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Table 2 Screening of primers for A. flavus in Huangjiu brewing

HEVE 2 A5 (57-3") ¥ A Lk
Ao-F GTCGTCCCCTCTCCGG ITS [21]
Ao-R CTGGAAAAAGATTGATTTGCG ITS
AR2-F ATCATTACCGAGTGTAGGGTTCCT ITS [22]
AR-R GCCGAAGCAACTAAGGTACAGTAAA ITS

B=Tub-F TCTTCATGGTTGGCTTCGCT B=Tublin [23]

B-Tub-R CTTGGGTCGAACATCTGCT B-Tublin
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Changes of physicochemical indexes of Huangjiu brewing
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Fig.3 Melting curve and standard curve of A. flavus
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Fig4 Changes of A. flavus biomass

during Huangjiu brewing
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Table 3  Effects of ethanol on the growth of A. flavus SU-16
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Time/h
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1 ins: P>0.05; *.P<0.05;%% . P<0.01 ;%% P<0.001 ; **+% . P<0.0001 .
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Fig.5 Effects of ethanol contents on the growth of A. flavus SU-16
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SU-16 WA K AA REREm, KOs h=
5%vol I}, PHE RN E] T T Ik

B KOG AFPIN A I ot A AT o BT
WF9E Aspergillus hennebergii B 73 W5 ik 38 25 1 | 45
R OB 5 >8%vol B, XF Aspergillus hen-
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53 R [ B R B SU-16 X LR 19 it 52 K T
8 o/, X LRI 52 F¢ T 2~4 o/L Z[H]
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5 7% TR 805 410 ) R TP % 5 T 4 A5 A 1) )
A A0 AR K Leon 2555 T K W] ¥k B 2,
i FFL IR X B R (S ), 45 AR B R A
X LR A it 32 e B4 41.6 mmol/L (2 2.498 ¢/
L), %} LR 1 52 e R 357.7 mmol/L (% 32.222 g/

F4 BHNEBRXNEMHE SU-16 £KHFM
Table 4 Effects of organic acid on the growth of A. flavus SU-16
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Fig.6 Effects of organic acid on the growth of A. flavus SU-16
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RS 5% T R G 1 BF 1) 7L IR I 32 ML, 25 5% R
UPLR R E N 40 /L B, RS0 2] TR
P B 1) 7 2 BE AR R PR U B 2 2 X DA PR 1 B
FAE R T AL
24 EERBEEMEHSE SU-16 £ KHF G

B & P L R b 2 ok (] B RO R TR
PEAE—E R AR, SR PR R 5% A I [a] R4
3 % 14 77 PRI 8 A T i A SU-16 A K
WY SE I W& 7 Fros  FERE LS R 25 1T 24~36 h
it SU-16 A=) s s 3 n | 2 J5 2218
S, T AE ) B RS TR AT 36~48 h B 1
B R TR 7 A KA TR 22, A2 ) e DR 3 o R okt
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Fig.7 Effect of oxygen supply on biomass
of A. flavus SU-16
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FH, EW R RS R DRI Y R HAT
BARAKE | B A Hm 5 b i e g ik B2 R T
o 38 U s W AR AR R A2 B ARRUE
Y R 1 5 T () Q0 B % T A) ST R
BN, Wi A K TR ] 114 A2 T R R s ) %o
PIRhARRS 2 BE 2 AR ) T qPCR s Y1 14 44
X AN Z LR s, Fe, A KR
¥ A A I PR 3 A A DG R I ST IR BH T X
R, TG 00 RN 2 ik PR A Y A
SR = B S A e A SR A AR W] B 25 S
P, & T o045 v 2k 0 1 B 5 S B O 5 A=
A KB B, ST R 5 M P F B A & e i
R E M A AL . DR (S B A SR A A —
JE I BB

T A & I R] BRGE E DL KR A (L
MATHLER ) X8 M2 SU-16 WA KRR 5T , 45
TR 2% U B PG & A A vl [ O AR T DA s AR gt
SU-16 M KAEA TR, LB FLIR N L R ¥ % 3
e SU-16 AR A, Hrh LR 3%vol , 3L
TR N 2 /L, LA TR N 2 of L I BV i g 3 | 282
IR sZm T T EME22A K AR
6 — T3 2 e A 20 5 23 ) 1 o ok A
J380 7 138 98 AR T | A M AE T B
R ERT [B] () HE K | 2 BRI AT LR AN TR 8RR 1 il

AWt 2z e 1A R el 2 SU-16 XF T & BE Y Tid
ZReTIN S%vol, TEKTE 48 h, £ BEE ik F
11.24% + 0.74%vol, M 2, 1% & & i 25 ih &
SU-16 [T 3Z BE 71, T LA ZE 9 8 FF 4 AN T T F 5 3%
& SU-16 X LR 1 i 32 fE J1>8 o/, Xf LBRIH)
i 57 68 J1 T 2~4 /L, 0 e 3k i rp PR 5 ke
PR 3G N 5 S0 BN B, & RS A Ik )
(5.57 +0.20)g/L, &R 5T 5 M fa e, 1
120 h B 45 55 35 2 (0.56 + 0.02)g/L, [ I 15 % 1%
T CEERS FEME S ERKNER, 2
TR R 555 i %o 24 i B A R R 9 AL AT A R
— BT, DA AT 4 R N O T A T RS U
PP R T, R T A W A G
WFE HA RS R S

& £ x #

[1] B Sl. BO He b A 2 i 2k W eV 4 Al K 0 g 3

FE MR B AR BT AT[D]. . YLK
2%, 2016.
XUE J B. Microbial community in Chinese rice wine
inoculated raw wheat Qu and analysis of enzyme
and flavor produced by isolated microbes[D]. Wuxi:
Jiangnan University, 2016.

2] WKW, TSR, WKL BOOREAL B RO ). AR
R, 2003(3): 39-40.

HU Z M, DING M Z, XIE G F. Selection of sac-
charifying strains of yellow rice wine[J]. Liquor—-mak-
ing Science & Technology, 2003(3): 39-40.

[3] #ER. AARBME ~# kS I5-16 Tk
XFEG[I] BRPERLE, 2004(6): 39-42.

DU S L. Performance contrast of Japan Aspergillus
flavus No.l strain and Su-16 strain|J]. Liquor—-mak-
ing Science & Technology, 2004(6): 39-42.

[4] BN, AR, WSO, S ASIE B 224k P
T VR BE LU A S IR T R BEME BEOESE]. TP IR
B2, 2020, 20(1): 101-108.
DENG J C, GUO W L, ZHOU W B, et al. Com-
parison of enzymes production of different types of
filamentous fungi and studies on the fermentation
characteristics of mixed cultures based on glutinous
rice[J]. Journal of Chinese Institute of Food Science
and Technology, 2020, 20(1). 101-108.

[5] LIU S P, HU J, XU Y Z, et al. Combined use of



224 T

HB R BRI AT W

£

E=3

A K697 h 157

[10]

[11]

[13]

single molecule real-time DNA sequencing technolo-
gy and culture —dependent methods to analyze the
functional microorganisms in inoculated raw wheat
Qu [J]. 2020, 132:
109062.

LIU S P, CHEN Q L, ZOU H J, et al. A metage-

nomic analysis of the relationship between microor-

Food Research International,

ganisms and flavor development in Shaoxing mecha-
nized Huangjiu fermentation mashes[J]. International
Journal of Food Microbiology, 2019, 303. 9-18.
TR, XM, 9SOt B PCR £ AR £ £ PR
W R T &S Tk B, 2020, 42(7): 1-13.
DING B Q, LIU S N. Application of real —time
quantitative PCR technology in food rapid detection
[J].  Science of Food
2020, 42(7): 1-13.

BEpE, AL, s, . YOBE R PCR ME W N
W A5 WO A v 7 R R R B A (). BE
i, 2014, 41(4). 786-792.

LU H, DU H, XU Y, et al. The Application of
real-time PCR for quantity TDMTDL producing mi-

and  Technology Industry,

cobes in liquor brewing process[J]. Microbiology Chi-
na, 2014, 41(4). 786-792.

CHEN B, WU Q, XU Y. Filamentous fungal diver-
sity and community structure associated with the
solid
liquor[J]. International Journal of Food Microbiology,
2014, 179. 80-84.

CHEN C, LIU Y, TIAN H, et al. Metagenomic
analysis reveals the impact of JIUYAO microbial di-

state fermentation of Chinese Maotai —flavor

versity on fermentation and the volatile profile of

Shaoxing —jiu [J]. Food Microbiology, 2020, 86:
103326.

LIU Z, WANG Z, SUN J, et al. The dynamics of
volatile compounds and their correlation with the
microbial succession during the traditional solid—state
fermentation of Gutian Hong Qu glutinous rice wine
[J]. Food Microbiology, 2020, 86: 103347.

GAO X Q, KOLOMIETS M V. Host—derived lipids
and oxylipins are crucial signals in modulating my-
cotoxin production by fungil[J]. Toxin Reviews, 2009,
28(2/3): 79-88.

FOUNTAIN J C, SCULLY B T, NI X Z,

Environmental influences on maize-Aspergillus flavus

et al.

interactions and aflatoxin production|[J]. Frontiers in

Microbiology, 2014, 5(40): 1-21.

[14]

[15]

[17]

(18]

[19]

[20]

(21]

VINAYAVEKHIN N, KONGCHAI W, PIAPUKIEW
J, et al. Aspergillus niger upregulated glycerolipid
metabolism and ethanol utilization pathway under
ethanol stress[J]. Microbiology Open, 2020, 9(1):
€00948.

CASEY H, SEDLAK M, NANCY W Y H, et al.
Effect of acetic acid and pH on the cofermentation
of glucose and xylose to ethanol by a genetically
engineered strain of Saccharomyces cerevisiae [J].
FEMS Yeast Research, 2010, 4(10): 385-393.
THM, BmAl, KER, % S\ LR BN &
AR IR R, T EEREE , 2006(9) @ 56-59.
MAO Q Z, LU R G, CHEN B L, et al. Study on
fermented mash of rice wine on inhibition to mold
[J]. China Brewing, 2006(9): 56-59.

JEAEDK, SR, XIRCE A BT BEREAE B A
W o AR rh o Y A R A AT). BRI R HE, 2020
(10): 30-37.

ZHOU J B, ZHANG Y Q, LIU S P, et al. Differ-
ential analysis of aromatic alcohol production perfor-
mance of Huangjiu yeasts during fermentation [J].
Liquor —-making Science & Technology, 2020 (10):
30-37.

[ 5 117 3 W A R o T T S o A A PR B 2
B . GB 13662-2018[S]. dbmt. v [EAx i ik A4t
2018: 1-28.

State Administration of Market Supervision and Ad-
ministration China National Standardization Adminis-
tration. Huangjiu: GB 13662-2018|S]. Beijing: Chi-
na Standards Press, 2018. 1-28.

THEG, BEEE, KWH. 3,5- 6B KA R
SE R BT Z M ()] AR, 2020(4): 216-
222.

WANG M R, HOU Y X, ZHANG Y D. Determi-
nation
broth by 3,5-dinitrosalicylic acid method[]J]. Modern
Food, 2020(4): 216-222.

Afg, BRAESY, FH, . ITS M B-HUE & P
J7 5 % it A T I R L TD). AR I R A A
2011(4): 353-357.

ZHU M, GENG J J, WANG M, et al. Application
of ITS and B-tubulin in fungal identification[]J]. Chi-
2011 (4):

of polysaccharide content in fermentation

nese Journal of Laboratory Medicine,
353-357.

WRZE. 6 7 7L 130 TR o e v o R R 4 DL R
B 5 B R A AR R BESE D). . YLF R,



158 Al 2022 55 7
2014. growth inhibitory factors of Monascus in the brewing
CHEN B. Filamentous fungal community structure process of Hongqu rice wine[J]. Journal of Chinese
and interaction between filamentous fungi and yeast Institute of Food Science and Technology, 2019, 19
associated with Chinese Maotai—flavor liquor fermen- (10): 143-149.
tation[D]. Wuxi: Jiangnan University, 2014. [29] HUkoOL, TR ¥ A O m R BT M A 0 o B &

[22] MIDEROS S X, WINDHAM G L, WILLIAMS W Aspergillus hennebergii T 5y W Wrid 25 F]. &5 54
P, et al. Aspergillus flavus biomass in maize esti- YE AR EH, 2015, 34(8): 814-821.
mated by quantitative real —time polymerase chain HUANG Y G, XU Y. Isolation of Aspergillus from
reaction is strongly correlated with aflatoxin concen- Jiangxiang liquor fermentation environment and en-
tration[J]. Plant Disease, 2009, 93(11). 1163- zyme secretion stress conditions of Aspergillus hen-
1170. nebergii[J]. Journal of Food Science and Biotechnol-

[23] MITEMA A, OKOTH S, RAFUDEEN M S. The ogy, 2015, 34(8). 814-821.
development of a qPCR assay to measure Aspergillus [30] NAVARRO-TAPIA E, QUEROL A, PEREZ-TOR-
flavus biomass in maize and the use of a biocontrol RADO R. Membrane fluidification by ethanol stress
strategy to limit aflatoxin production [J]. Toxins, activates unfolded protein response in yeasts[J]. Mi-
2019, 11(3): 179-196. crob Biotechnol, 2018, 11(3): 465-475.

[24] BUSTIN S A, BENES V, GARSON J A, et al [31] MA L, FU L, HU Z, et al. Modulation of fatty
The MIQE guidelines: Minimum information for acid composition of Aspergillus oryzae in response to
publication of quantitative real —time PCR experi- ethanol stress[J]. Microorganisms, 2019, 7(6): 158-
ments[J]. Clinical Chemistry, 2009, 55(4): 611-622. 171.

[25] EEsc, B, XIBCE. T MY R DNA #2 [32] LIU Q, WANG L, HU J, et al. Main organic acids
BTk LD & S A R 4, 2018, 37 in rice wine and beer determined by capillary elec-
(2): 217-223. trophoresis with indirect UV detection using 2, 4-
XUE J B, MAO J, LIU S P. Comparison of total dihydroxybenzoic acid as chromophore[J]. Food Ana-
microbial DNA extraction methods of wheat QulJ]. lytical Methods, 2017, 10(1): 111-117.

Journal of Food Science and Biotechnology, 2018, [33] BRUL S, COOTE P. Preservative agents in foods.
37(2): 217-223. Mode of action and microbial resistance mechanisms

[26] kA, XUBF, 4BEH, . B A R b i [J]. Int J Food Microbiol, 1999, 50(1/2). 1-17.
WU B K B R A A AL B R Tk B, 2018, [34] LEON P A M, SERNA C C A, QUINTERO Y E
39(14): 94-102. A, et al. Inhibitory activity of lactic and acetic acid
ZHANG C, LIU S P, ZOU H J, et al. Microbes on Aspergillus flavus growth for food preservation[J].
isolated from Chinese rice wine and functions on Food Control, 2012, 24(1/2). 177-183.
flavor compounds in special culture medium[J]. Sci- [35] XBAm. 1 R A 2R b Rk DA AR Y 2L R I A2 ML) i
ence and Technology of Food Industry, 2018, 39 Hr[D]. o8 . VLm K%, 2020.

(14). 94-102. DENG N. Analysis of lactic acid tolerance mecha-

[27] BRFHI, XUBF, REHERG, S5, 41 24U B0 Kk nism of yeasts group in Baijiu fermentation system
iR AR AR AR ()] A RRE, 2018, 39(14). [D], Wuxi: Jiangnan University, 2020.

221-228. [36] BOKULICH N A, OHTA M, Lee M, et al. Indige-
CHEN Q L, LIU S P, TANG Y F, et al. Changes nous bacteria and fungi drive traditional kimoto sake
in flavor components during fermentation process of fermentations[J]. Applied and Environment Microbiol-
mechanically produced Shaoxing rice wine[J]. Food ogy, 2014, 80(17): 5522-5529.

Science, 2018, 39(14). 221-228. [37] 2 FE, TfE, mFEH, . TPAR RS R b RO R

(28] ZEHLBL, JIRMEER, XGGMS, S5, Z0 iy mh s o A 5 AL R AP R A3 BT()]. & i SRR AR

el g K B R R b E A A 2,
2019, 19(10). 143-149.
CAlI Q Q, ZHOU K X, LIU Z B, et al. Studies on

2016, 35(3): 303-309.
MU R, MAO J, MENG X Y, et al. Analysis of

fungi diversity and volatile flavor compounds in Chi-



2% T W A TR B A K on 159

nese rice wine fermentation process[J]. Journal of [39] LI S Z, DENG Y, WANG Z J, et al. Exploring

Food Science and Biotechnology, 2016, 35 (3): the accuracy of amplicon—based internal transcribed
303-309. spacer markers for a fungal community[J]. Molecular
[38] ZOU W, ZHAO C Q, LUO H B. Diversity and Ecology Resources, 2020, 20(1): 170-184.
function of microbial community in Chinese strong— [40] QUINCE C, WALKER A W, SIMPSON J T, et al.
flavor baijiu ecosystem: A review[J]. Frontier of Mi- Shotgun metagenomics, from sampling to analysis[]].
crobiology, 2018, 9. 671-693. Nature Biotechnology, 2017, 35(9). 833-844.

Effect of Huangjiu Brewing Environment on the Growth of Aspergillus flavus

Wang Xiaozhuang'?, Liu Shuangping'?*, Sun Hailong'?, Han Xiao'?, Mao Jian'**, Ying Weimao®
('National Engineering Laboratory for Cereal Fermentation Technology, Wuxi 214122, Jiangsu
“School of Biotechnology, Jiangnan University, Wuxi 214122, Jiangsu
ISchool of Food Science and Technology, Jiangnan University, Wuxi 214122, Jiangsu
“National Engineering Research Center for Huangjiu, Shaoxing 312000, Zhejiang)

Abstract Objective: In order to learn the dynamic changes of A. flavus in Huangjiu brewing and explore the stress
conditions of fermentation environment on A. flavus. Methods: The gqPCR method was used to quantify the number of A.
flavus in Huangjiu brewing. The growth of A. flavus SU-16 in different brewing environment (intermittent oxygenation,
ethanol and acids) were studied by plate culture and Huangjiu simulated medium culture. Results: The qPCR results
showed that the number of A. flavus increased first and then decreased during the brewing process, and increased from
10*' CFU/g to 10°¥ CFU/g in 0-48 h, then began to fluctuate or decrease, and decreased to 10* CFU/g at the end of
brewing. The growth of A. flavus SU-16 was not significantly inhibited by the method of intermittent oxygenation of
Huangjiu brewing, but when the ethanol was 3%vol or lactic acid 2 g/ or acetic acid 2 g/L, the growth of A. flavus
SU-16 was significantly inhibited. Conclusion: Through qPCR quantitative analysis, a new dynamic change rule of A.
flavus in the process of Huangjiu brewing was found, and the study on the its growth stress is helpful to further under-
stand the change trend of A. flavus in the brewing process. This study can provide some guidance for the precise regu-
lation of Huangjiu brewing, and has significance for the study of other microbes.

Keywords real-time quantitative PCR; Aspergillus flavus; dynamic change; brewing environment; growth impact



