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BetaZ2 Bk 04 2, 6 2 W0 T T 45 0% T2 ) B TR A 7 1 35 05 57 (P<0.05) . DVAL DTALI I L 34 A0 B o 2 B (AT X 32 1 >1%)
Y5355 50 Jy FLAT 1 J& ( Lactobacillus) | Fr ¥k # J& ( Pediococcus) % ; 7 % 761 ¥ £ J& ( Saccharomycopsis) 17 % ¥} J& (Issatchenkia) . 45
I3tk B% 1) J8 ( Hanseniaspora) %5 , Mo | Lactobacillus , Saccharomycopsis¥) DV AL DT B b S ¥4 40 % = 58 fo w85 10 40 1 Jd [ LT s
(32.3% .42.4%;11.3% .58.9% ) . 5 DTHLIF f5 FE & A0 o, DV AL B FE 5 4 40 5 I8 Lactobacillus . Pediococcus X . 1 J& Saccharomy-
copsis . Issatchenkia . Hanseniaspora®§ SF- Y A%t = B 4541, 25 T 2R P 0 0 43 MF (LDA ) {8 K J5 22 43 Hr 45 51, 7 4TS 1 22 S5 i S 38 T RE N
Saccharomycopsis  Issatchenkia(LDA{E >4.0, P<<0.01),
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Analysis of microbial community structure during the fermentation process of
Dacha fermented grains of light-flavor Baijiu

WANG Xiaoyong
(Shanxi Xinghuacun Fenjiu Distillery Co., Ltd., Lviiang 032205, China)

Abstract: Using Dacha fermented grains from light-flavor (Qingxiangxing) Baijiu as the research object, the fermented grains without propidium monoazide
(PMA) treatment as the control group (DT group), and the fermented grains with PMA treatment as the experimental group (DV group), the microbial
community structure of fermented grains during fermentation process was systematically analyzed by amplicon sequencing technology, and the differ-
ential bacterial communities in different fermented grains were analyzed by the linear discriminant analysis effect size (LEfSe). Alpha diversity analy-
sis indicated that when the fermented grains was fermented for 7 d, the diversity and uniform distribution of viable bacteria and fungi in the fermented
grains of DV group were both relatively low. Beta diversity analysis indicated that there were significant differences between the total microbial flora
and the viable microbial flora (P<<0.05). The dominant bacterial and fungal genera (relative abundance > 1%) in the fermented grains of the DV and DT
group were Lactobacillus, Pediococcus, etc. and Saccharomycopsis, Issatchenkia, Hanseniaspora etc., respectively, among which Lactobacillus and
Saccharomycopsis were the bacterial and fungal genera with the highest average relative abundance in the fermented grains of the DV and DT group
(32.3%, 42.4%; 11.3%, 58.9%). Compared with the fermented grains samples of DT group, the average relative abundance of bacterial genera Lac-
tobacillus, Pediococcus and fungal genera Saccharomycopsis, Issatchenkia, Hanseniaspora, etc. in the fermented grains samples of DT group was
lower. Based on the linear discriminant analysis (LDA) values and variance analysis results, the differential microbial community of the two groups of
fermented grains were Saccharomycopsis and Issatchenkia (LDA value>4.0, P<<0.01).

Key words: light-flavor Baijiu; Dacha fermented grains; propidium monoazide; amplicon sequencing; active microorganism
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WA TR A S T RE B, A 2 T BB AR 2 AR
J A ] T XU L S R AT, R R A R
V5 B9 B 9 2 BRI T R A% BB 4% R (deoxyribonucleic

75 B H#9:2024-11-21 &5 B #§ :2025-01-30

acid, DNA ) [ iy 38 525 7 AR {2 By T30 1 X 43 Kk T A
S5 PR AN M A S 20 AR A S A R 2R S Y L5
Wik B B W HAZ R Tl i = A A R (U A
SRILE W 90.1%~1.0% ) S FE BB 22 e Skl R B
fiE i 3 MW A% R (ribonucleic acid , RNA ) 2113 1 My fiE L {2
HITH I RNA Z) R A |52 2% H 00190 S LA v B S5 1)

HEETB . (1G4 7T T2 (202403021221008 ) 5 L1 PG K 24 75 46 R 2% Be FF i 3 4 100 H (XCSXU-KF-202317)
EZ A FIHEH (1982-), | g TRV, i+ 0F 58 07 1) g R i TR,
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B A AL TN £E (propidium monoazide ,PMA )1 4 &1 3
FUT 6 R PEDNA SR , o] 55 HL A 240 Jf f52 37 2o 14 1 3
WA IDNAZE AT S R 45 G o B2 T It PMAC #12
L FH T e B B P s PR R R AR R P A
W98 8 AL PMA YIS LS HCS 51 W RE 1 F H#PMA-
CELL-ZE it & A Bl 5% 7\ Vi (quantitative polymerase chain
reaction,qPCR){K & , LB 1 B4y i 3 (Saccharomyces cere-
visiae){if B 1 =5 R BRI (10° CFU/MmL) , HoE |45 RS
(R TR €= e L AN a2 NP R T S
i UAEPMAAR BZE A LD b 1 I o 7 v LT TR
J& (Lactobacillus) i) sh 2538 A8 | AR XF 22 B8 M & B2 v 301 19
25.7%BR Tt 2 KIS W 68.5% 48R T IS WS T2
SR RBEALHIT, LIU D TAES7E [ 25 4 19 4% 5 PMA-
16S rDNA 5 5 PMA-qPCR , ANYSEHL T 14 1 L IR 1 R
FE i (KB 102 CFU/g) , 3 % B 53 DR 7 38 1ok 378 42 L 1R
ABGHE (Idh) 3Rk | o 52 A8 % (P<<0.05) . H AT, 5 U0
T PP I v 0% 2B ARV A5 A S A A S 41

ZWEFE LAK MhIE 75 28U 0 IO G A E IR 4 A
23 B A IRAL TN BE (PMA ) AL BE A 15 R % R4 (DT4H), LA
Ze 1 PMAAL HR T Ry SE B0 240 (DVAL ) , SR A 36 7 77 4
ARG AT I 2 T ol R v fC2E R 2 1, O3 o R
H1 5911 43 B 2% K /)N (linear discriminant analysis effect size,
LEfSe) %A [ali 15 vh 22 S B EA 7 0 A o LU S IE R AL A
T R T ok T o 0% B A D 0 ) TR LR xR ot e 7 784
PP P 5 & WAL A A AL, A R o o 4 T S A A5 s = 9
1 B 5FE
1.1 ## 5 K A

T5 A Y PO O 1L PS4 Wy FH T A AL AT BRI T
BRI EE (PMA) : B /RAEMBHEA R A E  EE
Ml K (W30 U/mg) : L5 3R 38 E R B4 PR A 7] ;Premix Ex
Taq™% '8 B PCRIAF & . AW TR (K& ) AR
14 R 2% wh £5 %5 T (phosphate buffer saline ,PBS) ; & % i#F
FeA BB A R AT,

12 RELES

BL-2200HHL, T 7047 K-« By HE[E PR 51 55 (L) AT BR 2>
] 55804 = AR IR 25 O AL A ] AN 7] ; New Brunswick™
S41i1H IR PR 7 4% K « 2% ENew Brunswick Scientific/\ 7] ;PL-
PMAGARAY . b 538 bk 2 BB A BR 23 7] s NanoDrop 2000
T FEER R R B A BR 2 7 ; CFX Connect™ %%
JE5E HPCRAX ; 3¢ [EBio-Rad 2 7
1.3 7k
1.3.1 PMA T 1k ik %l %

TR T, B 1 mg PMAJINA 98 wLJG B X 7% /K
(ddH,O) ¥ i OF 58 43 IR A, 15 120 mmol/L i PMAfif £7
VW, RO PRAFTE-20 CHAF T K PMAfift 77 W BE 104
JE13EIPMA T AW .

1.3.2 7 B FE & T 4L 2 X DNAFR B

Xof VG % R AT HORE | HORE B[] 44399 0 .3 d 7 d 11 d
15d.21.d .24 d.28 d, 5> HUFE ][] 2R 52 100 @ 26 175 5% ¢
ATCH B A4S 62,5 gl G & il A 10 mL 1 mol/L PBS
e (pH 7.4) , A 5~ 8KL B BE BR | I8 e PR 7% 20 ~
30 min/ii , B 2K, SR FHPBS 2% v ik il £ B 25% A TS it
BRI VLA 2 i PMA TR AL B )74 15 A 27 980 % B 4H (DT
) B I T BT 12 000 r/min £ 7F K #5005 min, W5
PR SR 7S e it = W R 0% (cetyltrimethylammonium
bromide method, CTAB ) % $& Bt 3& [H 411 ) DL 2833 PMA it
A B F) T T B U RO S 4 (DVAL) | 1] 1 mLIR 25% 4 1%
IR INASO pmol/LEIPMA TAER, = I T 15 E ,5 min
J& , ¥ B PL-PMA Y fif AU K 465 nm , T 6 A {0 H B e
JE S5 min'? | Z 5 F12 000 r/min £ 8 F #5005 min, 14 H
1 R FHCTABIL 2 BUP 5 2L P 4, IE AR ic DV,
1.3.3 qPCRY #¢

W T AL TR b o S E AT 1045 B B s R 1085 R 47
qPCRY" 34, qPCRY 1414 & (20 wL) > : SYBR® Premix Ex
Taqg TM 10 pL, 1E S [7] 51 91450.4 wL , DNARE T L, A7
7K (ddH,0)8.2 pL, 4l qPCRY /5y 94 CHIAE 10 s
94 CAEMES 5,58 CiB k155,72 CLHEM15 s, 40N E I,
72 CCHHAEAHS min, B FqPCRY BEFE Ty .94 CHIAEE10 s
94 CAEMES 8,56 CIB k155,72 CHEA15 s, 45D IEE
72 CHLEAR S min, H A S A0 LS B 1 5197 5 5 %
SCHR[1318EF T80T,
1.3.4 ¥ 35l 7

H 2 2L PMA Kb BJS 45 21 (905 5% BE A% (DV L) Fi X 18
FEAS (DTHL) (I DNAFEATY 1 10T, 20 B I s T oot
S A W R Vs 2R SR A, @ 51 515F
(5'-GTGCCAGCMGCCGCGGTAA-3") 1 806R (5-GGAC-
TACHVGGGTWTCTA AT-3")4" 1 4 % 16S rRNAJE [ V4
w28 X, A 5 MITTS1F (5-CTTGGTCATTTAGAGGAA-
GTAA-3")FIITS2R (5-GCTGGTTCTTCATCGATGC-3")¥"
14 H B N B 5 [A] B X (internal transcribed spacer,ITS)
PCRY" 34 45 14 : 95 CHIAE M3 min; 95 ‘CAE 130 5,55 °Cil k
30s,72 ‘CHEAH145 s, F27AE A 5 72 CCHELEAHS min™, DNA
glifk J5 7 NovaSeq 60003l )37 °F- 5 #4798 I )7 53 #7 .
X lllumina NovaSeq il ¥ 3 2] (1) T #HL 54 2F 17 BF $2 A1 5
T EAT A R U8 DL AR R A R S T AT RO i
FHQUIME2 1 (14 432 2 2 B3k X 3 -7 ¥ 51 2% 1 (amplicon
sequence variation, ASV)#E174325 | {# [l feature-classifierfi
4 iy classify-sklearn 1 (9 A 3 D107 5326 2% 5 16S IRNA
$£ M Green 13.8 %54 J& 1 BB ITS UNITE 8.0% 5 % i 17
JF51) He X A SE
1.3.5 St 441

8 HISPSS 21.03: 47 546 b 143 Hr , i 3k B 2807 25
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1T (analysis of variance, ANOVA) #1748 11 Hu 3, P<<0.05%%
I BA Gt 5 S, R FOrigin 2021 SIMCA 14.02: 4],
2HERESNH
2.1 PMAL 247 G i Be R BE i A2 P I A D A BF S AR AT
2.1.1 PMAX 7T 5 78 BE K B 4 42 4% 4 4 H #F Alpha %
B A
X ZE PMA L B (%19 155 4 5 (DV L) ook 22 PMA KL 3
() X B 5 A & (DTAL) HEAT 9 3 7, 4% B 5y | 2%
M PERE i ARG RIS 739 64655 41 1H 16S tDNA F Bt
A ECFFI 2 766 046 2% HL I ITS1 rDNA A BE A 50F 41
PMA A B R o 10 1% & I 3k R v 40 PR S L P Alpha 22 R 14 43
Bres R w221, Chaol#550nT LA Wi Ak Wy eI 1 E &
AR RAC TP = B Ry, 322 R AR IR h A v
FEZ AR JU LI 6 56 A W R A R I A Sk #5088 Shannon
AU B E D RV 0 AR L R AR R BRI Th i
) ZREPE L BV R AR 2 BB 5]

F1 BRRURELENFBER KRBT E T HEKERHH#Apha
EREMEY
Table 1 Alpha diversity index of bacterial and fungal communities of
fermented grains during fermentation process before and
after treatment with propidium monoazide

B Ei| %Chaol Ei| %Sl}?nnon E%Qhaol E%Sl}gnnon
Eig 1 Eig i 8% Eig i
DTO 376.5+55.8 3.7+0.1 87.3£3.9 3.7+£0.3
DVO 304.5+37.0 3.6+0.1 143.7+32.9* 4.2+0.7
DT3 845.0+73.1 6.5+£0.9 116.9+37.3 5.1£0.7
DV3 735.6+39.2 5.0+£0.3%* 106.5+22.0 3.8+0.7
DT7 833.7+81.2 6.0+0.2 101.0+16.3 4.9+0.6
DV7 519.0+78.8%* 4.3+0.8%* 95.9+21.3 3.9+0.1%*
DT11 445.7+88.4 5.9+0.4 135.5+20.3 4.6+0.1
DVI11 316.1+26.3 5.3+£0.6 115.0+9.4 4.1+0.1
DT15 271.3+£12.8 4.6+0.1 96.1+6.4 4.2+0.4
DVI15 333.5+28.4 5.2+0.1 138.1+18.0 4.6+0.3
DT21 378.5+48.1 5.2+0.3 207.7+9.1 5.4+0.5
DV21 290.5+45.7 4.6+0.6 138.0+46.9 4.8+0.0
DT24 326.1+19.0 4.9+0.3 105.9+10.3 4.1+0.3
DV24 381.6+£56.6 5.5+0.3 105.0+13.2 4.4+0.2
DT28 395.7+37.7 5.5+0.4 221.9+33.8 4.8+0.1
DV28 272.7+54.0 3.9+0.2 162.4+14.5% 5.020.1

W RIR SDTHEARLLM L, [/ — B 7] S DV AR 41 25 5+ 0 3% (P<
0.05) ; “**” /R 2 W B3 (P<0.01)

FH R VAT AR I A ik A2 P, DT DV A T 155 40 e A
7% Chao 138 ZU M Shannon#8 £ 48 1k #4 #5441 81 , Chao1 48 £+

FEW I & BESE 3RS 52 B TR s il A RS 11 R 36
TR R TS EZ GG TRE ., £ KBT dif,DV4
P9 55 Chaol 45 £ii i 35 FEAIK (P<<0.01) , 3% B 760 15 % 1 5
TR TG P4 P B R R AR 7R 2H Shannon 8 £ 35 76 14 15
KEEFEIRE 2 E T, DT 4L i Shannon 48 U 7E & ¥

BISKE T REES 258 THUE . DV Shannond
BOTE R W3R TG ta TA2 e o PR AR 21 4 17 Shannond
e R W3R MG TR 26 Sl 835 (P<<0.01) , iX — &5 21
PR K B 3R RN ER TR A T DT , DVALIE s
1% A TV AR 3 A S S VA X T BRI 0 &
DTZH {74 % Chaol 45 %k e i 72 rh 8 K & T 3, DV
Chao l 5 £ 7E > A e 72 h R AR UE o A 828 di, AH 3L
FDTLIE: , DVALE; Chao 1 35 50 i & F# % (P<<0.05) , %
AR TP 185 T 55 28 K, I P L I I 35 R L R AR 2 T
Shannond§ $U7F BN & et f vh B0 B R 8 s AR AR 4
TP B HC A Shannonth $U7E & B2 25 7K 25 7+ .35 (P<<0.05) , 31X
— L5 SRR AR & WSS TR M T DTAL R , DVALIH
it R I LR RV 2 FEVE RN 3 A 1 ) 0k W 3R R S A TR
% ZREE A FE , B BF Y% Chao 45 50UF1 Shannon $8 BUAAIG
HAEW s A W7 dBs, AR A0 T R S
2.1.2 PMASL 32 3 5 5 B K B% A2 o £ I H A B9 Beta %
G

FAAR T (principal coordinate analysis,PCoA ) J&—Ff
Z BRSO, E B TR R AR Z 8] (AR AL P B 22
St Adonisks 56 T DA A [] B[] 25 REAR 8] 22 53 i 2 09
PMA &b i Ji 15 T iz T ook R v 40 B8 S TR 1) =6 A8 A o BT
R ILEN

a

© DTO
02 S = DTI1
o g, P ~ DTI5
. 0 1 i oVr3 DT7.3 s (] DT21
30 - = D124
EN e = DT28
A oAy o [ D13
— " ol s s B DT7
= Py oy = DVO
< -0.1 pa e | 2] DVI1
o) : D‘%@‘ orha =/ DV15
S o s = DV21
-0.2 Rk = DV24
W o = DV28
|t . [ Bw
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Fig. 1 Principal coordinate analysis results of bacteria (a) and fungi
(b) of fermented grains during fermentation process before
and after treatment with propidium monoazide
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il 1an] %1, DV DT 4 &% iy PCoA 1l & 3 43 &5 (ff
FE381.72%) , 3 WIPMA Tl b 38X 174 15 248 T 3 9% 1) 2 1 A
S3 AR BT B 3 S (P<<0.05) , &Z 0 dit , DTS5 DV AL i i
HASREES, RUVG AL EA — 35 AR s
REHEAT | WAE A 2H 41 1R 95 25 103 0 e A 25 5 s R I3~
7 disE, LA AR A3 AL FF I J ST 1) SR 2 DX 5 & P21 di
R 2R AR (1) 3 B R B 3k B e K, L ARV s & e o (28 d)
WA [ —Aub BEH A AN T3] S I DR 10 5 A AR 1T PCo A 2%l
B AR EL T K R [RDGREVE 25 R B s VR . el BT 1D
AT, DV 2T 5 R 5 R AR A A2 DT 28 104 5% F o SR SE 7E
A0, PHREAS L I SR 2 e e 2 S M T A R B T S I
L) — b B ZH P ) A i & T ] SEE 4 Y PCo A2 47 HIL
X 45 R R W S A W TR S T TR W TR R AT L
2 (P<0.05),

2.2 PMAZ 2] 5 B Ba K BE A2 P i A A T BE LR
22.1 PMASL 32 3 J7 78 B K B% 1 A2 o 40 T A 41 R

X AE 6 = B HE 24 10 1000 T A= W &8 i A7 o3 B, HoAb )
Fil hg others , ¥ A XF 3 B > 1.0% 1 & 8@ & X A3 H & .
I T JE K- PMAKD P 1 S 06 I 2 e 1o A5 v 200 B I 5 45 4
L2, 1 EI2RT %D, PMA AL AT 5 T 5 RE S b 344 v JE
H FLAF H J8 (Lactobacillus) . Fy 3k #i J& ( Pediococcus) . Tt
16, ¥ 14 J& (Achromobacter) . 2 i1 #1 #i J& (Bacillus) . 8 1
I i J& (Weissella) . 4 Bk 1 J& (Streptococcus) | % % BR i
J& (Staphylococcus) . ¥ ¥T I J& ( Bacteroides) . 1 £ Tk 1% )&
(Leuconostoc) . K ¥ 1% -5 %1 1% J& ( Escherichia-Shigella) ,
I 2an] S, AEDTLH I B RE 5, Lactobacillus i AH XT3 J&
TERTEO~T dFa e , K AT 211 di, AR = B2 ML 20.13%
TR 1 2 64.13% , J7E K BELS AR B WA (75.90%) , K& T
15~24 d, LactobacillusiP) A1 %} = BEMEE T [ (HIEAR T2
TE K W28 d45 I 4 64.65% ; Pediococcus AR %t =F BE bifi 5
KA T AN B TF 78 &7 din ik ) 5 KAE (11.81%) , Bl
R AT S 3 T Bk & BE0~7 dit, Staphylococcus
AERT = BETE 4%~ 6% U N I 311, & 7 ~24 diFt, Staphylo-
coccusHIAHXT F BE AW [, {H & 1§ 228 dif, Staphylococ
cusHiX F= B | Tl 2£9.22% ; BacteroidesTr & 10 dAR X 4 B
NT7.60%, i % K BESEAT , AR X F B RR ek PR AR, 2= R B
S i), R G 2 B R = 1%L ; Weissella 5 Bacteroides
AR Ak S AR RN, AE & T 0 AE T S B AR R (3.79% ), Bl &
P2 B 2E AT AR S BEAN BT FEAEG . o (5120 0] 1, 7E DV AL P
Kb, R B0~ 15 di, Lactobacillusi A8 %t == BE S N, &
TS dBs AT X2 BE B i (71.1%) , iX — B 3 S DTHLA B
AR T DT 4L B A &, Lactobacillus () # % =F i 18 & B
15~28 A [] N B el B 450, A T 28 I [ 2217.02% 5
Pediococcus 1 #1 %F = B [7] £ 78 & BE 7 dBY ik 3 e =
(11.79%) , K BT dZ Ja X 32 B2 R BEOF TR, Bk %
28 dif [ A% 22 1.99% ; Staphylococcus!i A %t =F B 7 % 23 d

B35 B e (H (4.77%) , K E3 A2 Ja AR 4 B R B OR i 1
F4 58 ; Bacteroides . Weissellat4] 75 7 W #] 1 A0 X 32 ¥ 5% &
(53511 498.02% 3.58% ) , bifi & & I 1) i AT, AH G 35 BEAS W
REAIR , Weissella ) AH xT = B 16 & 9% J5 1 B %£1.87% , Bac-
teroidestr & I P 5 WA A I 2], 7F PHALEEA | Lactoba-
cillusTEDT L FHIDV 2H 04 15 A i v 7 240 XoF = B2 44 O d5c i
I BT I (42.4% .32.3%) . (H 5 DT B A 5 A 1L, DV
2l Lactobacillus , Pediococcus . Staphylococcus F- 34 A % =F &
AR, SRR FEDVAL B R A P B0 1 40 iU DNA Y 22
%, T T v G0 A= 0 %) 2 BRI TR T 1 AR = B R A AR Ak T
Pt B A AR T T AR IDNA Y 51 169 A7 A8 38 25 1 30 TR P A A
TR A 50

a
100 others
i Escherichia-Shigella
80 - Streptococcus
* 1 Leuconostoc
{3:1»( 60 Bacillus
h R Weissella
jé 40 Achromobacter
4 Bacteroides
i Staphylococcus
20 iphy.
i B Pediococcus
0 B Lactobacillus
S AN N RN
QT QT Q& Q« Q& Q& Q&
b
100 others
Escherichia-Shigella
80 1 Streptococcus
N Leuconostoc
43::»( 60 1 Bacillus
B Weissella
j—é 40 A Achromobacter
Bacteroides
_ Staphylococcus
20
B Pediococcus
0 B Lactobacillus

L O 4(\ 4\\ 4\6 4’\/\ Qq/b‘ Qq‘/h

AR SR VR I DS

B2 EFEAFERRANFELERN (). 5 (b)ERLABTERAR
BMESEN
Fig. 2 Bacterial community structure of fermented grains during
fermentation process before (a) and after (b) treatment
with propidium monoazide based on genus level

22.2 PMASL 32 3 J5 78 B K B% 1T A2 o 30 WA AL R

FEF I 7K PMA A 38 i 19 1 & 1 oo i v L O R
25 R WL 3, B 3RT T PMA AL B AT I T I A B R AR
PELTH R A T8 A% R R (Saccharomycopsis) | 1t 5% B+
J& (Issatchenkia) 77 717} b % 1} J& (Hanseniaspora) . i %5
W)@ (Aspergillus) . F [ 3an] Al 7EDTALF B &, & T
0~7 di} , Saccharomycopsis ) # %t 4= B M 38.93% I T+ &
82.13% ; & 27 ~24 ditl , Saccharomycopsis/it A %} = Ji #
R R R HA K WSS RN, Saccharomycopsisi) A Xt =F B
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7] Ft % 78.4% ; Hanseniaspora , Pichia f) #1578 4 1 #)
B BEAR (53931 29.0.16% 0.29% ) ; K ¥ 2 11 ditf , Hansenias-
porakfi X = [ 14 1IN %28.39% , 1] PichiaTe % 24 dif % %
BEIR B B (3.05%) , K IS B, FLAR XS == B 73 il B I 22
1.37%F111.10%., FH EI3b AT A1, & W] 4 5], Saccharomycopsis |
Aspergillus , Cladosporium , Pichiaff %} 3 #5724 & 0~
11 d A}, Saccharomycopsis ., Aspergillus . Issatchenkia . Hanse
niaspora , Cladosporium ¥ A8 Xt == B B AL, 2 & BE15 AR,
Saccharomycopsis | Issatchenkia , Hanseniaspora , Cladosporium
A AR X 2 5 B T AR 2 B 50 531 9 16.39% . 7.04% . 4.09%
17.77% ; % W%15~28 di | Issatchenkia . Wickerhamomyces
S5 LT R AR B B R B B X S L R 1 R AR
BT WY TR W O R AR WA TE e e AR TR A AR TS TR
B AT R0 Bl . Saccharomycopsis DT DV i 44 1
RS = 2 B 25 14 PR 3BT S (58.9% . 11.3% ) , 15 DT 417G s A
It , DV 4 1 % *b Saccharomycopsis , Issatchenkia , Hanseni-
asporal)F- B M % =F B 484K, 11 Aspergillus , Cladosporium
Fusarium , Pichia . Thermoascusi¥) V- £ F % 3= 8 558 5

a
100 1 others
i Thermoascus
80 1 Wickerhamomyces
NS 1 Rhizopus
131:»( 60 Pichia
s 1 Fusarium
E 40 ~ Cladosporium
= 1 Hanseniaspora
20 4 Aspergillus
| B /ssatchenkia
0 B Saccharomycopsis
Q & QP AP
QY QT Q& o& o& Q& o&
b
100 others
| Thermoascus
80 Wickerhamomyces
NS ) Rhizopus
60 Pichia
4 1 Fusarium
7 40 Cladosporium
EZ Hanseniaspora

20 - Aspergillus
B Issatchenkia
0 B Saccharomycopsis

L Lo Fo0
OOV FT T IO
E3 EFEKFEERRURNELER (). 5
HESEN
Fig. 3 Fungal community structure of fermented grains during

(b)EERABIEFER

fermentation process before (a) and after (b) treatment
with propidium monoazide based on genus level
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