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(1. 2N TR ZE VU REYR SRS 57 o0y, 2% 730050,

EREHSERFEXRMESEIMRE=ASEANSH

ElfE %, WS, ERES 2RE° 24T AW

3. ZMNBE T RZA Rl 5 TR, 220 7300505 4. A E RN T AR BEVR R A SEIGE, ) 510640)
O ST ROKFEFT (dried maize straw, DMS) I IR SRTIN AT, R 5 07 JR BLEE DMS 5 % 57 A 3¢ (cabbage waste,
CW) 42N 90 d, WE DMS BRI 6 NMAF FTE LS| (DMS:CW=29:19, 27:21, 25:23. 23:25. 21:27 F119:29)
WAL, (ARG 30 d Ay M ELIAF ST, SRS BV AR AR, 5 SRS FT I AT T IS IO &5 A AR A RO = VE S8 0 S5 SRR,
AL, 6 AMEIZN pH B EE TR (P<0.05), ILBSEREETE (P<0.05), RIS BT #8E. 6 ME
20047 30 d IR pH B3 B, PR & Ed s, BOE VA4, 30d 5 pH AT BT, HRS &SI R, 60
d WA RES EEERI (P<0.05), ZFA%ERESREZFEA S (P<0.05). B CW L@ n, R4l pH {HEHE /D,
TR B B W N, MEv4]l (DMS:CW=21:27) pH {i#(%, FLERS e, (el DMS 447 60 d A48 . 4 f Bt
SRR, HIC R TR R B0 B R AR TR Y45 M IR PUMR, D RS AT RN 1R 2 288 FFLIF, St si il
WP A A N . AR BARIG R, MEVALRIREFT I B S Em m FR A TR, ARG Eigm T
61.67%, JEARIAFTFEFFI 1.6 fi5. Modified Gompertz 574 7= RICAS AT 1 FGe 26 R0, 7= b hitm. B2,
X DMS D CW Fii il 21 1 27 (F/KFEH 73%) I DMS REELERFINAFE 2 H, HIAERRFF I B e ) B 42T
XKgER. AEAT; ABE; BA; BEFAEE; BRESA; Modified Gompertz 2R
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W REd I 3 BE YR S RE SR> AR BB 57 0 e i ol B4
REVE AU BT T R o 2014 4 rp [ AR AR RS AT T SC AR
298514 t, Hrp IORRAT BN R 15 A0E M K %
FASRR KA AN, A B KPR 22 0 £ i
KERTE, A R I KRS FT A REwR L o In 2 A B
FAF BT AE R R, AT W AR 2 08 sl T 3R A Wk,
SEUK AR KRR, AT TRRS R O
FELTARALRUAR AL, SEMa A ml Fefd k. 55— Jr i, Ak
FEIAFAR NI (5] 3R 2 51 A8 SR B e, 2R

Wk H A 2015-11-23 29T HiH: 2016-03 -30

BT H : [H K A RFELEIEA (513660090 K B HABIFUR £ (863)
(2014AA052801); Hli & HAEl M4 (145RIZA064, 1508RIYA097);
LM R E (2014-2-20)
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pE RN TR By AT (E041200735S)

AR S, DAL, ] S BURS AT SR TR A7 R RS AT
THAS TR T 11 o )

TSRS A7 XA I SR 4, Hrp
HICAT H RS FF L AURM i, 5 7K AE 60%~75%, 1% 575
T S IR ARE R AT ] B) PR A 1) ) I 04 e e VA AR e P 1
A, SR, AT SR TR AT I &, HeTdedy
WS TR A SRR, AR E s B,
Iz TREFF 22 F BAREE IR R D>, ANidH HE
BHATTFICAE . BEFC RN, T RKRF S DR Em, =
KR e PV i B v B A 0 OB AT TR I B 3RS R
UEINY e e I MR ST PN SR SR P S S ]
PRI A7 1) — P 2807 5K

WAk, B SRR AR RN, S T
Al ek e, KREFHR (B HiE
TSRO 5 51 R R v el 2R S KKy
FRESY, FFRER T REFE AR FEd e e F gh 0y . 8
Y153 KooK oy E A5 7 T ) B AME BT IR &4, WAL
RESCILT- RS FTF MK ORAT, B REA ROR BB SR 77 9| K
IS5 g, HE NS T B S TRFR I R iE E
MR, AU T ARSI 5 RO RS AR (4™
A E SR AT BT FOKFEFE (dried maize straw,
DMS) M5kl fEARDUTATAMAME S ~, FIH “HA
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HIC” JELK DMS 3¢ 3 (cabbage waste, CW)
AT PRACE I AE, MURCE IS . A2 440 R R I o
SF A1 FEWTST DMS F CW AN ] 5t 5 LU AT FETR It A
(RN AS B0, O 638 B R VR e R R iR ), 5 B T R
FRRIE A )5 =S, A EDRSFT A7 R <4k
FIHRHES %,

1 #MRE7A%

1.1 I wtHd

THKFEF (DMS) Wi 1 H i 44 € v i Ble v 5L
ARk ORI J5 R & LA H, WGRIE D 2013
fE 10 Ho AR (CW) R 22T LB X R T
Heidm. WEHHE A 2013 4F 10 H—2014 4E 1 H.
1.2 Rt

R R T N KA RO & K, AR SRR K
Gy Fa] s e B K4k &%) (water soluble carbohydrate,
WSC) e, HAL MAITE4.

Md'Wd+Mc'Wc:M(d+c)'W(d+c)’ D)
Mc'xc"'Md'Xd:M(d+c)'x(d+c)’ (2)
Md+Mc:M(d+c)’ 3

T Mg AT M, 23331 4 DMS FIT CW IR iR Wy AT W 4351
) DMS #1 CW [#7K 73 2 it s Mge ) DMS Il CW JRE 5
BT Wgag il DMS Rl CW IRA 5 BK &t Xg Al
X; 37343 DMS Fll CW 1] WSC % fit's X)) DMS FI CW
RA G M WSC & .

WEIRIAA R IR B MK 65%. 67%. 69%.
71%. 73%H1 75%, Rl 6 NANERIC AL, M7 FE4 (1) |
(2) F1 (3) 5753 DMS F1 CW i EL ik Tkl 29 @ 19
(ME ). 27 : 21(MEy). 25 : 23(MEun). 23 : 25(MEn).
21 1 27(MEV)#1 19 : 29(MEv). HT CW /KK ML
REftfsmy, A E EET I, BRIk DMS T
HICAE R (SE) o FAMEERA 3 44T, 3634
T, JELE A7 90d, 47T 30, 60 A1 90 d X T
L WA RIS BN A D AT S0
1.3 REAHZE
1.3.1  FzegiE s

¥ DMS F1 CW 23 5418 1~2 cm F1 2 cmx2 cm, V&
A A 1.2 Wit 7 ERHATE AN AT, e R RS, %
W, %E, FEEBAWAFT L6L FHA.

1.3.2 HsearE

HERARE 2 A AR YERI 0 RE L 20 g, JL 14
% 1:10 LB ZEIRAIRGIT R, Kool 4 2204l
SEPEIEACIT U8, TSR IR IR, —20 CHIRIRAT
R, RS E pH (HAFLR (lactic acid, LA)
LRbR. S 1 AR TR EECE T, BIRTE
TERE e TR (dry matter, DM ARSI ET
4k (natural detergent fiber, NDF) . FRIEVESEZT4E (acid
detergent fiber, ADF) . BRIFELEEAIZE (acid detergent
lignin, ADL) %4545
1.3.3 REHT BRI

T B g A VR BT P EOK RS FE AR U A7 T RS FF HEAT

37 CHEA KA RS, KH 1.5 L REHM, 13303k 2
B L, hi s SIS VR (TS AT VS 435
7 9.01%. 5.60%) ¥NHNEA 200 mL, ZEEEFITREFE
TSIRA RN 7 ¢ 3, XA A3 piy, 2k
JEIRINZERRARAN . 1L AR, ARG 3 MR . R
PEPRRIM 3 W, M RE R A k. R
SRR SR, IR B AR R BB F e R
febr. KA Gompertz J7 FEx P FEHEAT LS, SRR K
W RS () R Eh 24,

y®)=H, wp{—expﬁ: 'e(/lt)+l}} :

X Hy MERKEBF=HA (FED BRIAE, mL;
R BB WA () %, mL/d; A fCFRIRH
H], d; kAR N BN )25 AR PRETH ], d;
e N 2.71828; RZAERA RAL.
1.3.4 A7k

DM. REAEE (TS) AR A (VS Wl
BT, Hrp DM 1 TS 105°CHEEE 24 h, VS550 C
J%e 4 he WSC I K H I -mi g e (. B (total
nitrogen, TND I K H YLK € &% . NDF. ADF 1 ADL
i ANKOM 2000i 4= [ 8 £F 4k 53 M Al 52, 25 4k %
(cellulose, CL) FI-£F4E2% (hemicellulose, HC) 2
LG, —H 2 A LELT4EZ (holocellulose, HoC) 1,
pH & Sen Tix 41pH vHlllsE . LA Ml AL AR AR
SBA-40C LML IEes . 45853 Bk JSM-6700F =14 i
4% (scanning electron microscope, SEM) %€ . v <H 1
CH, F1 CO, %54+ 1| Biogas Check 43T A3l 5E
1.3.5 RBEoH

KT AN b2 75 SR RV Ao, AR
FE R ITHE 3 THEAT YRSy, Wik 20 43, 16~20 4
R, 10~15 Jiilf, 5~9 hrhsk, 0~4 Kjgmto,
1.3.6 AWM I

THEHE R 1.3.2 PHEUHP 20 g RN
180 mL TG AR B ER KA, WAIIRYS 1 h, B b v ARORE
Tkt HEATTLRRTA . W RER A A oA
1.4 BUESH

Fl Excel 2007 #cfF b #EEAE R, ] SPSS 18.0 Xt
B4 WIATHAR G 00, #4035 18] A Duncan 73
T2\

2 FER5HMh

2.1 MfFEiA R R

H# 1 A/ %1, DMS /K5 54 28.47%, WSC Jiis
Y% 28.04%, CL fil HC &+ E, HoC i ik
53.76%. CW /K> mEik 94.42%, WSC s 4
23.74%. 2 FisURHR K 0 & AT BAME, fK—e hilie &
JE BEVREN DMS BIZK AL, I8 BB 5 E SEAR LK
Fy—J7 T, MGG R A Z (R DMS F1 CW #3#1E )
M, B CW iR LRl s, VR AR R A7
(ensiling density, ED) Z#ik4 1, WSC fil ADL &=
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4%, {H DM. CL. HC. ADF. NDF fil HoC &
Wiggb o T DMS [ S AR T 4ER A o & s, 1M
CW iR/, KtBEE CW Frib b R4 m, BIER
A FRET iS50 73 R R . %54h, DMS 5 CW 2141
RSB EAME, CW A, DMS T . Y

DMS Ht A tL, DMS L5 CW I AT KR M A7 5
WD JFURLZ TR X BRI A7 A B A A s I, R
S B AT A HE T RS FT XS A K 20 1) “ W b LA
JFLIRTE T WSC AR SR FH R FLRRFE AL, $2 i 1 %
hLF.

R1 IFETRIRBHFIE
Table 1 Characteristics of cabbage waste and dried maize straw before ensiling

TORFEFT - 28 DMS D CW

. H3 FORFERT
ibs Index ow DMS 2919 27121 25:23 23125 21127 19:29
(ME ) (MEu) (MEm) (MEw) (MEv) (MEw)
T4% DM%  558:0.15c  7153:001b  34.68:0.04a  32.68:0.03c  30.67+005f  28.66+0.06d  26.65:0.02¢  24.57+0.04g
SYEF CLI%  10.9240.64b 324240022  19.87:001c  19.26:0.02b  18.640.01d  1802:0.02f  17.40¢003e  17.11:001g
JLTYEE HC/%  8.110.46b  21.34:002c  16.23+0.02b  1567+0.02a  15.11+001d  1454:00lg  13.98+0.03f  1191:00le
AP A e
Mﬁ‘kﬁgﬁzﬁ% 0.74+0.45a  152+0.03b 1.1240.02¢ 1.16+0.01d 1.1140.02 1.24+0.03a 1.28+0.03g 1.65+0.04f
it
i rﬁgéﬁjﬁ 21.20+1.20d  56.02+0.02c  38.15:004d  36.98:0.03b  35.82:002a  34.66x0.01f  3350:0.0le  31.29:0.02g
S VL& T
s ﬁA’fDEé’j;/’j 131040070  3468:00la  21.92:00lc  21.324001b  2072:002f  2011:000d 195120029  15.75:0.0e
LT % HoCl% 19.03£0.43¢  53.76t002c 36.10.0la  3493:0.01b  3375:0.04e  3256:0.02d  31.38:0.03g  29.02:0.01f
VR e Pay;
T 'V%N""g‘éﬁ;f OV 23748004  28.04200lc 19340022 1972003  1923:00de 20052003y  2033:001f  2542+0.01d
oA
ED/gL™) 155.8140.04 248224006  298.60:0.03  302.75:0.04  326.39x0.07  358.08+0.05  392.31+0.02

e RPFITARFRERIRZ S W2 (P<0.05) o TYBUBTE > HON i T A, A0 T4 Tl o
Note: Different lower case letters within the same row mean significant difference at 0.05 level. DM was fresh weight basis, and the others were DM basis.

2.2 FEAMEHROBEEREITH
T TRV R DA 7, RENGE . BN
BUBCALIRIERLR T2, JCREREFF R JCHLBLIE A7 8 VP
R, AR 2.
R2 FRAEFFZEHBREREITS

Table 2 Sensory quality score of different silages
54 I i) wEE Ak s} E¥ £33

Group  Time/d  Color Odor  Texture  Total score Grade
30 1 14 4 19 1 FARe%
SE 60 2 10 4 16 1 phsk
20 2 10 2 14 2 gty
30 2 14 4 20 1 s
ME, 60 1 10 4 15 2 HahT
90 0 4 2 6 3
30 2 10 4 16 1 AR5
ME 60 1 10 2 13 2 gty
90 0 4 2 6 3 g
30 1 14 2 17 1 s
MEp 60 1 10 1 12 2 Gl
90 0 4 2 6 3k
30 2 14 1 17 1 fnss
MEy 60 2 2 8 3 Yrpak
90 0 2 3 g
30 2 14 4 20 1 phsk
MEy 60 2 10 4 16 1 s
90 0 4 2 6 3k
30 2 14 4 20 1 fnes
MEy 60 1 14 4 19 1 FARe%
90 0 4 2 6 3 grpak

A7 30 d W, GFHEZH (SE 41) [F Bl fE R4k i o,
M TR, 6 MNRIAL (ME, ~MEw) YL HEA LIS,

DMS ZEm gE MR R o2, MG, i Rikin e,
HIRAA, CW M, B Ik iig. JtH ME,
IR, HA BRI, 60 d J5MIHRIREFF R
AR EE, ME ~MEVAL I E B R I, VRN ML
A, MEVE MEGWSUTRAIAILEE, U6 3k il
IR T s R I RS A R R . 90 d )5 6 MR
MUY 4, WS FRRIER ILAFBE; SE 41 A FT
JEE M AF. AT, IS TR R R B S SRR, AT
KI5 5 IR s R .
2.3 AREMFERRBAKRRTHELSS D

DMS s SR (R T AT e A=W 5, B L SORI I 7 5 1
/b, CL R HC 245 Myt K AL & 7 B b R 1
PLIRAR A, ADL M2 — 35 FRAR 10 B B 41 . 47 30 d
Je, TR EGRIE, AR WSC IR T
(P<<0.05) , ¥EtlAEYIHFESRS, SR GYRT 1%,
KA 5 AR R ARG DM & A AN AR
BER R, X HaMet R g Mg ) -5, DM
P MR SRR T R IR R RS R 1 PR L
PR TR BE B SEAE W RE A AT v PR . FLIR AT A 2F 4T
Yo MR IR RNENGIT R . AL BRAIK, MR
THRARES, ST, W AERI R A R LT 4R 0
AL R, o, SE 41411 CL 8 HoC
O it B I ) A T 5 A i A, H A B R AL
ADL Fr R N, 1K) G RO RS FT B0 A7 1) A
RN YE RIS, EMCRRIIPER T, K FsFT
KR PERE AL AR TR I LT Y 2%, ATRSFT (1 45 /A5 15
AR R, ek G s A ERE 8. TR S A
SEIRICIAME (30~90 d) , RIRIA) ADL 5 & 256 R
Ja T (B MEa#h) , 60 d I ADL 5 44 A ik .
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BEAb, A7 AR SR ZH ) HC 55 B ) ) ZE K 52 50 [
JETHAS (B MEWZ) , {5 CL &R LR E A
A, SEIR41 HoC (CL 5 HC Z A [RAs L HiAe
IR o AH A SR IR R, 24 CW EL
KT 25123 (IR &E<69%) I, CL fil HoC & &

Al HoC & & 256 % J5 %, 90 d i CL Fl HoC # &
MWAEE (BEET) 30d K7, SHEXSR CW Lt
AR T EORF P REJEZH 2> HoC HIMRAE. W7 CL A1
HC & it B Btk BT i A PR A TR I R e i F2 v = 41
Y 25 I (10 B A= 00 EC 30 23 B AR B A A 7 TR VAT 1) R R SIS )

B TR SE AT R 240K

I

=69%I, TR T CL

JITEL

R3 FRPEFFERREZLFASIHNTETL

Table 3 Dynamic changes of chemical compositions from different silages

5348 Group i) Time/d TH15t DM/% BRIV A BT E ADLI% 2143 CLI% LTS HCI% £ReT4E % HoCl%
30 75.37+0.06a 3.02+0.05¢ 41.56+0.01a 28.22+0.03b 69.78+0.02b
SE 60 74.64+0.14a 6.65+0.54a 42.17+0.63a 26.91+0.77¢ 69.08+0.71b
90 66.48+0.15b 5.04+0.21b 43.73+1.77a 32.03+0.18a 75.76+0.98a
30 36.39+0.01a 2.80+0.01b 38.74+0.01a 30.02+0.01b 68.76+0.01a
ME; 60 35.83+0.04a 2.64+0.27b 33.69+0.40b 25.60+0.05¢ 59.29+0.22b
90 35.00+0.01a 4.80+0.11a 37.15+1.21a 33.38+0.87a 70.53+1.53a
30 41.48+0.02a 3.21+0.01b 37.40+0.03a 30.38+0.01a 67.78+0.02a
ME 60 37.69+0.60b 2.60+0.17¢c 35.22+0.67a 25.57+0.64b 60.79+0.65b
90 29.63+0.30c 8.12+0.72a 33.24+0.59b 28.22+0.78a 61.46+0.65b
30 38.23+0.04a 2.81+0.02b 36.89+0.01a 30.32+0.27a 67.21+0.14a
MEmn 60 39.37+0.11a 3.03+£0.47b 34.39+0.34b 27.10+0.41b 61.49+0.37b
90 36.72+0.05b 7.56+0.31a 33.02+0.58b 29.99+0.33a 63.01+0.45b
30 43.54+0.02a 2.91+0.02b 35.60+0.02a 27.91+0.02b 63.51+0.02a
MEw 60 40.46+0.01b 2.45+0.30c 31.39+0.28b 25.31+0.49b 56.70+0.16b
90 37.27+0.87c 3.96+0.25a 35.58+0.13a 30.34+0.27a 65.92+0.08a
30 34.52+0.21a 2.87+0.01b 40.05+0.01a 33.14+0.01a 73.19+0.01a
MEy 60 27.64+0.03b 2.62+0.23¢c 30.61+0.24¢ 26.07+0.13c 56.68+0.15¢
90 25.63+1.20b 3.94+0.16a 37.94+0.60b 29.25+0.42b 67.19+0.53b
30 28.57+0.18a 3.54+0.08b 39.30+0.01b 24.33+0.01b 63.63+0.01b
MEy 60 21.66+0.05b 3.11+0.06¢ 34.84+0.49¢ 26.50+0.33a 61.34+0.36b
90 21.74+0.64b 4.59+0.23a 42.54+0.67a 27.16+0.25a 69.70+0.43a

E: ARVNE P REOR IR G IR AE N 1) 2 [0 22 5 23 (P<0.05) .

Note: Values with different little letters show significant differences among different time within the same mixed ratio (P<0.05).

2.4 TEPEFERRNABRRS T

t2% 4 a0, BEMRIGAL pH A BEIAEIR A O AE K 5
Thas#Hs H 6 A4 pH 52K T4l (P<0.05) ,
TRIVZH 30 d B pH EIMET 4.5 (IR I I AR &
2 W s ARG T30, SE A A i 3h B
FA TR A T A SRR T, K
38 DR A R 5 v L e T DT G . TR I AR B (0~
30d) , Rkl B WSC 25 FLIR T A K B T R Uf
EIRUR, AP, AN R I AR,
pH fH FI% % 30 d B (3.7~4.2) ; IEFLRES
BN SE, JuH pH (E<3.8 N SRR B i, pra
it R LT L. W AF A (30~90 d) FLER TG S5
s N2 WERER S LA R AR LR, $3060 d J5
IR & &L R 0, pH {EMITE, REES LG TR,
X5 2 BRE VP4 R

MR, CW LLIssn, Bk & E e rt-a
FIF AR 2 LR, Al pH (B R FERARAE . 15 CW Ll
H KOEEIE 75% (MEw) I, FLERS &R R,
pH (ETF o I @K & A R #ke, A+
FURR K, Hm /K FUMG WSC A5 SEUS MR A K. =
2, MEvVAHLIY pH {H4R AT 3.7~3.9 BARAE, FLRS &=
ARy, T o R

F 4 FEPCFRRE % B MR
Table 4 Fermented characteristics of different silages

fekr il JEA7 N ] Storage time/d

Index Group 30 60 90
SE 532£007aB  7.95:0.0daA  7.98+0.03aA
ME, 385:003dC  4.44+0.05dB  7.65:0.01aA
MEy 403:015cB  4.62:002cA  4.81+0.01cA

pﬂHﬁ,e ME;  3.96:0.06cdC  4.87+0.02bB  553:0.02bA
MEy  3.94:0.08cdC  4.88:0.01bB  5.030.01bA
MEy 3.72£003dB  3.77+0.05eB  3.82+0.02dA
MEy 422:005bB  4.42+0.02dA  4.52£0.01cA
SE 350:000dA  0.08£0.05bB  0.03:0.00dC
ME | 14.62:0.00cA  0.07+0.04bB  0.05£0.00bB

s MEW  1B69:000DA 00500008 00500008

Lactic =~ MEj  16.37£0.00bA  0.05:0.00bB  0.02+0.00eC

add% e, 17.8150.000A  0.05:0.00bB  0.03£0.00dC
MEy  20.76:0.004A  0.06+0.00bB  0.04+0.00cB
MEy  1587:0.00bcA  0.22£0.01aB  0.06:0.00aC

e KRS 7 BER IR AT AR ) A BEAN [ A7 I 8] 22 5 . 3%, SR /N5 5 B)
IR BUARIR] IR T AN[F) Ak BR A W) 22 5 3% (P<0.05) o

Note: Values with different capital letters within the same column show
significant differences among different ensiling days with the same mixed ratio.
Values with different little letters show significant differences among different
mixed ratio with the same ensiling days (P<0.05).



12 W)

FEREHAS s TOKAE RS BRI S IR 15 75 0 it ™ 9 U RE D 730 A 191

2.5 ARPEEFEERZPIERENHET L

FHE 5 AT, 6 AN A IR FLIR i i 38 (8 3 vy T 3
£ (P<0.05) , DA A S0 41w i — 3020 3L o gt A 3
i, R ARREAR AR T IR E K, H
CW e LB FLIR iR A i 22, 1X 53 4+ pH (A8 (b
B T T, A VR L T K Y B I T A K
BN EEY, 60 d ML MEERE . X544
AL 5 (1 FLIR 1 A LA AL, (H ARG b FL IR
B v T OCHRIRIE , X AT AR AL PR A SCHR R Y A7 K 5 i
PEhILE 50% A AT, AR 73 A LR AT A AR S0 7 38 PR
P RE R A A S LR W 2R, —F W ReAE A — e Lk
S 2 M, i HLgERER I R VS, pH i 3.0 L gl K,
AN BRAR pH X L8, B AR 2 e 8 1 e A bt
WA TR IR SR T 3G hn o (BRI R, R R
(R R DA A LA R A5 18T, (RS 9 v 5 1l 4R R 0
AR/, K 30 d JG AR & & N I%, pH ETH &,
Fl 55 7 O6E B B AR X R A S I a0 I A
JRE A BRI E R

#z5 TRMFMEKRZNBEVHRETH

Table 5 Changes of microbial in different silages

Lg(cfu-g™)
il I ] FLR [izas3] AET FLIR -+ BE
Group  Time/d LAB Yeast Mold LAB+yeast
30 4.35 7.86 6.15 12.21
SE 60 4.57 9.15 6.19 13.72
90 4.68 7.64 10.56 12.32
30 8.78 6.67 4.40 15.45
ME | 60 10.74 11.05 10.56 21.79
90 8.77 8.99 10.29 17.76
30 9.18 6.11 4.09 15.29
ME 60 10.75 11.38 9.88 22.13
90 6.68 7.33 10.39 14.01
30 9.35 6.31 4.08 15.66
MEw 60 10.54 11.41 10.18 21.95
90 6.60 8.99 15.99 15.59
30 9.23 7.91 3.95 17.14
MEy 60 10.19 11.48 4.40 21.67
90 8.31 8.35 10.6 16.66
30 9.85 5.02 3.07 14.87
MEy 60 14.77 8.61 6.37 23.38
90 6.88 6.40 6.41 13.28
30 9.27 8.50 3.12 17.77
MEy 60 1151 10.75 6.02 22.26
90 8.99 8.81 10.21 17.80

2.6 FEFICTFRIGRITATEESE (SEM 24

DMS H1 CW 7EJiHEb] 21 @ 27 4548 FIEAE L B
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L T 60 d A [FIE A7 R RFSFFIOMMOWEE /. kel 1 BT
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55 Tl R (R B LR S, AR T BRI RO 5
VIR T PR IR M 7 I AR A B0 AR TR ALV A, R
JRENT T Y AN 2T 4 Z 0 b b 32 201058, AR et
R A5 R B IR

a. TEKFRFF
a. DMS feedstocks

b. HIFEFT
b. Sole ensiling (SE)

¢. ME | (DMS:CW=29:19) d. ME;(DMS:CW=27:21)

e. MEj(DMS:CW=25:23) f. MEy(DMS:CW=23:25)

9. MEy (DMS:CW=21:27)

B 1 W=A5/5 DMS #4244 & 45xF bk ( 1000x)
Fig.1 Scanning electron microscope (SEM) comparison of DMS
before and after ensiling (1 000x)

h. MEy(DMS:CW=19:29)

2.7 EXRBEHOEFIRNFRSENSHT

TR AT 60 dv LU A IR LT ME AL IE RS FEAI
RICAETRERF AT =0 AR b . il 2wl TR
AP BB~ A & (5745 mL) W& &+ KT F5 FF
(5483mL) , #EMEEN 476%, {H B H " &
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(1680 mL) Al FCTAAT (1039 mL) , 25 724
61.67%. %11 Modified Gompertz #:%!%} ER ™S 5 A
Fh P BE I 7] AL AT U, SR1G B 28
W 6 Fion. RSGALI e R RP#4E 0.97 LLE, i
BRLAU SRR LI, HUE B REAR A M W] Sz o V< (Y
Bi) R . SR H KRB e AR S R g A R . A
FEICAE I B 7 O A BT 3 IR AN 2, iy e A
ARG, Ry BMFMENETX—&, HY
2 UG 45 RS0 WA AT I AR TR o
P B S A b AL . DA I R B R 1 A A S
ARG AE A AP e REAS 22D s, R S AT
B BEAR A ] o A ARLIAVER SN 1 7 F A T e PR 484 BEDIR 20
M TR ARG S pH 2 MR EEH (3.7~38) , H
PR PR A T AR AR A, 77 TR R O TR AL S B 1 8
PR HREH, FES 5 PRI P 7 FbE R 2L
DG BT I E AR IR, AR RS AT ) A B Wi 31T
JTIEA, A fESG N, H DA AE Y B i Ak R G
S SR K (B E P St i G N d i

—— TR FF 89177 i Accumulated biogas production of dry maize straw

—o— JRIERSFF 2917 S Accumulated biogas production of maize straw silage

—— FASEF R H1k i Accumulated methane production of dry maize straw

—— RIS FF 2177 i Accumulated methane production of maize straw silage
6000 72 800

swo| 2 j

o
1000} % {400

Accumulated methane
production/mL

Ol 5 9 1317 21 25 29 33 37 41
I} [ Time/d

B2 AEE DMS §) %8 AR
Fig.2 Biogas production comparison of DMS before and after
storage

*6 TERBEHNFIRB~BSMBRIESER
Table 6 Model estimation results of DMS before and after storage
by Gompertz models

ES Sk 1 2
Samples Gas Ho/mL  Ry/(mL-d?)  A/d R k
THFEFT WS 521846 260.55 160 0983  0.050
Dry maize .

straw e 1003.24 81.32 310 0992 0.081
WA s 514779 29958 239 0978  0.058

Maize straw
silage Fgv  1588.63 152.10 448 0992  0.095

e Hn Hi K BREA (FED EREE, mLs R iR =EA (D
M, mLdl A R, d; kAR RN R L, REAES R
Note: Hp, simulation value of biogas or methane production potential; Rm,
maximum biogas or methane production rate; A, lag phase; k, constant of reaction
rate; RZ, coefficient of determination.

3 W o’

3.1 TERBHEBRESIFRIATHE

T I S B, K o OB 22 7 I R L R el A )
AN E AT B S TRIFR A A B T 2 5L
PR VT 1) B B QI TR i 2 1, (H 8 i b2
FLHESE WA S FONRCR . MEVALI) pH {71 90 d A7
WINIRZART 3.8, H 30d I YLIR & S 4w, W H

A T LEE BT IR R AR 3R Es,  J5URE & I FLIR
TR AT SR A FURR A pH B R, ks s A K2,
E P 2 LA ok e B A B ) sk S S BU A7 R
Ffo PR, T FOKFEH S SRR IE Y R A He ) 464
AE LR U A7 E I TA]
3.2 FTEMIEXRSEEMmRBSENHZN

RIC AT 3RS o JE LR e RO AL, 72V R
N FE . WAL G NFSFE =S e B, JUI ™ g
e 1SR BT, X5 AR PR F A 22 4l 0
TR 25 A S HAL R AR AL S D FH G, CL il HC (=2
1 HoC) RS RN EEA 5y, (Hi T H SR
WXl (A ST AR 4 45 7 A N ADL Pifs i/, FHS T
WAEY S S HoC MMl s N, AEFSFF a4
6, HETT R AR R P2, A5 aiE, BIAE ADL #F
L2 4K 300 d WAV BESRAS 2%~ 17%1 ke i b 8R4,
A 60 d VI I FEAERS T I AR AR A BRI, BUE T
AT 4 32 S AT B RN, RS R AR 2 FLIR,
B S R AR AE R o i HA B TR R M 7 I PR S
Refff CL F1 HC K/ETIF%fR, ADL &R R, A%
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Mixed ensiling quality of maize straw with waste cabbage and biogas
production potential analysis

Ren Haiwei'*3, Wang Cong®, Dou Junwei®, Li Zhizhong?, Li Jinping™?*, Sun Yongming*

(1. Western China Energy & Environment Research Center, Lanzhou University of Technology, Lanzhou 730050, China;
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Abstract: Growing energy consumption and diminishing fossil fuel supplies have encouraged increased research on renewable
energy sources and development of new energy production processes. Biogas production from agricultural biomass is of
growing importance as it offers considerable environmental benefits and alleviates the environmental pollution. Maize straw
(MS), a substantial source of lignocellulosic biomass is the prevailing material producing biogas for large and medium sized
biogas plants because of abundant cellulose and hemicellulose. In the majority of cases, the MS collected after grain harvest
are available once per year in China, a strongly collection seasonal character entails preservation and storage to be fed for
biogas plant continuously. Hence low-loss preservation of MS is essential for economical and sustainable use of biogas crops
for anaerobic digestion throughout the year. Generally, the MS were wilted and dried to yellow stalks and collected after corn
ears harvested in autumn. As a result, the free sugars are consumed, the water evaporates during wilting and field drying,
giving rise to fail to achieve the demand of silage. On the other hand, a large sum of vegetable wastes, which contain a mass of
water and sugars, often give rise to environment pollution, such as leaf vegetable. This study put forth assume of trans-seasonal
mixed storage of MS and cabbage waste (CW) by silage theory on the basis of strong complementary in terms of physical
structure, nutrient content and moisture content. The objective of the current work was to explore its feasibility for mixed
silage of dried MS and CW and evaluate the effects of different mixed ratio (29:19, 27:21, 25:23, 23:25, 21:27 and 19:29) of
MS and CW on silage quality, including four aspects of sensory quality, chemical composition, fermentation quality and
microbial numbers. Moreover, the appropriate storage condition was selected by the dynamic analysis of mixed silage quality.
The results indicate that the pH value and the ammonia nitrogen (AN) content of six mixed silages was significantly lower than
sole silage of MS (P<0.05). The lactic acid content was significantly higher than sole silage of MS (P <0.05), which indicated
the mixed silage quality was better than that of single silage. The pH value and the lactic acid content of six mixed silages
reached its minimum level when the storage period was 30 days, which indicated good fermentation quality at the time of 30 d.
With the storage period time prolonged, the pH value increased and the lactic acid content decreased, which resulted in lower
silage quality. As the proportion of cabbage wastes increased in mixed silage, the moisture content increased gradually, the pH
value decreased gradually, the lactic acid content increased gradually. When the mixed mass proportions was 21:27, that is the
moisture content of 73%, the dried MS and CW can preserved for 60 d continuously to maintain good silage quality. In other
words, the higher proportion of CW was beneficial to preserve the digestible components such as cellulose and hemicelluloses.
The results of scanning electron microscope (SEM) indicated that the original dense complex lignocellulose structure was
disrupted during ensiling, which lead to a lot of cracks and holes generated on the straw silage surface. These changes of
microstructure increased the reaction area of microbes or enzymes. The results of anaerobic digestion showed that the
accumulative biogas production of maize straw silages was slightly higher than that of dried maize straw, moreover, the
accumulative methane production of maize straw silages was increased 61.67% compared with dried maize straw. Modified
Gompertz model could fit well the change of the accumulative biogas or methane production with time, its kinetic parameters
such as maximum biogas or methane yield, maximum biogas or methane production rate and constant of reaction rate can be
regarded as the important evaluation index for metabolic process of methane production. In conclusion, this research found a
suitable method to preserve dried maize straw and reduce pollution of waste vegetable in rural areas. More importantly, the
methane production potential after storage was increased, which was important for storage and energy conversion of maize
straw in large-scale biogas projects.

Keywords: straw; fermentation; biogas; cabbage waste; mixed-storage quality; Modified Gompertz model



