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2. A TRERERN QBT BB TE OB 75, KSOAMKER 2t 5% 6972 KA H (Clostridium beijerinckii ).
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Abstract: In order to increase the yield of ethyl hexanoate and ethyl butyrate in Luzhou-flavor liquor, Clostridium beijerinckii,
Clostridium guangxiense and Clostridium sartagoforme with better ester-producing performance that have been screened from Luzhou-flavor
pit mud were used as test materials. The 3 strains were subjected to a mixed culture experiment, and the compounding conditions of each strain
were optimized by the Box-Behnken response surface test design method, and the best compounding conditions were determined. The results
showed that the three strains had a certain synergistic effect between two of them, and the mixed fermentation effect of adding 3 strains at the
same time was the best. The content of ethyl caproate and ethyl butyrate was significantly higher than the results of other cooperative
fermentation experiments (p<0.05); the optimalratio of inoculation amount of 3 strains in compound fermentation was Y1:Y2:Y3 = 4:1.5:4.5.
Under the optimized culture conditions, the yield of ethyl caproate could reach 32.25 mg/100 mL, which was 0.63 times higher than that before
optimization (19.78 mg/100 mL); the yield of ethyl butyrate could reach 117.68 mg/100 mL, 1.59 times higher than that before optimization
(45.37 mg/100 mL). The content of ethyl caproate and ethyl butyrate after optimization was significantly higher than that before optimization
(p<0.05). The results showed that the synergistic effect of microorganisms could be used to improve liquor flavor.
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AR 7 THT AT FEAF XS L, T2 B ) 8 2 BR 1A
1 B BB Rk R e Y R, e T AR
T 254 3 )BT 9 DA S o B L A () 7 A TR
F, VLR fmt 7l 3 S R AT
HL I HH PRI A BTS8P R PR 58
HEEREA A TP AR R, SN E
T AEYIRE FRIRAE, 3§ R E e A B s R
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Wa) S ARACEET V2 SO TR AR IRERAE %
DT, R B AR A (R S0 AR R TR SE 36T
THEF, Bl dERR) b R E 5 BAARZ F] IR &R,
FEARAGEC LRI 26T, T S s AN R ) < TR B P
FRCR, AR R, ez
Ve 7 B R 3 PRI LA 1 F P o MR &R, Je A
% BE € 3 ik 58 3@ 3w B AE X 3k, S5 R
Box-Benhnken 35 i} 3 250 K15 e R &
BEAN T 1R CBEI = L IR 2 DA AL, FExfix
TR ) 2 2R Design-Expert.V 8.0.6 B AF1EATAE
U, A 5 308 % i 5T AR B P R ) e R
L, DU AR i A Y 7 o SR (B R R AR A 2%

1 MR5RE

L1 AR FGR A

FEECH B (Clostridium beijerinckii)« | PH#2
(Clostridium guangxiense). Hi#i#RE (Clostridium
sartagoforme ) ¥4 FHBRVE A= A S S DU ) 148 B8 i S
6 5 2 NI E R AR LR 25 e Hh 43 2545 3

MES 3785k, L- PR R (b, dbnd
WEKFAEMHEARGIRAT), CBR Tl (ks
TR RIREN. —KESULES . BRIREEN. I
B . R (rdhall,  BGESCRHA LR

AIRAFD,
12 FEMNBEE
LRH-250 ZAEALRE 740 (ST IRBAA A TR A
T\ AW200SG R TAEuE (SR s s
BRAF]D. CIS4DS SEAE AR (JE T A
AT, SW-CI-IF #iF TAES (RMERSSHEA
ARAFD AR2140 HF TR EFEE-FER 21X
o FHEATRAT D). 7890A-5975B ASAH - i ik
X (Agilent BHZHBR2AE]). UV-1200 40 W46
FEAC CRZAES BIEA TR AT, 55i+Ds-SM-U1 &7
it 248 (HZ NIKON A ] Scan1200 B % 731X
(Inter science A ]

1.3 #Exit

TS IRIE . FREUMES 0.5 g/L. LB &R 5 1R
025 g/L. ZLIREN 1 g/L. TR 581 0.5 /L. &AL
1.0 g/L. BREREEN 03 g/L. FilREN 0.5 g/L. —/KAH
45 0.15 g/L 7S/KEAEE 0.4 g/l BERRZH; 1.0 g/Ls
AR 1S gL, Hi%iME3g/L. TR 2L, pHS.S,
121 ‘CKB§ 15 min.

REREFRIE: (ETHEOE TR BT b, A nmT
PEVERS 5 g/ 5% LBEHE S mL/L.

1.4 RBF %

141 BHE AL
1.4.1.1 BAERFAR

PSR E HIHERE Y1, Y24 Y3 2053535 20 40l
RIS, 4% 1:1 LB nlR A Y1-Y2, Y1-Y3,
Y2-Y3, % 1:1:1 BIHBIREA SRR Y1-Y2-Y3 F7,
UL S E AN BT S IR, 34 CIRERTFR
2dJA, FREIMHOEETT (ODgo) R,
AR PRI TR A R, idk s
1412 HEKFPARL

PRI R EIEARE S, R EON
KEWE NP, ERE LA 5% ek 3
FREA> B T 254 80 mL REHEFREL 1 R E U,
BB FEA Y 34 C TR 9% 12d, 181 GC-MS £
MR TEF=H) o

B BRI MRS G, 4% 12 1 AR5 BTR A i
CY1-Y2, YI-Y3. Y2-Y3, % 1:1:1 I ECITE & ik
Y1-Y2-Y3 P, fERE AR 4 S%otifh ol fh
T MR T KA 80 mL KL FRIEL I IR
FOmT, BEAMREFRAET 34 CER 12 d, i
GC-MS Frill K =4 o
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142 AR H & E92546]

WA B EMOEIGG, B3R RO R BAE S Fl
T, 4% SYotiePp i oy R T BR4ES 1) 80 mL KEH
THEEFRIE, 34 CREFR 2 d, BRI SIFRRE 04 1. 2.
4. 6. 8. 10 1%, FHEIMIIOLETT (ODgso) M
B, VAREFIREFREME N AR, s R, i
W EIRBERE S BIRREE] 10 1070, 10° 3 MR
A, BAREEIRAT =R, RO T 660
nm PAANEWRSCREE . AEHRIKEE (CFU/mL) i
Astr,  DABOSEEENAALAR, 3 Y1 BEHRE A
=1x10%%-0.0111 , R*=0.9997; Y2 B ¥k#h& A X
=5x10%+0.0105 , R*=9986 ; Y3 Mtk & & R
=4x107x-0.0293; R*=0.9995. JF7EAH[E OD 14 0.7 &
PRI EIR 2 R & B o R B ARSI
143 Atz ik
1.43.1 FESTALER

B S mL -1 0.25 mL ¥4 20 mg/100 mL
CPRIE T HEEEN 15 mL BT, BAET 55 C
T AT 15 min, FEAEE 30 min, BEJSREA TR,
1432 GC-MS 7 7iE

(1 SAHERE (GC) %4F: DB-WAX (60 mx250
umx0.25 pm) AT BN 4l He, T 1 mL/min,
BERETHRAE 230 °C; FEFFHR: WIURIRFE N 45 C,
%K 1 min, #RJ5 LA 6 “C/min HIFHEEETFE 160 C,
{54F 1 min, FFLL 20 “C/min 3 230 °C, {£¥F 6 min.

(2) Fiils (MS) %4F: HTE I (ED, 70eV
L RERE, KM N, JEERE 20~550 amu,
BURIRAE 230 C, DYRAHEFE 150 °C, IR
230 C.

1433 ES5E=EMT

SEPE: I TR PR E 5 NISTO0Sa. L ARl 2
text, FIHICRCEER K TaE5ET 80 (FKfE N 100)
MIARRAE B FRET b, e g 1,

FoEs: Lh 60%LREMHIREE N 20 mg/100 mL
(1) 2R 1E T Bs N R IATI 76 5 mL ZEER N 100 L
AR, 2EHUS, FRARYE N RIS SR 5 Rl
VIR 2 LU DA R N PR TEAE it P R B 2R PSR B
AR 0,

144 HRetiier ik
1441  HBEE AL

e BEMEHARIGARBE 1.4.1 1 1.4.2 MRIELEF, X
R F AP R R e AR s AR, 8T
AR, i AR R R 0 s
1.4.4.2 Box-Benhnken Design i3 1411

e BRI Fmd b, dEid BBD I ¥it 5

66

J7 5 B AS B & ek & 1 K, B Design-

Expert.V8.0.6 #4347 Box-Behnken %%, L Y1,

Y2 Y3 3 BRI M E AR R, DEEH—EY

RUERAE, AITIHRE 3 PRER i E R B R SR AT T

15 . BE M S L R AL L, 3R mAS7KF (GR 1D,

1 Mol B IR SE R 4mAG K F

Table 1 Factor code and level of response surface experiments

Y K-
-1 0 1

2.8x10°  3.4x10° 4.0x10°

8.0x10°  1.0x10° 1.2x10°

4.0x10°  52x10°  6.4x10°

A& Sl

Y1/(cfwmL) A
Y2/(cfwmL) B
Y3/(cfu/mL) C

1443 LERL

oz e B TR TS T 5 5, A E Y1,

Y2 Y3 BRI REMR, % 1:1:1 LB s A0

T, DA SYtE R TFRES 1 80 mL Kb AR

Rrgrdteh, 34 CHR 12d, 8t GC-MS 2 KB

Yo

145 ZEAIE

RIGLE RIS CPIE iR E” FoR, K

Design Expert 8.0.6 Z 347 M SRS B 1, FHHiz

SPSS 16.0 Feit T seia s itk 4T SNK-q Rl 2

AR, MARKIIES 3 K.

FEM SR AT, 8 IR LB A T R Z B8 A

FEFRR ] Hassan 753500 —10 A4 0~1 Z [a)fE Y, s

X 1:

Dmax = (d1 - dmin) / (dmax - dmjn ) (1)

Kb dp BARKEPTAFH LT, e KIEFHRS
185 s KIS 69 RAKSA

Pk O CBE AT R BRI 43 53R 0.6 Fl
04, BREECRAEM TR ABRWEGEAEY, W
X 2:

Y=D_ (CFRZH8)x0.6+D_ (TR ZE)x04 (2)
2 HR5MR

2.1 3MEREHEIFHR

T FAETR GRS IR A AR R R 2 [0 AR
BETERMGIIRR, RGNS 3 PR AT IR &5
FEE . RIS LS R 1 foR: Y1-Y2, Y1-Y3. Y2-Y3
A Y1-Y2-Y3 4 MEAHATE ODgeo [ HIRE =T
Y1. Y2 F1 Y3 B #k ODgoo fH (p<0.05), HIREA]
TEIR GRS FRRHRARAFAEE AT HIE T, B
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Pl (A r] BEART SRR RN A &, (e
AR I AR A A R 2 KT B R AR TR I (7
Yo, XUERIE—E 5 T IX 3 MR B AR & 1
TR & AR RE BB . 5 80— T A AR A
bt RERTRT MBS R VRS, HEED T
KB JE FHRBCHIMT, ROt 7 EME Bk AN
REIR A 2,

1.0
D D D
peaoy 1T

n
V.

&
O 04

0.2

0.0

Y1 Y2
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Bk
&1 FEIEHERAEFHR
Fig.1 Mixed culture effect between different strains
7E: REVHARZ I ODggo 18 2572 F M4 R K5 LT

HRET, RARFRATEFLH (p<0.05).

22 ARG KBTI ER

TREHEFRAE K 3 PRI A B LA R
{BAEARY W) & B b2 T AAAE P R 2 75 203
—BHHUER, PRI ARIG et 3 PRE 2 (Al T ST
REHRT .

HHEE 2 014, Y1, Y2, Y3 =2 iRl (11.164
10.48. 5.60 mg/100 mL) F1TFRZEE (25.56. 17.42,
10.56 mg/100 mL), [FIH*C R (4.90. 6.51. 3.84
mg/100 mL) AT HEZ (8.01. 9.16. 2.41 mg/100 mL),
SRR (0.5, 036+ 045 mg/100 mL), 3 Pk
W ) O BT TR &, R OB 28T T
g Cler-Emr ae SRR — Mook, S HATA
VI R T BRIV BAHIR: 3 BREES =i (IE
TEE. IEREE. IECEE. 2-TRE. -8 g, H
HOIE T RN Y1 AT Y2 () B R, 7= & 53 )
N 17.00. 12.82 mg/100 mL. 7F I8 FIRE R,
I R R A R E 2R, BRI T B
WFI AU BESRRERLRER, MM i RA
RAFAERP],

2 SMLEHANLEER
Table 2 The results of mixed fermentation test

& B 7 #/(mg/100 mL) ki
Y1 Y2 Y3 Y1-Y2 Y1-Y3 Y2-Y3 Y1-Y2-Y3
TR LB 25.56 17.42 10.56 38.56 23.26 28.95 4537
TR LB 11.16 10.48 5.60 16.24 15.83 14.38 19.78
ETHE 17.00 12.82 14.61 10.41 11.96
GEREE 0.13 - 0.21 - -

SR B, LBg 0.24 0.36 0.15 - 0.27
ETE 0.33 0.29 0.24 0.46 0.28 0.16 0.38
LB 0.50 0.36 0.45 0.45 0.15 0.35 0.50
HREE - - - - 0.36 - 031
2-FBEE 0.16 0.14 - - - 0.18
1-¥82 0.19 0.24 - - 0.13 0.13

T BLILER T s 0.57 2.95 0.28 0.85 2.50 - 1.88
T 8.01 9.16 2.41 10.57 2.51 8.39 10.74
T8 = LB 0.11 0.10 0.12 0.07 0.16 0.09 0.11
K LR T B 0.28 0.30 0.20 0.35 0.30 0.30 0.38
LB R LB - 0.17 - 0.23 0.15 0.16
T 4.90 6.51 3.84 6.71 4.15 5.61 7.02

3- K AL LAY 0.1 0.088 0.064 0.092 0.079 0.086 0.11
RTEz 0.35 0.33 0.21 0.45 0.25 0.31 0.40
Bt A 69.44 61.34 23.97 89.86 50.21 69.316 99.5
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BRABAS Y1-Y2 F1 Y2-Y3 U O 2 F5
(16.24. 1438 mg/100 mL). T FRZME (38.56. 28.95
mg/100 mL) FEEHIEE (p<0.05) ST Y. Y2 #l
Y3, ERt kMBS Y1-Y2-Y3 RS iR g (19.78
mg/100 mL). T2 Mg (4537 mg/100 mL) FlEALE
¥ (99.5 mg/100 mL) F=EBHEE (p<0.05) &T
Y1-Y2. Y1-Y3 f1Y2-Y3 A&, RHE Y3 SEHK
Y2 BRI RIVEA ;s Y1-Y2-Y3 48 it il i A,
F U N P I HH PRI 3 R T BE RS BT I TR &
AR ERIR = O LA T IR LBE 0 = .

23 AWmMMER

23.1 mEERIEIRIEA T B E 7 A B & KT8
NN

NT ERBRE IR O CE AT IR 4. B5 77 &
IESAE, B Y1, Y2. Y3 3 BRI BB R B 7942
PR AR A AL AT B BETCHRTS . 455 3R 3
Fim: O SR8 R T R .8 1 & S G 5 s AR A A=
YIENARN 2 EFHE R ES, 75 5 ik
Wb IR OB T IR LB 45E 0 —1H (YD 25 0.994
IR B e KR, FWILESS 5 AR50 3 MR R E
b CLIE I e FE T LU Y Rl o RIS 28 5 408 Hh %5 B ik
A ER L SBUERET IR, TR
Fre

% 3 HEERRKIRIGLER
Table 3 The results of path of steepest ascent experiment

Y1/ Y2/ Y3/

TR TAs/ T LEg/

I (cfwmL) (cfwmL) (cfw/mL ) (mg/100 mL) (mg/100 mL) Y el
1 1.0x10° 2.0x10° 1.0x107 12.33 25.85 0
2 1.6x10° 4.0x10° 8.8x10° 15.56 33.35 0.219
3 2.2x10° 6.0x10° 7.6x10° 18.84 48.56 0.500
4 2.8x10° 8.0x10° 6.4x10° 2225 67.86 0.819
5 3.4x10° 1.0x10° 5.2x10° 24.34 76.94 0.994
6 4.0x10° 1.2x10° 4.0x10° 21.31 71.76 0.849
7 4.6x10° 1.4x10° 2.8x10° 19.49 56.64 0.595
8 5.2x10° 1.6x10° 1.6x10° 18.77 57.81 0.568
7 4 NIRRT REER
Table 4 The results of response surface experiments
2 ) 7 1)

S Run (M ) (et (n?j?ozg ﬁ?é) (HETOZJ i?ﬁ) el
6 1 4.0x10° 1.0x10° 4.0x10° 27.6 111.4 0.601
9 2 3.4x10° 8.0x10° 4.0x10° 24.5 98.6 0.029
1 3 2.8x10° 8.0x10° 5.2x10° 25.1 97.7 0.047
7 4 2.8x10° 1.0x10° 6.4x10° 24.4 97.7 0.003
100 5 3.4x10° 1.2x10° 4.0x10° 31.7 115.8 0.872
8 6 4,0x10° 1.0x10° 6.4x10° 263 98.8 0.148
B W 7 2.8x10° 1.2x10° 5.2x10° 262 98.5 0.135
15 8 3.4x10° 1.0x10° 5.2x10° 289 115.6 0.691
12 9 3.4x10° 1.2x10° 6.4x10° 25.5 97.6 0.070
110 3.4x10° 8.0x10° 6.4x10° 26.5 97.3 0.127
211 4.0x10° 8.0x10° 5.2x10° 25.8 97.6 0.089
14 12 3.4x10° 1.0x10° 5.2x10° 29.4 108.9 0.571
17 13 3.4x10° 1.0x10° 5.2x10° 29.7 111.7 0.653
5 14 2.8x10° 1.0x10° 4.0x10° 26.1 97.5 0.106
16 15 3.4x10° 1.0x10° 5.2x10° 29.1 109.8 0.573
4 16 4.0x10° 1.2x10° 5.2x10° 30.6 1235 0.976
13 17 3.4x10° 1.0x10° 5.2x10° 311 113.3 0.778
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Table 5 The results of anova analysis of Box-Behnken design

KR AHE  Hife #7 F1& P BFME
AEA 9 1.82 0.20 31,51 <0.0001  **
A-Y1 EFE 1 0.29 0.29 4531 0.0003 ok
B-Y2 ## 1 0.39 0.39 60.57  0.0001 o
C-Y3 #74F 1 0.20 0.20 31.04  0.0008 ok
AB 1 0.16 0.16 2496  0.0016 *
AC 1 0.031 0.031 478 0.0651
BC 1 0.20 0.20 31.60  0.0008 ok
A? 1 0.17 0.17 2656 0.0013 o
B’ 1 0.083 0.083 13.00  0.0087 *
2 1 0.24 0.24 3729 0.0005 ok
KRE 7 0.045  6.402E-003
KINR 3 0.015  4.879E-003 0.65 0.6248
SR £ 4 0.030  7.544E-003
B An 16 1.86
K F 4K R?=0.9759 R?Adj=0.9449

JE: *EZFRFE p<0.05; **EFMEF p<0.01.
2.3.2 Box-Behnken i&3&i% 3t

K H Design Expert 8.0.6 F 513K 4 4 3t 47
ZIWAEE, HIRE SR AT TR ZERMLEE 1A
—fH (YD X Y1 $#RE (A, Y2 #F&E (B) flY3
HRE (O MZREWUEHGE: Y Z561H=0.65+
0.19A+0.22B-0.16C+0.20AB-0.087AC-0.22BC-0.20A2-
0.14B2-0.24C2. FIH B2 & [F] 5 A7 5 AL 4 20 2
(Xi=(xi-x0)/A, A N HAZERDK, Xi AEZ ERISE,
xi A EAESLRME, x0 NEAZRIEHOATEMED ¥
LA b KT IR ENA 5 R o A B RS
ACPR IR EE T2 Y 256 1H=0.65324 +0.19042A+
0.22016B-0.15761C+0.19987AB-0.087431AC-0.2249B
C-0.20097A%-0.14057B%-0.2381C2,

BP0 AR AT 0 2508, AR AEE 5.
R 5 "JAl, iZBAREE (p<0.0001), JIUITHN
P=0.6248>0.05 (AE3), ViHIZREIIA A5, W]
T 3 BREERERRA. 55, BRI R
R™=0.9759, ULHIATERE KT K2 IEthiE RERLIE &
B R4q=0.9449, 4 H NS 5 S bR AR i EE A
Koo PRHAZ R8RS o] F T AR = R SR T
R BRI L3 A M E M B T . 72 (R R rf,
—KITA. By CXZEEPEMER TS (p<0.01);
R A2 LI BC W45 A VEAME RS R 3 (p<0.01),
M AB MHEEVEMERIE % (p<0.05), AC XLid
POMEARE S (p>0.05); BRI — kI A2, B2
1 C2 WEEEVEME AL BT KE (p<0.01).

233 BEFHEZAKFMmAC

NTEEM Y1, Y2 F1 Y3 Z [AIHIAS EAE R
VA—1EY)I52, FIF Design Expert 8.0.6 #4244 T
MRS, 401 2.0 S5 ARI B A/ ERRE Fi(A: 0.514
B: 076, C: 0.71), HUEFR Y1, Y2\ Y3 BeFfEnmlh
3.70x10% 1.35x10°, 4.35x10° cfymL, I TR ZHEH
TR LBRIA—{EY) FISAATHE N 0.996, TR LB,
TR BRI THES N 3237, 119.41 mg/100 mL.
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coocooom
Mo ROO

B2 Y1, Y2H1Y3 3 KREIEMEYE=FRXEEAXEAT
SMERIRR
Fig.2 The effects of three factors of strains Y1~Y3 on the
composite score value
234 H K BERACIE R4 R
N T BAERALE R SR K I 7 CR LR AN T TR &
BERR, PASEE RGO AT IR RS . ] 3
AR, SR R EKEE Y IR SRR T TR &
Ber I m TIAT (p<0.05), HS5HITNE 2
FAEZE (p>0.05), IEHEBAIERL

3 mmemem 2 B 7140
~ s} TR b b Lo o
§ 25+ 1100 §
g 20 + 180 g
é 15+ 160 é
‘% 10 - : 440 %

5+ 420

0

RALHT LSS TRME
& 3 HHERIEER
Fig.3 Results of the validation test
E: CRUBAEMTRUBEZTEF D E M
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