R AR Jul. 20, 2013, 40(7): 1202-1213

Microbiology China © 2013 by Institute of Microbiology, CAS
tongbao@im.ac.cn

KEFBESESANHME. BERFHRUREEKXK
FAEA RN R Ry L
TR OBAAT FRED EBR' KR! AR 2R IEAT IMAY

(1. BRITN—RKEB KRS EaflefiRER Byl KK 163319)
(2. REMALMFEARME  HL BT KK 163411)

M

B E: [8d] AR HAFRGKEBILRE 268 £ (LAC- L) RAER LT A A T
ERFAMFHEG R, [k ] @i E 8 FPRB M3 R 7%, v4 pH A4 ARSATIR L
FRH A A AW 0hik; A8 % B £K3% . Box-Benhnken X3&i% it Favh i & 49 547 7 ik 2HK
BILBRE Ao F R ASFATRA. [4R] FRRAFRIR pH THRE., R8T
BEF T ERBAFE THARL AR A pH. RELBPAHRETRROIKBILRE L6H 2
LAC-1. 3 Fcmfia st LAC-1 9 pH Bk E# R K, BEAKRZ, B R, AL
B 5 AT LAC-1 AR 6938 J 54 A3EFRRBE 9.5 °C. AP & 3.3%A=3% AT 139 h, it
oAk, LAC-13& it 42 o pH F 45 4.0 69 0 1) stk AL BT 4542 48 h, SLERH 432 5 T 20.5%.
LAC-1 347 TF 2 RRBAT LB 5 d i, BATKBIKAZ pH F £ 4.1; HxtRAak, BAT L8
BH T B S BR AR, SR K, E 58, TTIEMBKIE NS ZEIKT 46.3%
EWR. TAMBHEFPBRTER TR ERIK, LBREAXKETRST 33.3%. [££] &4
LAC-1 T #t F 2 R AR M 342, 3SR

KR FREARREA, KBILREA LA, BASHMNIL, ZEBRAH

E&TB: BRICALE T L0 H (No. 12531449); HJr 144 5 1 013 i BA #5111 371 H (No. 2012TD006)
*BIWAEE: Tel: 86-459-6819298

X: FEEA: wangyanjiel972@163.com; FfH % : wwdcyy@126.com
YeFs BEA: 2012-09-19; 5 HEA: 2012-11-15



ERA R B S R . BRI B A TR TR RO 9 1

ZHANG Hong-Yan*

1203

Construction and optimization the culture conditions for the

micro storage of corn straw by lactic acid bacteria
community at low temperature
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Abstract: [Objective] To optimize the culture conditions of lactic acid bacteria community
(LAC-1) screened at low temperature, and investigate the micro storage effects of cornstalk
inoculated with LAC-1. [Methods] The LAC-1 was screened by continuous restricted cultiva-
tion, using system pH as the only indicator. The single factor experiment, Box-Behnken design
and response surface methodology were used to optimize the culture conditions of LAC-1.
[Results] A community which could decrease pH rapidly was screened and named as LAC-1.
LAC-1 could keep the pH and fermentation system stable, which could improve the sensory
quality of fermented silage. Results showed that the pH reduction speed of LAC-1 was greatly
influenced in this order: culture time, temperature and inoculated quantity. The optimal culture
parameters were: culture temperature at 9.5 °C, inoculated quantity at 3.3% and culture time at
139 h. Under the optimal conditions, the fermentation time was shortened by 48 h and the
number of lactic acid bacteria was increased by 20.5%. When the dry cornstalk was inoculated
with LAC-1 by 5 days, the system pH fell to 4.1. The silage smelled sweet, flavor and sour, the
texture was loose in appearance and bright in color. The following determination indicated the
content of water-soluble carbohydrate was declined by 46.3% and the number of lactic acid
bacteria was improved by 33.3%. [Conclusion] The application of LAC-1 could promote the
conversion of dry cornstalk into micro storage and improve the quality of silage.

Keywords: Dry cornstalk, Low temperature lactic acid bacteria community, Optimization of cul-
ture conditions, Silage
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FERTERIRERIRCR, NIRRT AT K TR
FHROE RS

1 MRS

1.1 #l

111 X ERFEFRIBERMER: S TORFEFF
A BRI — R BR2E FORIAI0 I, 2
J5i A pH 6.4, T-4#)J5 (Dry matter, DM) 90% ., /K%
PERRIK AL A1) (Water-soluble carbohydrates, WSC)
59.1 g/kg,

112 HEFE: (RRFLRREE G R ik ik
F R MRS-S 8537560 5 | W SRLEERRFT R AN
P TR A 455005 BRS04 I S 4 0 SR FH e k2 G
ek B R ESRRAT R B AR R B A G 7
H(PDA)E!,

12 H%

121 KEBIBREESRZMNIFEE: KA AR
SR T RPRRE S 1 g /2 BHEER T 9 mL
MRS-S 5535519 15 mL M2 14 R, 10 °C #rE i
It o LA pH NS, 1K pH TIEZERIIEFRY), 5
pH TR | pH 1A% 4.0 DA F B I TIR &
HEL, LA 5% (VIV)IHEERD RN T MRS-S Bk
O ARAEE SR, B pH R IR E IR L
10% (VIV)RJHEERM LR TARE R 1 om=2 cm Y
KR, TS KER 60%-70% (WIW), %
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5 I R SEF 100 mL (9 4 55 I8 O, B
10 °C & & 157 15 d, LA pH FUZ A TR bR i
A F FRTREFHACREMIE I ZLR I E & R o
122 REIBRBEESREFREHNEERR
3% BF MRS-S 15353 13 mL %% A 15 mL (142 1
R, HRERERTR 7d, TERFRNEE 0. 6.
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I EREINE pH.
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B R R 1%, 3%. 5%. 10%F1 15%, #E
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WHEE

FEREFRIRIE A 10 °C | Rl 5% M54 T,
SR ERILG pH A 4. 5. 6. 7. 8. 9, #rER:
5 7d, ERE pH, BAEE 3 RER
1.2.3 KBRS & ®E & 8905 E 2 4 E FZK
FREE: R R EER L, A
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FIETE AR 5, pH R RAE, R = FZE =K
1 Box-Benhnken 50 i% it kit A ik i i1,
IR R A gm0 1,
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VEXTHE
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Table 1 The experiment design of 3 factors and 3 levels of response surface method

K Levels
[H# Factors 4% Encode
+1 0 -1
5% Temperature (°C) z, 5 6 10
At H] Time (d) Z 1 4 2
F:Ff e Inoculated quantity (%) Zg 1 3 5

Pk 60%—70% (W/W), 281 3%r R FLRR H &2
BF, BHIFESST 100 mL I OO, %
#1510 °CHi3%, DIZFRAY MRS-S BE 3 #fEX T
MR, RpAbPE 18 NEA, JrnlfE kIR 0. 3. 5. 10,
20, 30d #Hu 3 AR T A A HR AR LR AT |
BRI UL R R B TR A S0 A U o
1.4 MEFZE

B R WM K AR & ) pH >R Al HORIBA
B-212 7 pH i H#F T, W F K TREFF & BEA KL
Fiks 10 1%, IR 5 #HE 20 min, FIEWHT pH
FARGEEEINE, REHRRNER . ERER
I A R B A 2000 TR A 2 SR FH A T80 A
FLIR R 52 G 3 R IR M R AR 2 b 2L 18 T ) U
FE S FESCHR[10] . flo el o e e i A SR P 7
] A oMb P £ 75 07 o e R W A v Y L 2
60 °C . 48 h HET 5 LR T & BRI R RS FF
TkH) DM F1 WSCH,
1.5 HIEZHITHHAE

% H Design Expert 7.1.3 #k 4 i 17
Box-Benhnken {86511, i i i i T (e U A R
(RSREG) 17454l 041, ST B 45444 LAC-1
REFRWe pH By 3k ] AR R

KH SPSS 19.0 FAFXTEHE AT ST 40 HT,

iz ] Origin 8.0 #AE A,
2 HRE4M
21 KRFHBEESANRERFYE

A IR IRAF — IR T E R TR S

pH TRERE MR E MINRAREE &R, FHix
BE R4 N LAC-1, LAC-1 H 55 TEs 3745 6
KEF, pH AT 5% 2] 4.0 Fi1 44.3 glkg,
FLREHAF] 8.2 IgCFU/g. # LAC-1 #:Fh T &
KAFEAT, KBE 15 d J5 rl R BEA R pH FE 2
4.0, $EiE T R BRI ECE ST (K 1),

22 HEZEMIEER

2.2.1 REX LAC-1153 % pH BIZZME: pH T %
R R RS N A AR UEA R RS S
(IR EE R Z —, pH 7E 3.9-4.1 W ULAFREFF & B
RIS s 2 iR, AR 35 R A Y
LAC-1 KB pH Y2 T FE#a#, 10 °C. 15 °C M
20 °C M FRTERE TS 120 h pH Y97 FREF 4.0
PIF, 6 °C WAL FRTERG SR 45 T pH 155 4.2,2 °C

~ 1-.*',;';;' al

=g CK:| _Inoculated treatment

E1 LAC-1EMERTHEFARRERR

Fig. 1 The fermented silage sensory quality of dry
cornstalk with LAC-1

1 CK: %A Inoculated treatment: LAC-1 B4 4b 3.
Note: CK: Control; Inoculated treatment: The dry cornstalk
treated by the LAC-1.
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AL BEAE B SR E5 S pH doR FRERI 4.2 LIF,
< WL AE A3 % 5 0 B Y Rl P, o R
LAC-1 B3R pH TR, 5405 ik
PR BEAH LE, 10 °C AbFR[AAE AT DLk 21 45 AR
i) pH.

2.2.2 #% pH X LAC-1 5535 pH B9S2 0E: 31
B pH {EC L RS0 R A Ak, s HGE i
P, AT LR B SR R s R AR R
WK 3 Frzs, 76 pH & 4.0 F19.0 i, LAC-1 K533
W pH TR EESEE, 7E pH 4 5.0-8.0 Z [

6.5

—=—2°C

6.0

55 W™

pH

5.0
45 + +
4.0

£

3.5 PR NN NS AT S N S|

fF, pH TRERBRBERLR, KAWL, pH YT
3] 4.0 4, RWHET LAC-1 AKAHILG pH 5
L.

223 EMEX LAC-11EF R pH B9 IE: %
P X LAC-1 K538 pH #9520 ULIE 4, LAC-1
B SR R A A BT, pH Y2 T RE
Y, ME SRR PR, LAC-1 JiFR Y pH
TR IR, HAERE SRS 144 hi, pH YR
éilJ 4.0, FRHAEE /N $ P a5 SRR Y pH

T IR BB pH.

——6°C —4—10°C —»—15°C —<=20°C

2 — 4+ — %

36 48

2 AFREIEFEEX LAC-1 1554 pH &

60 72 84 96 108 120 132 144 156 168

t (h)
A

Fig. 2 The influence of different temperatures to the pH of LAC-1 culture fluid
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Fig. 3 The influence of different initial pH to the pH of LAC-1 culture fluid
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IMEESHARSREER: R Box-

IR Xe=(Z-6)/4, Xo=(Zo~4)I3, Xs=(Zs-3)/2. LI

X]_\ XZ\ X3 ﬁ/ﬁil

PL pH (B BEEY), ]

Benhnken H.0 2 A3 B0 3T T R P, 76 R R0
B T o £ I v b & A U1 AT TR [ R
XFEEFRIREE 2, BEFEEF ] Z, MR Zo fEAR i

Design Expert 7.0 {4 XA TR 45 R T4 1T,
R R MEERIZ 2,
> F Design Expert 7.0 3455 454856 214

6.5 ——15%

—m—1% —e—3%

—a—5% —v—10%

6.0 |

5.5
Im 5.0
4.5 -
4.0 §>§—§
3.5 L L L
0 12 24 36 48 60 72 84 96 108 120 132 144 156 168
1 (h)
4 TEIZEFHEX LAC-1 E5Fi& pH #00
Fig. 4 The influence of different inoculated quantity to the pH of LAC-1 culture fluid
x2 MEESHARSREER
Table 2 Experimental result and scheme of response surface method
75 [AIZ Factors
No. #RJE Temperature (X;) ] Time (Xy) HFhE Inoculated quantity (X3) PH
1 -1.00 —1.00 0.00 6.1
2 1.00 -1.00 0.00 5.9
3 -1.00 1.00 0.00 5.4
4 1.00 1.00 0.00 4.0
5 -1.00 0.00 -1.00 6.0
6 1.00 0.00 -1.00 4.2
7 -1.00 0.00 1.00 5.4
8 1.00 0.00 1.00 4.0
9 0.00 -1.00 -1.00 6.2
10 0.00 1.00 -1.00 4.4
11 0.00 -1.00 1.00 5.8
12 0.00 1.00 1.00 4.0
13 0.00 0.00 0.00 4.7
14 0.00 0.00 0.00 4.5
15 0.00 0.00 0.00 438
16 0.00 0.00 0.00 4.3
17 0.00 0.00 0.00 4.6
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& ARIEAT R SIS, 2] —IkZ0
7 )9 )7 #2: ¥=8.020 56-0.301 25X,-0.539 44X, -

0.227 50X5-0.025 000X;X,+0.012 550X;X3+1.387 78E-
017X;Xs+0.017 813X,*+0.053 889X,*+8.75 000E-
003X5’

XF L3R BRI A 707 25 0307 (3R 3), 45 R%E
B, (A1 B 2 (P=0.001 4<0.050 0), [m]J 4%
e ZECHN 0.943 1, UEHHIZ KT fE R B
94.31%M9748 1k, T P=0.106 6>0.05, 2%
2, UL RNE R A B LA B, iR
REfE SO N (AR Ak, B R 220N, Hik, W7 H
IR LAC-1 A S0 T i AR R AB B i 4743
BrAng . s R EAETHE X,:=34.00, X,=56.72
F X3=3.78, AR5 PRl F2 2800 FE I MUT Ay
55 3% B[R] (X)) > K5 7% 1R 8 (X ) > 82 F i (X3) o
232 REIBMEESREKEZHGMMKL: FIH
Design Expert 7.0 #FXT 3 2 B r — ik £
JCIEAALA, FIEAS 2 Y 30 (0] 05 D R A o 197 T
A 5. 6. 7 MHTAT UL, JEEE RN R LA
Ko E R RN RN LAC-1 35351k pH 1938 HAEH

3, BHE AR E MR LR I E & R
(B ENTE R
2.4 BURAIE

Sy e B A A T S, R PR M O I T ) e
FEAMFIEAT LAC-1 553750, 3 IRER ., & 4
AT S5 R K EEZE TR LAC-1 14 pH & 4.0,
UL T A 22 0.2, SEPR{E S A
AR R 22100 0.5%, Ui AiER 4 R SRR &
RAF, FHRBNRRAT R A 5K pH, 8B B [
TR AL LA R, il UL A LAC-1 15595
)5, RS AROB IR IR pH.
25 LAC-1 R BIEEIEHRAY LR

X LAC-1 REFRAMH AL RIS 10 & B = Py itk
FTHAL, LAC-LIW KB =Y 2 AL AL BE 144 h 5 1)
FL R TR 1 B i Al ODgoo 43 ) L AR AL AT 42 5 T
20.5%7#11 13.4%, i WSC HARALRITFHAE T 31.8%,
pH F&AEE] 4.0 AR Al LR AL TR T 48 h,
2.6 EMBRAS
261 EFAEIEPFEWNRFITETHK: L

=3 [EYFHERIFESH

Table 3 Analysis of variance with regression model

A5 SRR Source SEJ7 I SS A H ¥ DF Y77 MS F {4 F value P {E.(E%KBF)
P value (significance level)
#i7 Model 9.830 9 1.090 12.890 0.001 4**
A 2.880 1 2.880 34.000 0.000 6**
B 4.800 1 4.800 56.720 0.000 1**
C 0.320 1 0.320 3.780 0.0930
AB 0.360 1 0.360 4,250 0.078 2
AC 0.040 1 0.040 0.470 0.514 1
BC 0.000 1 0.000 0.000 1.000 0
A? 0.340 1 0.340 4.040 0.084 5
B? 0.990 1 0.990 11.690 0.011 1*
c? 5.158E-003 1 5.158E—003 0.061 0.812 2
I Lack of fit 0.450 3 0.150 4.010 0.106 6
4l Pure error 0.150 4 0.037
5%#= Residual 0.590 7 0.085
MR Cor total 10.420 16

Note: R?=0.943 1, Adj R®=0.869 9; *: Stand for significant level variance.
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Fig. 5 Surface (A) and contour plots (B) of mutual-influence for the culture time and temperature
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1400
1.00
V- <o @ 1.00 2.50 4.00 5.50 7.00
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B 6 I&FrATIE)FIIEM & X B 2200 A =4 thE Bl (A)FnE = 2 & (B)

Fig. 6 Surface (A) and contour plots (B) of mutual-influence for the culture time and inoculated quantity

4 MR

Table 4 Result of demonstration tests

e ik il HEF i .
Experiment condition Temperature (°C) Time (h) Inoculated guantity (%)

ﬂﬁﬁjﬁﬁ‘(ﬂﬂ%&%ﬁ 9.5 139 33 3.8

Best predicted condition

SR E L 2 o5 139 23 20

Best condition
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5d 5, TATRFFEERBSFIEEMT: <% 262 BHABIERCERDRENTL:
HHITR A | B bAE . kst kB Ra  ORFSFFRDR & BTG b 2% o it o A8 1k
MM 10, 4, 2, 840, 16, HAFEss WA 5o BEE AR EALELT, AFACELE) pH .
T fg LA L DM. WSC FIZE R . R EERRAT R . BBk IY%L

A B

pH

i 5.00
W
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W
o
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5.00 |
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Inoculation (%)
(U8)
[
S

4.55

2400 1.00
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3.00 1.00
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4.00
6.00

Temperature (°C) 8.00
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Temperature (°C)
B 7 EFREZEMHE R B =4t mEA)FES%E(B)

Fig. 7 Surface (A) and contour plots (B) of mutual-influence for the culture temperature and inoculated quantity

R5 EARTEFHAEAELZRSFRMEDS(ET T REM)

Table 5 Microorganism and chemical compositions of the corn straw before and after fermentation (DM basis)

M3 H Inspection items ik R Gl s ()
Treatment 0 3 5 10 20 30
pH CK 6.1Ae 5.9Ad 5.7Ac 5.3Ab 4.9Aa 4.8Aa
LAC-1 6.0Ab 4.3Ba 4.1Ba 4.1Ba 4.1Ba 4.1Ba
FHy & CK 35.1Af  344Ae  333Ad 324Ac  314Ab  3l4Aa
DM (%) LAC-1 349Ae  335Bd  322Bc  31.3Bb  30.4Ba  30.3Ba
ATV CK 59.7Af  545Ae  47.6Ad  32.6Ac  21.2Ab  19.9Aa
WSC (g/kg) LAC-1 60.6Ae  47.4Bd  256Bc  14.2Bc  8.8Bb 5.4Ba
T B A 1 5 CK 5.9Ae 5.9Ad 5.8AcC 5.7Ac 4.9Ab 4.7Aa
UL [ 03 SEERI I Ee e LAC-1 5.9Af 5.6Be 54Bd  47Bc  46Bb  4.1Ba
(IgCFU/g)
RS CK 4.9Ad 4.8Ac 4.7Ac 3.9Ab 3.8Ab 1.9Aa
The number of mould (IgCFU/g) LAC-1 4.8Af 3.7Be 3.4Bd 1.8Bc 1.7Bb 0.7Ba
S BE R T B AR CK 5.8Ae 5.0Ad 4.8Ac 4.1Ab 40Aab  3.9Aa
The number of Acefobacier rancens | ac 4 59Af  49Ae  36Bd  298Bc  23Bb  19Ba
(IgCFU/g)
2| BRI B CK 6.1Ad 6.8AC 6.8AC 7.5Ab 8.1Aa 8.1Aa
The number of LAB (IgCFU/g) LAC-1 6.2Ac 8.9Bb 9.0Bab 9.0Bab 9.2Ba 9.0Bb

e AR RS TR AN R AL B[R] — A I 0T H 22 8] ) 8 2425 57 (P<0.05); AN[RI /NG bk 33 ] — Rnil 35t H AN [] & 1
FisF ] 22 ] f 8 24 22 5% (P<0.05).

Note: Different capital letters mean significant difference (P<0.05) among treatments of the same property. Different small letters
mean significant difference (P<0.05) among treatments of composting time.
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Em TR . HEF b RS 5 R
INF, pH FEAR 2 4.1, 1 CK 7E K BeLs o 5t ik 2
FEFFAAEL pH 4.1 BLAFI938 5

X iEAH L, EAAb A pH B, DM, WSC
FVEE R R TR B0 R 3 d J5 3 AL,
FLIR TR B0 0 T im, Fh b R ) R SRR AT
B AR TE A 5 d 5 B AR,

3 HighGiti

FEFFRL & e = R v, RS FF L #EHE AL
R TR A WSC & B AN AR AN RE A 4T & B,
T BRSNS LI B 0 5 v gy J 025180
IR IR B AT ke SO b3 Ll
A AR TR P K PO, (Rl
Py A B R KA 1 e I A R A AR SR AN 3] Tl 40
FRRICR N ) A 4 = ) i B ) 5 2R i 307
() IFLIR R 2 & REEFN TOKAEREFT . FORFEFT
FE T rpRA R 22 s E A &Rl
TEHE RN 7% (WIW) [ 7K A5 T8 FF % iz,
2 P A S 00 5 R A IR A B TR R T
FREIE A%IERE ) R TRAT R R R A S
RN IEH AT o FERFEFFBGR S BER TR ZE
A RS FT WSC 5 i /P2 ml s i A 7
AT G A2 AR A 0 1) BERT IR T R . AR
SCHE ) % SR MR AR AR B SRR pH R R
AR RRE SR T KRS AR IS v RIS R A
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