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1 #MRE5FEE
1.1 R

Ve 3 Sk A K A VRS B A IR R 4F .2
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A S s A S g sh A o e T RO R
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1.2 it
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H 1 H K% 60 d J5WORES 1 W18 4, 55 9% 150 d
JE AR 4 W R
1.3 RKWHE
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PRUEDT A BB DRAFTEVE T TR AL . 4%
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JedS AR A 2 E Y, IR bR, ek
IR LMk G RT3 x3 fi T il
B, FRIBUERE i 2 g o I RLE JE T 4R N
[F] B 2 51 5 o

I3 PR RE 2 A IR i Y JE e 48 1 52 X
Je F— MR 2RI RHE (K 50 em) By JesErh , G L
FESEE A . e A T RIAHT 1 h $ [8E Je B4%
AR SRS T ) JE e 4R — TS R R IR 4 1 B
o, RSk AR Tk 6 ARG, AR 4R R 2 AR, Bk
e RART12 A% 4% R RIS /Y
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fHIE (248 h), H 40 # K F B &, B i =
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TR FEARME (2007 ) BE il 4% 4 56 1) K, 32 1. 3 £ 4
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Table 1 Composition and nutrient levels of
the basal diet ( air-dry basis) %

I H Items 45 Content
J5UB} Ingredients
F >k Com 22.50
FaF7H1 Cottonseed meal 4.50
5K Soybean meal 6.75
SEHFR Rapeseed meal 2.65
/NZZ #k Wheat bran 11.60
WiiE# Premix" 0.45
fAh NaCl 0.45
1% Limestone 0.45
B A4S CaHCO, 0.65
EEL Chinese wildrye 40. 00
B Alfalfa 10. 00
411 Total 100. 00
K- Nutrient levels”
T4 DM 80. 00
FLEE H it CP 13.10
FPEVE R £ 4 NDF 44.13
PR kIR 4T 4k ADF 26.37
P WEEE NEL/ (MJ/kg) 5.10
5 Ca 0.53
B P 0.20

VT WIR B A A One kilogram of premix contains
the following: VA 800 000 IU, VD 3 600 000 IU, VE
4 000 IU,Cu 1 600 mg, Fe 1 200 mg, Mn 3 500 mg, Zn
8 000 mg,Se 70 mg,Co 80 mg,

VP RE AT, AR E SR . NE, is
a calculated value, and the other nutrient levels are measured

values.

% 18 Orskov 217 1 (98 1 B 7 2f o 4R
OB oA, TR AN
P=a+b(l-e),
PP Oy I 20D i R H BR B 14 S
T PR R (% ) 5 a SO RE & 3 B AR By 1 P
HREARIR 3 (% ) 5 b SR B FE b B B AR 4 1 18
BT (% ) 5¢ 2 b iRy I REfF % (% /h) 5t
SRR B N A R R (h) o
AREMF(ED) =a+bc/(k+c),

Aok Ay iapek i R R AN R . )
2520 e SO R R R AN I R N B R k=
0.031, FI| 45 K557 0[] o 52 0] 38 i 232 1 4540 (P
Flt), %A SAS 9. 1.3 NLIN F2 i % a.b.
c g™,

1.6 Zitsrr

R B8 58 1 ok H] Excel 2003 4k 35, #1|
SPSS 17. 0 Geit 43 B {1 i) one-way ANOVA #E1T
J7 22510, 25 7 0.3 15 R ] Duncan [R5 % 4 2 [1]
BT 2 R R . U T R AR S R AR
ZREE R VS EE = 223208 .

2 # X
2.1 HNARAMEFRSAE

H1% 2 nl DL Y, [A =ML 4R R, {H L NDF,
ADF S HUR R TE . BBERY NDF 5 & 5 3 4
FHAE, = WA T KR A 5 1 R ) ADF % 4
WL TR R B KR o 3 AL R DM &
AT, ¥ AE 93% Fe A s i CP & i LA W d
(6.51% ), W Btk Z (6. 48% ), T K K fir fik
(5.34% )
2.2 FEMAFARHES P DM ERERE

H1# 3 "] LIE A FRLE R E B iy DM
V2 i 23 247 it 5 5 P I ) S 4 2 A [ R B2 A 384 o
7 6 h i DM [ fiff 5 5 e 92 3 5, O TR B
FORFE AR o T TBE7E 25 A I 8] 50 ) DM
A TR B KRR o 48 h I HBERY DM
fifp A2 TR RO EOR RS (P <0.05) , =& 1k
A8 h JE A RA —E BIFEARRE T o 72 h IF 3 RO
¥l DM [ R ZF AR EF (P >0.05), W/
DM [ fiff 5 B 15 15 77 I 8] SE 4 1 T B bR,
AR 2 FRRLARDRE A b T RS AR o A M, AS TR R
TR B N DM 3l 25 R i 15 T 2 [P e AR R

5o 3 FiOHLIA L2 6] DM PR [ g 5 23 22 18] o

WEZES(P>0.05) , 18 3 [ i 5 o 5K A e &
(70. 69% ), T B (56. 14% ) K Z, F 5 &y i
(47.16% ) , B fif T A B 2 B 2 g 28 0 T 0K
(P <0.05),3 Mot fE DM A 20K i = i =
PR A (29.33% ) (R 5 (27.41% ) (&
KAk (23.39% ), Wi P& 3 /T EKFE (P <
0.05),
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Table 2 Nutrient contents of different roughages %
it H PRI FRA FH
Items Spent mushroom substrate Corn stover Chinese wildrye
T4# )i DM 92.92 93.35 93.32
HLEE 5T CP 6.48 5.34 6.51
HrpE vk IR £ 4 NDF 58. 00 77.69 64.08
PR VEVE 4T 4 ADF 47.51 39.59 39.01

®3 3IMBERMENSES P DM ERERERSY

Table 3 DM degradation rate and degradability parameter of three roughages in rumen of cows

i H

Items

L EORA

Spent mushroom substrate Corn stover

o

Chinese wildrye

[#f# % Degradation rates/%

6h 8.83 £0.49"
12 h 18.43 +0.85

24 h 31.17 £1.37*
36 h 41.26 £0.06

48 h 46.79 £1.24"°
72 h 49.48 0. 82

[%f#%2$ Degradability parameters

a -1.13 £0.42

b 56.14 £1.71°
c 0.04 +0.03"
ED 29.33 £0.15"

6.17 £1.66" 13.13 +1.61"
11.85+2.91 18.07 £2.25
21.03 £1.93° 30.37 £2.73°
32.35+3.39 37.58 £3.41
35.00 +1.30° 37.89 £1.66"
47.55 +1.24 46.50 =1.63
-0.07 £1.51 0.95 +0.46
70.69 +6. 58" 47.16 £0.64°

0.02 £0.00" 0.04 £0.01°
23.39 +0.36" 27.41 £1.73°

A1 47 B A AR AN [ 5 B3R 7R 28 5 3% (P < 0. 05) AR PR RN 2 5 A B3 (P >0.05) o a Jy PR MR 7Y, b e
WEg itk 918 73, S g T e 8 73 i Ak P A iR 1 3 ( % /) L ED D9 AT SRR AR (% ) o B K IA]

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

superscripts mean no significant difference (P >0.05). a is the fraction of immediately degraded (% ), b is the fraction of slow-

ly degraded (% ) , c is the rate of degradation of fraction of slowly degraded (% /h) , and ED is the effective degradability (% ).

The same as below.

2.3 AEMARFARHES R CP EEHAE

HiZ 4 Al LI 3 LG BHE 6 h inf Y CP
W fifp R ) R AR vy, T G R R 110 O i R Rk
30% , LM 3 BloHLIE Y CP I fifk 5 J5E i 0T 50 PR,
THACIERA AT . 72 6 A1 12 h I BRI B Y CP
WA R I 3 & T B KA (P <0.05) . 7 36 Fl
A8 h I AR 55 CP R C B T 722,72 h
I R 2 5 1) CP R fige 3 228 i F KA (P <
0.05) o A[FIHLERHESR B NI CP 3l 25 i A5 1Y
SRR AR (7], PR e i 318 7 22 1) FG i 3 22 7
(P >0.05) 1 Jae [ fif 515 70 BROBEAN 3 55 0 28 T &
KAk (P <0.05) , T [ fif 8 AR FBE (0. 16% ) B3
TR (0. 11% ) FE K FS (0. 10% ) (P <

0.05) ,3 FRLIEDRE CP A 2% i 3 g 2K
WM A5 (35. 64% ) | I B (34. 03% ) |, K
(22.81% ), H 3 5 5 BOBEAR W 25 /™ T TR AS
(P<0.05),
2.4 AEMAFARHES ) NDF [ERENE

H1%¢ 5 al LA H,3 ML eHE B i NDF
2% fiff LA it BF 1) 9 2 AR R B Rl 6 ho i 3 A
HLER KL ) NDF [ fif A< 0 AR IR, 7 & d i AR
8.75% , FHMEFAL N 6.05% , 48 h B} B # iY) NDF
IR fifp R W o T R RO RS (H 25 R OF N B 3F
(P>0.05), 3 Rl IA 4 7E 12 h 5 NDF [ 3
BE R ,48 b J5 5 SR 5 — 5 MR BE 1. 72 h
I B B A 51 NDF [ fiff R 2 35 0% T £ OK
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(P <0.05) o 3 BlrLARDRE o R i I A 5 73 AR ARAIR
FRAHENT 5 DK G bR 322 o fi o0 0 8 2 SR B O B {18
R AR gk T 3 I figp i R 2 ) TG 2 25 R (P >
0.05) ,3 FORLIARL 72 h i NDF A 2% fiff 5 1 4%
AR, i R AR KR (26, 12% ) | T B

(25.72% ) FH (23.73% ), = H K i F % &
(P>0.05), ML EAF , BEH BRI
AAE I, FLRR A A — B G212 LT, B 3 ok )
¥) NDF (¥ i fif 1 3 #R 4018

x4 IMERBEDNFEE D CPEBRREERSH

Table 4 CP degradation rate and degradability parameter of three roughages in rumen of cows

NE| LS FRA TR
Items Spent mushroom substrate Corn stover Chinese wildrye
[%fi# 2 Degradation rates/ %
6 h 28.95 £0.48" 15.60 £0.81° 24.25 x2.75"
12 h 32.16 £1.00" 20.76 £3.40° 33.71 £2.38"
24 h 35.50 =1.27" 24.05 +2.99" 38.62 +£3.06"
36 h 39.96 £5.50 25.29 £8.41 41.46 £4.56
48 h 43.48 +1.10" 28.85 +3.79" 47.20 =1.06"
72 h 45.42 +2.89" 36.34 +3.85" 49.33 +1.56"
[ fi# 2 %1 Degradability parameters
a 0.88 +0.28 1.15+£0.66 0.97 £0.40
b 40.52 +1.81° 29.68 +4.58" 44.85 +4. 66"
¢ 0.16 +0.02* 0.10 £0.02° 0.11 +0.00"
ED 34.03 £1.21° 22.81 +2.32° 35.64 +1.49°
xS 3IMBEBEDNGEE P NDF EERRERSE

Table 5 NDF degradation rate and degradability parameter of three roughages in rumen of cows
RE| R B S T Fr
Items Spent mushroom substrate Corn stover Chinese wildrye
[#fi# 3% Degradation rates/%
6 h 6.05+1.10 8.37+3.45 8.75+1.43
12 h 15.30 £1.26 12.13 £2.82 10.76 £1.57
24 h 27.48 £1.62 23.88 £5.26 25.63 £2.75
36 h 36.82 £0.04 36.85 +£4.88 30.88 £3.21
48 h 41.88 £1.83 40.14 £2.53 35.97 £0.82
72 h 44.07 £0.60° 50.19 £0. 83" 45.38 £1.30°
[t 241 Degradability parameters
a -1.79+£0.52 -0.62+1.14 0.16 +0.17
b 51.60 £2.01 64.72 £4.60 59.79 £5.39
c 0.04 +0.00 0.02 £0.01 0.02 £0.00
ED 25.72 £0.41 26.12 £1.97 23.73 £1.38

2.5 AEARHES R ADF [EfEME

HIZ% 6 W LI i, 3 FRLAR R ) ADF [ fif B
HEREMIE . 6 h IF FBERY ADF B A% T 4
FIEARASE, A 4. 7T1% , e BL A — %€ 19 T 10 4E fid
Wlo LKA 6 ~48 h[a] 3 Bl i #4HY) ADF [ fift
AL, A8 h SR BAT —E W IEARAE T . 2172 h

i 3 ML KL ADF [ fff R 05 A R B 22 571k,
PRS- 51 ADF B fif R B35 IR T EoKFE (P <
0.05) . MEFfEZHORT 3 FlOHLIERE o PR B i
TR AR AR, TN EOR A B R T (P <
0.05) , 11y =75 22 [l 9 18 32 [ fifk 500 70 40 o ik 3 o4 2
A5 J0  2#% 22 5 (P >0.05) ,3 FoRLE kL) ADF
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1371

AT R i Rl v B IRAR U KA (25.36% ) (IR
BE(24.23% ) FF 5 (21.83% ) , =K Jo b & 2= 5

F6 3MIBMBENSEE hH ADF ERERERBRSE

(P>0.05) . W] 3 FodliaPRE B+ #9 ADF F1
FEPEMIE

Table 6 ADF degradation rate and degradability parameter of three roughages in rumen of cows

RE| L B S Fr

Items Spent mushroom substrate Corn stover Chinese wildrye

[#fi# 3% Degradation rates/%

6h 4.71 £2.09 7.04 £3.42 6.82 £2.02

12 h 13.54 0. 68 11.56 £3.16 10.29 £1.09

24 h 25.91 £1.22 22.81 £5.53 23.80 £2.62

36 h 35.36 £1.04 35.13 £6.13 27.54 £3.69

48 h 39.91 +1.81 39.81 +4.13 32.70 £1.28

72 h 42.05 £0.86" 49.47 £2.07° 43.00 £1.69°

[# it 241 Degradability parameters

a -2.21 +0.77* -1.02 0. 66" 0.01 =0.28"

b 50.45 £1.94 64.86 +£3.89 61.54 +£9.91

c 0.03 £0.00 0.02 £0.01 0.02 £0.01

ED 24.23 £0.43 25.36 £2. 84 21.83 +1.27
22, 81% , W w5 T A A A% A9 — 28 {0 4 &5

3 4t it ST AR 45 T R B 25 K

3.1 HEMHNEFRS

AT A 3 FORLEE KL DM & i AR I
FHLE T A 4R R, BB CP R A X B, H
NDF 54 A X 84l #ifEH ADF &5 it T3 5
FIERAS , 33X Ul W BRBE PP 1)~ 2 2 3% 8 2 e iR
o 020 AT LA RE RS 2 55 0 G (= T &
Ko ARG b R Y CP & IR T AT AR
WFFE ™ ARLEA TG TR SR A0 85 1R 1
il BT 2 IR AR YT 0 A7 Oy SN A
ARKRKR ™.
3.2 DM 70 CP W& #4514

I AP DM R RO DM R (2 —
AR R, A FERLA R o DM R i R 3 b
B R[] 1R 2 4 5 A [ A 5 i, {EAS [] b 2
(R ARDAE S T F) e B2 AN [ o 3 FORL AR #E DML fig
RN 36 h DA Ak R BCPR, TR S K DM
iR A8 ~ 72 h [A] C T 1 2%, T 5 KA ik e 2
DR, 3l 1 BA T B 1 = 5 5 A T 3h iR
T EKF

TRk EE B B P R A SO TR
T 11 & RIZESRE TS P9 O B0 1) o AR it
TR TORFE AR CP A R 53 3 0 35. 64%

B T ATARE -5 DRI T A O 2l 3R LR R
Tk 56 B S G S, T RE S IR 5 b R
RO TRA 2 T I A B BB B CP A5 50 [ i
SRR, N 34.03% B W FH T E AR, &
Pl Lkt (4 5 R0 R A 2R 52 1) REAS B R 1Y) 3 i AR
R, RIS AT, BB RIS A B 1 CP 5
W T R OR A, LR 20 1 R i R A A8 i
SR T RO KRR RSN,
CP /K& A Al T CP iy R, 5 A ik 35 45 SR AH
—3
3.3 FEYROERTFE

J81 = b ) NDF il ADF [ i 2% 2 32 715 HL ) )
BERMEW — D FHEERE b5, 17k f NDF #1 ADF
Ak 21 B 23 52 e 21 L9 15 8 B R A 2, B DO
[R5 kLA NDF f1 ADF 795 4- 988 B W 11 A 5%
WA R A AN AR R Y . H R, 58 TRk ST 4 4 T3
TEWI I B BRI R TR A 2, 45 R &
Y NI - NS W e e PG T N R DA SR AN o & o
BRI P 1) NDF | ADF £ 5% R it 5% 35 i T AR iR 1 45
REHETRS Y mMREMERER
S ARG o 3 AL R 72 h Y NDF Al
ADF [ fift 5 T A 550 1 At 50 LL AR T, 6] 3 Fif



1372

IR 7/ B S S

25 4

3|

RLEDRL 4 21 4E 9 AR TR 1 i A AR BE ARG

4 & ®
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fifpRWBEZ LT, KFER o e g IR ) R AE 48 ~
72 h iR B R DB TP, WO 4k 8 T
P B {H

2 T ) DM FI CP 11 1 4E i) 391 L, I A
R, 5 R R, AL T Ok H 2 R B
&, B T YR AR

(3 BB NDF  ADF [ fif A< 85 A%, H IR H
W ffp R 5 R R TR RS IO % 22 5 o AN 4R
2T AESW) T 1) I A 3 o T ) ) D A (L — 2
B vy, e O 25 A A OT R R ER BUR 5

@ SERRUENT, BB B F O (ELS F BR0E,
B AlR AR B T BOKAS, AR T R A sh L
BHISEAN AT, & —F AT SE B T 2 73 SCH AR #

Bigt:

SRR T AR 2 B S A S D X AS B S A )
[F) S8 TTHK , St o ARl 2 S W R 2 e o e W 20852 LR
ST 68 SO T4 A 52 5 T L

B2 3K
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Comparison of Rumen Degradation Characteristics between Spent Mushroom
Substrate and Commonly Used Roughages for Dairy Cows

GONG Fuchen'? HAN Meilin' YANG Qiong® LI Jie* SUN Xiaohong'"
(1. Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097 , China; 2. College of
Animal Science and Technology, Northeast Agricultural University, Harbin 150030, China)

Abstract; The aim of this study was to evaluate the rumen degradation characteristics of spent mushroom sub-
strate (SMS) as a type of roughage for ruminants. Three Holstein cows with ruminal cannulas were assigned to
3 treatments in a 3 x 3 Latin square design, and the rumen degradation rates of dry matter (DM) , crude pro-
tein (CP) , neutral detergent fiber (NDF) and acid detergent fiber ( ADF) of Chinese wildrye (CW ), corn
stover (CS) and SMS were measured using nylon bag method. The culture time of roughages in the rumen
was 0, 6, 12, 24, 36, 48 and 72 h, respectively. The results showed that there were no differences in DM
degradation rate among roughages at 72 h, the effective degradability (ED) of DM ranked in the following or-
der: SMS (29.33% ) >CW (27.41% ) >CS (23.39% ), and the ED of SMS and CW was significantly
higher than that of CS (P <0.05). Both the CP degradation rate at 72 h and the ED of CP ranked in the fol-
lowing order; CW >SMS > CS, and the CP degradation rate of CW and SMS was significantly higher than that
of CS (P <0.05). There was a significant difference in NDF degradation rate at 72 h between CS and other
treatments ( P < 0. 05). The ED of NDF in treatments was low, ranked in the following order: CS
(26.12% ) >SMS (25.72% ) >CW (23.73% ), and there was no significant difference among three treat-
ments (P >0.05). The trend and difference of ADF degradability in treatments were similar to those of NDF,
and the ED of ADF ranked in the following order; CS( 25.36% ) >SMS (24.23% ) >CW (21.83% ). In
conclusion, seeing from the rumen degradation characteristics of roughages, in this experiment the feeding val-
ue of SMS is equivalent with that of CW, but better than that of CS. It is concluded that SMS has a high po-
tential as a new non-conventional feed resource for ruminants. [ Chinese Journal of Animal Nutrition, 2013,
25(6) :1366-1374 ]

Key words: spent mushroom substrate; roughage; nylon bag method; rumen degradation characteristics
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