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Abstract

BACKGROUND: Jiuyao is a critical fermenting agent in traditional huangjiu brewing and it affects the quality of huangjiu. To
assess and monitor the quality of jiuyao effectively we determined the differences between two common types of substandard
jiuyao and normal jiuyao, with emphasis on the comparison of the main components, enzymatic activity, volatile substances,
and microbial community structure.

RESULTS: The water and starch content, acid protease activity, and esterification capability of type I substandard jiuyao were
significantly lower than those of the normal jiuyao, and the protein contents, liquefaction capability, glycation capability,
and neutral protease activity were substantially higher than those of the normal jiuyao. Type II substandard jiuyao had signif-
icantly lower indices than the normal group except for the starch and free amino acid content, which were significantly higher
than those of the normal jiuyao. Significant differences were observed between substandard and normal jiuyao in the content
of 21 volatile compounds. 2-Pentylfuran could be used as a marker of substandard jiuyao. Type I substandard jiuyao contained
a higher abundance of aerobic Pediococcus and Marivita in comparison with the normal jiuyao. Type II substandard jiuyao
consisted of a greater abundance of anaerobic Mucor and Staphylococcus.

CONCLUSION: The quality of jiuyao was significantly affected by the water content. Due to the different abundances of aerobic
and anaerobic bacteria in jiuyao, oxygen may also be an important parameter affecting the quality of jiuyao. We believe that
the present study offers a theoretical basis for the evaluation and control of the quality of jiuyao.
© 2023 Society of Chemical Industry.
Supporting information may be found in the online version of this article.
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INTRODUCTION
Huangjiu is a traditionally brewed Chinese wine, one of the longest-
standing varieties worldwide, which is very popular in East and
Southeast Asia.1 Jiuyao is an active fermenting agent used in the
brewing of traditional huangjiu and performs the dual role of fer-
mentation and saccharification.2 Huangjiu is made from indica rice
flour mixed with polygonum hydropiper and aged jiuyao. Some
microorganisms in the jiuyao can provide amylase and protease for
huangjiu brewing, which hydrolyze proteins and starch from raw
materials such as rice and wheat into peptides, amino acids, oligo-
saccharides, and other components.3 Jiuyao confers a richer flavor
to huangjiu than modern commercial ferments,4 which may be
because of the presence of microorganisms such as Pediococcus
and Weissella in the jiuyao in addition to Rhizopus and Saccharomy-
ces.5 Xie et al.6 suggested that the jiuyao plays a crucial role in devel-
oping the unique flavor of Shaoxing huangjiu.
Traditional jiuyao production is subject to variation in production

processes, seasonal changes, and different processing environ-
ments, rendering the quality of huangjiu variable.7 Substandard
jiuyao often contains stray bacteria accompanied by off flavors
and compositional changes, which can cause fluctuations in the

quality of huangjiu if the substandard jiuyao is used to brew it.2

Unfortunately, the identification of substandard jiuyao is mainly

* Correspondence to: J Mao, School of Food Science and Technology, Jiangnan
University, Wuxi, Jiangsu 214122, China. E-mail: maojian@jiangnan.edu.cn

a College of Food Science, Heilongjiang Bayi Agricultural University, Daqing,
Heilongjiang Province, 163000, China

b National Engineering Research Center of Cereal Fermentation and Food
Biomanufacturing, Jiangnan University, Wuxi, Jiangsu Province, 214000,
China

c National Engineering Research Center for Huangjiu, Shaoxing, Zhejiang Prov-
ince, 312000, China

d Jiangnan University (Shaoxing) Industrial Technology Research Institute,
Shaoxing, Zhejiang Province, 312000, China

e Zhejiang Pagoda Brand Shaoxing Rice Wine Co., Ltd, Shaoxing, Zhejiang Prov-
ince, 312000, China

f Department of Food Science and Technology, National University of Singapore,
Singapore, Singapore

J Sci Food Agric 2023 www.soci.org © 2023 Society of Chemical Industry.

1
 10970010, 0, D

ow
nloaded from

 https://onlinelibrary.w
iley.com

/doi/10.1002/jsfa.12487 by Jiangnan U
niversity, W

iley O
nline L

ibrary on [01/03/2023]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://orcid.org/0000-0002-3221-2492
mailto:maojian@jiangnan.edu.cn


dependent on the experience of production personnel in terms of
appearance and odor, and no objective evaluation method is avail-
able. The differences between substandard jiuyao and normal
jiuyao have not been reported yet.
The main objective of this study was to compare the differences

between substandard and normal jiuyao in terms of their major
components, enzymatic activity, volatile substances, and micro-
bial communities and to analyze the main factors affecting the
quality of jiuyao with a view to offering data for the evaluation
and control of the quality of jiuyao.

MATERIALS AND METHODS
Jiuyao samples
Five batches of newly produced normal jiuyao (group A) and
three batches of two types of bad jiuyao (groups B and C) newly
produced in 2021 were selected as samples. The samples were
obtained from a huangjiu factory in Shaoxing, Zhejiang province,
and refrigerated at 4 °C. Substandard jiuyao was selected by expe-
rienced workers based on color, odor, and other characteristics.

Determining the hardness of jiuyao
A total of 15 intact jiuyao from each group were selected for
determining hardness using a TMS-PROmass spectrometer (Food
Technology Corporation, USA) with a speed of 60 mm min−1

before and after the test, a starting force of 5 g, a deformation rate
of 30%, and a cylindrical probe.8

Analysis of basic indicators
The method described by Ouzouni et al. was used to determine the
moisture content.9 Free amino acid content was analyzed using high-
performance liquid chromatography (HPLC) (Agilent 1260II, santa,
clara, california, USA);10 0.1 g jiuyao powder was mixed with
0.8mL10% trichloroacetic acid in a 2mL Eppendorf (EP) tube, and then
left for 2 h at 4 °C after ultrasound for 3–5 min. After centrifugation at
9600×g for 5 min, 1 mL of supernatant was transferred into a liquid-
phase vial by 0.22 μL water-phase filtration membrane. The sample
size was 1 μL. The diode array detector (DAD) signal A wavelength
was 338 nmand the bandwidthwas 10 nm. The referencewavelength
was 390 nm and the reference broadband was 20 nm. The time was
10.80 min. The total protein content was determined by the Kjeldahl
nitrogendeterminationmethod,11 and starch and reductive sugar con-
tents were determined using 3,5-dinitrosalicylic acid (DNS).12

Determination of enzyme activity
All samples were freeze-dried completely. Their liquefaction and sac-
charification capacity was analyzed and optimized followingmethods
reported previously.13 The amount of starch liquefied from 1.0 g of
jiuyao per hour in a sodium acetate buffer (pH 4.6) at 30 °Cwas deter-
mined as 1 unit of liquefaction capacity. The amount of glucose pro-
duced per hour by 1.0 g of jiuyao in sodium acetate buffer (pH 4.6)
at 40 °Cwas determined as the glycation capacity of 1 unit. Ethyl hex-
anoate synthesized from 5.0 g of jiuyao in a combination of hexanoic
acid and ethanol at 35 °C every 7 days was determined as 1 unit of
esterification capacity.14 The amount of CO2 produced from carbohy-
drates by 1.0 g of jiuyao per 72 h at 30 °C was used as a measure of
fermentation capacity.15 Protease activity was determined according
to Kasana's method.16

Analysis of volatile compounds
The volatile compounds of jiuyao were extracted and identi-
fied using headspace solid-phase microextraction and gas

chromatography–mass spectrometry (HS-SPME-GC–MS).17 The vol-
atiles were extracted using 10 mm/80 μm Divinylbenzene/Carbon
WR/Polydimethylsiloxane (DVB/CWR/PDMS) fibers (Agilent). Jiuyao
was ground and sieved through an 80 mesh sieve, and 1.0 g of
ground jiuyao was taken into a 15 mL headspace vial each time,
to which 6 mL of ultrapure water, 2 g of NaCl, and 10 μL of
standard (0.00423 mg mL−1, 2-octanol) were added. They were
sonicated for 3 min and then equilibrated at 45 °C for 15 min.
After extraction at 45 °C for 40 min, the extraction head was

inserted into the gas chromatography–mass spectrometry (GC–MS)
system inlet. The gas chromatography (GC) was sampled at 250 °C
for 5 min, and the extraction head was aged at 270 °C for 10 min
between the two samples to prevent sample contamination. The vol-
atile compounds of jiuyao obtained by extraction were detected
using a triple quadrupole gas chromatograph (8890–7000D, Agilent)
equipped with a VF-WAXms capillary column (30 m × 0.25 mm
× 0.25 μm, Agilent). As described in the study performed by
Chunlin,18 the GC–MS condition was set as follows: high-purity
helium was used as a carrier gas (1.0 mL min−1) with no shunt. The
initial column temperature was 40 °C, which was not maintained,
and the temperaturewas increased to 220 °Cwith 3 °Cmin−1, which
was maintained for 7 min. The ionization mode was Electron
Ionization (EI), the electron energywas 70 eV; the voltage of the elec-
tron multiplier was 350 V; the temperature of the ion source was
230 °C; the temperature of the transmission line was 250 °C; the
scanning mass ranged from 33 to 350 m/z, and the scanning speed
was 3.00 scans/s.
A qualitative comparison of the volatile substances was per-

formed by using the NIST database, and the material content
was semi-quantitatively calculated by using 2-octanol as the inter-
nal standard. The calculation formula was as follows:

C=
Ac
Ais

×Cis ð1Þ

where C refers to the content of volatile aromatic substances of
jiuyao, Cis refers to the content of the internal standard, Ac is the
peak area of volatile aromatic substances of jiuyao, and Ais is the
peak area of the internal standard.
To improve the accuracy of the qualification process, n-alkanes

(C3 ∼ C30) and volatile standards were sampled under the same
warming conditions to obtain the experimental retention indices.
The experimental retention indices were further compared with
those recorded in the literature,19 and compounds with 50 or
fewer differences were retained, while the appearance times of
the standards were determined.
The retention index of the chemical composition in the sample

was calculated according to the retention time of the mixed stan-
dard of C3 ∼ C30 n-alkanes.

20 The formula was as follows:

RI=100n+
TR xð Þ−TR nð Þ
TR n+1ð Þ−TR nð Þ

×100 ð2Þ

where RI is the temperature-programmed retention index; n is the
number of carbon atoms of n-alkanes; TRn+1 and TRn are the reten-
tion times of n-alkanes with carbon number n and naphth1/min;
TRx is retention time/min, and TRn+1 > TRx > TRn.

DNA extraction and high-throughput sequencing
Total genomic DNAwas extracted from 1 g of fresh jiuyao samples
using a kit (DNA1000, Agilent) by following the method described
by Chen.21 The v4 region of the bacterial 16 S rDNA gene was
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amplified using 16 S primers 515F (50-CCTAYGGGRBGCASCAG-30)
and 806R (50-GGACTACHVGGGTW-TCTAAT-30). The fungal gene
was amplified using ITS primers ITS1-1F-F (50-CTTGGTCATTTA-
GAGGAAGTAA-30) and ITS1-1F-R (50-GCTGCGTTCTTCATCGAT-
GC-30). These sequences were clustered into operational
taxonomic units (OTUs) at a 97% threshold using UPARSE.22

The samples were sequenced on the MiSeq platform (Novogene
Bioinformatics, Beijing, China).

Statistical analysis
Data analysis was performed using Origin 2021, Canoco 5, and
SPSS Statistics 25. Prior to redundancy analysis (RDA) and orthog-
onal partial least-squares discrimination analysis (OPLS-DA),
weighted calculations were used to predict 16 S rDNA and ITS
rDNA based on high-throughput sequencing data.23 Shannon,
Chao1,Simpson, and the abundance-based coverage estimator
(ACE) indices were used to evaluate alpha diversity. A single-factor

ANOVA was used to detect significant differences among the
jiuyao samples. All the experiments were repeated three times,
and the results were expressed as means ± standard deviations.

RESULTS
Physical and chemical indices of jiuyao
As shown in Fig. 1, no significant differencewas observed in jiuyao
hardness between the substandard and normal groups (P> 0.05).
The water content in the substandard groups I and II was signifi-
cantly lower than that in the normal group (P < 0.05), and the
starch and free amino acid content was much lower in type I sub-
standard jiuyao than that in the normal group, whereas the starch
and free amino acid content of type II substandard jiuyao was sig-
nificantly higher than that of the normal group (P < 0.05). The
reducing sugar content in type I and II substandard jiuyao was sig-
nificantly lower than that in the normal group (P < 0.05). The

Figure 1. Physical and chemical indices of normal and substandard jiuyao. (a), (b), (c), (d), (e), and (f) indicate hardness, starch, protein, reducing sugar, free amino
acid, and water content of the jiuyao, respectively. A, B, and C are normal jiuyao, type I substandard jiuyao, and type II substandard jiuyao, respectively. When the
letters on the upper side of the error bars are different, it means there is a significant difference (P < 0.05), and when they are the same, it means there is no sig-
nificant difference (P > 0.05).
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protein content of the type I substandard group was significantly
higher than that of the normal group, whereas the protein con-
tent of type II substandard group was lower than that of the
normal group (P < 0.05).

Differences in the enzyme activity of different jiuyao
As shown in Fig. 2, compared with the normal jiuyao, the liquefac-
tion capacity, fermentation capacity, saccharifying capacity, and
neutral protease activity of type I substandard jiuyao were signif-
icantly higher than those in the normal group (P < 0.05), whereas
the esterification capacity and acid protease activity were signifi-
cantly lower than those in the normal group (P< 0.05). Compared
with the normal group, all enzyme activity indices of type II sub-
standard jiuyao were significantly lower than those in the normal
group (P < 0.05).

Differences in volatile compounds in the jiuyao with
varying quality
The results of the volatile compound compositions of different
jiuyao are presented in Table 1.

The volatile components in different jiuyao samples were
detected by HS-SPME-GC–MS. A total of 38 compounds were
detected in 11 jiuyao samples, including two olefins, 11 alco-
hols, nine esters, eight aldehydes, four acids, one furan, two
phenols, and one ketone. The content of six compounds such
as hexanoic acid, ethyl ester, and cyclooctyl alcohol in type I
substandard jiuyao were considerably higher than that of the
normal group (P < 0.05), and the content of 19 compounds,
including hexanal, heptanal, and nonanal, in type I substan-
dard jiuyao was noticeably lower than in the normal group
(P < 0.05). Type II substandard jiuyao contained 16 substances,
including butanal, 3-methyl-, butanoic acid, ethyl ester, hexa-
noic acid, and ethyl ester, whose content was significantly
higher than in the normal group (P < 0.05), and the content
of 12 substances, including octanal and butanoic acid,
3-methyl-, in type II substandard jiuyao was significantly lower
than in the normal group (P < 0.05). The content of hexadeca-
noic acid, ethyl ester, and phenethyl alcohol in the two groups
of substandard jiuyao are significantly higher those in the nor-
mal group (P < 0.05).

Figure 2. Enzyme activity of normal and substandard jiuyao. (a), (b), (c), (d), (e), and (f) are the liquefaction capacity, acid protease activity, fermentation
capacity, saccharification capacity, neutral protease activity, and esterification capacity of the jiuyao, respectively. A, B, and C are normal jiuyao, type I sub-
standard jiuyao, and type II substandard jiuyao, respectively. When the letters on the upper side of the error bars are different, it means there is a signif-
icant difference (P < 0.05), and when they are the same, it means there is no significant difference (P > 0.05).
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Microbial composition of different jiuyao
Bacterial and fungal community structures in jiuyao of different
quality were analyzed by high-throughput sequencing and dilu-
tion curves, whereas Shannon indices were calculated to deter-
mine the reliability of the data, and microbial community
structures in different quality samples of jiuyao were compared
using species relative abundance maps.
As shown in Fig. S1 in the supporting information, the increase in

OTUs gradually decreased as the sequencing increased, with a
tendency to level off, although it had not yet reached saturation.
However, as the number of sequenced strips increased, the Shannon
index constantly increased, and the curve flattened out, eventually
reaching saturation, thus indicating that sequencing met the
requirements.24

Analysis of microbial alpha diversity of jiuyao
The alpha diversity analysis of different jiuyao samples was per-
formed using the QIIME 2 platform,25 including the ACE, Chao1,
Shannon, and Simpson indices. As shown in Fig. S2 in the support-
ing information, the ACE and Chao1 indices of bacterial alpha
diversity in the type I substandard jiuyao group were the highest,
whereas the Shannon and Simpson indices in the normal jiuyao
group were higher than those in the substandard group. The
results showed that type I substandard jiuyao had high microbial
diversity, whereas the bacteria in the normal jiuyao group had
high homogeneity. Regarding fungi, the four indices of the jiuyao
samples in the normal group were higher than those in the sub-
standard jiuyao samples, and the fungal community in the normal
jiuyao group showed higher species evenness and alpha diversity.

Table 1. Volatiles detected in substandard and normal jiuyao

No.
Specimens
RT/min Name

Normal
group (μg) kg−1

wet base

Substandard
group 1 (μg kg−1)

wet base

Substandard
group 2 (μg kg−1)

wet base

1 2.84 Ethyl acetate 7.60 ± 0.10a 6.04 ± 0.28b 4.99 ± 1.19c

2 3.15 Butanal, 3-methyl- 3.86 ± 0.17b 3.23 ± 0.12b 12.01 ± 3.91a

3 4.54 Isobutyl acetate 1.86 ± 0.57a not detected not detected
4 5.00 Butanoic acid, ethyl ester 0.67 ± 0.02b not detected 1.56 ± 0.09a

5 5.98 Hexanal 7.68 ± 3.38a 1.66 ± 0.17c 5.36 ± 1.15b

6 6.44 2-Methyl-1-propanol 0.85 ± 0.03b not detected 2.95 ± 0.95a

7 7.04 1-Butanol, 3-methyl-, acetate 5.76 ± 1.74a not detected 0.63 ± 1.10b

8 9.00 Heptanal 1.58 ± 0.53a 0.53 ± 0.30b 0.47 ± 0.82b

9 10.65 2-Pentylfuran 1.39 ± 0.49a not detected not detected
10 10.74 Hexanoic acid, ethyl ester 1.26 ± 0.02c 5.86 ± 1.66b 10.56 ± 2.52a

11 11.37 1-Pentanol 5.27 ± 0.61c 7.00 ± 0.47b 8.68 ± 0.83a

12 12.78 Octanal 3.24 ± 1.04a 1.57 ± 0.22b 1.85 ± 1.27b

13 15.39 Hexanol 52.25 ± 5.57b 48.16 ± 7.37c 89.42 ± 9.41a

14 16.92 Nonanal 8.53 ± 0.94b 4.94 ± 0.47c 9.26 ± 9.05a

15 17.38 3-Octen-2-one 5.22 ± 2.89a 0.36 ± 0.06c 2.08 ± 0.11b

16 19.31 1-Octen-3-ol 16.41 ± 2.26a 8.68 ± 1.83b 11.31 ± 1.33b

17 19.46 1-Heptanol 8.25 ± 0.25b 11.29 ± 2.02b 40.47 ± 4.11a

18 19.64 Acetic acid 6.99 ± 1.17a 15.30 ± 3.45a 7.84 ± 5.40a

19 21.86 1-Heptanol 8.25 ± 1.97b 8.47 ± 1.40b 52.29 ± 17.55a

20 23.52 1-Octanol 20.81 ± 2.66a 10.74 ± 2.67b 20.56 ± 6.12a

21 24.23 2,3-Butanediol 14.40 ± 2.49a 3.88 ± 0.63a 9.20 ± 8.67a

22 25.63 Cyclooctyl alcohol 0.83 ± 0.15b 2.40 ± 0.17a 0.78 ± 0.66b

23 26.54 Benzeneacetaldehyde 8.96 ± 0.21b 10.31 ± 1.91b 26.38 ± 5.97a

24 27.43 1-Nonanol 8.18 ± 1.24b 6.32 ± 1.39b 12.27 ± 2.30a

25 27.99 Butanoic acid, 3-methyl- 2.13 ± 0.24a 0.71 ± 0.12b 0.98 ± 0.19b

26 29.57 ⊍-Cedrene 1.04 ± 0.11ab 1.10 ± 0.09b 1.85 ± 0.57a

27 30.49 Pentanoic acid 0.78 ± 0.06a 1.18 ± 0.08a 0.84 ± 0.44a

28 30.76 (+)-DELTA-CADINENE 1.43 ± 0.06b 1.01 ± 0.10b 4.15 ± 2.00a

29 31.87 Benzeneacetic acid, ethyl ester 3.43 ± 0.59a 1.24 ± 0.31b 1.24 ± 0.97b

30 32.86 Acetic acid, 2-phenylethyl ester 1.83 ± 0.50a not detected not detected
31 34.25 Hexanoic acid 8.35 ± 1.78a 2.75 ± 0.42b 2.90 ± 0.64b

32 35.01 Benzyl alcohol 5.52 ± 0.93b 15.11 ± 1.45a 17.30 ± 6.63a

33 36.13 Phenethyl alcohol 80.60 ± 11.34b 175.56 ± 10.20a 159.49 ± 8.78a

34 36.41 Butylated hydroxytoluene 15.00 ± 2.49a 6.36 ± 1.89b 15.32 ± 1.48a

35 39.77 gamma-Nonanolactone 2.04 ± 0.40a 1.74 ± 0.33a 1.98 ± 1.21a

36 40.07 4-Ethyl-2-methoxypheno 2.14 ± 0.43a 1.96 ± 0.43a 2.73 ± 2.07a

37 47.15 Hexadecanoic acid, ethyl ester 1.81 ± 0.21b 6.13 ± 0.57a 6.83 ± 1.22a

38 48.74 (2,6,6-Trimethyl-2-hydroxycyclohexylidene)
acetic acid lactone

0.95 ± 0.16b 1.00 ± 0.08b 2.21 ± 0.60a

Different letters in the same row indicate significant differences (P < 0.05).
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Differences in the microbial compositions of different jiuyao
At the genus level, 220 bacterial genera were identified from
11 jiuyao samples. The bacterial species with higher relative
abundance in the normal jiuyao samples were Pediococcus
(6.272%), Weissella (0.401%), Luminiphilus (0.086%), Staphylo-
coccus (0.093%), Escherichia-Shigella (0.143%), Marivita
(0.067%), Coxiella (0.039%), Enterococcus (0.068%), Bacillus
(0.051%), and Algiphilus (0.013%). Significant differences were
observed in bacterial community distribution between the
normal and substandard jiuyao samples. Compared with type
I and type II substandard jiuyao groups, the normal jiuyao
showed a higher abundance of Weissella, Limnobacter, and
Pseudohongiella. A high abundance of Enterococcus was
observed in type I substandard jiuyao, whereas type II

substandard jiuyao showed a higher abundance of Staphylo-
coccus (Fig. 3(a)).
A total of 87 fungal genera were identified, including

Saccharomycopsis (68.411%), Rhizopus (31.527%), Aspergillus
(0.023%), Wallemia (0.015%), Mucor (0.006%), Pseudomycetes
(Candida) (0.004%), Fusarium (0.002%), Wickerhamomyces
(0.001%), Phaeosphaeria (0.001%), and Peridiomycetes (Mortierella)
(0.001%), which showed a high relative abundance in the nor-
mal samples. Significant differences in the distribution of fun-
gal communities among different substandard groups of
jiuyao were observed, and Wallemia, Lophiostoma, Didymella,
and Candida were highly abundant in the normal group.
Alternaria and Fusarium showed greater abundance in
type I substandard jiuyao, whereas Aspergillus, Mucor, and

Figure 3. Relative abundance of microbial communities in normal and substandard jiuyao at the genus level.
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Saccharomycopsis were highly abundant in type II substan-
dard jiuyao (Fig. 3(b)).

Orthogonal partial least-squares discrimination analysis of
substandard and normal jiuyao
Orthogonal partial least-squares discrimination analysis is a super-
vised analysis model that uses partial least squares regression to
establish volatile components.26 By establishing the relationship
model between indicators and sample categories, combined with
data dimension reduction, the relationship between samples can
be better established.27 In addition, OPLS-DA can predict the

sample categories. By constructing classification prediction
models, OPLS-DA can be further used to identify more samples.
This cannot be achieved by principal component analysis (PCA).28

The OPLS-DA of the jiuyao is shown in Fig. 4. The cyclooctyl alco-
hol, 2-pentyl-furan, 1-nonanol, and so forth, in the volatile sub-
stances of jiuyao are in the 75–100% confidence interval and
can be explained by this model. Limosilactobacillus, Rhizopus,
and Alternaria in microorganisms are in the 75–100% confidence
interval, which can be explained well by the model. Variable
importance in project (VIP) was used to screen markers that could
characterize the difference between substandard and normal

Figure 4. Orthogonal partial least-squares discrimination analysis of substandard and normal jiuyao. (a), (b) score chart, substance; microorganism
(green circle), A (normal jiuyao, yellow, pentacle); B (type I substandard jiuyao, purple, diamond); C (type II substandard jiuyao, red, hexagonal),
(c) Variable importance in project value of volatile substance, (d) Variable importance in project value of microbial genus.
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jiuyao.29 The components with a VIP value greater than 1 were the
main marker components reflecting the differences between
samples, when the VIP values less than or equal to 1, it means
the samples was hard to discrimination.30 The VIP results are
shown in Fig. 4(c), (d).
Sixteen volatile substances with VIP values greater than 1 were

screened, such as cyclooctyl alcohol (VIP = 1.65); 2-pentylfuran
(VIP = 1.46); 1-pentanol (VIP = 1.46); butanoic acid, ethyl ester
(VIP = 1.32) and so forth, 9 microbial genus with VIP value greater
than 1, such as Pediococcus (VIP = 1.31); Mucor (VIP = 1.18); Weis-
sella (VIP = 1.10) and so forth.
According to Fig. 4 and Table 1, the aroma components –

cyclooctyl alcohol, hexadecanoic acid, ethyl ester in type I sub-
standard jiuyao was significant positive correlation to Alternaria,
and 1-nonanol, 1-pentanol, nonanal were mainly relate to Mucor.
Normal jiuyao were significantly positively correlated with
2-pentylfuran, acetic acid, Weissella and Wallemia.

Redundancy analysis of the microbial and
physicochemical indicators of different jiuyao
Redundancy analysis is a type of constrained ranking analysis
and a variant of PCA. It has strong advantages in the analysis
of datasets composed of species and environmental factors.31

Environmental changes can affect the distribution of microbial
community, and the analysis of environmental factors can pro-
vide an important theoretical basis for standardizing produc-
tion and improving jiuyao fermentation control.
The RDA of the jiuyao is shown in Fig. 5. It involved six bacterial

species, seven fungal species, and 20 physicochemical factors.
Regarding bacterial communities in the jiuyao, the physicochem-
ical factors were as follows: 35.6% for bacterial community species
distribution, 55.3% for water content (P = 0.04), and 5.9% for
esterification capacity (P = 0.056). Lamellococcus and Pediococcus
were significantly correlated with alcohols. Bacillus and Staphylo-
coccus showed a significant correlation with ketones. Weissella,

Escherichia, and Luminiphiluswere significantly correlatedwithmois-
ture content and esterification. For fungi, fungal species distribution
explained 46.2%, with acid protease activity explaining 46.7%
(P = 0.038), liquefaction capacity explaining 17.1% (P = 0.166), and
esterification power explaining 15.4% (P = 0.003) of the fungi. Rhizo-
pus was strongly correlated with protein content, reducing sugar
content, and acid protease activity.Wallemiawas strongly correlated
with liquefaction capacity, saccharification capacity, and free amino
acid content. Aspergillus was significantly associated with acids and
ketones. Saccharomycopsis, Fusarium, Mucor, and Eurotium were
associated with ethers, olefins, and alcohols.

DISCUSSION
Visual variation was most evident in the physicochemical param-
eters of different quality jiuyao. Water content was a common
controllable parameter in the fermentation process, andwe found
strong correlations between water content and microbial compo-
sition as well as the abundance of various jiuyao by RDA. The high-
est water content was approximately 10% in the normal group of
jiuyao (Fig. 1), significantly higher than that in the substandard
group (P < 0.05). Specifically, water content was highest in the
normal jiuyao, followed by type I substandard jiuyao and type II
substandard jiuyao.
Enzyme activity can indicate the fermentation ability of jiuyao.

Jiuyao plays a bilateral fermentation role in the brewing process
of huangjiu, and the difference in saccharification capacity of
jiuyao affects the quality of huangjiu. Significant differences were
observed among the three groups of jiuyao regarding saccharifi-
cation capacity, and the highest saccharification capacity of type
I substandard jiuyao was 231.85 U g−1. Type I substandard jiuyao
showed the best saccharification capacity, followed by the normal
jiuyao and type II substandard jiuyao.
Eleven volatile substances differed significantly between the

substandard and normal jiuyao, among which the contents of

Figure 5. Correlation of jiuyao indicators with representative microorganisms. The length of arrows in the figure represents the correlation size, and the
angle between the center point and the corresponding microbial genus and the factors is acute to indicate a positive correlation, whereas the obtuse
angle indicates a negative correlation. The red arrows represent jiuyao microbial genera, and the blue arrows represent jiuyao correlation indices.
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hexadecanoic acid, ethyl ester, and phenethyl alcohol were signif-
icantly higher in the substandard jiuyao group than in the normal
group.
Taken together, we suggested that the water content, sacchari-

fication capacity, hexadecanoic acid, ethyl ester, and phenethyl
alcohol content could be regarded as crucial markers to evaluate
the quality of jiuyao. The jiuyao type of defects can be determined
by detecting the contents of cyclooctyl alcohol and 1-nonanol.
Determining the differences between jiuyao by monitoring these
indicators is intuitive and efficient.
Rhizopus possesses strong amylase activity32 and can produce

organic acids such as fumaric, malic, and succinic acids.33 The
abundance of Rhizopus in the substandard jiuyao was significantly
lower than that in the normal group, which may result in insuffi-
cient amylase activity to hydrolyze starch into reducing sugars.34

As Rhizopus can produce esterase,35 this might be responsible
for the significant difference between esterification capacities of
the normal and substandard jiuyao group. Rhizopus can produce
aromatic esters36 the abundance of Rhizopus in the two
substandard groups was significantly lower than that in the nor-
mal group, which may lead to the low content of isobutyl acetate,
1-Butanol, 3-methyl-, acetate and other esters in the substandard
jiuyao.36

Bacillus is a gram-positive genus that produces strong prote-
ases, causing differences in the efficiency of protein hydrolysis
to amino acids in jiuyao,37 and changes in the abundance of Bacil-
lusmay affect protein and amino acid content of the substandard
jiuyao. Bacillus and ketones exhibited a significant positive corre-
lation, and the abundance of Bacillus in the substandard jiuyao
was significantly higher than that in the normal group, which
probably led to the increase in 3-octen-2-one content in type II
substandard jiuyao.
The abundance ofWeiss spp. was significantly higher in the nor-

mal group than that in the substandard group, which may have
contributed to the higher acidic protease activity and fermenta-
tion capacity,38 observed in the normal jiuyao group.
Aerobic Pediococcus showed a higher abundance in type I

substandard jiuyao than in type II jiuyao, whereas strictly aerobic
Marivita showed a higher abundance in type I substandard jiuyao
than in type II substandard jiuyao.39

Type II substandard jiuyao contained a large abundance of
anaerobic or partially anaerobic Algiphilus and Saccharomycopsis;
Mucor can grow well under poorly ventilated conditions,40 and
Rhizopus can grow without oxygen, so the poor aeration facili-
tated the growth and reproduction of Rhizopus. According to
the growth of different microorganisms in the substandard jiuyao,
we speculated that oxygen concentration in the production pro-
cess of type I substandard jiuyao was higher than that in the nor-
mal group, whereas the amount of oxygen in type II substandard
jiuyao was lower than that in the normal group. The difference in
oxygen content may have led to the change of microbial species
and abundance in the jiuyao, affecting the mycelial growth of the
jiuyao and thus causing differences in jiuyao quality. Eurotium can
grow under lowwater activity conditions.41 As type II substandard
jiuyao had the lowest water content, Eurotium was highly abun-
dant in type II substandard jiuyao, suggesting that water content
may be another important factor in the production of substan-
dard jiuyao.
The quality of jiuyao can be controlled by managing oxygen

concentration and moisture content in the environment to
reduce the production of substandard jiuyao during subsequent
fermentation.

CONCLUSION
In this study, the quality differences between normal and substan-
dard jiuyao were compared. Various key indicators and core micro-
bial communities of the normal jiuyao were determined, and water
content was the principal contributor to the production of the sub-
standard jiuyao. Water content, glycolytic enzyme activity, esterifica-
tion force and cyclooctyl alcohol, nonanal, and 2-pentylfuran content
canbe used as key indicators for rapid discrimination of jiuyao quality
in the future.Marivita,Mucor, and Alternaria can be used as represen-
tative microorganisms in substandard jiuyao. The analysis of micro-
bial abundance and growth characteristics in the substandard
jiuyao revealed a potential relationship between themicrobial abun-
dance and oxygen requirements of different substandard jiuyao, and
oxygen concentration during the maturation of surface jiuyao may
also be an important reason for the difference in the quality of jiuyao.
However, the most suitable oxygen concentration for microbial
growth in jiuyao remains poorly defined, and further research is
required to understand the effect of moisture content and oxygen
concentration on the growth and metabolism of jiuyao microbial
communities.
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