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Abstract: To investigate the diversity of fungal community structures in Shanxi aged vinegar under different production

RS EHA: 2024-12-26

HEEWMHE: Lm4FEALHRTAA (202202130501011)

EERINT: ARk (1983-) , %, H 4, 835, AR5 @ BB A #L A MK, E-mail: 85552913@qq.com,
*BIEEE: 4k (1979-) %, Wi, 2%, AT ) B4k AR 5 B R H A, E-mail: xunv_2004@163.com.,


https://doi.org/10.13386/j.issn1002-0306.2024120330
https://doi.org/10.13386/j.issn1002-0306.2024120330
https://doi.org/10.13386/j.issn1002-0306.2024120330
mailto:85552913@qq.com
mailto:xunv_2004@163.com

- 198 -

B Tl B

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.

Key words: Shanxi aged vinegar; production modes; fungal community
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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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Fig.4 Relative abundance of fungal genera at peak total
microbial colony count during alcohol fermentation
under traditional manual and modern mechanical
production modes across different seasons
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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
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D-2  922.05+18.746  928.33+18.986  8.54+0.089 0.99+0.045
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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% ]



%40 12 BOK, AR ORI BEUMZE T TG E PRRTR AR A e Y R SR R R RO LT - 203 -

( 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
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