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FIEE ik T B R R i 2L R R A O 0t B X K RS A
B BT A0 22 M

H

g2 & F2 owmEm'?, B4, Faa, kE'?, B’
M X O TRAE

(LILHE RN BF R B 5, 1L B At 210014; 270904 RMb B2 B Al A b 3 Fh 35 45 & B S S0 %, LA 7 5t
210014; 3 VLG RHEMF ARG RA T I M 2256005 4.0 E B0 AR E IR MET 221243)

TE: TR K RS AR 0 2R A 58 i 7 AR T, DI =98 B R v R 7 T 2 1 i
FIFLIR TR , %8 PARRERIE IR L BK R RS AT I o, R 5% XT3 I K RS 35 2 4 5 A 23 R Ak 2 43 5% T
SERFRUT, DI EIR B W R 2 ke BT AR R T 1 1 FLIR TR, AR SR 5 BRI FLAT 1R 9 IR R  fes , SR2
S H IR A RITEPE R = ; SR2 B BRI B LE SR1 PR, 5557 24 h J5 B5 5 pH (64 3. 83;2 #RFLIR W 7E pH 1H
4.0~7.0.J#%25~37 °C 3. 0% NaCl 505 T A KARBL R 47, #RAE A FHZ iR . 5 CK AH Eb, B FP A Ak SR2
2H K RERG FE T I AR P e R VA 2T 2 R MR TR IR AT A RN 2T 4 K & 1 W 25 R AR (P<0. 05) , T HEFP B Bk SR1 XK R
FEFTT W ARDRLER 2 3 B RS R BEFP B PR SR2 i /K RS RS AT R0kl pH (H S A & iR, FLIR & i =i o
Zx b, H I F LTI SR2 AR AR AR FF S A A BE AR

KR W PIBRRRERNG; FLERW; AKAEFEFT; R

FESES . S826.89 XEkFRIRE . A XEHS. 1000-4440(2022)05-1306-09

Screening of ferulic acid esterase-producing lactic acid bacteria from ru-
men fluid of sheep and their effects on silage quality of rice straw

LIU Bei-yi'"*, WEI Qing"*, TIAN Ji-peng'®, CHENG Yun-hui"?, XU Neng-xiang'?, ZHANG Wen-jie'”,
GU Hong-ru'?*, LU Qing-peng’, LIU Xiang®, DING Cheng-long'”

(L. Institute of Animal Science, Jiangsu Academy of Agricultural Sciences, Nangjing 210014, China; 2.Key Laboratory of Crop and Livestock Integrated

Farming , Ministry of Agriculture and Rural Affairs, Nangjing 210014, China; 3. Jiangsu Liike Biotechnology Co., Ltd., Yangzhou 225600, China; 4.
Suining Feixiang Animal Husbandry Co., Lid., Suining 221243, China)

Abstract: In order to further degrade the fiber in rice straw silage and improve the quality of silage, ferulic acid esterase-

producing lactic acid bacteria were isolated from rumen fluid

07 H #:2022-05-19 of Hu sheep, and their characteristics were identified. The

BEEWE LA RLAHE A EQ0H S BTH [ CX(20)3156 ] 5 #M
BRI H (YZ2020050) 5 VT35 4 FRAb B £ I ( XZ-
$7202017) ; {LFR AR ™Mb A 70 2 At 4 1 9 < 101
H [ JATS(2022)440]

TEE A XU (1984=) 4x IR A M1 BIFSE B L A4 acid bacteria with high ferulic acid esterase were isolated
B S A B ST . (E-mail) byliu@ jaas.ac.cn. from rumen fluid of Hu sheep. Strain SR1 had the highest ho-
FENFE—EH, mology with Lactobacillus rhamnosus, and SR2 had the high-

BIAEE : THUE, (E-mail) dingcl@ jaas.ac.cn est homology with Lactobacillus farciminis. The acid produc-

strains were inoculated into rice straw silage to study their
effects on fiber degradation rate and chemical composition of

rice straw silage. The results showed that two strains of lactic
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tion rate of strain SR2 was faster than that of strain SR1, and the final pH value was 3.83. The two strains of lactic acid bacteria

grew well under the conditions of pH 4.0-7. 0, temperature 25-37 °C and 3. 0% NaCl, and they could use various sugar sources.

Compared with CK, the contents of neutral detergent fiber, acid detergent fiber and cellulose in the inoculated strain SR2 group

decreased significantly (P<0.05), but the inoculated strain SR1 had little effect on the fiber content of rice straw silage. The pH

value and ammonium nitrogen content of rice straw silage in the inoculated strain SR2 group were the lowest, and the lactic acid

content was the highest. In conclusion, Lactobacillus farciminis SR2 can be used as an alternative strain for rice straw silage.

Key words :

[ A AT BT IR T, AR A 1A 8x 10° ~ 9x
10° v, LA A8 I itk 340 (ELR A FF o 0 47 4
R ORBRGERE, R TR ERERE T
ORI, FEAFHR AR BT 4 E R B il 47 4 £ 2R o
i 28 K AR 5 2 38 3 o] 0 A s e o M — 2 i
FH 7= Bl ER R BRI ( FAE ) FLRR B A2 75 3 R b =2 1
FAE {HR T Z 5 205 22 0] i fb 24 B 224, 08 1M 43 4%
REARAE FERT A B2 O R 2T 4 R i, $2 A &
Y R Z WIS TR IE AL R, BeAh, FLR
PAET I B — A S ), GRS I 1
B R IR A G, 2 AR &R s s ZLIR &
(R OCHE DR RO AT D0 0 B A A o Pl 2R
it 6P FLIR B R

KA E b & A KR4 i | feis
X LAV A 1 R Rk G e 1A i P B D IR (4N &
M2 NIR ., T ER %) , i I 4 sh 2 ik ae =
A B9 B R T 2R R A D R T BRI R 22 MR
FFRE B (08 R B | 08 B Bk 5 (1 R s
HRAZ A% DA A B TR IR A AR AR
AR AR 075 0 e 1 RS AR T A e e T T LB, 2
A DRSO DA TG R bt DX A 98 T TR R A B N 1 Bk BERE
fit K REREFT LT e 2 2 28 4 10 e M IR S AT 4k K 1%
TR e IR . HET, B R WS B
Y00 7 5 ) 7 ST R R L R PR ) 4G

V0 2 2] %) 7 BT L R I e ) LR TR L P B RS
H BEAT DU FEZLRR T A B A3 SCRE A FH Bl
BRIR T 0 RR PR 1 — 20 R RS AT 2 4, DT 42 =5 7
W RSFF R ZE Gl SR A, ASRg U 9 B
VM O T 7 o R R R R 110 LR P, 6 PR R R
HE IR FLHE RN B KR RS AT 75 b A g IR 75 oK
TS AT 2T 24 3 A 5 B 5 I A Ak i JBE P s

1 ARSIk

1.1 HERAE
YEPEEDE W1, FR B S8 N B R L

rumen fluid; ferulic acid esterase; lactic acid bacteria; rice straw; silage

SRARTE B WO E T IR IR D, b5 R A 1998
B RGP S0 = AR TAE S L W2 A
b g ST TR FERR R
1.2 FEBRPIBREIGIE

TEPE 3 A5l 6 B AR 1 VR BRI, 45 B 100
wl, %208 3 A5 U %] MRS (Man Rogosa Sharpe ) 15
FRIAMR L AR S, BT 37 C R4 T EE
RAAIEFR 48 h, BRIEIEES F IRV, 4k 2 fE MRS
Rt bR, H 215 2N 4L ny BV | dk skt
AT 24 QYL B R H, O, BEHALS
1.3 P MERERAEEZLERE T

FITCH A 2R BB B | s B e O e 1 g 3T
F,F 30 CHEFE12~72 b, WER BA T VK & 75 76 - A
B A B R e B R AT AR A
LR R A 7 B R T 1 119 e
1.4 FHBERAEBILBRENSE
1.4.1  FI3EE (FA) AR /B & a9 224 HLUS 4~ 100
ml P I, #51~5 G5, S T 20 R A o Y PN 25
KRS IR 1, ik 3 A P47, Rk
BURR bR MR AN ZE R IR AT, 40 A5 31 o i ¥R B2 50
pe/ml, 100 pg/ml, 150 pg/ml, 200 pe/ml. 250
pe/ml i 2 BT B R AR ME W, K AR T 0.22 pm
UEREE , AT R BORORE B ( HPLC) P2, FH A5 1
BE 2 P B RR bR A 42
*1 RAMBEBIRERNES

Table 1 Preparation of trans-ferulic acid standard solution

i 7 14 S BTBRBRARHER (ml)  ZEHROK (ml)
1 5 95
2 10 90
3 15 85
4 20 80
5 25 75

1.4.2 A BEgeg AL K016 ARAS 1) 7= B 2R g
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it 6 LR T 42 Fh 21 MRS YRR 3238 F 37 ¢ it
WREFE KR 0.99% Jo i A= BLER K PR %2 ~ 3 kIt
HEETERETKP, 5% B BB T8
f F) 7 BV AR B R IR R T R T T 37 C R
It 48 h, W2 WY 07 AR AT (14 LI AT 178 v 280 e s o 1
B R FE W T10 000 +/minB .0 5 min, 3515 %
o
1.4.3 BpEkegnle B2 S8, SBE 2Bl
AT, B3 3 A FAT, 215 T 30 °C Kif
30 min, ¥ /K ¥ 10 min J5 2 1k &8, 5 F 10 000
v/min .0 5 min, B VE W IEIF 4T HPLC W%
FR R o R £ 1133 B 20 R 1) o i vk B, B 1 min Y
A3 BT BRTR H G 77 2 1 ol BAl B R 7 B2 10 i e
SCR 1 AFERHGVERAL(U) HREAR

FiF G (mU/ml) = SN BT 2R 1) P-4 5 o
(g /BT BRR B R J5 it x S B IS [B] ( min )
F2 MREBEEEEENEN R NE R

Table 2 Reaction system for measuring ferulic acid esterase activity

] KWW 1%PIER BRI R TR
ZH
(ml) (ml) (ml)
i 2.5 2.5 0
X HEZH 0 2.5 2.5
1.4.4 HPLC &3 & # C18 A% 14 Synergi

Hydro-RP80 (250.0 mmx4.6 mm, 4 pm) . i sh4H
ACHER) : WM B(1%IK LR ) =28 72, ik
0.6 ml/min, F:IR A 40 °C # MK (UV) A 320
nm, HHERA 10 pl,

1.5 FRBREBABRENER

1.5.1 BEFERZ W0 ERkmn L8 m ke
MRS RS FRIZ, T 37 CIRARESR 48 h, M
SRR IR B, /N B il 2 A5 R AIE [] i Bk B
PATRE  IEA T A QYL | SRR R 2

1.52 AKkwum&kegn g 1 HRAREZME
MRS WA B FR 5 F 37 CHi 9% 48 h, BRI B,
e SPEERN oy B B AR SE SR, T 37 CH%
F20~24 h,BERF 2 h 1 E L 0D, A1 pH {HE,
ol AR A 2k

1.5.3 ARAFHGER

1.5.3.1 MR H1 HRFLRE RN 2 MRS W
WEEFREE T T 37 CHFR 48 h, BUE B, 3% 5% 3%
Pl AP EARTE pH {H (2.5.3.0.3.5.4.0.

4.5.7.0) [ MRS JARKEFREEH, T 37 CHi5R 48 h,
H I kA KA B

1.5.3.2 Tt e RIS B AR E S E
MRS WA R F | T 37 C 1535 48 h, BUHER,
Fit 5% RS> BIFERD 2 MRS KRR FR 38 h 73 51
7E5 °C 25 °C 30 °C 37 °C 45 C 3, HdhqfEs
°C .15 C F 837 120 h,7£ 25 °C 35 C F 557 48 h,
1E 45 C F 83596 h'Y |

1.5.3.3 Mifdhikse 1 IR E RN 2= MRS W
WEEFREE T T 37 CHFE 48 h, BUE B, 3% 5% %
R WA 25 A 3.0% .6.5% . 10. 0% . 15. 0%
NaCl /) MRS #3537 5 F 37 C 1597 48 h, H
B R KA

1.5.4 A% 4y B PRECEL IR Y B TR 78 AT
A ARSI, (57 FH A0 B 2 b 56 e A (I A BT R AN B
ARG BR S W) AT 00 e |, 4 B A R &
U6 A THRAE , Bl S 35 322~ 3 d, 10 35 B AR
T, IE4E A AR AT A R ik BT 2SR
1.5.5 16S tDNA o) 5% 52 ER B REEFE 48 h
J& BRI EEFRT10 000 /minBSCr 1 min, 3525 1
JZ VBT IR, WS RS )2 T R DA 45 B BBURE S DNA |, DNA
LR %2 I8 TIANGEN Z R 20 DNA $EBGRF]
VLI SR HETT PCR 734 K PCR W% B/
TR AR A FRA R o KT AR 5 A AR
FPH B 32 J5 78 NCBL M 3 b #E 47 78 51 b, A1
Mega 11.0 ﬁ(ﬁ:, e Neighbor-Joining W E RS
HEALH

1.6 WESFHA. EERREEFRRADH
1.6.1  RAGHEAFFRegEH) 7 2021 45 10 H e
IR, A LA R A AR S 75 U IR, KRG A D
B pH {H R 6.13, EFR M4 TH B (DM) & &
372.99 g/kg, MR 155 47. 06 g/kg(DM) , AI¥ME
WKL & & & 36. 84 o/kg(DM), iUk 4T 4
i 632.41 g/kg(DM) , FRVEUE VR 47 4 & 1 399. 58
g/kg(DM) , FRPEVER AT & it 36. 86 g/kg(DM) ,
L4 E & hE 362.72 o/kg (DM), f 47 4 X & &
232.83 g/kg(DM) ,FLBR &% 1 7. 78 ¢/kg(DM) , LR
T 0.72 ¢/kg(DM) , 1 g K FEFEFF ( LA &)
IR A 4.76 1g AP F A AL 6. 64 1g  ERE TR
B 4.55 1g, FREUR 3. 02 1g, 1EKRETE AT 350 51
IR LT (SR) T mFLFTFHE (SR2) , 43
HHIH5%10° CFU/ g, B B A T /K R R A 1, XF
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PR TR AR TR K o KA RS A K FE RS FF A
FIAS (R B2 B L AR O, A8 R R 300
go FEIREME 60 d J5 FFASHURE  JEAT 75 I 5 T 1A A
.,
1.6.2  RAGAEAF & 2 & B 5o S B AR A My 202 w9 )
2 W20 g JRUKFEFEFEAE L B AR &, A 180
ml KEZEIEAK, T 4 COKFE IR 24 h, FHH 4 2
oAty BESS H pH TN E D8 pH (., # I8 H
0.22 pm JEE AT U8 J5 FH = ROROR €2 335 0] i LR |
R AR TR &= AR &R ek
e SR aE"

HU10 g KRGS FEAE S o A A &
90 ml 0.90% "= FREL K1) 6 5 A B4 H | B THK
b, T 120 o/mindi® 1 h B AR TS A A
VR RE N ELA T SRR R B 1) R RO A B R

BREFRIE b, F 37 CHEFR 24 h, I1H A AN B %L

S R ELAT % SRR B 1 B VRO AT TR R BT B R
b, F 30 CHEFE 48 h IR | B A
Vo ELA TSR0 B 0 B RO T T MRS B 15 R 5L
H1,F 37 CHEFF 48 h A SRR E LR,
1.6.3 KRBHAFFEHAHE LRGN B
FREL 250 ¢ B /KRG ARG FFAE i (JRORE) B75 0 RE i, T
105 CAF 1 h )5, BT 65 CHT RBIEFERE, 2T
Y&, ANKOM -A2000i 24> [ 84845 R
T RERE S JRORHG H Pk PR A 47 2 (NDF) | R 1 Pk T4
Z14E (ADF) R PEVE K BT &R (ADL) & &, JFit5A
AR AR R SR S E 2 APl IR E
SRS 5 R A A o s 5 P - R £ 7
SE NI TERROK LA P o ) RSN B B A -4
2 R AR I 5 T4 RN AR T
1.7 HESH

H Excel 2019 ,SPSS 26 ¥4 4ti13F 43 B 5 5
5, JH Duncan’ s #1777 225387,
2 HEREH
2.1 =P ERER R B 2L BRI pR O 0 1

AR50 TS 98 B VR 43 B8 2 156 AR FLIR I
TE LABTTBR IR £ T A i — B U5 4 i 1 AR 4557 12 h
Ja BB AN SR1 B Rk SR2 B bk A KB W B, n]
DIAIAEFIWT SR1 BRE L SR2 B Bk BE ) FH 5k 5 e 2% 1R
T, T AE ELAT 7 B SRR e I 1 1 M, FLrb SR
Bk (SR2 BRI 1Y 375 BH Bl L4243 514 8. 00 mm, 12. 00

mm, 5 SR1 BHAH LG, SR2 B #4758 B AR 51K,
T 12 TR AR [ A BT 20 £ T8 AR Pk RE T 4

M % 3 i LIE i, SR1 H K  SR2 Bk ERE A 7™
BT 0L T it A 5 1, SR 7 B A0 TR R A Y TS R R
7.23 mU/ml, & SR2 7= bn] &5 2 fi i (1) 75 vk & T
SR1,4 10.36 mU/ml,
53 SRI Etk.SR2 BI#kH0EH R A/ R H 7= M SR A A A0 5 1

Table 3 Transparent ring size and its enzyme biometric determina-

tion of strains

) I 1 P
== P

LS K (mm) (mU/ml)
SR1 8.00+0.21 7.23+0.42
SR2 12.0020.46 10.36+0.12

22 ESFEE

4 SR1 AR (SR2 PR 43 51 ) Ze 2280 T 1% Bl
i) MRS 535 % |, T 37 CREH:F 48 h i, K
SR1 WARAE AR EIE 7L (A R 2R |
O™ L A G 1 TR 75 5 SR2 BRI R by O i oy
TR A GRS R | 2w Ik,
Kidt 48 h Je ATk A gL 8, SR1 TR KR . SR2 TR AR 1Y
BRSO G R
23 EHRHERKZ

H LA AT B R SR AR K 55 3R
pH (HZ 87 FF&, M 0D &, 13:0~2 h,SR1
MRAE KRG8  AbTEdsi 0] H5 972~ 16 h, SR1 Wtk
NSRRI A R R 35597 16 h 5, SR
BRI KA A, A KB i 55 9% 24 h BT,
SR1 HEAREE TR pH {ER 3. 94,

F & 1B " SR2 BEHREY 0D, .pH 1E Bl 1% 37 it
[ AR IR TT LA, SR2 BERRFERT 3% 2 h J5 10 25
BB 25 AR R R R B A v 4
T, pH E PR TR 17557 18 h J5, SR2 kR E K
B TR E , pH 218 FE%; 5557 24 h B, SR2
BRI FR W pH (M 3. 83, 54 40K Al 401, SR2
PRI P= IR R L SR BRI AR
24 EHRBEKRSFHE

H & 4 ATAL7E pH (AR 2.5 BARE T, 2 BRHA
PIARBEA K ;24 pH {H-M 3.0 B, SR1 Rk PN i
5944, SR2 TRARAYAE KR — % ; >4 pH (H K3, 5~
7.0 B}, SR2 AR AE KBRS, 2 BRETE 5 C 4%
TR AREEAE K 25 ~37 C &M, 2 MRFE A K
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AR BLAF s 2R EE Sy 45 °C I, 2 BRI I A K AB L 1
S, 2 BRI ARBELE & A 3. 0% ~ 10. 0% NaCl [#)
Rmoh K, 24 NaCl & #3155 15. 0%H}, SR1
PR SR2 BRI . AT UL, SR AR REE A
pH { H4.0~7.0 JE ~25~37 C NaCl &K

6.0 11.0

pHIE

REFREFTE] (h)

3. 0% MRS $5F2 R A4 SR2 R Y T iR
HEJI L SR1 TRtk &, BESEAE pH (H 83.5~7.0 IR JE
425 ~37 °C NaCl 54 3. 0% MRS 55 7= 1R
AR,

pHfE
ODGOO

REFREFTE] (h)

—e— pHfE; —=— 0D,

A:SRI HH#k; B:SR2 Wk,

B 1 SRI1 H#k0 SR2 HHRHIE K H &
Fig.1 Growth curves of the strain SR1 and SR2

R4 EREFREHETHEREBER

Table 4 Growth of strains under different conditions

LS
Rtk Ei=27N

SR1 SR2

it P 1 pH {H 2.5 - -
pH {E 3.0 + T+
pH 14 3.5 ++ .
pH {4 4.0 4+ 4+
pH {H 4.5 4+ 4+
pH{H 7.0 +++ 4+

i e S P AR A 5C - -
25 C +++ o+
30 C +++ .
37 C +++ e+

45 C + +
Tt 7k 3.0%NaCl ot .
6.5%NaCl ++ ++

10.0%NaCl + +

15.0%NaCl - -

TRER ARt BER e REFER,

2.5 EHRBIEN R A

2 5 T LA H, SR Bk SR2 B Bk 7E FLBE
FEE AR 2 A 26 0 A8 v i Sy 5 SR 3R Ik FEAE |
iR £ 30 it 42 ik il 2 7 235 SR 35 R B ok B, R W
SR TRk 7E 5 % 0 A& e 7= il e v R B 72 R,

SR2 Ptk & AN AR IS s SR TR R LE B 7 A1
Wi AW | H ER BRI L AR A: A0 v S0 5 SRR
o BHYE, SR2 BRI B . 454 AR S0 BB 9T 4
J W HIME SR BRI B R B2 M ZLAF B, SR2 B AR
JAEF M FLATEE

x5 AEAEKMEMRNER

Table 5 Biochemical reactions of strains

WH SRl SR2 WA SRl SR2
A - - || R T
2L + + e + +
A + + ik + -
L + + 1A + -
S| + + iizag i - -
H + + Rz=p + -
g + - || E - T
GEuEl || A o
WA + + TR - +
WA R R + - fE IR ER 1A i - -
22 T, + + e fil i 10 - -

+ B - B

2.6 16S rRNA ¥£7E

6. 2 7], SRl BHRS Lactobacillus rh-
amnosus strain NBRC 3425 #x 4 ir, [F IR ¥ ik
99.79% ; SR2 B ¥k 5 Lactobacillus farciminis strain
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BCRC 14043 430, [ IR M5 99. 00% LA I, 276
SR1 HE#% \SR2 FREIIE A L FRIE S 16S rRNA
MPE5 R A% E SR B KE A BRZEHEZLAF 7, SR2
Lok ZE R AR

#z 6 ET 16S rRNA 5 5#) NCBI L34 R

Table 6 NCBI alignment results based on 16S rRNA sequence

ik HIE B Bl
(%)

SR1 Lactobacillus rhamnosus strain NBRC 3425 99.79

SR2 Lactobacillus farciminis strain BCRC 14043 99.45

27 EMFTARBREBIIBEXKBEFTTE
% B fn B Y 720
HIZE 7 AT LU Y K ARG AE 5 I A 60 d e,

5 CK #H e, SR2 419 pH {4 2 & K T CK (P<
0.05),H SR2 i1 pH fH &AL, SR1 41/ pH H 5
CK A ZEFARE, SRRAMIMRSELEZST
CK.SR1 4 (P<0.05) ;5 CK L, SR2 4Ry 2R &
W E K (P<0.05) , i SR1 1 LR & 2 %
T+ (P<0.05) , SR2 4IHIFLIR 5 L% = 1Y L (e
It CK 175 564. 58% ,3f H 22 % . % (P<0.05) , SR2
SR T = CK I T 60.63%, I H W3
& T SR1 4H (P<0.05) . SR1 45 CK B A&
HESAEE, SR2 IR B E & T CK
(P<0.05) ,SR1 AL A & 5 CK Al Y2 7 A
035 SR2 2H B 4 A 4 T 450 o R B T AL 0 IR
T CK.SR1 4 (P<0.05) ., JIrA &b B4 v 47 oK 46
HNR T RRo A

33 [ Lactobacillus farciminis strain BCRC 14043
100 SR2

Lactobacillus futsaii JCM 17355 strain YM 0097

‘ Lactobacillus rhamnosus strain NBRC 3425

100] gy

‘Bacillus subtilis JCM 1465

0.01

100 ‘ Bacillus subtilis NBRC 13719

2 2 EREREHLR

Fig.2 Phylogenetic tree of two strains

R7T EMIBRENKERTELRERRIERNZNT
Table 7 Effects of lactic acid bacteria on fermentation quality indi-

ces of rice straw silage

b E
Eitn

CK SR1 SR2
pH {H 4.49£0.04a  4.25£0.02a 3.91x0.04b
AR i (g/kg) 32.28+1.87b  35.05+1.44b 69.25+0.72a
LIRE R (g/kg) 5.81+0.33b  6.85+0.12a 1.88+0.12¢
A i 5.59+0.42b  5.18+0.27b 37.15+1.96a
SRS E(gke) 3.15¢0.11a  2.91+0.33a 1.24+0.01b
R (g/kg) - - _
TRRTE (g/ke) - - -
AR (1g,1 g) 5.91+0.08¢c  6.03+0.02bc 6.29+0.01a
b AR E R (1g,1 g) 438+0.11a  4.32+0.12a  2.99+0.20b
R A (1g,1 g) 3.30£0.16a  3.25£0.0la 2.53+0.12b

E%iﬂli(lg,l g) - - -
[T EHE JE AR AN TR /NG S B 3R 7 AS [R) B 700 A 38 ) 22 5 3 (P<
0. 05

i3

o FURE R CMER NRE R TmE R TR, 7l
AR I AU T R T B BRI R AR D e B B

H
R A
ENA G REUAAETT, “-"FRERME],

2.8 EMENRREBEIBRE N KBEFETRE
BIE 7R R R R

8 WTLIEH I 60 d J5 SR2 41 T4k
SR B EHT CK.SR1 4 (P<0.05) ,SR1 AT
Fi S CK [HJC  # 25 55 SR1 A B 2 11 BT %
HIEFEE T CK (P<0.05), SR2 4114 A % PEm K
EWEEL CK N T 42.67%, 3t H &R B %
(P<0.05), SR2 ZH Wy v PEUE SR 41 4k | W2 1 Uk Uk 2
Y YR B EMT CK (P<0.05), 43 BRI
T 3.03% 4. T4% 4. 90% ,SR1 2H i) PE PE I 47 4
FRYEVEIRET 4 AR ESES CK ZHHEF AL
FSR2 MW AR IME R I, (0S5 CK AH EE
ZFARE AL T 2.26%,

3 17 i
30 EEESRTEMBBREMILBRENGTESL
=

A s, A SR E i 50% 4T 4 R
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Beor i, R B AR LA R P R A A
U TAE S i 3 B R 80% 22 A7 2 40 T 52 R
(1), A 149 8 20 R AT DL AR R SRR 4T 4
KFREFR MR A A R DG Y I, etk — 204
W, 522 s 8 bl 68 47 76 2 Ry 1 HL A B 2R e
BEEERDEUR . BTBRIR R B — i R L A B
LFYERRE DT, BENE I W I 2 S % 4 4k 25 0 R
FERE , BILAT UL, A2 sh e B v i o LA Bl 2
T2 i T 1 1 P 40 T 0 e G ™ il e T iR 55, X
HIWE R 4 s B P R YRR E R S %
%8 BERMIBEKERTERANEERRISROEN

Table 8 Effects of lactic acid bacteria on nutritional quality indices

of rice straw silage

_ b g
izt
CK SR1 SR2
THIE it (e/kg) 296.56+1.69b 297.80+2.25b 315.49+1.04a
HEAFRT R (k) 48.53+047bc 51.18+0.75a  49.91+0.67ab

AETEROK S (o k)
PR AR S (g/ke)
TR VR Ao i (o kg)

9.35+0.80b  9.57+0.22b  13.34+0.83a
641.03+3.13a 634.73+2.82a 621.63+2.59b

404.12+3.06a 403.97+3.53a 384.96+2.98b

HFUEFE T (g/kg) 367.78x1.21a 367.78+3.90a 349.77+3.52b
PAFUEFE A i (g/ke) 236.90+2.82a 230.76x6.14a 236.67+2.57a
TRVEEATRZE i (o/kg)  36.34+2.53a 36.19+33la  35.19+2.04a
THIRARINHEILE (g ke) 342.79+1.21a 343.67+2.17a 350.52+1.28a
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T B, AT LR 7 R UKL B B W TR A
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Y2 BE T BEE B TR 0 0 41 4 3R 0 I i Al HG
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PR SR2 BIARE D FUAT R o 38 o S I E A
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Mg R —2, (HS AN AT L, PR SR2 1Y
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