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BEFN LT 4 R ) e 35 PR P MR 4P 4 . BRIEVE
SR, REEI R . USMAN 0% B n=pi 2
2 B Tty O A 20 LT T B AR v RS R IO T IR B, PR
pH B FHIHIA RAE K, HE il EE A 2 5 R TS
#, WRIGHT %5V B3 3ok 75 Il s S vl A 25 AR
RAEY, SFERE MR T R4 . WILK 250
RIS INAT BT B e L 33 7 0 b v SR 1) S B LR K
B, RmomREaE, SeEFERE, BmEESUR.
DONG Z5"H) it i s I IR I A A . A K
FUFF B A4 4 R BT B A SR E T G, T3R8 pH
. @ EABRMITEERKLED.
ZEGADA-LIZARAZU %N NS 3 I B AL AT B Al
F1% FLAT B B B ST O F R T R Bk, 17
HAR. CERRNER S & KPR . (B X 4%E
Gl R FU LR TR G S T I AL B R B AT
FEIB LA 1] IE

%S LA G 1 N AE AN SR AL A ) AR o A
B, BRI T v SR T I FAL A A AR A FLA A
Ao AW (LT XA AR IR ) XA 4 45 A AL
Hor. TR R Eh A HF8IE HiSeq2500 il
BT 6 o e B2 o A0 VR Sh A TR SRR,
JH I A A G LU AN (RS N 751 6 75 I T Ak BEAE FH 1
SRAL IR, R 45 A A K 28 4 A VAN R R I 5 1
SVFE TR, BRI IREE B AN, DU R
AR JTR T 44143 v 0 AR AN BE 5 A0 M) T 28 LA
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1.1 MR5EE
11,1 3XIHH

TR (KFIT-3 fh &) FURR o RHse i BT
FOAT AR R, MRV E 1~2 cm % H. Y
AN Lactobacillus plantarum (ACCC11016) W H
AN ) TR P R B o

BTN T L4 5 A0 (B 4F 4 RBERIA R PERE,
HEE 4D WP TFEMREEYMBEARERAR. K (1
FHE A2 E PRI E . GB/T 23881-2009) 1 (a8 N
FUATERERGIS JIME . GB/T 23874-2009) MI15-%42 &1
)4 4 X BEE )N 60 000U/g, A BERGETE /1N
20000 Ulg, ZE&HEE/IM 52 000 Ulg. BEIE/IE: 1g
Ak T~ 50 'C. pH {H 5.0 21T, 1 min /KRR AT 4ER
BOARTRMEFAE 1 pg B2 HE AR BN 1 AN A
L1.2 XEMELHEE

F800 £F-4E /3 Hr AR K9840 - HENPLIK ERAL, 1h 4R
HERERI AR TR A T Agilent 1260 = FORUM (it AL,
AR A A SpectraMax M5 E§br1X, Molecular
Devices A .
1.2 BFPLEARET

i PR L — o B G2 J5URE (sweet sorghum
bagasse, SSB) , SANEAIMA R IR G RIFANER L
LS, MhE s E % s, Wi (2022) CREE
21 do BERG 7 d @ BHHURE S BT A HLAL 43« R % i SR

AV FEREZ . AN & LR (fresh
weight, FW) JyZEfl, EEMEMIAMEA (L H, &
= 1x10° CFU/g LL FW it, FRD . 4eE &84 (B
H, WInE 3 gkg) MEBFECEAHEAH (LE H, #EYFL
FFRARINE 1x10° CFU/g, £F4E8E AEFRINE 3 ghke) 3
AN INFAL LA 1 A2 AXTRRAL (CK 4, FH IR
SEEARAO AR 3 AT
1.3 BFRETEMN
1.3.1 AMAnLENH

FH (dry matter, DM)  ZKIEERR KA E DY) (water
soluble carbohydrates, WSC) . #& [ (crude protein,
CP) . J&H (starch, ST) . FHEBEIEKLT 4 wnpr (neutral
detergent fiber, NDF) \ BRI A 4% wapr (acid detergent
fiber, ADF) FIFRMEVEH AT E wap. (acid detergent
lignin, ADL) %5253 5€ 276 SCHR[15]1HHT - 4R o
(cellulose, CL) . (4[4EE wyc (hemicellulose, HC)
MG 4EZE wpoc (holocellulose, HoC) &8I (1) ~
(3) s,

WL =WADF ~WADL (D
WHC —WNDF ~ WADF (2
WHoc =WcL TWhC (3
1.3.2 HFEREE SR

pH {EIlEXH UB-7 B{EZ 1, ZA&% (ammonia
nitrogen, AN) ZH KR - IR AR LL (i, FLIR .
LR TNRR S MU =53 B R FH 22 584 1 200 3 RGRAHE
BRI, FCE KC-811 B FHA DAD fgg, #
I 50 °C, WshHH 3 mmol/L HCIO, ¥4k, #EkEE 5 uLl,
1.3.3 EWfamasify

SR FEASERA 2502 S J8 bR B0 6 5 LAy R0 R T e 2
9 MEWHHTLZEA TN, HHSERL W ~ (5 . U
SRR R o AU TN THE

Ui (1) = (XrXmin) / Xonax—Konin) (4)
Us (=) =1- (X Xpin) / Konax—Xonin) (5)

K Uy (B N IEACR SR EUE: Uy () &
FRPR AR B R EUE s X AFEFEARINEE s Xoin AT X
a3 S N AR A BT A R A P /M RN B KA
1.3.4 FHEMA LA G 696 R &AM SRR

K FH B RRBE AL T VPN FLAE Y 5 R It e o YEEAA PR L
0.5 g Ff 2 JFR BT I 21 d BE, 42081 2 20 (g/mL)
BRI ER 2 (pH {HA 4.8, 0.05 mol/L)
SR JE RIS I B AL &R SR E R PR A B I 4 4 5 1
(PREBEE 77 3 000 U/g, fNBGE 1 000 Ulg) « P4F4E%
Bty ChRidBES /1 1500 U/g, B 500 U/g) Al p-% F bk
T ChrykEES 77 3 300 U/mg JNf & 1 U/g) BEATEEAR X
R, X HRAMASE B ZAMAK, HiRIRG W 72 h, [Ek&
12 h 058 AR R BB 2H o T T S AR A R X
(6) ~ (7) 5, RS R b & e s,

Y 20.9-c~v-n
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NEHEREE, g/mL; v N EIERAR, mL; n NFREAE
B om AFERTE, g5 0.9 NHIATRE SR R R EG
0.88 NAHE S A TENER-L AL REL
1.4 BEREBERENREDEEEST
& Water DNA 7 G2 BREE U A V) 52 DNA. PCR
¥ X 4 16SIDNA V3-V4 X, % # 5] % 338F
(5-ACTCCTACGGGAGGCAGCA-3")H1806R(5'-GGACT
ACHVGGGTWTCTAAT-3') . K] PCR X %} 40 1
16SIDNA J:[H3E1T PCR ¥ 1. MFEAR 3 AESR, K
[ —FEAN PCR F=YIR G JG F 2%35 B B B¢ Jis oL Pk A
W, f£H AxyPrep DNA RFI& VIR EL PCR =4,
Tris-HCI ¥efii; )5 %A NaOH Xf PCR F=#Astk, P4
FU5E DNA FBt, H HiSeq2500 “F- & AT FF . W 745
5 NCBI Z:[H AT, $2HR 97%AB ML 7K P&l 434
fE4r2K 56 (OTU) o KH QUME A1t 5 Shannon F1
Chaol % Alpha ZFEVEFEEL, BN FE ST 0.1%1)
AR RBEIAT ] JBACE T, FRE T RACEA XN F
HgE AR T (PCAD 1),
1.5 ZFMEmIEFRD T
T2 FH RRCAR WA 2 v 0] i v SR T A B ARV A
AN FZEA WG HEAT I RIS A B B A
&R ME A A, TN
I=M;P-W;S~(E+S)) €))
M=W;R, )
o 1 RN R OB R T AR 4t as, Tt
M FoREEH SRS (RREE I BERE LS
PR IR RS R, 3 W RN R s (R a1
WED TR E, 0 R RoREEENEL G B RS 2,
mg/g; P RoNIBIEHEITIAIEMmES, 4 520 o, (5%
Q%I ENHEM) 5 § RRAHEREMRLA, 1300 o/t LA
WY E RS R R R A, ot CRIn
FURAD 5 S Ko s G MWW A, Tt i Fom
JERL AN [ FAL 38 75 1
1.6 BB
2 Excel 2019 BB 465008, SR A PR EEbRifE
ZERIN . fHHH SPSS 26.0 T AT UK R 75 Z= i, L
T ANOVO HEHIAbH K Duncan J7iEM BHEHE T2 EEL
BT, BdERPYMELREZERIR, A Origin 9.0
2R . P<0.05 REEIEEREE, P>0.05 0K
WERAEE.
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2.1 BB EREFRRSTHITHL
2.1.1 FHRETFHRBEE

TR RE TR R EA . JE A
MK S, S EmKRESGE RE R ELS,
XKLL A B R, UL E IR D,
Bk, B 1a W, SERMEEL, 4 MRS
2 7d BT RS B R E TR (P<0.05) , KRN E
T 0 3R SR B 1 LR B S A 2 A v TR WS C RTE K
2D R o K AE A HUER . CO, M1 H0 AT,

714 F121 d i, 4 MRIGAR DM & & SRR e,
Hrb E4AE 14 M1 21 d BITEES, RN 4546
B B TR TRk . IR ) O e 4k K il
AR TR FERG RE /D 5 0 FE R B TR R B RE, A
I DM . JRIEE TR ARG 80w T
D2 BE () £ 4 3R 2 AT 4 R S S ORI S,
A w8 LR B S UE VNS SR AL T R R ERIRY), R
BT RTERRE . R, B FLEREANLERAR S A0 pH EHF
i, WA 7 HADA B E e T4 45
Fe.X 5 EBAE 21 dFMEKTFYREEEEST CK
H (P<0.05) , TYHAZFREMT CK A (P<0.05)
“WMYIE .

600r & I (A Enisling time/d
E/i) 7 I4 B21 .
Aa Aa

N

(=3

=)
T

T & fEDry matter content/(g-kg")
I
S
S
T
ZRHEEERERRRRKKLL

0l

ol

L E

4b ¥ Treatments

a. TYIR
a. Dry matter (DM)
i I [ Enisling time/d
=40 A 7214321
2 | Baca AAAB By da
%30 ;j7§ Q7§ &%B 1N\
E . - . - 7
S
=] .
220}
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#
K
= 10}
S
H- 0 B7Z 7
CK LE

L E
A FE Treatments
b. T KA

b. Dry matter loss rate
TE: CK, WAL L, HEYFAAFEAIEA; B ARSI LE, B
FIBC A AR B o AN R RS BRI R AL B AS R IR 1) 22 57 825 (P<0.05)
ANE/ING RIS AR F I (AN R AL B A 25 5 3% (P<0.05) o T
Note: CK, control group; L, Lactobacillus plantarum treatment group; E,
cellulolytic enzyme treatment group; LE, Lactobacillus plantarum + cellulolytic
enzyme treatment group. Different capital letters indicated significant difference
between the same treatment groups at different time (P<0.05); Different
lowercase letters indicate significant difference between different treatment
groups at the same time (P<0.05). The same below.

A1 FreiiRdsy FHResAEMeFaanSLin
Fig.1 Dynamic changes of dry matter contents and dry matter loss
rate during ensiling pretreatment
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HEAGERRMNEVREMR LM EEER. H©
Kl 2a A5, HIEERER CP SEWEE A TIEA
(P<0.05) , HEN 21 d K, 3 ANEMAAS EE T CK
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e, S E T HALRIGA (P<0.05) o X2 B Y
FLAT B IO B A 5 I A B o 2 ) LR A S 2 e
VIR B, A4 KR LR IEE pH E TR, Al
HE ERE R R A AR B,
Y& A KSR B 3E pH (N 5.5, 1K pH IR 3R
Bt 2= 3MdIE A B KBRS, TR CP Rl
XING ZE Y A IAE P FLAT B TR A7 75 Tt v 2
ME A5
2.1.3 Zh

TEN A B R e b RS OK L A . A
Kl 2b ATLAE H, I 7 d SR R & B B
mETER (P<0.05) , Horb CK LIRSl 7 s (A

5 JE i (W] Enisling time/d

)i [ Enisling time/d

K SRR EES, MHER 3 ANEIFIA N 235
THE s TR, 49 L 4. E A LE HriEk &8
7d ¥ EEST CK A (P<0.05) , £ 14 f121d &
FET CK 41 (P<0.05) o JRE W RE AT T Y
FUFF R L2 52 A B A I e s A0 7 T R B AR, Il
R RPN CREAHIRIA R, #E— D4 pH HPUE
TR, FEA R A B A AT R AR R AR P i
W T I B e R T RERS . (B e FE A 4k 4,
B ICHEY E AW R A, AT RE S T BT R ik
TER BRI RCE D AT, I RAERER, SEC 3 AN
FUZHTE 14 F0 21 d B SE R & R RAKT CK 4. %
AR T AR 7T 45 AR SE 7% — .

~ L0222 RN 148921 0 N4 1 o # I [ Enisling time/d
sl Ad pa ol PR, Bl 0z SSUERD
e A Ab Ab Ab  ~ A ' Bc bisb  Bah %
2l el AH E M o BN e ON T T R R

< o S 2 ] ] - ]
a0l IR S R 200 |SONE O @ D =Sl
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2 il e & : DN B2 (e e 1B L
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a. fEH b. JEH c. AIEERBOKILEY)
a. Crude protein (CP) b. Starch (ST) c. Water soluble carbohydrates (WSC)
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Fig.2 Dynamic changes of crude protein, starch and water-soluble carbohydrates contents during ensiling pretreatment

2. 1.4 MRS

WSC & 7 Ik Bl 2B ) T i T AR ) LR A
WSC=7% (DM) 27 pH {8 fE 75 P F B A SeaER7.
R, FE G [FRHE WSC & B R A R I 5
2B, FTdN, 4 MR WSC & B
R (P<0.05) , JERFETE T H R AT AR 5 4 1k
VIR B SINE, WSC E R e #e . &
21 d B, 3 NI WSC 2 EE &S T CK 4
(P<0.05) . XK K pH HIITHCIREEHISE] TR RN
AN RAEYERERREHEYE, 1 3 N INFIZLH WSC i)
THFERR T CK 4 [R5 44 & in N AR P FLAT B A
SRR EERMANE—EfEE bl T4 xR,
YR VEM SO AW R, 2 AT CK 4
ST B2 wsCP®!, DONG W) b3,
TR T RN TR B 7R CRE AT AT IR B8 R 24T 4 3 )
A FTFRA775 el = 2 v i WSC 414> . FOSTER 2512
WA\ A TE Tl T I b AR I 2T 45 2l AR BB g e 4R
WSC &g, sz, il e e A 8 F2 s i i
T R T Ht e s WSC & &R A7 .
2.2 BRI IEPARRAHLEAS T

ARIRAYEL 5> FEAFE NDF. ADF. ADL. CL
HC 55, X Le2H 5y WE 2 # s () B L RE 4 4, I
FemvERe AR e . s 1 WA, REERA . ding
FNHLAZ B A P S 75 T v S A R 4T 44 ) B R
W E W (P<0.001) . BikHh, H7dE, 4 Ml

Z1f) ADF Al NDF &®&¥EE&TEE (P<0.05) , H
NDF & B[l 18] 2 K s ik S 00 25 1 nka s, 3 AN
FZH1) ADF & &0 2T s fE FRE&Es, 2RfE 7 d
14 d AR E . 1R AR £ 4 41 45 PR L 3505
PR BTC A i o o P 2 3 [R) 5 0, A M0 75 D A A 0 ol
i, X5 ZHANG P gt R —5. SRifi, DONG %'
RIS AETT T 60 d B ) NDF #1 ADF & &35 2 T [%
A Uk BRI ] (1) 75 T il A 3 e I % 4 Ik NDF Al ADF
T, ARERHE RS 21 D, [FEEFER
P ik 2R ) R D TRAR AR FH 1R BB 78 7 R R
ADF JEAYIR A BRIEAER G, ANVTER PP i1
MR &), FEASTFERMAKRERSE. 5
CK #H70 E 4HAHEE, L 4540 LE 4% ADF & & 76 85
Wl SR (P<0.05) o HIRIEINA, WA EHE S
Feff CL 1IRE /155, T EAERYFLAT B 52 T 4 48 2
B AR A BURIERT CL IR ARAE , #d L 4080 LE 4
ff) ADF & &7+, NDF WA K. T4 &K
LY RS 5y, HApRAg4ER (HC) BREG %M
Moy 2 —, {ERRMEF 24 N E S Mt L 40
LE AIERMED AN 5, FLER P R A A HLER TR )
Ik pH P850k 75X HC MIFEMRIEA, f L 2080 LE 4111
NDF 1 HC & &8 # (KT CK 401 E 4 (P<0.05) . 7
2 21d B, E R4 RIAMARERLFRIERTH
BOEIR T ARJREAFYERIEUE 450, 9RA6T CL HIPEMRRCR,
ffi CL S EEFHIKT CK 41 (P<0.05) . HC Al CL 4
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e EFER N, {F 3 NRINFIAELE 14 F121 d B
NDF 1 HoC & & EZKT CK 41 (P<0.05) . ADL 4%
—HOE I PR AR SRR, AR REE
b, MMUE SBAE R, T H AR ERK S
WIRE AR ) E BB R, EANE I, 4 MR 41 4 ADL
SEHEESTREER (P<0.05) , H CK 481 LE
Hr ADL SE 2 IEHA S TREH, —FHE 14 d Kk

AR EEF I 21 d IR L 417 ADL S EE & T CK
‘H (P<0.05) , fH LE4HME 45 CK A2 (Al 8%
R (P>0.05) . X5 GUO ZPHRIEME T K/EHEEE
T AN NI (AT 4ERBERIAR SRR MR (Y
FUAFBE . YRR 2 /51 ADL & & 5%
FHAERM 3. B2, WINEY AN ERTYE S SiE
FIF HC IBFR, A6 T CL & &, HFI b aes

FlfmfE, L AN E AN EIEZTmEs, X

J SE B REAL S S SR 78 AR R RE R 2H 20

F1 BFEMLEIRRPARRALEASHTIL
Table 1 Changes of lignocellulosic components during ensiling pretreatment (g'kg™)
s ] PHERA S RIS BERSRAR a0 T LRt
Treatments Time/d Neutral detergent  Acid detergent fiber - Acid detergent lignin Cellulose (CL) Hemicellulose (HC)  Holocellulose (HoC)
fiber (NDF) (ADF) (ADL)
0 537.66+6.20Da 275.82+1.23Da 102.04+2.71Da 173.78+£2.71Da 261.84+2.25Ca 435.63+2.25Da
CK 7 586.01+£1.27Cd 333.50+1.78Bb 106.42+1.19Cb 227.08+1.19Bc 252.51£1.27D¢ 479.59+1.80Cc
14 645.85+3.32Aa 323.78+0.48Cc 112.24+1.11Ab 211.54+0.48Cd 322.07+0.48Aa 533.61+£0.00Aa
21 638.29+1.00Ba 347.46+0.25Ab 109.13+£2.21Bb 238.33+0.25Ab 290.82+10.25Bb 529.16+0.00Ba
0 537.66+6.20Da 275.82+1.23Ca 102.04+2.71Ba 173.78+£2.71Ca 261.84+2.25Aa 435.63+2.25Ca
L 7 603.75+0.65B¢c 366.57+2.34Aa 99.04+2.50Cd 267.54+0.41Aa 237.18+0.65Dd 504.71+0.51Ab
14 612.26+£2.46Ac 369.77+0.82Aa 105.37+0.80Bc¢ 264.40+0.80Aa 242.49+0.82Cd 506.89+0.54Ab
21 607.95+0.44ABc 361.10+1.69Ba 123.06+£2.29Aa 238.05£2.29Bb 246.84+0.44Bd 484.89+1.95Bd
0 537.66+6.20Da 275.82+1.23Ca 102.04+2.71Ba 173.78+2.71Da 261.84+2.25Da 435.63+2.25Da
E 7 615.23+3.84Bb 330.42+2.07Bb 104.57+0.70Bbc 225.85+0.70Bc 284.81+2.01Ba 510.66+£2.01Ba
14 616.16+£0.93Bb 348.46+1.64Ab 112.97+2.05Ab 235.49+1.64Ab 267.70+£0.93Cb 503.19+1.00Cb
21 633.00+1.47Aa 333.37+0.50Bc 114.45+2.14Ab 218.92+0.50Cc 299.63+0.50Aa 518.55+0.00Ab
0 537.66+£6.20Ca 275.82+1.23Ca 102.04+2.71Ca 173.78+2.71Ca 261.84+2.25BCa 435.63+£2.25Ca
LE 7 622.17+1.64Aa 362.50+1.92Aa 114.89+2.48Ba 247.60+2.40Ab 259.67+1.64Cb 507.27+1.64Aab
14 614.73+0.78Bd 351.09+2.23Bb 127.36+2.46Aa 235.49+1.65Bc 263.64+0.78Ac 487.37+1.81Bc
21 623.40+1.44Ab 360.92+3.87Aa 113.29+2.79Bb 247.63+£2.79Aa 262.48+1.44ABc 510.11£2.62Ac
b2 Standard error 3.616 3.613 8.474 2.509 1.163 4.456
B,—J—I’ﬂ Tlme sk sk skokk sk sk sk sk skksk sk sk
%IE Treatments sk sk k% skoksk skoksk kk sk kk sk

skskeok skskeok kokk kokk skoskok k3kck

Fif 8] x Zb B Time x Treatments

T ARRS 3R R R B RN [0 2253 B 2 (P<0.05) 3 AF/NG FRERIRM RN [ A R S B 2 53 B 3% (P<0.05) . *P<0.05, #MIR; **P<0.01,
SR LR, eeP<0.001, FUAREE. TR,

Note: Different capital letters indicated significant difference between the same treatments at different time (P<0.05); Different lowercase letters indicate significant
difference between different treatments at the same time (P<0.05). *P<0.05, significant effects; **P<0.01, very significant effects; ***P<0.001, extremely significant
effects. The same below.
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Fig.3 Dynamic changes of pH value during ensiling
pretreatment
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Dynamic changes of ammonia nitrogen contents during
ensiling pretreatment

Fig.4
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Table 2 Changes of organic acid contents during ensiling pretreatment

s o At Lhi - AR WA
Treatments Time/d Lactic ac@] Acetic acuril Proionic acid (PA)/(g-kg') Lactic acid/acetic acid ~ Lactic acid/total organic Acids
(LA)/(g'kg™) (AA)/(g'kg™) (LA/AA) (LA/TOA)
0 1.52+0.05Da 2.92+0.07Da 0.02+0.00Ca 0.52£0.00Da 0.34+0.00Da
CK 29.74+0.18Bd 8.27+0.06Bd 0.04+0.01Bb 3.60+0.00Ac 0.76+0.00Ac
14 56.08+0.21Ac 19.48+0.14Ab 0.40+0.00Aa 2.88+0.02Bb 0.72+0.00Bb
21 16.07+0.22Cd 6.10+0.13Cd 0.03+0.01Cc 2.64+0.02Cb 0.65+0.00Cc
1.52+0.05Da 2.92+0.07Da 0.02+0.00Ca 0.52+0.00Ca 0.34+0.00Da
L 90.610.32Aa 18.25+0.26Cb 0.27+0.01Ba 4.97£0.05Aa 0.81+0.00Aa
14 60.87+0.27Ca 22.48+0.22Ba 0.05+0.00Cd 2.71£0.02Bc 0.69+0.00Bd
21 64.29+0.03Ba 31.55£0.19Aa 0.54+0.03Aa 2.04+0.01Bc 0.65+0.00Cb
1.52£0.05Da 2.92£0.07Da 0.02+0.00Ba 0.52£0.00Da 0.34+0.00Da
E 7 55.66+0.14Bc 12.66+0.03Cc 0.03+0.01Bb 4.40+0.01Ab 0.79+0.00Ab
14 57.34+0.15Ab 18.81+0.13Ac 0.18+0.05Ab 3.05+0.02Ba 0.73+0.00Ba
21 48.32+0.13Cc 16.09+0.01Bc 0.07+0.01Bc 3.00£0.01Ca 0.71x0.00Ca
1.52+0.05Da 2.92+0.07Da 0.02+0.00Ca 0.52£0.00Da 0.34+0.00Da
LE 7 72.49+0.94Ab 20.38+0.48Ba 0.00£0.00Cc 3.56+0.04Ac 0.76+0.00Ad
14 51.310.20Cd 16.92+0.12Cd 0.10+0.01Bc 3.03+0.01Ba 0.70+0.00Bc
21 52.90+0.13Bb 26.32+0.13Ab 0.2420.08Ab 2.01£0.01Cd 0.65+0.00Cb
prvHEZE Standard error 0.001 <0.001 <0.001 0.001 <0.001
Nl‘ﬂ Time skk kKK skk kKK kK
%}i Treatments Hkk kK% H kK kK% *kk
i (@] < 4b 3 Time x Treatments ook sk sk Kok .

E: AIRATR. CHRAMNRLIHM.

Note: Total organic acids are the sum of lactic acid, acetic acid and propionic acid.
LIRREFW LT HE WA, 2 R

WFIFIBT R, T DA R & A B R ARG, B

AEREM. URFEMCKREE (DM) — KA 1~

3%, fF 2 A, CK 4UR E 4L SRS BB Al AE

KEIETHE R RS, —HHE 14 d IR EE;
L AR LE 41 Z R & 5 U B A 1) E K 2 300 40 35 3 i
#, H L HEBANFHAGZ4 T CK 4 (P<0.05) .
B 7 d WA R P LR & GG b, JE R AT e A2 BE HR
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Fig.5 Correlation analysis of ensiling indexes during ensiling pretreatment
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I FH 3R 8 oA B0 0 QR () 5 0 R B AT SR A
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negative membership function.
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Fig.6 Comprehensive evaluation of sweet sorghum bagasse silages
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Fig.7 Alpha diversity analysis during ensiling pretreatment
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Fig.9 Bacterial communities diversity at phylum level and genus level during ensiling pretreatment
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Table 3 Economic income analysis before and after ensiling pretreatment

. EEREF R RS SUiE N WA TR AR A B4R A KA Al et
b ; ; JERLRA o . i o .
Treatments Reducing  Reducing sugar Gross SSB cost/ Ensiling Dry-base  Unit saccharification Saccharification Total Net income/
sugar mass/t price/(Yuan't™) income/Yuan Yuz(r)ls cost/Yuan mass/t cost/(Yuan-t™") cost/Yuan cost/Yuan Yuan
CK 0.293 4520 1322 60 15 0.330 1300 429 504 818
L 0.239 4520 1080 60 15 0.331 1300 430 505 575
E 0.318 4520 1436 60 75 0.357 1300 465 600 836
LE 0.275 4520 1242 60 75 0.324 1300 421 526 686
SSB 0.203 4520 916 60 0 0.495 1300 644 704 212

e THEEMEDY 1t B s R R, RSN S 99% AR ENE (4520 70/, BURES=IE R SR FRE S O, ARG RS Ty 1300 Tot, BEAL R
=TI AR AR, A= TR A I AR A, A = i 2~ 2 AR,

Note: The calculation basis was 1 t of sweet sorghum bagasse. The selling price of reducing sugar was based on 99% pure glucose (4 520 Yuan-t™). Gross income =
reducing sugar massxreducing sugar price. Unit saccharification cost is 1 300 Yuan‘t”'. Saccharification cost = dry base mass x unit saccharification cost. Total cost =
SSB cost +ensiling cost+ saccharification cost. Net income= gross income-total cost.
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Improvement for the ensiling pretreatment effectiveness of sweet sorghum
bagasse by fortified with Lactobacillus plantarum and cellulolytic enzymes

REN Haiwei'*3, SHI Ruifeng®, WEI Huiyuan®, WANG Li, GUO Xiaopeng®, LU Dong®, LIU Ruiyuan®, LI Jinping®**

(1. School of Life Science and Engineering/Western Energy & Environment Research Center of China, Lanzhou University of Technology,
Lanzhou 730050, China; 2. Key Laboratory of Complementary Energy System of Biomass and Solar Energy, Gansu Province, Lanzhou
730050, China; 3. Northwest Low-carbon Town Support Technology Collaborative Innovation Center, Lanzhou 730050, China; 4. Institute of
Modern Physics, Chinese Academy of Sciences, Lanzhou 730050, China)

Abstract: Sweet sorghum bagasse (SSB) is the resultant waste after extraction of sugar-rich juice from the stalks during
bioethanol production. As a typical biomass, the SSB consists of moisture, unspent soluble sugar, and abundant lignocellulosic
component (cellulose, hemicelluloses and lignin). The undisposed SSB can inevitably cause the environmental pollution and
resource waste. Hence, the effective storage of SSB is necessary for the year-round stable operation of biofuel plants. Among
them, ensiling (wet storage) can be an efficient technology available for the SSB preservation and utilization, which enable the
SSB to be processed all year around. Moreover, ensiling can also act as a pretreatment strategy, due to the benefits for the cell
wall degradation and the improvement of biomass bioconversion for subsequent processing. In this study, the potential of
ensiling pretreatment was investigated to fortify with Lactobacillus plantarum inoculant and cellulolytic enzymes on the
improvement of ensiling quality to modulate the performance of enzymatic saccharification of SSB. The SSB were ensiled
with no additives (CK), Lactobacillus plantarum (L), cellulolytic enzyme (E), and a combination of L and E (LE) for 21 days.
The dynamic changes of nutrient composition, lignocellulosic components, and ensiling fermentation characteristics were
investigated, and then dynamic evolution of the bacterial community structure was analyzed by high-throughput sequencing at
HiSeq2500 platform. Ensiling quality was comprehensively evaluated by membership function method, in order to screen the
suitable silages additives in consideration of enzymatic hydrolysis performance. The results showed that the addition of
Lactobacillus plantarum inoculant and cellulolytic enzymes either alone or in combination was facilitated the lactic acid
fermentation to reduce the fermentation losses, as evidenced by the higher content of crude protein, starch, neutral detergent
fiber, acid detergent fiber, hemicellulose and cellulose components than that of un-ensiled SSB. The content of dry matter,
crude protein and water-soluble carbohydrates in silages with additives were higher than those in the CK, but the content of
holocellulose lower. Furthermore, the content of dry matter in the E silages, the content of crude protein in the L silages, and
the content of water-soluble carbohydrates in the LE silages were the highest in all silages, respectively. The pH value of all
silages significantly decreased to below 4.2, accompanied by the ratio of lactic Acid (LA) and total organic acids (TOA) higher
than 0.65 and the ratio of lactic acid (LA) and acetic acid (AA) higher than 2 during the whole ensiling for 21 days. The
content of LA and AA in the L silages were significantly higher than those of silages at the CK (P<0.05), the ratio of LA/TOA
and LA/AA in the E silages were significantly higher than those of silages at the CK(P<0.05). The membership function
analysis indicated that the silages at the E group shared the highest comprehensive scores at 21 days. The bacterial community
structure showed that the Proteobacteria was the main bacteria in all silages during ensiling fermentation. At 21 days of
ensilage, Enterobacteriaceae, pantoea and leuconostoc were the main species in the silages at genus level. ACE, Chaol and
Shannon index in the E, L and LE silages were significantly lower than those of CK group (P<0.05). It infers that the ensiling
pretreatment with the additives was effectively reduced the microbial richness and diversity. Principal Coordinate Analysis
(PCA) was constructed using the relative abundance of bacteria at the genus level, indicating the outstanding separation in the
SSB before and after ensiling pretreatment. After ensiling pretreatment, the yield of reducing sugar in all SSB silages
significantly increased, compared with the un-ensiled SSB. Consequently, the reducing sugar yield in the E silages increased
by 117%. The highest net income of E silages fortified with cellulolytic enzyme was almost three-fold that of un-ensiled SSB
using cost-benefit analysis. In conclusion, the ensiling pretreatment fortified by cellulolytic enzymes can be expected to serve
as a cost-effective, eco-friendly and tech-feasible strategy for the preservation and pretreatment of SSB biomass. Especially,
cellulolytic enzyme can be used to modulate the ensiling pretreatment performance. Therefore, the ensiling quality and the
biodegradation performance of SSB silage can be effectively improved for the bioenergy utilization of sweet sorghum bagasse.
Keywords: ensiling; fermentation; Lactobacillus plantarum; cellulolytic enzyme; sweet sorghum bagasse; microbial

community; enzymatic saccharification
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