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W B ZCEERITHEMILR W E & R SGL MMM I B (Lactobacillus plantarum) SRR E AR W . LI
FRAKBBEIHIEE B R sk, 23l BeFh 1 ODgoo/kg B 5T 1) SGL Rl Lactobacillus Plantarum, VAANEZRR AL EEAE b %) .
TERTESS 34 104 20 £ 30 RITWERCEEREA TR IN 4> A7 R B0 R 5 0T, S8 40390 A 198 B BRI 52 A48 B R e S 50 A2 4,
FFiE FH v S B AR A BT IR R R R 4l AR . S5 R R EFFLIRW E & & SGL M Lactobacillus Plantarum
YWheAs S Enterobacter R Clostridium, 1§ Lactobacillus A YEHI R BERIALAB, INRE TR pH (0T B,
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BRI

KR B; A8 WA, LRALSA; HWIUTFHE; WBAE, F; BE AR

doi: 10.11975/j.issn.1002-6819.2015.09.044
FESES: X712 XHkFRERD: A
X|@&, emiE, gy, %
295—302.

XEHRS: 1002-6819(2015)-09-0295-08
IBRBFESARMEYVANRIESURBEETOMRII]. R TEFR, 2015, 31(9):

Liu Jingjing, Gao Lijuan, Shi Jianfang, et al. Lactic acid bacteria community and Lactobacillus Plantarum improving silaging
effect of switchgrass[J]. Transactions of the Chinese Society of Agricultural Engineering (Transactions of the CSAE), 2015, 31(9):

295—302. (in Chinese with English abstract)

0 31 &

Wik (Panicum virgatum, L.) &—FhZFEERA
BhBg =AM, BANRMPUEYE, —4XHE 2 R (4
FUGIARIFE A FE A 12.2~21.0 thm®'2, JLpAl
FRIPIUE Ry FVE A & 5o il T KoK Zeamays FVK 5
Glycinamax™, HATH R (. MIBBA 6~8 H
AR, 705 I R AR b X AR A ZE AT TRUHCRN
THEA R 7

AR, B POl A A e 19 TR B, DRl i Y
BRFIN B AR P JE S R H 28558 H . O T ERE & B0k
IR, BUR B S . HESFEAR L & Ol 1) Y
A E PO L AR A AT o Pl B g & U FHAR U
KA RS B B O R B Y MR
N R BURARIACR, 2588 BRI A i 45

T U0 A O R I BEARRE i, R T ol BT 1 95 Ik
() pH A 3.5~4.501, C4 7 (R s ) o & A,
T2 5 RO, L T W MR R (8 77 1 o AR T LA

Weks HIW: 2015-03-20  BITHW: 2015-04-21

FEUH: EE IR RIE (2012BAD14B01); #0055
AASZHER] (2014FG039)

PEF A X, & (U, WREINA, W1k, EZAHAEYRI
PRV AR A IR T T ST dbnt o E R RS R 5 5 AP R B,
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PR HRAE, 2 pH (EALRERFE 4.7~5.1, 205
LW, MR R IR R FLER R, v pH {E PR,
A AN HIRR B 5Bl PRAIE T AR 2 4 F BT
EHT, A U I LR TR0 RIS 2 7 b I it JO (1) 4R T 2%
A B BT ST AR R X Lactobacillus
Plantarum®™® . Lactobacillus Plantarum 32 H AR R R
RS 28 P () L B LA R, A R I RS N )
FLR W & FR 2 B A B P R SR R4
B, BB A, AR I N T EAE . RS HOE
T RAC S 5 ) R ) 7 I B e R O Y Rzt =
T 3 3 A8 110 PR AR s R O 9T R B Rk 9 32 3]
—HAMREE AR SGL, EZEGRAMAT . KIFEH %
BErE A KR ALRR, 256 RS Re b BRI R 5 I 2%
PR ERIE, AR ARG TAREE SR SGL
FREY AN E (Lactobacillus Plantarum) I B ) &
WP T T AR 2 FE AN TR R 52, A
T A A B 7 e el () T A RO S AR LR s A kg Al
R RN Y FH L R 18 S 4

1 #MRE7A%

1.1 RIeHR
IR 2014 4F 6 J) )8 g= A K I B pns
B, WAERE 10~15 cm, SRR, B 4 v E
RNV K S S li BO Rf T X
R S LR IR M P RVE T H AN B R AL 12
( Japan Collection of Microorganisms , JCM ) [f]
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Lactobacillus Plantarum FIZAS 525 5 MAGIEG B2 75 I8} v
EMFLRME A R SGL, % Lactobacillus Nantensis
(78.78%) « Lactobacillus Plantarum (7.92%) . Lactobacillus
Pantheris (5.27% ) . Bacillus Coagulans (4.41%) H
Lactococcus Lactics (3.31%) 41k, H MRS ¥:FRi (i
B 20 g/L, B2 AR 10 g/L, W 10 g/L, BERERH S g/L,
LN 5 g/L, Frd &R 2 g/L, K,HPO, 2 g/L, MgSO, 7H,0
0.58 g/L, MnSO44H,0 0.25 g/L, i 80 1.0 mL/L, pH
fHIH % 6.2~6.4, 115°C K 20 min) PR EREFE 24 h,
8 000 r/min B0 BOUTHE, IIAE B & 31K, AR
WJEIEF] 1 ODggy/mL  (10Dgpo>>10"°CFU)

1.2 FPREAE

AR BCE 3 M HA, 1 (H CK &) WXt
WA, ANEERILERE G KPR 2 (] SGL %) AL
WHAR SGL: 4 3 (JH LP Xm0 HMEWF R
(Lactobacillus Plantarum) . MIEFRWCE] 5 3 B E RS, 1~
2em K, AEFEEHLEHFL. EEMAET 10mL L5
TR, BIAIBHNAER A JsRE b, B 1 ODggo/kg
fif Jjr . 0T RRAUINAE S 255 1K, FREX 1500 g 7 EIIH
P 2L MURHET, HSEB e T 25~30 CHRGIRATE

P I JEORHI 5 B R oy« pH A A A4 . 71
FIE 3. 104 20 F1 30 KA A HEBRERS I pH 1,
ANSFTA] A 3 ANE . TR 30 d F5IEORHE AT R iR K
ad. g HRMEENE . NH-N. EFRIr T
SIS TN AR AN A 2
1.3 MEFZE
13,1 FHIeAstse i fofy SARE M 6 M2

O¢ 5.00 g #f, N 45 mL Ringger’ solution (&L
W9.0g, FAHO0.12g, HILH 024 g, WIREIN0.2 g,
781K 1000 mL) , JEAEIR 200 r/min. 10 min, FHXL
JEL AT IR 52 BB TERE A . 8 000 r/min &0 15 min,
EARTISRINE pH B« KBS PR S P ANE K G s
M, ULE—20°CLRA7 T DNA 4L

pH {E A %2 18 ] Compact pH Meter (modle B-212,
HORIBA, Japan) & pH 1. /KiaPERx KL S0 00 e
ot FE RO Lt 2 v T e e IR 1 0 s SR P YA €233
¥ (LC-20A, Shimadzu, Japan) , M1 JE G458 F 1)
e, B WL 022 um BEE . S HTAEN Aminex
HPX-87H (300 mmx7.8 mm, Bio-Rad Company, USA) .
WA A 0.005 mol/L H,SO4 (pH fH=2.2) , WiEN
0.6 mL/min, FEHRAFAIHERSEL 750 40 F190°C, Ak
1.3 MPa, EFEEY 20 ul.

FE b T-90 5T I € A R bR, RART2 B+ H
MR A E AR RI T I R R AR I RE h 2 60°C
48 h M1, RaiE, i 40 HPfi. £F4ER. Perdesm o mill
SE A FBRBRUEI Y, MEIFRBUM RS IORE & 0.5 g, 3%
N F57 L HASH, fiH ANKOM220 BL4F4E 43 B (dbt
MARME R AR AR, dbm WE, PP Eise
4k (neutral detergent fiber, NDF) . FRIVEVLIRLF4E Cacid
detergent fiber, ADF) FIPEVEER AT ZE (acid detergent

lignin, ADL) [¥I¥5 . BEMULE G RS2 T T
W, 550°CHe 3h, AHGHR, KD . 4
#iZ & E=NDF & 8-ADF ¥, V44 E T E=ADF 5 &
-ADL &8, KRRESE=ADL SE-Ko&8. HEAN
A NX6.25, N e R LR & 204" . NH5-N )
e 1 FESER A% /3 HT1 (AA3, Bran Lubbe, fH[E) .

T mellc®E (dry matter recovery, DMR) P € :
B4R, a3 S HEAE MO S IR 5% - DMR
(%) =[ GFEBETE R E X FE DM%) / CRIER
TN JFURHT i X JEURE DM%) 1X 100,

TIOR3V A 2 RS B XU T 1) S 5 =
AR

HAREERNE T ES IR Hu W SEFTRP, Iy
400 g (BEFTHEE) FHICRNE TH &R LIRS (12 cm
X20cmX 13 cm) H, AESE. A, 25 CHERE .
W5E T 0w 2 b 2 7 5 Ho RO R L A S i vy
H 2°C T AT L) /N E o PR A P A A O, R
H YOKOGAWA DX1006 Jo4Gic s A, 5 54 & il
BT REFF AL, B 30 min HAES 1 K.
1.3.2 ALRBEABRE

PR 3 S RE. RREL 450 kg (K76 JHE R I A4-4E
ARG TR S AR S o A D ) R £ A R
K TR SR NIRET B R, HLE 08:30
T 5:00 H K. TEHREERT (07:30) IR
FFH 39°CHIFUEN (1000 mL) HhEBUEE W, H 4 2
2hAiid g . KM Tilley A1 Terry (¥ 2 By By vh i 55— B X
LB ke 48 hPY, BORUERLE R E k. Ve
AR 0.50 g HIFE SR NRE I LYt S (FLAE 35~
45 um, P ERMR AL B R R RO
AT 70 mL RS R FER O B WS Z MR BC oy 1:10) 1)
100 mL B EERE SR b . B CO, Ji I o A A5 o6
N 39°CIEMR /KB AH H 55 9% 48 ho FEANFEMTE 3 AN EA,
ANINFE S 98 2% (o KU 6 h N BRI 2 3))
1 LURERE2h$28) 1R, 12h R4 h #8380 1 k. K
iz 48 h Ja U eSS, SR R pH (EH. ikyE
SO A 7K e, 105°CHET 12 h, FREFIVHEAE S
YA EE . I Z K B W 4000 r/min 0 15 min,
I 7 00 s R M NH-N R R 9% R 1 R T R
(volatile fatty acid, VFA) ¥KJ¥. NH;-N #1044 H
I - IR SIRAN L (P2, VEA (R0 58 A AR (k)
1.3.3 DNA 32Ef= Miseq i@ &5

FF it 5 DNA 3208 ] Murray #1 Thompson $U5E [1)
CTAB =P KL DNA X% Bl 5 AWE 2R
23 7] (Majorbio Co., Ltd., China) #£47 Miseq Il &1 )5
HI%E 53 BT - PCR § 34 X 35k 4 16S rRNA [¥] V4 1 V5 [X,
{F M54 515F (57 -GTGCCAGCMGCCGCGG-3' )
1 907R (5 CCGTCAATTCMTTTRAGTTT-3' ) . H
477127 Hai 26 ik,
1.4 SFitoth

540 P5 H SPSS Statistics % (SPSS STATISTICS
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V17.0, SPSSInc., USA) , 7& P=0.05 KV Fi#ir=RE
VT

2 HR54E

2.1 FIERBEFHN D TR EK

AT AR . A PSR LT YERI R PE
DR AT YRS S PR RO R (E I B 2R . LA
BB IR A E O &, HERI
EHACT T% AR THOEAE R KW, e 2 shiE
KT K. Guretzky S5 H IR B e B ACRE R 2R
MNIEFILEFRAK B ARSI T 6 Aty
Wk, IEAAEIE SR K B, AR SRR 1 P
7o #1251 (crude protein, CP) « K M /K4 A4 (water
soluble carbohydrate, WSC) . HPEVELR LT 4E (neutral
detergent fiber, NDF) FIFRPEVEELT4E (acid detergent
fiber, ADF) JUE M HI1 54 8.57% 4.07%. 69.08%F!
36.92%. Seal “FCPTRIN, JFURLP KB TR L 50 75
oo b BRI R 2 —, R R A 2, FL
MR A BBV BT, FLREA AL, T ERE IR K
B, SEEFWRM. Yang NS R A WSC R
5348 6.0%~7.0%2 15 I R pH AE BE 5 A R B 4 5t
2o AT I RURBIL B A A, HK e MK
IKAE DTS BN 4.07%, 5025 5 R IWC

x1 BRRBMTURMLERSSE

Table 1 Chemical composition of switchgrass before ensiling
(dry matter basis)
%43 Composition g}fe/ﬁ\ti i
T4t Dry matter 26.43+0.38
pH{i pH value 6.4+0.1
PR AT 4E Neutral detergent fiber 69.08+0.20
FRIEVESR AT 4E Acid detergent fiber 36.92+0.39
£T4EF Cellulose 33.47£0.19
FLT4EF Hemicellulose 32.16+0.60
AJRFE Lignin 3.44%0.99
Fl# 1 Crude protein 8.57+0.29
AR NH3-N 0.02+0.00
R TERR KAL) Water soluble carbohydrate 4.07+0.01
THYNAER In vitro dry matter digestibility 54.22+2.24

JEOR e 7L BT B5CEE R S 5 W 75 6 B ) — PR
I o 5 PR R e A B i SR W R
[t L FUR W e e A FH . Wk 2 fos,
ARG i 75 00 JURE e 18 5 A A D AR Dk 2 2 3K T
Staphylococcus  ( 68.53% ) i ¥ Wi J& Enterobacter
(1523%) . Z W )& Pantoea (6.59%) . W #4174
Cyanobacteria norank ( 4.62% ) Fl 3 /N A &
Exiguobacterium  (1.86%) & AN+ 75 ¥ e P IR 5 51
U 5AR, TR pH H PRI I ER & Enterococe FIFLFF
W& Lactobacillus FHXTEFEARMG, AU 0.1%A1 0.08%.
DI, WS InFLER w7 840 JsUpk th LR e i, X et
FURRKWE . $ = MR R 5 e kel ot R AT 2 S

®2 BRERBEEMERSHERESERENEE (BKD
Table 2 Microbial community diversity and relative abundance in
switchgrass before ensiling

#4444 Microbial community AHX} =% Relative abundance/%

Staphylococcus 68.53
Enterobacter 15.23
Pantoea 6.59
Cyanobacteria_norank 4.62
Exiguobacterium 1.86
Enterococcus 0.10
Lactobacillus 0.08
Serratia 0.06
Aerococcus 0.03
LAtk Others 291

2.2 EMFLEREF NSRS A BRI

22,1 HFEXBHFH

pH {2V T 0 A I B 2R As, AN AR
MR R e R b pH A B AW 1 P, EH
ALLE H, AR K EYIIH (0~3 d) pH fH5E
Frm, 2 A ete N, MR SGL R Lactobacillus
Plantarum WHIRFL R IFEWIIH pH {HABRGE R %, {H LP
1T B 2 AT SGL 2218 o pH B 1) PR 18 P BE 2 4101 1
AT T 75 00 0 DR AU A 0 L o A R R TR ) ARG, D
A REE FE B R, i pH  (>4.5) K
BRI bR G2 —B% K% 30d J5, SGL (1) pH {HE 2
4.5, 1M IECRT LP (1) pH fEK T 4.5, 20500 5.3 F14.9,
gE LR, I INFLIR #77 SGL F1 Lactobacillus Plantarum
HR TR R pH fEIY R, {2 SGL 19 R %
L LP R, JF H 2 R W pH HARAK T LP. X UiH,
WNIMFLR B E A R SGL MR & IR T2l 5511
HL—TE Bk Lactobacillus Plantarum .{H 3% pH {5 5 V75
R RVE MR BT I i &, 0 IR e i 22
TP FUIR B A 2R AR FLAT 1AM R 5 7 o e
oG, (R RIE B SEAKF.

7.0 R AE YIMicroorganism
—— X HHCK
6.5 —— AR E & RSGL
()
3 —a— (A LD
Z 60F
Z 6
(=9
g 55+
jamy
(=9
50 F
45 a

0 5 10 15 20 25 30
L2 18] Ensilling time/d
B{1 #HHEEFEEEd pHMEsh STk

Fig.1 Changes in pH value of switchgrass during fermentation

TR A LR R SRR 88 T LS I 5 A 1 aod
FEIVIF SR UL KT IR A SR e v, U i 2 &
M VIR . FURH AT pH AR AR, wT LR A
PERE R AR T B K 40 SO I B 1 45 0 11 A T 1) 2
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Ji, SRRARTE I RHAT AR e T LR VT LA R
RERAER, B A A e REAE S0 B AR K =,
BERR R IR A SR MR TR AN NHL-N A4 2
R TR S AN BB A 4 0 8 5 D sk o ) Bl L R A 1 o
SRR AR R AT L, BRI R
SRR B, I G . A AR e Tk T
BHE SR P B 55 OIS LA SR il 2 C TR
BLRNE, IR, I AR

IS IINFURR BRI RR 5 0 R B = A e R PE I 32
Wi WL 3. Wk 3 R, ININFLERT & & RANEYIFUA1H )
BEAHFLIR/ IR L] 1T+, Weinberg 2525 I 7] 10 R T LI
WA PR IR AR M. AREEH,  Lactobacillus
Plantarum FILIEHEE L F SGL 1 E M A [R5 %
FEFLIRA . 5 Weinberg 25 (HIF5T45 —50, AN A &AM
R FUAF B AR TR S R A e P

ININFLIR 1A & A5 R A FUAT 14 38 B T 5 0k
BRI, o 5Lt > T 61.43%F1 50%, SGL
M LP ZREE (P<0.05) . Hl, WNAREES R
R FUAT R 38 Re A il 8 s o i, ELRT & 12
BTG5

S 0L IR T 5 A A MR A FU A TR X e RS N LR
T, AP EEX RSN T 3.03 £5 80 2.71 £, A R
FUAF B 2 [0 22 e AN B2 I & KA FLAT H IR
FRAR T IR i, SGL ARASIN £, LP LEXH /> T 86.71%
DAATHLIR & B R PEAS IR T I i i, R SR A T
M e, UGS RAC, FWBEZ; LP M SGL Pyl
Py Lol RS AR SR P o Le g AR e, T B
HERAUGE, (HREEIREKE.

i LRTIR, ISR A RFAEY) U GE T R R
IR, RGBS K. SGL Hr) T
FE AR S R BT LP, UM R 5 0 s nFL
PR B 52 RO 5 R IR TR A8 R B Y 2
2.2.2 FERME AL

¥ 171 Ccrude protein, CP) /K PEIR K AL 54 (water
soluble carbohydrate, WSC) FI+4)5ii (dry matter, DM)
TR T AR R B KA S PR R SR 9P T T
M5, Ve B W DRE A I i T B/ bR, HIC S
CP. WSC. DM &, HIRPIFIIIM, K
a TUBREF . R 30 d JE . MVRCRRRT IEORHIR R IR O A
YRR 3 .

F= 3 AEE30dHIREE IR ABEE

Table 3 Fermentation characteristics of switchgrass silages for 30 d

AbBE T2 LI T LW/ L1 E Hefaett
Treatment Lactic acid/% Acetic acid/% Butyric acid/% Lactic acid/Acetic acid NH;-N/% Aerobic stability/h
X CK 0.38+0.06a 3.38+0.02a 2.86+0.46a 0.11 0.70£0.01a 721+11a
FLIR W 2 A & SGL 1.53+0.49b 3.37+0.03a 0.000.00b 0.45 0.24+0.01b 665+20b
HYFLFT B LP 1.410.06b 2.90:0.02b 0.38+0.01¢c 0.49 0.35+0.02¢ 651+17b

e Bll)E I RO AN AR Z W R — RS R 22 B (P<0.05). RAPEHRHLUTHEI. .

Note: Different letters following numbers mean in rows with unlike superscripts differ (P<0.05). Data was based on dry matter of the silage. The same as below.

B R AL A e LR T nT LAYR > 75 0 il R v 4 T
PR, gk 4 PR, KEE30d )5, CK. SGL FILP [f)
T A mEMETHIHT (P<0.05) , {H SGL Al LP /&
T (P<0.05) o [Ai, SGL AT LP (T4 5 %4y
SILL CK $5 T 6.87%41 7.50%, SGL Al LP % 55 A2
(P>005) . &% SGL (1) I % 41 i & Fh F1
Lactobacillus Plantarum ¥ )RRV R LR H, AL
AR R —3

Wik 4 Pon, FAbHE 2 [0 NDF & 8% W% 25,

{H SGL ") ADF FIEA 4R R EFHILT CK, 457
AT CK. XU, #M SGL I nl DU 2 F#IK
Wk FZ (1) ADF FIPEAF4E 25, nl RS i TE Rl
W TR I E W RE 7 AR A R AT e, AL Y
WP, HEE WA R CP & NP, Rk LP
1 SGL {1 CP & &N, CK () pH {41E 5.0 LLE, Wi
TR FIAR B 25 T OB A KA 2 4R, B R R 1 R
WHFW . B, EEH AR 543 B0
IR

R4 KEE30dHIRBECRBEFRHS I TYREKE

Table 4 Chemical composition and DMR of silages for 30 d %
s ST ' Kokt T4 Ak 2
. YRR ST Y S b YA 4T Y N N
A magey PRI MEGRITE gy g g DO i ary
. Neutral Acid detergent . Dry matter
Dry matter Crude protein Cellulose Hemicellulose ~ Water soluble matter
detergent fiber fiber recovery Lo
carbohydrate digestibility
X CK 24.68+0.11a 7.42+0.93a 69.91+0.95a 38.10+0.29a 31.81+0.25a 34.55+0.31a 1.26+0.08a 90.26+0.54a 47.6+0.19a
%Fi@;g 25.79+0.72b 9.08+0.31b 70.82+0.98a 36.83+0.22b 33.99+0.49b 32.77+0.77b 0.80£0.04b 96.46+0.30b 53.90+0.63b
&
AT
U LP 25.10+0.28b 8.63+0.41c 68.01+0.48a 37.48+053ab 30.53+0.05a 34.03+0.14a 1.10+0.12¢ 97.03+1.12b 49.17+0.85¢

FLIR R B2 Fhor g R 3 m B W ROR, Ry EqnT
PUAT ORI R TSR 16 WSC ZE i FLIR , BRI pH (5. SGL
FLP HEkE WSC &R EEHKT CK, 1 SGL 2 #FHK T
LP, ¥iH] SGL X}JERlh WSC A Z L Lactobacillus

Plantarum 5. B FURR ST ¢ FRTRLIZLAF BT LI

CP &, ArnlLex T 22.37%#1 16.31%, SGL &
ZET LP.

B

Weinberg™ % Bl Lactobacillus Plantarum “% |18 % %
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R A S AR U AL % (In vitro dry matter
digestibility, IVDMD) 3 J). A%+, CK. SGL Al
LP bR TF K IVDMD L5 (54.22%) 1k, {H
SGL 1 LP 43kt CK 1 13.24%7F1 3.30%, SGL &
T LP (P<<0.05) . XULH, HEHETH &R R
IVDMD, {HE W HIZINFLIR W A R FRY)FLAF ]
DL i RS IVDMD, I R i T 54
2.3 BIEREYEMTNS T

&1 PCR J7i:9 40T 16S rRNA KK [ V4 1 V5
X AT Rl =, X E AT )RR Cuntreated, UT) F
HICEL Cof I CK FLIR B & & SGL FHEFLA 1 LP)
WATH B Z T, RS 2 53k 11 4464 15 056
12 899 F1 17 316 4 HMUTH, WP iR (coverage
FeH0O K F] 0.999, Vi HIA U T 25 R BEARRAEA K L
SAHBL. it 97%ARBLEE VIS AT 2 264 44, 31 Al
24 NMEEVE 28T (operational taxonomic units, OTUs) ,
R 5 PR, SR, EREER B/
FIRKIH SGL<UT<LP<CK, Xy, HEEFI L

B Lactobacillus Plantarum 5510288 s R A i A= 04
M H , (MM E A R SGL B IS bR 5 .
AN A FE 2 1] Simpson 1 Shannon {EANF], UT. CK. LP
I SGL 1y Simpson {45115 0.4998. 0.3757. 0.1319 0
0.4618, Shannon {H73JjI4 1.12. 1.44, 2.25 F1 1.18, 1%
YRR MR B =KX UT<SGL<CK<LP, %]
HIC MR I AR 2R, M E SRS
T RN R AL LA # (Lactobacillus Plantarum) 1]
TR B Ab PR 8] B R = SRR VR 2 FEE R AN A,
YL SGL i A=W 5 D Fh 2 )M B3 S ks T
UT, LP (351 s+ CK, HeRhFLR s T LAKE hn i ekl
WS R 2 AR B3 A o — M A R I AR
pH fHE&M—MAE 4.4 UL b, #FARTXE, MEPAEKHE
R RRKEMEERIET . A, SGL HALHAET I
SRR pH EIREE FFE, BB R 4.5, k7L pE
FIAEK,  MOm B REE K. M LP A1 CK AL pH {H
TSNS, w4 pH {HKT 4.5, —LREARwIRed
K, DB E A H 3 .

x5 ERMBEERBEESHED TR

Table 5 Community richness estimators of raw materials and silages of switchgrass

S:iﬁﬁD rie@f OTU Ace (Ici, hci) Chao (Ici, hci) Coverage Shannon (lci, hei) Simpson (Ici, hei)
Jikl UT 11 446 26 28 (26,39) 28 (26,38) 0.999651 1.12(1.10,1.14) 0.4998 (0.4897,0.5098)
Xt CK 15056 44 53 (47,76) 53 (46,84) 0.999402 1.44 (1.41,1.46) 0.3757 (0.3696,0.3819)
HYIFLFF 1 LP 12 899 31 33(31,42) 33 (31,46) 0.999767 2.25(2.24,2.27) 0.1319 (0.1298,0.134)
FLRE & & SGL 17316 24 32 (26,50) 26 (24,40) 0.999769 1.18 (1.16,1.19) 0.4618 (0.4542,0.4694)

e lei, hei 2 HIR ARG A I R PR . OTU: 432K%I5. Chao Al Ace J&flith HEv&A & OTU ¥ H id%, —#H50AM; Simpson A1 Shannon J2

SRR P T 2 PR PR R

Note: Ici and hci mean upper limit and lower limit in statistics, respectively. OUT: operational taxonomic unit; Chao and Ace were the indexes of OUT no. by different
algorithms, Simpson and Shannon were the indexes for evaluating the microbial diversity.
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Fig.2 Microbial community structure by pyrosequencing of 16S
rRNA genes in switchgrass forages (genus level)
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Table 6 Effects of proportion of different treatments on in vitro ruminal fermentation parameters
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Lactic acid bacteria community and Lactobacillus Plantarum improving
silaging effect of switchgrass

Liu Jingjing®, Gao Lijuan?, Shi Jianfang®, Wang Xiaofen'*, Yuan Xufeng®, Cui Zongjun*
(1. College of Agriculture and Biotechnology, China Agricultural University/Center of Biomass Engineering, China Agricultural University
Beijing 100193, China; 2. Beijing Center for Physical & Chemical Analysis, Biejing 100089, China, 3. China Institute of Agricultural
Product Processing Engineering, Chinese Academy of Agricultural Engineering, Beijing 100125, China)

Abstract: Switchgrass (Panicum virgatum L.) is a warm-season perennial bunchgrass, and the crude protein content of
its whole pant is higher than the whole plant of soybean. It is a kind of excellent grass as a livestock feed, which not only
has high yield and outstanding quality, but also shows very strong tolerance or resistance to the adverse environment.
Lactic acid bacteria (LAB) are often added to forage crops for improving the silage fermentation at the ensiling period,
and LAB community has been widely used to prepare the fermented feed, such as alfalfa, crop stalks, bagasse and
manioc waste. However, few studies have been done about the effect of LAB on the characteristics of switchgrass silage.
Considering the selectivity of inoculants, a stable LAB community named SGL was detected from switchgrass silage by
continuous restricted subcultivation. The results of the pyrosequencing showed that the major components in the SGL
were Lactobacillus nantensis (78.78%), Lactobacillus plantarum (7.92%), Lactobacillus panthers (5.27%), Bacillus
coagulans (4.41%) and Lactococcus lactic (3.31%), of which Lactobacillus plantarum (LP) is one of the most frequently
used LAB species. The present experiment was conducted to investigate the effects of the SGL community or a single
component Lactobacillus plantarum on the fermentation, microbial diversity and rumen fermentation of the resulting
silage. Switchgrass was harvested by hand in mid-June when it was just in the vegetative growth stage (26.43% dry
matter), and chopped to about 1.5 cm with a laboratory type chopper. The chopped forages were ensiled in 2 L anaerobic
jars in the following treatments: control that is untreated, SGL and LP. SGL and LP were both applied in the same
quantity of distilled water (10 mL solution per kg forage) at the dose of 1 ODgo/kg of fresh forage. The control also
received 10 mL water per kg forage forage. Three jars per treatment were sampled on the 3™, 10", 20" and 30™ day after
ensiling, for chemical and microbiological analysis. At the end of the ensiling period, i.e. the 30™ day, the silages were
subjected to an artificial rumen fermentation and an aerobic stability test at 25°C. The results indicated that the
inoculation with SGL and LP both improved the fermentation, promoted the decline of pH value, decreased the
concentration of NH;-N and butyrate acid, increased the concentration of lactic acid and crude protein in the silage, but
decreased the concentration of acetic acid and reduced the aerobic stability. The 16S rRNA gene-based pyrosequencing
was used to analyze the community of the resulting silage, and the results indicated that the diversity of microorganisms
among different treatments had significant difference (P<0.05). Lactobacillus was the advantageous species, and
Enterobacter were inhibited effectively in both SGL and LP. Rumen fermentation characteristics were determined by 48
h artificial rumen technique, and the results showed that the inoculation with LAB improved the in vitro dry matter
digestibility, pH value, NH3-N and volatile fatty acid (VFA) concentrations were all within normal limits, and the total
VFA concentration was SGL>LP>CK, so was the acetic acid and propionic acid. However, the addition of community
SGL decreased the pH value more rapidly and had better effects on both silage quality and rumen fermentation, when
compared with the single component LP. For SGL consists of variety of components, the interaction mechanism of
components during the silage fermentation and the effect of switchgrass silages treated with SGL on the performance of
the livestock need more study.

Key words: bacteria; fermentation; microbiology; lactic acid bacteria community; Lactobacillus Plantarum; switchgrass;
silage; rumen fermentation



