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Physiological characteristics of Zygosaccharomyces bailii and its
interaction with Bacillus licheniformis in Chinese Maotai-flavor
liquor making
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Abstract: [Objective] Zygosaccharomyces bailii is the dominant strain in the brewing process of
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Maotai-flavor liquor. To explore the contributions Z. bailii made to the brewing procedure, its
physiological characteristics and interaction with other functional strains in the brewing
environments was studied. [Methods] One excellent phenotype Z. bailii strain was filtered from the
fermented grains of Maotai-flavor liquor, and then comparing its physiological characteristic,
metabolic function with ATCC 58445 and studying the combinated fermentation with Maotai-flavor
characteristics bacteria Bacillus licheniformis. [Results] Z. bailii 15 with excellent phenotype from
fermented grains was obtained, which could tolerate pH 2.0, 37 °C, 8% alcohol concentration (V/V)
and more suitable for the brewing environment when comparing with ATCC 58445. Its ethanol
production (33.58 g/L) was even to the Saccharomyces cerevisiae MT1 (34.29 g/L), which was far
higher than the type strain (19.04 g/L). It can specificly produce 3,7,11-Trimethyl-2,6,10-
Dodecatrien-1-ol, 1-Dodecanol, 2-Nonanol, 2-Ethylhexanol, Decanoic acid, Lauric acid, Octanoic
acid, Ethyl octanoate, Acetophenone, 4-Tert-butylphenol. In the co-culture system, B.
licheniformis inhibits the growth of Z. bailii at 37 °C, but has little effect on 30 °C. In addition,
MT6 promotes the conversion of ethanol produced by Z. bailii 15, it can also affects the species
and content of flavor greatly. [Conclusion] Z. bailii shows a significant performance in ethanol
production and flavor production, which made it have a great contribution to the Maotai-flavor
liquor production.

Keywords: Maotai-flavor liquor, Zygosaccharomyces bailii, Tolerance, Flavor, Interaction
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(Saccharomyces cerevisiae MT1)

(Bacillus licheniformis MT6)
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(GC 6890N) (Agilent 1200)
Agilent Thermo
Electron PCR (Nexus GX2)
Eppendorf (FluorChen FC3)
Protein Simple
1.2 7%
121 EERPEEEL RO HIL 5¢
100 mL 30°C
200 r/min 20 min [13]
10" 107 3
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WL
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122 BEHYE: (1) (141
(2) PCR [15]

NL1 (5'-GCATATCAATAAGCGGAGGAAAA-3')
NL4 (5-GGTCCGTGTTTCAAGACGG-3") 26S
rRNA PCR

1.23 THEMHHR:
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48 h 3 ODgpo
1.24 EHERFEESTAR:
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12,5 REHEEERNIINSHR:
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30 °C 37 °C 200 r/min
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30 °C 200 r/min 18h
50 mL
6 000 r/min
10 min (1)DNs [
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Figure 1 Tolerance test
A B pH C .A B C 30°C pH (pH 6.4)
100%.

Note: A: Temperature tolerance; B: pH tolerance; C: Ethanol tolerance. Set the biomass at 30 °C, original pH (pH 6.4), no alcohol condition
as comparison as 100%.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



255

*1 SRTAEBEARETH

Table 1 Secondary screening by fermentation test with sorghum juice

Strain No. Ethanol concentration  Ethanol conversion rate Isomyl _alcohol Urea concentration Fermentation time
(g/L) (%) concentration (mg/L) (mg/L) (h)
1 26.96+3.85 36.40+6.46 5.63+0.75 28.08+4.07 144
2 29.97+2.89 41.77+0.42 10.52+1.34 42.01+2.12 144
3 32.48+4.51 40.65+0.27 9.40+0.62 46.48+5.51 144
4 34.10+4.11 41.03+0.21 11.84+1.45 44.38+4.34 144
5 27.18+3.09 42.87+0.40 19.23+1.65 44.12+1.91 144
6 29.35+4.29 38.09+0.42 9.83+0.63 33.86+4.91 144
7 35.97+1.89 46.46+0.24 15.77+0.92 33.34+4.21 144
8 30.15+4.21 38.6240.21 9.97+1.14 35.97+2.01 144
9 30.96+2.98 42.70+2.70 6.68+0.83 42.54+4.49 144
10 32.58+3.61 40.01+0.20 9.37+1.17 35.44+4.38 144
11 31.85+2.74 41.76+0.21 7.51£1.22 42.81+2.80 144
12 34.06+4.02 41.70+1.76 8.25+0.73 41.49+0.22 144
13 28.72+3.68 39.02+1.57 7.90+1.03 44.64+3.31 144
14 31.77+1.76 41.66+0.21 18.08+0.21 47.53+5.32 144
15 33.58+5.49 41.91+0.53 6.70£1.12 41.2245.21 144
1 6 7 8 10 4 7 12 15
3597 gL ( 2C F)
2 5 7 9 11 12 15 1.45 (Z. bailii 15 1.14)
41.5%-46.5% 1 9 15
( )
15
15 23 M=
Z. bailii 15 3A 30 33 35 °C
2.2 HEHRFARHHE Z. bailii 15 Z. bailii
15 15 30 33 35 °C
Z. bailii 15 (<8%) 76% [24]
ATCC 58445
2 Z. bailii 15 30-35 °C
Z. bailii 15 30 33 35 °C
2A D
Z. bailii 15

( 2B BE)
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2 Z. bailii 15. ATCC 58445 7£ YPD 155 & FHE RIS LR
Figure 2 The comparation of colonies morphology and micromorphologies of Z. bailii 15 and ATCC 58445
cultured on YPD medium
A B C Z. bailii 15 (1 000x) (8000x) D E F ATCC 58445
(1 .000x) (8 000x).
Note: A, B and C stand for the colony morphology, the micromorphologies of microscope (1 000x) and electron microscope (8 000x) of Z.

bailii 15; D, E and F stand for the colony morphology, the micromorphologies of microscope (1 000%) and electron microscope (8 000%) of
ATCC 58445.

- B 160 H 6.4 H 3.5 100,
150 " 50 °C =8H 50 ESH 30 Il 0% Alcohol
[37°C 140rER pH 4.5 = pH 2.5 " I 4% Alcohol
120 _-33 OC:|40 °oC 120_-1:)H 4.0 1 pH 2.0 r B 6% Alcohol
B35 ec <3 S 8% Alcohol
3 < <60 [110% Alcohol
2 = 80} =
E & 6ol &~ 40
40+ 20
20+
0 T 0 ST : 0 e
Z. bailii 15 ATCC 58445 Z. bailii 15 ATCC 58445 Z. bailii 15 ATCC 58445
3 mEMHRE
Figure 3 Tolerance test
A B pH C A B C 30°C pH (pH 6.4)

100%.

Note: A: Temperature tolerance; B: pH tolerance; C: Ethanol tolerance. Set the biomass at 30 °C, original pH (pH 6.4), no alcohol condition
as comparison as 100%.

pH pH
3B Z. bailii 15 pH
pH 2.0 3C Z. bailii 15
pH 2.5 Z. bailii 15 8%
pH 4%
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Table 2 Research of the differential fermentation properties

Strain Ethanol concentration Ethanol conversion Isomyl alcohol Urea concentration Fermentation
(g/L) rate (%) concentration (mg/L) (mg/L) time (h)
Z. bailii 15 33.58+5.49 41.91+0.53 6.70+1.12 41.22+5.21 144
ATCC 58445 19.05+2.21 44.67+0.56 9.42+1.01 46.49+4.22 144
( ) 49% Z. bailii 15
11% 6% 21%
Z. bailii 15 48% 3] 3 Z. bailii 15
Z. bailii 15 Z. bailii 15
Z. bailii 15
24 KEEMEBELLEL 4- 2,5- 2.40
Z. bailii 15 ( 2 Z. bailii 15
44.66% Z. bailii 15 (41.91%) Z. bailii
s 176 %3 RKNREFRH
' Table 3 Research of the differential flavor compounds
Z. bailii 15
Z. bailii 15 Flavor compounds
71.4% S Name of ﬂi‘j"or concentration (pg/L)
' U Z bailii 15 ATCC 58445
1 2-Methyl-1-propanol 20.08+1.21 9.38+0.84
2 Isopentyl formate 42.64£3.16  45.74+4.01
MTI MTI 3 Ethyl hexanoate ND 4.830.61
108 h Z. bailii 15 144 h 4 Ethyl octanoate 4.37+0.23 ND
MT1 5 2-Ethylhexanol 4.67+0.14 ND
46.91% Z. bailii 15 (41.91%)" 6 2-Nonanol 3.42+0.09 ND
7 bailii 15 MTI1 7 Benzaldehyde 16.27+1.33  12.42+1.39
33.58 g/L 3429 g/L 8 Isobutyric acid ND 46.21+6.01
. . 9 Acetophenone 5.04+0.71 ND
10 1-Dodecanol 2.12+0.08 ND
11 Nerolidol 9.00+0.33 5.51+£0.74
12 Octanoic acid 37.75+£3.09 ND
2.5 ?Eji'li%}ﬁ ttiﬁﬁﬁ?ﬁ 13 Decanoic acid 19.48+1.39 ND
Z. bailii 15 14 4-Tert-butylphenol 2.98+0.18 ND
3 7. bailii 15 415.27 ng/L 15 2,5-Di-tert-butylphenol 233.44+21.71 97.30+8.57
264 4 17 Geranyl acetate ND 7.70+0.71
' 18 Dodecanoic acid 8.65+1.39 ND
ND

1.60

Note: ND: Not detected.
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Figure 4 The growth curve of Z. bailii 15, MT6 in single and mixed culture
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pH MT6 Z. bailii 15
Z. bailii 15
30 °C 37 °C
2.6.2 Z. bailii 15 #1557 S HIEFTCBEER: 19.5% 21.7% 13.7%
MT6 18.4% MT6 Z. bailii 15
5 30°C  37°C Z. bailii 15
Z. bailii 15 2.6.3 Z. bailii 15. MT6 @itz 3 5 1= 554K it KUK
37°C 48 h  Z. bailii 15 YRR 6A 30 °C
2.11 g/L 46.1%
Z. bailii 15 5715.95 pg/L Z. bailii 15 MT6
A a5y B -
| —A— 30 °C, Single culture —aA— 37 °C, Single culture
[ —A— 30 °C, Mixed culture 2.0 F—A— 37°C, Mixed culture
20 F

- 5 1.5

e &

3 3

E 4§ 1.0

< <
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1 L 1 L 1 L 1 L 1 00 L 1 L 1 L 1 L 1 L 1 L 1

0 8 16 24 32 40 48
7 (h)

0 8 16 24 32 40 48
7 (h)

B 5 Z. bailii 15 7155 . HIEFFCEEME

Figure 5 The ethanol production curve of Z. bailii 15 in single and mixed culture

A 30°C Z bailii 15

B 37°C Z bailii 15

Note: A: At 30 °C, the ethanol production curve of Z. bailii 15 in single and mixed culture; B: At 37 °C, the ethanol production curve of Z.

bailii 15 in single and mixed culture.

A i B .

35001 I 30 °C, Single culture SO B 37 °C, Single culture
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Bl 6 Z.bailii15. MT6 i S HIEFTEMENKY RS E

Figure 6 Content of various flavor compounds of Z. bailii 15 and MT6 in single and mixed culture
A 30°C Z bailii 15 MT6 B 37°C Z bailii 15 MT6

Note: A: At 30 °C, content of various flavor compounds of Z. bailii 15 and MT6 in single and mixed culture; B: At 37 °C, content of various
flavor compounds of Z. bailii 15 and MT6 in single and mixed culture.
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(5 842.75 pg/L)

S3 S4
Z. bailii
Z. bailii 15  MT6 15 2- Y- 2-
2.
Z. bailii 15 MT6 87.40% 15.63% 37.36% 31.78% 50.28%
PCA ( 181.97 ng/L 340.03 pg/L
7) S1 S3 30 °C MT6 86.85% 35.71 pg/L 135.17 pg/L
A B
1.5+ : 1.0F f6 ffll3 13, 117 f5
: 51134 “pg 8"
S3 Sl 5 1352439 15 b 26
1.0+ o : 4 32 4 Tppp f42 143
O ! 05 50 : 130
| . 8! 380140
— 05 S4 ! S5 s7 27 149 f31 f10 379
X ! O O & j f19 92|
3 | 2 5 1 1611254
& 0.0 poommmmmmmeeoseeooes F 0.0 e prommmmeeeeeee 25p -3
o 5 S b3 pe (27
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0.5+ 9 44
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9] Od) i 52 ;33
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PC2 (38.49%) Loading 1
7 30°C. 37°C &£HT, Z bailii 15. MT6 257 5 H1EFR KK PCA 247
Figure 7 PCA analysis of the flavor of Z. bailii 15 and MT6 in single and mixed culture at 30 °C and 37 °C
A 30°C 37°C Z. bailii 15 MT6 B 30°C 37°C Z. bailii 15
MT6 .S1 30°C Z. bailii 15 S2 30°C MT6 S3 30°C Z. bailii
15 MT6 S4 30°C S5 37°C Z. bailii 15 S6 37°C MT6 S7 37°C
Z. bailii 15 MT6 S8 37°C . f1 2 2- -1- 3 4 2- 5
fo 2- 7 2- 8 3- -3- -1- 9 2,3- fl10 1- fll 1- f12 f13 p-
f14 f15 f16 f17 - f18 f19 20 21
22 23 24 25 26 27 28
29 - 30 - 31 32 2- 33 3- -2- 34 2- 35 36 37
38 39 40 f41 42 43  2- f44  4- 45 46
4- 47 48 4- 49 50 51 52 2- -4- 53
2,4- £54 £55 .

Note: A: Principal component analyses of the flavor of Z. bailii 15 and MT6 in single and mixed culture at 30 °C and 37 °C; B: Loading plot
for all of the compounds of Z. bailii 15 and MT6 in single and mixed culture at 30 °C and 37 °C. S1: 30 °C, flavor of Z. bailii 15 in single
culture; S2: 30 °C, flavor of MT®6 in single culture; S3: 30 °C, the sum of flavor of Z. bailii 15 and MT6 in single culture; S4: 30 °C, flavor in
mixed culture; S5: 37 °C, flavor of Z. bailii 15 in single culture; S6: 37 °C, flavor of MT6 in single culture; S7: 37 °C, the sum of flavor of Z.
bailii 15 and MT6 in single culture; S8: 37 °C, flavor in mixed culture. f1: 2-Methylpropanol; 2: 2-Methylbutanol; {3: 3-Methylbutanol; f4:
2-Heptanol; f5: 1-Hexanol; f6: 2-Nonanol; f7: 2-Ethyl-1-hexanol; {8: 3-Methyl-3-buten-1-ol; f9: 2,3-Butanediol; f10: 1-Octanol; f11:
1-Nonanol; f12: 2-Furanmethanol; f13: g-Citronellol; f14: Nerol; f15: 2-Phenylethanol; f16: 1-Dodecanol; f17: Trans-nerolidol; f18: Benzyl
alcohol; f19: Hexyl 2-methylpropanoate; f20: Ethyl hexanoate; f21: 3-Methylbutyl acetate; £22: Ethyl heptanoate; f23: Ethyl octanoate; 24:
Ethyl nonanoate; f25: Hexyl hexanoate; f26: 2-Phenylethyl acetate; f27: Ethyl decanoate; f28: Ethyl hexadecanoate; {29: y-Decalactone; f30:
y-Nonanolactone; f31: Geranylacetone; f32: 2-Heptanone; f33: 3-Hydroxy-2-butanone; f34: 2-Nonanone; f35: Damascenone; f36: Nonanal; f37:
Decanal; f38: Benzaldehyde; f39: Acetic acid; f40: Propanoic acid; f41: Isobutyric acid; f42: Butanoic acid; f43: 2-Methyl butyric acid; 44:
4-Methylpentanoic acid; f45: Benzoic acid; f46: 5-Methylhexanoic acid; f47: Heptanoic acid; f48: 4-Methylphenol; f49: Phenol; f50: Guaiacol;
f51: 2-Methoxy-4-vinylphenol; f52: 2-Methoxy-4-methyl-phenol; f53: 2,4-Di-tert-butylphenol; f54: Naphthalene; f55: Benzothiazole.
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