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K OBNE OBEN REH HEE

( 214122)

B E: I RAFFLABFTARIRAARERHOMEIER, TR ARG LB
B8, hH EIRAMINIRG B KA. RINL BRI S A, [5k] A AR5
Fo B) AR B F AR G IBRE L, WA AL HFALT R T HHRGENIEF. FRAIAAL
ERS ey T, (4R ] Saccharomyces cerevisiae YJ1 ¥ iH A2 = LB AR EMNF %,
Lactobacillus plantarum JMRS4 A& 4 &5 = B4R % . 2325 F FLBR B &T Saccharomyces cerevisiae
Y11 694 KFe = LB K, & Candida aaseri MIT = TBEJL-F A #ow. FLEREAXT Pichia
kudriavzevii MJ14 89 £ 4 Fo ZEERBITRIAE A B, B H * TR OB, TR LB F2 57 R BF
SR A AR B 7 Bk Pichia kudriavzevii MI14 38 3 #RILER 8 = SLER A 39 44K A,
P CBMARBER ., [4#] 257 —MESRRT &, S6FFEEBHLREE TN
E, A BAENT EIRABERSL. Pichia kudriavzevii MI14 25 FUBR ) 2235 7 o % 3] 69 4 b 45000
FeeA AP H FLBRE S FLBR, Saccharomyces cerevisiae Y1 $6Xft= & S A Rk My i, *TiF &
A G IBBRER TE2E L.

x| AH5AAB, ARG, MEEH, AR, BALH, BRERLM

Interaction between lactic acid bacteria and yeasts in
light-aroma liquor
XIONG Jun-Yan LI Xiao-Dong XIE Sheng-Kai YU Pei-Bin CHEN Jian-Xin"

(School of Biotechnology, Jiangnan University, National Engineering Laboratory for Cereal Fermentation Technology,
Wuxi, Jiangsu 214122, China)

Abstract: [Objective] It can provide a theoretical basis for understanding the fermentation
mechanism and optimizing the fermentation process that studying on the interaction between
different lactic acid bacteria and yeast in light-style liquor and fermentation performance of different
strains. [Methods] The light-style liquor fermentation environment was simulated by programmed
temperature control and solid state fermentation. In pure culture and co-culture, the changes of
physicochemical parameters, viable count and the main metabolites were analyzed. [Results]
Saccharomyces cerevisiae YJ1 strain had a higher rate of sugar consumption and produced more
ethanol and esters. Lactobacillus plantarum JMRS4 strains had higher rate of sugar consumption and
more acid production. Lactic acid bacteria slightly inhibited Pichia kudriavzevii MJ14 biomass and
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ethanol production, but promoted the production of ethyl hexanoate, ethyl acetate and isoamyl
alcohol. In turn, Pichia kudriavzevii MJ14 inhibited three strains of lactic acid bacteria from
producing lactic acid and promoted the production of acetic acid. [Conclusion] The actual
fermentation process of light-style liquor was simulated by establishing the solid state culture method
and simulating the temperature change during the fermentation process. Pichia kudriavzevii MJ14
was slightly inhibited by lactic acid bacteria and could effectively inhibit lactic acid bacteria from
producing lactic acid when co-cultured. Saccharomyces cerevisiae YJ1 can produce a variety of
flavor substances, which is of great significance to the production of light-style liquor.

Keywords: Light-aroma liquor, Lactic acid bacteria, Yeast, Interaction, Solid state fermentation,
Temperature controlled fermentation

[12-13]
[14]
[1]
(2]
[3]
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[15] [16]
[5]
[6] [16]
[17]
(7]
[8-9] N
1 MRS
1.1 #R)
111 SRE##
1.1.2 EHRKIE: Pichia kudriavzevii MJ14
10
1ol Saccharomyces cerevisiae YJ1  Candida aaseri
MJ7 Pediococcus sp. JYA1 Lactobacillus

plantarum MRS4  Leuconostoc lactis JMRS1-2

1.1.3 EFE. WL (18]
1 g/L YPD
[18] MRS [19]
1 g/L
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1.2 FERFIFN S
( )

- (Trace 1300-ISQ QD)
(Pico 17) Thermo Fisher Scientific
(1260 infinity) Agilent
(57328U) Supelco

(BSP-250)
(AL204) METTLER TOLEDO
(W201D)
(UV mini) SHIMADZU (No6812)
1.3 FHi&*
1.3.1 BE#RIFEIE: (1) 10g
7 90 mL
10°-107°
WL 30 °C
WL
(2)
107-107°
MRS 30 °C
MRS
1.3.2 EMEE: (1) CTAB
BI'(2) PCR
10xBuffer 5 pL 2.5 mmol/L dNTPs 4 pL
1 uL 100 pmol/L 3 uL  Tagq
0.5 uL 33.5uL 94 °C 5 min
94°C30s 50°C30s( ) 56°C30s(
) 72°C90s 72°C 10 min
[5] [20] PCR
NCBI

1.3.3 BEHESIEEERFR: (1)

) [21-22]
1.3.4 BHERIESLZE:

500—1 000 CFU/mL

3
12d 48 h
1.3.5 AEKZHNE: (1) 500—
1 000 CFU/mL YPD
25°C 2h
1 mL
YPD 28 °C
30-300 2)
1.3.1 10g 90 mL
1 mL
MRS
YPD 30 °C
30-300
1.3.6 IE{LIEFRAVIIZE :
23]
50¢g 100 mL 250 mL
50 mL 100 mL
1.3.7 HEBMZEBREENE: HPLC
10 g 20 mL
4 °C 8 000 r/min 5 min
5mL 0.5 mL (10.6%)
0.5 mL (30%) 4°C 0.22 pm
[24]
HPLC pH 2.5 30 mmol/L
1 mL/min 210 nm
30 °C 20 puL
y=511x+20.348  R*=0.999 5
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y=678.59x+15.782  R*=0.999 4 NCBI 22 15
1.3.8 ERMHDME: 1
2.1.2 BEWRRIEASFIE IR 4 (L HHAE: 3
2g 3g 10 mL 3
I'mL (1gL) 7mL P. kudriavzevii MJ14
. S. cerevisiae YJ1 C. aaseri MJ7 P. sp.
>0°C 15 min YAl L. plantarum JMRS4 L. lactis JIMRS1-2
I cm 30 min |
5 min
40 °C 2 min F1 ARPESEMIARENS S
2 °C/min 80 °C 1 min 5 °C/min Table 1 The separation of yeast and lactic acid
230 °C 5 min 250 °C bacteria in the fermented grains
230 °C Genus name Number of strains
20-550 Saccharomyces 11
Pichia 9
2 éﬂ:%_% ixj‘iﬁ Candida 2
n Lactobacillus 8
21 = HE Y j%i_ 'ﬁ é = Pediococcus 6
21.1 El- ¥k 7% i3 % . Leuconostoc 1

E1 BESEMIAREEERE LEERBRESEE

Figure 1 Comparation of colonies morphology and micromorphologies of yeast and lactic acid bacteria

A C E P. kudriavzevii MJ14  S. cerevisiae YJ1  C. aaseri MJ7 B D F P. kudriavzevii MJ14
S. cerevisiae YJ1  C. aaseri MI7 G I K P.sp. JYA1 L. plantarum JMRS4 L. lactis IMRS1-2
HJ L P.sp. JYA1 L. plantarum JMRS4 L. lactis IMRS1-2

Note: A, C and E stand for the colony morphology of P. kudriavzevii MJ14, S. cerevisiae YJ1 and C. aaseri MI7 respectively; B, D and F
stand for the micromorphologies of P. kudriavzevii MJ14, S. cerevisiae YJ1 and C. aaseri MJ7 respectively; G, I and K stand for the
colony morphology of P. sp. JYAL, L. plantarum JMRS4 and L. lactis IMRS1-2 respectively; H, J and L stand for the micromorphologies
of P. sp. JYAL, L. plantarum JMRS4 and L. lactis IMRS1-2 respectively.
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2
3 222 IWRBEFSIEREFNEESEEKIFMN:
22 BERERABELAEFHRR 25 °C
2201 BESEFSHSEFTREHEERMNT 3
. S. cerevisiae YJ1
2
24 h
S. cerevisiae YJ1 10" CFU/g
10° CFU/g
4 C. aaseri MJ7
25 °C

[12]

C. aaseri MJ7
S. cerevisiae YJ1 P. kudriavzevii MJ14

*2 BEERSREBEURN

Table 2 Morphology and physiological and biochemical responses of yeast

Fermentation test

Strains Colonies morphology Micromorphology
Lactose Maltose Sucrose Glucose Starch Ethanol

P. kudriavzevii = i — + — T
MJ14
S.  cerevisiae = 4 4 4 - +
YJ1
C. aaseri MJ7 = — = - - +

+ —

Note: +: Positive; —: Negative.

*3 ABMERSREBENRN

Table 3 Morphology and physiological and biochemical responses of lactic acid bacteria

Acid production

. Colonies . Vancomycin
Strains Micromorphology
morphology tolerance )
Citrate  Fructose Maltose Lactose Sucrose Glucose Starch

P.sp. JYAl = d F 4 = = F =
L. plantarum = d 4 4 4 + + d
JMRS4
L. lactis + + + + + + + d
JMRS1-2

+ - d

Note: +: Positive; —: Negative; d: Not tested.
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Figure 2 Viable count of S. cerevisiae YJ1 in liquid culture medium and solid culture medium

A —a—MJ14-H —o—MJ14+JYA1-H B —a—MJ14-K—=—MIJ14+JYA1-K
10 ——YJI-H —o—YJI+JYA1-H 142 10 r ——YJ1-K —o—YJ1+JYA1-K ~42
9 —4—MIJ7-H ——MIJ7+IYA1-H 139 —4—MJ7-K ——MJ7+JYA1-K 39
L 9l 1
gt 136 0 =% 136
R 133 %\)/ = 133 %
@7t @ 71 5
= {30 %’ > 130 &
S 6f 127 € < 6r 127 E
PO /A e e =% o 2
g s 124 £ 2 5t <24 E
- O
o421 = ,/  Variable temperature fermentation | 21 &
4r Constant temperature fermentation 18 4r 8
3 1 3 ]
; ; ; ; ; —115 ; ; ; - - 15
0 2 4 6 8 10 12 0 2 4 6 8 10 12
1(d) £(d)

3 BEEAERFEBEFFGTEEHNTLER
Figure 3 Viable count of yeast during constant temperature fermentation and variable temperature fermentation
MI14 P kudriavzevii MJ14 YJ1 8. cerevisiae YJ1 MI7 C. aaseri MJ7 MIJ14+JYA1 P. kudriavzevii MJ14  P.sp. JYAI
YJ1+JYA1 S. cerevisiae YJ1  P.sp. JYAl MIJ7+HJYA1 C.aaseri MJ7  P.sp.JYA] H 25°C

K

Note: MI14: P. kudriavzevii MI14; YI1: S. cerevisiae YI1; MI7: C. aaseri MJ7; MJ14+JYA1: Co-culture of P. kudriavzevii MJ14 with
P.sp. JYAL; YII+JYA1: Co-culture of S. cerevisiae YJ1 with P. sp. JYA1; MJ7+JYAL: Co-culture of C. aaseri MJ7 with P. sp. JYA1; H:
25 °C constant temperature fermentation; K: Variable temperature fermentation.

“ 0.9% vol

3B 4A 3

23 BEENIRESEABENETFNTEY

4A
S. cerevisiae YJ1
P. kudriavzevii MJ14 C.
aaseri MJ7 3
S. cerevisiae YJ1 12
6.3% vol C. aaseri MJ7
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A B
o1} —=YJI-R  —o—YII-AS 18 —e—JMRS4-R  —o—JMRS4-A 116
—a—MJ14-R —a—MJ14-AS 17 2 21 +—=—-JYA1-R —o—JYAI-A
18+ —o—MIJ7-R  —o—MIJ7-AS Tﬁ —A—JMRS1-2-R —a—JMRS1-2-A 114
S 198 g% 2
g 15 S 515+t =
80 20 S 410 &
2 {148 z £
£ N ¥z
5 13 0 g £
§ 192 E '§ 9r 10 -é
2 38 =~ 14
11 < 6
12
L 1 L L L 0 3 - ) X X ) )
02 4 6 8 10 12 0 2 4 6 8 10 12
t(d) £(d)
B4 BEENFREREABEBLERTN
Figure 4 Physicochemical indexes during single cultures of yeast and lactic acid bacteria
A B JMRS4 L. plantarum JMRS4 JYA1

P sp. JYA1 IMRS1-2 L. actis JMRSI-2 R AS AC

Note: A: Reducing sugar and alcohol strength in the fermentation process of yeast; B: Reducing sugar and acidity in the fermentation
process of lactic acid bacteria; JIMRS4: L. plantarum JMRS4; JYA1: P. sp. JYA1; IMRSI1-2: L. actis JIMRS1-2; R: Reducing sugar; AS:
Alcohol degree; AC: Acidity.

S. cerevisiae YJ1 P. kudriavzevii MJ14

4B
pH
8 U1 ¢ aaseri MJ7
8
[ CYII*As
| mBMIT*-AS
L. plantarum JMRS4 R MJ14*-AS
P.sp.JYAl  L.actis IMRS1-2 % S lm
12.4 mg/100 g B4
2.4 HEFPIABRENBEIEEZENEMN 53
12 £27
( 95 S. cerevisiae YJ1 <1
P. kudriavzevii MJ14 0 Ql\;yl,\éb‘;\l'vg\g 4 % \ 4 %ﬂz
C . 5 @\ @‘1* ,\><x @\ @‘1* %\b‘xx @\ %\Q"
. aaseri MJ7 ORES SRS XS
RS Q\& A% KNI
3B © $NY
P.sp. JYAl 5 BHEESE

Figure S Content of alcoholic strength
YI1*-AS 8. cerevisiae YJ1

P.sp. JYAl MI7*-AS  C. aaseri MJ7
MI14*-AS P. kudriavzevii MJ14

Note: YJ1*#-AS: Alcoholic strength of S. cerevisiae YJ1 during
single culture and co-culture conditions; MJ7*-AS: Alcoholic

[25] strength of C. aaseri MJ7 during single cultures and co-culture
conditions; MJ14*-AS: Alcoholic strength of P. kudriavzevii MJ14
during single cultures and co-culture conditions.
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2.5 HiEFFPEEEXFLEBRE S FLERIN 8

A0

i)

ik

6A
L. plantarum JMRS4 12d
7.63 g/L P. sp. JYAl L. lactis
JMRS1-2 P. kudriavzevii MJ14
6B L. lactis
JMRS1-2 0.54 g/L
L. plantarum JMRS4 P. sp. JYAl L. lactis
JMRS1-2

[26]

P. kudriavzevii MJ14

L. lactis IMRS1-2
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P. kudriavzevii MJ14
C. aaseri MJ7

cerevisiae YJ1

C. aaseri MJ7 C. aaseri MJ7

S. cerevisiae YJ1

S. cerevisiae YJ1 L.
plantarum JMRS4
L. lactis IMRS1-2
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Ele6 FEFIMZEKAEZ
Figure 6 The concentration of lactic acid and acetic acid
JMRS4-L L. plantarum JMRS4

JYAI-L P. sp. JYA]
JMRSI1-2-L L. lactis IMRS1-2
L. plantarum JMRS4

JYAL-A P.sp.JYAl
JMRS1-2-A L. lactis IMRS1-2

JMRS4-A

Note: JYA1-L: Lactic acid content of P. sp. JYA1 during single cultures and co-culture conditions; JMRS4-L: Lactic acid content of L.
plantarum JMRS4 during single cultures and co-culture conditions; JMRS1-2-L: Lactic acid content of L. lactis IMRS1-2 during single
cultures and co-culture conditions; JYA1-A: Acetic acid content of P. sp. JYAl during single cultures and co-culture conditions;
JMRS4-A: Acetic acid content of L. plantarum JMRS4 during single cultures and co-culture conditions; JMRS1-2-A: Acetic acid content

of L. lactis IMRS1-2 during single cultures and co-culture conditions.
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Figure 7 Heat map of main metabolites during single cultures and co-culture conditions
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