S IR 2019,31(12) - 5846-5856
Chinese Journal of Animal Nutrition

doi: 10.3969/j.issn.1006-267x.2019.12.050

LHEREVRABERFBE DOFNRE B R
it v A AP R TR R ST R e

X gt Eemsgt AHE' SIS SYREREP wwsct BRI OB AU
(L E AR B 2 B ARDRMIF 5 BT, W4 78 3 2 AU mt T B S0 IR a8, ARl SR A R AE M R E S S =,
JL5 100081;2. b H B MRS, AL 5T 100107 ;3. H R4 RSBk 5 R 2B, 220 730070)

M OE., AFARAKRIEMNT AR ELRT AR AN B E POEMER 5T TLEER
B 5 A A G RE(ED) WX B AT KT/ (DM) 4 (Starch) | ¥ H 28 % ¢ 4 (NDF)
HAERGPRIFE Tk, ABFH AR ARG 2 RF AR AT R, RAKISIA
T7% B4 A Bk, M2 DM, Starch NDF A2 & o5 e hmowain 258
Fx %455 DM Starch NDF # 2k i R ey AR 0 R R W 1) £H K 60,150 #2240 d B, 4
#E R F 44 DM, Starch #= NDF A 2 % # % /£ 60 d B 3k &, 9 % 4 33.40% . 78.91% #=
25.53%, 2) 2 ERFAH DM AKERELSMEOR(CP) LT EMTF EHE X R (P<
0.01),%5 NDF B M 2ki4k 44 (ADF) &2 EM R ¥ i 48 % % % (P<0.01) ; Starch A 2L 4 M % 5
Starch 22 EM B ¥ EAE% * % (P<0.01) ;NDF Az %M %5 NDF ADF 42 EME XX 2 F
fAB& %k A (P<0.01 & P<0.05),5 CP A2 2R F EMHMXXE(P<0.05), 3)2HkEXRFE
DM A & % fif 5 5 3 ¢ 4 gk KL A (NFC) 4 E M E F B4 X %X & (P<0.01) , 5 A KiLb4
(CHO) , TH L4 4 (CB3) . R 4 (CC) 4 Z 2M 2 F A A8 K X £ (P<0.01) ; Starch # 5k
M fif %5 CHONFC 4222 ¥ £ % % £ (P<0.05), 53 X W B 82 (CAL)  5LBR (CA2) |
KRIEMEB KA (CAL) [ THEMEHFH(CB2) 2 ZERERMEE R AKX KX £ (P<0.05 X P<
0.01) ;NDF A s %% %15 CHO.CB3.CC A2 2MEF R4 X% A (P<0.01),5 NFC 4% 2
WMEEEAE X % (P<0.01), 4)vh CP NDF ADF  Starch 4 % % ## B F & 5 4 DM, Starch
A e 5 0 TR BE AL 5 30 A . ED (= 54.777-0.439NDF—-0.004ADF ( R*=0.973,n =51, P<
0.000 1) ;ED g0, = 55.434+0.987Starch (R* = 0.843,n=51, P<0.000 1) ; ED o = 75.786 -
0.765CP—1.036NDF+0.310ADF( R*=0.879,n=51,P<0.000 1), 5) ¥A CHO ,NFC,CB3,CHO,
NFC,CA2 ,CA4 . CB2 ,CC 4% A fAnl B -F & 5 49 DM, Starch A 2 % % 5 64 Fm AL A 5 5] 2 .
ED py, = 66.158—0.488CHO+0.330NFC—0.079CC (R*=0.980,n=51,P<0.000 1) ; ED g =
45.754=3. 564CA4 — 0. 827CB2 + 0. 159CHO — 0. 692CA2 + 0. 960NFC (R* = 0.894,n =51, P<
0.000 1) ;ED = 41.972-0.457CHO+0.753NFC-0.697CC(R*=0.810,n=51,P<0.000 1) , W
W 4m T Ak EKFRFHE R MRS DM, Starch NDF 4 2 M6 % 5 69 3 48 % b, T B ik |
A AN AT T R RE | A I 9 A A T LR R AR A

KW AWERFE ARINE 8 TR PRk ;8 8 %4

& 5255823 X HkFRINAD A XEHS:1006-267X(2019)12-5846-11

W #s B H#8:2019-06-03

EEWH : F}EHEAU IR H (2018YFD0501600) 5 9754 7 Ml H AR Z2 b 50T €137 41 BA ( BAIC06-2019)

EFEE AN WK(1991—) 2, HlFm B N R 4 s 37 5 R BLERT ST . E-mail; 1una2017w@ 163.com
« BIEIEE B G, 55, 4 S0, E-mail: tuyan@ caas.cn



12 4 X RS bR TORTT I ARDRE U A B P T B e B 5847

SRR FOR T I B AS AR I 4 3h ) 32 2R
TSR, LR E MR E R, & ERE
ek b T4 5T (DM JE K ( Starch) Fl P BE %
£1 4 (NDF) & X AR R R R B e B2, i
ARk Wit A TR RS AL 5 AR 37 58 1 1 ST, XA
SR RNZ T 50 28 W0 B R % A w7 0 RS
I ke B AT B P R B I SR P I A AR R
R VRS U 4 Mk K VAR R A TR T S R
B AT vk 2R FH B 45 sh W DR AN BRDRE Y AR R SR
PReE T 5 20 G R 48 = TR A S 1 2 U A g B
FHEE , SCHR R R R R I E 2 R
R e AS s AR Ah =<, il dn , 38 K e 45 R
PRSI =S58 26 A TR 9 A LY (OM)
e A 356 - s 7 OO B AR s dE 45 0] o 5 A
3 JE IR A I ST T IV ARDRLAE 5 A 08 B b R I A
BEPE L TRE A R RE S B RS R AR £ (BT R —
TR A R D, R R ASIE TR BRI U A e %
P A, T AR KUBS 48, i 56 4 i) 1k O %o 3k
BEE R AR R B E BB
SN TIRE , WAV RRE AN, BB =Y LR
A2 2R N M Gargallo 45 #2 HY iy = 45 44K 4k
LR TR A AL, BRI T RS
Je AL IR T H 5 = B RSNk A 5 10 A1 56
P, B E R BN 0.838, BT R Hl ANKOM
Daisy Il [ sl 15 3246 W 55 A [ 25 4 57 7K - 10 4 ML o5
IR IR B B SR R AR 1 BK O DA 4
BB A TR RS . AR TR LA A bk T K T I R
RWFFERTS, FIH ANKOM Daisy I [ 8 5 37 5 R
85T DM , Starch 11 NDF 75 %% [ fift % A5 45 4~ 9%
) B AR R, O 5 8 B 43 57 T A A
DU A 4 ik B K 5 I 5 3 A0 (1) PR 3
A B FH P HE SRR

1 #MR5FZ*
1.1 FUHERXESH &

ARG R SR FORF AL 3 4, 54
17 AR ok HAL T R X BF X % =
X KRZIX B I IX S A= 5 X 48 17 4~
4-FE5 Y, WhAE35 2017 4F 10 A & WHIE , 43 90 7
P47 60,150,240 d BEHEAT T M:  To kAT
IREE SRR EARF I RES 4~5 kg, REM R E K
FIRE S A A CRE T A A5 ) GB 13078—2001

W R AE 1] S50 5 19 4 bR B OK T IV R A L FR
T ,65 CHEAGHET 48 h, [B13# 24 h, il SRR S,
PIR#EHL (Retsch SM—100) 3 8 FE d, 3 40 H 1A
RS DR o R e R I N S L
Mo WERFRE 6 g HE i A CHEM R510 JE4E
(50 pmfL4%2,50 mmx100 mm # 4% ) ¥ 4T DM
T 1 AR E PRI 1 g BE B A B E L F57
UEASHEAT Starch 9 H FEARRIE
1.2 KB H*E
1.2.1 ARk HUE I o e

DM HL# F BT (CP) KIS W7 (EE) KL K 43
( Ash) )% B 4% 18 AOAC (1995) '* J7 ¥k 3t 47
€ ;NDF Jig 1 Pk ¥ £F 4 ( ADF) 1) % 1 4% 8 Van
Soest' " [ 7732 5E ; Starch 1Y 7 & i+ Megazyme
TEM R & AT . BAFEARM 3 M EE
1.2.2 DM NDF ¥4 5 P 3200

SR I BC A R G MR Y I R R A TR
MZE B W, VA1 Lo, Hid A 6055 . o
ik — & 4 (KH,PO,) 10.0 g ki B2 £ ( MgSO, )
0.5 g S (NaCl) 0.5 g 5L 55 (CaCl,) 0.1 g,
PRZ (IAFI) 0.5 g ;B ALHG AR 4H ( Na,CO, )
15.0 g mifk4h(Na,S)1.0 g,

Jo HWOR AR B 3 Sk fEE R | MR R RN G R AH i
()22 2 7K I 8 45 1Y) i B 3 08 L 03 4R [ (550 =
20) kg ] A B HMAA  WFLRECH (307£7) d, H
PR (33+2) kg, RS0 A R A AR R AKE DL
F 1, T/RERT 1 h R E W, H 4 ZY ks
LAY 39 C LRI , BT [F S5

REG WS F. B LBR T A WA
1330 mL,B ¥ & 266 mL, % 4 1 5 & 5 B W
400 mL

FEM IS5 . Al ANKOM Daisy 11 %! {4 #1542,
B SRR 22 1) R R A1 BC(E R A e (B R R
RIS T, 35 IR S 400 812,24 48
72 h, B E AL 2 ASPAT . B 5 AN RS ) 4
H1.23.4.5%,15A8hMIELR,2 FiLA
12 h fY3E4% 3 STCA 24 h FI3E4% 4 ST A 48 h
R4S, 5 S A 72 h 84S, & IR B2 HiT i A
39 T B RSME IR I 48 h I H 18 ) A~
TR v e B 1) e AR AR S R SRR, A
CO, A 30 s J5 M\l #7 B 7%, % A ANKOM
Daisy I & {4 S 52 400 35 77 46 435 7%, [\ B i %5 H
X IR,
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Table 1 Composition and nutrient levels of the experimental diet (DM basis) %

JE#l Ingredients %1 Content EFEY R Nutrient levels®” ¥ & Content
FK Corn 17.80 WFLEEE NE, /(MJ/kg) 7.32
51 Soybean meal 7.30 HEH T CP 16.50
K Soybean hull 18.00 KL EE 4.80
R B H AT ) DDGS 20.00 H VR AT 4 NDF 28.60
W53 E K 7 Shoterete corn hull 8.70 YA S LT 4E peNDF 19.70
2 Mk Whole cottonseed 11.70 AJUER ADL 3.00
% Molasses 8.00 JEH) Starch 24.20
#ERE Xp" 1.00 ARLFHEPER K L5 NFC 43.20
iR A} Premix” 6.50 5 Ca 0.83
/NF3FT NaHCO, 1.00 P 0.44
A 711 Total 100.00

VIR B ) R TR R (R A BR A R P2, EE 4y e RE % 354 . Diamond V Biological Fermentation Engi-
neering Technology ( Shenzhen) Corporation product; the main component was yeast culture.

2 43T TE IR KL 24t One kilogram of premix provided the following: VA 240 000 TU, VD, 115 000 IU, VE 760 IU, Cu
800 mg,Zn 2 400 mg,Mn 4 500 mg,I 145 mg,Co 45 mg,Se 10 mg,

D WFLEAE TG, i CPM-Dairy 3.8.0.1V 845 t, Hfth 552 { , NE, was calculated by CPM-Dairy 3.8.0.1V,

while other nutrient levels were measured values.

Je Je AR B FRAL B . IR AR A K FR A6 IS 1T
Iy AE 8 12 .24 48 72 h BUH IEAS T K bk 2K
VI A Ak A T s R R IR A% (0 h W] — i of
UE) o B e MR AR (AP R R Y) BT
65 CH T HRAEHET 48 h, M8 24 h J5FRE . %
2 AT EAS AR I A R — A~ [ 48 T2 4%
HrH 9 DM NDF % fit, Jf 115" DM NDF % &
Wil %2
1.2.3  Starch J8 B R 20 &

W2 AR AN 7 B[R] 1.2.2, 7 A [a] 1Y 2 1% 75 i
5300 2 4 .8.12 .24 h, ¥ 0Pk )5 B IE4% (B
FHP R AY) BT 65 CHi R T4 T
48 h, [ 24 h JEARE B 2 AT I BB AR Ak
AR —A> A B8 53 B Hob ) Starch 7%
i, I 5 Starch IR B R
1.3 iHtEARK
1.3.1 4SRRI i i R IE

Bl mp SY TRl SR

PASRE LRI AR (% ) = [ 25 F1IR BB AR R

TY R () -2 RS T iR R Y
H(g) 1/[ 25 AR B A
TH I (g) ]x100,

il Y Y SR iR =

R AR il ik (@) = SEPRA A4S TR

B (g) X[ 1-1aDRHEE kiR R (%) ] .
1.3.2 DM NDF J 5 [ f R 5

K VLT 2 3 B [ B [E] 25 DM NDF
I 15 R %

A=100x(B-C)/B,

A SRR IR R — R ) 128 3R A
R R (% ) 5 B R A I 4] Rk 4% i 117 12 65 % A 43 19
i (g) 3 C R Rril kL i 5 D8 A8 AR i rh i
WA SR (),

Z I8 Grekov %50 HEH R 1 Bl A R R R AL
SR DM NDF A 3R i %, 58 A R
mr.

dP=a+b(1-e™);
ED=a+bc/(k+c) ,

. ap S E I R B 3R A e R R
— I [ 5 A B A 38 (%) 5 a Ry DR HCREE it 0 43 2 1
(%) b A2 R IR 3 5 (%) 5 ¢ N8 2 % figt
R IR AR A (%o /) 5o 9 B N BEFRITE] (h)
ED A SRR (%) k N E INRE R A
H &k {EEL 0.046%/h' |
1.3.3  Starch J§ B B R 155

K H LLF 2 35 OK 6] B 18] 55 Starch [
i 5.

A=100x(B-C)/B.
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A A RIS — B [B] 5 Starch B R fif
(%) ;B R 5N R AT Starch 1) i (g) 5 C
S R e A S 84S AR P Starch M E H (g) .

218 Grekov %50 H1 B B B A AR AR
SERIRTHA Starch A AR5 THR AT .

P=S+D(1-e*"),
ED=S+(DxKd)/(Kd+Kp) .

i P o FRRINAERRNY) Starch 7598 1 3 — 6 [H]
SRR (%) 5 S AR R 5y & i (%) 5D
g R AR O & i (%) 5 Kd 18 B AR O 1Y
R fif % (%o /h) st 9 B NG SR I A (h) 5 ED R
AR (%) s Kp 95 B A R A g0
Kp {EHL 0.031%/h"

1.4 BT
Bl 4538 i Excel 2016 #4740 40 4 B fdi

SAS 9.1 B h B &K J7 22 53 A1 (one-way ANO-
VA) BFIEAT EER S, P<0.05 H2EFRE,
I JEHEFH SPSS 21,0 B4 %o A8 & ik A7 2k v [l 1
I3

2 #R595W
2.1 EHEXRBTITAREMREFTER DS

F % 2 AT, AS TR A7 s 3] 4k oK B IV
Starch & EAAAE B #H27 (P<0.05) , T 4F 60 d it
FHIHY Starch & & 1 24.14% T 3% [ AR 2 107 5
240 dBf 4 20.47% ;i DM NDF  ADF & 858 I
B e B H 45 A7 e 0 R) 22 S OR B 3E (P>
0.05) ;CP Ash EE & & % W A7 I R 25 e AN i 3
(P>0.05) .

K2 ARAPEENHALEERBTLAMERERES (TUREM)

Table 2 Nutrient composition of whole-plant corn silage in different storage periods (DM basis) %

=] T 4714 Storage period/d

Items 60 150 240

T¥ DM (£ EFERLE fresh matter basis) 31.41£0.72 32.83£0.92 33.92+0.50

JEHY Starch 24.14%1.04" 21.400.78" 20.47+1.28"

FLEE BT CP 8.52+1.34 8.38+0.23 8.53x1.98
HPEBE £ 48 NDF 49.11£1.01 50.02+1.20 51.08+1.05

BR MR A 47 4k ADF 22.36£0.78 23.17+0.97 24.05£1.32

LK 4> Ash 4.59+1.32 4.38+0.15 4.50+1.27

KN EE 3.78+0.09 3.66x0.08 3.73x1.41

R TR R AR AN RN T8k 22 57 3% (P<0.05) . FEER,

In the same row, values with different small letter superscripts differ ( P<0.05). The same as below.

22 AEACEHBHEKEEXRBTT DM EE
MEBESBRBUMEHBE

H 3% 3 AL AN R A7 B 0 4 bk oK 75 )F” DM
HEEMSEMAMEREES AR ZE (P>
0.05) ,
2.3 AEMEFEREELEKEAKSE Starch & B B&
BESYHRBUMERE

S5 T S| 7 N [ 7 e o 7 S S N
Starch ¥ B Wl S EUMA B R AAE—E 2R
Starch PR B FHIEAE 60 d WY 58.20% i 4%
K3 240 d BFH) 53.72% (P<0.05) , Starch 7 R f R
FHIE 58 60 d B 78.91% & 7 B Ik 3] 240 d B /)

75.65% B 2% A .3 (P>0.05) , 12 5 F# i 8 43 Fi
KRR AE 3 MU AR R 22 A .35 (P>0.05)
24 AEEEHPELHEEXRSTT NDF EB
MMRESHBBEUEME

M % 5 A, A RV A7 B 0 4 Bk R OK i I
NDF J8 1 [ fift 2 50N A S0 i R e fE — e 22
5, NDF Pt B A 8 53 Bl A 4 bk 5K 7 7B ] 7
HER BTG, (H 22 55 AN 03 (P>0.05) ;158 5l [
FRAYTEIEAE 60 F1 150 d B EEAYR A 254k, 3] 240 d
AR {H 22 YR L2 (P>0.05) ; NDF 4 2% [
iR NI 60 B 240 d A RS, ZRAE
#(P>0.05) .,
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Table 3 Rumen degradation parameters and effective degradability of DM in

whole-plant corn silage in different storage periods

WiH A7 it Storage period/d

Items 60 150 240

a/ % 17.76+0.35 17.46+0.58 17.47+0.33

b/ % 34.35+0.90 33.76x1.47 33.53+0.91

¢/ (%/h) 0.038+0.001 0.038+0.001 0.039+0.001
a+b/ % 52.11+0.83 51.21x1.11 51.00+0.78

ED/ % 33.40+0.46 32.95+0.55 32.59+0.44

a: P AR b - M A 30 5 c .

A V0 3 O A S 5 kb T R 370 ED - AT R R, 5 [l

a. rapid degradation fraction; b: slow degradauon fraction; c: degradation rate of slow degradation fraction; a+b. degrad-

able fraction; ED: effective degradability. The same as Table 5.

x4 AEMFEHHAESKEEKRFE Starch BEMRBRSHREAEMBRE

Table 4 Rumen degradation parameters and effective degradability of starch in

whole-plant corn silage in different storage periods

=] T 4714 Storage period/d

Items 60 150 240

S/ % 58.29+1.25° 55.31+1.33"™ 53.72+1.65"
D/% 33.01+0.46 32.71+0.51 33.88+0.56

Kd/(%/h) 0.081+0.005 0.093+0.006 0.090£0.005
S+D/% 91.31£1.50 88.02+0.89 87.61+1.99

ED/% 78.91+0.89 76.91+0.95 75.65+1.53

S : PRIF AT ;D

R AR iR TS 0 5 K T i 8 0 P T S 565 S+D 2 1T B AR 98 23 s ED < A AR A<

S: rapid degradation fractlon; D. slow degradation fraction; Kd: degradation rate of slow degradation fraction; S+D: de-

gradable fraction; ED. effective degradability.

x5 FAEMEFHHLKERSI NDF BERBSHRERMERE

Table 5 Rumen degradation parameters and effective degradability of NDF in

whole-plant corn silage in different storage periods

i H I #7135 Storage period/d

Items 60 150 240

a/ % 5.84+0.55 5.00+£0.52 4.41+0.35
b/ % 86.24+0.35 86.54+0.47 82.21+0.55
¢/ (%/h) 0.014+0.005 0.014+0.004 0.015+0.006
a+b/ % 92.00+1.05 91.50+1.55 86.63+0.95
ED/ % 25.53+0.95 24.31+0.87 23.89+0.55

2.5 £ ¥ EKF M DM, Starch, NDF B

PEMESHEEAFRSNELME

H 2 6 T, kR B KT I DM A 80 i %
5 CP & B B #H IEM L (P<0.01),5 Ash &%
i A DG (P<0.01) 5 NDF % & 2% 5

FAMAIE(P<0.01) , 5 ADF %

BRI PS

(P<0.01) , 5 Starch fll EE

(P>0.05) .

TR E ML R R
Starch 45 % [# fift % 55 Starch & = £ %

B FHIEMF(P<0.01),5 CP Ash NDF ADF EE
TEILEEMLEKR(P>0.05), NDF A 3%

5 DNF & &

R TUICE R (P<0.01) 5

ADF &5 B 3 U E R (P<0.05) , 55 Ash %
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EEAREFIEMKERLR(P<0.01),5 CP & BAREMLNE(P>0.05),
B2 BFHEEMELILR(P<0.05), 5Starch [ EEF &

* 6 £HEXKSBT DM, Starch 1 NDF HHBEMEE S HE M HHE X
Table 6 Correlations between effective degradability of DM, starch and NDF and
conventional nutrients in whole-plant corn silage
WiH K 2% Correlation coefficient (r)
2
Homs VR MUERR ERSY  PPEVERSAE  BREVERSFAE ALISDS
Starch CP Ash NDF ADF EE

DM effective degradability 0.141 0.608 —-0.890 —0.986 -0.769 0.193
Starch effective degradability 0.918 0.040 0.026 0.174 0.100 0.168

P YA 2T U A 250 W e R
VLT A 4R A 0.258 0.421 = 0.699™ -0.891" -0.519" 0.071

NDF effective degradability

# N B FH MK (P<0.05) , #x FRM W EAMIE(P<0.01) , F8H,

* indicated significant correlation ( P<0.05), and #*#* indicated extremely significant correlation ( P<0.01). The same as

Table 8.

Mg 4Bk £ KT I DM | Starch . NDF A 3¢ [%
fife % 55 How 35 45 B9 CP | Starch . DM NDF . ADF

i E AT S [l I oy A, A E 100 AR R ok 7
N

£ 7 Z#EXKFT DM, Starch 1 NDF BB fF R & R
Table 7 Prediction equation of effective degradability of DM, starch and NDF in whole-plant corn silage

SRy oA Y P AR P{d

Independent variables Prediction equation R’ P-value
NDF ADF ED py, = 54.777-0.439NDF-0.004ADF 0.973 <0.000 1
Starch ED (gypen) = 55.434+0.987Starch 0.843 <0.000 1
CP NDF ADF ED (\pr, = 75.786—0.765CP-1.036NDF+0.310ADF 0.879 <0.000 1

NDF . J1 4 4k 4% 4T 4k neutral detergent fiber; ADF; iR 1 Uk 4 £F 4 acid detergent fiber; Starch; JE #3 ; CP: ¥ 25 1 i crude

protein; ED ; /5 5% [ fi# K effective degradability,

2.6 £ ¥ E Xk F ™ DM, Starch, NDF & &
MBEESREREABRAKULEY-EARAKZE
(CNCPS) A5y RytEX

F# 8 A, & kk B K7 DM A % F% il %
5 NFC & B2 35 1B A ¢ (P<0.01) , 5l H 1k
274 (CB3) & i B 3 R 55 (P<0.01) , 56
KALEY (CHO) AL ET4E(CC) & & B B 3
TR & (P<0.01) , 53R (CA2) K IEMERR K 1L
EW) (CA4) AIVATELF4E (CB2) MERMEEE N
JT (PB1) & f 5t I 2 sl J I 2% IE A G OC &R (P<
0.05 5 P<0.01) , 2Fk EKFI" Starch 43 % [% fif
F Y5 CHO ARLF4E M /K L &% (NFC) & & 2 i
FEIEME X R (P<0.05), 5 &M%
(CAl) .CA2 FEE R EFENMHXKLR (P<0.05),
5CA4. CB2 B FERMRXLR(P<

0.01),5 CB3,CC M4 B & 15 (PA1) \PBI,
R Yk A A (PB2) ARRR MR (1R (PC) & &
WA B EMHLELER(P>0.05), NDF HR &R
CHO ,CC ,CB3 & 2 i & A &R (P<0.01)
5 NFC % it 20 8 3% IE MG OE & (P<0.01) , 5 CB2
SRR FFMIELR(P<0.05),5 CA1 CA2 CA4
A WA (P>0.05)

R 4 4 Bk £ K 75 )F7 DM | Starch  NDF £ 8% [%
fift %5 CNCPS 453 &% m i#F 174 2k [0 A 40 A, 15 51
MR RN 9 FiR

3 i g
3.1 E£HRERTTEL DM E B BEFEHE

DM ¥ 15 B i % B2 W R 4 3P i DM R
i, FOMLIA] LR i 10 X 5y B2 B S A7 LRk 21 4



5852 3 o H

% i 314

BT BE R 2 AR AN R A B
Wk KTV DM 8 5 i 58 R0 i il SRR
[, H DM A % B i R 4 7E 30.00% LA L, Horp ke
1760 d B ) DM A % % i % 5w, W E R
33.40% , 75 T2 150 11 240 d B 4 0k 1ok &
I, 5 5k g A B 5T 45 R — 5 EAR T R
dn e AR T B X RT i  T K AR Y
Pl bk EORWCAR B R S Ak 2= 5 fH
Koo MR EKRTFERE RO, VE by B Ho A B 37 9 o e
530 7 0k K% i i ok b v, B S B, B % Starch
M T A T AR R AR T 4R
AR TR E IR AR AR IR TR

FEAF ] 4 Bk oK 35 I DM A R R g R 4 B A
33.40% ,32.95% .32.59% , Fifi & 5 V7B ] (1) S 4
AH A CHO 5 8 it M 5L , A 5 73 ik 1Y
SFYEN) T A 0, AT AR 9 DM R R
WD RS IR A (BRI, 32 DM A AR A
REBEWEAR, TE 5 IR 55 30 B 5 AN () 2 %
I vp A bk ORI SR SR AN (EL B S I, 4
SRR TCAE S A e i 55 37 73 38 & DM T 4K
A FRE S THREME T, FRE
FEANTRIIE A I 3 4 Bk K 75 V278 3% B, 4 2R 3R
Y o TR R 52 ) 58 R ) Bl 3 B, X
AROFFEER—EL,

®8 £H¥REXKEN DM, Starch 71 NDF ¥ EMEEL CNCPS HHMX R
Table 8 Correlation between effective degradability of DM, starch, NDF and

CNCPS components in whole-plant corn silage

FHE 2B Correlation coefficient ()

A W B A A TE M i rp R A 2T LA R A R
Items DM effective Starch effective NDF effective
degradability degradability degradability
k4G4 CHO -0.767"" 0.369" -0.572"
e £ Hi M K /b &) NFC 0.873 0.335" 0.866 **
ERYEIRITR CAl -0.024 -0.322" -0.096
LR CA2 0.322" -0.385" 0.276
KEHEmAKALEY) CAL 0.373" -0.578" 0.256
AT 4E CB2 0.472™ -0.613™ 0.360 "
AL A 4E CB3 -0.971" -0.140 -0.882"
AL 4 cc -0.601 " 0.212 -0.609
A PAl 0.133 0.096 0.082
AT E A H BT PA2 0.159 0.089 0.277
M M HAE 5T PB1 0.401™ -0.061 0.240
Y45 5 AT PB2 -0.151 -0.083 -0.158
Ak B i £ 1 B PC -0.133 -0.143 -0.195

F®9 £HEXKFBIT DM, Starch #1 NDF 5 % be i 3 p U 4% 5L
Table 9 Prediction equation of effective degradability of DM, starch and NDF in whole-plant corn silage

HAS R T A Y T P1H
Independent variables Prediction equation R’ P-value
CHO NFC.CC ED py, = 66.158-0.488CHO+0.330NFC-0.079CC 0.980 <0.000 1
ED (gen) = 45.754—3.564CA4—-0.827CB2+0.159CHO-
CHO ,NFC ,CA2 ,CA4 CB2 0.894 <0.000 1
0.692CA2+0.960NFC
CHO NFC .CC ED (ypgy = 41.972-0.457CHO+0.753NFC-0.697CC 0.810 <0.000 1

CHO . ik /Kfb& %) carbohydrate ; NFC; JE£F 4k M4 /KL & %) non-fibrous carbohydrate ; CC ; A JHALZF 4 indigestible fibre;
CA2. #L2 lactic acid; CA4 . /KIEMERR K Ik &4 water soluble carbohydrate ; CB2: T i 1474k soluble fiber; ED ; 1 5L S fi# R ef-

fective degradability ,
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3.2 EHREKRBTMER Starch B B FEEHE

REEKRH 1AL Starch & i P E FH HAE
I, BT A bk R AE 7 2 v i I A B ) AN
], H Starch & A A, AR I 4 Bk K I
Starch & & BE I 6k A 4] 19 ZE 4 | Starch & & 1 % [%
i, F 22 DX T ) A0 25 ) Jo g R AR Bl
R AR K fiff P B T 1 00 T 320 0 o Dl 4 R M i
iR S 5 TRIE, AT Hh Starch 7 R R fif
MBI, T IRk Starch [ fif 32 19 A
ERZ FEA R MmO SR I THEA S
S Fad 5w 2, B R 4 bk £ oK F I Starch 98
BRI R K2 e o4k ik, HiFsE
G 25 SRR, W AR AR Ik 1 W 5T HGE D AR
ISR v Ak K TE 5 I 25 8t (] B, L Starch
AR A 8 v, 3R RE PR DR T R OK A I ]
%5 DM A0l Starch & % 15 , id Starch A &% & i
5 Starch & 8 H XM T AL, 285K EKE
iR Starch A R0 R i 22 5 H: Starch & 1 2 1R
WY TE A SEME . Krieg 25170 1o J& g 48 1 FiA Ah
B AN TR JR 22 R /N TR 22 L D B 1) 45 1) 9
B Starch P& 4R, H Starch 5 Starch P %
SR 3 i B M IR i S 0 114D o e R SRR A
EASEOE R, Seifried %5 Fi FH JE Ik 4% 12: F A 41
PR (7] 5 D] U /0N 22 KR 5 ) o A i 232 LA
RS % figp B AT I 5, R IR HL A A I i R
5 Starch & 2 IEA KR, 5L R AL,
Nocek 45" 3% FH {4 &1 325 1 £5 4 ¥k o>k 5 I 1)
Starch A %K% i R H 69.60% , {H 18 = 14K P4 12 fir 15
LpRE K HF Y Starch H R % % 7182.00% , 4
WFFE 25 A T HARSNE R N ik 22 8],
3.3 £ ERBIAR NDF 185 FEFESF %

TR v 21 44 o B A R 2 s R AR
FH A5 HE B2 2 R 4y b e 8, W A iy 04 T X A7
NI AR AL RE R HLE B NDF £ AR [H
FEOLA E RN R], 2k £k E I NDF &
T BE A TE T A A ] AN R AN TR, AR g
L5k NDF & & A8 fh #3455 130 57 g 410 H R
AR ST AE R — 0, SEUTG S X etk E I R
KA AE 30,60 .90 d &R EIT 45 R A0
REFAEA B 5, AT S R 40 B ) 20 B BE | X
TIKEAAN G B E A, 765 W # vh, &8 53 mf

WE IR Y UK R 5 B K 38 B Tk
PR b 5 3 AR 3 57 W] B NDF 78 905 4988 1 1Y
A B R R AR
3 EHEABLEFRRSSEBSRMEHEMEN
PP

MR EORTFE AN 2 sl Wy R Rk >k
I8 OB R A N E 2w s Y e, &G
LI/ 5 DM, Starch A1 NDF £ %% [ it R 119 4
KM, IR EE S Zon MUE B R & B G ] A CH L SE
30 B ST 1 AT 0 i R T AR R e S R O
CNCPS & Z o' CHO 414315 31| 1) 4 10 e 72 Z2 5003y
B, B A A 5 A AR A R R DG MG, X
B 0 2 S R FEALRDRLE FR M (AN 1Y
WFFTal AL, 2 % 8 Y BRI HE B g &
P DM AR RS CP i R W EM A, 5
NDF il ADF & 22 B F AAHC, AR gi RS
HT AR S0 45 A A AL, {H CNCPS 4r & it 5
DM | Starch il NDF A &5 B i 26 4H 5C 1 73 B i iF 5%
it /b HARDRHT AR g R RECR,

4 &

O ARG EAMT, &0 EKEHEI 60,150 Al
240 d B, DM . Starch il NDF A5 % f& fift R it 5 5] [
1) B K 11T PR AR

@ 2tk EKEN DM £ % 5 CP NFC
SRR IEA XK, 5 NDF,ADF ,CHO #l
CB3 & i S IR 35 F1UA 96 5 &R ; Starch 4 R4 il R
5 Starch ,CHO Ml NFC & i 5 It 3 s i &8 3 1E A
KRR, 5 CB2 &&= 2 W B & 71 A & X & ; NDF
ARG % f# % 5 NDF . ADF CHO FI1 CB3 & & i
Foi R FERA LK R, 5 CP M NFC & & 2
Hol R E AR,

@ LA CP NDF ,ADF . Starch & &} 1 I 5 +
#5719 DM  Starch A1 NDF 4 &% e il 2 B4 T ) A2
g Sl

ED = 54.777-0.439NDF-0.004 ADF
(R*=0.973 ,n=51,P<0.000 1) ;
ED (gn, = 55.434+0.987Starch
(R*=0.843,n=51,P<0.000 1) ;
ED ypr = 75.786—0.765CP—1.036NDF+0.310ADF
(R*=0.879,n=51,P<0.000 1),
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@ LI CHO,NFC.CB3,CHO,NFC, CA2,

CA4 .CB2 ,CC & A Tl (A F % 37 Y DM | Starch
FI NDF A5 55 55 it 28 (1) 000 AR 50 - 5310 Ay
ED = 66.158-0.488CHO+0.330NFC—0.079CC

(R*=0.980,n=51,P<0.000 1) ;
ED e = 45.754-3.564CA4-0.827CB2+
0.159CHO-0.692CA2+0.960NFC
(R*=0.894,n=51,P<0.000 1) ;
ED ypp, = 41.972-0.457CHO+
0.753NFC-0.697CC
(R*=0.810,n=51,P<0.000 1) ,
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Degradation Characteristics and Prediction Model of Dry Matter,
Starch and Neutral Detergent Fiber of Whole-Pant Corn
Silage in Cow Rumen

LIU Na' BI Yanliang' DIAO Qiyu' GUO Jiangpeng® QI Zhiguo® SI Bingwen'
CHENG Siyuan® TU Yan'"
(1. Key Laboratory of Feed Biotechnology of the Ministry of Agriculture, Feed Research Institute of Chinese Academy of
Agricultural Sciences, Beijing 100081, China; 2. Beijing Municipal Animal Husbandry Station,
Beijing 100107, China; 3. College of Animal Science and Techonology ,Gansu Agricultural
University, Lanzhou 730070, China)

Abstract; This study determined the rumen degradation characteristics of whole-plant corn silage by in vitro
method, and analyzed the correlation between the nutrient composition and its effective degradability, and
aimed to find a rapid assessment method for the effective degradability of dry matter (DM) , starch and neutral
detergent fiber ( NDF). Taking corn silage in different storage periods of dairy farms as the research object.
The in vitro artificial rumen continuous fermentation method was used to determine the effective degradability
of DM, starch, and NDF and the correlation between the nutrient composition of whole-plant corn silage and
its effective degradability was analyzed. The mathematical model of nutrient composition and effective degrad-
ability of DM, starch and NDF was established. The results showed as follows: 1) at silage 60, 150 and
240 h, the ruminal degradability of DM, starch and NDF was the highest when stored for 60 d, which were
33.40% , 78.91% and 25.53% , respectively. 2) The effective degradability of whole-plant corn silage DM
was extremely significant positive correlated with crude protein ( CP) content ( P<0.01) , and extremely signif-
icant negative correlated with NDF and acid detergent fiber ( ADF) content ( P<0.01). The effective degrad-
ability of starch was extremely significant positive correlated with starch content ( P<0.01). The effective de-
gradability of NDF was significant negative correlated or extremely significant negative correlated with NDF
and ADF content ( P<0.05 or P<0.01), and significant positive correlated with CP content ( P<0.05). 3)
The effective degradability of whole-plant corn silage DM was extremely significant positive correlated with
NFC content ( P<0.01), and extremely significant negative correlated with carbohydrate ( CHO) , digestible
fibre (CB3) and indigestible fibre ( CC) contents ( P<0.01). The effective degradability of starch was signifi-
cant positive correlated with CHO and NFC contents ( P<0.05) , and significant negative correlated or extreme-
ly significant negative correlated with volatile fatty acids ( CAl) , lactic acid ( CA2), water-soluble carbohy-
drates (CA4) , soluble fiber (CB2) contents ( P<0.05 or P<0.01). The effective degradability of NDF was
extremely significant negative correlated with CHO, CB3 and CC contents ( P<0.01), and extremely signifi-
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cant positive correlated with NFC content ( P<0.01). 4) Prediction equations for effective degradability of DM
and starch using CP, NDF, ADF and starch were ED = 54.777-0.439NDF-0.004ADF (R*=0.973, n=
51, P<0.000 1) ; ED gy = 55.434+0.987Starch (R*=0.843, n=51, P<0.000 1); ED ;= 75.786~
0.765CP—1.036NDF+0.310ADF (R*=0.879, n=51, P<0.000 1). 5) Prediction equations for effective de-
gradability of DM and starch using CHO, NFC, CB3, CHO, NFC, CA2, CA4, CB2 and CC were ED =
66.158— 0. 488CHO + 0. 330NFC — 0. 079CC (R*=0.980, n=51, P<0.000 1); ED (guen) = 45. 754 —
3.564CA4-0.827CB2+0.159CHO-0.692CA2+0.960NFC (R*=0.894, n=51, P<0.000 1); ED =
41.972-0.457CHO+0.753NFC-0.697CC (R*=0.810, n=51, P<0.000 1). In summary, based on the
strong correlation between the nutrient content of whole-plant corn silage and the effective degradability of DM,
starch and NDF, the degradation performance of feed can be evaluated quickly and effectively, which provides

a reference for the nutritional value assessment of feed in dairy farm.[ Chinese Journal of Animal Nutrition ,
2019, 31(12) .5846-5856 |

Key words: whole-plant corn silage; in vitro method; starch; DM; NDF; rumen degradation characteristics
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