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HZIT 2 800x 10, S AT IHR AL B 5™ b 1 [ B A R0 i T A PRI 2% 14 Wi AR 5
VE i JE 3 BRI 22— Pl A 5 34 2.86x 10 hm | ZEAIAE W10 T | Ui 3E | 4
B RS2 4.700/ hm® |2 SR T R A R SR I 2 R 22— AR B
AP 2 3 F A b T 55 e A AR A PR B IR i G AR R A K o R
3, K (R 58 RHME RS 2 I A8 I, BB FH A, 2 A % U3 AT 52 ) T ZE AR, PR itk
A R AL B A RE D PR B A L E T, R S PR IR A A B T B AL AR R R L IR
F Ak JEEHME A RE IR AL A T iR A2 s (H TSR WAy U 2 1 i 2 3 o i S i) 22 4 ik 11
FHE AR KRR AT T RS IR RS LR

FICAE R —FiE GE AR S ORAFEOR | RE 8 i LI T A 557 0 Al 2B W e T 7 A= A L
M2 , i pH (BTG T B3 DA 40 S WS 2B 0 2B A, O A R A8 3R 180 9 3R B et 2
PR PRSI | LR R S AL A5 R 3R I S B e I 5 v SRR IR R
R TR B BR[N] 2 — | FLIR I Y R 1 20~ 37°C ek s 91 L U 2 52 i A 4 B
B Wang 55" & BLIGREXE O I35 07 5 AT S 2 5, 30°C B P T S 2k LA 2
LA A A T 15°C ARAE B R IRE S IR EE B 10°C T+ 40C , 2R A H
M & Wer pH A S E FRAK, 2R AT R & 1 445 S [ 2 B 19 TH i Ashbell %1% & 31
45°C = iR PR EEF 23/ N TN KRBT B4t 2%, 30 pH (B T A S8 e 1 R .
Zhou MY ARIE 10°C BRI T & B, IR SCTHE 20°C i, 240 RS 4L
TCRFA 5 20°C LA B A LR B 7 B B, R & i pH (E HUK I PRk
IKAEA W Ped B, R I & A LUK A Liu > A AT 30°C A1 45°C , K A 4 v
TE15C &AM T EVEABARNN pH [EME A 5 &, JF it B F4 m 2R & 2 F V-score 1T
g% A S I B SR A T AR LAFLAT B ( Lactobacillus ) A E I FLIR B & A T R 5 A Bk
B ( Pediococcus) B HRERH ( Leuconostoc ) FIFLFT B ( Lactobacillus ) 4 1 W) 58 A T 22 X1 1R &
35 PE TR 7R 10°C F 25°C I B RE T 4 PR A7 8622 0 B FR A3 3 — D T, FLRR A VS 0
FIREA HOhMGE K BRI R, —BIA R 1x10° cfu/g FLER B IR0 B 100 1 75 0Bt A= LR
PRI T A DA . T LT 451 % B0 B — W o 5 R O I8 3L 1R T (L. buchneri , VS I 2t Ay
1x10° cfu/g) B9 E KT 5 BB T I N E AL ( L. plantarum F P.acidilactici ) 82 A0 INFL
TR ( P.acidilactici L.plantarum F1 L. buchneri) B E KT I, A E U Y8t /b b ah, IR
BEK 535 1 0 22 S0 25 S A S AE 0 TRTRE R0 Ut B 3 7K o W e e e I, — i
(7Y =5 ) | Bl IS i A R A 7 W o R S ) |5 N1 |
AR R A AR SR RTS E EE FKR T RR AR Mu S5 & B K 43 8 S AR

HIRE TS AR T B AT T RE B PRI pH (B . SRR A A S 7, I A SR T

FLIER A B 2R 0@ o 5 O AR 1SS C IV T/ — e R 1 Bt = /K o 1 7 i O 2 e
BT, PRAF A5 I B SR A

g S BRANR) 22 FE S A 0 2 A R AR SCIEADL R B8 A R e b9 1 A (] i B I 2
FRE ) LT BT AE MR S 7 o A S ) 38 5 e D B W B P A AL 3 R IR R
T R0 22 S R R AE AR S FE S U o da Wil B8 A A ) LA 1 55 B 58 DR 2% 14 i
AL, A [ 21 TR Y R S i A 7 S (i e R A1
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1 MBE5ERE
1.1 RIEwr#

AEBBSE FE S H 22 T L BLT X A P R S5 R DT HE 2 2em X 2em , W 4R 7K 43 5 ot
h 89.57% , = BEAT LA 43 1 i Ar BN 26 1 . 7 TR 7R 90 L AT B ( Lactobacillus
plantarum ,LP) AR SJZH0 2 4 B U E | 37°C B IR E AL J5 e il Bk BE A 6.0x10% efu/mL B

xRS oy

Table 1  Chemical composition of cauliflower waste

. AR KA S W ; PR AT 4
) P45 5 HE
5y (D atter, DM) ( Water soluble (Crud ein. CP) (Neutral detergent
1y mater, carbohydrate , WSC) rude protett, fiber, NDF)
T/ (gke) 104.24+3.78 122.58+2.84 232.81+3.19 416.31x11.14
5 H YA Y 2T Uy A b Ak A
, W&Iﬂ:(ﬁtfd—\},ﬁ W&ﬁ@:ﬁ:*ﬁ? P N
Mo (Acid detergent (Acid detergent (Cellulose, CEL) ( Hemicellulose . HC)
fiber, ADF) lignin, ADL) crulose, emiceliulose,
TR/ (k) 300.92+1.45 72.37+7.78 228.56+8.21 115.39+10.14

TE: TS B DB HEE IR (o/kg FW) |, HARAL B33 1 AT W BN HEME (g/kg DM) |, 1A

1.2 BFMKE it 5B

TR BB X BEZH (CK) AN (LP) AR 5 I & B B B AR kg DI 1) £E MBS
F3E, 3495 BT 100mL A HFLAF B B, BEh ity 6x10° cfu/ke , 140 J TR B RS
BB ROEICAE 270 FHIAES T, 25 B T 20°C ,25°C 30°C 35°C .40°C 45°C [HIRIAHE
T W 30d. % FRZH ( CK) W76 5 AR R 28 48K, BN IR 36 20 15 3 N FAT. AN [l 5
Tz P23t o i B DU AT BURE | A3 BT AR A 2 | 2 AR I R P B
1.3 KWAHE
1.3.1 4FEESMEBREST 2% Wang Z7 kR T 5 iR KAL &
PI(WSC) BA (TN) FRYEVE LT 4 (ADF) P Pk I 7 4k (NDF) 1R 1 Uk 74 K i 3%
(ADL) %473 MAEH (CP) & = BAEX6.25; 27 4 5K (CEL) PEF4ER (HC) (ZREF 4R
(HoC) LA X AHXH 15 FH 1 {E ( Relative Feed Value , RFV) HE ST IRIE k.

TR pH (AR FFHE UB-7 BUFR B 11 % 5 2 0% F AR B - S R A b (e 1k
M s LR L SR IR A T 1R A5 ML 43 A7 SR FH o R AR 835051 9% [R50 ( Fleig
score, FS) 118700

FS=220+[ 2XDM( %) -15]—-(40xpH) (1)

1.3.2 WEWSHEWEST  LENHEE T, ER PRI 20g 75 R & T 50E 9 & B K
DNA $2H¢, 47 PCR 734 J5 6 7= W% 24kt | 3 F AW H AR B2 w4 4 Hlumina
HiSeq 2500 & #E473ET 16S rDNA Ay JE P4 I . 326 52 AR 3 52 55 T 0.1% A9 41 1 1F 1
BRI A, I B AT Z R 0 20 Al ROE S R AT R B AT, 1R
WHRZE YIRS s 80 R RS B Z M R,
1.4 HESH

SERBEIE 28 Excel 2007 #AFEFI ] SPSS 20.0 8 AFHEAT /04T, 45 58 FH S Y b
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23R AR Ab PR B AT o P R — R PR R A3 AT, P<0.05 (R 27 W3, P<
0.01 fRFELEFMEE,P>0.05 LELEF A LE.
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21 BUEEEFRASHNTL
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Effect of temperature and Lactobacillus plantarum on the content of dry matter,

water-soluble carbohydrate and crude protein in silages of cauliflower waste
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() WSC &5 53K 4 80~ 100g/kg DM, ik T~ 30g/kg DM W JCH: i Zh 5 7, AR 45 10 T 24k
PR BTG, (8 T R S T e 1T S EUE IC JEORAERIRSE RS T ) WSC 3 it ik 122,58/ kg,
IR L LA 2 o LR TR AL A T A LR (2R FLIR ) T M B K pH A 1Y 2K,
HH I 1(b) A1 7P (20~ 30°C ) IR T, LP ZHAY WSC & & & T CK 41( P<0.05)
ULHITE 25~ 35°CIRBEE RN M) FLAT B R AE S RS b 9 WSC A5 311G B PR A7
Bt IR T LP 4Hrh WSC & B3 R (P<0.05) , ELTE 40°C il 45°C I} @ LT CK
41 (P<0.05) .3X & H T 40°C LA L g i DX ) 20 W) 4t o L ol 0 I 3 2 KRR ™, 2 80
i R AN P B R DA A PR BT 0 S e A A PRt A A B, WSC T AR o AS B, - if 3
pH BT+ . 55 —J7 T, CK 41 ) WSC % Jk i g B T v S22 B ST AT P 1 n ) e 3 it i
AT b P L P R i ol A W R AT WSC BT AR Y A 2 B g e B | BVl S [l —
PRk}, LR B 7RI 45 D 20 75 I & e M RN eV AR S A AR K
SRS IINGR R EE 25 B 425 ) T T A 0 A R 7 5 A AR et 28 R 3 TRTJE 1A [] ) A AL
Iy AEAR A W i CK ZHA LP 20 WSC & S 28tk oA .

FAE M (CP) &t e RGP S I A HZ A8 R Z — B 1 (c) A, BR 45°C 51,
HAEEFI R LP AP E A& &2 &S T CK 41(P<0.05) , Ui B s AL 4 LT 14 6E
A RUBH LR AE BB 3 RS T A DM AR ) 40 A S5 32k B 45°C F IR LP A ARLER 1 i
BEMT CK 4 (P<0.05) , X A g2 K A e il P14 R (2 4 42 TG R 28 1 iR T R AR T
(A5, B R 40 R A WLER S A WM S5 T 30 X 5 2R o o B VO R g 4 2R
— 2 —Jr T, CK 2 HP AL AR 1A B i B R B T o R 2 IR T 0 5 AR e 34, 35°C 1t
SN 217.41g/kg DM IGIN) LP 20 A AR & 53K 31 229¢/kg DM. PR A AR ASCHAA
TR, 35°C IV IS LR PR RS 1k 8 PR B 1 , T A RIS R A2 20 i A A 4 0
/MR PR B IS IAE ) LT TR RE T SRR R A A A B RO A 0/ AT
VS PER KA G ) T AE IR
22 BUEARRAHASSETWL

AT Y4153 2 PR T I H S G FH A (B RN A P B e T 1 S S A ST R, X T
TR AR A P U TR AT 4 S (38% LA TR ) Fl— i AR M Mk T £ 4 & i (33% LU
) AR TR R T A R A R TS AR 2 BN AE 20~ 30°C SE I, LP LAY
VRURLF 4 i K T CK 41(P<0.05) ,fH7E 35~45°C X 0] i 3 & T CK 41( P<0.05) K&
25°CH 30°C , LP H IR TR AR £F 4E & 1 3 5 T CK 44 (P<0.05) . b, 7E 25°C . 40°C |
45CH LB, LP AR sE iR AR S &R T E & T CK 4 (P<0.05).% —J7f, CK
A FRPEVE IR 4 RV BT R MLF 4R 1) & Y BE & I f 3 2 e s 5 T
R I a3, 30°C I X3k B e i 1, 43 9 °h 274.02¢/kg DM . 31.79g/kg DM ,242.22¢/kg DM
7 H P T £ A DU ot 9 88 T s A S B R R R 3 L 2 b R R MR VR R £F 4 R M TR
WA RN 4 2 P i 8 A RE R B T v AR 2 B L T3 7E 40°C R 45°C 75 V) 5 i i
15, FLR M Y VA 2 2 % s ek DX ) P Yk B AR AL AN BURR 22 AN B 3 (P>0.05) , BEIFE =
{5k DX 1) 55 D B A S 2T 248 2 3 0 B A s 0 ARG B AIG , 3T B 5 7 P4 R v Bl 2 A Joi 27 4
fiER TRT AT I e e T A O
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2 MREEAVEY AT T I TR ST 4R 2H 03 5
Table 2  Effects of temperature and Lactobacillus plantarum on

the content of lignocellulosic composition in silage

P R/ C s
20 25 30 35 40 45 A
PP VER ST 4E (NDF, g/kg DM)
CK  303.96+3.10Aa  272.49+2.55Ac  288.28+9.99Ab 275.72+3.77Bbc 280.33+6.45Bbc 269.82+1.79Bc 281.77
LP  279.26£7.29Bc  257.10£4.11Be  269.44+0.80Bd 289.73+5.78Ab  319.92+0.96Aa  324.48+0.89Aa 289.99
TR
FHE
FRYE BRI 4T 4E ( ADF, o/kg DM)
CK  228.49:+1.19Bc  231.4122.74Ac  274.02+9.30Aa 257.25+2.44Bb 248.69+3.92Bb 248.01+4.11Bb 247.98
LP  248.57+6.48Ab 232.88+1.01Ac 235.26+1.80Bc  270.69+5.52Aa 275.14x1.75Aa  272.9622.28Aa 251.92
R
FHE
FRPEVER A BT 3 (ADL, g/kg DM)
CK 13.36+3.66Ac  25.72+0.80Bb  31.79+1.22Aa  22.54+0.64Ab  26.03x0.20Bb  25.79+1.57Bb  24.21
LP 16.13£3.24Ae  35.27+1.60Ab  26.52+2.61Bc  21.70+1.20Bd  38.39£1.20Ab  44.53+0.48Aa  30.42
R
FHME
214 & (CEL,g/kg DM)
CK  215.1324.69Bcd  205.69+1.93Ad  242.22+8.26Aa 236.96+5.32Bab 227.07+4.15Bbc  222.22+3.12Bc  224.88
LP  232.44x4.07Ac 197.61+1.17Be  208.7424.09Bd  268.03+6.21Ab  281.53+0.26Aa 279.95+0.51Aa 244.72
T
SFHME
LT 4% (HC, g/kg DM)
CK  75.47+2.32Aa  41.07£1.81Ab  14.26+0.77Be  18.48+1.33Ade  31.65+2.73Bc  21.81+2.40Bd  33.79
LP 30.68+1.55Bc  24.22+3.23Bd  34.18+1.96Ac  19.04+0.71Ae  44.78+1.10Aa  51.52+1.63Aa  34.07
R
I ME
LELTYEZE (HoC, g/kg DM)
CK  290.60+5.36Aa 246.76+2.983Acd 256.49+7.69Ab 255.43+4.02Bbc  258.72+6.60Bb  244.02+0.85Bd  258.67
LP  263.12#4.95Bc  221.83+3.94Be  242.92+3.2Bd  287.08+6.41Ab 326.31x1.32Aa 331.47+1.61Aa 278.79
it B
A

291.61a 264.80c 278.86b 282.73b 300.13a 297.15a

238.53¢ 232.15¢ 254.64b 263.97a 261.91ab 260.48ab

14.75d 30.50b 29.16b 22.12¢ 32.21ab 35.16a

223.79b 201.65¢ 225.48b 252.50a 254.30a 251.08a

53.08a 32.65¢ 24.22d 18.76e 38.21b 36.67b

276.862b 234.297d 249.703¢ 271.255b 292.515a 287.745a

AR FH A (B ( Relative Feed Value , REV ) 52 P 2 1aRE T & 1 & FH 48 bR, 58 #0E Ut
BVE TR B S | [R] 2 AR NDF F ADF B 255 K8, RFV > 100 158 B 12001 1) 1
B SN E AR = 455 K] 2 FIr7 REV 55T A1, 7F 20 ~30°C V7B LP 4114 RFV {H#¢
CK 20 i &4 (P<0.05) |, i 7E 35 ~45°C T W2 B i B W i, {HL 35 U 5 9 A6 A 32 2 3
RFV EAFRAE 190 Lh_L L SEBARIR A MF T A P ZLAT 3 Bh TR IK— & & =19 NDF
H1ADF | DT 2 55 46100 5 8 3 i 4] P AR (L, X5 38 2 T/ 1) A Joit 21 4 401 4378 fb 45 SR A
W) .

B2 AE TR S A ) FUAT R AR AR SE A B 21 4k 21 43 19 43 A, 1 8 SR (ELAF X
BT, MAE S (35 ~45°C) DXl i AE A LA 1 77 I8 S i 2 {7 A A o 5 it R R i 4
Yk 2] 43 BN AE R S A S AL BRI A 7= e A e R R R T IR A e
23 BUEEEBERARNETL

X KA JERTT 5, pH (IO 35 00 & B R B B R bRz — Y & 3 (a) FTow,
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B 45°C IF, Al IR B 250 LP 41 i Aa CJck e

pH EHBEIET CK 41(P<0.05) B¢ P07 Be BfF] & aa s AL
SRV HAERT IR R [ S T lee | e
LR B BRI R, RS =

GO APV 2

M2 (pKa=3.86) T pH 6 B 3EFE =

AR, i A 5 LS (45°C) ] =

THAGTLRRBREE I, M AR

I FHX A B Y pH L (5.36) AN 2 LA 0

R T 5 W 0 T IR T or LT
Tt 00 S — T, B IR R T
o, CK 41 pH i 52 B0 A5 T i 1
e 30°C I A h 4.65; 1 LP 40 /Y
pH 00 Fif Y B e SR 2 3 B TRk
A,45°CHTAE 5.36, BRI FEXT pH A9 52 i 3 B30 2 52 00 S A 3 B0 ok S B Y. AF
TR, FURR B TE 27 ~ 38°C JE A KAt | LP 2H7E 35°C 1 40°C I LR I Y M4 it | pH
{EALAIR, 5350k 4.08 1 4.40 158 T Kung SEHELEN =5 7K 43 W0R (3 7K 5 >70% ) 75 073 [
4.0~4.59",

ARG (AR E/ SR R T 8 TR SR o R B, 2% (R R ik B R
BEAROMARR L | ERE RS AR 22— = 0 R I A A S DK T 100g/kg™ .
F I 3(b) AT, Bk 40°CHb, AR R TP A& A & B K T CK 41(P<0.05) , (A
BRI FLAT UG B E AR R pH (0 B AR T SRR MR R B I BELAS A R A A K
55 TR (o0 55— i, B 45°C A (R AR S i 167.75g/kg) , LP P AN i
PR TR E W B(E 100g/ kg, bl i B2 T 55 A 3 ka3 SRR | 35CH R 2 A&
AR, 73910 49.85g/kg (CK 4H) 37.64g/kg(LP 4H) , it A8 (B AR AEROCR i i, iX 5
B pH A A BRLER (3 5 e A AE B (0 A ) AT B 06 PR S5 A 51

PRAATE W R ™ A6 1) FLIR 55 A ML A A e =X R f th R PP A A B 45 i S 224
b, R IR FLIR & &0 30~ 80g/ kg, H. i BILEA PR 60% LA Yl 3 3 Al AT, BRAN 1)
TEEAN , LP 4 7LIR & i B35 = T CK 41, SR & i W E LT CK 41(P<0.05) . [FIHT, Bl % i
JETHR, CK 410 LP 4Uh 2R | LR & ¥ SR 2 B 1 THE TR, —E LR & &
A3 WIAE 30°C 1 35°C I Ik B e i (E, 2051 4 136.32g/kg I 184.77g/kg , 1% 5% E &1
AR 11 LR AR R 2 MDA O, 55 — T T, FLITR R & R VAR 35 17 A Ak Al A5 7L R/ B A LR
(LA/TOA) FLIWR/ 1R (LA/AA) S5 48 b5 Az AH I A2 Ak 78 T EE 20 ~ 35°C F 2R, LP 4111
LA/TOA LA/AA {E¥ B #FET CK 4, H LA/TOA #7E 60% LA |, LA/AA {HIEE S & T
2 AT BT TG IR B T2 40°C ,45°C B AR Ak R S Wi 2 18 B 7E
HOREREE T HERME Y LT BT A B T 58 S AE 3 35 AR 3R 19 FLIR & o B A, WY R
(FA){XAE CK 41(20°C ) Fl LP 41 (45°C) A ki i, B R AE 3 075 0 % I R A G20 D
EB R — s FH R T 0 0 5700 38 £ 10 R e A 0 kil A 55 S, il R L BB R |

B2 I AL BB RS AR 1 FH AR
Fig.2 Comparison of relative feed value

in silages of cauliflower waste
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Fh AT b 5T, %S SR £ R AL 3R A B 0T A 35 IR it B R A I B TR N TR
SEH PR, RUIE G BURR R 4F 255 2% [V 45 R R I SR D ZUAT A B 48 s 1
PRIY I, (HAE R L 45 °C IR RES 2R 1 5 IR 30°C A1 35°C 75 Ik BAT AR X v 19
PRI

or [JCK ILP Aa CJck COLP  Aa
_A_a Bbr= 200 | _I_
5 Ac Ac | Ba
r ™ A ™ Ad
Bc | [Bb ZC€Bb ~1Bc 160 - H
] Bd ] Z
4r % Ab
= 120 Ac
T 3t <
o o Ad AdAbc
qi Bed =Bd =
2tk B O
X Ae
Be
1+ 40 |
0 : : : : : : 0 : : : : :
20 25 30 35 40 45 20 25 30 35 40 45
HEEIC HEIC
Ca) I RORE A FUAT 6 75 0 pHIK S (b il RV A FLAFF B8 % 5 0 R U2 3 e P B

Bl 3 S AV FLAT BRO6E 75 b pH A 2 R B 2 i
Fig.3 Effect of temperature and Lactobacillus plantarum on

the pH and content of ammonia nitrogen in silage

3B REYIFUAT RO AL RS ST I A HURR 5 B (5

Table 3  Effect of temperature and Lactobacillus plantarum on the content of organic acid in silage

5iH R EE/C whn fflj
20 25 30 35 40 45 M

FLFE(LA) (g/kg DM)

CK 87.58+0.68Bc 92.96+0.41Bb  136.32+0.34Aa  70.49+1.64Ad 87.15+2.97Ac 59.37+0.91Be  88.98

LP 141.06+0.23Ab  94.64+0.37Ad  137.49+1.44Ac 184.77+1.81Aa  59.38+0.77Be 56.69+3.44Be  112.34
L
R
ZH(AA) (g/kg DM)

CK 88.65+0.14Ab  77.72+0.40Ac  95.36+5.13Aa  84.96+1.34Ab  60.16+0.37Bd  27.61+2.48Ae  72.42

LP 52.51+2.60Bd  58.02+0.42B¢  60.79+0.87Bc  67.79+£2.22Bb  107.64+7.09Aa  30.14+2.42Ae  62.65

114.32¢ 93.80d 136.90a 127.63b 73.27e 58.03f

f‘;j‘{ﬁ 70.08¢ 67.87c 78.07b 76.38b 83.90a 28.87d
IR (FA) (g/kg DM)
CK 15.46+1.83 ND ND ND ND ND —
LP ND ND ND ND ND 17.150.24 —
FLER/ W (LA/AA)
CK 0.99 1.20 1.43 0.70 1.45 2.55 —
LpP 2.67 1.63 2.26 2.73 0.55 1.88 —
FLRR/ EA LR (LA/TOA)
CK 0.47 0.55 0.59 0.41 0.59 0.72 —
LP 0.73 0.62 0.69 0.73 0.36 0.65 —
RIS (FS)

CK 6.98+0.23Bf 23.99+0.01Bc 36.08+0.32Ba  22.35+0.27Bd 35.07+0.1Bb 10.59+0.18Ae  22.51
LP 48.19+0.05Ab  41.70+0.11Ac  42.15+0.18Ac ~ 61.10+0.01Aa  48.13+0.06Ab 0.31+0.62Bd ~ 40.26
I —" FIR ARG, “ND” FIRAKL .
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2.4.1 Alpha Z#E  FI R Y B RE R 30 A G S HACHME F B i
SRR T, PR O A T R A3 BT T G . Alpha ZREVEELIR BETE W R ZREME R R & B,
Chaol $§%UH ACE 85 H T 3RRBEE YA F 5 B, HE SHHE DA 3 B R IEAH G,
Shannon F5 %0 Simpson F5EUH T RN BER YA 0 ZHEPEFR L | Shannon T8 8 RHE HETK £
B B4 T 12 T3 K, Simpson 15 4500 Fifi 25 5 74 22 R VR 0 T i i 0d /N0 B 3R 4 AT AN
TR DNA 119 reads KB4 79 694 ~80 196, 7 55 i 4145238 1(0.9992) , i B IFEIR 2 78
PR T R A IR N3 4 iR, 5 CK 4L L, LP 4119 OTUs ,ACE Fl Chaol ¥
A PR B, TTRESE A HERM R AT I 2RI pH 8, INTTEVF 2 A8 RGAE 9 52 340 ) 5
BT LR B B, JFURHAE AR SR FE 32 ) Shannon 48 S I T V720 , 1] Simpson 8§
e T UL R S AR RS RS R TS A R R AR e Y R 2 R
JE RV ZAEPE TR, X 58] 3 Rl 4 R g5 R AW 6. 51— J7 1, LP 411%) Shannon $8%k 5
CK HAH A B T 1 Simpson $8 850 UG v T w5 , 1 B4 AR W) FLAT T RE AR 0 9 I A 19
KR Th A B TR AR — 2D R R R IREEXT CK I LP ZHAR BRI Alpha ZHEMEFE 2L
A B E R (H S B AAS I A sh AR AR AT

F4 FWEESEPHAYEEA Alpha ZFEME:

Table 4 ~ Alpha diversity of microbial community during ensiling fermentation

Sap:! B/ C Reads OTUs ACE Chaol Simpson  Shannon R
MBS e — 79,977 48 61.09 59.67 0.05 3.31 0.9992
20 80 120 85 91.51 94.00 0.17 2.28 0.9998

25 80 196 106 116.17 113.58 0.23 2.20 0.9997

K 30 79 694 77 86.29 90.00 0.22 1.96 0.9997
35 79 914 135 151.57 154.71 0.30 1.87 0.9996

40 79 870 135 154.44 153.75 0.28 2.08 0.9995

45 79 911 85 150.76 120.00 0.14 2.60 0.9995

20 80 003 71 77.18 76.60 0.38 1.71 0.9998

25 79 793 89 102.87 101.36 0.51 1.38 0.9997

p 30 80 012 68 75.32 77.00 0.30 1.85 0.9997
35 80 130 115 139.59 140.67 0.10 2.89 0.9995

40 79 913 922 144.38 157.00 0.26 1.97 0.9994

45 80 130 44 63.09 84.00 0.78 0.57 0.9997

242 TVKFEHEESHEME K4 PR, RS SEMEE 1T KR 35 R
& ( Proteobacteria)) , FA%} £ J& 2135 80.19% , WL AN A — 5 =E & 1Y J& BE T8 ( Firmicutes , 12.
78% ) /L& AT & ( Bacteroides ,2.5% ) R Z 1 ( Actinobacteria ,3.5% ) 5. JEBER | ] J&—
SR IR 2t RN R 1A 5 25 B A0 1 o 25 EBH P B ) i L AL ) L R T A LR AT 7T L L
PR TR 25 KR I T IR TR, AE AR R S v BT A7 2 P AR 139% W J5EBE TR, 15 B D) 2 T
1R 7L IR A A IO R 2 T I 2L 10 3 B A5 PF I 30d I, AT T3 AR R Y 11K
PR N ERER ], H A IR F] 86.05% LA I, X AN 5 0t 341 8 v 1 19 2 A Qi
A, HAF EER I S F S AR 2R 4R 00 R B HE AR & B D T
IV e R — T 8 22 R, GG R A U0 1) IR 5 2 o I, 2 5 3L
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FRREF 5 4P 1 R AR 0 I, AR X = B S ) 35 0 PR R 7 I A e I 7 1 A5 T
TR F2BE N 80.19% KIEFEARE 14% L T, B INEZEMT 0.1% , W E TR R P H
E LA YIplE AL PRl R R B R LP A AR TR R 1] EE YR CK 4, Ul
S IR ) LA 181 RE T AR TR BT 1R s P s8I B TR TR S B I ot it

2.4.3

100

KT BN

S DD ® D D2 O
FIFLEEFIIFISS

TCEERH
TR
| AYERT
T
BT
JEEER

P4 L AR FUAT BRI R 1K1 240 TR v 1 52 )

Fig.4 Effects of temperature and Lactobacillus plantarum on the bacterial community at phylum

BKFHESHFE

U 5 B, AR R SR 3 i B ) S 2K A i 2 2

B AT (Acinetobacter ,20.12% ) AR IR B ( Pseudomonas , 15.34% ) . 5 3E 5 ( Massilia
12.14%) , /> 8/ INT I ( Exiguobacterium ,5.11% ) B AN ( Falsirhodobacter ,5.11% )
T B ( Pectobacterium ,4.47% ) 55 35 % 1 30d B, CK 41 A4 LR 41 b Al =5 1 K 34
WEIE W T 46 LT T ( Lactobacillus ) . B #r [C T FLEK T ( Lactococcus ) . W 5 2K T4 &
( Leuconostoc) i BRI TE PN B9 ZFhFLER 40 T . A [R5 B 75 0 B 9 320 18R T AR T =B AR IR Ry
88.46% (20°C ) .92.81%(25°C ) .84.54% (30°C ) 94.14% (40°C ) . SR , 7E 45°C B} ZF AT
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Fig.5 Effects of temperature and Lactobacillus plantarum on the bacterial community at genus
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( Bacillus ) A8%} & BEiRF 95% , FLER A1 0 LT AAFEFE , X W2 %R 5 i B s
RURN pH {19 H B R 2 — ZUAT A FLIK T | B0 DG B RN 2R 64T 1 ) 8 TR B T I]Mélz
Y, X 5K 4 FoRgi R A A

Al CK 2175 25°C H1 40°C I FLFT 1 4= HE W] 4 28 82.69% F11 89.29% , {H1E 35°C i XL
B [, 1S M R ZFE AT B ( Rummeliibacillus , 22.86% ) IR ST 1 ( Anaerosporobacter
7.29%) ZFHFFE ( Bacillus ,10.56% ) VA J BRI ( Lachnospiraceae ,5.08% ) %5 21 B 1) AH X}
FEA LR B 5 AT Y AR A LP b BR 40°C A, AR B Ay 7L
FEBE FLIR TR AN BRIYT CC R S LR 4H P 1 AR 3= B2 W I = T CK 4, JGHAE 30°C 1 35°C 1)
FLER TR 42 5 BRI 8] 90% LA . 45°C 75 7B 2E FAT 14 F 5 1 w5 3k 71.80% , 5 ) L)% 75
2iY CK ZHZE RN (EAT T B, 2S5 IR AE T I A R 3 2ok v, LR T 25 4 Bk )
FEAY A A A 2 B A8 25 PR B A5 WS A T A — 2 0 AR s T s AR T
T4 8 R B B SR A0TSR T T A e 4
25 WEMBESEIEANAS ABEFYUNXR

FH B U Y R S — R VRN A T R AR, LA R o 322
B KA T ANE 6(a) iR, 5w SRR (kroppenstedtia) | 28 FLFF B AR ZT 21
ZEFRFT R ( Pseudogracilibacillus ) 5 FFEA HLAL /10 00 i 40 B0 52 IEAH & T i e K fb &
Y PR EAT AR T B & i SNSRI FLAE R R R B G X W ERIE T LR
BRI REFENE P M AL SR A LI 110 [7] A3 2 J3 A5 o 2 2k i, R T 35T bt o
AN BRMEVE R AR & i 5FT I AR B ISR ANZ AE T ( Pantoea ) 2R C.
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Fig.6  Correlation of bacterial community and organic components , efermentative characteristics

HRAEE 6(b) B SparCC AHIEHEAEI AT, LR & 2 5 WK ( Enterococcus ) IR
(Aerococcus) BRI ICHA  FLERTA | ?Lf*%\ﬁxfﬁ%(Morganella) RERES AR g
TR AT B 2 IE ARG, 5 SR AT IR ZEAIAT I SR (Aeromonas ) R
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&) \Lachnospiraceae-NC2004-group . Lachnoclostridium JEHEFTH ( Lysinibacillus ) | Lachnotalea .
Tepidimicrobium 2 HAHIC. FLIR IR , L2 .pH F1 AN S5 {R£F 240 27 F0 AT T8 22 B AR OC , et
240 2 FUAT AT T e B, ELFEHERE P s L RS 45°C 1 LP AL I A A
FBER 13.2% BT A ZF AT TR, X R 2 5 7T BB i T I URLRI R AR ], 2 B0l I
A HF TR WAFAE 22 5 BRI 2 Ah B30T TR PR A AR 25 5 SR % 8 52 IEAH G, X AT g2 A
SR B DR TR Ay S B L IR R I T 1T LA 7 A FLRR R RS0 B I B AE H A ™ R T v, B
PR FLERTE 2 AT EERREC B /NER A ABCER M BRRI 25 AT 7R 25t 5 LR 3% i S IE AR SR
AHBL, T AN S A s 7 PRI AT T FE SRR ERAE IR MOHARXS 5 RS R
K Lachnospiraceae_NC2004 _group . Anaerosporobacter Fl Lachnoclostridium 5 2 /8 & i+
IR AR R R S 5 AT i 52 IR ARG, DR 2R AT T 2 75 U A 5 FLRR A 5
G TERAKAL S W F R EY 2 —  HHSE T I b LR n PR AR R T E 2 i
SIS A

3 g

FERB S FE S —Bh K o A B & i SRR 779, 76 IRl (20~ 35°C ) 2558
R BT IR BEAA AR AT IR AL Y, AL FLIR A I, A RS R A )
FHE PR TRET AELH 353, 3 AR X 4R T (A7 I B H o 22 0 e T I R i 1
AU AT 20 AR Y 4 B d s il B S PR 31~ 35°C . R, 7 =2 M b IR BG4k
BT AR K ) A B RS BT 90 o A= AR BT AN | 340 REAR A AN [] 21 il 2
ARACHEAT T AR ER) A = S 4 DT S B R Sie IR A AR A T ROk | TR 3 R £
Xt Al R 2 5 U | D AR A A R SR B IO R R GRS, LIUI D AN [ X S R
BEUR AT Ak PR PR AEHOR SCHF.
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Effects of Lactobacillus Plantarum on the Ensiling Quality
of Cauliflower Wastes at Different Temperature

ZHANG Bingyun', DING Wenhao', SUN Yanan', REN Haiwei'*?,
LI Jinping”®, LI Zhizhong'
(1.School of Life Science and Engineering, Lanzhou University of Technology , Lanzhou 730050, China;2.Key Laboratory
of Complementary Energy System of Biomass and Solar Energy, Gansu Province, Lanzhou 730050, Chinaj; 3.China

Northwestern Collaborative Innovation Center of Low-carbon Urbanization Technologies, Lanzhou 730050, China)
Abstract

In order to utilize and dispose vegetable wastes ( VWs) by ensiling in a timely and safe
manner , the aim of this work is to investigate the inoculation of Lactobacillus plantarum ( LP)
on the ensiling quality of cauliflower wastes at different temperature (20°C ,25°C ,30°C ,35°C,
40°C and 45°C) in terms of organic components , fermentation quality and microbial community.
On this basis, the correlation between microbial community and ensiling quality parameters
during ensiling were established.The addition of LP can significantly increase the content of dry
matter, crude protein and lactic acid accompanied by the decrease of pH and ammonia nitrogen
content for the silages. The dry matter, soluble carbohydrate and crude protein contents in LP
were significantly higher than those in the control group (no additive, CK) under medium and
low temperatures (20~35°C ) .the contents of lignocellulosic fractions such as neutral detergent
fiber,,acid detergent fiber and cellulose in LP group were significantly higher than those in CK,
which resulted in the significant decrease for relative forage value under high temperatures
(40°C and 45°C ) .The ratios of lactic acid/acetic acid and lactic acid/total organic acid in LP
were lower than those in CK,indicating that the fermentation intensity of lactic acid bacteria in
LP was weakened at high temperature. Firmicutes in silages were dominant at phyla, and the
abundance of lactic acid bacteria ( LAB) in LP was significantly higher than that in CK
(except 45°C) , especially the abundance of LAB in LP exceeded 90% at 30°C and 35C,
indicating that a well lactic acid fermentation was formed, which suppressed the undesirable
microorganisms. Lactobacillus is the main genus of LAB, and its abundance is negatively
correlated with the content of neutral detergent fiber and acidic detergent lignin, and positively
correlated with the content of lactic acid. In conclusion, the temperature and Lactobacillus
plantarum had a significant effect on the ensiling quality, the ensiling of cauliflower wastes
inoculated with lactobacillus plantarum at middle-low temperature could effectively improve the
ensiling quality and relative feed value.Therefore, the ensiling disposition of cauliflower wastes
at 20~35°C was recommended preferentially.
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