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Abstract: This experiment was designed to investigate the effects of Lactobacillus plantarum and Lactobacillus
brucei on the conventional nutrient composition and protein fraction of rape (Brassia campestris) straw, and in vitro
rumen fermentation parameters in yaks. Four treatment groups with five replicates in each group were set up,
including a control group (CON; without any bacterial preparation), an LP group (with 1.0 g-kg ' L. plantarum),
an LB group (with 1.0 g-kg ' L. brucei) , and an LPB group (with 1.0 g-kg ' L. plantarum-+1.0 g-kg ' L.
brucei). Rape straw was used as fermentation substrate. The rape straw was cut to 2 cm lengths and mixed well
with the bacterial preparation, then packed into polyethylene bags. The bags were evacuated and anaerobically
fermented at room temperature for 45 days. Samples were taken to determine the nutrient composition, Cornell net
carbohydrate and protein (CNCPS) system data, and yak in vitro rumen fermentation parameters of the straws. The
results showed that: 1) Compared with the CON group, the pH values of the LP, LB, and LPB groups were
decreased (P<C0.05), and lactic acid content was increased (P<C0. 05), with the highest values recorded in the LPB
group. 2) Compared with the CON group, the neutral detergent fiber (NDF) , acid detergent fiber (ADF) , and
cellulose content of the LP, LB, and LPB groups were decreased, and the ether extract content was increased (P<<
0.05). Furthermore, the NDF, ADF, and acid detergent lignin levels (ADL) in the LPB group were lower than
those in the other two treatment groups (P<Z0.05). 3) Compared with the CON group, the rapidly degraded protein
(PB1) and moderately degraded protein (PB2) in each treatment group did not change significantly (P>>0.05). The
content of non-protein nitrogen (PA1) in the LPB group increased (P<C0.05) , and the content of unavailable
protein (PC) decreased (P<C0.05). The content of unavailable fiber (CC) in each treatment group decreased (P<<
0.05), and the content of available fiber (CB2) and non-structural carbohydrates (NSC) increased (P<C0.05) ,
compared to CON. The content of CC in the LPB group was lower than that in CON, LP and LB groups (P<<
0.05). 4) After 72 hours in vitro gas production of rape straw, there was no significant difference in rumen fluid pH
among the groups (P>>0.05). The NH.-N content in each group was lower than that in the CON group (P<C0.05).
The dry matter degradation rate (DMD) and volatile fatty acid (VFA) content in the LPB group were higher than
those in the CON group (P<C0.05). In conclusion, the anaerobic fermentation of rape straws inoculated with
bacterial preparations improved the nutritional value of the rape straws, and different bacterial preparations differed in
their efficacy. On a multivariate comparative score, the treatments ranked: L. plantarum—+L. brucei™L.
plantarum>1L. brucei.
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R R I SRS AT AL AL AR T F A E B OB, HorP o2 PR A ZF 4E (neutral detergent fiber, NDF ) 8 {6 R AX F
KA AT R T K GE A HE 2R K U B A B R A Ak B O 9 S RS R G RO S RO R A . Ma 45 UUR H A Ak A PR
(Oryza sativa) 5, 45 B 2 B Z AL $2 & 7 % 5OH 8 A (crude protein, CP) |1 % it B f# *% (dry matter degradation
rate, DMD) \VFA FI{f 4 BB S at, OF HFEAK T NDF & i, (H iR ot i 2 b b B RS AP S R K & &b 88 Ik
A YR SR B 2 AR, S T e X AR (R S o R SE PR AR T R B R RN R ARz . A
1R R B 7 AR 22 T B R SOWE e BR B B R AL B SR RS AT, R B H R 20%0 KR SRR AR R KR
(Glycine max ) FEFFRESE = L2 H 3G 5, BRACRHE L, 3205 B = Y N AL R RS A fb e o VP 22 155 A TR TR
BT ) 500 A 3 I SR FE XS A A 2R R R B R A3 T AL R 1 S, 25 R e IR S A AT 48 2o LR TR (lactic acid
bacteria) + % £} | (yeast bacteria) £l 25 4= B (probiotics bacteria) 4 %8 & fi i T R A AL HLS | fa] MR AR VT 85 4= 3% 0
f 0f, o] 2 HLRURE L CP LR 1 1k % £F 4k (acid detergent fiber, ADF) i 38 W7 1L 2K o Bifi 5 A= 9 4 AR 1) s &
J& A W) R BE RS AT 2 48 ARG, © A 1 A AR B R

7 P K AL B W) (soluble carbohydrate, WSC) 84k b A HLER , FEAK pH AR , 70 il A 3 3 A 9036 Pk, DOl DL O R34
TP R ORI E R AT . e Y R W R T (Lactobacillus plantarum) A K FLFF B
(Lactobacillus brucei) & We /N7 (Triticum aestivum) ¥ FF , 45 5 B.n & W8 J5 /N2 75 FF NDF fl ADF & & R I%, FLR
TR AL BV RR Z R T R OKRFE AT N A A KK RS AR, B AT B I SR R A R AR AR T — 2R
FEE = RGEVERESE, B RBORA — B0, KR53 0F 5845 B AR W FLE R 3 40 0 2 T8, T 22 0 b 3 3 o 2% R Wi
KALE W H JE AR & 4143 (Cornell net carbohydrate and protein system , CNCPS) & 2 PEA il SE 5 FF 4 A [\ 7 16 4b
P Ak 00 4k 0 R AR L T0I R O LI AR A P A W AR RS B ROR T AR R R T . PR, AR i
56 S AN T B o) 700 DR 4 T Tl SR s A, AR 9 G X il S G R i I o BT L LB 3R 4 .CNICPS 21 43 Feg 1 1A o K T
ZHL 2, 5 ER ST TR ] 500 X DR 4 A e ity S s ) FE A0 80 10 52l , A A Jil S8 5 AT A B 24 3l 0 v ) Ak Ak 1 T
PE AL B
1 MBE5FE
L1 mmAH £1 MEBAERAS (NFER)

AR B 26 P XU B T S R R (M 2k T 5 ) Table 1 Nutritional composition of rape straw (air-dry

‘o
A I O 5 B s B e ) ‘
i H Ttems £ Content
FLAF R (36 7 1.4} 107 cfu-g ) KA IRFLAF R (35 1 T Dry matter (DM) o150
3X10° clu-g "), I BAt K HES Y E R P .O0a HLIE 4y Crude ash (ash) 6.57
B2 w1 TR T8 T 4 CUKAR I AE T S 7 FF A LIS V7 Ether extract (EE) 2.01
HIE R WFE 1, HLE 11 )% Crude protein (CP) 3.91
1.2 X%t PPk PR 4T 4 Neutral detergent fiber (NDF) 74.70
W DL SRS AT N B L X W 4 TR 1 Uk V% 21 4k Afid detergent fiber (ADF) 54. 80
% 1 Uk % K B % Acid detergent lignin (ADL) 11. 20

(CON 4, AN A% Ae] B i 57 ) JLP 40 (s hn 1.0 g-
kg "FHYIFLAFE) LB (BN 1.0 g-kg ' [CFLIR FT
FOMLPBAL (1.0 g-kg "FHYFLFFH +1.0 g-kg 'MICELAFHE,LPB) , BN S5 AEE D EE 200 g L F
FF LR BT L2 2.
1.3 XB7ix

2022 4F 5 F 7645 BH 738 57 5 AR A 1k 1 O SR RS FFHE SR oh 5 A DL R [R]85 07 1 5 AT SR AR B A5 ORAE 200 g
Ze A ZE N B35 5 R SR B AR T [ S R R R SR S BT N 2~3 em K R IB KK K S AR A
650 ~T5% o« 25 ALEUAr HT AR fh 29 200 g, Ke B8 1 570 7% T 28 18 /K, ¥ 50 507 A Ak 320 1) 3 SRS FE L, 6F B AR
FRBUZEMK PR EAFT A ESFE TERTFTREALREA dFF4E. KB mE Sy 2022425 H 15
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Fz2 At
Table 2 The design of experiment (g-kg™)

Jik} Raw material Ab PR Treatment T 1 7 Bacterial preparation 8 Additive amount
TSRS A CON JC ¥ I No additives 0
Rape straw LP WA L. plantarum 1
LB MIRFATE L. brucei 1
LPB TP FLFF R + 10 [RFLFF I L. plantarum—+L. brucei 1+1

H—20234F 1)) 26 H . JFASSR AL AR B IR & L OAE 3 B i FH T A T2 ity JBT 418 s O U 5 , 80 A A i 48 65 °CHL T, i
0. 425 mm §ff , (/A7 T A B4 AT T005E B ME 57 s> (CNCPS 4177 .

o H R S % T 20224 11 A 3 HAE DU IAE H #OMN #5820 A R 42 3 S MEVEAE A4 [AFE e 3% 1K
oA (300420) kg 1998 B #1500 mL, B 21E A J5 i A CO,, Bl [F 5050 %, 78 39 CRIRI P & 4 22 i g
RS A CO,, PRUER B WAL FIRACIRAE o I & B 50 2 I Menke 851 Jr i 047, B i 22 i s, ¥ 8 8
W22 vl 4% 1: 2 Lo X SR A MG FR W o MERA AR & 1 g IR B T — Uk T2 2% 9 (100 mL) , 76 A T 43 g b o
A 50 mLIRA B IR 850, 056 A 39 “CRE IR Th R B 72 h, 7£ 8116 .24 .36 .48 .72 hic s A IV 1) BB bk .

1.4  F5AFM 2 R 5

1.4.1  KEEFS A5 00 20 g B 5, BYRE BT 200 mL BEAR Y, A 180 mL ZE 4R /K , ) 3% 1 min, £ ff Ji 5§
FfEE T 4°CKA 24 Wi & A E2 b ik o (47 39 — 68 2 pH T (FE38, 11 GU1NRE % A0 A B2\ ) T
UEWE pH', A UM 43 %€ F 10 mL B L RAE T — 20 CCORA 0058 NH,-N & &1 WSC A& &1 R %2 4
& 7890B A AH (i AL (& DM VFA & ' Fixt B 3L BRI b (o k!l i PR 75 i .

1.4.2 B0 E KW G B RE ShAE 65 CF ML 48 h, By i, 4 0. 425 mm i, 0 2 45 8 3% % 43 < 4K 3
Cr Ak 43 B K ek Joi £ G B AR )0 a2 4 5 (dry matter, DM) HLZE F i (crude protein, CP) (LK 43 (crude
ash, Ash) & Mg Wi (ether extract, EE) & &t ; 5 #L 4 (organic matter, OM) =DM — Ash; # P4 & & £F 4 (neutral
detergent fiber, NDF) |2 ¥ Ik 1% 21 4k (acid detergent fiber, ADF ) M lig ¥ Pk ¥4 A Jit & (acid detergent lignin, ADL)
& B 2 W Van Soest 457 Y Uk I AF 4 F 5 B kW 2 5 4F 48 & (cellulose, CE) =ADF—ADL; 2 £F 4 R
(hemicellulose , HE) =NDF — ADF ; i ¥ 3 % A %5 28 111 )i (neutral detergent insoluble protein, NDIP) ¥ & : % Bl
SE MR VR R AT 4E JS RE S AR CIRDRE 3 AT B ARk o G I AR ) s KL R 11 BRI Sk b R AR VS R IR R R I
A% % A (acid detergent insoluble protein, ADIP) £ &+ 35 BUM X FR M U % £F 4 5 B A i, 1 FH B EG e 2006 0 2
EEE R EAEEA™ . AP E A (soluble protein, SP)FIHE# 4 % (non protein nitrogen, NPN) & %
W& Krishnamoorthy 554 75 1 0 & , B J7 2 AR O. 5 g #F 5 B T 125 mL = MIHA , INA 50 mL BP 2% vh i (B
R &N 1. 22 g+ T IKIER &N 0. 89 g+ 4L T B 100 mL, IR 4A)) M 10% B FALH 1 mL, I AE 3 h)5 g, 8
AW 3% TR 4K — [A] HEAT B ERE AL, TUAS 1R PP R ¥ T BP 28 byl 10 8 (1 & 1, k) b CP 3 B0l 25 1t B0 (i B S Al
BRI E S . FRERO. 5 g FESHE T 125 mL =M, A 50 mL Z&48 7K , & & 30 min, A 10% =&
£ (trichloroacetic acid, TCA)¥ W 10 mL , & & 20 min, 8% J5 JH & & U8 48 8 65 0 A % R g 4 — i dE AT L IR
FAAIEE A A TEN (starch) & & 18 i Megazvme JEMHR T & (F /R 22) AT 5E .

1.4.3 CNCPS#& 44 mitA Ik CNCPS 4440 T8 7 ik sk 3 s .

1.5 RIMREEA KAl

15 5 45 WO O UK AS v filf & B 45= 1k, H pHOTE (FE38, B U1K AR A FRA F)D W &l pHIE . =
X3 /0 W A O i B B R R RBEREE RS 2 10 mL B9 B0 L B0 (4°C,8500 1 +min ', 15 min) , BB
WO E 10 mL L, AT E LR NR . T R . NH,-N A6 4 #) 2 1 (microbial proteins, MCP) & &, Jf
FHZE A8 7K v 5% 25 45 ob 700 4% 190 % T ARG LA B0 B DL YE W, FH R Je A 2 98 L A 65 CHET 48 h, FREE , IF 1T 5 A
5 DMD™Y
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Table 3 Calculation formula of Cornell net carbohydrate and protein system component

i H Items 543 Formula
FR K AL A9 Carbohydrate (CHO, % DM) 100 — CP(% DM )— EE(%DM )— Ash(%DM )
R 45 4E Unavailable fiber (CC, % CHO) 100 X[ NDF (%DM )X 0. 01 X ADL(%NDF )X 2.4 ]/CHO(%DM )
Al F 4T 4 Available fiber (CB2, % CHO) NSC (%DM )— CAL(% DM )— CA2(% DM )— CA3(% DM )— CA4(% DM )— CB1(%DM )
Ak 485 44y M85 7K Ak A ) Non-structural carbohydrates CHO(%DM )— NDF(%DM )
(NSC, % CHO)
4E 4K 4 A Non-protein nitrogen (PA1, % CP) N(%SP)X[SP(%CP)/100 IX[ CP(%DM)/100 ]

LT [ fi# 4K 11 FR Rapidly degraded protein (PB1, % CP) CP(%DM )— PAL(%DM )— PA2 (%DM )— PB2(%DM )— PC(%DM )
rf [ ik 2 1 5 Moderately degraded protein (PB2, %CP)  NDIP(%CP)— ADIP(%CP )X CP(%DM )X 100

A ¥ L4 14 5 Soluble true protein (PA2, % CP) [SP(%CP)X CP(%DM)]/100 — PA1(%DM )
S ] [ f# 4K 19 B Unavailable protein (PC, %CP) ADIP(%CP)X CP(%DM )/100

CP: ## H i Crude protein; EE: HLAE B Ether extract; Ash: #lJK 43 Crude ash; NDF . #1347 4E Neutral detergent fiber; ADL : i P 3 % A it
# Acid detergent lignin; CA1: % MR iR Volatile fatty acids; CA2: FLAR Lactic acid; CA3: HiAth 45 HLARZ Other organic acids; CA4: /KM K 1L
& ) Water soluble carbohydrates; CB1: J&#} Starch; NDIP: ¥ 38 % N % 2 1 Neutral detergent insoluble protein; ADIP: MR B8 % AN % 8 11 Acid
detergent insoluble protein; SP: T] %14 #& [ Soluble protein. T [i] The same below.

1.6 HEHitom

K SAS 9.4 MIXED & F¢ #E 47 8 £ 75 22 /3 H1 (One-way ANOVA), LA LSD 2 H A 4% 21 ] 2% 57 W 1k, 2%
S F VK P<0. 05, 25 R L E bR iR 2R o
2 HR5H5H
2.1 RRAEHRAMNLE S EERFLER RO YR

50T B AR L, 3 A () 1 R0 Ak R4 pH E 1 18 3 B IR (P<<0. 05) ; LB A LPB ZA 3L & w7+ i, Jf H LPB
AR B 0 T A P AS B R A BR A (P<Z0. 05) , 5 A0 FE 4] NHL,-N FI R & & 6 i 3 22 % (P>0.05) , 4%
A B 2H 2 A G I B N R RN T R (K 4) .

R4 REE BT X SR F R B R AR

Table 4 Effects of different bacterial preparations on the fermentation quality of rape straw (n=5)

i H 4B Treatment b ifiE % P

Items CON LP LB LPB Standard error P-value
pH 5. 56a 4. 76¢ 4.73¢ 5.09b 0.11 0.001
FLI Lactic acid (mmol-L ") 4.13c 4.61c 5.02b 5. 56a 0.07 0.001
Z 1% Acetic acid (mmol-L ") 3.93 3.86 4.11 4.51 0.35 0.564
HAAENH,-N (mmol-L ") 3.78 3.77 3.10 2.95 0.15 0.176

FAT AR E /NG 78 £ R 25 5 8 3% (P<<0.05), F I, Different lowercase letters of the same row mean significant difference (P<C0.05). The same

below.

2.2 REEH A AT ERAE AT RS R

5 %F B 41 EE 4% 5 R0 AR BE 4L Ash NDF \ADF fil CE & & ¥ F# i, Hoh LPB 4 B4 () NDF \ADF % i @
FALF LP A LB 41 (P<<0.05,3 5) . 5 %I ML LG, 45 78 i 0 Ab B 40 09 CP AR LY & & 6 B 3% 2 5 (P>
0.05), LP Ml LB 21 L5 i & = 2 & 3% F+ /= (P<<0. 05) , LB A LPB 41 0] % PE# K b & 4 & = 38 8 3% T+ i (P<
0.05), LPAHRFLF4E 5 & & B E L (P<<0.05),
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R5 FEEHFIXHEBEFEFRHD B0

Table 5 Effects of different bacterial preparations on the nutrient composition of rape straw (n=5, %)

i H AbFE Treatment bR 5 Py
Items CON LP LB LPB Standard error P-value
H ML Organic matter (OM) 86.8 87.0 87.0 86.1 0.53 0.642
HLJK 43 Crude ash (Ash) 9.69a 8.13c 7.47d 8.47b 0.37 0.004
HLIE 7 Ether extract (EE) 1. 84c 2.77a 2.53ab 2. 11bc 0. 20 0.023
HLEE [ 5% Crude protein (CP) 4.73 4.42 4.70 4.82 0.14 0.256
R I 4T 4E Neutral detergent fiber (NDF) 72.5a 67.7b 65. 8¢ 63. 2d 0.20 0.001
PR 1 Yk ¥ 41 4 Acid detergent fiber (ADF) 52.9a 49. 0b 46. 9¢ 42.6d 0.31 0.003
[ PR K LA Soluble carbohydrates (WSC) 1. 44b 1.48b 1.60a 1.67a 0.04 0.021
2T 4k % Hemicelluloses (HE) 19. 6b 18. 7¢ 18. 9bc 20. 6a 0.22 0.001
24k % Cellulose (CE) 43.5a 42.4b 40. 5¢ 36. 3d 0.29 0. 004

2.3 RF R A AR A 3 A AT CNCPS 289 8 K AL A 4 89 % v

FE CNCPS A3, 5% B AH L, 45 b AL 1 T2 R VR IRV B 1L & R R (P<<0. 05) , LPB A1 (R P vk i K
Ji S R, LB R LPB 418 vl % Pk 1 VLP AT LPB 41 A9 o PR PR ANV 35 & B T R (P<<0. 05) , 4% 41 3 Al
FEHEAAGTRELEEZSF(P>0.05,%6),

®6 FREEHFTHRBEFNRERRERKLEGYEESRGRAS

Table 6 Effects of different bacterial preparations on the Cornell net carbohydrate and protein system components of rape straw
(n=5)

i H Qb3 Treatment P 1% P{H
Items CON LP LB LPB Standard error  P-value
¥EH Starch (% NSC) 0.61 0.65 0.68 0.65 0.030 0.342
5 1k % AR B 2 Acid detergent lignin (ADL, % NDF) 9.43ab  9.87a 9.57a 8. 94b 0.190 0.025
¢ % 11 % None-protein nitrogen (PA1, % CP) 2.19 2.00 1. 80 2.01 0. 002 0.653
A YA MR 11 Soluble protein (SP, % CP) 2.71a 2.16ab  1.96b 1. 88b 0.001 0.041
rf Pk R4S ¥ 2R 11 Neutral detergent insoluble protein (NDIP, % CP) 1.99a 1.52bc  1.61ab 1.19¢ 0.001 0.001
5 11 3 4 AN 4 11 Acid detergent insoluble protein (ADIP, % CP) 1.32a 0. 86b 0.97b 0. 84b 0. 050 0.001

TE CNCPS KL E WL 4r v, 53T LA L, A0 BR4 CHO S B i % 2 % (P>0.05,%7) ,CB2 & &1
3 THE (P<<0.05),CC Al CB3 & ik BRI, Ho b LPB 4119 CC & kIS T LP A LB 41 (P<<0.05). LB A LPB4
B NSC 7t 50 B8 21 34 18 3 T 5 (P<<0. 05)

®T REREFRERAKLEYEARGFRASITENRKLEWASEE

Table 7 Carbohydrate content calculated based on Cornell net carbohydrate and protein system components (n=5)

gl fib B Treatment Fr i 1 Pl

Items CON LP LB LPB Standard error  P-value
A ) F £F 4 Available fiber (CB2, % CHO) 2. 24d 11. 9¢ 14.0b 16. 2a 0.68 0.013
A 14 4L £F 4 Digestible fiber (CB3, % CHO) 57.5a 53.5b 52.7b 51. 6¢ 0.28 0.001
AN AT R T 4E Unavailable fiber (CC, % CHO) 23. 5a 17.7b 17.0b 15. 2¢ 0.41 0.001
AR L5 PERR K 1k & ) Non-structural carbohydrates (NSC, % CHO) 11. 0c 12.7¢c 14. 8b 17.0a 0.67 0.001
Mk KAL) Carbohydrates (CHO, % DM) 83.4 83.9 84.4 83.7 0.50 0.562

CB3(%DM)=NDF(%DM)—CC(%DM).
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2.4 RF)VHE ) A AL 22 sk il EAEAT CNCPS 4% & ed % vk

IS INEE 505 L 7E CNCPS 8 H BT 4L 43, 50 BRAE AR LL , % Ab B2 PA2 & £ 24 T+ (P<<0. 05) , PC % £ B AR
(P<<0.05),PBIFMIPB2EHH LR FEZEF(P>0.05), K LPBAMPCEHEMTLPMLBAL ,LPB4 PALl & &
BESFHAKA(P<0.05,%38),

RS RERZFRERALAVEARGRASTENEERASEE

Table 8 Protein component content calculated based on Cornell net carbohydrate and protein system components (n=5, %)

i H A Treatment Fr i PH

Items CON LP LB LPB Standard error P-value
JE & 1% Non-protein nitrogen (PA1) 27.0b 27.5b 28.8b 30.9a 1.35 0.003
] ¥ 4% B8 11 Souble true protein (PA2) 11.0b 25. 8a 26. 3a 25.9a 1.45 0.001
R 33 %% % 4K 14 )5 Rapidly degraded protein (PB1) 11.20 7.41 7.41 12. 24 2.68 0.321
vp [ 7 2K 11 5 Moderately degraded protein (PB2) 15.5 11.2 13.6 14.9 2.46 0.614
AN [ f#% 2K 11 5 Unavailable protein (PC) 26. 4a 19. 5b 20. 7b 17.9b 1.14 0. 004

2.5 R H )R R R R AT AR SN R BE A S0 ¥ m

55 0F HE A EL, 4% 4k B2 9 T W pH G B 3 AR AR, S 16 h BRI B AL (P>0. 05, % 9) ;24 F148
h LP F1 LPB 4 /7= At W T s, 36 h &% &b BRAH /Y 77 i B 0 % TH &, 72 h LPB 49 77 A i 3 T (P<
0.05). 72 h&H ER =S8N KE/NEF A :LPB>LB>LP>CON. 55X 844, 440 4 NH,-N & & i
FHREAL(P<<0.05);DMD & & ¥ 8% T7Hm . LP M LPB A LW N R & 5 ¥ B T, LPB AL T e & &t B % TH e
(P<<0.05), Hrfr,LP.LBFILPB 4/ DMD & & 43l $2 5 9. 5% .6. 920 . 12. 7%, LP Il LPB 21 () £ 12 7 1 53 5l
2155 39. 120 M1 56.5% , LP F1 LPB 4 By 9 R & & 43 Bl #2531, 3% F154. 700, LPB A TR & =42/ 102% . %4
MAEMEATRITEEER(P>0.05). MRS L EEEUE KA LPB 4 M ARSI & BERCR R

R AEE T X i SR RS R EES B R0

Table 9 Effects of different bacterial preparations on ir vitro fermentation parameters of rape straw (n=5)

I H Kb Treatment s 1 1 Py

Items CON LP LB LPB Standard error  P-value
=5t Gas production (mL)
8h 7.4 7.5 7.6 8.1 0.61 0.852
16 h 12.1 13.5 13.6 15.7 1.09 0.184
24 h 41.8b 59.4a 48.7b 62.4a 3.49 0.002
36 h 57.3c 77.4ab 70. 9b 85. 8a 3.99 0.001
48 h 72.9¢ 88. 3ab 85.9bc  102. 5a 4.74 0.004
72h 86. 5b 99. lab 102.3ab  115.1a 5.54 0.024
T 49 I W fiff 3% R & 8% 45 B% Dry matter degradation rate and fermentation index
pH 6.48 6.46 6.47 6.55 0.02 0.072
+ ) JF B f# 2 Dry matter degradation rate (DMD, %) 37.9c  41.5ab 40.5b 42.7a 0.01 0.001
A NH,-N (mmol-L ") 16. 2a 14. 0b 12. 0c 13. 1bc 0.62 0.001
2 ¥ 4 11 Microprotein (MCP,mmol-L ") 4.45 5.14 4.89 4.69 0.17 0.063
Z. 1% Acetate (mmol-L™") 36.1c  50.2ab 42. 6be 56. 5a 3.33 0.002
N # Propionate (mmol-1.7") 21.4c  28.1ab 25. 2bc 33. 1a 1.66 0.011
T B2 Butyrate (mmol-L™") 2.56b  3.72ab 3.51b 5.19a 0.55 0.034
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3 itig
3.1 RE) ) A AR a3 A AT A BE S T AW R

Tl FF 2% B 10 o — 5 5 ) b B 4 A B0 2SR L K WSC i ml AT 67 FUIR A it 2 S W FF & 1
Jo i A B AR AR, R 52 pH Y E BN R . pH RS W & B S TG 2SN R, pHOBRAIG , R R R K, R TR AR B A
DyABAT o AR AT R FL G i vk mke , HL 3 o v & S il 0 P P BRI R A . You 55 I 9T kB, A
Y7L FF T R B H 78 (Medicago sativa) , Ho & W pH F NH,-N & B FRAK 48 5 7 H 55 00 R B G Bt 85 SOk 2 0F
KRB, P A CCAT B & I EOR RS FF, vT BRAR R BE WK pH, IR #8037 R BE WO D AL IR AN SR 1 % . BB MG W 5t &
B, A7 G FLAT R Ah B A bk BOKJE LR & S Th i, pH A o T R R P A ECT BRI RIVA 0 T BT BB A 2 T /K e A
J& , R EEWR pH BEAR , ZLIR A TR & 1 FH w8 o O T ZLAT 1R & I il S 66 FF A R 90 PN 25 R DLl (HLHCHE oK VA 1
MREZ . AR5 FRFRE AR — 8 A5 R FAE Y ZUAT 68 AU [CFLAT A &R B e S FT S 2L & it
T pHBEAR . (RASR AL H A 22 R0 AT BT 25 5, A8 0 FLAF T8 R A D 2L AT T8 B06 A I FH 7 2R I 2L TR & i fe e o AR iU
BE AN [R] ZLAF PR & T T S R A X SRR DU 38 R FD T 1R o FLIR TR A AR I bR T ke IR AR L AR T O 2 1 FLIRR S Y
P A AR PR S S ) T A T AR W R0 Bl BRI T A T O X SR R W A o AR LA TR B R
B4 LR I T A QLT R 41 S B A il 40 . AS [ A P21 2 i) 2L R 55 2 %) 22 57 1T B -5 1 R AN [) A LT o 7 2 e o
ORI DI REA OC . MY FLAT B 8 T [R) 8L I 2L 1 1 L 7E & WE IS ) 0 ) A 08 45 CORE T R B LT R 3L . A
[RFATH R TR K BEFLIR A fE R B A b v = A 2L A O R, O TR FLA Br B s AE F L o] #2335 0 1A BL A SRR
FEME . PR LR PR R A O R AR I FLIR L £ TR B R v 0T RE R U A IR ELA B R A A L AR A FLAE R AR B LR T
REAR pHAE , 0 A T 3 W 0 A= K, A B FLAT B8 08 a0 LR 1) 2 T 1) J Ak, AT ahG 7 i G K 45 ol P S BB o A S P 1)
AR B O SRR T G R R
3.2 REEH A A2k EAEAE AT RS YR

FAR T K B, AN [R5 04l AT Ak 22 18 ol 39 kT e, 30T BEAIRRS FF NDF LADF i ADL & i, B SR M g
53 B e NDF & & 5 3h i ok & 1 2 00 OG0 ADF R 5 9 20 9 95 A0 Wi, 2 i B AIG, T 7
fbT 9 st . WSC F i il 78— 8 B2 BE 1 S Bl A 0 1 A ROIR B0 B SR B 2k i 2 7 I s o ) WSC 40 i
R AR AR FK S A IR A O o AR 9 S BAS IInAi FCAT B RN AR TR R T8 A RS AT H WSC A
EE & 5 T4 BEAL 5 (572 BF 58 & B0, 0 FF T R0 A QR TR B G Ak 2 R R A T, BB R AIK R K #%5 FF NDF L ADF Al
ADL % it You B WF 58 & 3, B T8 RS AT S W 7L AF 1 & B )5 , 2 NDF F1 ADF & it B AIG; B SO s & 3,
VS IR ) LA R & T B ORFE AL 42 85 T DM Y & o 5 B 3 55 0 0F 5% W, KRS AT 0 hl 0 4 T8 RN AT [T 1 % B A
¥ j5 , H: NDF \ADF Al ADL & s ¥R . AR EiRF s a5 R A AL, A% P iR InFLER % J5 , NDF 1 ADF %
R, WSC & it ETE, A BES 8 NDF RADF & A% o 780 2L B2 A 38 B ARG T 9 S 5 A ORI 2, 42
TR 7, TR I R AL AR TR AR AR R S i IR AT R A R L AR R W FLAT TR AR AR R AR A R
pH WD T A7 5 B 3R W T IR T A QLR G 0 T R B AR E L AT FE A AR K > T WSC
MR, Sk 2 sh i Ok B 8 22 m g B S W R I oK AL & 0 o FLIR TR 0% U8 I A 2 0 0 1 0 sl L AR T AT
Ir) P lOBURE 19 2 i o ) 240 700 SRS AT 4R ARL A0 R FH 1 32 22 R R U R NDF VADF 7 i, AR 30560 o 9 58 106 75 1z FH T
i KR BEFE AR NDF Il ADF & &t . 285 40 B & B0 0 ZL IR FF 0 A A [CFLIMR AT A 8K & ff A L NDF \ADF K 4R 4 %
Fr AR, WSC R 2728 R & e iy
3.3 RF T H A A2 3k E A AT CNCPS 289 89 % vk

CNCPS & F J& — A T80 B DUl Gl WA sh W 25 B0 38 A0 R G0 Ask 90 50 45 3 A D 3 190 R 9 1 455 80, o
F Uk E P EERE EA —EMSEE X, Bl CNCPS H 4 24 32 IR B 55 ( Pennisetum
alopecuroide) 5 E 5 (Leymus chinensis) . T AFEFF Z 01 8 2 150 22 5, 25 FE 6l CNCPS FEECR A FE A
EURXTEEE RS . EE A B4 PALE T NPN# 4, ig s 9 B B, A e 2k /Mg, PB1 2
PR A Y LA 1 FE0R D BE AR B i s PB2 O i R A Y ELAR T, A S R 4, — R A R B R R, ) — B
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Sy HE G s S s SR A A . AERE R R L PC AT IR TR A s Wi B T O Be Bk g R 45 G R
H L, HAE S WA RERA T, MR e ADL & Sl mil, B PC 5 AR R BH 4G, ARERsh Y i Fl .
TEAG LS SR RS AP S AT o A RAF B R B2 S , PC & SRR, WO B 41 ADL % s REAIR , 2 B I S F5 #1248
AT ) 3R e T Ak PRI A IO 2R R 4 B 1) B H T Ak ) 235 4 TR A Ak A L DT B R TR SRS AT R R R R, HLR FR
WHEGSCREMAE, &0 EREAFRAH AL L, LPB 4 & B2 5 B9l 3255 A 09 2 (1 BE FR R ms & T o — 0
LB AILP 4. BkAKMA YRR 23 2 ae ok IR, A s b Bk & & H7E83 UL F X 5 25t
Az SIS 4 A Bl . CNCPS B /KA & 9 A 2o 41 7 AN BEBIORE B A i Ak, B o 4 s $e kg i,
AF R (CC) o AR Irh, N W 2045 58 i AL LS, 25 4b BRZH CB2 34 T A, AR 25 # PRl K Ak 5 Pl
Thiss , & A CC & YKRMt. CBLTER H P& T b 3R 38 23 AR SR AS AT P IR R A I 2 . X 5 22 5
SE iU 221 CNCPS 4 2 VA 1 S8 FF (4 BIF 5 45 S AR {81, 26 W U8 Jon o 4 390 & i 1ok 9 8 FF R 42 o HL ok b &
YR A R, B LPB 404 FH %R e b
3.4 R F)VHE A 5o SR AT AR S K BE e e

T T 2 B A T S LR DN R R AR R R R B A AL AE R DE R AR BRALRE 19 R 4 3h ) pHAE R 6. 0~
7O0MY S FEARME G W S AT 4R ) B R R AUk R S L R E W pH JE B 3 AR AR B8 T IR E I RN (6. 46~
6.55) A TRl A A1 K IS 7 A SR T BEOR IR TR M BR K AL A ORI RS AR Y B
N, B OKFEFF MW FLAF B AL S, B T A R BB AR 5 K R R AR T L R A b 2 S R
(Broussonetia papyrifera) ZAEYIFF & B G Rt m R . 5 LR s R0, A, 76 &£ B 16 h
S5, T e LT AT Ak 3 2 A T R AR RS A R R, X PR O I T I RS A LR TR R A R LT
TR 3 o 0 A JSORE T B, 101X T 4 B R R O i i AR, ELIE R R A B ZH R T AT R R O
T TR A7 TE ELANRIONE , DR UE 2 T 2F PR AR 2 1 L Wl /D A 3 B8 T JEORE B I, AT 4 i 7 R . PR R S T W B A R
BAE BG5G Z , G sk e 0 45 O 5k IR S IR A R R R L B A T, DMD W 2 T o FEAS I
FEF ARSI K 72 WG, & b PR L Bl VEA FIDMD & & ¥ &, B2 G WA MECRIL T 59— R4, o] fg 2 Al
Yy FUAT BRI AL TQAT B 525 T8 NS X a5 T 200 0 B 245 44 ) B IR A TN 5, 320 19 B B2 0 %) DM Y B fit g
BEAh A 5T S BN I FLAT B T 32 A FF IS, NHL-N 75 i B AIG, [R i MCP & 5 755, 55 Zhang % [ BfF 93 45 2%
W — 2, AT RE A TR AR U TR AR B ORI X R AT LR 4R ATE AL 77 A VEAL O MCP 95 iU 42 ik BE i, A
AR HE 7 2 A0 23l A MCP 195 1

4 it

A0 4 2 W], S AR AT B AN A ECRT B8 4 RE R AR I SRS AT NDF ADF , [ A A 1] R i 25 ANl AT 27
Ay & B B AAE AR DMD A MCP & 3 7L 19 T 35K AT R AR ADL 25, AT i e 01 S5 A 1) 2 I8¢ i
Jot, A A S N A ROCR AL T B — B
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