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B, B R A AR IR B R e mERL
F S A —> n] 52 A9 BEIS AR I . 4 1] 5 (8] B9 4 5
EONANALE IS R S M N Wl L N LTI Dt 4
Tl IR AR, S 2 A e S P IR B A i, 3 AT LA
T BUAC A 7 4 R 4R S H AR S8, M £ B 5 7™
mh A RN PO SN TR, fie R F
b SR ik vk ) R S R e 2 S B A Al B Y
T+,

1 #MHR5FZE
1.1 iRIe A4y

AR URIAEI « B 2 57 B WATHE &
FHe AR R A BN R YT 2013 4 8
HAECE NS I T 2% S, #0043 1 TR A
FR 4R B RE A TP 45 B 500 g 7E 105 C 41 T T4
6 h,SRG M EHLI B, PRl i 40 H i, & F T
A 5 PR RS SR LR 1,
1.2 BEREENY

A EEEERE 3 H 1.5 8% (KH (35+1.3) kg,

ft e H 2 A T AT 9 B I AR 4R AR T
WA HE AR 48 F AR i 2 BN 52 B
16 DX Hl 7 B 1 4 B 1A SR AR ) (DB15/T 30—
92) . MMM . HF T H 65.00%, EK 21.17%, /)
HER5.25% , G M 7.00% , B A5 0.87% , B
0.36% , TR EL 0.35% ., FH K. T (DM)
85.81%, 1t 1§t i 10.33 MI/kg, Bl & 1 & ( CP)
11.19% . fRRE A 4E+E 55 20y 1.2 £5, KM LL
30 :70, HAAME 2 ¥ (08:30 F116:00) , A kK,
AL
1.3 iKWigit

TR T LU B3 9 45 %1 ( grading index , GI)
F1pe] HE A X 4] MR A L ( relative feeding value , RFV)
DELA R EAE TR R R JRER S
Fivial B 0 A5t 138 Bl el B4 Ak B GT fc K
A5 BUA AR A B ) 26 i 3 1 20 FROLALAE A
M 20 Fli B2 2 4 b 255 1 B G VA HLY)
(RGNS (in vitro digestibility organic matter V-
DOM) (185 KAk S H BUA 1 fe /MK 15 HH B2 6 Fi
TR A LR 2,

R1 SHAEEFRES (THWRERM)

Table 1 Nutrient components of 5 kinds of forage grass (DM basis) %
W H T HLEE F 5 R i PR TRETE IRVEVE VR T 4E
Items DM CP EE NDF ADF
B Alfalfa 90.00 17.10 2.30 40.50 31.50
YOHTHE Astragalus adsurgens 88.00 13.20 2.20 44..90 34.30
EFFE Gaodan grass 88.00 7.00 2.30 57.20 35.50
JRFE B Chinese pennisetum 85.00 6.50 1.30 64.60 46.80
M2 W Ryegrass 90.00 9.00 3.00 58.50 34.20

%2 RARSAA
Table 2 Combination of mixed forage grass %

i H A B 4 c4l D4 E4H F 4
Items Group A Group B Group C Group D Group E Group F
E 15 Alfalfa 40 40 60 40 30 30
VHATHE Astragalus adsurgens 40 40 40 50 50
¥ Gaodan grass 40 20
L Chinese pennisetum 20 20
A5 ¥ Ryegrass 20 20
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AU 6 FliR B, AT IR AN K e, 4%
BIBURE 0.2 g FEATIRSL 3.6.9.12 .18 Fl 24 h B53%
Xt pH .24 h 2= 17 ( gas production, GP) f#4=
¥)#E 11 ( microbial protein, MCP) & & 4 & 1 Ig 5
fi? ( volatile fatty acid, VFA) 7% i . IVDOM %55 8 Fx
HEATINE 308 3 Jr I 19 38 bR 55t MFAEIL #E47
ZEGVERE e 2 P s A
1.4 ZHEHF

FRIE Mauricio 25" ) J5 ¥ e i 2% vh i, 2% o
WALHE 5 H 57 Tl T RV W Ok R R 2 v L
TGV 6 s 700V VR RN R A
1.5 LB

JRFIFT2 h 3 FUEEFRRE N E b T3
SR AR R U, VE TR 39 COf HLlE A
—E 1 CO, ML, 37 B 3™ 1 s 5 (e
SR 3 RS AL E, AR R Co, 5
E| 39 CHIZEMPE W LA 1:2 B9 HL IR &, TS Fi
0 0.2 g HEALAr B BI3E 5248 (™ 100 mL 355 4%)
t IRGEHORE 30 mL R AR R B R FR A D HES B
FRE NI 2 3, B TR L E ), 10 SRR R 20 i
U ERI Y S T2EZ7 N IPA R GR - E S

RIS 1 A2 AL, BRI Y TR &, A Fi
HERE I8AER , FREUE 3 N EFRE, 40
ER IR TR )G 3.6.9.12 18 I 24 h HUkE, R lEL
R HR T B R A K R &k R R BRI
15 mL, /051351 3 2 5 mL 08, %%
A, T pH MCP & & | VFA & & MIE ., ¥ 3
MNREEL LG R B ug GEl M T RR RS
AT AR T St 2= e, T E 1v-
DOM,

1.6 MEIEHRSSHHE
1.6.1 pH myE

SRV W 25 B RS BE pH R BE T, 40 i D
3.6.9.12 18 #1124 h (Y pH, I & B ¥a B 3 Wil &
SEIR BT
1.6.2 GP [WilsE

JCSEHEFE 3.6.9.12 .18 F1 24 h RS T4 4%
TG WAL B (mL)

LI ] A5 AR GP =1 B i 1] N AR 110

R GP. iz B a2 IR 2 GP,
1.6.3 MCP &= 1l &

MCP 7t I 2 >R FH B R 2 11 J5 0 15 ok FH 2

Bk, B8 Wang 1 D H B A ZTHRS

KR CP =iy,
1.6.4 VFEA &+ Ay E
% B Khorasani 25 SR €0 18 1Y 77 15 I A€
TVFA &2 LM AR T IR & ZH
1.6.5 IVDOM HysE
Wk BEZE S5 AR B W ak uE Ve T AR
Ja SR IE A D fE bt e
1.7 BAREERFHARNNITE
BT A RN F5 80 ( SFAEL, % ) =
(SEIE - P (E ) /3 {E X100,
b S E R S BRI R A AE  BRIS = 1
T SEIE AR A T BE B (% ) + 48] B T S i) {7 x fid] 2
AL (%) .
MFAEI =SFAEI 2 fil ( GP+MCP+VFA+IVDOM) ,
1.8 HiELE
BOHE ) w39 A B SR FH Excel 2007 #CH:, 3k
KBRS0 R SAS 9.0 G844 b i) ANOVA
HEATIME 10 J7 25 53 BT, 45 S 7R Ry F {8 £ b U
#,P<0.05 NZEFBH

2 BER55H
21 FBAFEHEEMNELEE 24 h ) pH T

24 h NASEE) 5 pH 224 2B (R 3) ,6 Fh4l
A B SRS & L R R pH B2 TR A
ZHAN B A YT R B i ol P22, H % 24 h %) pH
EZF R (P<0.05) , B EFET D 4 (P<0.05),
D 4019 pH T [ B ek,
22 BANEHEGEIIMEZE24h N GP T

24 h P45 E] A5 GP YR LRI (£ 4) ,B 4
)24 h 2R GP e, W& m T HMA A (P<
0.05) , R E A D4, AHTER 12 h I GP
HOMAEZE,12 h Je FF R e 3, D A& M 9 h
J5 GP R RHEE I mtk, C 41 . E M F 41
24 hN B2 GP 2R A3 (P>0.05)
23 BHARNEHAEGEIINZE24 h J MCP 22
T

24 h N 45 A &S MCP &% & A8 (b 2 B (%
5),B 41f% 24 h MCP & &t It & 5 T HAh & 41 (P<
0.05) ,E /Y 24 h MCP &5/, A 2HH1 C 41y
24 h MCP B ¥ T D4 F4(P<0.05),/H
A AN C#HzZME D HH F4HZEAY 24 h MCP &
WESARE(P>0.05),
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Table 3 The change of pH in 24 hours of 6 kinds of mixed forage grass

=] i FRHFA] Culture time/h

Items 3 6 9 12 18 24

A 4 Group A 6.43+0.20 6.42+0.23 6.39+0.23 5.89+0.31 5.86+0.31 5.75+0.10"
B 4 Group B 6.45+£0.27 6.31+0.33 6.09+0.19 6.04+0.23 5.90+0.31 5.86+0.27"
C 21 Group C 6.51+0.22 6.42+0.31 6.27+0.26 5.97+0.27 5.64+0.17 5.68+0.25"
D 41 Group D 6.44+0.24 6.07+0.04 6.04+0.16 5.92+0.49 5.68+0.14 5.63+0.62°
E 24 Group E 6.43+0.06 6.14+0.29 5.80+0.06 5.74+0.08 5.72+0.24 5.70+0.17"
F 2 Group F 6.51+0.04 5.97+0.27 5.83x0.22 5.79+0.06 5.74+0.40 5.68+0.31"

[vi) 5 54l T A T - BE AL ) 7 B R R 25 5N .3 (P>0.05) , RIV/NE FRER IR 262 55 0 3 (P<0.05) , R4 FERT

[EJO

In the same column, values with no or the same letter superscripts mean no significant difference ( P>0.05), while with

differences small letter superscripts mean no significant difference ( P<0.05). The same as Table 4 to Table 7.

x4 6 HREAE24h A GP T

Table 4 The change of gas production in 24 hours of 6 kinds of mixed forage grass

mL

=] i FRHFA] Culture time/h
Items 3 6 9 12 18 24
A #H Group A 45.74+0.07 57.15+0.37 70.98+0.07 115.15£0.03  160.95+0.19 188.73+0.02"
B 4 Group B 56.53+0.18 66.40+0.15  103.77+0.49 148.81+0.46  171.36+0.43 192.30+0.13*
C 241 Group C 39.20+0.38 61.09+0.57 87.00+0.06 122.01£0.22  153.59+0.40 179.30+0.46"
D 41 Group D 41.81+0.38 65.34+0.19  108.48+0.19 151.54+£0.03  165.08+0.23 184.34+0.27¢
E 41 Group E 43.43+0.37 83.95+0.19 96.70+0.22 116.95+0.38  153.54+0.19 178.34+0.33¢
F 2§ Group F 41.83+0.38 70.13+£0.25 98.02+0.52 118.93+0.30  159.29+0.31 179.02+0.35°
®5 6HARAEE24h I MCP ZEE

Table 5 The change of MCP content in 24 hours of 6 kinds of mixed forage grass mg/mL
WH B2 FE I} E] Culture time/h
Items 3 6 9 12 18 24
A 4 Group A 107.16£0.05  159.14+0.29  166.64+0.23  178.69+0.58  202.27+0.12 223.00+0.58"
B 41 Group B 136.49+0.40  113.46+0.32  168.89+0.01  218.36+0.46  225.61+0.12 235.06+0.59"
C 2 Group C 127.07+0.31 123.54+0.06  189.90+0.13  233.79+0.05  229.41+0.27 223.07+0.02°
D 4 Group D 111.15+£0.07  157.27+0.21 172.93£0.84  182.81+0.10  199.60+0.10 214.19+0.02°
E 4 Group E 104.35+0.20  125.92+0.10  159.05%x1.16  186.75+0.27  202.19+0.18 208.98+0.18°
F 2§ Group F 94.92+0.35  115.47+0.09  164.95+0.19  193.73£0.06  200.25%0.15 215.28+0.07°

24 HRAWEHEEKINLRE24 h A VFA S =

T

24 h 4% B [6) 5 VFA 19 & A8 fb 20 (%
6),3~9 h H4* VFA & &H546 — 1218
FH#a## 9~12 h VFA & & &2 BT, 12 h 5

A 41 VFA & & FTHF22 B 200 H B 2% 18 T

R D 4 . E 41 .F AERIN A2 18 h J5 1

WM TR, 24 h i VFA S0 B AW
VFA & & e, F AL, S dl z m 3255 53
(P<0.05),
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Table 6 The change of VFA content in 24 hours of 6 kinds of mixed forages grass mmol/L

=] i FRHFA] Culture time/h

Items 3 6 9 12 18 24

A 4 Group A 34.46+0.10 40.06+0.10 45.36+0.16 59.23+£0.13 59.25x0.05 59.52+0.13°
B 21 Group B 36.08+0.16 49.74+0.16 52.17+0.17 62.70+0.24 61.61+0.24 61.50+0.24"
C 21 Group C 34.89+0.09 42.55+0.03 47.50+0.10 60.90+0.23 59.96+0.12 60.58+0.21"
D 41 Group D 34.12+0.15 44.85+0.17 48.39+0.02 56.42+0.20 56.83+0.23 56.73+0.16°
E 24 Group E 32.61+0.13 40.17+0.21 41.62+0.27 50.43+0.03 51.61+0.13 51.32+0.08°
F 2 Group F 32.14+0.18 39.49+0.16 41.34+0.21 50.14+0.06 50.95+0.17 50.70+0.10"

25 HRARMEBEASMEIMEZE24 h B IVDOM  THEHEIFER NS ,24 h I B 41149 IVDOM i 3
T mTCH . DA .EH(P<0.05);C4H. D4 EH

24 h NI S IVDOM BRI (£ 7) .4 Z [ IVDOM 2 5 A 8 3% (P>0.05) ,{HJ& B #
HAEAE0~12 h § IVDOM 2 7,12 h 5 KT A4 B4 (P<0.05),

*7 6EREIIE 24 h § IVDOM Tk
Table 7 The change of IVDOM in 24 hours of 6 kinds of mixed forages grass

i H ¥ FE ] Culture time/h

Items 3 6 9 12 18 24

A % Group A 27.07£0.15  31.73+£0.36  35.61%0.38  37.91+0.33  38.20+0.25 39.12+0.19*

B 41 Group B 26.91+0.31  33.44+0.44  36.25%0.58  37.00x0.15  37.45+0.20 38.34+0.44%
C 41 Group C 25.71£0.20  32.56+0.13  34.32+0.36  37.15+0.18  37.20+0.35 37.22+0.33°
D #H Group D 26.64+0.57  32.22+0.07  34.91%0.25  36.12+0.38  36.24+0.42 36.99+0.06°

E 41 Group E 25.46£0.33  35.26£0.58  35.36+0.44  36.02£0.44  36.25£0.01 36.58+0.69°

F 41 Group F 26.73£0.15  30.44+0.38  33.95+0.18  37.22+0.44  37.28+0.30 38.04+0.10™
26 BREREHSMMNE 4 40:40:20 ( MFAEI :1.13) F1 B 40 1 5 - YD AT HE

A 5 B R LA R L R A, @t &SRR 40:40:20 (MFAEL 11.21) X 2 45 %L
7€ GP MCP VFA IVDOM JL/NR 2 R4l SFAEI  NAH#E K, 1 E 48 % VP FTHE 5 P 30:50:20
15ty MFAEI, F LAV E £ ) 21 A 8] 1 4 A 3800 ( MFAEI :0.7) fi /[N, MFAEI M & 2% i HE 5 15K
M8 LR ol LLE th, A B m ¥ &4 K& B 41>A 4>C 41>D 41>F 4>E 41,
TIEAARN, THD A HEE TR RE S
*®8 6ARAWEHAAYMITN

Table 8 The evaluation of associate effects of 6 kinds of mixed forages grass

WiH A B 4 CH D 4 E 4 F4
Items Group A Group B Group C Group D Group E Group F
P2 3 0N FE KL SFAEL

FES i GP 0.10 0.11 0.05 0.08 0.04 0.05
H YRS 7% IVDOM 0.20 0.11 0.08 0.07 0.07 0.10
MAYEE MCP 0.61 0.69 0.66 0.53 0.51 0.60
R VERRITR VFA 0.22 0.30 0.26 0.19 0.08 0.07

Z I RN 456 8 5 MFAEL 1.13 1.21 1.05 0.87 0.70 0.82
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RIS 1 S
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HERE WA AR 0, AR
& WA P RE AR AR KRR B I a2 B ML ) AE Hom
o il T ) ORI R BE L RS 1 R TRE AT L XE LA
Bl H At 3h 4 0 Ak W B £F 4k 43 i R T R Y
VFA, Jf- Al Fl H1E 85 A& (NPN) $ 4% il b /5 22 56
iz £ B MCP, [R] ] 34 B % F) & 1 7= ) 6 1 45 ol
XL A 25 1Y B & 4k A 2, DT $2 = LT A 5
fb%,

o E pH — & R L REAS I ORI P & TR
0, ek e A IR AR 2 5 i IR TR ) v 2T AR ) I Y
EFHAL, KEFEEN, R 231 S pH — i
6.0~7.0, WA MIFFREE K E, L4t 24 h
RN R B, A 41F B 41/ pH B 53T 6.0, FEiX
PR T 988 B v K 2 4l B A AE B0 T 3l I % ]
KRS IVDOM 58 i, W 4EZE T pH B T %,
UL A R B B AT i Re A 224,

T R T A R R A L R T
AEYTEE K, GP ol . AR I 5T 45 R 3R
Bl B 41 GP e K, H & 2 = T HAh & 41, J5 H AT fig
EBHERYRFEE, EORE =S, WoKALS
Yy e CP VE MY 2 T i 32 22 7= SR IR o, B
F2 5 W 45 SIS WA IR A0 85 35 i) 1 7 ROR IR 1
UL GP A &R0 T E Fe bk, B M A 4
() GP 414 80N e df-

MCP J&: 2 2 sl ) fie 32 22 10 ROUR A6 B 3, RE 42
BB AT ER 40% ~80% , Hid s B4 fh s
FEY LR L K AL AW dE A R I T
RREREITRS, R s K B2 E R
Yy R e IR (B, MCP 5[] 422 i Sz e 35 37
AT AR R, GP i (9 2 T k) 2
& rfn] I FH R RN BR 2K AR B B R B T MCP
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AW E SRR, RAHE H L Akk %
JEA ] RBAS B4 R WA 1 45
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F 3 0 4 2 1) R v 1 2 R It 1 o, LA A
FIFHZER] AR 5 12% , A3 90K 8 11 0T & & 5 1Y
R 5 BE R A R AR E AT — 3 H

S e e i S 1 < e = O NI et
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Fh 4 RE G R A Y s ik pe e S A AR
FEY T AR AR AR SR AR 2 T I AR O
FEA R A AN X —E5 85 Liu % 10
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K A Ao RAE RS ) 2 A & 30,
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16, B T R SOCR | 3R B MFAEL ] AR 4 b 5 1k
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- R o A N TS e s g vd
Biok2 9 VRRR K Kk RY T B N RISV €7 =g R R 236
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Y4 A N RE Ml IR 4 A0 o B

4 4 it

AR F AR S1 & B2 | 51 #F MFAEL X 6 F
Y A HEE T B A A RN AT 2R A TR, AT
SR HRER , B 2N 6 B B Oy AR A 2 A
WA A UM E TS VD ATRE R B 7 = 40:40:20,
WA NN LEEEECN 1.13;B AN E T VT
WE: R PF 5D = 40:40:20, 4H A MR L B 185U H
1.21,
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Research of Associative Effects of Alfalfa, Astragalus adsurgens,
Gaodan Grass, Chinese Pennisetum and Ryegrass

WANG Zhijun'* GE Gentu' GAO Jing® CHAO Lumengqigige”
WANG Xiaoguang® JIA Yushan'®
(1. College of Ecology and Environmental Science, Inner Mongolia Agricultural University ,
Hohhot 010019, China; 2. Inner Mongolia Autonomous Region Grassland and Planning Institute ,
Hohhot 010051, China; 3. College of Animal Science, Inner Mongolia Agricultural University
Hohhot 010019, China; 4. Inner Mongolia Prataculture Research Center, Chinese Academy of
Sciences, Hohhot 010031, China)

Abstract; This paper aimed to study the associative effects of Alfalfa, Astragalus adsurgens, Gaodan grass,
Chinese pennisetum and ryegrass. Introduced the combination of multiple-factors associative effects index
(MFAEI) and feeding experiment, using two kinds of legume forage with alfalfa, Astragalus adsurgens and
three kinds of grasses with Sudan grass, Chinese pennisetum and ryegrass as raw materials by the method of in
vitro fermentation, tested the pH, gas production, microbial protein, volatile fatty acid, in vitro digestibility
organic matter indexes determination of 3 repetitions, by the means of the MFAEI to design selection and the
optimized combination. Through the test contrast analysis, with reasonable collocation of the roughage and the
complementary between nutrients, the level of whole fermentation could significantly improve. The results
showed that the MFAETI of six kinds of forage from high to low in turn was: group B>group C>group A>group
D>group F>group E. According to the theory of MFAEI, two optimal combination from six kinds of forage
combination is; group A, alfalfa :Astragalus adsurgens :Chinese pennisetum=40:40:20, the MFAEI is 1.13;
group B, alfalfa :Astragalus adsurgens :Sudan grass=40:40:20, the MFAEI is 1.21.[ Chinese Journal of Ani-
mal Nutrition, 2015, 27(11) :3628-3635 ]

Key words: roughages;in vitro fermentation ; associative effects; MFAEI
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