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ARVE R TRPHL 5 1 T AN 51980 1 B AR o 7K S Ak 88 1 A TR D 5 )
HEEWN ERE X m kKT AELE BB KK
CRABL R ZEZ R A ROR B8, 1 /RIE 150030)

B ARG B TER A EORAE T SRR R T TR % R AN IR 1 B fgvE ki (RDS)
TP RSP SME B RIS o L 3 Sk 22 A 7K AMESRE B 1) i R Ao ST 48 73 211 g B Vgt
&, B2 53 HIAARE RDS KA E A R BRI, ARAR =200 8 15 5% 48 h i =< & AR
BRESH K 24 h B EMAENX ZEL. SREW: D AR RDS AT M5,
PRAMEEFR 48 h B PSR TEF= U PR R R MTH R (P<0.05), PUdUR B 437
AEEANENE (P<0.05), THIFUHARELMS A (P<0.05); 2) BEFE R RDS /K1)
P, RANEFR 48 h IS ESRMEMER A, LR TIRR. T RRALATE R VR IR IR R 2%
PR (P<0.05), pH FIZEASEIKRER A REZN (P>0.05); 3) FEEIAIR RDS K F-HEm,
PRAMEEFR 24 0 I RE IR R 980 B BRTE AIVEVE R8T AT B A X R S M T e (P<0.05),
B LR B R BRI LRAT IR . VLT T RRINE 2 BEBR ARV Je A0 DR BT R B 14 (0 A X
BB REZL (P>0.05), 555 1&, IRIEM TR T #2m RDS /KA H 198 B K.
DA R BEARER . AURE RE KR X R
325 S816 SCERBRIREG: A EHG

VERD R WA DR EE M R RV VER IR B R T R A R, [ B A A Y
SRR EREAE NS AR o ek o5 B ARSI K6 S I T0%~80%, I8 7R 4
IR, JLPAHEA URZBYNER MTHLETE 90% A LD o A WTE F 24 vh 4 3 dl oz
FH 006 2 4 A R e AN B 10 75 5K o B R o [ AN AE MR T S 0 2 W 5 SR = 1 I 2
I, Bk RS BBk, BAR, BRI Bk S m B A I R, BT UM R TR
SURAHAEZ . H AT HEE WAL A TR K Pl 23%~30% (T4 B+t
[, DannPIZEiR B, WAL AR TR @I 7= iR CHLan &2 B AIEH SRR 26 B AR 43 ORI
BUF, ARTER KT (18%~21%) TR WA= B R P Rl L 1t R 5 A 7L T sl

Yk H399: 2016-12-29

BETH: EEPAF LR A RTH (CARS-37)

TEZ WS #EEM (1982-), 55, IWARTRAN, M4, ShE IR SRR AL . E-mail:
guobinluo@126.com

*EEEH: TR, #d%, E42FIT, E-mail: zhangyonggen@sina.com
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TAURRVE R TEIRE B e e (R 3 R B2 e LA BRI R S Rl e, BRI RR e B SR L TR
B BUCR B R HURIER CRPn TAVGErEE D AEER ORILEE) R B ik
PR IE RAEEERL, NRC (2001) (%5 1 WAL B4 iR & FUR b P e iR 21 48 (NDF) d/hy
WAL AEEROR G Y (NFC) B KHERE &, TR B MR MRVE R (RDS) /KPR (L2
SR E pHBL B E VFA 4T, FYIFCR R (DMD B9, {2001 1 fig A BT
FA RO, Fril, G RDS /K-F&mtaRs NDF M1 NFC FE B A&, @& HI RDS
AP A PE R R A B ERE, TASR WP 3 BRIR, R TR AR
TR E F 0 F K TAVEMEI 20, B FoRAR LR oK i 1 i (K80 15 A
(80.3% vs. 67.9%) M2, A6 38 o P53 TPRR Aot 88 T KA Z&UR i TR A LBl e it 3
AN [F) RDS 7K AR, I AR AR =102, B FURTE M SRR VE R 7K 20% (BB
Z A FANE RDS AKPRHAESME BB 8 KESHRIAEY X R, R GER R
FOVERE W2E A 7= b 76 2508 F 4R L0 1 o
1 MRS TE
11 GRLRE i 1 % BB sy 4 A

ZIBIRE (WhEZRbRE) 131 (NY/T 34—2004) FicHl 3 FAR A RDS 7KV 56 F e :
ik RDS 7K P4l (falfe RDS 7KFk 61.07%, L-RDS 41). 1 RDS /KFiai[ia# RDS 7K
V-4 67.82%, M-RDS 4]H1 RDS /K-FHEAR 1A RDS /K1 73.74%, H-RDS 4], AL
TARRLE RS B 3K W3R 1o

F 1 A ERA R E IR CFYIREERED

Table 1 Composition and nutrient levels of experimental diets (DM basis) %

A5 Groups

WiH Items

L-RDS M-RDS H-RDS
J54} Ingredients
T KT Corn silage 18.35 18.35 18.35
s Alfalfa hay 9.20 9.20 9.20
2£EL Chinese wild rye 7.40 7.40 7.40
4=Fa4F Whole cottonseed 8.28 8.28 8.28
MRS Wet brewers grains 5.18 5.18 5.18

EHSERRL Beet pulp 4.07 4,07 4.07
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JEF EK Steam-flaked corn 0.00 10.25 20.50

¥Rk Finely ground comn 20.50 10.25 0.00
SH1 Soybean meal 9.50 9.50 9.50
TR J AT DDGS 8.23 8.23 8.23
%K% Wheat bran 4.39 4.39 439
& Soybean hull 2.10 2.10 2.10
TR Premix? 2.26 2.26 2.26
WS4 NaHCO3 0.54 0.54 0.54
#it Total 100.00 100.00 100.00

B /KF Nutrient levels?

T DM 56.7 56.7 56.6
HHLA OM 924 92.3 92.4
HHEAR CP 17.7 175 17.4
YR EE 4.0 35 4.1
HPESEIR 4T 48 NDF 345 345 34.1
FatE ik 4 4k ADF 19.1 19.3 18.9
HK Sy Ash 76 7.7 76
VERY Starch 21.4 22.5 226
WFLIERE NELU/(MJI/kg DM) 6.95 6.99 7.03

D4 5w 7R RS A One kg of Premix contained the following: VA 400 000 1U, VD 40 000 U, VE 600 1U,
Cal60g, P33g, Nall8g, Mg29g, Zn2600 mg, Mn 2400 mg, Cu550mg, Se12mg, |25mg.

DWFLFREARE (I IATRARAEY ISR W, HAE IR ASENME. NEL was calculated based on
Feeding Standards of Dairy Cattle, while the other nutrient levels were measured values.

¥R RDS 7K-F- R FH 2 1 Je Je 20040l g o ik5ei H 3 Skt A 7K AR 1 R 1) i e
W E Y[R E: (678427) kg; YR (20.642.5) kg; WAFLREL: (276419) d], iR
IR 28.9% M FOKTE I, 24.2%[K) “E 2 A 46.9% KSR (N TP mi2Eat) 2Rk
KU 2 70, Hrgh =k, HHBERESUOK, B REIR. R HEE 3 mm {20, #E
FAFREL 5 g FrilFERL, RACKERERS e AE (10 cm>20 cm; L4274 50 um; Ankom

INEIBRAE), FERRILEE B R SE 72, 48, 24, 12, 8. 4. 2 1 0h. JB SR BB
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FRIFHAEPIRSI Yu 552, FESL 65 CHE 48 h, [HIEIEEE, KRl 1 mm LR 115

FRUEH R B RS R E . ARTER R B BRI S B 2,

F® 2 TRRIERE B RS
Table 2 Starch degradation parameters of diets

. A7 Groups
Items L-RDS M-RDS H-RDS
Jo B RE IR A SI% 24.7 20.0 15.3
Jo B HEIR W] B 7> DI% 73.42 75.20 77.67
I B E IR TR Ul% 1.89 4.80 7.03
Jed B 15 IR AT B AR P O PRI R Kl (%/h) 5.89 10.50 18.25
Jo B AW BEARUERY RUS/% 26.2 32.18 38.93
Ji B B AFUER RDS/% 61.07 67.82 73.74

&R B AMATTE 2N 6%/h 15 calculated assuming a rumen outflow rate of 6%/h.
1.2 FEEBPRES P

20164F-6 - 78 F e VLA AU T 2 YA IR I L bR ik H 3 SkARE 241600 kgl %
A K ANESR B R A W B A R B R B A A, TRIART2 hilfiid e B R R AR B

W, TRA ST UM AR R g (B S0 =, KRR R B R R A R A4 E
JE GLIEFINGEANCO,) &M, BAMERAEAES9 °Cli /K AT .
1.3 AR

AR T B R 8 Endress+Hauser 2 &) 42 7= 7= 4 H ahid k3 B (B4 Cerabar
T PMP131, Memograph M RSG40) F# R4t (BGzr AT o B8 HT AR Sk i
FA i LA 1 mm FRES T . AERIFREL 0.5 g FEAUBON 150 mL JREAK B+, fEANib
M6 NEE, JR 3N HeF AL NN TAE 39 CCTUA MG TR 50 mL H1HT iR
B 25 mL, FT AR TR R Menke 8005 3L RCH], R HRFSHEAN CO2 58 Ja, H4F
AP R B AR RS SRR IC RO, R T 39.2 °)C LG 7 24 1 48 h,
14 PRSI TIAL 2

PRYNEEFR24F148 D & B S A 23 B 3AN KR, 24 hEEL10 mLBGRiRRIs L #2 2
-80 °CUKHH A I-A7, FITIMAEY MDNARIFEEL . 48 hitf 45 4R I, SEEDI e RIEpH, MR
B R AE50 ML B 736 T B OB b, 4% 5 KIERL: SILLBIR N25% m BRI, TR
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A1) T-20 °CCAEIRAT, FITHMAEMEE (MCP). &% (NHe-N) FHER MEASIH R (VFA)
WREERIIE . e AS (FL4%: 40um Fikg: 45 mm>&5 mm) i J848 hR B, K JE iRl ik
(R A Je R ARAE K Ik T P /K, 7E65 CCHUARN ML IEE, T8RRI T
YIiE % (DMD).
15 5EFabs KI5

FHs . K HE A AR FATEHA & & E 28 AOAC (1990) [elrhijy
%o pH KH Sartorius Basic pH Meter PB-20 YR 11 (F8 2 R Rl B b A IR A I
ST o VEM KT E SR P VA9 81 26 W I - A Bl v, RN B 1 9% 2K 2% Megazyme A
FRPEBE g4 4E (ADF) 1 NDF & &1l € 2] Van Soest 5511717775, KA Ankom 220 £f-4
ST (SEE ANKOM A ]

NHs-N ¥ 5 % F Broderick Z5EM81RT A () ey b (2l i , (38K A UV-2000 B4 6
T CRE IR A R A D,

MCP & 5K ] Makkar %5V ik (Wil , BART R FIF B RE RNA i fE by
ek, HX 8 mL AEAKAE 13 200 r/min R ES.Cr 20 min, #EAT AT AL S FIH UV-2000 45365
FETVHE 260 nm PR T REAT Ly, ARIEOG LA bR AE fh 22 vh FAE A RNA WIEA . MCP i
FETHE AR N:

WA EAEWRE (mg/mL) =RNA HlIEME (mg/mL) >RNA &% &E (17.83%) /405
0 RNA AR (10%) ><FRfE4L

MCP . (mg/mL) =fAYE A EWKE (mg/imL) >6.25.

VFA R T H AR By GC-200 “UAH E i O e 2, e B 26 A : A= S0
HABA (N2, 20Ukl 40: 1, #EFEE 04 pl, JEJE 220 °C; i kS48 HP-INNOwax
B0 AR TR, I 2.0 mL/min, Y25 FE 38 cmis; HEIRAR S HUN LT FHIR 120 °C

(3min) —10 °C/min—180 °C (1 min); Fll#FSHONEA T (H) i 40 mL/min, R
& 450 mL/min, F:RE+EWRSTE 45 mL/min, KJEETRIEE (FID) EE 250 °C.

WA RME: RABRE-T/ bk = H IR (CTAB) YL HUH B A
DNARI, $2HUS, FSAMT W50 BETHI 8 Fr it BUE DNARIIR BEFIAIRE, 117260 nm5
280 nmAb Y E (OD) HIELIEAEL.6~1.822 18], KA SEH 9% 6 E ®PCR (RT-gPCR) HiAK:
DAY A X B0, T AL 8% M ABI7500%PCRAX, RT-qPCRIH) J [ 46 12 i SYBR Premix Ex
Taq ™R3 7.20 pLR AR FR . IR B A7) S.DNAH 41 B 16S rDNA. PCR NAA % -

10> 92 pL, 10 mmol/LIJANTP 0.4 pL, 10 pmol/LIK)_E. TFiF514%0.8 uL, 25 mmol/L
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(&AL EE (MQClo) 1.6 pL, AR (3 B SDNA) 0.4 uL, TagDNAZE &2 pL, W& /K (ddH.0)

N13.6 L, MARFIN20 pL. PCREZB Z%L: 95 °CAEM:7 min, 95 °C 1 min, 55 °C 1 min, 72 °C

3 min, 35MMEM; 72 °CIEMHT min. SIMFHI LS 2% AR LK, S1¥H Bilgd TAY TR

JB A PR W) A o

#3 POLERPCRAEIY

Table 3 Primers used for RT-PCR

WiH ltems LIE51Y Forward primer U514 Reverse primer 3% 3CHk References
ey GAAGAGTTTGATCAT  CTGCTGCCTCCCGTAG Khafipour %5122
Total bacterial GGCTCAG
TR R CGAACGGAGATAATT  CGGTCTCTGTATGTTA Denman (23]
R. flavefaciens TGAGTTTACTTAGG TGAGGTATTACC
R R CCCTAAAAGCAGTCT  CCTCCTTGCGGTTAGA Wang %24
R. albus TAGTTCG ACA
BRI1ER LR A 1 GTTCGGAATTACTGG  CGCCTGCCCCTGAACT Denman %123
F. succinogenes GCGTAAA ATC
AT T BRI ACCGCATAAGCGCAC CGGGTCCATCTTGTAC Stevenson 251251
B. fibrisolvens GGA CGATAAAT
R T TTCCTAGAGATAGGA  ATGATGGCAACTAAC Stevenson Z125]
S. bovis AGTTTCTTCGG AATAGGGGT
WEVERYTRE B AT CTGGGGAGCTGCCTG  CATCTGAATGCGACT Stevenson %1251
R. amylophilus AAT GGTTG
WIEMBEIER A0 CGTTGGGCGGTCATTT CCTGAGCGTCAGTTA Khafipour %1261
S. amylolytica GAAAC CTATCCAGA

1.6 iHHEAR

R B 20 1 FHCE R B AL TR RDS /KFRT, G2 SAS 9.2 JEZe [l B/ —
i X Bl HEAT AL B
KB R BT GP=a+b(1-e )8, RAEARL MmN —RiEE, Kifha. b Ml cfH,
Hrb a ATRRPGEE RSB SE (mL) 5 b NISE KRS 7= S & (mL) s ¢ A b

PSR (%/h) 5 ath NEAEFSE (mL) ; GP Nt~ SE (mL) .
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FEARTYIFERE (%) =[ (FEAFR-FRIE R &) /FEA R #]>100.

AR DA A KI8T A X B 2 AR T8 1 A T 16S rDNAY 1 43 LL -

HARBEARX SR (%) =2-CH et o,

K Ctaney LA HARE S ATIAICHE :  Clomey LARANE A S HTTRIAICHE .
17 Siikoth

RIGHHE R Excel 2010 F b3 f5, K SAS 9.1 # fFHh MIXED #E8Y HEAT Si it 4341,
SRR RDS KPR A — I R BUS AT 1 1E2E 2 100 L 43 #7, P<0.05 R 7 53t i 3,
0.05<P<0.10 F/n BA 7 7t i E 5 .
2 HR5T
2.1 RNFEIRDSAKFIR A IMETRAB hi= S & PR T R IR

HIFR 4 I, BEE TR RDS ACFII3R R, (RSMEETR 48 h (7= &, BE &, 7
HRMT YR KRR ELVETH R (P<0.05), PR KB/ 7 S E I R4 BE (P<0.05).
L-RDS 171 M-RDS AHIRIKI TGt A AR R E 2R (P>0.05), [ 1 PR A B2
R EKT L-RDS 4 (P<0.05) #F, H-RDS A H AR B35 T L-RDS 4 (P<0.05).
H-RDS 4= S BAMEAE S EEE ST M-RDS 41 (P<0.05), #i# [A)ffHARFE bR G 35
#Z5% (P>0.05),

%4 [ RDS /KFATRA SN IE 48 h P2, PSS HU% TR 263 (1

Table 4 Effects of different RDS level diets on GP, gas parameters and DMD after 48 h in vitro incubation

213 Groups P {8 P-value

i

SEM 4] 2 ./
Items L-RDS M-RDS H-RDS

Group Linear Quadratic

PS5 & GP/mL 131.85° 133.68P 141.932 1.30 <0.05 <0.05 0.10
75240 Gas parameters
PO R 455 alml 1.092 0.67® 0.50° 0.10 <0.05 <0.05 0.35
WS & ath/mL 127.72° 129.62° 138.752 1.22 <0.05 <0.05 0.09
FEEGEE of (%/h) 0.089° 0.0922 0.0972 0.001 0.03 <0.05 0.32
THIFHERZE DMD/% 57.86° 58.38% 60.292 0.7 <0.05 <0.05 0.22

Rl A7 BuHs J8 b T 7 B [F)/N G T BER R 22 5 AN R 35 (P>0.05), ARG 7B IR 72 7 i 35 (P<0.05)

TR,
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In the same row, values with no letter or the same small letter superscripts mean no significant difference

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

2.2 AFIRDS/K-FAaR ] 44457748 hii 7R pH A MCP. NHa-N. VFAK FE 520
% 5 Al%0, 1k RDS AKFXTE: 7R pH. NHa-N KA 2 B8/ 5 B AE VA 2 25 520
(P>0.05) . FEETH RDS KPR R, BEFRM MCP. AR AR T RAEIE KA

R (TVFA) RE 24T S (P<0.05) , H M-RDS 4HFx MCP k& 2 ELF H-RDS 4

(P<0.05) 4k, HAth+ghr 2 A LEEZER (P>0.05), 1 H-RDS 4 Fidfabral o2

e
Zan SN

L-RDS 4 (P<0.05)., L-RDS #H¥:7=# MCP. WM TERIKEYS M-RDS HILHE =R

(P>0.05), {HZRAI TVFA IRE EZELT M-RDS 4 (P<0.05).

# 5 AIA RDS /KPR i Ah %55 48 h B5 950 pH &% MCP. NHs-N. VFA W& HI5200

Table 5 Effects of different RDS level diets on fermentation fluid pH and MCP, NHs-N, VFA concentrations

after 48 h in vitro incubation

P {& P-value
A7 Groups
i H SN[ i K
L-RDS M-RDS H-RDS SEM

Items

Group Linear  Quadratic
pH 6.58 6.49 6.54 0.04 0.32 0.49 0.19
WMAYIEE MCP/(mg/mL) 2.49° 2.50° 2.622 0.03 <0.05 <0.05 0.09
AR NHa-N/(mg/dL) 18.61 18.07 18.79 0.57 0.67 0.82 0.41
21 Acetate/(mmol/L) 38.08" 53.582 59.582 3.78 <0.05 <0.05 0.33
P9 Propionate/(mmol/L) 15.90° 23.122 24.022 1.89 <0.05 <0.05 0.21
T Butyrate/(mmol/L) 6.54b 10.022 12.782 0.95 <0.05 <0.05 0.77
BAERMERRITE TVFA/(mmol/L) 67.85° 98.45? 101.952 7.73 <0.05 <0.05 0.19
LIRITNER Acetate/propionate 2.40 2.33 2.48 0.06 0.22 0.35 0.13

2.3 AN[F RDS ACFARRON R SR8 57 24 h B FRBRCED X A 153200

% 6 AT A1, BEEIAR RDS /KRS, B8 aem EekE (R, albus) Flmg ek E

i (R.amylophilus) AT $E 226 T+ (P<0.05) , HH H-RDS 4H R. albus 1 R.

amylophilus [{IFE XS $E B 2w T L-RDS 415 M-RDS 41 (P<0.05) , L-RDS 411 M-RDS 41

) 2= FAEZE (P>0.05). T RDS 7K 75 # a8 E ek (R. flavefaciens) « BEHIRRZRATE (F.



155 succinogenes) . #4F4E T ERINE (B. fibrisolvens) « -8Bk (S. bovis) AN vEk; BEHIRR S i (S.

156 amylolytica) MIAHXTEE AR (P>0.05) .

157 # 6 A RDS /KTPARMRX RSN G IR 24 h BR 32U Y IX R 1520
158 Table 6 Effects of different RDS level diets on fermentation fluid microflora after 24 h in vitro incubation
miH L-RDS M-RDS H-RDS SEM P {f P-value
Item 2 ] & K
Group Linear Quadratic
WO HERE 4.60 3.44 4.86 0.40 0.16 0.75 0.08

R. flavefaciens/><102%

(SR =EENC | 3.06° 3.52P 6.18° 035  <0.05 <0.05 0.07
R. albus/><10-2%

PEHIR 2R AF R 9.20 8.42 8.81 038 045 0.50 0.31
F. succinogenes/><102%

Al T RN 2.73 1.77 3.1 058 037 0.72 0.20
B. fibrisolvens/><10-2%

A BEBR 6.63 5.85 6.13 0.26 026 0.26 0.21
S. bovis/><101%

FEVERIR B I 5.45b 5.91° 7572 019  <0.05 <0.05 0.06
R. amylophilus/><10-1%

VTR DR EO R 5 R T 211 1.77 2.08 032 074 0.93 0.48

S. amylolytica/%

159 3 ¥ i

160 3.1 A[FERDS/AKTIaMAIASMEFRA8 WEg B 7= Ui = S B TR0 KRR 5

161 RN TR P T VP TR AT A I A P ) B B bR, BIGDRH mA e Pl o, i B rh ik
162 AWE T, PREEOR, R . ARERSNETR 48 h (17 TR RDS 7K
163 “FRFEEITHE, X5 Palizdar ZPVMGKIFAEEONRIE SR — 2, BONBPR AR A KR EAQ
164 B TORAEGE Ry S5 2 S AE BRI AT B, ek B B KR e B e dt A A K
165 B, $Ew 7 REE T E. AIREURER Y RDS AT IARE sy 1 AR A R,
166 X5 Palizdar SE2VRHT FLLE R — 20, ek (PR BERAL BERUEYIRTE SR VIR ORI, (it T
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R, TN S PR o AR s T DRI R 4 P B B AR RDS /KSR
TR, FTREVA R T U AR ERHR B B 3R A A Y R
3.2 A[FIRDSKTRAR X ARSI ME 7748 hii F2pH XMCP. NHs-N. VFARK L 5200

pH 1E 38 B AR B AR (G B B by, SZURRAOZE L. RS- s BRI LR ) BB 2%
Tl D] 25 52 0] o 73 W DA A T R R 7K A B P 7K ST 388 o e IR D 1R = B R I R T B
FIXRE, SEUEE pH KB, AR50 45 AR WA RDS /K-Fxf 45 9% 48 h Bi =il pH
B RERW, X 55KEECIRAESMA I 25 R — 8. FR N W] RE 2 bl 45 14 71 35 77 15 (] )
A, B BEfRRET AL, T pH S5TER BEARRAH IR =B, FrBURE IR 48 h i %
A ARG TR pH 2 AN R 35 o J8 B H NH3-N iR B2 S o B B AR O B 2 bR, HREER
/INTT S AR 5T ) AR AR FE AN B E A T RO BE JT - Murphy S5 BAIR TE A= B 1) B A
NH3-N %N 6.3~27.5 mg/dL, AR5 R FRIR NH3-N ¥R B3 7EE A AP R T 3
Wo ARIRInLE RIC R, SR RDS /KA FRE NHa-N WREE R A B2 . 5kls 560
W T4 ARSI AP e oK AR 1 o R TR AR NHs-N IR S M AN 25, ARt
25 R 51—, M5 Zhong 25 EIHI Aldrich &5V A AR ER 4 E HE I 2950UE v BoK & = RDS
AKCFBEAIC TI8 B NHae-N WREEEE /A —3 . RA—SBUERRER: — i, BYhnLE
KN 4~8 h ] B BAR SIS F7 U Ky P A 32 1960, G IS R ORI R] A M e AR Al A 4 A K SRR
MCP & R, #2120 NHa-N SR, 17385 577 I 8] S8 A % 2H 5 Hr B g ke T AE AL,
TR NHe-N IR BT —8G 55— J7H, 200500 SORBA FoK 8 1 5 75 [|) 25
R T TR S AR AR T, R EUR AU KM R NHe-N (2

RIS R LR m AR RDS /KP4 7 MCP &, 521l Plascencia &6
Theurer ZEEBIFRIE —F, MCP 5 BURT-J87 5 7T ] B S A0 P A 200 i DA SR IR B2
(R . TR RDS 7K~F K R. albus F1 R. amylophilus [IFE X # & # m, 26wt RDS
KA T A RIMAEM AR, KRR Jym RDS 7K1 5 m i B P HLAY KPR,
R B A K B SR R, FI, R FOKER R B BRI S A T R AR = MCP
WEER S — B WA A ARE IR R = AR RDS JK-FX) MCP iRERIZA R %, 45
A BRI Rt TR 15 N DR B A b B AIC 189 18 N AT R BT AL, R B ORI 7 A A
TR, /> 1980 8 B R LK, B2 T MCP B A . VFA & IR A4 3h P Re AR 3
LR EORIR, 1 MR IR T BRI E 5 LR AR5 ) 80%. AT KN, $=m TR RDS
AP RIS [FIFEE R T 2R TR T BRIV FE o SK1% S5 BOUA SR TG R WA h ok
B8 KA T SRR FERE S, IRIRATT RRIREE BT, SRR ZE R, 1
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FASAR A IR R WIS = AR RDS 7K-FREAIS T CRRIKEED, S 7 AR BEROL, 5 T PRI
TE 5 2 FE A 00 IR ARDRR o s S K Uk A Bk B T oK rh R S 5 s G M AN R
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Effects of Ruminally Degradable Starch Level in Low Starch Diets on in Vitro Ruminal
Fermentation
LUO Guobin  WANG Lijun LIUYan ZHANG Guangning SUN Kaijing WANG Xinying
ZHANG Yonggen*
(School of Animal Science and Technology, Northeast Agricultural University, Harbin 150030,
China)

Abstract: This trial was performed to examine the effects of ruminally degradable starch levels in
diet with low corn-based starch on in vitro ruminal fermentation. Three Holstein cows fitted with
permanent rumen fistulas were used as the donor of rumen fluid. Diets with different ruminally
degradable starch levels were used as substrates, and the changes of gas production and ruminal
fermentation parameters during 48 h incubation were determined using in vitro gas production
method, and the ruminal microflora change during 24 h incubation were also determined. The
results showed as follows: 1) with the ruminally degradable starch level increasing, gas production
(GP), potential gas production (a+b) and gas production rate constant for “gas production from the
slowly soluble fraction (b)” (c) were linearly increased (P<0.05), the gas production from the
immediately soluble fraction (a) was linearly decreased (P<0.05), and the dry matter digestibility
was linearly increased after 48 h in vitro incubation (P<0.05). 2) With the ruminally degradable
starch level increasing, fermentation fluid microprotein (MCP), acetate, propionate, butyrate and
total volatile fatty acids (TVFA) concentrations were linearly increased after 48 h in vitro
incubation (P<0.05), but the pH and ammonianitrogen concentration were not significantly
changed (P>0.05). 3) With the ruminally degradable starch level increasing, the relative counts of
R. albus and R. amylophilus in fermentation fluid after 24 h in vitro incubation were linearly
increased (P<0.05), while the relative counts of R. flavefacien, F. succinogenes, B. fibrisolvens, S.
bovis and S. amylolytica had no significant changes (P>0.05). It is concluded that incraesing
ruminally degradable starch level can improve ruminal fermentation in diet with low starch.

Key words: ruminally degradable starch; gas production; rumen fermentation; microflora
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