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modes and seasons, high-throughput sequencing technology was employed in this study to detect the fungal diversity in
samples collected during the peak periods of microbial colony counts in both alcohol fermentation and acetic acid
fermentation processes. These samples represented traditional manual production and modern mechanical production modes
across different seasons. The results showed that 41 and 45 fungal genera were detected in alcohol fermentation mash
(Jiulao) samples at peak total microbial colony count under traditional manual and modern mechanical production modes.
Based on the average relative abundance of fungal genera across four seasons, the dominant fungal genera under traditional
manual production mode were Saccharomyces (21.36%), Aspergillus (11.76%), Thermoascus (5.16%), and Kazachstania
(2.89%). In contrast, the dominant fungal genera under modern mechanical mode were Aspergillus (29.88%), Candida
(25.43%), Saccharomyces (6.68%), Kazachstania (3.81%), and Mortierella (2.26%). During acetic acid fermentation,
fermentation grains (Cupei) samples from traditional manual and modern mechanical production modes at peak total
microbial colony count were found to contain 55 and 70 fungal genera, respectively. The dominant fungal genera under
traditional manual mode were Kazachstania (2.41%), Aspergillus (2.58%), Filobasidium (3.75%), Saccharomyces (7.59%),
Alternaria (14.98%) and Cladosporium (18.09%). In contrast, the dominant fungal genera under modern mechanical mode
were Candida (2.65%), Aspergillus (4.33%), Cladosporium (9.69%) and Alternaria (15.80%). The fungal community
structures of Jiulao and Cupei showed significant differences across different seasons. Moreover, the diversity and
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community structure of fungi exhibited distinct differences under different production modes.
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Table 1 Alpha-diversity analysis of fungal communities at peak

total microbial colony count during alcohol fermentation stage

in Shanxi aged vinegar under two production modes
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3.07%) FIDUAL A BE & ( Tetracladium, 2.20%) . 47
BUARA R A P SR g T T AR AR, ) 3222
JEM R E WA RS (Kazachstania, 15.23%) . #5444
7% J& ( Mortierella, 8.38%) Fl ] % J& ( Aspergillus,
2.52%).
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2025 4F 6 A

H R LU 7Y DR 22 A Ml SR FH 04 1 TP G 2 I T
AN 22 2 A5 i R W T Sk TR TR 45 it , IR 282 pHLL
VAR AR TS W IR S PN TR A, LU PE AR . AT 2
IR EE AR 25 R, W 2R S

BRIk, SR ARAIE L P 22 R TR A R P e Al
PR REA = A RIPE R SRR PR, AT A RN R
R T2 RERRTIR] . Faoe PRER IR, TT R AELR Wi,
B ReIRES R R S T e UL AR T
23 AMEFE TERERABMEYREZT S B ESIE
HEEZHM

i 2.1.2 AT, ZEAREIAE 2R R, AR [R) AR 7= 2
1T ISR v AR A A T R B v WA T R T
T2 A WS 4 d, 7EN TRE ZKF B, XFPiFh A= -
TS i A TR Al = 0 BT 7 R 50 me vey WA P U ) I e AR o
AT ZREM T
2.3.1 HEFEBE o-ZFEME B3 2 AT, X7 L Fp
A PR A TR 22 T o v W T T S S PRV a2
eV, 150 T TAR B R 1 ACE #5401 Chaol
FEE A ME S B 551.48 F1 539.54, i FACH LA AR
N E A Y ACE F5E0FN Chaol F8EI(E 55N
556.11 F1 545.10, BEEHEACHLAR A y= 1 0 BE iR &
V7 e e DA T s DR PV 50 = B A s AR e T A
EL B AE Y% 1Y Shannon F5 %X /Simpson 5 %X A ¥ {H N
14.62, T B AL HL AR 20 B #F % B9 Shannon 4§
%5/Simpson F8ELIIIE Ny 13.83, BiHML ST 1A
55 2 1 S R R I i v DR S T BRI B s AP 2R A
PR

2 IVE R IRES PR AR R R R AR ) TR T B R
e ELRT I a- ZREE ST
Table 2  Alpha-diversity analysis of fungal communities at peak
total microbial colony count during acetic acid fermentation
stage in Shanxi aged vinegar under two production modes

oy H a2 R
" ACEF8#L Chaolf8%%  Shannoni§%{ Simpsonf§%(

A-1 258.56+9.134  379.00+10.245  2.73+0.023 0.134+0.021
A-2 247.74+9.234  372.23+£10.458  2.69+0.039 0.14+0.034
B-1 224.3249.345 222.274+9.234 2.70+0.045 0.1140.047
B-2 267.31+£9.268 292.75+9.367 2.97+0.078 0.15+£0.036
C-1 715.15+15.789  639.24+14.267  3.86+0.045 0.8040.026
C-2 787.37+£16.896  587.08+13.278 7.59+0.056 0.99+0.057
D-1 1007.87+20.982 917.63+£18.896  7.93+0.064 0.98+0.054
D-2  922.05+18.746  928.33+18.986  8.54+0.089 0.99+0.045

2.3.2 PARP AR AR BER A IR W B T e B
S ECTEBEST ] TR AR A

2.3.2.1 PFPAE RS S R Ak TR W TR T SR
B E IO LR o dT il 5 s, XA
W25 19 LU P 2 BRES AL 52 F T . BARPLARIE T
oA R U W) TR Vs B e e WA ARSI, ¢ DY
AT AR A PR T TR AR SR B ST, T
1 2 T i v WA TR s SR 2RI 3] 6 S ELRA ] F2EPE

["J(Ascomycota, 68.39%) . FHF &[] (Basidiomycota,
22.11%) . 41 (Chytridiomycota, 0.17%) . B¢ {155
I3( Mortierellomycota, 1.12%) . EBEI] (Mucoromy-
cota, 0.23 %) FI# 2% J(Rozellomycota, 0.25%),
7 4€ 5 ] ( Ascomycota) Fll 8 F B ] ( Basidio-
mycota) JEER & B B BRI E ], BT
PP WSR2 B, AR Y LU VY B TS R A I R
FH#EH ] (Ascomycota) FIFH-F B[] (Basidiomycota)
Y Sk 0 BB 1T, A v AH X SR BE 4 S A 99.5% F
34.6%, AWFFTLEHR 5 ZH1U.

A-1 A2 B-l B2 C1 C2 D-1 D2

BAscomycota
BMucoromycota BRozellomycota & Unclassified

BBasidiomycota 8 Chytridiomycota Mortierellomycota
® Others (<0.5%)

K5 ARFEZESEGET T U A BN A A
Wy v S B e WA LRI DA o
Fig.5 Relative abundance of fungal phyla at peak total
microbial colony count during acetic acid fermentation
under traditional manual and modern mechanical
production modes across different seasons

TEAR ST T FNEACH U A r AR B EEAE b,
FH#EH ] (Ascomycota) FIFH-F B ] (Basidiomycota)
RFGAT], R A AR B Sy
SR 74.64% . 62.15%, FAF BT JHE 35 19~V S AE X
FREAIIN 14.99% . 29.23%., RS FHEERE WFIT A& BN,
RFMESEAPHUEGHRIVE T2 6 DRI X AOES) IS
Mig K Pt BRI T 1380 T2 T T (Ascomycota) Fl
57 B '] (Basidiomycota) , 2 A0 X 3£ B 43 51 Sl
89.60% . 7.49%, AWFFTLE R 2 F bl

FERZ, RAGSEF T A AR B G 32 A
B 44 EW T, 435 8 7 F2 W ] ( Ascomycota,
74.87%) . FH T[] (Basidiomycota, 11.31%) . 4% &
I"J(Chytridiomycota, 0.01%) . #7155 ] (Mortierello-
mycota, 0.28% ) ; K FHIACH LA A= P =Xl 22k
mE] 2 A~FEE], 403 F 2 ] (Ascomycota,
34.10%) . AT J(Basidiomycota, 64.87%) .

X ZE, SR FHWIRNAS [A] A 7 A5 2K s 2 40 100 1)
4B, P LR E T TR T TR T
11, FHER AL ST T AIEM S U A P = s i~
PRI S BE 53R 68.93% ., 86.03%; AT B [ 1 1EAL
Ge T AN AU A P15 2 s 7 S A X =2 B2 45 51)
“h 18.91%. 9.01%.

TERKZE, SRS T A =i TR, SR A 5
S AHEEE], B FE2EEE T (Ascomycota, 80.25%) .
#H F B '] ( Basidiomycota, 16.40%) . #% #1 5% ]
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( Mortierellomycota, 0.10%) . “E % '] ( Mucoromy-
cota, 0.19%) F1# 25 B | ] (Rozellomycota, 0.03%); K
FHBRACH LA A 7 A 2B Iy 2 2R 2 6 A~ ELEE 1T,
5359k F 25 7] (Ascomycota, 57.56%) . HF B[]
(Basidiomycota, 25.81%) . 4z k[ ] (Chytridiomycota,
0.12%) . ?ﬂi?@%rj(Monierellomycota, 1.01%). B%FE
"] (Mucoromycota, 1.63%) Fl1 % 25 ] (Rozellomy-
cota, 0.14%)

TEAZR, SR PP AR P B UG s Y A 1) 5 9>
FLEE ], H AT T 74881 (Ascomycota ) Fll
FHF 1] (Basidiomycota) . F#EH [ ] (Ascomycota)
AL G T T AN A - S A T S A X =E B
533 74.50% . 70.91%; H-T 5 ] (Basidiomycota)
AL GE T T AR U A P Al R P I AR XS =2 3 55
oA 13.32%. 16.23%.

PO 275 PR A 2R AL = Ak A ) R 9 B e
Pl P SRR 1 2 3856 1] (Ascomycota) I
FHT ] (Basidiomycota) , F:H 1 F 254 ] (Ascomy-
cota) 5 ZEXF I PLEY, AR =75 i P Ah A 7 1 =15
B ] (Ascomycota) FSEI AR XF A7 7E 22 7, Hirp
H 2R B o 77.48%, HIR 47 |
EEMEDT, MR ST B AN R 2= s
MIDE AR T TR 45 R UE g, o F 52 54 1)
(Ascomycota) J& FZ LI E 17T, HAHXT B2 =1
FIMRARTIZRA T &5 HF FF, Wik
PEABL T JORE . T2 AR I 25
2.3.2.2 PARP A ST IR A IR A 0 TR T B
e @ KO I B R R o il 6 B, 7EAR
[RIZ=1, WA A= A I IR K I A ) TR 7 S B e e
U FE AR S ARG I 2] 69 A~ EL PR, ARYE DU 1Y

1007 3

£ & z " =

80 r

60 r

40

AAXSEE (%)

20 &

-1 A2 B-1 B2 C1 C2 D-1 D=2

> b

@ Achroceratosphaeria B Alternaria O Amanita O Archaeorhizomyces

8.1 8 Aureobasidium @ Borryorrichum Candida

B Cla S Chloridium Cladosporium [ Clonostachys

B Clir mcC B Conie oc ine

B Cry, B Didymella Dioszegia B Epicoccum

 Filo B Fusarium Gibellulopsis 8 Geminibasidium

® G B Hannaella 0 Humicola O Kazachstania

B Zept Microascus B Monascus B Mortier

B4 =] Z B Nig

& Oidi Papiliorrema 7 Pithoascus

& Phaeoacremonium 2 Phi

B Plona Plectosphaerella % Rhizop B Russula

& Saccharomyces itozyma Sarocladiu

# Seyralidi ' - Il Schi:
Talaromyces @ Thermoascus ¥ Tomentella

& 5 Trichosporon =T 5 Vis )

Others (<0.5%)

Xeromyces

Unclassified
K6 ARFEFAEGT T SACHUAE B R A
W% S B o VA L TR T AR X 2
Fig.6 Relative abundance of fungal genera at peak total
microbial colony count during acetic acid fermentation
under traditional manual and modern mechanical
production modes across different seasons

P AL P AR R R AR R B g T, PR
J& 2 A, Sr i AR AR (Alternaria, 15.39% ) FIEHE
J& (Cladosporium, 13.89%) . B¥FE5PY WFgERM, 1L
7Y BR EE ES BR & I Y B, 5 e A U D ith 25 s

(Uspergilus) , ST LER G ZAFAE—E 255, WA
FREE R 58718 (Cladosporium ) #H[F] . Nie %52 1
FE R B, LUV 2 RIS S R R B i B, BRI B S
(Saccharomycopsis) . 55 4& )& (Alternaria) %My
BT E . ISR XA R 21 AR LA B IE T,
WF5E K B0, BRI L) 8 (Saccharomyces) | BEMS LS
(Alternaria) F1l 55 @ (Aspergillus ) J= /5 HL4a X E
HbAS ) LB

SR P A A A T R A I AU A A TR 7 S K
T T W P A o L TR A S AN BB i M
—EMZES . AFE T T A7 B =NEE B AR 5 E 2R
M 55 A~ ELE S, $2 P02 19 RS 19 A X
EE gt Hh UL JE S v R o i R B S
(Kazachstania, 2.41%) . &R (Aspergillus,2.58%) .
2k B MY B JE ( Filobasidium, 3.75%) . R 1% £ &
( Saccharomyces, 7.59%) . HE ¥ U J& ( Alternaria,
14.98%) Fl A% #1J& ( Cladosporium, 18.09%) , T ¥4
OV BIESE K B0, AE L P R RES AR g T2, R
A~ PR & I o R 0y UL SR8 O R R s
(Saccharomyces) . K& 10 )R (Alternaria) FE 1R
(Cladosporium), A5 LSR5 R 5 Z AHIEL. BRARAL
B A RS EE IS AR & R ZE AR R 70 S EEE, =20
A E PR RS, A iR A
R 22 W18 (Candida, 2.65%) . W25 )@ (Aspergillus,
4.33%) . #if)E (Cladosporium, 9.69% ) FHEHS )&
(Alternaria, 15.80%) .

TEFRZ, R ML ST 1. 1T L B 22 22K 0 2]
25 4> HB JE , H b U0 A 1R S R 1 LR
(Saccharomyces) . Bifl)& (Cladosporium) . FESFH
J& (Alternaria) . RN BB (Filobasidium ) M1 2 &
(Aspergillus) , #8 X% F= B 43 5l 24.91%. 17.55%.
15.44%. 3.55% Fil 2.76%; >R I CH U T 2wt 2
K 2] 23 A~ EL B &, PRI B R S S A SR
( Alternaria) . B 22 W%+ J& ( Candida) . ¥ #1 J&
( Cladosporium) . 15 #% #1 J& (Scytalidium) . K55S
( Trichoderma) AN AN £ J& ( Hannaella) , #8%} 3=
B2 43 5N 36.90%. 6.40%. 4.54%. 4.24%. 3.01%
1 2.94%.

TEE Z=, SRS TF 1T T 2 ESm I 3] 20 4~
W E, P OL T 8 S B L8 ( Cladosporium,
22.73%) . BEMSH)E (Alternaria, 11.46%) . BRI iR
J& (Saccharomyces, 3.34%) . £k 22 ¥y & J& ( Filoba-
sidium, 3.16%) Fl1 i 52 )J& (Aspergillus, 2.62%) ; &k H
EACH U T2 BRI 21 26 A~ ELp &, HoAh s
B E MBS (Cladosporium, 31.57%) . #EA& 1)@
(Alternaria, 20.72%) . 175 )& (Aspergillus, 9.63%) .
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BRI 12 B )& (Saccharomyces, 3.66% ) Fl Wallemia J&
(3.53%) o AHELF AT, B Z=pAGE: 09 th &S 4H
Xop=E AR, M IRE SR W HR G 3 R LA I S
A T B S AR X = B 2 e T A Y

FERKZ, R AL S8 F 1 1 2 ES s 32 2K I 31
40 EEE, AR E NS 8 (Alternaria,
31.64%) . ¥iftlJ& (Cladosporium, 30.83%) . £k B4}
W& (Filobasidium, 7.69% ) FIERP I FLJE (Saccharo-
myces, 2.11%) ; K IR T 22 BT 5= 2240 00 2]
41 DEEE, P ORI JE RS HLE (Alternaria,
3.73%) . %58 (Aspergillus, 3.26%) FIE 221 F )&
(Candida, 2.54%)

TEACZE, SR AL G F T T 2B s 2 2K 00 2]
29 NEEE, Hrp Ot R E e Y s R R
( Kazachstania, 9.62%) . 1 #2 B J& ( Archaeorhizo-
myces, 4.73%) . M %:)&E (Aspergillus, 3.03%) F1# L
B JE (Mortierella, 2.44% ) ; R FHEUCH UM T 2 BET7
FETRIE] 31 AR, ORI E S AR R
(Archaeorhizomyces, 4.73%) . %% J& ( Aspergillus,
3.94% ) MG % e rH R (Kazachstania, 3.85%) o

LUy P 22 R B i P o B R FH T T B G A AN S
X i TR A AR, TR A IR A ) TR 7 R
EEEHR L IR 45 °C, J8 T EniR B iR & BE T2, ik
S PG e A E ES A i A S =N YN (TE S S e S TR e ]
TS PE AN BT i XUBR . W BRI 2 45
R Fl—A RN, AR 2= ST AR S b R
WEHRAFAREER, CEFTTLEF, &F.
BORKE B @ RS L, JE R R B R
(Saccharomyces) . ¥ifl)J& (Cladosporium) . 5551
J& (Alternaria) . ZREB¥yH R (Filobasidium ) M )&
(Aspergillus) o FACHIIRAR T, BK . 2L LR
PRI PRI SRR . AR S B L [ A S A =X i T
KR ZR /), BT EI5T, AITAT TR IR B i 5
BRI — e BRI E M . BACHLARAS 5 AN Tk
KA, HR T 32 3 R B iA 22 0 M H AT RS LR
JIRR, 25 5 i B EHES AN 5] | WA 2 . YRk ok &
H, BERESETY 28 SR ARG HEUR O BUAESE
S, Rtk R I Al . BIEEAILAAEA g . R
TR [ AR I K PRI 1) T T M BT 1 6 DoY) vy e s i)
RS, ST IR | BRI . SRR AR, ARk B
ARSI AL T 1] o
3 g
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P/ T A I 1R Bt P AN [R] A 7 455 ARl A
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FLPA BRI T 0T, a5 R, AR A AR 22 R
Wi A 7 B A Z AR R NG A W] AN [R], [R]— 2 A =X
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TORAR RS . hEEE . sEtssi)E | aoihd)E . w8
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ZEI IR B B A EAH LR o BEABSTR A HERT B,
LGB T TR AR E IR R w2
BARRL, BT E AR | SRS TER L £
R R A AR, B A UM U EAS [R) 25 L
R FIAMUNERS N, PR A R o8 i
R ATISBARL . ASWFTORE: S ERBEERS A7 |
AWEIR A TR RERE Al A . R AR R 2 ROE S
TELRAGIN | BT3B S R SRR B TT %0
Fypelb Ay g R s S 3

© The Author(s) 2025. This is an Open Access article
distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

S 3Lk

(1] #FR, L FHR s >4 S RRPORES £ &
— AL ® A B E A [J]. Bk K& R, 2020(1): 187-199.

[ HUANG X D, XU Y X. Exploration and practice of productive
protection of intangible cultural heritage: A case study of Donghu
vinegar garden in Shanxi[J]. North West Ethno-national Studies
North West Ethno-national Study, 2020(1): 187—-199. ]
(2] FRmes, &2, KEH, F. KT H@ T HHM L &L
BHRABIETAABETOREAEN]. BRI AR,
2024, 45(17): 147-154. [ XING X Y, MENG W K, ZHANG H Y,
et al. Bacterial community analysis of Shanxi aged vinegar during
the fermentation by high-throughput sequencing[J]. Science and
Technology of Food Industry, 2024, 45(17): 147-154. |
[3] Hejwsd, X, AW, . L B2 RE K b LG L LEH
B % A A7 (1], F B & & 4 4R, 2021,21(10): 206-214.

[ CHEN X F, LIU D T, WANG J L, et al. Analysis of fungal com-
munity structure and diversity in Daqu from Shanxi aged
vinegar[J]. Journal of Chinese Institute of Food Science and Tech-
nology, 2021, 21(10): 206—214. ]
(4] 3085 K R ARG AW AT R BE K o Ao B8 A2 P WA
#A4E (D). & F:oh BRI K F, 2021, [ GUO H P. Metabolic
regulation of vinegar Daqu and brewing process by combined brew-
ing of excellent strains[D]. Jinzhong: Shanxi Agricultural Universi-
ty, 2021. ]
[5] RRE. L% KB A DA R v X 4 845 5 A i
EZ WA D], & b @R K, 2019. [ZHANG T Z. The
brewing mechanism by microorganisms of Shanxi aged vinegar and
the difference of fingerprints in Chinese four famous vinegar[D].
Jinzhong: Shanxi Agricultural University, 2019. ]
[6] XA, rhveds, Rk, F HARBAMR A FRAEDH
BAAREAERA X AR ALK D] & & AT, 2023,44(17):
225-234. [LIUJ X, YE X T, YU Y J, et al. Microbial communi-
ties and their interaction in traditional vinegar fermentation process: A
review [J]. Food Science, 2023, 44(17): 225-234. ]
[7] 58, REAT, R4 L B2 ReE 5 F 8t is L0 T2
AR [J]. ¥ BA s, 2016,41(5): 103-106. [ CAOJY, SONG C
X, ZHAO H N. Liquid-Solid acetic acid fermentation new technolo-
gy of Shanxi mature vinegar[J]. China Condiment, 2016, 41(5):
103-106. |


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

40t 12 B K, S AR TG RS TORS ARSI A T R W R SRR R BT R RO EE T - 205 -

(8] M, k&, ¥mi, ¥ TUMEASRABXEALLE].
A 4 TiEA2,2017, 15(3): 42-52. [ XIE H, ZHANG L, CAO S
Y, et al. Advance of industrialized solid-state fermentators[J]. Chi-
nese Journal of Bioprocess Engineering, 2017, 15(3): 42—52. ]
[9] RERK. B AL B L0 2ETRIURAT]. iz A%k E
£ 3%,1999(1): 16-18. [ ZHAO Y M. The whole process of solid-
state fermentation vinegar production is mechanized[J]. Jiangsu
Condiment and Subsidiary Food, 1999(1): 16—18. ]
[10] Ra% ARMREHE T LSS RERBREI]. +
B 3% ,2003(5): 1-4. [ ZHAO D A. Improvement of vinegar
quality by the combination of modern science and technology with
traditional technology [J]. China Brewing, 2003(5): 1-4. |
[11]) AR, B, Wik, 5. RREGE T L xhlh &4 ek 218
WA B k4 FHHall]l ¥ E B, 2024,43(6): 128-132.
[ LANG F F, XIA Y Y, SHEN J, et al. Effects of different brewing
techniques on the contents of ACEtoin and ligustrazine in Shanxi
aged vinegar[J]. China Brewing, 2024, 43(6): 128—132. ]
[12] FPRAREFEERIAREZET 4. GB4789.2-2022 &
T A M AT A RN [S]. AL B ARt RAL, 2022,
[ National Health Commission of the People's Republic of China.
GB 4789.2-2022 Microbiological examination of food-Determina-
tion of total bacterial count[S]. Beijing: Standards Press of China,
2022. ]
[ 13 ] HRUTA S, UENO S, EGAWA I, et al. Succession of bacteri-
al and fungal communities during a traditional pot fermentation of
rice vinegar assessed by PCR-mediated denaturing gradient gel elec-
trophoresis [J]. Int J Food Microbiol, 2006, 109(1-2): 79—-87.
[14] LIMBERIS J D, NALYVAYKO A, ERNST J D, et al. A
simple, single-tube overlapping amplicon-targeted Illumina sequenc-
ing assay[J]. PLoS One, 2023, 18(9): e0288687.
[15] HUANG T, LU Z M, PENG M Y, et al. Combined effects of
fermentation starters and environmental factors on the microbial
community assembly and flavor formation of Zhenjiang aromatic
vinegar[J]. Food Research International, 2022, 152: 110900.
[16 ] HU B, ZHOU M, SU J, et al. Study of fungal communities in
dry red wine fermentation in Linfen appellation, Shanxi[J]. Fermen-
tation, 2022, 8(10): 475.
[17] FRIR, f M, 7%, 5. B ZNF 5 R K EEEE £ >
B A B AN T[T, R & AF,2020,41(24): 78-86.
[LIRY,LUHM, QIN X, et al. High-throughput sequencing study
on changes in microbial community structure in different production
stages of Chishui sun-dried vinegar[J]. Food Science, 2020, 41(24):
78-86. ]
[18] HUANGY Y,LIANG Z C, LIN X Z, et al. Fungal commu-
nity diversity and fermentation characteristics in regional varieties of
traditional fermentation starters for Hongqu glutinous rice wine[J].
Food Research International, 2021, 141: 110146.
[19] kAR, BiEie, £F, % wl mEs B A X B 42 b 20 A
FTHARBELA MG S TAMET]. 2% T A3, 2022,
43(9):131-138. [ ZHANG G R, FENG J Y, CAI J, et al. Dynamic
changes of physicochemical properties and fungal community struc-
ture during solid-state fermentation of Sichuan sun vinegar[J]. Sci-
ence and Technology of Food Industry, 2022, 43(9): 131-138. ]
[20] PENG Q, ZHANG L L, HUANG J J, et al. Environmental

factors affecting the diversity and composition of environmental mi-
croorganisms in the Shaoxing rice wine producing areal[J]. Foods,
2023, 12(19).

[21] #p#h, 445, 30, 5. A T 5B N 5L B % G Egfebr
A= B 0B M AL B A B B LW R AR AT A D] b B AR, 2024,
43(4):109-114. [ YANG L, PENG J W, GUO X K, et al. Fungal
flora of fermented grains of Shanxi aged vinegar and Huairen vine-
gar in early alcohol fermentation based on high-throughput sequenc-
ing[J]. China Brewing, 2024, 43(4): 109-114. ]

[22] . & BUABEL & B ELE A R 5 5 BT R
[D]. XK &: K R ¥ T X%, 2022. [ KOU R. Study on microbial
source tracking and seasonal succession of Shanxi mature vinegar
with liquid-solid fermentation craft[D]. Taiyuan: Taiyuan Universi-
ty of Technology, 2022. ]

(23] &80 Z AR BB A DB LR SRR IAFIEM A
5 [D]. KR: KJR¥ T K3,2019. [ LI M. Succession charac-
teristics of microbiota and characteristic microbes in vinegar brew-
ing during summer and winter[D]. Taiyuan: Taiyuan University of
Technology, 2019. ]

[24] fe=2r, BRI, @R, F. L B IREER B A2 £ M BF
&AM AEFE KL T R % T LA, 2022,43(24):
171-179. [ FAN S H, XUE H G, BAI B Q, et al. Dynamicanalysis
of microbial community and selection of different genera during fer-
mentation of Shanxi vinegar[J]. Science and Technology of Food
Industry, 2022, 43(24): 171-179. ]

[25] BT, #1J0 DNA %38 0 53 A 57 d A e s 42
A S AM[D]. KR LK F,2019. [ CUIN B. Analysis of
fungal diversity in vinegar brewing with raw materials by DNA
high-throughput  sequencing[D].
2019. ]

[26] &, Fbmegt, sk dm, 5. LK TREE R B A2 F LA A B
MBS AW (T]. B A%, 2023,42(6): 103—-108. [ ZHU D,
SUN X Q, ZHANG H R, et al. Structure and diversity of fungal
community structure in Shanxi aged vinegar during fermentation
process [J]. China Brewing, 2023, 42(6): 103—108. ]

(27 ] vhweds. R B 594U A B Kok 2 AL i ) T
BRI a9 AR XA A (D], Hr. LA R, 2023, [YEXT.
Study on the differences in flavor and quality of Zhenjiang aromatic

Taiyuan: Shanxi  University,

vinegar in different seasons and their correlation with the succession
of microbial flora[D]. Zhenjiang: Jiangsu University of Science and
Technology, 2023. ]

[28] B EK. MRBh A BT A2 o Mook dh AR A B 547
[D]. X &: L& X4, 2023. [ XUE H G. Changes of flavoring sub-
stances and microbial community in fermentation of vinegar[D].
Taiyuan: Shanxi University, 2023. ]

[29] NIE Z Q,ZHENG Y, DU HF, et al. Dynamics and diversity
of microbial community succession in traditional fermentation of
Shanxi aged vinegar[J]. Food Microbiol, 2015, 47: 62—68.

[30] EAH LEHEREALLE L LR P AT R
B Ak 1A a9 ZAEAT 5L [D]. & P L @Rk k#2021, [ WANG C
M. Changes of flora and the interaction between excellent strains in
the traditional fermentation process of Shanxi aged vinegar[D].

Jinzhong: Shanxi Agricultural University, 2021. ]


https://doi.org/10.3969/j.issn.1672-3678.2017.03.008
https://doi.org/10.3969/j.issn.1672-3678.2017.03.008
https://doi.org/10.3969/j.issn.1672-3678.2017.03.008
https://doi.org/10.1016/j.ijfoodmicro.2006.01.015
https://doi.org/10.1371/journal.pone.0288687
https://doi.org/10.1016/j.foodres.2021.110900
https://doi.org/10.3390/fermentation8100475
https://doi.org/10.3390/fermentation8100475
https://doi.org/10.7506/spkx1002-6630-20191022-228
https://doi.org/10.7506/spkx1002-6630-20191022-228
https://doi.org/10.1016/j.fm.2014.11.006

	1 材料与方法
	1.1 材料与仪器
	1.2 实验方法
	1.2.1 样品采集方法及老陈醋酒精和醋酸发酵菌落总数最高峰天数确定
	1.2.2 Illumina Miseq高通量测序

	1.3 数据处理

	2 结果与分析
	2.1 两种生产模式下发酵过程微生物菌落总数的动态变化
	2.1.1 两种生产模式下酒精发酵微生物菌落总数的动态变化
	2.1.2 两种生产模式下醋酸发酵微生物菌落总数的动态变化

	2.2 两种生产模式下酒精发酵微生物菌落总数最高峰真菌多样性
	2.2.1 真菌群落α-多样性
	2.2.2 两种生产模式下酒精发酵微生物菌落总数最高峰真菌群落门、属水平上的相对丰度
	2.2.2.1 两种生产模式下酒精发酵微生物菌落总数最高峰门水平的真菌群落分析
	2.2.2.2 两种生产模式下酒精发酵微生物菌落总数最高峰属水平的真菌群落分析


	2.3 两种生产模式下醋酸发酵微生物菌落总数最高峰真菌多样性
	2.3.1 真菌群落α-多样性
	2.3.2 两种生产模式下醋酸发酵微生物菌落总数最高峰真菌群落门、属水平上的相对丰度
	2.3.2.1 两种生产模式下醋酸发酵微生物菌落总数最高峰门水平的真菌群落分析
	2.3.2.2 两种生产模式下醋酸发酵微生物菌落总数最高峰属水平的真菌群落分析



	3 结论
	参考文献

