS &%
A RS AT IR TR A R R
9T . B B ¥ 1 IVDMD #1 NDS & # & B %
MYIEADCIE R  NDS & &Ik, IVDMD gk, f2
2 R L AT AR AN R X A S A B T
WAFR) THRMA LS, 45 2 #EH 5 T H NDF &
IR e NDS &% &= [F L, S BOLE 7 IVDMD Al
IVNDFD B, Dhn 25 o0 th o, R i
S S A AL B DS B TORL AR A ] i
KA P & &, T4 T IVDMD,

2SN T R B GRRL AR IR 1 A ) i A
THARAE T 0T L= AR K i e e &R
SR PRI A0 7= 2 7 8 IR — T BB Pk F )
AT R eI A 1 1, 53 — T T Ok 1 B A 0 1) B
figfie 1127 ARWFFEF,0~12 h P2 B gL,
12~72 h PSR BRI B HT- 2%, v Be et 1
AR T FH 22 s v mT e R TR A A o e AR
LR YRR oy B R, £ A R S 3R B BRI
B—NENE AT R LR R R R R R

AT 5T 25 S o I B A6 0 R A R R b &
BB, X A e 5 A R oML 8 i i ArT
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AU HCRAE R IR A 2 B, = i S e
B KRR TS AT PR K A S W L ) Y R
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H kI, B B KT A 5O T A ] & R
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1) VFA R 2 1 d N4 Frifs BB 1 19 60% ~ 70%
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MIMFEAR T TVFA 728, MO EL KA T
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ek e T A 1 % 0 O e A A, DT S B LA A
Wi B AR R R BRI, (A B 2 R 7™ o [
i, Tang %" St AS [a] )24 B BE T oK 5 FF 19 BFF 55
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Effects of Shading in Filling Stage on Nutrient Composition and in Vitro
Fermentation of Yangmai 15 Wheat Straw

HE Xiangyu LI Yuanfei CHENG Yanfen® ZHU Weiyun
( Laboratory of Gastrointestinal Microbiology, Nanjing Agricultural University, Nanjing 210095, China)

Abstract; This study was conducted to investigate the effects of shading in filling stage on nutrient composition
and in vitro fermentation of Yangmai 15 wheat straw. Yangmai 15 wheat straw was used as experimental materi-
al, and shading treatments were set as three shading levels (0, 50% and 66% ) and three shading time (2, 4
and 8 d). The nutrient composition and in vitro disappearance rate of wheat straw were measured after harves-
ted. The results showed as follows: 1) compared with 0 group, crude protein content in shading groups of
50% and 66% was significantly decreased ( P<0.05). There were no significant effects of shading time and the
interaction of level and time of shading on nutrient composition of wheat straw ( P>0.05). 2) compared with 0
group, in vitro disappearance rates of dry matter and neutral detergent fiber in shading groups of 50% and 66%
were significantly decreased ( P<0.05). There were no significant effects of shading time and the interaction of
level and time of shading on in vitro disappearance rates of nutrients of wheat straw ( P>0.05). Gas production
was decreased by treatments of level and time of shading. Total volatile fatty acid ( TVFA) yield was signifi-
cantly decreased with the increase of shading time, acetate yield was significantly decreased with the increase of
shading level and time ( P<0.05), and there was significant interaction of shading level and time ( P<0.05) ,
however, propionate and butyrate yield, and acetate/propionate were not affected ( P>0.05). In conclusion,
with shading treatment, crude protein content, in vitro disappearance rates of dry matter and neutral detergent
fiber, gas production, TVFA and acetate yield can be decreased, but acetate/propionate will not be affected;
the effects enhanced with the increase of level and time of shading.[ Chinese Journal of Animal Nutrition,
2015, 27(10) :3163-3169 |

Key words: wheat straw; shading; nutrient composition; in vitro fermentation; disappearance rate
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