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Hh— bk FLER T GLPOL BEAT T 70 72 M52 L JF X B 35 S AR b AT T AL . 3 i 3 IR 3R 38 e T 0T e % 9% 2k 21 A (i
T EUBD AN IR 4 0F GRUEE VB P R 4n pH 45) Xt GLPOT 2L T A= 1< 58 (0 52 W) 5 SR I 0 W0 R T 43 A7 7 32k
GLPO1 ¥ 57 Z A HEAT AL . 15 2 GLPOT Az R AEAY , LIS MRAG A58 2 fie A1 {E I 2% R AR P . AR Rl 45 2R R 0.
GLPOL By f5 i i I 2 SR di AR R0 W BBy 5 — K WYJO7 TAT 20 17 f A2 9 GLPOL f A 1% 55 A% PR I pHL 5. 47 8%
FEUAE 35.3 C R 8.16% . 45 AR FLER B GLPOL nl LU g A 4y 45 Fh 350 o £ 35 I 0 ) S (EL 35 08 SRA A

REWFST
KRR HIWARDRE s FLIR 1 5 3% 37 S A Ak 5w 1 T
h[E 422 S816.3;5816.57 3

T R B 2 g ) i) R Y A .
b T 1 70 38 2o A A T DA e T o
A RIE AT AR A LR AF B ), B A 8 28 0 48 AR
B TR A RS STl B TAE )
A 1) LR T ) P Rk e %) 7T S PR B OK A6 B W K T
AR (F 2R R PR pH . M A K
A5 A A A A AT Bl 3k B R A
TR H SRR R B B AR R E A E
o ARk R T 5 o 5] G R ) LA TR R R R A L B AT RE S
WG FEAR pH ., £ 5 7L £ R 1Y A L 1) A BRI 2
B AR . DUE MR a5t R 0] A 3L
FHEJE T W BUE BEZL IR W . 2 e b i S W
e T2 0 T R A 7 b T R Y R
A7 3 ARDREE 1M DA R 4 5 05 4 1 2 7 v e B A
BEEME S LA IRE A R A B TR
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16S rDNA i H g B2 (R <F 8032 B T 40 4
(Y78 BB o F FR I R e K 8 2 1 40 1R )7 )
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P& O] & (O AR AD SR IRk DNA, 514 8 J5i 4%
A4 16S rDNA [yl ] 51 %) : 27f (5"-AGAGTTT-
GATCCTGGCTCAG-3") Fl 1 492r (5-TACCTT-
GTTACGACTT-3")., ¥ # %44 %:95 C 5 min,
94 C 30,55 C 305,72 C 2 min.30 MEF.72 C
7 min,16S rDNA PCR =44 ¥ %1 i b 5t 1 1
WA B2 B E .
1.1.3  Fefili 5% 38 5 i 4y

MRS #5555 R &AW 10 g 4 RE 10 g
BBy 5 g HIEBE 20 g AP BEIR K 2 g  LTREN 5 g i
fRek 0.1 g i MR & 0.05 g . W2 & — #1 2 g.
i 80 1 mL. Bfg 15 g . KB F/RKEA E1 000 mL,
1x10° Pa 115 'C K4 30 min, {4k pH 4 6.5,
1.2 A&
1.2.1 lmiit

SR FHB DR 289 3 R T O vk O o 3 ik R L
IR KR IR B UG pH K IR IR S Fp AR5 A 3
PKIZ8 3 7K P 1 e S 16 43 A 32 % 3% 3% 2 A AT Ak
1.2.2  BARA K M e D

WA W% 1% $E R0 8] MRS Br 2 5 1,37 C
Wigi B0 3 h BRI 2 & W pH X2 ODeop um
1B, LA K 2 B[] Ry 68 A A 43590 L pH AT ODigop o 1
RGN Al o 22 ) TR R A K 2R
1.2.3  ASTRI IR X FLIR B AE K B4 5% i)

53 50 LS RERE LS 4 5 AR MRS B R A
rh R B RV 4G B o At A& 25 1 5 AR A il 2 e
FHIAL, 5 5% J5 W0 5 0% T, o TR RR A KO B il
1.2.4  ASTRVEE XS LR B A K 5 i

530 AR G AR TR I L IR B DL S AR A
BAE N B — RS R AL MRS B AR (5
KRG E R R R D H A& 550 5 4 Kol
20 7 A ) o 35 37 5 D 195 TR A8 A TR R A K B
A
1.2.5 $FRIGR LG pH X FLRR AR KA

FH 1 mol/L Ay AR A1 1 mol/L Y & & 1k 1 ¥
MRS ¥; 5% 3 9 2 46 pH 43 % 2 2. 0.3.0.3.5,
4.0,4.5.5.0.5.5.6.0.7.0.8.0, 8 7 i & b A 98
MR s oAt A% 45 10 5 A K il 2 0 AR TR] 15 5% I 00 2 0
PR 1 7 BB IR pHL
1.2.6  FEFR IR EEX FLIR T A= K 52 e

W 85 5 R B 4y ik E o 30.35.37.,40 AT 42 C,
PR 1% M B A B B AR T, HoAh & Sk 5 R

Ky 4200 5 A ) L 35 35 5 D 39 TR AR i E TR PR A
F14) 5 3 15 7 T
1.2.7 45 Fh i xh 2R A A K I 52

W Fh it e R 0.5%.1.0%.2.0%,
4.0% 6. 0% 8. 0% , HAth 2% S5 111 15 A < it 2 0 5 AH
7] o K % I W0 19 T 4 1 S i B P
1.2.8 g Jo 1 32 6 fh L 1R TR 1 % 3% 45

3 X 52 GLPOT A= K 9 51 K 28 43 A 1 2 7
BRI ZE S N iE A GLPOL AE KR if pH . B
B DR B, B 3 2R 3 K i O T3 T L AR Ak
GLPO1 A= K 45 14 . I H 7 ma) i 1 43 A7 325 45 21 19
GLPO1 fe AR K 4 0F T, M5 855 35 J5 19 16 B8R 18
R B GG 5 5 LASIE S ) N T 9k 0 AT AR
1.3 #HESIT

K H SAS 8.0 # A 43 #y One-way ANOVA
XiF B PR 2R R0 43 AT 1 5 SR B 2R AT A AT B E I £
# SR H Duncan [R5 #F47, A P<<0. 05 1F 22
S 4 2 P WA o s L Box-Behnken 37F 42 55 i 17 T
BT HEAT Z R A N T 43 AT

2 & R
2.1 MEFEHER
W45 751 5 Blast [LX}, ZFE k5 GenBank
i) Lactobacillus plantarum strain KLDSC& g5 .
EU626013. 1) AL A 98% .
2.2 GLPO1 7£ MRS 3577 & i 4 < #li 2 i i
LBt 6] 24 48 A R s ODego o TH K pH Y\ AL B
22l GLPO1 A= K ih &, &l 1.1 2 fron . & Bk
TEL L 0~12 h i, pH ® T R (& 2) 11 )t
A PR R T AR EEO L e i 7 AR I LR A 2 5 T AR B R
)18 h mfFE AT E W], pH O T AE | UL G I K 1
FAENIRKZ B LI RME GLPOL A K., X
5 GLPO1 £ MRS iy 4 K ith £ (I DS W4
FAMRAE 2 ad B3 5% 12 h A 47 I e A% 8508 K, %)
18 h FFf ik AFaE 9,24 h Rk R J 30 X 4
GLPO1 7 MRS K g e i fa & /5 11, B 24 h 1E K
AW .
2.3 AEBIEX GLPO1 & K #8501
ATV R R 3R BT GLPOL 15 I A4t L€ 1. ik
B g SRR W, LLAUHE S e JR B 15 57 GLPOL BT 453 I8
B 55 HA 2 A b 22 5 3 (P<<0..05) , JRE B B9 RR Ik
Z (P<0. 05) , FLA X T8 £ 5200 22 5 4 .35 (P>
0. 05) R B 22 , BT L 356 156 AR A Sy S 3 Al T
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Fig.1 The growth curve of GLPO1 in MRS agar
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Fig.2 Changes of pH of GLPO1 in MRS agar

k1 FEBEX GLPO1 £K &

Table 1 Effect of different carbon sources on growth of GLP01

lg(cfu/mL)

i . Carbon sources % B Glucose

SBE Fructose

FLBE Lactose REME Sucrose

I T 2 Viable count 8.46°¢

11.56° 9.08° 10.09°

[ AT Bt )8 n A 6] /N5 5 b 3 22 S .38 (P<<0..05) , TR A .

Values in the same row with different small letter superscripts mean significant difference (P<Z0.05). The same as below.

2.4 ABEREIEX GLPO1 4B &0

AFEWE T35 GLPOL 3 B84 3 2,
TR 45 AL B L LR R # B8OK 8 1 R AR S AR B
7% GLPO1 B} Ir 45 1% W 405 MRS 35 37 58 (9 1 T8 4k
ZRAREFE(P>0.05) ., LK S HE A M B E A5

VE R R DRI, 5 FR TR MR T A9 0GB B 25 2 R 3
(P>0.05) , 7EVL 4 N b B — AT 9 35 55 2 I
GLPO1 JL-F- %A A K, vd B B —fif F 4 ] A F
GLPO1 A . 2 i 3 B M3 A0 A 5 IR » AR 3K
B6oKs B BE RS 7 S GLPO1 e AU .

F2 AEEIEX GLPO1 £KHF L

Table 2 Effect of different nitrogen sources on growth of GLPO1 lg(cfu/mL)
A K& HE A JB& R H R 4 RE 353 7) MRS #5575
Nitrogen sources Soya peptone Tryptone Beef extract Yeast powder MRS agar
75 B %L Viable count 8.59 7.93° 0.00° 9.88" 9.71*

2.5 EFERL pH X GLPO1 £ KB

AR FE R M pH 55955 GLPO1 3% 3 5 4
F UL 3, GLPOL il A K Wt 4h pH JE N 4.5~
7.0, 4 pH # 5.5.6.0.6.5.7.0 Fl 8.0 B 35 3%
GLPO1 Jirfe i 1% i A 5 A AR 1 22 7 i 3 (P <<
0.05) MHEHL 4 pH N 7. 0 i, OD {f & & - % B it
WY R R, R HRE 3 AT, R pH k4
i GLPO1 pyA ., e #e R ib &4 pH B 7.0,
2.6 EEX GLPO1 £ KB

¥ GLPOL 7 A [ BE R 15 9% J5 0 7 1 B 40, 45
Rk 3 fron. IR 3 Al LIAE B3 iR N
30.37.40 CHf,GLPO1 A6 #5228 3% MR
JEiAF] 42 T, GLPOL A7 35 R JLF 4 0, B iR
JE A i S o A0 B AR EE BN R T AR AT
M5 350 B 35 C Y. GLPO1 A= K R, Fr 4376 &

B =BT HAL Y (P<<0.05) .3 001% GLPO1 (&
EE R E N 35 C,

3.0 2.612.6842.69°

2.42% 251

25F

20

0 D(.(m nm
W
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Fig.3 Effect of initial pH of MRS agar on
growth of GLP0O1
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Table 3 Effect of different temperature on the growth of GLPO1
W Temperature/ C 30 35 37 40 42
1% # % Viable count/lg(cfu/mL) 11.25° 11.86* 11.05° 11.02° 0.00°

2.7 HEMEX GLPO1 &£ KB

AN R GLPOL 853 5 G WA B 3% 4. W
XA T EMRETE 4.0% .6. 0% A1 8. 0% i . 1% %
GLPO1 24 h J5, T3 MG WA A W% 2 5,
A2 2 T HAZH (P<<0.05) s 3R it R 2. 0% Fll
4. 0% B, 16 R A 2 = THEF N 0.5% 1 1. 0% 41

(P<<0.05), F b T LA HY o FF — 5 Y0 1B N, 322 b i el
1= GLPO1 1977 T 808k 22 , Y3 F i ik = B I AS e Al
i GLPO1 WA, H:Fh & R 4.0%.6.0% F1 8. 0%
B, 3 ZH TR TR A AT 3 25 7 AR R 4. 0% 1Y
176 TR EC H At 9 ZH A LA/ . 8. 0% Ay e A 3 Fb it L 1
NG ) AR B R R BR 6. 0% e i N HL .

R4 EMEX GLPOL £KHNE
Table 4 Effect of inoculum size on the growth of GLP01

& Inoculum size/ % 0.5 1.0

2.0 4.0 6.0 8.0

I # %L Viable count/Ig(cfu/mL) 6.68° 8.02°

9.03" 9.55% 10.09* 10.11°

2.8 TARMmMEESHMRUEFEG
TE LA BB R R e 0 BE il B Gl G SAS 8.0 1Y)
Box-Behnken A9 H 24 & 31 I B L X 85 5% AR AT
T 3 HE 3 K5, A £t o B W3 5 FEk 6.
DL VE TR &M i i {E , AR 4 3¢ 6 & Box-Behnken
P IR I 45 5, F T SAS #c4 b H kA7 = vk Jml )5

SR AR RNV EL Y XS B AR X x Foxs 1Y
TR ZITInE g

Y=2091.5-161x; +5.17x,% — 92.72x, +
Xo2 — 6.44x; —1.25x3% + 3.03x,x, + 0.8x,x; —
0.25x;x3,

£S5 MEESHILEEZERNAKE

Table 5 Experimental variables and levels for response surface analysis

Xl & Factors %% Encode

JKF Levels

-1 0 1
pH X 6.0 6.5 7.0
i ¥ Temperature/C X5 34 35 36
2 fh i Inoculum size/ % X3 7.0 8.0 9.0

®6 MEEmAHTREER

Table 6 The result of response surface analysis
g o T B2 Heh 15 T &
Group No. Temperature/C Inoculum size/ % Viable count/Ig(cfu/mL)
1 6.0 33 8.0 12.50
2 7.0 33 8.0 16.50
3 6.0 36 8.0 18.67
4 7.0 36 8.0 31.50
5 6.0 35 7.0 12.50
6 7.0 35 7.0 23.50
7 6.0 35 9.0 12.50
8 7.0 35 9.0 23.00
9 6.5 33 7.0 16.00
10 6.5 36 7.0 19.00
11 6.5 33 9.0 13.00
12 6.5 36 9.0 21.00
13 6.5 35 8.0 17.50
14 6.5 35 8.0 18.00
15 6.5 35 8.0 18.00
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X LA [ U= A5 RS A7 AT A BE A B (36 T L &
FOH LR R B A (P =0.004 4), 8] 1945 B [
B RN 0,963 2, Ui I %A Y 5 S BRSOl 48 48

I ] LR B 96. 32% 19784k . I I T A b A A ok
GPLO1 AN &M T B A KA B34 7 2 Ar A gl

x7 REMAEESW
Table 7 Reliability analysis of the model

J5 22 K I -5 F ¥75 F {8 preF
Source DF Sum of squares Mean square F value
Bi% Model 9 355.919 39.547 14.53 0.004 4
%7 Error 13.610 2.723
B ElH Corrected total 14 369.529
AP g RECT- 7 R-square 0.963 2
AR 5 Z# Coefficient of variation 9.059 3
MTT 2250 B (R &) h T LIE I xy . x, ] AR,

A 4f pH LB X TR V& R 35 (P<<0.05), &2 H.
T xyx, (9 P B 0.036 5,46 Bk 3 S iy e i pH
IR X GPLO1 A: K i 58 TAE 3. 1 x, B4
T2 X5 T V% B R S /N (P = 0. 810 4, Yl J& 1 432 i
B PLGE L pH A% R X GPLOL 4k K 0 28 7.4E

FIH SAS 8.0 A4, 6 B A 50 i — Yk i 7 THT 43
BT 1,3 AR 2 B A58 (pHLL IR LB Al D)
AR RS AE (= 2. 069.0. 260 9.0. 158 8) , Bl fa % /K
(5.47.35.3 C .8.16%).

x8 MRAEHEFESN

Table 8 Analysis of variance with regression model

A & it {8 2 t 8 Pr|t] it {8
Variable DF Estimate value Error t value Estimate value
#IE Intercept 1 2091.499 71 632.240 74 3.31 0.0213 0.000 00

X1 1 —161.044 65 59.605 78 -2.70 0.042 7 —11.847 78
X1X1 1 5.168 33 3.434 37 1.50 0.192 7 4.944 64
X2 1 —92.721 34 31.370 69 -2.96 0.0317 —20.987 90
X2 X2 1 1.003 75 0.440 17 2.28 0.071 5 15.633 47
X3 1 —6.447 28 25.495 99 -0.25 0.810 4 —0.948 63
X3 X3 1 —1.250 42 0.858 59 -1.46 0.2051 —2.946 39
X1 X2 1 3.034 21 1.070 54 2.83 0.036 5 8.953 16
X2 X3 1 0.802 63 0.535 27 1.50 0.194 0 4.355 53

X1 X3 1 —0.250 00 1.649 82 -0.15 0.885 5 -0.281 04
2.9 BIEREK D B LT 08 LI 250 45 15 1 4

43 50 LA B T 43 B 75 20 1) GLPO1 e AR 4R K 4%
P FIA AR A 1 35 5% 254 15 % GLPOL, LL 35 1iE i) L, T8
SITERROR . AR R R 3R T,
GLPO1 [17% H %k 4. 83X 10° cfu/mL ., 11 0 )37 7 2
Al 0 15 77 45 41 T 0% T BGA #) 3. 34 X 107 efu/mL,
PR T 6. 92 A U B SR FH w1z T D AR Y e I SR A
AT Z AR, AT UL T & GLPO1,

3 3w g
AR 5 A, GLPO1 A K B A m TR 2 SR 0, B4R

S 11 R T il K 1 0 LT T 194 o e R TR
XA AR e DR Oy R R AR [ B TR ) FLAT R L E
DR Ay T ol A AN [R] A2 A A 3 558 B4 52 WL o ) AT A
DX o

GLPO1 B id 7 v . & WE B9 pH i B IR
PR A T R R R I — R B 22 v R A RE AT AL
M 2 fiff pH A RO 1 Rl A= B 400 0 T S AT 2K
T A P . AT A 2 TR B R A TR S — A
E g G b 00 1 L AELR O B0 A 5 2 v 2 B0 R 2 AN
I AT R AR SE LR ALE A 2 2 Ak A
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RN TE B 2% vh b (1 2 77 g AN Ta], MOTIE R e 1 TR ) B A, et al. Ensiling whole-crop wheat and corn in
) e, A 48 5] large containers with Lactobacillus plantarum and

i R LR R e Lactobacillus buchneri[J]. Journal of Industrial Mi-
B T T 480 0 B 25 0 4 1 R 95 A AR 42 AL crobiology and Biotechnology, 2002, 28.7 —11.
ﬁd*ifc%él’ﬂ{}ﬁﬁﬂ?I}W,ﬁﬁ@%{i%%ﬁﬂ%ﬂﬁﬂ:ﬁﬂ% [6] HU W, SCHMIDT RJ, MCDONELL EE, et al. The
. . » N =y X effect of Lactobacillus buchneri 40788 or Lactoba-
J‘gé‘i%fﬁﬁh’ﬁﬁ@/{ﬁz%% Bigr 5RO B A cillus plantarum MTD-1 on the fermentation and
2 b 2 s N NN S a o o
RO ZE R . AT TS I O 1 — PR A A 7L aerobic stability of corn silages ensiled at two dry
FRBA 0 H A KRR P S AT IR A 5T, 45 SRR W, A matter contents[J]. Journal of Diary Science, 2009,
YIFLAFE GLPOL B4 38 W M4, 7 pH ol 2~ 92.3907 - 3914.
8. IR 30~40 C BRI A FHE ALK, £ [7] hi#, 280, RROk. 4. FIH SAS HiEfl L -
FEL 0 9 0 AR 3 0 K 4k TR A F L] BUE 2 2004, 31C3).
T EOR B9 pH O 4.6~ 6. 300 LIRS £ 5 88,
GLPOL HHA (i Jy Koo o = 5 i BE B gt 7 5 A e LB B WJCHT, JO9%, % 7 3% O 4 e
>N 7~ 2N ‘%ng\ i - ger o ) =R S ,
P b I DR 61 3 4 B2 B SR AR R DA
53 [ D) WEE N K 1) 2l ! ) :. . 4 ] s e e Sppe
EE&SECEH R G:;’Pié?étkfaﬁtﬁ (9] skeAk. tRifhi. LHER. . T 2002 5 B b
UL A TAER GLPOL R HR) = 75 I iRy 0T 4369 41 9575 SE A DA F 0 0 AR LT e 9023 4 2006,
SRR W B W AT I A R 5 X 33(1).16 - 17.
B [10] RIS, BT, el 4. ) FH 0L I o AR 40 5 7
KWL [T ] BUEY AR . 2006, 33(4):5-9.
4 £ B (1] AL, SKRE . XA, . me oy Ik DR A0 TR 7 %
D 384 GLPOL A K [ ks 32 3 b B Ak T 82 BRI IE ALY, B o i, 2010, 37 (1)
= e 7B ’ VI~ R
91 - 95.
Y& A\ F EL EfLY PN 2y =] ° 3
IR e AR R 2 e pHL 7.0, 3R E 35 C L 4 [12] PANKAJ S. MANPREET S, ASHWINI L K. Re-
= o,
Rttt 8. 0% sponse surface optimization of the critical medium
@ R U i i o> M A J5 GLPOT #Y fe f components for carbonyl reductase production by
WEFR A AR 35.3 C 2 hn pH o 5. 47 4R it Candida viswanathii MTCC 5158 [1]. Bioresource
H8.16%., Technology. 2007, 98829 — 833.
(18] #bi#e, pE-F. SAEYE IR ARIM]. Jtat: b
5 33Tk - 42 Tolk i M, 2005:117.
E. The Biochemistry of Silage[M]. 2nd ed. Mar- L ARAeA R 52 4R, 2008, 39(9) 96 — 99.
low: Chalcombe Publications. 1991. [15] RANIJIT N K, KUNG L JR. The effect of Lactoba-
(27 KHE. S Y4 Fho ek 5 oK 75 0 R % R K cillus buchneri, Lactobacillus plantarum, or a
SBR[ D]. WS e Se. s o E 4l R chemical preservative on the fermentation and aero-
2F B, 2005. bic stability of corn silage[J]. Journal of Diary Sci-
[ 3] FILYA I. The effect of Lactobacillus buchneri and ence, 2000, 83:526 — 535.
L. plantarum on the fermentation, acrobic stabili- [16] YUY D. YU ZHU. SHAO TAO. Effects of differ-
ty. and ruminal degradability of low dry matter corn ent additives on the fermentation quality and chemi-
and sorghum silage[J]. Journal of Diary Science. cal composition of ereck milkvetch silages[J]. Chi-
20032, 86.3575— 3581. nese Journal of Animal Nutrition, 2008, 20 (4):
[4] FILYA 1. The effect of Lactobacillus buchneri, 447 - 452.
[17] SCHMIDT RJ, HU W, KUNG L JR. The develop-

with or without homofermentative lactic acid bacte-
ria, on the fermentation, aerobic stability, and ru-
minal degradability of wheat, sorghum, and maize
silage[J]. Journal of Applied Microbiology. 2003b,
95.1080 — 1086.

[5] WEINBERG Z G, ASHBELL G H Y, AZRIELI

ment of lactic acid bacteria and Lactobacillus buch-
neri and their effects on the fermentation of alfalfa
silage [J]. Journal of Diary Science, 2009, 92:
5005 - 5010.
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Optimization of Culture Conditions for Silage Lactic Acid Bacteria via a
Response Surface Technique

HONG Mei' DIAO Qiyu'® YAN Guilong® TU Yan' ZHANG Naifeng' JIANG Chenggang'

(1. Key Laboratory of Feed Biotechnology of Ministry of Agriculture, Institute of Feed Research, Chinese Academy of
Agricultural Sciences, Beijing 100081, China; 2. Hebei North University, Zhangjiakou 075000, China)

Abstract: To improve the quality of silage and reduce the cost of microbial inoculants, molecular biological assay was carried
out on a major strain of lactic acid bacteria called GLP01, which was isolated from a silage cellar in Germany, and the cul-
ture conditions were optimized. One-factor-at-a-time approach was used to investigate the effects of different medium com-
ponents (carbon source and nitrogen source) and different culture conditions (temperature, initial pH, and inoculum size)
on growth of GLPO1; response surface technique (RST) was applied to the optimization of culture condition to get the
growth model and factor levels of the optimal model value. The results showed as follows: the optimal carbon source and ni-
trogen source were fructose and yeast powder, respectively; the optimal culture conditions of GLP01 were pH 5.47, temper-
ature 35.3 C, and inoculum size 8.16% . In conclusion, lactic acid bacteria GLPO1 can be used as silage microbial inocu-

lants, but the effect remains to be clarified. [ Chinese Journal of Animal Nutrition, 2010,22(5):1307-1313 ]

Key words: silage; lactic acid bacteria; culture medium optimization; response surface technique
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