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Yeast community structure and its impact on flavor components
during the fermentation process of Chinese Maotai-flavor liquor
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Abstract: [Objective] To analyze yeast community structure and its influence on brewing during the
fermentation process of Chinese Maotai-flavour liquor. [Methods] The yeast community in the fifth
round (higher yield and quality of the liquor) and the seventh round of fermentation process (lower
yield and quality of the liquor) were analyzed using denaturing gradient gel electrophoresis (DGGE)

EeWE: 863 (No. 2012AA021301 2013AA102108) (No. 31000806 31371822
31271921) 2011

*BWAMEE: Tel: 86-510-85918201; Fax: 86-510-85864112; b<: yxu@jiangnan.edu.cn

ks BHA: 2014-03-13 $EZ HHE: 2014-04-17 fREHF H AR B #i(www.cnkinet) 2014-05-13



2467

and real-time quantitative PCR (RT-qPCR). The metabolic components in the fermented grains were
investigated through headspace-solid phase microextraction gas chromatograph-mass apectrometer
(HS-SPME-GC-MS) and high performance liquid chromatography (HPLC). Finally, the effects of
yeast communities on the yield and quality of Maotai-flavor liquor were analyzed. [Results] At least
nine yeasts were detected in the fermented grains, including Issatchenkia orientalis, Torulaspora
delbrueckii, Pichia galeiformis, Schizosaccharomyces pombe, Galactomyces geotrichum,
Trichosporon asahii, Zygosaccharomyces bailii, Saccharomyces cerevisiae and Pichia fabianii.
Among them, G. geotrichum and S. cerevisiae was dominant yeasts of the fifth round, while the other
two yeast, |. orientalis and Z. bailii, were also advantage in seventh round and Sc. pombe was not
detected. In addition, five kinds of yeasts declined significantly during latter period of the seventh
round fermentation process, but the yeast community structure during the fifth round was relatively
more stable. The total yeasts during the early stage of the fifth round fermentation is 2—5 times more
than the seventh round’s, while ethanol content of fifth round fermented grains was 2.45 times as
higher as the seventh’s at the end of fermentation. Besides, volatile metabolic component of
fermented grains was rich in species. The content of esters of the fifth round was remarkably higher
than the seventh round, while organic acids and fusel oils were lower than the seventh round.
[Conclusion] During Maotai-flvour liquor brewing process, there is rich diversity in yeast species,
and the dynamics of yeast community structure affect liquor’s yield and quality obviously, which
provides the basis for the study of Maotai-flavour liquor brewing mechanism.
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Table 1 Primers for DGGE and RT-qPCR

Primers name Primer sequences (5'—3")
NL1* GCATATCAATAAGCGGAGGAAAAG
LS2 ATTCCCAAACAACTCGACTC
YeastR TCTCTTTTCCAAAGTTCTTTTCATCTTT
YeastF GAGTCGAGTTGTTTGGGAATGC
* GC (5-GCGGGCCGCGCGGCCGCCGGGLCCGCGCGGCCGGCGGCGEG-3Y) 5!

Note: *: Add GC clamp (5'-GCGGGCCGCGCGGCCGCCGGGCCGCGCGGCCGGCGGCGG-3") to the 5" end of primer.
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Figure 1 DGGE dynamic changes of yeasts in different round fermentation
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Note: A: DGGE dynamic changes of yeasts in the fifth round fermentation, the positions of obvious bands sequenced are indicated by
letters from w1 to w9; B: DGGE dynamic changes of yeasts in the seventh round fermentation, the positions of obvious bands sequenced
are indicated by letters from ql to q9. The lane of 0, 5, 10, 15, 20, 25, 30 corresponding to the culture sample of the 0, 5, 10, 15, 20, 25,

30 d fermentation.
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Table 2 Sequencing results of the bands

)
Bands No. Similar strains (accession No.) Identity (%)
wl/ql Issatchenkia orientalis (FJ770560.1) 100
w2/q2 Torulaspora delbrueckii (HE660079.1) 100
w3/q3 Pichia galeiformis (JX880397.1) 100
wd/q4 Pichia galeiformis (JX880397.1) 100
w5 Schizosaccharomyces pombe (HE964968.1) 100
wo6/q5 Galactomyces geotrichum (JN974271.1) 99
q6 Pichia fabianii (U73573.1) 100
w7/q7 Trichosporon asahii (FJ463648.1) 100
w8/q8 Zygosaccharomyces bailii (EU441913.1) 99
w9/q9 Saccharomyces cerevisiae (EU441887.1) 100
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Figure 2 Principal component analysis of yeast
community structure
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0 5 10 15 20 25 30d . Jo: . orientalis;
Td: T. delbrueckii; Pg: P. galeiformis; Sp: Sc. pombe; Gc: G.
geotrichum; Ta: T. asahii; Pf: P. fabianii; Zb: Z. bailii; Sc: S.
cerevisiae.
Note: m: Samples; *: Yeast species. A1-A7 corresponding to
the culture sample of the 0, 5, 10, 15, 20, 25, 30 d during the fifth
fermentation; B1—-B7 corresponding to the culture sample of the 0,
5, 10, 15, 20, 25, 30 d during the seventh fermentation. lo: I.
orientalis; Td: T. delbrueckii; Pg: P. galeiformis; Sp: Sc. pombe;
Gc: G. geotrichum; Ta: T. asahii; Pf: P. fabianii; Zb: Z. bailii; Sc:
S. cerevisiae.
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Figure 3 Yeast biomass during the fifth and seventh

round fermentation of Maotai-flavor liquor

35

30

25

20

Ethanol content (mg/g)

—a— The fifth round
—o— The seventh round

5 10 15 20 25 30
Fermentation time (d)

4 FERRMELRABIEPERCESE
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Figure 5 Heat map of flavor substances in the fermented grains during the fifth and seventh round fermentation
Note: A1—A7 corresponding to the culture sample of the 0, 5, 10, 15, 20, 25, 30 d during the fifth fermentation; B1-B7 corresponding to
the culture sample of the 0, 5, 10, 15, 20, 25, 30 d during the seventh fermentation. X1: 1-Propanol, 2-methyl-; X2: Linoleic acid ethyl
ester; X3: Ethyl oleate; X4: Hexadecanoic acid ethyl ester; X5: Pentadecanoic acid ethyl ester; X6: Octanoic acid; X7: Tetradecanoic acid
ethyl ester; X8: Phenylethyl alcohol; X9: Benzenepropanoic acid ethyl ester; X10: Benzyl alcohol; X11: Hexanoic acid; X12: Acetic acid
2-phenylethyl ester; X13: Benzeneacetic acid ethyl ester; X14: Butanedioic acid diethyl ester; X15: 2-Furanmethanol; X16: Butanoic acid;
X17: 1-Octanol; X18: Furfural; X19: Acetic acid; X20: Octanoic acid ethyl ester; X21: 1-Hexanol; X22: Propanoic acid, 2-hydroxy-,
ethyl ester; X23: Heptanoic acid ethyl ester; X24: Hexanoic acid propyl ester; X25: Acetic acid hexyl ester; X26: Butanoic acid pentyl
ester; X27: Hexanoic acid ethyl ester; X28: 1-Butanol, 3-methyl-; X29: 1-Butanol; X30: Pentanoic acid ethyl ester; X31: Propanoic acid,
2-methyl-, pentyl ester; X32: Acetic acid butyl ester; X33: Butanoic acid ethyl ester; X34: Propanoic acid ethyl ester; X35: Ethyl acetate;
X36: 4-Methyl phenol; X37: Heptanoic acid; X38: Pentanoic acid; X39: Benzaldehyde; X40: Propanoic acid; X41: 2-Butyl alcohol; X42:
n-Propyl acetate.
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