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Developing an innovative raw wheat Qu
inoculated with Saccharopolyspora and
its application in Huangjiu
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Abstract

BACKGROUND: MechanizedHuangjiu is a stable product, is not subject to seasonal production restrictions, andmarkedly reduces labor
intensity compared to traditional manual Huangjiu. However, the bitterness of mechanized Huangjiu impedes its further development.

RESULTS: Based on process optimization, when the fermentation temperature was 45 °C and the fermentation time was 122 h,
the inoculation amount of Saccharopolysporawas 5%, the amount of added water was 26%, and the glucoamylase and amylase
activities of wheat Qu increased by 27% and 40% respectively, compared with those before optimization. Huangjiu fermented
by raw wheat Qu inoculated with Saccharopolyspora rosea F2014 showed a significant (P < 0.05) decrease in bitter amino acid
content (1.24 vs. 2.86 g L−1, a decrease of 56%), which attenuated its bitterness.

CONCLUSION: An innovative fermentation process of inoculating Saccharopolyspora into raw wheat Qu was developed for the
first time. Such a process could be used to control bitterness based on raw wheat Qu inoculated with Saccharopolyspora rosea
F2014, instead of traditional wheat Qu in Huangjiu fermentation.
© 2022 Society of Chemical Industry.

Supporting information may be found in the online version of this article.
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INTRODUCTION
Huangjiu, a traditional alcoholic beverage in China, is primarily
made from glutinous rice, water, wheat Qu, and fermentation
starters in an open environment.1 Wheat Qu is produced by spon-
taneous fermentation with crushed wheat as the main raw mate-
rial, and is mixed with water and naturally inoculated with mold,
bacteria and yeast in an open environment.2 Various enzymes
are produced during the process of wheat Qu fermentation,
including amylase, glucoamylase and protease. The metabolites
that are broken down by these enzymes promote the growth of
microorganisms and the formation of wheat Qu flavor com-
pounds.3-5 The inoculated raw wheat Qu is a new type of starter
produced by inoculating specific functional microorganisms into
raw wheat Qu. The raw materials, microbiota and manufacturing
parameters, such as temperature, water addition and fermenta-
tion time, play a crucial role in the production of wheat Qu.6 Many
studies on wheat Qu have focused on enzymes and microorgan-
isms and strategies to improve the activity of enzymes during
manufacture.7,8 Liu et al. employed Aspergillus oryzae su-16 to
improve raw wheat Qu in the fermentation of Huangjiu. Based
on their discovery, the glucoamylase, amylase and protease con-
tents were 1.17-, 1.55- and 2.87-fold greater than those of the tra-
ditional wheatQu, respectively.9 Owing to a lack of understanding
of key microorganisms in the division of metabolites and

metabolism, similar studies on inoculated raw wheat Qu applied
in Huangjiu are scarce.
Based on metagenome sequencing, Saccharopolyspora is the

most abundant bacterial genus (18–21%) during Huangjiu
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fermentation with Shaoxing wheat Qu.10,11 Metagenome meta-
bolic function predictions also indicated that, of all major bacterial
genera, Saccharopolyspora annotated the most abundant
enzymes associated with the production of Huangjiu flavor com-
pounds, including esters, acids and phenolics.12 During the pro-
duction of Maotai Daqu, Saccharopolyspora is involved in the
breakdown and metabolism of macromolecules, mainly through
the production of enzymes, leading to the formation of flavor
substances.13

Wheat Qu, fermentation time and yeast starter are well known
to differ between traditional manual Huangjiu and mechanized
Huangjiu.14 Mechanized Huangjiu is superior to traditional manual
Huangjiu based on its high production efficiency, consistent and
safe product quality, production independent of seasonal restric-
tions and low labor intensity.15 However, the bitterness of mech-
anized Huangjiu is stronger than that of traditional manual
Huangjiu, thereby impeding its development.15 The main objec-
tives of this study were: (i) to establish a predictive model to reg-
ulate the amylase and glucoamylase activity in raw wheat Qu
inoculated with Saccharopolyspora; (ii) to evaluate the perfor-
mance of different raw wheat Qu inoculated with different Sac-
charopolyspora in Huangjiu; and (iii) to determine the prominent
Saccharopolyspora for application in wheat Qu and Huangjiu
fermentation.

MATERIALS AND METHODS
Strains and medium
Polished rice and wheat were purchased from Wuxi rice markets.
Wheat Qu and cooked wheat Qu were obtained from Huangjiu
Factories in Shaoxing, China. Saccharomyces cerevisiae HJ
(GCA_015363515.1) was preserved on a YPD slope (glucose
2 g L−1, peptone 2 g L−1, yeast extract 1 g L−1, agar 20 g L−1).
Saccharopolyspora rosea F2014 (GenBank: ON528575), Saccharo-
polyspora rosea F2017 (GenBank: ON527876), Saccharopolyspora
rosea F2006 (GenBank: ON528175), Saccharopolyspora hodei
F2009 (GenBank: ON528173) and Saccharopolyspora hirsuta
F1909 (GenBank: ON528144) derived from Huangjiu wheat Qu,
which were preserved on Actinomycetes medium (KNO3

1.0 g L−1, KH2PO4 0.5 g L−1, MgSO4 0.5 g L−1, FeSO4 0.01 g L−1,
NaCl 0.5 g L−1, starch 20.0 g L−1, agar 15.0 g L−1). All reagents
were analytically pure.

Strain culture and inoculated raw wheat Qu-making
process
Culture of Saccharopolyspora
Saccharopolyspora strains were inoculated into Actinomycetes
medium and incubated at 37 °C for 120 h. Individual colonies
were then picked from the plates, inoculated into Actinomycete
liquid medium, and incubated for 120 h at 37 °C on a shaker at
150 rpm to obtain the seed solution. The seed solution was trans-
ferred to Actinomyces liquid medium at a 3% (v/v) inoculum con-
centration and incubated for 72 h at 37 °C on a shaker at 150 rpm
to obtain the Saccharopolyspora expansion solution. The initial
concentration of Saccharopolyspora was 1 × 108 spores mL−1.

Inoculated raw wheat Qu synthesis process
The process used to prepare inoculated raw wheat Qu is shown in
Supporting Information Fig. S1. Briefly, the raw wheat without
impurities was homogeneously crushed into three to four pieces,
mixed with 21% water (v/m), inoculated with 5% (v/m) activated
Saccharopolyspora expansion solution and mixed thoroughly.

The inoculated wheat was then placed in a frame (length × width
× height= 60 × 42 × 26 cm) with a small hole (8 mm in diameter)
and transferred to a wheat Qu fermentation room (45 °C, 95%
humidity) for 120 h of fermentation.

Huangjiu fermentation
The saccharification solution was prepared by mixing steamed
rice and liquifying enzyme (700 U g−1 rice), glucoamylase
(5 U g−1 rice) and wheat Qu (0.1 g g−1 rice); the mixture was then
incubated at 60 °C. After saccharification, the rice saccharification
liquid was packed and sterilized for 20 min at 115 °C.16,17 The
yeast starter of Huangjiu was prepared by transferring Saccharo-
myces cerevisiae HJ activated by YPD liquid medium to the previ-
ously prepared Huangjiu saccharification solution; the sample
was then cultured at 28 °C for 36 h at 150 rpm. Huangjiu fermen-
tation was performed by mixing 1125 g steamed rice, 937 mL
water, 104 g Saccharopolyspora-inoculated raw wheat Qu and
86 mL Saccharomyces cerevisiae. The primary fermentation was
conducted at 28 ± 1 °C for 4 days with stirring once per day.
Post-fermentation was conducted at 15 ± 1 °C for 15 days with
stirring once every 2 days. For the control group, the fermentation
process was the same as that described previously, except that
inoculated raw wheat Qu was replaced with 89 g factory wheat
Qu and 15 g cooked wheat Qu.17,18

Optimization of inoculated raw wheat Qu synthesis
process
Optimization of the fermentation parameters
To obtain the best process for inoculating wheat Qu, four condi-
tions – fermentation temperature (37 °C, 45 °C and 50 °C), fer-
mentation time (0–168 h), Saccharopolyspora rosea F2014
inoculum (1%, 3% and 5%), and the amount of added water
(15%, 20%, 25% and 30%) – were employed to fabricate inocu-
lated raw wheat Qu. The optimal process parameters were evalu-
ated by determining the activities of glucoamylase and amylases.

Box–Behnken design
To model the effects of independent variables – temperature, fer-
mentation time and amount of added water – a response surface
methodology combined with the Box–Behnken design was
employed. Based on single-factor experiments, the glucoamylase
and amylase activities of wheat Qu were used as response values
to design a response surface experiment with four factors and
three levels; the levels of experimental factors are shown in
Table 1.

Determination of enzymatic activity of wheat Qu and
fermentation parameters of Huangjiu
Amylase activity and glucoamylase activity were determined
according to a previously described method.9 Briefly, a sample
of wheat Qu (5.00 g) was soaked in 25 mL acetate buffer
(pH 4.6) at 40 °C for 1 h, and then centrifuged at 8000 × g for
10 min. The supernatant was collected as the crude enzyme solu-
tion and used to determine amylase and glucoamylase activities.
Total acid and amino nitrogen were determined by titration.19

Ethanol content was determined using a previous method20 and
the reducing sugar content was determined using the dinitrosa-
licylic acid (DNS) method. The higher alcohol content was deter-
mined according to a previous method with modifications.21

Briefly, 3.5 mL Huangjiu samples, 3.5 mL deionized water and a
certain volume of disperse solvent (1 mL acetonitrile), extraction
solvent (600 μL dichloromethane) and 50 μL internal standard
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(18 640 mg L−1 4-methyl-2-pentanol solution in ethanol) were
added to a 15 mL screw-cap glass tube and shaken gently to
ensure homogeneous mixing; the glass tube was gently shaken
for 1 min and then centrifuged at 5000 rpm (2655 × g) for 5 min.
The supernatant was withdrawn using a microsyringe and
injected into a gas chromatograph–mass chromatograph for
analysis.
High-performance liquid chromatography (HPLC) was used to

analyze the free amino acids according to a previously described
method, with modifications.11 Briefly, the supernatant was ana-
lyzed using an Agilent series 1100 instrument (Agilent Technolo-
gies, Palo Alto, CA, USA) equipped with an ODS HYPERSIL
column (250 × 4.6 mm, 5 μm) and a UV detector. The column
temperature was maintained at 40 °C, the detection wavelengths
were 338 and 262 nm, and the flow rate was 1.0 mL min−1. The
organic acid composition was analyzed by reversed-phase HPLC
(Waters e2695, Milford, MA, USA) with an Athena C18-WP column
(250 × 4.6 mm, 5 μm). The column temperature was maintained
at 30 °C, the detection wavelength was 210 nm, themobile phase
was phosphate buffer (0.025 mol L−1 NaH2PO4, pH 3.1) and the
flow rate was 0.7 mL min−1.22 The content of volatile flavor com-
pounds was measured using headspace solid-phase microextrac-
tion (HS-SPME) and analyzed using a gas chromatograph–mass
spectrometer (Trace 1300, ISQ LT, Thermo Scientific, San Jose,
CA, USA), according to a previous method.12

Data analysis
All data were analyzed using one-way analysis of variance (ANOVA)
on SPSS 15.0 (SPSS Inc., Chicago, IL, USA). R (version 3.6.3) and
GraphPad Prism 7 were used for image processing. The Behnken
combination of Design-Expert V8.0.6 software was used for
response surface design and analysis. The coefficient of regression
(R2) was calculated to determine the goodness-of-fit of the model.
An F-test was used to assess the significance of the model terms
and equations. Three replicates were used for each experiment.

RESULTS
Effects of various fermentation parameters on
glucoamylase and amylase activity
The activities of glucoamylase and amylase displayed an increasing
trend followed by a decrease as the water content increased
(Fig. 1A). When 25% water was added to wheat Qu, the maximum
glucoamylase activity and amylase activity were 1019.50 ± 61.76
and 1.15 ± 0.01 U g−1, respectively. Such findings indicate that
the addition of 25% water was more favorable to the secretion of
glucoamylase and amylase by microorganisms (Fig. 1A). As the
inoculation ratio increased, the glucoamylase and amylase activities
of wheat Qu began to increase (Fig. 1B). When 5% inoculum was
employed, the glucoamylase activity of wheat Qu was 914.02
± 49.98 U g−1 and its amylase activity was 1.18 ± 0.02 U g−1.

Therefore, this wheat Qu could be used for Huangjiu brewing.23

The inoculation amount of Saccharopolyspora was 5% and no fur-
ther optimization was performed. The effect of temperature on
the glucoamylase activity was found to be significant (P < 0.05),
with the lowest glucoamylase activity of 679.12 ± 72.12 U g−1 at
37 °C and the highest glucoamylase activity of 1119.58
± 95.4 U g−1 at 45 °C (Fig. 1C). This finding indicates that the most
robust glucoamylase-producing metabolism of microorganisms
occurred at 45 °C. The difference in amylase activity between 37 °
C and 45 °C was significant (P < 0.05), with the maximum amylase
activity of 1.16 ± 0.04 U g−1 at 45 °C and the lowest amylase activ-
ity of 0.81 ± 0.08 U g−1 at 50 °C. As the fermentation time
increased, the glucoamylase activity of wheat Qu increased and
then decreased, with the highest activity of 1089.92 ± 73.56 U g−1

achieved at 120 h (Fig. 1D). Amylase activity reached a maximum
value of 1.09 ± 0.03 U g−1 at 96 h and then began to decline.
A significant difference (P < 0.05) in glucoamylase activity was

found between 96 h (711.21 ± 30.56 U g−1) and 120 h of fermen-
tation (1089.92 ± 73.56 U g−1). As the amylase activity (0.96
± 0.01 U g−1) at 120 hwas not significantly (P > 0.05) (Fig. 1D) dif-
ferent from that at 96 h (1.09 ± 0.03 U g−1), 120 h was deter-
mined as the optimal fermentation time.

Response surface optimization to investigate the impact
of the interaction of multiple factors on glucoamylase and
amylase
The correlation coefficient (R2) values were 0.976 and 0.9763,
respectively, indicating the reliability of the regression model for
predicting glucoamylase and amylase activities (Fig. 2A,B). Based
on multiple regression fitting analysis of the data (Fig. 2C), the fol-
lowing empirical quadratic model was selected to derive the cor-
relation between the response of glucoamylase activity and
amylase activity and the independent variables:

Y1 Ug−1
� �

= 1081:67+48:23×A+41:76×B+62:33× C

− 38:45 × AB–22:68 × AC–30:98 × BC–266:84

× A2 –181:98 × B2 –144:37 × C2

Y2 Ug−1
� �

= 1:32+0:054×A+0:02×B+0:24×C+0:013

× AB+0:022× AC−0:02 × BC−0:19 × A2

− 0:15 × B2−0:31 × C2

where Y1 represents glucoamylase activity, Y2 represents amylase
activity, A is the fermentation temperature, B is the fermentation
time and C is the amount of water added.
The P-value of the lack of fit (P = 0.8147, P = 0.1222) and the

model (P < 0.0001, P < 0.0001) revealed that the actual corre-
sponding glucoamylase activity and amylase activity exhibited a
good fit with this model (Tables 2 and 3). Based on ANOVA

Table 1. Factor and level of the Box–Behnken experiment for determining glucoamylase and amylase activities

Variable Symbol coded

Range and level

−1 0 1

Temperature (°C) A 43 45 47
Fermentation time (h) B 96 120 144
Amount of water added (%) C 24 25 26
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(Table 2), the primary terms, A and B, and the secondary terms, A2

and B2, of the regression equation Y1 had a highly significant
(P < 0.0001) effect on glucoamylase, indicating that temperature
and fermentation time had a markedly greater effect on glucoa-
mylase activity than the addition of water. The primary term
C (water addition) in regression equation Y2 had a highly signifi-
cant effect (P < 0.0001) on amylase activity, and the primary term
A (fermentation temperature) had a significant effect (P < 0.05)
on amylase activity. Such findings indicate that water addition
and temperature are key environmental factors that affect amy-
lase production in inoculated rawwheatQu (Table 3). In summary,
the P-values for the effect of each factor on glucoamylase were as
follows: fermentation time > temperature > amount of added
water; and those on amylase were as follows: amount of added
water > temperature > fermentation time.
The glucoamylase and amylase activities of inoculated raw

wheat Qu according to different combinations of independent
preparation parameters were visualized through 3D response sur-
face plots and contour plots (Figs 3 and 4). The curved contour
lines demonstrated revealed a strong interaction between fer-
mentation time, temperature and the amount of added water.
Further, the maximum values appeared at the center of the
response surface, indicating that the interaction of these factors
had a significant (P < 0.05) effect on the glucoamylase and amy-
lase activities of wheat Qu.

Validating the optimal process conditions
Under the best-predicted process conditions of 45.15 °C fermen-
tation temperature, 122.15 h fermentation time and 25.20%water
addition, the model predicted glucoamylase activity and amylase

activity of 1091.61 and 1.36 U g−1, respectively. Based on the
practical operating conditions and costs, the optimal process con-
ditions were adjusted to a fermentation temperature of 45 °C, fer-
mentation time of 122 h and water addition of 26%. The activities
of glucoamylase and amylase were 1119.53 ± 58.38 and 1.39
± 0.01 U g−1, respectively. Compared to the fermentation process
(fermentation temperature of 45 °C, fermentation time of 120 h
and water addition of 25%) before optimization, the activities of
glucoamylase (1119 vs. 873 U g−1) and amylase (1.39 vs
0.84 U g−1) increased by 27% and 40%, respectively.

Comparison of the enzyme activity and physicochemical
parameters of Huangjiu for different inoculated wheat Qu
The glucoamylase activity of theN-control (not inoculatedwith Sac-
charopolyspora) (366.5 ± 41.5 U g−1), F2009 (974.5 ± 47.5 U g−1)
and F1909 (827 ± 19 U g−1) were lowered by 67%, 35% and 26%,
respectively, compared with those of F2014 (1126 ± 97 U g−1) with
the highest glucoamylase production (Fig. 5A). No significant differ-
ence (P > 0.05) was found between F2014, F2017 and F2006 in
amylase activity, with F2017 having the highest amylase activity
(1.18 ± 0.3 U g−1) (Fig. 5B). Further, there was no significant differ-
ence (P > 0.05) in alcohol content between F2014 (15.3 ± 0.46%
vol), F2017 (15.16 ± 0.21% vol) and the positive control (15.9
± 0.17% vol) (P-control) (Fig. 5C). The reducing sugar content was
below 10 g L−1 for all groups, except the P-control, indicating that
reducing sugars derived from starch (glutinous rice) hydrolysis
weremainly consumed by themicroorganisms (Fig. 5D). Compared
with the control, three types of inoculated raw wheat Qu –F2006,
F2009 and F2017 – significantly (P < 0.05) reduced the content of
amino nitrogen by 72%, 57% and 64%, respectively. Interestingly,

Figure 1. Effects of different fermentation parameters on the enzyme activity of wheat Qu: (A) amount of added water; (B) inoculation amount of Sac-
charopolyspora; (C) temperature; (D) fermentation time. Each parameter was tested in triplicate. Error bars represent the standard deviation of the mean.
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Figure 2. Predicted versus experimental values of (A) glucoamylase activity, (B) amylase activity, and (C) total glucoamylase activity and amylase activity
in the 17 runs carried out using wheat Qu.

Table 2. ANOVA for the response surface quadratic model of glucoamylase activity

Source Sum of squares df Mean squared F-value P-value prop > F

Model 658 892.77 9 73 210.31 92.83 < 0.0001 Significant
A – temperature 18 610.99 1 18 610.99 23.60 0.0018 **
B – fermentation time 13 950.01 1 13 950.01 17.69 0.0040 **
C – amount of water added 31 078.98 1 31 078.98 39.41 0.0004
AB 5914.92 1 5914.92 7.50 0.0290 *
AC 2056.85 1 2056.85 2.61 0.1504
BC 3838.48 1 3838.48 4.87 0.0632
A2 299 800.36 1 299 800.36 380.13 < 0.0001 ***
B2 139 435.18 1 139 435.18 176.80 < 0.0001 ***
C2 87 763.13 1 87 763.13 111.28 < 0.0001 ***
Residual 5520.74 7 788.68
Lack of fit 1056.48 3 352.16 0.32 0.8147 Not significant
Pure error 4464.26 4 1116.07
Corrected total 664 413.52 16

*0.01 < P < 0.05;
** 0.001 < P < 0.01;
*** P < 0.001;
df, degrees of freedom.
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only the F2014 inoculated raw wheat Qu induced a minimum
decrease of 25% c compared to the P-control (Fig. 5F).

Flavor evaluation of Huangjiu fermented with different
inoculated raw wheat Qu
In this study, the total higher alcohol content of the P-control
(618.2 ± 13.9 mg L−1) did not significantly (P > 0.05) differ from
that of F2014 (573.2 ± 12.4 mg L−1) and F2017 (582.8
± 14.3 mg L−1) (Fig. 6A). Except for the N-control, the lowest total
higher alcohol content of F1909 was 530.2 ± 10.5 mg L−1; how-
ever, its alcohol content (14.3% vol) was too low to be suitable
for Huangjiu fermentation. The total amino acid content of the
P-control group was 2.866 ± 0.09 (g L−1), which was significantly
(P < 0.05) higher than that of other groups (Fig. 6B). The total
bitter amino acid (His, Arg, Val, Phe, Ile, Leu and Lys) content in
the P-control was 5-, 2.64-, 6.67-, 24-, 2.64- and 2.85-fold greater
than that in the experimental groups, respectively. Such findings
indicate that raw wheat Qu inoculated with different Saccharopo-
lyspora could significantly (P < 0.05) reduce the bitterness of
mechanized Huangjiu. In addition, the total amino acid content
of the raw wheat Qu inoculated with F2014 (1.24 ± 0.06 g L−1)
was 2.69-fold that of F2017 (0.46 ± 0.03 g L−1), and could serve
as a potential substitute for wheat Qu in mechanized Huangjiu.
The total organic acid contents of F2014 (4.36 ± 0.61 g L−1),
F2017 (8.38 ± 0.65 g L−1) and F2006 (6.04 ± 0.14 g L−1) were low-
ered by 54%, 13% and 37%, respectively, compared with those of
the control (9.6 ± 0.71 g L−1) (Fig. 6C).
The total ester content (84.304 ± 4.213 mg L−1) in the P-control

group was significantly (P < 0.05) higher than that in the other six
experimental groups (Table 4). The content of ester compounds in
F2014 was the highest (65.002 ± 5.239 mg L−1), and was 0.7-fold
greater than that of the N-control. In this study, except for the pos-
itive control group, the F2014 group had the highest content of
4-vinyl guaiacol (24.995 ± 6.12 mg L−1) and its total phenol con-
tent (25.411 ± 0.029 mg L−1) was significantly (P < 0.05) higher
than that of the other five experimental groups. Compared with
F2006, F2009 and F2017, the total phenolic content of raw wheat

Qu inoculated Saccharopolyspora rosea F2014 increased by 63%,
84% and 63%, respectively.

DISCUSSION
Wheat Qu fermentation is carried out in an open work environ-
ment. Thus environmental conditions are critical in the fermen-
tation of wheat Qu and have a significant impact on the type
and number of microorganisms.24,25 Moisture is one of the
essential factors for microbial growth and is indirectly linked to
microbial enzyme production.26 In this study, the activities of
glucoamylase and amylase were found to fluctuate when the
amount of added water ranged from 15% to 30% (Fig. 1A). Evi-
dently, when 25% water was added to wheat Qu, the microor-
ganism could favorably secrete glucoamylase and amylase.
Temperature is an important environmental factor for microbial
growth. In fact, temperature affects the secretion of enzymes by
influencing the metabolism of microorganisms.27 Saccharopoly-
spora is a heat-resistant microorganism, and its dominant posi-
tion in wheat Qu is promoted by high-temperature
fermentation (45 °C). Based on previous studies, higher temper-
atures are conducive to lipid oxidation and the formation of vol-
atile compounds.28 During wheat Qu fermentation, higher
temperatures (45 °C) could provide strong environmental condi-
tions for the formation of volatile compounds.6

Saccharopolyspora belongs to the Actinobacteria, which can
produce enzymes, vitamins and cellulose degradation-
promoting factors, and is a class of safe biological resource bac-
teria.29 In this study, the glucoamylase and amylase activities of
raw wheat Qu inoculated with Saccharopolyspora rosea F2014
and F2017 were higher than those inoculated with other Sac-
charopolyspora, which indicates that the differences in microor-
ganisms are themain factors affecting the enzyme production of
wheat Qu, in addition to culture composition, moisture content
and culture temperature.30 The glucoamylase and amylase pro-
vided by Saccharopolyspora can decompose starch for Saccharo-
myces cerevisiae to grow, producing alcohol and volatile flavor
compounds during Huangjiu fermentation. Therefore, the

Table 3. ANOVA for the response surface quadratic model of amylase activity

Source Sum of squares df Mean squared F-value P-value prop > F

Model 1.23 9 0.14 47.77 < 0.0001 Significant
A – temperature 0.02 1 0.02 8.17 0.0244 *
B – fermentation time 0.00 1 0.00 1.10 0.3300
C – amount of water added 0.47 1 0.47 165.70 < 0.0001 ***
AB 0.00 1 0.00 0.22 0.6514
AC 0.00 1 0.00 0.69 0.4348
BC 0.00 1 0.00 0.53 0.4890
A2 0.15 1 0.15 51.09 0.0002 ***
B2 0.10 1 0.10 34.38 0.0006 ***
C2 0.41 1 0.41 144.56 < 0.0001 ***
Residual 0.02 7 0.00
Lack of fit 0.01 3 0.00 3.64 0.1222 Not significant
Pure error 0.01 4 0.00
Corrected total 1.25 16

*0.01 < P < 0.05;
** 0.001 < P < 0.01;
*** P < 0.001;
df, degrees of freedom.
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alcohol content of Huangjiu fermented with raw wheat Qu inoc-
ulated with Saccharopolyspora rosea F2014 and F2017 was
higher than that fermented with wheat Qu inoculated with other
Saccharopolyspora (Fig. 5C).

Wheat Qu is the key saccharifying agent for Huangjiu fermen-
tation.31 The yields of glucoamylase and amylase secreted by
different Saccharopolyspora in wheat Qu are based on the
growth characteristics of Saccharopolyspora.32 Wheat Qu

Figure 3. Response surface (3D) and corresponding contour (2D) of glucoamylase activity affected by the interaction of two factors. (A,B) Effect of the
interaction of fermentation time and temperature on glucoamylase activity. (C,D) Effect of the interaction of the amount of added water and temperature
on glucoamylase activity production. (E,F) Effect of the interaction of the amount of added water and fermentation time on glucoamylase activity.
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indirectly contributes to the production of higher alcohols dur-
ing Huangjiu fermentation by saccharify the grain starch to glu-
cose for Saccharomyces cerevisiae, which can synthesize higher
alcohols from glucose via the Harris pathway.33 From a quanti-
tative standpoint, higher alcohols are the most important

volatile compounds produced during yeast (primarily Saccha-
romyces cerevisiae) fermentation in Huangjiu.16 A moderate
amount of higher alcohol will enrich the flavour, leading to a
rounded and harmonious taste of alcoholic beverages; how-
ever, excessive amounts can cause a series of adverse

Figure 4. Response surface (3D) and corresponding contour (2D) of amylase activity affected by the interaction of two factors. (A,B) Effect of the inter-
action of fermentation time and temperature on amylase activity. (C,D) Effect of the interaction of the amount of added water and temperature on amy-
lase activity. (E,F) Effect of the interaction of the amount of the added water and fermentation time on amylase activity.
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symptoms, such as headache and nausea.34 By employing a
fish model to assess the intoxication of different higher alco-
hols in Huangjiu, phenylethanol and isoamyl alcohol were
found to have the greatest positive effect on Huangjiu intoxica-
tion.35 In this study, the content of isoamyl alcohol in F2014
and F2017 decreased by 18% and 19%, respectively, compared
with that of the control (Fig. 6A). Such findings indicate that
F2014 and F2017 can alleviate the hangover caused by higher
alcohols in Huangjiu to some extent. The total content of
higher alcohols in Huangjiu brewed with inoculated raw wheat
Qu prepared with Saccharopolyspora hirsuta F1909 was signifi-
cantly (P < 0.05) lower than that in Huangjiu brewed with

inoculated raw wheat Qu prepared with the control (589 vs.
522) (Fig. 6A); however, its ethanol content was significantly
(P < 0.05) lower than that brewed with the control (Fig. 6A).
This phenomenon is due to the low enzyme yield (Fig. 5A,B)
of inoculated raw wheat Qu prepared by F1909 and its inability
to hydrolyze enough glucose to produce ethanol for the
growth of Saccharomyces cerevisiae. Previous studies revealed
that the content of higher alcohols is highly correlated with
yeast strains and the types and addition of wheat Qu.1,36 Addi-
tionally, the high protein content in wheat Qu has been dem-
onstrated to be the main reason for the high concentration of
higher alcohols in Huangjiu fermentation.

Figure 5. Enzyme activity of wheat Qu inoculated with different Saccharopolyspora and physicochemical parameters of Huangjiu. (A) and (B) indicate
glucoamylase and amylase, respectively; (C), (D), (E) and (F) indicate the content of alcohol, reducing sugar, total acid and amino nitrogen, respectively.
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Free amino acids are not only an important nitrogen source
for microbial growth in Huangjiu fermentation, but also precur-
sors for the synthesis of flavor compounds, such as esters and
alcohols.37 The content of free amino acids (2.86 g L−1) in the
control group was significantly higher than that in other
experimental groups (Fig. 6B); this is mainly because wheat
Qu is rich in protease-producing Aspergillus oryzae and other
carboxypeptidase-producing microorganisms, which hydro-
lyze the proteins in rice into peptides and amino acids via pro-
teases and carboxypeptidases. The bitterness of mechanized
Huangjiu is stronger than that of traditional manual Huangjiu,
and the bitter amino acids, including leucine, isoleucine,
valine, histidine, arginine, phenylalanine and lysine, contribute
most of the bitter substances.15 In this study, the raw wheat Qu
inoculated with Saccharopolyspora rosea F2014 was applied to
mechanized Huangjiu fermentation to ensure sufficient nitro-
gen source for microorganisms. F2014 significantly (P < 0.05)
decreased the bitter amino acid content (1.24 g L−1) by 56%
compared with control (2.86 g L−1), thereby attenuating the
unique bitterness.
Similar to most alcoholic beverages, alcohols, esters and acids

were identified as the main aroma-active compounds in Huang-
jiu. Of note, most of these aromatic compounds are the

byproducts of yeast growth and ethanol fermentation.34 All pre-
vious studies focused on the volatile aroma components of
Huangjiu.34,38,39 In this study, significant differences were found
in the content of volatile flavor compounds in Huangjiu fermen-
ted by the raw wheat Qu inoculated with different Saccharopoly-
spora (Fig. 6D and Table 4). The total ester content (mainly ethyl
acetate and ethyl lactate) (65 mg L−1) in Huangjiu fermented
with inoculated raw wheat Qu F2014 was higher than that in
Huangjiu fermented with other inoculated raw Qu; this is mainly
because Qu provided more precursor amino acids for the syn-
thesis of esters (Fig. 6B). Guaiacol (odor intensity = 3.9) and
4-vinyl guaiacol (odor intensity = 3.4) contributed to the clove,
spicy and smoky odors, which were mainly detected in wheat
Qu, indicating that the two compounds in Huangjiu were mainly
derived from wheat Qu.1,40 The content of 4-vinyl guaiacol in
Huangjiu fermented by wheat Qu inoculated with Saccharopoly-
spora rosea F2014 was significantly higher than that in Huangjiu
fermented with other experimental Saccharopolyspora spp.,
indicating that Saccharopolyspora rosea secreted more 4-vinyl
guaiacol in wheat Qu than the other strains. Interestingly, the
content of γ-nonalactone was higher in Huangjiu fermented
with raw wheat Qu inoculated with Saccharopolyspora than
Huangjiu fermented with the control. Therefore, the inoculation

Figure 6. Flavor differences of Huangjiu fermented with raw wheat Qu inoculated with different Saccharopolyspora. (A), (B) and (C) indicate the contents
of higher alcohols, amino acids and organic acids, respectively; (D) indicates the heat map of flavor compounds.
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of wheat Qu with Saccharopolyspora could promote the produc-
tion of γ-nonalactone.

CONCLUSIONS
To the best of our knowledge, this is the first study to reveal a pro-
cess for making raw wheat Qu inoculated with Saccharopolyspora
and extend its application to Huangjiu. Based on single-factor
results, the optimal conditions for improving the enzyme activity
of inoculated wheat Qu were as follows: temperature, 45 °C; fer-
mentation time, 120 h; amount of added water, 25%; and inocula-
tion amount, 5%. Response surface optimization results showed
that with a fermentation temperature of 45 °C, fermentation time
122 h and amount of added water 26%, glucoamylase activity of
wheat Qu was 1119.53 ± 58.38 U g−1 and amylase activity was
1.39 ± 0.01; these activities increased by 27% and 40%, respec-
tively, compared with those before optimization. Overall, the
application of raw wheat Qu inoculated with Saccharopolyspora
rosea F2014 to mechanized Huangjiu fermentation significantly
(P < 0.05) decreased its bitter amino acid content (1.24 vs.
2.86 g L−1, decreased 56%) and attenuated its unique bitterness,
and thus could be used for the fermentation of mechanized
Huangjiu.
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