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Abstract: [Objective] Medium-temperature Daqu is the saccharifying, fermentative, and
aroma-producing agent used in the brewing of strong-flavor Baijiu. The current quality
evaluation of medium-temperature Daqu mainly depends on sensory and physicochemical
characteristics. Previous studies have employed amplicon sequencing to preliminarily explore the
relationship between the quality grade of Daqu and the composition of microbial community.
However, little is known about the impacts of microbial community functions on the quality of
Daqu. [Methods] We employed metagenomics to analyze and compare microbial community
composition and potential functions of medium-temperature Daqu with different quality grades.
We then analyzed the activities and the gene abundance of key enzymes involved in lactate and
acetate metabolism. [Results] The fungal community structure was different between two Daqu
samples. Higher relative abundance of filamentous fungi, represented by Aspergillus (21.6%),
Rasamsonia (6.8%), Paecilomyces (5.0%), and Talaromyces (4.4%), were observed in the
first-grade Daqu (Grade 1). The relative abundance of genes involved in environmental
information processing and cellular processes in Grade 1 was significantly higher than that in the
second-grade Daqu (Grade 2). In Grade 1, Hymenobacter and Aspergillus contributed to the
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higher gene abundance of alpha-amylase, resulting in significantly higher liquefying activity. In
Grade 2, Lichtheimia (11.8%), Rhizopus (13.4%), and Pichia (7.2%), and lactic acid bacteria
such as Companilactobacillus, Weissella, and Limosilactobacillus had higher relative abundance.
Moreover, the genes involved in metabolism such as carbohydrate metabolism, energy
metabolism, and nucleotide metabolism had higher relative abundance in Grade 2. The more
abundant lactic acid bacteria in Grade 2 was conducive to the higher gene abundance of alcohol
dehydrogenase and Saccharopolyspora, Saphylococcus, Aspergillus, and Thermoactinomyces
provided a higher gene abundance of carboxylesterase, enhancing the fermentative and
esterifying activities, respectively. Furthermore, more lactic acid bacteria in Grade 2 might
produce more lactate dehydrogenase to degrade lactic acid, and the higher gene abundance of
acetate metabolism-related enzymes could promote acetate catabolism, which led to the
significantly lower acidity in Grade 2 than in Grade 1. [Conclusion] We analyzed the microbial
community functions of medium-temperature Daqu with different quality grades at the gene level
and explored the potential microorganisms contributing to the differences in enzyme activities
and acidity. The findings can underpin the establishment of a comprehensive Daqu quality
evaluation system and the rational regulation of community functions.

Keywords: medium-temperature Daqu; quality grade; metagenomics; microbial community
structure and function
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94.2% (82.7%. 57.1%) (K 1). fEHKF, E#ESE
BECE AR T B >4.5%) 32 540 A 16 B 1w H
(Eurotiales), B H H(Mucorales). £k H
(Saccharomycetales) . FLAT 1 H (Lactobacillales)Fll
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The physicochemical parameters of two kinds of Daqu

Physicochemical parameters

First-grade Daqu (Grade 1)

Second-grade Daqu (Grade 2)

Moisture (%) 13.44+0.31
Titratable acidity (mmol/10 g) 0.81+0.08*
Starch content (%) 57.43+4.35

Saccharifying activity (mg/(g-h))

Liquefying activity (g/(g-h)) 0.85+0.03*
Fermentative activity (g/(0.5 g-72 h)) 0.56+0.03
Esterifying activity (mg/(50 g-7 d)) 633.114+45.50

770.57+46.15*

13.620.25 (NS)
0.63+0.06
59.17+3.99 (NS)
623.85+73.36
0.74+0.04
0.60£0.04 (NS)
691.15+77.58 (NS)

*: Significant difference, and NS (not significant) represented no significant difference (significance level: 0.05).
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Figure 1 Microbial community compositions at different levels of two kinds of Daqu. Fungal (A) and
bacterial (B) community at the order level, fungal (C) and bacterial (D) community at the genus level, as well as
fungal (E) and bacterial (F) community at the species level; the mark * represented the microbial group with
significantly higher relative abundance in Grade 1, and the mark + represented the microbial group with
significantly higher relative abundance in Grade 2 (significance level: 0.05).
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Figure 2 PCoA of microbial community composition at the genus level (A) and LEfSe of major (top 20)
microbial community composition at the genus level with LDA>3.0 (B).
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two kinds of Daqu at KEGG pathway L2 level. Pathways related to genetic information processing,
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in Grade 1, and the mark + represented the pathway

with significantly higher relative abundance in Grade 2 (significance level: 0.05).
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Figure 4 The TPM abundances and microbial sources of key enzymes related to liquefying and saccharifying
activities. Glycogen phosphorylase (EC: 2.4.1.1) (A), alpha-amylase (EC: 3.2.1.1) (B), glucoamylase (EC:
3.2.1.3) (C), and alpha-glucosidase (EC: 3.2.1.20) (D). *: The enzyme with significantly higher TPM
abundance in Grade 1, and the mark + represented the enzyme with significantly higher TPM abundance in

Grade 2 (significance level: 0.05).
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Figure 5 The TPM abundances and microbial sources of key enzymes related to fermentative and esterifying
activities. Alcohol dehydrogenase (EC: 1.1.1.1) (A), alcohol dehydrogenase (NADP") (EC: 1.1.1.2) (B), alcohol
O-acetyltransferase (EC: 2.3.1.84) (C), and carboxylesterase (EC: 3.1.1.1) (D). +: The enzyme with
significantly higher TPM abundance in Grade 2 (significance level: 0.05).
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Figure 6 The TPM abundances and microbial sources of key enzymes related to lactic acid metabolism.
D-lactate dehydrogenase (cytochrome) (EC: 1.1.2.4) (A), D-lactate dehydrogenase (EC: 1.1.1.28) (B), L-lactate
dehydrogenase (cytochrome) (EC: 1.1.2.3) (C), and L-lactate dehydrogenase (EC: 1.1.1.27) (D); The mark +
represented the enzyme with significantly higher TPM abundance in Grade 2 (significance level: 0.05).
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Figure 7 The TPM abundances and microbial sources of key enzymes related to the formation of acetate from
acetaldehyde, pyruvate, and acetyl-phosphate. Aldehyde dehydrogenase (NAD") (EC: 1.2.1.3) (A), aldehyde
dehydrogenase (EC: 1.2.1.-) (B), aldehyde dehydrogenase [NAD(P)'] (EC: 1.2.1.5) (C), pyruvate
dehydrogenase (quinone) (EC: 1.2.5.1) (D), acetate kinase (EC: 2.7.2.1) (E), and acylphosphatase (EC: 3.6.1.7)
(F); The mark + represented the enzyme with significantly higher TPM abundance in Grade 2 (significance

level: 0.05).
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Figure 8 The TPM abundances and microbial sources of key enzymes related to the conversion between
acetyl-CoA and acetate. Acetyl-CoA hydrolase (EC: 3.1.2.1) (A), succinyl-CoA: acetate CoA-transferase (EC:
2.8.3.18) (B), propionate CoA-transferase (EC: 2.8.3.1) (C), and acetyl-CoA synthetase (EC: 6.2.1.1) (D). +:
The enzyme with significantly higher TPM abundance in Grade 2 (significance level: 0.05).
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