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Fungal community succession and flavor function in fire cycle
during the production of medium-high temperature Daqu
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Abstract: [Background] Daqu fungi provide starter and saccharifying agents for Baijiu fermentation
process and fire cycle provides important flavor substances for Baijiu production, while the fungal
community succession and flavor function in fire cycle remain unclear. [Objective] To explore the
succession and flavor function of the fungal community in the fire cycle of medium-high temperature
Dagqu, and provide a theoretical support for optimizing the making process of Daqu and improving the
quality of Baijiu. [Methods] The headspace solid phase microextraction combined with gas
chromatography-mass spectrometry (HS-SPME-GC-MS) was employed to detect the flavor compounds, and
internal transcribed spacer (ITS) amplicon sequencing was performed to analyze the fungal community
structure. With the physical and chemical parameters of Daqu fire cycle, the redundancy analysis was
conducted to explore fungal succession and flavor function of fire cycle during the production of Dagqu.
[Results] Some ester compounds (ethyl acetate, ethyl butyrate, ethyl hexanoate, methyl-alpha-
galactopyranoside, and ethyl oleate), aromatic compounds (ethyl phenylacetate, 2,4-dimethylbenzaldehyde,
benzyl alcohol, and phenethyl alcohol), acid compounds (acetic acid), alcohol compounds (3-octanol and
furfuryl alcohol) had higher content in the fire cycle than in the surface and core of medium-high
temperature Daqu. From the fourth stage, the fire cycle had the temperature higher than 40 °C and the
reducing sugar content greater than 2%, and the Maillard reaction occurred to form the fire cycle. Pichia
kudriavzevii and Saccharomycopsis fibuligera were the dominant fungi in the fire cycle, with the relative
abundance over 95% at the 2-3 stage of Daqu production. At this time, the fungal diversity in the fire
cycle was the lowest. [Conclusion] The succession of fungal community in the fire cycle of medium-high
temperature Daqu was mainly affected by reducing sugar content and temperature. The fire cycle provided
important ester compounds, aromatic compounds, acid compounds, alcohol compounds and other flavor
substances for Baijiu production, and supplied the core yeast species for Baijiu fermentation, such as
P. kudriavzevii and S. fibuligera. Fire cycle played an important role in the production of Baijiu. Our study
further deepened the understanding of the fire cycle, and offered a theoretical basis for the adjustment of
Daqu-making process and the improvement of Baijiu quality.

Keywords: fire cycle of medium-high temperature Daqu fungi, internal transcribed spacer amplicon
sequencing, headspace solid phase microextraction combined with gas chromatography-mass spectrometry,
physical and chemical parameters, community structure and succession
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Figure 1 Schematic diagram of sample collection
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Figure 2 The position and volatile substances of Daqu surface, fire cycle and Daqu core
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Table 1 Summary table of volatile substances of Daqu surface, fire cycle and Daqu core

Name Relative content of volatile  Relative content of volatile  Relative content of volatile
substances in Daqu surface  substances in fire cycle substances in Daqu core
(mg/L) (mg/L) (mg/L)
Ethanol alcohol 0.44+0.06 0.33+0.02 0.48+0.03
1-butanol, 3-methyl- 0.24+0.06 0.10+0.01 0.16+0.02
1-hexanol 0.15+0.01 0.03+0.00 0.00+0.00
1-butanol, 2-methyl- 0.00+0.00 0.01+0.01 0.04+0.01
1-octen-3-ol 0.03+0.00 0.01+0.01 0.00+0.00
2-buten-1-ol, 3-methyl- 0.03+0.01 0.02+0.01 0.01+0.00
3-octanol 0.00+0.00 0.02+0.02 0.03+0.01
Furfuryl alcohol 0.07+0.04 0.04+0.06 0.02+0.01
Acetic acid 0.00+0.00 0.02+0.00 0.00+0.00
DL-3-methylvaleric acid 0.00+0.00 0.00+0.00 0.00+0.00
Ethyl acetate 0.02+0.00 0.04+0.01 0.00+0.00
Ethyl butyrate 0.00+0.00 0.01+0.00 0.00+0.00
Ethyl hexanoate 0.01+0.00 0.02+0.00 0.02+0.01
Methyl-alpha-D-galactopyranoside 0.00+0.00 0.07+0.01 0.00+0.00
Ethyl phenylacetate 0.00+0.00 0.01+0.01 0.00+0.00
Palmitic acid ethyl ester 0.06+0.00 0.04+0.01 0.07+0.02
Ethyl oleate 0.01+0.00 0.01+0.01 0.00+0.00
Ethyl linoleate 0.02+0.00 0.02+0.01 0.00+0.00
Elaidic acid ethyl ester 0.01+0.00 0.01+0.00 0.00+0.00
Ethyl myristate 0.01+0.00 0.00+0.00 0.00+0.00
Gamma-nonanolactone 0.01+0.00 0.00+0.00 0.00+0.00
Hexyl chloroformate 0.00+0.00 0.00+0.00 0.05+0.01
Ethyl isovalerate 0.00+0.00 0.00+0.00 0.00-+0.00
Benzaldehyde 0.63£0.15 0.24+0.09 0.62+0.06
Phenylacetaldehyde 0.04+0.01 0.06+0.01 0.06+0.02
Ethyl phenylacetate 0.00+0.00 0.01+0.01 0.00+0.00
2,4-dimethylbenzaldehyde 0.01£0.01 0.01+0.01 0.00+0.00
Benzyl alcohol 0.03+0.01 0.06+0.03 0.08+0.01
Phenethyl alcohol 0.324+0.09 0.43+0.07 0.31+0.05
Phenol 0.00+0.00 0.01+0.01 0.00+0.00
2,4-di-tert-butylphenol 0.01+0.01 0.01+0.01 0.01+0.01
3,5-dimethylbenzaldehyde 0.00+0.00 0.01+0.01 0.00+0.00
3,4-dimethylbenzaldehyde 0.00+0.00 0.01+0.01 0.03+0.01
1,2,3-trimethylbenzene 0.00+0.00 0.00+0.00 0.00+0.00
Acetophenone 0.00+0.00 0.00+0.00 0.00+0.00
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Figure 3 Changes of physical and chemical parameters of fire cycle during Daqu fermentation
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Figure 4 The forming stage of the fire cycle during Daqu fermentation
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Note: Photos were taken at the end of each stage
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Figure 6 The structural distributions in fire cycle fungi during Daqu fermentation at the species level
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Figure 7 Redundant analysis of the fungi and physical and chemical parameters in the fire cycle
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Note: A: Redundant analysis of fire cycle samples in different stages and main physical and chemical parameters; B: Redundant analysis
of the fungi and main physical and chemical parameters in the fire cycle; HO—H6: Different numbers indicate different fermentation

stages; “—17—“=3": Triplicate samples
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Table 2 The relationship between the succession of the
fire cycle fungal community and the physical and chemical
parameters during Daqu fermentation

Name Explains (%) Contribution (%) Pseudo-F P

Reducing sugar 37.6 56.8 11.5 0.002
Temperature 20.6 31.1 8.9 0.002
Moisture 2.6 4.0 1.1 0.356
pH 5.4 8.1 2.6 0.084

[ EF, AR A o e O KRBT s o B B B
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