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HEFTE 48 h )5 FEFRWAH TVFA WEE C, Al C, WEMRT Cs M1 G (P<C0.05), ZE b, R KT IHIR SN L BE GP,
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An in vitro study of fermentation properties of four high-quality forages and their

mixtures treated with rumen fluid from beef cattle in northwest China
ZHANG Xia, LI Miao-shan, ZHOU En-guang, WANG Hu-cheng~
State Key Laboratory of Grassland Agro-ecosystems, Key Laboratory of Grassland Livestock Industry Innovation, Ministry of

Agriculture and Rural Affairs, College of Pastoral Agriculture Science and Technology, Lanzhou University , Lanzhou 730020,
China

Abstract: The aim of this study was to investigate the fermentation performance and combination effect of high-
quality forages treated with beef cattle rumen fluid in vitro. The four forages studied were packaged silage of
maize, oat and alfalfa, and alfalfa hay. The feeds were sourced from the Loess Plateau region. Seven mixtures

of the four forages were also tested: C,(50% maize silage+50% oat silage) , C,(50% maize silage+50% alfal-
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fa silage), C;(80% maize silage+20% alfalfa hay), C,(50% oat silage+50% alfalfa hay), C; (70% maize si-
lage+10% oat silage+20% alfalfa silage), Cs(65% maize silage+15% oat silage+25% alfalfa silage) and C;
(50% maize silage +20% oat silage+30% alfalfa silage). It was found that; at each time point, the gas pro-
duction (GP) was highest for maize silage and lowest for alfalfa silage, among the four forages tested singly
(P<C0.05). For the seven mixtures, the highest and lowest GP was from C; and C, , respectively (P<Z0. 05).
Gas production was partitioned into a rapid degradation component (a), a slow degradation component (b),
and a gas production rate constant (c). Among the four single feeds, maize silage had the highest value of a,
while alfalfa hay had the highest value of ¢, and values differed significantly (P<Z0. 05) between the four single
feeds for both a and c. Among the seven feed mixtures, the highest values of a and ¢ occurred in mixture C,,
while values of ¢, and potential gas production (a+b) were higher (P<C0. 05) in mixture C;, than in the other
mixtures. Among the four single feeds, the highest dry matter digestibility (DMD) after 48 h was for maize si-
lage, and there were also significant differences among the other three forages (P<C0. 05); the pH values dif-
fered among the four feeds (P<C0. 05), and ranged from 6. 27 to 6. 72; while the NH;-N concentration was the
highest in oat silage (P<C0.05). For the seven feed mixtures, the DMD of C; was lower than C; and C;, (P<<
0.05); the pH values ranged from 6. 40 to 6. 69, and the pH value of C; was significantly lower than that of the
other six feed mixtures (P<C0. 05); The NH;-N concentration of C, and C, was higher than that of the other
five feed mixtures (P<Z0.05). Among the four single forages, the total volatile fatty acids (TVFA) alfalfa si-
lage and hay were significantly lower than for maize and oat silage (P<Z0.05). Among the feed mixtures, the
TVFA concentrations of C, and C, were significantly lower than those of C; and C; (P<<0. 05). In conclusion,
the GP, DMD, TVFA and acetic acid production from maize silage was the highest, while the lowest GP oc-
curred in alfalfa silage. For the seven feed mixtures positive associative effects were detected, and according to
the ‘MAFEI’ index, these effects ranked C,>C,>C;>C, >C; >C; >C;.

Key words: beef cattle; corn silage; oat silage; alfalfa silage; combination effect

VTR FRIE 52 2 52 7 Bl & R i, 40 Y0 ~ 80 Yo BRIk FH T 2 24 2l i b v, 243 465 1 S Bl W R
HWAEEEREFRYERD Y, R HE Medicago sativa) I3 (Avena sativa) A JH E XK (Zea mays) 20L&
o) B R AR R M A B i R B VA AR DX A ) AR Y SR R O 2 2 B W R T Y R )
A5 RIS 5873 AL o 1) B (oK (A VB S T A AR S R BT IR R AT B T g R P & L e A AR R LR
FGEUR ) AN [R) ) R 09 25 ok BICE E A B2 2 Sl W A DY B B R T A n s 3R TR AR 1) 2 P L b IXC ] B R S BRI
FH AR HE B B 0 = 2O e . SR UG JSREL S AE R X6 17 35 A7 7 A R R i 11, PRI el B 4 e R P 5 4 s 0 5T X
DG SRR D RE B R A9 T2 T . H AP RN IR U 09 32 205 R G A N s AR R AR A i AR SR
B R TR PR FG O 1 TR 8 L 2 0% DR B 32 D T O S DR A SR AN i dE L i B RS Rk
WA EARFEF FEH (Oryza sativa)  ERFEFF I 5RBHG A5 8800 25 R R W] 60 % ERFEFF 400 Fi 5 .24 %
FARFEFF+H16 X0 H +60 20 ERFEFFFIN.9. 6 20 ERFEFF+6. 4 0T+ 24 % FKRFEFHF I+ 60 70 4 8y e fh
LA K A B 25T B A RRORE R BL X e L SR T AR A i T 1 5 e 5 R 2 W v R L AR X e VL B SR RS R B
3 B R 5 PN R 5 SR R R AR R TR O ek EORE I 584 & (Arachis hypogaea) FIZE R (Leymus
chinensis) [l AL G RN , 45 R R 20k ERFT S AL WHIH 70 30 WA G SR ERTFE — LS —F 5
Fe il 56 = 24 = 20 WYALG HA B R LA RO 5 5K 75 RS S X R 5 5 Z20KOF B4 1R A0 8 IR Ah & W41 G %00 1) 3%
IRAFST , 25 R R ARE RS B S BN 4020 ~60 %6 ; 2R WF SO SHASME TN T OKFEFE L& FE M F KA FFE 5 I
T2 G RN I BE ST, 45 R B FOK TS FF AR R 5 E L B 60 ¢ 40, FOKFE AR 48 70 L R OK TS AF B DR 35
BOEL B R 12 ¢ 8 = 80 NI A s da IR AR X /INFE (Triticum aestivwm) FE AT 5 A BERUR B K40 & B 41 & 5% 0
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WF 5 2 W /N2 R FE S5 R BRI B Be DL 4 A 2 75 ¢ 255 9 XA G IR 7K L2 e e RS 9045 3 L YD M0 (Salia cheilo-
phila) R (Boehmeria nivea) 55 WA SN B & B Fe Mk AL M ERF R HGE R 2 2806 DL 0Foe ik e, i
NI Y 32 B v e R AR SR T e T i o G P RS LA LS RS AR R ARDRE L AN TR R EE DL B — 6 R T 590 A B
FIFRMAA ., (ALLEK L ERE AT T TR 4 At R EDRL A8 RS B RS A B i R L
REMITHGE . AL A5k FH B v R e B VA AR D T A EOK e L BT I R T T RO
ARE B AR S0 7 S P B — ) R R AN TR 2045 00 1R 2R 90 1 R P BB S 2 5 00« B A DR B 5 X LR A o ]
8 ) FH A (8 % G B4 T ABORT 28 8 5, S TE B 64T PR 2R HORE rPoRL )k 425 T B SR 5000 R B AL Rl 2 AR 40
1 #MR5RHE
1.1 X

TG T FH ] B ROK VY AE (R LTI B0 R RAE B AT BRA B L ERE TR DLRAA B  A RS
I Hh 37 GH S B A4 SR A 0 EE AR 2 R T HLUR T R A 1 B T ) R B L & VR B A2 A o AT 5 R AR R
I R B SR IR 1 TR,

x1 AEEFES
Table 1 Nutrients of 4 kinds of forage (F#J i E#li dry matter basis, %)

Ui H Item EKFHN Corn silage  #EHEFI Oat silage  HIEH N Alfalfa silage H 75 T ¥ Alfalfa hay
F#) % Dry matter (DM) 93. 83 95. 04 94.70 94.57
HLEE H F Crude protein (CP) 8. 20 8.51 16. 66 13. 04
HLIE W Ether extract (EE) 1.74 3.36 2.35 1.29
KUK Ash 7.72 7.54 16.47 7.71
o ME PR T 4T 4k Neutral detergent fibers (NDF) 47.57 52.43 46. 75 49. 87
TR PEPE A7 2 Acid detergent fiber (ADF) 27.11 30.92 36.77 38.79

1.2 &K%&it

KRR T E R BT K 4 PR R R T RA R 7 MARFR IS A G 1(50% ERFI+50%
HEFI.COHOHE 260U EXREFI+50% HAETFEL.C)HE 380U ERHFI+20% EH TH.CH . HE 4
5OV MEALZFW+HE50%EHE TH,CO A S5(TON AT H10%MEFN 200 HREFN,C) HE 6(65% %
KA +H15 U MR T 25 U EREFI.CoH VA 7(G0% T RFI 20 % HEHFF30 U HHEHI,CH . 3
B 11 R BRI .
1.3 XIEABE R RERDY

I T 2017 4F 9 HAEH M A EVE T H R N R4 FRFE AT, I 3 S @R R A4F . (K FE 29 600 kg AP
IR IR AR 08 B R AR B, I 0 [ IR A e R A R L DR B NI O TR AT I . 2R G AR (total
mixed rations, TMR) H @M 2 (B F 7.30 F1F 4 16:00) . 2R &5 A koK,
1.4 RSN R B

A K& IR 2 B Menke SFU R AT . AERARTHT TR BOR A4 CREL I A1164K) 28 1 i R 4R
3 HAA R Bt 1 L BB A TR CO, W% 245 T PR IR 39 "CIRPAR I s 80 % . BBV B IS 4 2
oA e AR P R 5N TR LUARE 1 23R 4,39 CHEE. M@ A LR CO, . SR ATHRE®R. KRG
FHE T 39 CREBEFESR LARWBEHE, [FIEHE A CO, A0l (Rl AJEHD) , EEW RS N LA, R FRE,
TEW T DL B APl A CO, #PR R, MER AR5 4Rk 0. 4000 ¢ T2 A 10 g 2247 B ER Y JE Je 42 (0. 048
mm) WL B JE B 100 mL Z0 3 338 0 55 25 0 o 40 mL IR A RO A SRS 2%, B HESS T (39. 0+
0.5) CIKIBFIRELL LT 48 h, BAHE 3 NEE ;A —HER I E 3 P25 FIX R,
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1.5 MEIARETG &
1.5.1 7R &K% T IAERRFE 3.6.9.12.,24.,36 .48 hic st AR ST 2516 ZEMO A B OB DL A
£ B 8] &5 ) 72 S (gas productions GP), & AR
FEEFE A GP=1% BB A & GP—iZ BB A 25 (1 AE GP
G Orskov ZE By F= SRR B 4 FIRE LR 3.6.9.12.24.36.,48 h B 7= S AR A T8 B 4340 7R

1=}

o,
GP=a+b(—exp )
A GPL o W E A (mL » g ) sa, BREEFEME 73 77 A (mL » g ') s b, M REAF AR 43 77 < it (mL - g D sc,
PERHEAES b D sat b IR (mL - g )
1.5.2 TR IEKE (dry matter disappearance, DMD) RS 48 h AFEES R )G, N B X Kk p &1k &
T g 5 0T PR 8 09 € e A FH Z8 8K vl e B0k L 28 T, SRR 6 e Je A /I 0 JE B Y 56 % BIHE AR L 105 °C 4t
24 h ZEE IR TYIOHRE.
TR W) B 2 28 = [REA T W ot i — W AL 5 0 T4 BT 6 1 X100 U6 /REA T4 ot
1.5.3 {RAMREESHL 557 48 hJa 1 SX-620 B R B 11 22 15 52 WK pH (H s SR 2R 1 — IR SR A1 b €8 3
E S A (NH-N) B BARFE P 2 B A5 1 07 356 5 8 R PERR TR (volatile fatty acid, VFA) R 2 IRA= e
W 7 T Agilent-6890 A A €5 15 S 5
1.5.4 HAERNIEEAITE Z B B il B Y 7 15 119848 A Y BA T2 & S50 48 B (single factors asso-
ciative effects index, SFAED) 5 £ & %W F58 50 (multiply factors associative effects index, MFAED) , EL{& /%y
AWF -
SFAEI= (45 J5 2 MAE — I AU Al S8 / A A 3548
MFAEI= > #5214 300 i

2P A A SR = Kb TRk 1 2 B 00 R A X T o B 8] - 53— b Rk 1 52 B 0 R < BT o B
1.6 2 HE5H

s 4 Excel 2010 1254035 L i F SPSS 20. 0 B (9 — M 2k MR AL 7R 47 0 22 40 M, 43 5%k 4 B e — gl
7 P2 A DR EAT Duncan [G 20 8 M3 HTAR Pk A S 800 TH R 7 5K 1 7= K3 1 2 280 45 R P ¥ £
PRAETR "R, DL P<<0. 05 1y 25 57 0 25 1k 0 b 1
2 ERESW

2.1 WA FE A E RN K T AR

Wi 15 5 B5F ) 0 A A, 45 2 7 AR R b T, v R A G R TR AR (3R 2) . 4 BB — L AR A5 B JE] A5 Y
GP EKF W e . B &I M (P<<0.05) ., Hd 48 h ) GP. Kk HF N L H A 3 A5l M T 29, 1590 Gl &
.66, 17 % CEAE B A 38. 0426 CHAE T8, 7 Fal & 745 B ] s 77 RE SN . Gy 19 GP fe i C, Jefli(P<<
0.05), Hrf Cy HHABAS A G40 M4 T 24, 07 % (C,) .30, 12%(C,) 139, 08 % (C,) .12, 81% (C5) .22, 57 % (Cy)
M1 25.52% (Cr) o HH A 41 A [0 IR A7 7E 8 35 25 5% (P<<0. 05) .

A Fofr B — Ak Fr) P OB A 3 40 7 R R E PR R K R ORI R I A E I CE TR T R,
HAFAE 35 25 5 (P<T0. 05) (R 3) 5 P at B A 35 49 7 A< it R AR R R B0 0 o BRI (—9.47 mL » g~ DAl
HAE THC0.0400 « h ) Feidr, 5 H A B —faDRHAE 7R 1 35 1 22 5 (P<C0. 05) . 7 Flv2H & v iyl 3 g fige 348 4 7 /<0 2t
=S R BILL C, T 98 —17.56 mL « g "1 0.07 % « h s 18 S B A 0 20 7= AR RN AR 7 R R
PLCy . 2031k 167,69 F1 165.00 mL » g ', W T HABA & (P<<0.05),

2.2 WRAFELENFIKRSEF AR A8 h 49 DMD 5 & B A 3¢

RO B 48 h J5 .4 Bl —faDkk v E KR 00 T2 31 2 %8 (DMD) fi 5 (81. 73 %0) - fi 2 5 T30 Ath 3 ke 1)

BHP<C0.05) s WA pH AT 6. 27~6. 72, E H I pH e, HA45 4100 25 57 8 3% (P<<0. 05) s NH,-N ¥k,
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MEAEZTFIN(38.12 mg « AL D B FE & T HAb 3 Mok (P<<0.05), 7 M4l 4 DMD UL C, B FHIKT C, G,
(P<C0.05);pH 4+ F 6.40~6. 69, H i C; B EFML T HAh 6 F(P<<0. 05), H C; 1 C, fie i s NH,-N [ C,

5C, BFmTHA S &L, Hd C, AR (FE 4,

R2 RRAENAEEINEE LB

vl — — N

FR=E

Table 2 In vitro gas production of high-quality forage treated with rumen fluid of beef cattle (mL « g~')

Wi H Ttem 3 h 6 h 9 h 12 h 24 h 36 h 48 h
FKREIN Corn silage 5.63+0.06a  19.02+0.05a 29.06+0.12a 37.44+0.06a  77.20+0.05a 108.87+0.12a 121.2040.22a
W I Oat silage 4.3340.07b  11.2040.03b  17.0140.20b  22.3140.02¢  50.15+0.07b  73.62+0.03b  85.8740.04b
B 15 7 7 Alfalfa silage 1.4340.07d 3.23740. 06¢ 7.06+0.12¢ 9.52+0.02d  24.7040.03d 32.4640.34d  41.00%£0.07d

B fE T 5 Alfalfa hay 3.4040. 09¢ 10.3320.40b  18.7120.02b  24.80=£0.04b  41.10=%0.13c 51.184-0. 04c  58.31=£0. 04c

P {f P-value <<0. 001 <20. 001 <20. 001 <20. 001 <£0. 001 <<0. 001 <20. 001
Ci 5.0840. 05d 19.4340.07f  32.74+0.13d  43.82%0.13e  70.43+0.07d  89.83%+0.04e 103.1140.12d
Cy 5.0840.07d 20.4040.03e  35.73E£0.13c  47.91=£0.02¢  78.60=E£0. 15¢ 88.7510.07f 94.90=0. 04f
C; 11.1740. 13a 30.7240.08a  46.88£0.07a  57.09%£0.04a  89.82£0.09a 118.46=£0.11a 135.80%£0.05a
Cy 5.1440. 22d 19.4440.07f  30.64£0.12f 39.824+0.09g  61.27£0.09f 73.5040. 10g 82.73+0.07g
Cs 11.16=+0. 10a 26.6440.08b  37.75+0.13b  51.04=+0.10b  80.64=+0.13b 104.14=+0.11b 118.40+0.03b
Cs 9.2240.07c 21.5340.06d  32.64=£0.12d  45.92£0.04d 67.34£0.08e  92.87=£0.08c 105.15%0. 15¢
Cr 10.20£0. 06b 22.5440.13c  31.67%0.10e  42.82£0.09f 70.4640.05d  90.7940.05d 101.1540. 10e

P {f P-value <<0. 001 <<0. 001 <20. 001 0. 001 <20. 001 <20. 001 0. 001

A R B Rl NG 7R R OR 22 53 8.3 (P<<0. 05) A Al F R IR 2 R AR B FH (P>0.05), T,

Note: Different small letters in the same column indicate significant difference between the treatments(P<C0. 05), while same letter in the same

column indicate not significant difference between the treatments (P>>0.05), the same below.

R3 MRAENAGEIMNEERBTESBNESH

Table 3 In vitro gas production kinetic parameters of high-quality forage treated with rumen fluid of beef cattle

A o W A B 53 77 1 A 53 7 W P A
Ttem GP of quickly degraded GP of slowly degraded Potential GP Constant of GP rate
part (mL g™ 1) part (mL g 1) (mL-g™ 1) (% +h™1)
FEAKFEFN Corn silage —9.4740.005d 185.98+0. 06a 176.51+0.050a 0.03£0.001b
M I Oat silage —5.28+0.011b 172.99+0. 17b 167.7240. 160b 0.0240.002¢
B TEH I Alfalfa silage —3.77+0.007a 83.29£0.01c 79.52+0.001c 0.0240.003¢
HAETF Alfalfa hay —5.59+0.002¢ 71.89+0. 11d 66.30+0. 009d 0.04+0. 004a
P {f P-value <0. 001 <0. 001 <0. 001 <0. 001
G —8.97+0.004c 127.4040. 05d 118. 4440. 050e 0.04=0.001c
C, —17.5640. 350d 117.1540. 17¢ 99.5940. 150f 0.07=+0.003a
Cs —2.69+0.020ab 167.6940. 34a 165.00+0. 350a 0.03+0.002d
Cy —8.69+0.010c 96. 60+0. 40f 87.9140. 390g 0.05+0.003b
Cs —2.92+0.030b 146.1140. 11b 143.1940. 140b 0.047+0.001c
Cs —2.34+0.010a 135.7240.01c 133.394+0. 110c 0.03+0.002d
Cr —3.122£0.060b 126.1540. 18d 123.0340. 120d 0.04-£0.001c
P {f P-value <20. 001 <20. 001 <20. 001 <20. 001

TE = 7 RIR R IR PR A S 7 A /DN R 2 X R E

”»

Note:

indicates gas production lag, and partial gas production of rapid degradation

is determined by absolute value.
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R4 REAELEASEIMES LB 48 h B DMD,pH B NH;-N iR &
Table 4 The pH and NH;-N concentration of fermentation fluid and DMD of high-quality
forage treated 48 h in vitro with rumen fluid of beef cattle
T H Item T#) BiiH 2% % DMD (%) pH AB%E NH;-N (mg « dL™ 1)

EKFH I Corn silage 81.734+0.75a 6.5740.003c 18.8741. 87¢
M FFI Oat silage 70.5340. 74b 6.2740.002d 38.1242.71a
E A HFI Alfalfa silage 58.93+0. 96¢ 6.720.003a 24.45+3. 57bc
HAE T # Alfalfa hay 47.85+0. 76d 6.66+0.005b 28.86+2.59b
P {f P-value <<0. 001 <<0.001 <<0. 001

C 73.6945. 51ab 6.55+0.030b 22.53+2., 20a

Cs 64.92+4,52b 6.56=+0.030b 21.43+1.41a

Cs 73.4647.00ab 6. 4070, 060c 15.92+1.15b

Cy 72.98+6. 61ab 6.55+0.030b 15.8240. 16b

Cs 81.46+0.79a 6.69=+0.005a 14.7340.06b

Cs 77.0941.97ab 6.69+0.003a 6.00+1. 36¢

Cr 83.74+3.37a 6.59=+0.003b 5.697+0. 25¢
P {f P-value 0.190 <0.001 <0. 001

4 Bl B —RLGRDREEE 37 48 h R B SR SR R MENR R (TVEA) A T BRI BE X N Bk B & | T HHEH I
TR (P<<0. 05) s INTR MR K& I 3 v T HoAth 3 Fb, AL H I B3 ® T EHE TN T 5 (P<<0.05;:4
Fi% /TS IR (acetic acid/propionic acid, A/P) E KT HIHEAZ 0 g 2K T HAh 2 F (P<<0.05) (& 5) ., 7 Fhdl & 45
248 h W) TVFA ME C, M1 C, MEMRT C M C(P<0.05); M &H C, BFEM/T C,.C, M C,
(P<<0.05),H C; |\ & C .G Gy EET C,.C G (P<<0.05)A/PIEC, BFERET C.Cy .Gy Cy
(P<<0.05),H C, ffil; TS & C BEMT C .G C .G (P<L0.05), H C; il JRIR & & C KT Hifh
6 #H(P<<0.05), H C, fitis.

x5 MREAEERFEIIMNETRE 48 h B9 B L RS I B 10 A
Table 5 The volatile fatty acid profile of fermentation fluid of high-quality forage treated

48 h in vitro with rumen fluid of beef cattle

it H SR R g TV TR o R LR/ NTR T aivi
Ttem TVFA (mmol « L™1) Acetic acid acid (%) Propionic acid (%) A/P Butyrate acid (%) Valeric acid (%)
EKFHF I Corn silage 96.2247. 14a 61.5844.93 27.5541.600a 2.23+0.05b 7.374+0.40a 0.97+0.05
HE FHI Oat silage 82.81+10.01ab 64.19+6.01 24.61+2.050b 2.61£0.03b 6.82+0. 95ab 1.1440.19
BAEHFI Alfalfa silage  64.34+2.05b 70.00+3. 65 16.47+0.001¢ 4.25+0. 34a 6.96+0. 64b 1.54-+0.13
B 75 T 5 Alfalfa hay 64.1444.19b 69.4642.55 18.90+1.070c 3.69+0.11a 6.81+0.31b 1.5940.09
P {f P-value 0. 050 0. 200 0. 004 0. 004 0. 100 0.950
C 105. 61+5. 52ab 55.5040.31d 28.147+0. 060a 1.9740.02d 9.49+0. 19ab 1.7940. 02ab
C, 94,58=+6.61b 61.28+2.60ab 23.76=+1.480c 2.60+0. 27ab 8.05+0. 54cd 1.7140. 11ab
Cs 105. 1146. 55ab 58.6640.27bed  26.25740. 030ab 2.232£0.01bed 8.50+0. 25bed 1.8040.01lab
Cy 88.27+3.89b 60.52+0. 8%abc  24.20+0. 100bc 2.5040. 03abc 8.0240. 60cd 1.92+0. 10a
Cs 117.2143.75a 56.9040. 53cd 26.52740.110a 2.147+0.01cd 9.82+0.31a 1.8440. 08ab
Cs 116.57=+6.59a 57.6840.02bcd  27.30740.510a 2.114+0.04d 9.18+0. 19abc 1.6340.08b
Cr 107.494+5. 87ab 63.90=£0. 05a 24.2040.530bc 2.64+0.06a 7.68+0.17d 1.1740.09c¢
P {f P-value 0. 060 0.010 0.010 0.020 0.020 0. 004
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2.3 HAAFGAFRIEF LB A8 h 09868 B

GP MR & HA C B A A %00, HoAh 6 Fh2H & 398 IE4H & 800 ; DMD 7E C,.C, #l C, #h &
RO HAY 4 R IE A AR, H C, 5 k(0. 2330) 5 pH 78 C, Fl Cy I g 5 414 200, HoAY 2 & 1) ¥ 9 IF 41 &
RO s NH,-N RS A A B AU AR MRS TR & EESA AN IEA G800, BT C, ik 3 i
K430k 0. 4892 F1 0. 6008(F 6) . BT AT 4L L5 G 41 A 80N 34 0 IE RN » B 5 BRI Ol C, . Co G5 . Co LGy
CsCro M AIKIS 251N, C A A (50 MEEF N +502% E 1 T#),C, (507 ERF W +50% H1EH
O Z, HEAREFN GEEFT HARE T F B 70 2 10 : 20 84,

®6 TREILLGILRATERES M
Table 6 The combination effect of different proportion of high-quality forage treated

48 h in vitro with rumen fluid of beef cattle

I H Ttem 48 h #&#5 48 h Indicators Cy Cy Cs C, Cs Cs Cy
A TGUZH £ A0 8 L SFAEIL 7= & GP —0.0041  0.1702 0. 2502 0.1476 0. 1650 0. 0970 0.1236
T B2l 2 % DMD —0.0321 —0.0769 —0.0199 0. 2330 0.0711 0.0369 0.1526
pH 0.0202 —0.0128 —0.0285 0.0131 0.0183 0.0194 0. 0053
AR NH;-N —0.4147 —0.3231 —0.4843 —0.6362 —0.5321 —0.8190 —0.8346
LT Acetic acid —0.0125  0.1752 0. 0417 0.2388 0.0197 0. 0529 0. 1884
R Propionic acid 0.2003  0.2805 0.1108 0. 4892 0.1675 0.2631 0. 1799
T P& Butyrate acid 0.4898  0.3915 0.2985 0. 6008 0.5286 0.4755 0. 2760
Z T2 A R0 48 5 MFAEI 0.2469  0.6046 0.1685 1. 0863 0.4382 0.1258 0.0912
3 itig

3.1 AT PRI E T AR S AR

T RHE R B R A AR T2 R R T A o R R B K AR B R R S a0 Y A L RS R R
S W geg i A I R R A R R R R R T R R AR AR . RN T AT R B LY o R i
AW s AR R U B A R I M e XTI R R TR A AR WU R R R b T R A ) &
TR F= AN JE IR R AR A 7 R R R R A A S IR R R T S A S B TR A e R R K 3
R BT R B S . WFSE R AR R AR ONDF L ADF 250K 5 & I A B U 7R A R Y
BT 5 KWK S & B RE A EHE 24 h 2 GP BE T 3k 3 55 i 0, 23K (1 B BHEE 48 h N7 K
Ak B W AR S R PR RR K K B A 2 R TRDRE Y P AR B R AR 48 h DUJR AT I AR SR b A L4
RN TR eI E T R E S T LSS M K A 1 AR RS P S JORE T e A 45 AL )
B s GP 37E 48 h Z 5 W B, HL R K5 IR0 28 22 5 007 1% & 182 e 2 isf 80 0, 32 22 DR Ry OR A B 4] ) A4 6 5 R} 1)
A EZN 5 KRB E Y . K, A FERRL A FLARE 25 H PRk K A& 9 5 B K A6 A 4 b 61 2 L ek Ak
Y5 8 LB ) AT 25 S L B AEAS TR B A A TR P SO A TS TR . AR L G (50 Y0 e I+
50% B 15 T 50 P2 S A A, AT g R % 40 A h 19 ADF I NDF 5 & AH X5 85 25, al (L i 28 4 % T8 7= ) AS 2
L BRAR T ARSI 2 B 7 S R T 7 SR B AR 5 R IR C, (80 % KT 420 % B 8 T 80 7= M X e i 4T
FOB A AT R R iz A BRI & ik, B S 2 0 0] R BRIk KAL), JF B CP 1 ADF & i B85 . A FIF
TR W A T L B v LA s M, S R AR RS A R — B
3.2 RAMELENFRINBRE A AShWI FHREXFELS X BAK

Tk DMD 2 S e 59k 20 9 A1) R AR B R /0 1) F B2 48 b, At J2 2 7 I 44 sl W LR T A6 R AR R A BLA RE
{14 T BE G b RO A S50 v ARk I T ) AR B SRR =T . DML Y B A £ 2202 CPLEE Al CF 489 it i) Bt A, 98
Bk A L, A A AR WS s, IR R RS DMD, ARWFIR AT, BRI A T IE A DMD 4351 A
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81.73%.70.53 % » HXT 5 /85 , H F K A DMD 5 19 i PR 35 I 05 19 E oK & S R 45 M Mok b & 9, rT I AR
A BB v AR S B8 B AR Y R A e T I DMID e 9 J B R) R R AR UL 53 L R B U W)
. BEAh  IRAE BF 5% 26 WA B A 0 4RDRPHLIK 43 1 ADF 5 o 23 X 1 48 /8 (19 DMID™ T 330t 2% 6 oK 35 I F e 42
HIDMD 8@ R 22—, HKL.Co (50X EARFN+50% B 5 F ) DMD K. il e RN A ST AR S HE &
W, FLAR S5 R M BR K AL B ) & B AN 5 R B R R R

T B pH J2 R BUE H IR EE S R BEKCOE I — Lk A e bR B E pH KN IR OCE W R S ORI
A X FR R E R UEIRE R R R BT Y pH W R 6~ 750 RNl i 2 I R A R P g G HORR A
IR0 TS FIURE AR P A AT L — R L R AN R R FR R pHL B Rk A T B I A AE K T 2 R, B
R R RS I K B AR, BR pH SZRUEDREE RS A L (H 4 F B —fRDRHER SRR pH (6. 27~6.72)
7 R A B SR pH (6. 40~6. 69) I 7838 B0 FH N . R W K B 48 h AN 452 ma g B e ) A R B0

I B WP S B (NH-ND AU B U W 53 2 U T3 10 7 1 o U A 9 1 ) S 8 Rk IR
NH,-N ¥ 52 5 B WA & s R 4R U8 i NHL-N #k A F) T 38028 W A K B0 1 3R 85, 8 it I R
A B2 BH L B A 7 R BE R AR R B ok v U 23 i S LA ELAR B Y S gD — s O R EUK
A F B AT ERAS R E NH,-N 93 & A8 g AR K, HR Bl 6. 58~36.7 mg + dL.™'™", Hoover™ Il
KT A KOl L AR g 3.3~8.0 mg + 100 mL ', 1 T H OB A B LR K& (CHO) &k BE Y
25, S2bR R E WP B AR AR 2T 1~76 mg + 100 mL ', TR0 B HOE W IE . ARBESE T, 4 Rl
— AL 7 AL RS NHL-N W AR (LT Bl 43 51k 18.87~38.12 mg » AL "1 5. 69~22.53 mg » dL ', H
P A A O SR A B 1 0 PR P S U B L v B T LR AR R B AR IR R AR R, R G R G R 48 bR
NH;-N ¥ BEAIR T A= 90 R e ) i Ak B R . RO R A 2 oh NHL-N i 32 R Uk SR W % I & A 1
Wit fige , 17 26 Y NH-N A 2 A 8 ), — &0 70 9 A 0 ok & U A 90 28 F1 (microbial protein, MCP), 75—
T A3 VA AR AE R TR T R TR EL A WA HE () NHL-N B BE 1) . B AK Ak 4 0 2 R 8 B i 2R W B NHL-N
MEEHNE, A58 L DMD H568,C M C; KB 48 h B NH,-N ¥ B f5e % 19 J5 P ml AE 2R s i NH,-N 8 1
VTR S E DT B R GE A — B

FERVENR MR (VEA) & 2 3h W i 35 22 A8 1 ok U5, S I8 G2k 0 48 e it it = B e 2ROk U ) ] S ] 4 8
PrHEHE 6096 ~80 Y YT IH AL BE ) . 5 K M i U R ViR 32 1Y) v A1 U5 I 1R 8 PP ik K Ak A T AR SR RN TR R,
i SO R S R T AR AR TG S AR AR 2 — . SRYE A A LA G R AR (4 SRR RE S sl 2 4L pr
e (R DR 43 R k5 26 M 5 0P TR 0 5 D TR R » i i A AL R 1 e T L A e TR O TR TR 8 K T 1 S LA 32 it A=
FRAE = BT T Y RE R DU AT DL 3k — 25 2 5 sh W 04 A 7= 7K ST R ARDRE R 385 T T R 3B 43 LA i A 11 01 3 484k .
VEFA ¥ B I H ) 52 0 P 3R AR 22, A & T I W0 45 F) N 27 2 38 0~ 27 2 38 ke 7 A 1) T B 1) 6 o o T 0 A 55 5
KT IK A W I 7 A 1 PR LE 91 8 e 20 RS R BUAE W R AT M. A sh DR B N SR TR L T R o
SR RV R I I 1 LGB 43 50 R 50 96~ 6526 .18 %0 ~25 Vo Fl 12 % ~20 %6 B B HESE , LR /T R R R Ry 2. 0~
3.6, HIAH 2 23 ek B i 2 4 0 S TR R 052 ), A U6 v, 4 b o —AwDREFD 7 Fh 2l & DR VFA B %5 L
Sy DL R B O R, SR N R R B T R R B BR St s Hh EORF I TVFA B, A/P
AR, R KRG AR IR B P AR 5 L i — 25 R W R AR R Z) g AL W 0, 5 sk O 34 AR I 5 A R A —
£
3.3 MRAFE A FARIE T AB 48 h b m

ARG 55 P R R) L )] 0 4G 80 48 BT LR Y B — T A 9 BRI A AN R BT AR —E SRS A AR
N R — B, 16 2 R G A5 SR B B 256 22 AR A et 4G 0 25 R IEAT LR 5 TP E L A RE AR KT
A AR RS IR  eAh L AR DR LR X R L AL G 3 AR R R A
AMEFE T A B A K A R TR R IR 0 B ORI . AR R v A5 Ak B Y 20 5 800 A S TE AR, Ferh B A
PLC, (50 % #MeEHF I 50 % EHAE TH) MR, ZHHELLC (700 E KT +H10 0 #MEFE+20 X HEHFTDH
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E‘iﬁ:%%%@E@’fﬂ*&%@a,ﬁﬁﬂ?ﬁ]% T W ol A 2 ) ST 30 T A AR R AR 3R 43 B T AR R A S AL EE
ARt — 5.

4 #it

AT ST TR H RSN LB GP.DMD, TVFA K £ BRI 4 I v, A 1 ol 3 bl s 1 7 35 I i A oh
I GP 3R, & ek BE 15, 25 Ak B 45 280 P s BRI Oy - 50 0 MEAE B I+ 50 % E A T 50,50 %0 B R F I+
SO HRETINT. 700 EARFN 100 ML F I +20 0 F A6 H 7,50 0 £ K I +50 00 4 F I, 8000 AR FI+
20%0 B S TR, 65 %0 BRI+ 15 Y ML HF N +25 U EEHE .50 %0 FORTFH+20 % ML FH N +30 0 HIEHI.

% % 3Lk References:

[1] Mazzenga A, Gianesella M, Brscic M, et al. Feeding behaviour, diet digestibility, rumen fluid and metabolic parameters of
beef cattle fed total mixed rations with a stepped substitution of wheat straw with maize silage. Livestock Science, 2009,
122(1): 16 —23.

[2] Yang DY, Hao L. Z, Liu SJ, et al. Research progress on nutritional value of roughage commonly used in ruminants in Qing-
hai Province. Feed Industry, 2018, 39(1). 20—23.

s £, Mk, XIEA, & FiE R A0 E TGRS M EOT R, AR T, 2018, 39(1): 20—23.

[3] Jin EW, Zhou L Y, BuD P, etal. Advances in the application of in vitro gas production in animal nutrition. Chinese Animal
Husbandry and Veterinary Surgeons, 2012, 39(10): 128—133.

SR, Mun, NS, S KA RETE Y E R AT R, T EBFRE B, 2012, 39(10): 128—133.

[4] Mauricio R M, Mould F L, Dhanoa M' S, ez al. A semiautomated in vitro gas production technique for ruminant feed stuff e-
valuation. Animal Feed Science and Technology., 1999, 79(4). 321—330.

[5] Guo Y], Long RJ, Zhang D G, etal. The dry matter degradation rate of alpine forage and shrub was determined by in vitro
gas production method. Journal of Grass Industry, 2003, 12(2): 54—60.

WEZ, Jehnds, RER, 55, FHRSN SR I E m LB R R R T B i . Bl 24k, 2003, 12(2): 54—60.

[6] Han X M, Cao Y F, Li QF, etal. Evaluation of the combined effects of corn stover, straw, corn stover silage and concen-
trate by in vitro gas production. Chinese Journal of Animal Nutrition, 2017, 29(2): 699—711.

HHEL W ERG RO, SF RSN IR T R AT R RORFEAT I SRR R LA RN s SRR, 2017,
29(2): 699—711.

[7] Zhang J X, LiuJ B, Xue B, et al. Effects of diet ratio on the rumen in vitro fermentation of Nanjiang Yellow Sheep. Chinese
Journal of Animal Nutrition, 2013, 25(4). 870—877.

SRALS . XIVLHE . BEE . . TR E O B VLB R B RSN R BRI E SR, 2013, 25(4) : 870—8T77.

[8] Sun G Q. Lit Y Y, Zhang J J. Study on the combined effect of whole plant corn silage and peanut vine and Leymus chinensis
by in vitro rumen fermentation. Acta Prataculturae Sinica, 2014, 23(3). 224—231.

INESR, BH, SRS, RIS R BB OY bk ORI S A6 A SR B A AL & RO, Rl %4 . 2014, 23(3)
224—231.

[9] Zhang ] Z, Zou Q H, Wang ] F, et al. Integrated study on the combined effects of straw and multi-level sputum mixed rumen

in vitro fermentation. Feed Industry. 2011, 32(17): 40—48.
KRG, ARERAE, B8, % MRS 2K HRIRA M BRI KB & 800 1 8 AR5, R Tl 2011, 32C07): 40—
48.
[10] LiY, Han XM, LiJ G, etal. Evaluation of the combined effects of corn stover, cereal grass and corn stover silage in vitro.
Acta Prataculturae Sinica, 2017, 26(5): 213—223.
U, hE A BEE, S ERINETEM R FE A ROR R A IR AL S ORI 5. R AR, 2017, 26(5): 213 —
223.
[11] Meng M ], TuY L, Bai Y F, etal. Study on the combined effect of wheat straw and rice rumen in vitro fermentation. Acta
Prataculturae Sinica, 2016, 25(9): 161—172.
TR . A, S NERSFE S KRBORDE B A KB AR T, ROl AR, 2016, 25(9): 161172,
[12] He Y, Wang HR. Xu] H, etal. Evaluation of the feeding value of ramie by in vitro gas production method and nylon bag
method. Chinese Journal of Animal Nutrition, 2017, 29(2): 690—698.
PR, FUSR, RHESL, SF. MOANTRE RS R AR T SRR G AN B S E SR E A, 2017, 29(2): 690—698.

[13] Jin EW, Wang ] Q, BuD P, eral. Effects of plant essential oils on rumen in vitro fermentation and methane production by



144 ACTA PRATACULTURAE SINICA(2019) Vol. 28.No. 9
in vitro gas production. Journal of China Agricultural University, 2013, 18(3): 120—127.

SR, EE. hBEE, SRR AN Rk TS R RS xR B AR A kT R e AR RIS AL b RO R R
2013, 18(3): 120—127.

[14] Huang Y L, Zou C X, Wei S J, et al. Effects of cysteamine on rumen fermentation parameters and methane production in
buffalo by in vitro gas production. Chinese Journal of Animal Nutrition, 2014, 26(1): 125—133.

WHER, AR B, B THEE, S MR AN RO T  e e X K A0 T R B S R W e RS . S SR A R, 2014,
26(1): 125—133.

[15] LiMS, Xue SY, Wang C, et al. In vitro gas production method to study the effects of mixed fertilizer of Salix psam-
mophila on rumen environmental parameters in sheep. Chinese Journal of Animal Nutrition, 2015, 27(6). 1943—1953.
R, BERT R, B, S RSN RIS U IR & K B R X 4 R N B SR, S SRR, 2015,
27(6): 1943—1953.

[16] Chen Z L, Wang Z S, Xue B, etal. Effect of nitrogen source and level on rumen fermentation characteristics of beef cattle in
vitro. Chinese Journal of Animal Nutrition, 2012, 24(6). 1150—1156.

PRE SE, FZ 0, BEr, . AIRFIKE 0 4 R OME 8 R R B2 . Sh B SR =4, 2012, 24(6): 1150—1156.

[17] Menke K H, Steingawss H. Estimation of the energetic feed value obtained from chemical analysis and gas production using
rumen fluid. Animal Research, 1988, 28: 7—55.

[18] Orskov E R, McDonald 1. The estimation of protein degradability in the rumen from incubation measurements weighted ac-
cording to rate of passage. Journal of Agricultural Science, 1979, 92(2).: 499—503.

[19] Zhou J W. Adaptability of Tibetan sheep to nitrogen nutrition stress on the Qinghai— Tibet Plateau. Lanzhou: Lanzhou Uni-
versity, 2015.

JE) AL S X e RO R A S RS, 2N 2N RAE L 2015,

[20] LiX Y. Effects of feeding time of flaxseed diet on growth and fattening performance and meat quality of lambs. Lanzhou:
Lanzhou University, 2017.

ZEWENE. M JBRAT IRDRR A MR B ) % 26 AR KRB IEPERE RO L BT A2 MR, 22 H . 2 MR 2E, 2017,

[21] Wang X. Study on the scientific matching of roughage and the optimization technology of sheep diet formula system by using
GI technology. Hohhot: Inner Mongolia Agricultural University, 2003.

FE. FH GLH AR XML EDEE AT B2 B S 40 5 HOREC T RGN AR DR, WE RIS &7 . SRR, 2003,

[22] LeiDZ, JinSG, WuR T N. Evaluation of the combined effects of different roughages and the same concentrate by in vitro
gas production. Feed Industry, 2009, 30(3): 30—33.

AR, WL, SRR RSN R A AN [RDRL G A S [RDR R ] 205 2000, G Tk, 2009, 30(3): 30— 33.

[23] Menke K H, Raab L, Salewskl A, et al. The estimation of the digestibility and metabolizable energy content of ru-minant
feeding stuffs from the gas production when they are incubated with rumen liquor in vitro. Journal of Agriculture Science,
1979, 93(1) . 217—222.

[24] Bu T L. Evaluation of the combined effects of silage corn, Leymus chinensis and alfalfa by in vitro gas production method.
Hangzhou: Zhejiang University, 2006.

AT R, RSN AR E T IR OR RN A B2 ) RS . BUI . WYL, 2006.

[25] Rocha ] L, Baker ] F, Womack J E, et al. Statistical associations between restriction fragment length polymorphisms and
quantitative traits in beef cattle. Journal of Animal Science, 1992, 70(11): 3360—3370.

[26] YangZL, LiQF, Cao YF, etal. Study on the combined effect of whole plant corn silage and cereal grass by in vitro gas
production method. Chinese Animal Husbandry and Veterinary Medicine, 2017, 44(3): 698—707.

s, RO B ER, S BN REIFE SR ERE L S A SN E ARSI, hEE AR B, 2017, 44(3): 698—
707.

[27] Zhao X, Dong K H, Wang Y X, et al. Degradation dynamics of different fine-to-roughage mixed feeds in rumen of sheep.
Acta Prataculturae Sinica, 2005, 14(3): 9—11.

A, ERIR, EAH. S AFEPRHLI 2R G RS F 00 B N R AR S A, RO, 2005, 14(3): 9—11.

[28] Xue H F, Meng Q X. Progress in research on neutral detergent fiber nutrition of dairy cows. Chinese Journal of Animal Nu-
trition, 2007, 19(1): 454—458.

BELLAR, o OFR. W 2R PEVE IR 2 4L 8 R DT S . s W8 9243k, 2007, 19(1): 454—458.

[29] LiYF, HaoJ X, Ma Y Y, e al. Evaluation of nutritional value of different types of feed by rumen fermentation in wvitro.
Chinese Journal of Animal Nutrition, 2013, 25(10): 2403—2413.

ABRK, MR, D H, S5 AR E R BRI E AN R BRI SR M (. S E SR E A, 2013, 25(10) : 2403—2413.

[30] Hoover W H. Chemical factors involved in ruminal fiber digestion. Journal of Dairy Science, 1986, 69: 2755—2766.



528 A 9 W B 247 2019 4 145

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

Hu M, LuD X, Niu W Y, eral. Effects of different anions and cations on the rumen environmental parameters of sheep.
Animal Husbandry and Feed Science, 2002, 23(5): 7—S8.

A, AR, 430, A ANTEBIBE B KT B R A S B A SR S BN SE . B SRR, 2002, 23(5): 7—8.

Di B. In vitro gas production method to evaluate the combined effect of yak cold season supplement forage and natural grass
in Yushu area. Xining: Qinghai University, 2013.

AP IR FE A V8 A A RO R I XCOR AR ORI AL A AN, T T IR, 2013,

Chen W J, Sun P F, Zhang X D, et al. Effect of nitrogen-energy balance on the associative effects of feedstuffs in vitro.
Journal of Animal and Feed Sciences, 2007, 16(2): 139—144.

Feng Y L. Nutrition of ruminant animals. Beijing: Science Press, 2004: 136—138.

AR, KA E SR, Ut Bt 2004 136138,

Xiong B H, Pang Z H, Luo Q Y. China feed ingredients and nutritional value table (22 Edition). China Feed, 2011, (21).
37—143.

REACHE, Jez b, Buise. P EEE S LB FRMER Q2 MO, PEFAE, 2011, (21): 37—43.

Zhang ] J. Modeling of roughage grading index parameters and combined effects of roughage scientific collocation. Hohhot:
Inner Mongolia Agricultural University, 2004.

TR RS, MR Zds 80 2 B A B AL K HLEAD BB 22 R IC I 203 RN AT 5. REFN R . ISl ROl 2, 2004,

Wang S, Shi L F, Zhang Z B, et al. Effects of the ratio of ramie and ramie on the rumen microbial fermentation parameters
in vitro. Chinese Journal of Animal Ecology, 2018, 39(4): 39—43.

EE, s R, SRR, SF. BRI SRR BT R X R AN B SR A R S RO . F B A SRR, 2018, 39(4):
39—43.

Wang D L. Fang J., Xing F, et al. Alfalfa as a supplement of dried cornstalk diets: Associative effects on intake, digestibili-
ty, nitrogen metabolisation, rumen environment and hematological parameters in sheep. Livestock Science, 2008, 113(1):
87—97.

Spears ] W, Schlegel P, Seal M C, et al. Bioavailability of zinc from zinc sulfate and different organic zinc sources and their
effects on ruminal volatile fatty acid proportions. Livestock Production Science, 2004, 90(2): 211—217.

Hu W L. Study on the effect of saponin on rumen fermentation and methane production and animal performance. Hangzhou:
Zhejiang University, 2005.

A, RO B Al B e i R A PR RE S W A UMM - WV R, 2005,

Mo F. Nutritional needs of ruminants and evaluation and application of feed nutrient value. Beijing: China Agricultural Uni-
versity Press, 2011.

SO, A Z W E IR E AR E SR I E S, JE st T EROE R A A, 2011,

Zhang S J, Chandhy A’ S, Osman A. Associative effects of ensiling mixtures of sweet sorghum and alfalfa on nutritive value,
fermentation and methane characteristics. Animal Feed Science and Technology, 2015, 206:. 29— 38.

LiJ G, An Y F. Standardized production technology of dairy cows. Beijing: China Agricultural University Press, 2003: 105.
R KA. PR AR A EOR. dEaT H R R AL 2003 105,

Shi H L, Wang L Q, Xi L Q, etal. Study on the rumen fermentation characteristics of the combination effect of alfalfa silage
and corn silage by in vitro gas production. Xinjiang Agricultural Sciences, 2013, 50(7): 1353—1359.

BARE, TAERE, BT, & FIRERINEEIAR EE ENS ERE A AN R S & BERRE. BramAR B2, 2013,
50(7): 1353—1359.



