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oM EF ERcRien HHS PJ015946
o M F | AR nAE - AR 7] FAA0] W AntE dadEr|e AL
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ABSTRACT

This study investigated the microbial community and environmental properties of traditional
Deonjang produced by 4 rural farms to evaluate the relationship. The fermentation environment
of traditional Doenjang was set to open field and smart facilities to analyze the changes in
the microbial community. As a result of the microbial community survey analysis in years
1 and 2, the Bacillus genus tended to be dominant in the late stage of fermentation in smart
facilities rather than in open fields. Enterococcus, Tetragenococcus, and Bacillus were predominant
in the genera of bacteria in the early stage of fermentation, and Enterococcus(20.25~66.95%)
and Bacillus(48.99~78.15%) were dominant in the late stage of fermentation. The genera of
fungi in the early stage of fermentation were dominated by genera Monascus, Aspergillus, and
Mucor before fermentation, and genera such as Debaryomyces, Wickerhamiella, Zygosaccharomyces,
and Microascus were dominant in the late stage of fermentation. As a result of analyzing the
average number of microorganisms in open fields and smart facilities in the first and second
years, the total number of bacteria increased as fermentation progressed, and the number of
coliforms, yeasts, molds, lactic acid bacteria, and Bacillus cereus decreased. The number of
Bacillus cereus decreased from 3.58Log cfu/g at the beginning of open field fermentation to
3.46Log cfu/g at the end of fermentation, and from 3.24Log cfu/g to 2.94Log cfu/g at smart
facilities fermentation. Smart facilities were about twice as likely to reduce Bacillus cereus
than open fields. Through this study, smart facilities can be used as basic data to supplement

and solve problems during the open-field fermentation of traditional Doenjang.
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Heut Asiiit, it AYAde 225mLol|l AR 25g% 3]AI%H
NES FulAT, AT 34 A%
~3T0014 24X17F Wk, Aslo] 1% A AR AarAT Qs
¢ p25mLo] A2 255 BMa ¥, SHujsME ARg Zustad. A7 24§
= (Yeast&Mold count)o] 1mL EF3H & 25Co|A 5~7Y vjoFst & M X
SIS TR AR 2nlol AR 250% A4 %, Sgene
v}t SAME 248 AZRuXEE(Latic Acid Bacteria count)of 1mL £33t &
28°C~37C A 48/\]7} vjoket & M A AeEnt Asieih shEa YA Al 9L Al
A4 225mLo) AR 25g2 3|ASH & IXNuj4EE AlgE FH|5F9 . CHROMagar BC
BRSO 1mLA BET £SOl 250~37ColA 19 Mok F TAe] B halor} Y
Qe Assteh, FRAELHTANL St A AE 225mLo] AR 2558 HAT T,
SR RS ZHSTh USRS H7H5H e TSCHHA) 15mLe] 8149 0 2mL BT
2 2gste] At FalE iR flel FUg HiA| 10mLE 7Fste] FHAIZIS 36Tl A
18~24A17F S7IvjeFet & AN A4 ekt Askit imo]EAL AA= Bk
ot FEZEH(0.1%7n4HS T3 50%0tN EHEE %‘ﬂ)QOng
il 307 &7 £ 3700Go| A 1027 A5k
o i}gk & ool 3mLo| =& 7hsl 15mL WA s} —ir
A 7HERAE N EUEY 2mLY & 2mLE T4
A7l o]olA & 2mL, 10% oPEUER &9 omLE o7 FHAF ZA 7HEXA]
Woll ol 9= goe SAls AASAT 0.1% AAS Fo oHAEUEL S 2mL,
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mere-o 7k7k A9} BRHO R B9t HPLC HHL Cadenza CD—CI8 HIT (150 X 2mm, 3um)E
2YAl, Q23ATEAL positive modeoA A|FH =L negative
modeol| A AT, 7| PE E42 FE3E AJR 5g& SPME vial(20mL)ol| Ho] EAARE
2|, F7|AEL GC-TOF-MS HS-SPMEH& o|&35l1, BEAx70 82 AYL DB-wax(30m
length X 0.25mm I.d, X0,25um film thickness), SPME fiber+~ DVB/CAR/PDMS(50/30um),
o] FAF 7FAE He(0.8mL/min), 28 %= 40C(6min) — 200C(5min), 2B 2% 9] Ratio=
2°C/min, Inlet mode+ Splitless mode®|™ A|ZFYL 250C/5min ©2FSlH Incubation
25X 30CE AAs
)X EFH B4 (Next Generation Sequencing, NGS)& ulaZ A (magrogen)of 2|& 3}
w4 stk 24 Al U A RE2RE genomic DNAE $%317] 98 DNeasyPowerSoil
Kit (Qiagen, Hilden, Germany) = AFE5}¥ Tt &% genomic DNAY AWst > =4S
23] PicoGreen (Invitrogen, Carlsbad, CA, USA) AH|E 0] &3}6] DNA =& =45}
Algof AE35t9th ASV (Amplicon Sequence Variants) analysis Illumina MiSeq Raw
data= Sequencing®] #&E% ¥ <QdlX(Index) AFE& o]&sto] MEERE EFotL, MEE
paired—end FASTQ WS AAFICE Cutadapt(v3.2) TZIHE A3} sequencing
adapter A G} target AR HH9 F/R primer A¥S AA & Forward Al ¥ (Readl)}
Reverse A]¥(Read2)S 747} 250bpE A2 = 1142 218)5l9 T Amplicon sequencing T4 2]
Q225 WA(error—correction)dt”] ¢3l, R(v4.0.3) L2139 DADA2(v1,18.0) packages
AL8-3519 Tt Paired—end ReadE THAF O 2 expected errors?} 2 oJAFel AEL A3}t
0|3, Batch ¥ Error model& F¥3dto] ME W wo|=2E A AsIATt o]|EA sequencing
error/} WA paired—end AES 31} AE= ZH3E 5, DADA29] Consensus method&
AHESFo] Chimera A8 A|ASEL ASVsE FASHITH AHEH ASVsE tiH S = Length
filter= ZPsFA] AL, vAdE 44 vl E42 918 QIME(V1.9) =W o]-85ke] HA|
AEZ 2 A read 5 7= AE9] read 5 7|F 22 subsamplingS 4-85}9] normalization
3todt}. 7F ASVs A]8L Reference DB(UNITE 8.2 2020-02—-04 UNITE+INSD All Eukaryotes
& UNITE 8.2 2020-02-20 Fungi2 99% Clustering)o] UCLUST & Z=#)ato], QApo] 7b4
=0 reference® organism AEZE taxonomic assignmentE 35t oo, TFH
reference= query2} 90% ©JAr9] MY {AAS Zr=t}, ESH ASVs A9 7FY multiple
alignmentS {3l mafft(v7.475) T2 I1HL AFE3}9 O 0, FastTreeMP(v2.1,10) T2 1HS
0]-8-5}4] phylogenetic trees AJASIATE $J9] ASVs abundance®} taxonomy AEZ QIIMES
olgsto], thefet mAE Iy Wl BAZ FAsit AE U mE Y T 9 %
+S5EE 32l3l7] Y3 Shannon index % Inverse Simpson indexE +6}al, Rarefaction
curve?} Chaol #S E3f Alpha diversity AEE FQl5}% )t Weighted W Unweighted
UniFrac distanceS 7|Hto 2 MEZ 7} Beta diversity (B|nl 15U AEZ 7 n|y&E &4 Tk

HR)E FHIL, PCoASt UPGMA tree 8] HZ 7+ $ABAES A7aiglct
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F#(6m), 53(1.7m), F3(3.3m), A 74 6m(W) X 7.2m(L) X 3.3m(H) 15 HE24,
2% Aoz WA, Aol R W DEECIE U e
24 WeolR & ASE AAIskT, Pobe] WRE9 ote] da) Ao of 2ot FEE
ZAVSH7] 93l HOBO 24% AlA(HOBOware Pro, U23, Onset Computer Co., Bourne,
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<E 1> 1AEE SEE HE U AZAT AP
A - WE  1A(58)  2%H7®)  s(lo®)  4xK(12®)
< Mz gds ds A=
g NS TSR 3R SEE oy g aY sl AR TR 4 R
o =X JDF 21,420 21.6.04 45 21.7.22 93 21.10.19 182 21.12.20 242
.
ok 0 AOE JDS 21,420 21.6.04 45 21.7.22 93 21.10.19 182 21,12,20 242
3 kX JDFP  21.4.20 21.6.04 45 21.7.21 92 21.10.20 183 21.12.20 242
e =3 JSF 214,15 21526 41 21,722 98 21,10.19 187 21.12.20 237
9 =] =4 A0fE JSS 21,415 21526 41 21.7.22 98 21.10.19 187 21.12.20 237
(2) [A X JSFP 21,415 21,526 41 21,721 97 21.,10,20 188 21,12,20 237
1 o =X GCF 21,420 21.6.07 48 21.7.19 90 21.10.21 184 21.12.22 244
N =4 A0fE GCS  21.4.20 21.6.07 48 21.7.19 90 21.10.21 184 21.12.22 244
& X GCFS 21,420 21.6.07 48 21.7.22 93 21,1019 182 21.12.22 244
=X GPF 21,401 216,08 68 21,721 111 21,10,20 202 21,12,20 262
W W
A0fE GPS 21,401 21.6.08 68 21.7.21 111 21,10.20 171 21.12.20 232
o =X JDF 22,222 22,420 57 22,721 149 22.10.14 234 22.12.1 280
.
ook i AUtE JDS 22.2.22  22.4.20 57 22.7.21 149 22.10.14 234 22.12.1 280
[A =X JDFP 22,222 22,420 57 22,721 149 22.10.14 234 22.12,1 280
N =X JSF 22,222 22,420 57 22,721 149 22,10,14 234 22.12.1 280
9 & = AOlE JSS 22,222 22.4.20 57 22.7.21 149 22.10.14 234 22.12.1 280
g HA =X JSFP 22,222 22,420 57 22.7.21 149 22.10.14 234 22.12.1 280
2 o =X GCF 22,222 22,420 57 22.7.21 149 22,10.14 234 22.12.2 280
el = A0lE GCS  22.2.22 22.4.20 57 22.7.21 149 22.10.14 233 22.12.2 280
& X GCFS 22,222 22,420 58 22.7.21 149 22.10.14 233 22.12.2 280
=3 GPF 22,222 22,421 58 22.7.22 150 22.10.13 233 22.12.1 280
W Wi
AOFE GPS  22.2.22 22.4.21 58 22.7.22 150 22.10.13 233 22.12.1 280
*F, A /S, AutEREAIAY [/ JDFP, SUAIRE BN WA / JSFP, B / GCFS,
FH -/ GPFS, B4 — ¢AollA wa
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(MIBMIS2te|: ADIE 22| MBS St XFE MSH #

OHI

HEliA Mt 7E)

)3 choat R vE

2 AspergillusZ(genus) S59|9} Bacilluss Al
of F4uel BulAS Hajelo] Taw o 9 AN P 22

A Se ZT obnAtE AAskE dEE she AeR dEA 9l

= rlo
rlr
__>,~l:4
EN
EN
Y
- %E
riok
o,
2
10
%

o2l oj=stA E4(Log CFU/g, Mean£SD)

INEL:! HRA A 2|AHzZ| M
=E=EAA4 o =3 S At ST Rt <! Alpudlald
ST |:|oO| k=2 T HaSA Hon__ ol EEAI_;E_EEE bt

@9 9.7+40.0 46+0.1 46+0.1 86+0.0 51+0.1 0.0+0.0 4.3+£0.1 3.7+0.1 8.4+0.1
+d 9.7+£0.0 6.9£0.1 3.1+0.0 5.8+0.0 6.0£0.1 0.0£0.0 4.5£0.1 35+0.1 4.2£0.1
=4 9.24£0.0 6.0+£0.1 0.0£0.0 4.7£0.0 0.0+£0.0 0.0£0.0 4.3+0.1 3.3+0.1 4.3%£0.1
B3 10.0+0.0 1.6+0.1 2.3+0.0 56+0.0 4.3+0.1 0.0+0.0 0.0+0.0 3.1+0.1 4.2+0.1
Bt 9.7£0.3 4.8+23 25£1.9 6.2+1.7 3.8£2.7 0.0+0.0 3.3£22 3.4+03 53+21

ZF A9 w9 wE Y A4S 2ARE AH(E 2), AETA WY Aesd

ME -2 (Bacillus cereus) 3]-8*|+= 4Log CFU/g °|ste|H, Z3}st= A&7} 37H

1 9 gAH g ol (3.1~3.7Log CFU/g), SMIEEALH(3.1~3.7), AR %E]"_Jf( .2~8
ol AU, olF Fal =% wF iAol gt AxAdY A E Hashy we

Zad Ao=w Alm Hl

100% 100%
80% 80% 3821%
B0% P__Mugaromycot
b0%
93.59% s _ Firmicutes, s
: 98.43% S9.88% P_ o,
0% ot %
A40%
20%
20%
;N*Eﬂq __Bacteroidetes,
0% —— —0.00%— eomee
DM IsMJ GCMI GPMI 0%
m__Actinobacteria m__Bacteroidetes m__Cyanobacteria oMl 15MI GCMI GPMJ
—Firmicutes N __Proteobacteria W Other Wp__Ascomycota W g__ Basidiomycota ™ g__ Mucoromycota B p__unidentified
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Ot =
ot 5
£ uis,
E m,
DN IS GC MY
m Other m Other
a__Coniothyrium m Orher

GP M)

mg__Mycosphaereiia
mg_ Caiophoma

0%

0%

0%

0%

%

W= Al (bacteria)

Brevibacterium
Haiopoiyspora

iy

80%
60%
__Bacillus, 87.76%
40%
- 20%
38.50%
22.47%
_ oc, _ oc, _ o, 0%
ol Jif
ILT 15y GEMI GPMI
m__Enterococcus L
il _Clostrigium
m _Aerosakkonema
- ordonia
= um Y
=
-

Oerskovia

Rothix

ocardiopsis
5

Cory
Glutamicibacter

1OED0

Virgibacilius
_Paenibaciilus
_sporosarcina

Surciiffielia

-
Kurthia
- ;

Sovagea

_Comnobacteri

=l nrricnesin

um

\iiccali

- 100%
o
_—
=] o
_Ocearobacillus indidreducens,
60%
Ler 02%
0%
erti 000%
20%
_Bacillussonarensis 3275%
I 0%

DM
n_Erterocorcus hirae

Kocuria salsicia
Clostidium tyrobuyricum

3%
_Ba 3%
_fa mis
M

§_Petiomccis pertosices

oM
euconostce resnteroides

GPMI

Enteroceers galianm

Braybaterun nestererkoii

n_
e .
Brahytactzrim hugsangmasrense  n _Bacillussonorensis
Ians nterocccs ts _Gardoriz sichiensis
8 _Friguosacerim aetyicum n_lederberga s ' _Cosuidim busti

23

L

(33 3) oF 0142

H

m g Epicoccum

m g Aspergillus

m g__Thermomyces
g__Pichia

mg_ Trichoderma

m Other
g__Pestalotiopsis
g__Trichasporon

ma_ Mucor

m g__Neoascochyta

m g Peniciliom

m g__unidentified

= g__Saccharomyces

W g Fusonum

m g__unidentified
g__Naganishia

m g__Lichtheimia

m g__Thamnidium

mg__Alternaria

mg  Thermoascus

mg__Yarrowig

=g Zygosoccharomyces

W g unidentified

mg_unidentified
g__Cryptococcus
g__Rhizomucor

mag_ Rhizopus

= g__unidentified

ol ¥l
38.05%
s__Mugor_racem
osus, 74.7%%
Ol k)
5__As| lavus,...
DN 15N GCMI GPMI
m Other m Other

m s__Mycosphaerella_tassiana
m Other

m Epicoccum_Other
ms__Akernaria_alternata

W s Agpergillus_calidoustus
M s__Aspergillus_flavus

W s__Aspergillus_ochraceus

23 24

=4 A" 3) G¥HlFUDMI)= Enterococcussy, =7
(JSMJ)+= Bacillus%, X WF(GCMI)= Lentibacilluss, BAW|FFE(GPMI)+~= Bacilluss0)

sttt A (fungi) & &4 A¥ JDMJ, JSMJ+= Aspergillus€, GCMJ, GPMJ+= Mucor<

s__Coniothyrium_glycines

m Calophoma_Other

m Neoascochyta Other

m Neocazochyta Other

B s Agergillus_fischeri

W s Asergillus_niger
5__Aspergillus_guadrilineatus

= N

[e]
T

>

LLENS = B L
7 Sheleh, A A% BUT AGAGOR T T 4 dglom, AR S A Holst

x2,

At
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HAE W% D GARR] WE A7 BBl Sh EAA(E 3) AHFN LAHEA
A7} 549 8ug/L AZH 9T A BL A% QA7 6702, At Jss 331%
3 o D, JS Aol A LR E7] 0~4 9ug/L, WEF]

32.5ug/LRon, SFAEA o] @ FGetEAl AL D,
0~19.5ug/LZ HZE U, E5AA F¥=Es #Hax7] 0~1.1ug/L, ¥d 7] 0~0.6ug/LE

=]
—_l-'“
g diE] wA dEE A,

<E 3> 1AHAE SHAIEIES| ZWO| £4

oz 3 StAlEEOl 80| =24 (ug/L, Mean+SD)

M= X Aflatoxin - Aflatoxin Aflatoxin ~ Aflatoxin Ochratoxin Fumonisin Fumonisin
Zearalenone

Bs B, Gi Ga A By B2
wof| 3= ND ND ND ND 549,822 ND ND ND
ke ND ND ND ND ND ND ND ND
A ND ND ND ND ND ND ND ND
A ND ND ND ND ND ND ND ND
JDF 1 ND ND ND ND 4.9%0.1 ND 1.2+£0.4 ND
2 ND ND ND ND 11.6x0.1 ND 1.8%£0.3 ND
3 ND ND ND ND 22.3%0.2 ND ND ND
4 ND ND ND ND 19.5+£0.2 ND ND ND
JDS 1 ND ND ND ND 3.71£0.0 ND 1.7£0.1 ND
2 ND ND ND ND 13.0£0.3 ND 1.3+0.1 ND
3 ND ND ND ND 8.0x0.3 ND ND ND
4 ND ND ND ND 2,1£0.0 ND ND ND
JDFP 1 ND ND ND ND 4.9+0.1 ND 1.2+0.4 ND
2 0.4£0.0 ND ND ND 14.2+0.2 ND ND ND
3 1.1£0.0 ND ND ND 15.7£0.2 ND ND ND
4 6.0£0.1 09£0.0 ND ND 16.0£0.3 ND ND ND
JSF 1 0.1+0.0 ND ND ND 1.9£0.1 ND 1.3%£0.1 ND
2 10.4x0.2 3.4%0.0 ND ND 3.7x£0.1 ND ND ND
3 17.1£0.1 2.8+0.1 0.1+0.0 ND 4,1+0.0 ND ND 1.3+0.1
4 3.7£0.0 1600 0.1+0.0 ND 4,4+0.0 ND ND ND
JSS 1 ND ND ND ND ND ND ND ND
2 21703 5.2+0.2 0.8+0.0 ND 2,3x£0.1 ND ND ND
3 32,56x0.5 82+0.3 1.8x0.1 ND 3.2x0.1 ND ND 0.6%+0.0
4 174401 45+00 0,456 ND 7.1+£3.6 ND ND ND
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Hx o

| EA(ug/L, Mean=*SD)

M= X Aflatoxin

Aflatoxin  Aflatoxin

Aflatoxin Ochratoxin Fumonisin Fumonisin

Zearalenone

Bi B, Gy Ga A Bi B>
JSFP 1 ND ND ND ND 1.94+0.1 ND 1.2+0.4 ND
2 11.4+0.0 2.8%£0.0 ND ND 1.4+0.1 ND ND ND
3 13.8+0.3 4.3%+0.2 ND ND 1.2+0.1 ND ND ND
4 98+0,0 3.0£00 0.1£0.0 ND 1.56+0.1 ND ND ND
GCF 1 0.1+0.0 ND ND ND ND ND 2,210.1 ND
2 ND ND ND ND ND ND 0.7£0.2 2.440.1
3 ND ND ND ND ND ND ND 1.4%+0.0
4 ND ND ND ND ND ND ND ND
GCs 1 0.1£0.0 ND ND ND ND ND 2.2+0.1 ND
2 ND ND ND ND ND ND 0.9+£0.1 2.2+0.1
3 ND ND ND ND ND ND ND 1.4+0.1
4 ND ND ND ND ND ND ND ND
GCFS 1 0.1+0.0 ND ND ND ND ND 2.210.1 ND
2 ND ND ND ND 1.3+0.1 ND 1.56+0.2 5.5%0.1
3 ND ND ND ND 0.8+£0.0 ND 1.2+0.1  5.9%0.1
4 ND ND ND ND 0.6%+0.0 ND 2.410.0 ND
GPF 1 0.1£0.0 ND ND ND 1.1+0.0 ND 1.56+0.2 ND
2 0.9x0.0 ND ND ND ND ND 2.8+0.4 ND
3 0.6£0.0 ND ND ND ND ND 2.210.1 ND
4 0,5%£0.0 ND ND ND ND ND ND ND
GPS 1 0.1£0.0 ND ND ND 1.1+0.0 ND 1.56+0.2 ND
2 1.3%0.0 ND ND ND ND ND 2.31£0.1 ND
3 0.6+0.0 ND ND ND ND ND 1.5+0.1 ND
4 0.4%5.6 ND ND ND ND ND 6.9+1.1 ND

¥R, WA /S, AutERGA]AY / JDFP, HUAIEE HAF
EA A/ GPFS, B3 — &H0IA 4E

P S A7) 0 E S
37] 8.3~9 2Log cfu/g® SAFSIA L, ,
cfu/g a5 7] 1.8~8.0Log cfu/g A1, FHo] wrazx7] 2.6~5 8Log cfu/g a7
0~6.4Log cfu/g® JSF, JSS. JSFP, GCF, GCS, GCFS:

AFE Btk AR HaR7] 5.4~7 9Log cfu/g WAEF7] 4,6~6.2Log cfu/g AT
HRA B A A2 HaZ7] 2.1~5.3Log cfu/g WHESF7| 2.0,~4 9Log cfu/g= eI

A A E 9

= L
<5 —
WS EHE HAUL

oA W& / JSFP, &H->BA / GCFS,

wgx7] 8.3~9.0Log cfu/g &&
A= Wy x7] 2.6~5 3Log




SHAIZIRtO| n|MESHY EM(Log CFU/g, Mean=+SD)

=2
MW s amma se mmol swm NS GAHE BM oung
JDF 1% 83+0.1 ND 43£0.2 57£0.1 7.7£0.1 25+0.1 82+0.0 6.3£0.2 6.5+0.0
22} 83+£0.1 ND 57401 53+0.1 55+0.1 24£0.1 52+£0.1 6.1+0.1 58%0.1
32k 8.3+0.1 ND 6.0+0.0 4.2+0.1 4.8+0.0 24£0.1 4.5+0.1 6.0+0.0 54+0.1
42} 84+£0.1 ND 52+0.2 57400 58+0.0 2.2£0.1 0.0+£0.00 6.4+0.0 5.7+0.1
JDS  1x 87+0.0 ND 45+0.1 57£0.1 7.9£0.0 2.1+0.1 8440.0 55%0.1 6.6+0.0
22} 85+0.1 ND 56+0.1 4.8+£0.2 6.9£0.1 23£0.1 7.0£0.1 6.7£0.0 56%0.0
32 85+0.0 ND 6.0+0.0 4.1+0.1 4.6+0.1 2,1£0.0 4.6+£0.1 58+0.0 57+0.1
42} 83%£0.1 ND 5301 57400 53+0.1 2.2£0.0 0.0£0.0 6.2+0.1 55%0.1
JDFP 12 8.3%£0.0 ND 4.3+0.2 5.7+0.1 7.7+0.1 25+0.1 82+00 6.3+0.2 6.5%0.0
22} 8.4+£0.0 ND 49+0.1 5002 7.0£0.0 2.2£0.1 7.3£0.0 6.5+0.0 6.3+0.1
32t 8.4+0.0 ND 6.0+0.0 2.8+0.1 52+0.1 2.2+0.1 56+00 6.4+.01 55+0.1
42} 85+0.1 ND 8.0+00 6.4+£0.3 59400 2.0£0.0 0.0£0.0 6.2+0.0 5.7%0.1
JSF 1# 9.0£0.1 ND 53+0.2 58+0.2 6.8+0.1 48+0.0 7.2+£0.0 5.4+0.2 5.8+0.0
22 89401 ND 55401 4.7+£0.0 5.7£0.0 49£0.1 53£0.1 6.9£0.0 6.5+0.0
32 8.9+0.0 ND 54%+0.1 46%.0.1 54+0.1 47£0.0 53+0.1 7.0+0.0 7.0+0.1
42t 9.0£0.1 ND 4.3+0.2 4.4+0.1 55+0.1 49£0.1 51+£0.1 6.8+0.0 7.1+0.1
JSS  1x 8.7£0.1 ND 4.4+0.1 4.2+0.0 6.6+0.1 53%0.1 6.9+0.0 55+0.1 51+0.2
22 9.1401 ND 54%0.1 50+0.1 6.0£0.0 54£0.1 52+£0.2 6.7+0.1 6.7+0.1
32k 9.3£0.1 ND 54%00 4.0+0.1 6.0+0.0 53%0.1 52+00 7.0+0.0 7.3+0.1
42} 9.2+0.1 ND 45401 4.0+£0.1 6.2+0.1 49£0.0 4.9+£0.1 7.9+0.1 7.5%0.1
JSFP 1% 9.0+0.1 ND 53%0.2 58%0.2 68+0.1 48+0.0 7.2+0.0 54%0.2 58+0.0
22} 8.8+00 ND 52+0.2 4.9+0.1 6.3+0.1 43£0.1 54£00 6.6+0.1 4.4%0.1
32k 9.940.0 ND 54+0.1 4.2+0.0 59400 4.7+0.2 46+0.1 6.9+£0.0 54+0.0
42} 9.1+0.1 ND 52+0.2 4.8+£0.1 58+£0.0 49£0.0 52+0.1 7.3£0.0 6.7+0.0
GCF 1A 8.3£0.0 ND 26+0.1 2.6+0.1 54+0.0 3.9+0.1 6.0+0.1 6.5+0.1 7.4+0.1
22 89400 ND 2.0+0.1 0.0£00 4.4+0.1 389£0.0 4.5£0.1 6.5+0.0 6.8%0.1
32k 8.9+0.0 ND 19+0.1 1.4+0.1 3.4+0.1 41£0.0 2.4+0.1 6.8+0.1 7.4+0.1
42} 9.1+£0.0 ND 2.2+0.1 0.0+£0.0 4.84£0.0 4.1£0.1 0.0£0.0 7.3£0.0 7.2+0.0
GCS 1A 8.3£0.0 ND 26+0.1 2.6+0.1 54+0.0 3.9+0.1 6.0+£0.1 6.5+0.1 7.4+0.1
22} 8.8+00 ND 2201 1.5+0.2 3.7+£0.0 3.6£0.0 4.5+£0.1 6.3+0.1 6.9+0.2
32k 8.7+£0.1 ND 1.6+0.1 1.6+0.0 4.7+0.0 3.7£0.0 2.2+0.1 6.6+0.1 7.4+0.1
42 9100 ND 1.8%+0.1 1.6+0.1 4.6+£0.0 3.8£0.0 0.0£0.0 7.3+0.1 7.2+0.2
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s StAlE Tl oj4=stH E4d(Log CFU/g, Mean+SD)
"W s34 uzzz se smo sez hay I B seuns
GCFS 1% 83%0.0 ND 26401 26+01 54+00 3.9+0.1 6.0£0.1 6.5£0,1 7.4%0.1
23} 89400 ND 26+0.1 3.2+0.0 4700 43400 46400 6.3+01 68+0.2
3% 8700 ND 32+01 21+0.1 48+0.0 4.2+01 41+01 68401 7.3+0.1
43} 89400 ND 36400 21+0,1 48+0,0 4.2+0.1 00+0.0 7.3+0.1 7.3+0.1
GPF 1% 83+00 ND 52401 3401 71400 3.8+01 7.5+0.0 6.5£0.0 6.5%0.1
93} 87400 ND 39+0.1 4.2+0.1 61%0,0 4.2+0.2 6.6+01 67401 6.7+0.0
3% 84401 ND 42+01 38+01 6.1+0.1 3.8+0.2 2.2+01 7.040.0 7.0+0.1
43} 86+01 ND 45+0.1 4.3+01 57+0,1 3.9+0.2 00+0.0 7.2+0.1 6.7+0.0
GPS 1% 83+00 ND 52401 34+01 71400 38+0.1 7.5+0.0 6.5£0.0 6.5+0.1
92} 86+01 ND 41402 41401 61+0.0 3.9+0.1 6.6+01 67401 6.6+0.0
3% 84401 ND 46401 44+01 59401 39401 34400 7.1+00 7.2+0.1
43 86400 ND 51400 4.3+01 5700 4.0%0.0 00+00 7.1+0.0 6.8+0.0

*F, kA /S, AUEREAA / JDFP, BUARS FIA HE / JSFP, &H — B4 / GCFS,

23—
AP W A7) SR
65.31%%, WE Wizt Ayas

oM Fazr|eh AL, Sk S ke
=]

R

=]z}

=2 10.69~17.39%= Z7tet= A

3/ GPFS, 37— &HojA da

h 7] 52.57~61.25% TAEF 7] 52 01~
ZA(GO)oAM Az A=
3 2HE%7] 9.34~15,06%,

ALl ®E
Tarh A

<E 5> TA{EE ohMEY FrtdE

Az HtE SHAIEIE Ut E(mg/1009) xMS
A7 48 CHay Al g 38 Et4312

JDF 1% 52.57+0.05 14.53+0.14 0.14+0.03 16.46+0.09 16.29+0.29 2.83+0.27
9%} 52.44+0.13 14,944+0.06 0.05+0.01 16,63+0.04 1594+0.15 3.30+0,12
32} 52.31+0,04 14.80+0.05 0.22+0.02 16.91+0.02 15.76+0.04 2.26+0.06
42} 53.06+0.05 14.99+0.13 0.29+0.04 16.80+0.06 14.86+0.23 3.05+0.23

JDS  1x  52.99+0.16 14.52+0.09 0.17+0.03 16,11+0.06 16.21+0.06 3.68+0.00
o%F  52.84+0,16 14,71+0.09 0,11+0,01 16,2040.07 16.14+0.19 3.88+0.25
32 53.63+0.11 14.68+0.05 0.28+0.01 16,60+0.07 14.82+0,12 2.68+0.20
42} 54,14+0,05 14.62+0.14 0,23+0.03 16,53+0.09 14.48+0.27 2.87+0.13

JDFP 12} 52,57+0.05 14.53+0.14 0.15+0.03 16.46+0.09 16,29+0.29 2.83+0.27
9%} 51.22+40.36 15.18+0.44 0.04+0.01 17.08+0.08 16.47+0.18 3.85+0.14
32F  52.95+0.11 14.38+0.09 0.27+0.01 17.03+0.09 15.36+0.23 3.35+0.38
42} 52.95+0.01 15.05+0.19 0.26+0.05 17.67+0.05 14.07+0.21 3.83+0.36
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£k

ro

AlEIE dtd2(mg/1009)

NE T e Chat X|g &8 ErEHE =aE
JSF 1A 55.66+0.05 14.52+0.09 0.21+0.05 13.91+0.03 15,16£0.08 2.54+0.11
22} 54.22+0.07 14.71£0.09 0.14£0.03 14.04£0.10 15.93+0.03 3.68+0.24
32} 54.07£0.12 14.68+0.05 0.34£0.04 14.10£0.03 15.76+0.22 2.81+0.25
47} 52,01+0.56 14.62£0.14 0.22+0.05 14.09+0.07 16.30+£0.41 3.59+0.41
JSS 1A 56.27+0.10 14.53+0.14 0.23+0.10 14.52+0.05 14.60+0.19 2.95+0.42
22} 54,30+0.12 15.18+0.44 0.22%0.07 14.26+.010 16,21£0.17 4.08+0.58
32t 54.66+0.03 14.38+£0.09 0.33£0.04 14.65%0.02 15.21+0.07 2.40%0.16
42} 55.08+0.03 15.05%£0.19 0.20£0.01 14.59£0.03 14,92+0.05 3.81%0.28
JSFP  1x 55.66£0.05 15.06£0.05 0.21+0.05 13.91+0.03 15.16+0.08 2.54%0.11
22} 54.56£0.19 15.67+0.21 0.29£0.02 14.66£0.12 15.38+0.22 3.81+0.34
32k 54.33£0.76 15.73+£0.13 0.24£0.02 14.71£0.21 15.70+£0.69 3.22+0.20
42} 56.29+0.09 17.39£0.30 0.49+0.04 14.35£0.20 13.90+0.16 3.09+0.31
GCF 1A 61.25+£0.29 14.38£0.07 0.21+£0.04 15.20+0.05 14.00£0.37 1.64£0.10
22} 57.12+0.34 15.01£0.08 0.25%£0.01 16.33+£0.09 16.35+0.65 2.84%0.27
3z} 58.18+0.02 15.15£0.06 0.34+0.03 17.31+£0.08 13.74+0.16 2.20%+0.26
42} 56.75+£0.04 15.21£0.04 0.44+0.03 17.62+0.05 14.49£0.13 2.79+0.24
GCS 1x 61.25+0.29 15.06£0.05 0.21+0.04 15.20+0.05 14.00£0.37 1.64+0.10
22k 57,12+0.34 15.11£0.15 0.26%£0.03 15.33+£0.01 15.57+0.563 2.53%0.30
32t 58.18+0.02 15.02+0.08 0.36£0.06 16.30£0.02 13,88+0.38 1.66+0.08
42} 56.75+0.04 14.96+£0.06 0.43+0.08 16.16+0.32 12.89+0.61 1,93+0.03
GCFS 12 61.25£0.29 9.34+0.46 0.21£0.04 15.20£0.05 14.00£0.37 1.64+0.10
22 60.81£0.03 9.95+0.35 0.12£0.01 14.86+0.21 14.25+0.21 1.80%0.06
32t 61.25+0.28 10.44+0.07 0.31£0.05 14.89+0.05 13.68+0.38 1.84+0.16
42+ 60.42+0.42 10.69£0.09 0.43+0.02 15.10+£0.06 14.04+0.47 2.48+0.39
GPF 1x 60.32+0.24 13.28£0.48 0.50£0.11 10.00+£0.15 15.91£0.69 2.78+0.17
22} 58.63+0.20 14.29+0.28 0.42+£0.04 11.39£0.06 15.27+0.21 2.43%0.10
32+ 63.52+£0.29 13.88+£0.06 0.40£0.06 10.73£0.02 11,47+0.27 2.20+0.10
47} 65.31+0.23 11.75£0.19 1.08+0.09 10.51+0.11 11.34+0.38 1.87+0.11
GPS 1x 60.32+0.24 13.28+£0.48 0.50+0.11 10.00+0.15 1591+0.69 2.78+0.17
22} 57.76+0.15 13.95+£0.60 0.22£0.04 11.91£0.10 16,15+0.53 2.62+0.17
32t 60.27+0.23 12.86+0.21 0.72+£0.15 12,78+0.08 13,38+0.26 1.91%0.05
42} 61.97+0.41 11.83%£0.12 0.72+0.09 11.31+0.01 14,17+0.28 2,03+0.42
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(O 5) =8 g= AP| & &30 HE sz - Td) 28 Het
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w2 9 AotEAIAY WF A Tetragenococcus&©| 28.57%, Bacillus%o] 23.43%% $-A|5}H 1L,
w7 WE T Bacillusso| 77.10%, AUFE A|A WE B Bacillusso] 77.18%=2 A5
% 4~F(Species Level)o|A&= X9 ¥ra & Tetragenococcus halophilusEo] 49.33%, W&
3. Bacillus velezensisZEo| 57.62%%2 Aottt £ 43 (Species Level) oAl = %] W AntE
Al ¥ta A Tetragenococcus halophilusE©| 28.57%, Bacillus velezensisE©| 13.55%%
A BRI, A WE & Bacillus velezensisZ0| 65.69%%2 A8l AnlE A|de Wwhg =
Bacillus velezensisZE©] 67.97%% AT AF9 E(Phylum) &4 =4 2 AnlE
Ad 2ra A Mucoromycotas-©| 87.89%, Ascomycotas-0] 11.65%% SA|sl9H1L, A ¥a &
Ascomycotai©] 53.74%, Mucoromycota®-©®| 46.11% S-A|3IATE AnlE A|do Wg =
Mucoromycotas°] 52.06%, Ascomycotao| 47.76%= A5t & —,—3—(Genus level) o Al =
L2 9 AntES Mg H Mucoro| 87.63%= $-AMst9aL, A vt

8 & Mucord 46.11%,

5. sAZTA /) 617




Microascus® 37.09%%-A|3tgth, £ $F(Species Level)oA+= =X @ AntE A|Q dtg A
Mucor racemosus®0] 87 19%0|9 1L, =R ¥d & Mucor racemosus® 44.30%, Microascus
brevicaulis® 37.09%% QA|stHct, AutE A|d 28 & Mucor racemosusZ 49.45%,
Microascus brevicaulisZ 33.88%%= S-A|5}ith.

100% 100% — —
— “ —
z zo| S =
c ‘c
F] F]
E 60% E son
s £
] 8
T 0% T W%
& 2% & 0%
0% 0%
=z wEs x| waH_AOE LEF ADE wEH_Lx| WES 7| WwEH_ANE WET ADE
. ) ) ) ®__ Bacillus -__T __
W _Firmicutes "_ | ®__Kroppenstedtia " "G
- polysp = Cceancbacil akalin
» " G ;i . i m__weissella m_Enterococcus m_Lentibacillus
- - - __Caldibacillus = __Halopolysp __Virgibacil
\ GENUS LEVEL
100% 100%
4.11%
-a 10.48%
T £
c
E oos ]
£ E sox
=] i us £
- " G
o (¥}
= = 40%
] [
=} c
© 5
@ 20% o 47.76%
20%
p__Ascomycot
0%
a,11.65%
wEE K| 0%
LEHE LI LET X EEH AO0E THEZ AOLE
w __Bacillus velezensis w __Tetragenococcus halop hilus
illus piscis = _Enterococcus hirae m Other W Other w p__Anthophyta
- Baclllussulihlﬁ - Bxlllusv:lezenﬁls
__Pediococcus pentosaceus B . = p_ Basidiomy = p__Mucoromycota
W __leuconostoc mesenteroides - — 7
m__Bacillus licheniformis = __Bacillus zhangzhou ensis N . N .
m__Kocuria salsicia m_Bacillus sonorensis Hp_ Streptophyta ™ p__unidentified ®p__unidentified
= __Kroppenstedtia eburnea = __Halanaerobium praevalens
W __Brachybacterium horti " __Leclercia adecarboxylata
SPECIES LEVEL | PHYLUM LEVEL
100% - -— 100% ey - i
ey
5.79% 4.56%
z. 80% z 20%
£ £
E g 50%
E o0% H
5] 9]
(=] o
= o
[1:} =4 0%
Eﬂ 40% %
3
2 5
2
20%
20%
0%
o wEH L wEs Ly waH ADE was AnfE
wed X WSS x| ata M ADIE wWsE ADE =5_Mucor_racemosus =5__Microascus_brevicaulis
— = — =  Othe s__Aspergillus_niger
Ws__Mucor_circinelloides
®5__Aspergillus_amstelod ami
®g_ Mucor m g__Microascus mg__Fusarium ms_Aspergillus_tubingensis
§_Aspergillus = §__Cladosporium = g_unidentified wGher
m §_Epicoccum m g_Penicillium mg_Rhizopus #s_Penicilium_sofitum
m g_ Gibberella mg_ Glydne m Other

ms__Aspergillus_fumigatus
Bs_Mucor_irregularis

SPECIES LEVEL

‘GENUS LEVEL |

(O 6) &8 &= AP| & 2Fof ot

—

rn

O d=sHz) =8 Bt
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A FAA Y AR v E FRREA AR 7) MRt & F(Genus level) o 4]
Y2 W AntERAE WE A BacillusEo| 44,75%, Enterococcusdo] 20.25%% $-A8F4 AL,
Y2 48 & Bacillus&o] 65.09%%2 A, AUtE A|d WE & Bacillusso] 78.15%2 A
3}t & 423 (Species Level) o A= X9 ¥ta A Bacillus sonorensisE 19.53%, Enterococcus
hiraeZ 18.719%5 A A8}, A W8 & Bacillus sonorensis® 28 .25%, Loigolactobacillus
rennini® 16 47T%2 SA5tHTh AvtE A|AQl Wa B Bacillus sonorensisE 31.71%,
Bacillus velezensisZ 20.84%% $-A|5HtE A9 E(Phylum) 5504 =X] 2 AntEAA
vy A Ascomycotatto| 68.46%, Anthophytaio] 17 4%= A5}, =X W& & Ascomycota
o] 97.47, AutE A9 9E T Ascomycotamo] 92.22%%2 A5t & $-F(Genus level)
o= x| W AntES] Yk A Aspergillusso] 41.20%% SAISHEL, WX ¥t & Debaryomyces
£ 72.39% SAIBLE L, AutE 98 ¥ Deparyomycess: 32.29%, Wickerhamiellad: 25.69%,
Jygosaccharomyces<: 23.65%cO0 2 A5ttt £ 4-F(Species Level)olA= =% 4
AutERAL O vty A Glycine maxZE 15.76%, Enterococcus hiraeZx 18.79%% A}A|3}$ 1L,
2| WE & Debaryomyces hanseniiz 72,39%% Aottt AntE A9 Ytg & Deparyomyces
hanseniiz 32.29%, Wickerhamiella versatilisZ 25.69%%2 $-A|3}ich,

=

- B 100%

X
b
2

R
B
®

40%

20%

Bactrial community
$ 8 &

Bactrial community
2 B 8 2

® S 2

waH x| PrEgs e a0le  gag ane waH Xl PrEgey 253 anje
m__Bacillus u__Loi
= Firmicutes B Actinobacteria __Proteobacteria - -
" __Caldibacillus m_
W __Cyanobacteria "_ W __ Bacteroidetes =__Welzmanria _
" Cerasibacillus _
| Phylum LEVEL | \ GENUS LEVEL |

100%

: -
7235
80%
9.93%

CrE T m

E -T

16% p__Ascomycot
| 97.47% a, 68.46% 92.22%

Nl B B A

209%

Bacterial community
§ 3
i N E
Fungal community
§ § &

UEM LA WHS LA WEH ANE WSS AQE
u Other u Other = p__Antho phyta
p__ ¥ = p__Basidiomy mp__M

®p_ Streptophyta W p__unidentified = p__unidentified

®__staphylococcus Edapl\l:ui ¥ _Bacillus cytotoxicus.

PHYLUM LEVEL
SPECIES LEVEL
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100% AR 100% — S
a95%
0% — —
80% 25.69% = = [ 655%
£ E
3 S
£ S 0%
E ©0% s
] 5]
=] Q
= I a0%
& a0% g
5 5
5 o
20%
20% 10675 1a67%
e | (sl e
2aH x| waF Lx| wag Anje
0% wicken!mmiella,vusatili:f
gEH X wEF A YEH AOGE gEEF AOE = Sterigmatomyces. halophilus e oermsheomrees
mOther ms__Aspergillus_niger
=Other =5 Aspergillus_restictus
u g__Debaryomyces = g_ Aspergillus m§__Zygosaccharomyces mother == Rhizomucor_pusillus
. Wickerhamiella = g__Rhizomucor =g__ Penicillium e s tabingensts -
m §_Lichtheimia §_Microascus . Wallemia = Wallemia_ 5
g Monascus m g Capsicum mg_Glydne ica versatiis " tichtheimia_corymbifera
oascus_brevicaulis s__Thermoascus_crustaceus
ms__Glycine_max s__Wallemia_mellicola
GENUS LEVEL | | SPECIES LEVEL
2| ] o{ Xt HiS | | al & 740” |-E IAH‘:( -”-;l-) P N - "‘I.
[ll:l7 [eXe} 22 AlY ;tg._l'o III_DOEAI_ (L | |_12
== =
o M A PCA EAM

=
T

|

ol L

Var ID (Var ID Var. Sec. ID:1) M2.viPp3)|
21[pyracine, 25-cimethyl- (CAS) 50275 A
53[Butanoic acid, 3-metnyl- (CAS) 284659)
30|FORMAMIDINE ACE ATE 2.75553) .
4[1-Butano (€A 273283 -
18[2-Butanone, 3-hydroxy- (CAS) 25794 .
9[1-Butano, 3-methyl- (mpure) (CAS) 1.7476) s R
T}ok 26[Bensultap 168169 = ==
o o 12|Cyrlopenvasionane, decamethyl- (CAS) | 150241 2 .
#3[Buranoic acid CAS) 1472 1
25gensultap 1.38506]
10[1-Butano, 3-methyl- (mgurd) (CAS) 1.1726] I
42|Propancic acic, 2-methy- (CAS) 1.16724] -
45|Methyimalonic scd 102067
4023 Butaredil 1.00562) i - PC1(40.6%) -
Var D (Plvar ID (var. Sec. ID:1) 12VIPISI"P[SIcVSE_JSFI__Jsst
9|1-Butanal (CAS) 3.56694  1.5559)
14|cycopentasiloxane, decametnyl- (cas) | 3.0262¢  2.06054 T P
32|pyrazine, tetramethyl- (CAS) 236213 261312 i
4s|sutanoic acid (cas) 23124 143011
17|cyclopentasiloxane, decametnyi- (caS) | 147021 0516514 -t [
a0|propanoic acid, 2-methyl- (CAS) 139148 1.47207 = e LS
A i—] 11|1-Butanol, 3-methyl- (impure) (CAS) 13387 0867503 = T -
i = .
R 33(pyrazine, tetramethyl- (CAS) 120963 141572 2
248ensultap 120257 1.59836]
4g|pentanoic acid (cAS) 126005 1.00695 b
afButanentile, 3-methyl- 113503 144283
8l1-Butanol (CAS) 112914 101249 -
31|7-Octen-4-0l (CAS) 106152 1.92658|
(ca) 101033 1.55758] - - “Pc1@7.3%) N -
Vo ID (Ve ID . 5 D) baviep st oo WH a5t st
7|1-Butenol 43473 311139 o+
4|Proganaic acid, 2-methyl- 378 11818 .+ .
2U|Pyraie, imerhy- 23649 17585, . e b el
pogrcicacd eyt 088 | 21272 207 g m - {orre @acas
%%—1 13|Cyclopertasiovane, decamethyd- (CAS) | 157421 % U N T
39]PROPANCIC ACID 1443 166854 . a = e
e, ety (45 136057 22869 | I | 4
26{Bensultzp 1359 1.11%| .
Wb eid 9 LS8 15964

25 Pyraine, rimerhyl- (CAS)

10158 064739

“PC1(49.4%)

ot
ot

Var 1D (HVar ID (Var. Sec. ID4)

MavIPL2] PI2JevsE

13]athyl 2-hydroxypropancate
23|7-Qcien-4-al (CAS]

6| 1-Butenol, 3-methyl-
36iz0-VALERIC ACD

19)3ensukap

15|Pyrazive, trimethyl- (CAS)
183ensukap

8Propansic acid, 2-methyl- (CAS)

5[ 1-Butencl, 3-methyl- (imoure) (CAS)
7|Cyclzpentasiorane, decamerhy- (45
24|Pyrazie, tetramezhyl- (CAS)
28|Propanedicic 3cd, dimethy-

279988 28017
239968 252513

ezt

i

“PC1(55.1%)
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SaAle] 9 AV BB AR B A3 8 BUA BAEY F G ane
Taerlof wig, @5, AR 42 FOo2 HAEE 7|47 pyrazine, AES A4
Al7le I7HEa EEe R0 SUteklal, WAzl g ok Wrao] ng AHER
AAA oz WAE= 1-butanol J&o] FE5 o] R8Itk "RV R &HA A% WA Z7] 1-butanol
AEo| 5 o] Hady| 7H4AsHY Tt Cyclopentasiloxane, pyrazine 2 &a7l APE 4=
ZobshedT. 2AAGe Wazs] B9 ot ASHelm BT WAL U Fo2 mAES

I
e, WY AGe wE z/] BN ¥
=, 3L, 37| ethyl 2-hydroxypropanate, 7—octen—4-ol, pyrazine 5 °]
ST, @] 24% B4 A BEZ710 BE 4 ARe Aol UYow, W U AnjE
A9 2ol Qeiet
22Hd e ®ta A7 mAlE 54 HlAA(E 6) Fubee WAERY] 8.61~9.39Log cfu/gR
FHF7] 7.64~9.21Log cfu/get FAFSIAL, At BHE WAL, ke Yax7] 2,42~
A

r

propaninic acid A& —butanol, iso
=

<E 6> 2AHAT SHAIEIEO| DS Bt

SHAEIRo| 0| 4S5 EM(Log CFU/g, Mean=SD)

K fljjl . ~ _— onn  HHEIA SRAEC)
JDF 12 8.82£0.04 0.00£0,00 6.26+0.05 6,13£0.05 8.82+0,02 1.40+0.17 0.00£0.00

24 7.67£0.05 0.00£0.00 553+0.11 4.43+0.12 4.21+0.09 0.87+0.75 0.00£0.00
3 7.82£0.03 0.00+£0.00 5.52+0.07 3.23+0.12 4.45+0.05 1.49+0.20 0.00£0.00
42 7.86£0.05 0,00+£0.00 6,14+0.03 530+0.04 4.36+0.17 1.20£0.17 0.00£0.00
JDS 2 8.80£0,08 0.00+£0,00 6.59+0.11 6.57+0.05 8.79+0.07 0.00+0.00 0.00+0.00
22k 7.68+0.07 0.00+0.00 5.47+0.07 4.20£0,10 2.93+0,13 1.00+0.00 0.00+0.00
32k 7.90+0.01 0.00+0.00 5.70+£0.02 4.36+0.12 3.33+0,13 0.00+0.00 0.00+0.00
42k 7.64+0.06 0.00+0.00 4.83+0.22 535+0.12 3.21+0.12 0.00+0.00 0.00+0.00
JDFP 12 9,29£0,13 0.00£0,00 6.34+0.15 6,256+0.11 8,77+0.04 1,66+0,10 0.00+0,00
24} 8.32+0.12 0.00£0.00 5.59+0.04 5.87+0.11 7.47+0.02 1.81+0.13 0.00£0.00
3% 7.67+0.06 0.00+0.00 5.71+0.02 6.31+0.04 5.42+0.07 0.33+0.58 0.00+0.00
Az 7.93+0.04 0.00+£0.00 6.45+0.05 530+0.06 4.73+0.06 0.49+0.85 0.00£0.00
JSF 12 8.61£0.12 0,00+£0.00 6.55+0.12 597+0.07 8.18+0.12 5.24+0.09 0.00+0.00
22 7.89+£0.03 0.00+£0.00 5.31+0.03 3.67+0.07 595+£0.01 1.70£0.20 0.00£0.00
32 7.69+0.09 0.00+0.00 4,16+0.09 2.78+0.16 5.50£0,03 1.72+0.12 0.00+0,00
42} 7.60+0,02 0.00+0.00 4,20+£0.09 2.59£0.26 5.47+0,02 1,74+0,13 0.00+0,00
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CFU/g, Mean%SD)

Az flil 225 ymaz aw 200 oyg  HHEA S2EAsa(
°=T °TT = e NailfAs SHATMA

JSS 12 8.84+0.11 0,00£0.00 575+0.06 5734028 8.65+0.10 564+0,04 0,00+0,00
9% 8.11£0,10 0,00+0,00 4.18+0.03 2,62+0.98 6.43+0,03 1.42+0,10 0,000,00

3% 8.18+0.07 0.00+0,00 4.15+0,03 1,82+0,11 6.03+0.18 1.82+0,11 0,00%0,00

43} 7.81£0.03 0,00£0.00 4.82+0.02 159+1.38 5.80+0,07 1.4240,10 0,00%0,00

JSFP 17 9.39+008 0,00£0,00 542+0,12 4.35+0.10 8,05£0.14 527+0.04 0.00+0,00
9%} 9.3840.05 0.0040,00 5.38+0.07 4.69+0.21 7.18+0,12 5.35+0.05 3,71+0.07

3t 9.98+0,09 0,00+0,00 4.40+0.05 4.20+0.05 6.29+0.15 504+0.08 3.52+0.07

4} 9.2140.01 0,004£0.00 4.66+0.06 3.86+0.17 6.15+0,10 5.28+0,06 4.47+0,03

GCF 1% 8.68+0.02 0,0040,00 4.30+0,10 3.93+0,08 593+0,08 3.65+0,16 0.00+0,00
93t 9.0240,02 0,00+0,00 1.59+0.26 1.39+0.36 5.81+0.06 4074011 2.36+0.10

3% 8.85+0,04 0,00+0,00 1.65+0.16 0,00+0,00 4.56+0,05 3.78+0,16 0,00+0,00

43} 8.82+0.03 0,00£0,00 2.30+0,04 1734015 4.56+0,09 3.70+0,07 2,10%0.17

acs 13 8.66+0.02 0.0040.00 2.42+0.07 2.69+0.09 5.15+0.02 3.424+0,05 0,00+0.00
9% 8.87+0,02 0.00+0,00 3.30+0.08 0,77+0.68 598+0.01 2.97+0.07 1.43+1.25

3 9114009 0.00£0,00 1562024 1.39+0.36 4.48+0,04 3.01£0.09 0,00£0.00

43 8.77T+0,02 0,0040,00 1.52+0,07 2.03+0,29 4.39+0.07 3.13+0,08 159+1.38

GCFS 13 8.78+0.05 0,00£0.00 2.69+0.05 3.05£0,06 6.41%£0.12 3.87+0.07 3.00+0,04
93k 8.87+0.04 0004000 1424010 2.12+0.07 5724006 3544013 2.59+0.11

3 9.09£0.09 0.00£0,00 0.77+0.68 0.00£0.00 505+008 3.80+0.04 1.63%142

43} 8.68+0,01 0,0040,00 2.68+0.03 2.16+0,05 4.81+0,04 3.65+0.02 2.26+0,24

GPF 14 9.93+0.07 2.69+0.05 4.84+004 3.27+0.08 6.84+0.04 3.42+0,07 0,00+0,00
93t 9.3440,30 0,00+0,00 4.43+0.08 4.04+0,13 6.45+005 4.28+0.07 0.67+1.15

32 9.14+0.09 0.0040,00 5724006 4.2140,12 5.47+0,12 4.31%0.03 0,00+0.00

43} 8.99+0.03 0,00£0,00 6.45+0,05 4.06+0,06 532+0.14 4.25+0,07 1,59+1.38

aPS 12 8.93+0.05 0.0040.00 4.82+004 3.24+0.15 6.42+0.07 3.66+0,03 0,00+0.00
9% 8.99+0,02 0.00+0,00 4.36+0.08 4.33+0.05 6.52+0,05 4.92+0.05 0.67+1.15

334 9.2340.03 0.0040,00 4.42+0.09 4.07+0,09 548+0,03 4.27+0.11 0,00+0.00

43} 8931003 0,0040,00 5444012 4.40£0,07 545+0,05 4.03+0.11 0,00%0.00

GPFS 17 9.03+0.09 0,00£0,00 5.23+0.13 4.38+0.08 6.78+0.03 3.82+0,02 0.00+0,00
9%} 9.1040.02 0.00+0,00 6.48+0.06 4.93+0.17 6.55+0,04 4.08+0.06 0,00+0.00

32t 9.1340.12 0.0040,00 6.26+0.10 4.26+0.14 541+0,06 3.76+0.15 0,00+0.00

43} 8.88+0.01 0,00£0.00 7.06+0.05 3.47+0,07 5.48+0,05 4.03£0.12 0,00+0,00

*F, w2 /S, ~utELEAIL / JDFP, HUARE BAlA Wa / JSFP, &H — %% / GCFS,
2324 / GPFS, BY —2Ho|A IE
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A BAA] JDF of|A] ofZ2}=EAIB1 A7} 549 8ug/LE
HE A=7F 270, A9 JDF 19]3} 2.8ug/LAL
JDS 232k 2.5ug/L2 YERTE A EARS La2kE4l As 233 JSFP 35.8ug/LE 7

-

oz 2 StAIEIRel 2E0| SA(ug/L, Mean£SD)

A& R Aflatoxin Aflatoxin -~ Aflatoxin ~ Aflatoxin  Ochratoxin Fumonisin  Fumonisin

B, B, Gy G A B, B Zearalenone
JDOF 1 28%16 ND ND ND 0.1£.0.6 290.1+4.0 ND ND
2 1.8x04 0.9£0.3 ND ND ND ND ND ND
3 16x£0.0 1.3£0.0 ND ND ND ND ND ND
4 0.7+£0.0 ND ND ND ND ND ND ND
JDS 1 ND ND ND ND ND ND ND ND
2 25%£0.2 1.0£0.2 ND ND ND ND 220+6.2 ND
3 1.2£0.3 1.0£0.0 ND ND ND ND ND ND
4 0.6x0.1 ND ND ND ND ND ND ND
JDFP 1 ND ND ND ND ND 122.5+9.2 ND ND
2 ND ND ND ND ND ND ND ND
3 ND ND ND ND ND ND ND ND
4 ND ND ND ND ND ND ND ND
JSF 1 ND ND ND ND ND ND ND ND
2 ND ND ND ND 4,1£0.7 ND ND ND
3 ND ND ND ND 3.6+0.7 ND ND ND
4 ND ND ND ND ND ND ND ND
JSS 1 ND ND ND ND 3.5+0.5 ND ND ND
2 ND ND ND ND 11.5+0.8 ND ND ND
3 ND ND ND ND 15+0.9 ND ND ND
4 ND ND ND ND 0.4+0.2 ND ND ND
JSFP 1 ND ND ND ND 6.9+0.8 ND ND ND
2 ND ND ND ND 35.8+1.8 ND ND ND
3 ND ND ND ND 9.4+0.9 ND ND ND
4 ND ND ND ND 1.3+0.3 ND ND ND
GCF 1 ND ND ND ND 7.6+0.4 ND ND ND
2 ND ND ND ND 0.9+1.2 ND ND ND
3 ND ND ND ND 7.4+1.1 ND ND ND
4 ND ND ND ND 0.2+0.2 ND ND ND

774
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HzE ¥ SHAERO ZEH0| Z4(ug/L, Mean®SD)

M= R Aflatoxin~ Aflatoxin ~ Aflatoxin ~ Aflatoxin  Ochratoxin Fumonisin  Fumonisin

B, B, S G A B, B, Zearalenone

GCS 1 ND ND ND ND ND ND ND ND
2 ND ND ND ND 6.6+0.7 ND ND ND

3 ND ND ND ND 5.1+0.5 ND ND ND

4 ND ND ND ND 0.5+0.2 ND ND ND

GCFS 1 ND ND ND ND ND ND ND ND
2 ND 1.3+£1.0 ND ND ND ND ND ND

3 ND ND ND ND ND ND ND ND

4 ND ND ND ND ND ND ND ND

GPF 1 ND ND ND ND ND ND ND ND
2 ND 0.6£0.5 ND ND 3.8£0.5 ND ND ND

3 ND 0.8+0.1 ND ND 2.8+0.2 ND ND ND

4 ND ND ND ND ND ND ND ND

GPS 1 ND ND ND ND 6.2+0.5 ND ND ND
2 ND ND ND ND 3.8%+0.3 ND ND ND

3 ND ND ND ND 4.0+0.2 ND ND ND

4 ND ND ND ND 0.3+0.2 ND ND ND

GPFS 1 ND ND ND ND ND ND ND ND
2 ND ND ND ND ND ND ND ND

3 ND ND ND ND ND ND ND ND

4 ND ND ND ND ND ND ND ND

R 1R /S, AUIEEFEAA / JDFP, WA RS B o)A vrE / JSFP, 34 — 33 / GCFS,
#4241 / GPFS, B4 — &HolA 45

PHYLUM LEVEL{E %)

00% B I
u 4.91%
6.66%
t t 80% 16.16%
= 0% =
= )
60%
2 H
2 8
S 6% z
40%
S &
= g
< 40% o 20%
o
5
0%
< 20% wEH_xl wms & o wms soe
= __Enterococcus. m__h i
e " Bacillus = __Leuconostoc l " staphylococcus
0% it m __Lactococcus m __Clostridium m_Acinetobacter
s S ADIE WS AQE ® __Acrosakkonema n_ = _Rhodococ
2H X 2T H_AGE gas AO0E = _Weizmannia = __Co _
Actinoma n = ZAlkalihalobacillus
M __Firmicutes W __Proteobacteria M __Cyanobacteria u _Atteribacillus, -
— — — = = = _Brochothrix
__Actinobacteria m__ B __ Bacteroidetes

- GENUS LEVEL
W __Tenericutes
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w o
5 s
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0% 0%
wEH bx was oy UEH ADE wEs ANE EuaH =7 EET =X EaH AOE EEFAOE
5 Enterococcus hirae 5 Chromohalobacter beijerinckii = k_Fungi_Other = p_Ascomy Pt
W_Pediococcus pentosaceus __Leuconostoc lactis p__Mucoromycota M p__unidentified ™ Unassigned_Other
B_ Bacillus pisis u_ Bacillus velezensis
W __Staphylococcus xylosus m__Bacillus subtilis
m_ Bacillus sonorensis m_ Bacillus licheniformis
W __Staphylococcus saprophyticus W __Lactococeus lactis
u_Pediococcus stilesii W__Chromohalobacter canadensis
SPECIES LEVEL(E'Y)
100% 100% g — - —
t 80% t 80%
Z z
2 % 2
s 2
° o]
o o
= %
E‘ 40% =
It 9
= 2
S E 20%
o 20%
0%
0% WEH x| MEE x| WEH ADE WEE ADE
Zad x| L ox 2ad_AntE 2a% At = =ET= 2.0 wES A0E
 Unassigned_Other ws_Aspergillus_flavus
s__Aspergillus_tamarii B s_Rhizopus_arrhizus
M Unassigned_Other B g_ Aspergillus [ g__Rhizopus M s__Rhizopus_ ml:rmpwrus W's__Mucor_bainieri
£_ Mucor W g_ Penicillium Wg_ Mycosphaerella p_ ified ne_ illus_quadili
mg_Exophiala mg_Akemaria mg_ Blumeria s _Aspergillus_niger ws_Aspergillus_fischeri
mg_ Botryosphaeria mg Calophoma mg Candida m s__Mycosphaerella_tassiana u's__Exophiala_de matitidis
mg_ Choanephora m g_ Cryptococcus g_ Cyberlindnera = k_Fungi_Other p__Ascomycota_Other
g_Diaporthe lg_Epilcomum - Wg_ Fusarium _Ascomycotaa_Other B p__Basidiomycotas_unidentified
mg_t mg | mg_lachancea = p__Mucoromycota_Other B p_unidentified_s__unidentified
GENUS LEVEL(E) SPECIES LEVEL(EY)
=4 ] |-L_ CiOF Higy | | ol 74 | I-E |AH‘='( | . X ) x| d "'|.
(0% 9) 2AHAE TeF wa AP| Y 20| W2 OMEMZ - TR) 2 w2

PAPAE B AT

1o

s Y A" 9) Al 5—% T%(Genus level) o A=
=29 9§ A Enterococcusso] 61.62%, WE & 35.12%% AI5HEAL, A0tE Ao WwrE A
Enterococcus?:0| 51,33%, &a & 69.51%% QA5 AtE A& 98 T Bacillusso]
Aastgoy, AW a 3 18 99%E Z715F9th £ 423 (Species Level) oA = k]9 ¥ra A
Enterococcus hirae®0| 61,34%, 20tE A9 ¥vd A Enterococcus hiraeZo| 50.64%%2
Ug S AEER 49t WX WS & Enterococcus faecium £90] 35.01%, ~HIE AL
69.41%2 SABtATE A9 & (Phylum) T4 &8 A -3 other, Unassigned Other©]
81,23~95,64%% -2 AA|5ITE § $F(Species Leve) oA = =2 9 AntE AJH g
Z + & Unassigned Other©o| 81,23-95.64% *}A|5} T},
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PHYLUM LEVEL(=H) PHYLUM LEVEL

209%
20%

BACTERIAL COMMUNITY
3 P8 f o8
FUNGAL COMMUNITY
g $ 0§ 0§

wEM kX WEST X ZEH ADE Y¥sFAOE

wEHE =X EEF X LEH AOE WESAOE
= __ Firmicutes = __ Proteobacteria m __Cyanobacteria
= Other = p_ Ascomycota M p_Basidiomycota
__Actinobacteria ®__ =__ Bacteroidetes o
p__Mucoromycota m p__unidentified  m Other
® ___Tenericutes
100%
= sox%
£ =
= = .
2 =
E g
= ao%
5] 2
2 E
I > 20%
E o
-4
«@ 0%
weH x| wuE Lx| wEH_ADLE wus Ao
waE x|
= Unassigned Other mg Starmerella =g Penicillium
o clostrd __Mucor mg_ Wickerhamomyces mg_ Alernaria
= ciwomohalobacter mg_ Aspergillus mg_Candida mg_ Fusarium
:7haiuseibacilhls ®mg_ Ganoderma mg |t i mg_ | i
i wg_Lichtheimia = g_Mycosphaerella = g_Phlebia
L e £ Pichia = g_Rhizomucor = g_Rhizopus
hcinctobacter
hikcaiihatobacillus
= orevibacteriam
i GENUS LEVEL(=%)
GENUS LEVEL
100% - S 100%
s0%
E x| B . -
e = B
§ § 0%
60%
S S
S
=] g 0%
-
S 40% 2
s 2
= 20%
E 20%
-]
0%
o% LEH x| LEF x| Le™ AOE LEF ADE
aH x| @as bX|
- - - ™ Unassigned_Other m's__Starmerella_etchellsii
= _Staphylococeus ureilyticus = __Tetragenococcus halophilus = s__Aspergillus_flavus g__Penicillium_s__unidentified
' __Clostridium arbusti " Virgibacillus alimentarius -
= T Banillue veloseneis 2 Entarecocus e ®'s__Mucor_racemosus ® s__Wickerhamomyces_anomalus
W __Corynebacterium casei B __Leuconostoc mesenteroides -p__/ _S__! -s__ _q
= _Oceanobacillus timonensis = _Oceanobacillus locisalsi = s__Penicillium_sumatraense ochraceus
m_Staphylococcus equorum ®_Corynebacterium ammoniagenes = p__Ascomycota_Other ms__Mucor_circinelloides
' _Staphylococeus xylosus # sporolactobacillus nakayamae

SPECIES LEVEL(Z=H)

SPECIES LEVEL(ZH)

(O3 10) 2xtdE =8 g AP| & 2330 OE oldEHz - TF) 28 #st
=

22 =AY RHAEA] vE A4 AR 10) Alete] & 5F(Genus level) ol A=
X9 Wg A Tetragenococcuss©| 48.95%, Wa B Staphylococcuss©] 25.06%% -A|5F L,
AOLE A|-FO) Wrg A Tetragenococcuss©| 31.66%%E AI5HA AL, B8 & 28 95%% -A|5FIL)
2 4~F(Species Level)o|A= X9 ¥ta # Tetragenococcus halophilusE0| 48.95%, W&
3 Staphylococcus ureilyticusao] 23.76%% -ASIFTE AntE A9 Wrg A Tetragenococcus
halophilusE°] 31,66%, 'Ua % 23 95%= SAIStth M++9] Z(Phylum) oA Ha 7
other 99.27~99.43% T F-E x}X|8}H AL, Wa & Ascomycotam®] A= 14,48%, ~UTE= 39.72%
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= A8}, & =(Species Level)olAl= 2] 2 AntE AlH WH % - 5 Unassigned Other©]

75.54~92.15% A}A| 5}t
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5 _Tetrsgenococcus 5 _Baclls 5 _Gostridum _ Kroppenstedtia
' _staphylococeus 8 _sactheropolyepora ' _Ocesnobatillss & _Helopolyspora
Anaerosalbacter 8 Cersbarilus dbacilus  _Alcliblobacillus
Virgbacilus Lewconostoc ammaicoccus escherichis
‘Welssella " avopostipes Prauserels  _calbacilus
Enterococcis & ZLpingzhangela porclactobacills & Zcorynebecterium
" actinomadura nibacter scopulibacilus ichocoleis
' “Memotocaus # serta  ZAterbacilus
8 _Demospora B _pscudogrzcibacilus
= lederda = Zaciovorax Acinetobacter Aetococcus
' _Aerosakkonema ' Brachybacterium u_Brevibacterium u_Brochothrix
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o
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= __Staphylococcus equorum

w _Bacillus piscis

W __Kroppenstedtia eburnea

B Saccharopolyspora rectivirgula
m__Anaerosalibacter bizertensis

B Staphylococcus ureilyticus

= _Halopolyspora alba

= __ Bacillus velezensis
__Clostridium arbusti

®__Oceanobacillus indicireducens

B __Cerasibacillus quisquiliarum

m__Bacillus sonorensis

B Alkalihalobacillus hwajinpoensis

= _Atopostipes suicloacalis
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mg_ Aspergillus mg_ Candida mg_ Fusarium
M g_ Ganoderma W g_ Hanseniaspora mg_ Hyphodontia
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=
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ms_ Aspergillus_niger
= Unassigned_Other
W s__Mucor_mucedo

®s_ Mucor_racemosus
p__Ascomycota_Other

ms_Aspergillus_fischeri

ms_Mucor_circinelloides

. Mucor_bainieri
3 yeota_s,

. Rhizomucor_pusillus
. Thamnidium_elegans
ms__Aspergillus_terreus

P  Other
. Mucor_japonicus

w p__Ascomycotaa_Other
s__Rhizopus_arrhizus




2P FHA Y HAEAS] v E A 733’—]‘(13 11) Alete] & =F(Genus level) o]l A
w2 9ta A Staphylococcuso] 79.02%, A WH F Bacillus%o] 49 46%= A3 1L,
AutE A AL Bacillusso] WA A 55.08%, e & 48.83%=2 LA|8t9 Tt £ 4~F(Species
Leve)o| A& X9 ¥ta A Staphylococcus equorum®0| 78.62%, W& & Tetragenococcus
halophilusZ0] 32.88%= A5ttt AnlE A|HL Wg A Tetragenococcus halophilusZEo]
55.08%5 AA|FEI, WE & 39 26%% SAISHETE A9 E(Phylum) $FoA =X Wg A
Ascomycota®-©] 37.29% AR}, ¥a & 24, 46%, Mucoromycota®©| 31.15% A}A|3}t},
AOtE A8 dtg A Ascomycotai-©] 43.94%, WE ¥ Mucoromycotai=©| 54.21%, Ascomycota
23.68%= QA|5tHtt. & 4~F(Genus leve)oA= X Wra A Aspergillusso] 36.43%,
Mucor < 36,43%%2 -AISFAN L, XA W& T Mucord©] 31,15%% $-A|5tATE AntE AJHS
WS 7 Aspergillusgo] 35.37%, Mucord: 42 18%% A3l aL, WE & Mucord©] 54.01%%
—?—/\ﬂfv‘]—oﬂE} % 4~F(Species Level)o| A= =X Wra A Aspergillus niger®o] 33,08%%] % 1L,
X 98 & Mucor mucedoE0] 15.65%% AR TE AntE A|HLe wra A Aspergillus
niger®0] 23.23%0|Q1, WE T Mucor mucedo®Eo] 22 .28%= $-A|5tA Tt
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u _Bacillus B __Enterococcus  __Clostridium W Unassigned_Other W p_ Ascomycota Other mg_ Aspergillus
__Anzerosalibacter B _Cerasibacillus ¥ __Kroppenstedtia g__ Rhizomucar mg_ Pichia mg_ lichtheimia
# _Oeanobacilus u_Caldibacillus _Virgibacillus mg_ Trichomonascus mg_Varrowia mg_ Mycosphaerella
u_l m_ n_l mg_ Stemphylium mg_ Akternaria mg_ Mucor
w_l il 1 _Acir —Alkali il H g__unidentified ® g__unidentified k__Fungi_Other
__Aerosakkonema B _ Weizmannia 5 __Psychrobacter g Diaporthe Mg Hanseniaspora mg_Blumeria
" " i ¥ _Trichocoleus mg_ Botryosphaeria mg_Calophoma mg_Candida
u __Halopolyspora B _Camobacterium  _Lysinibacillus
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u__ Bacillus sonorensis

¥ _ Bacillus piscis

B __Enterococcus hirae

B__Anaerosalibacter bizertensis

B __ Kroppenstedtia eburnea

B _ Caldibacillus hisashii

u__ Bacillus glycinifermentans
__ Bacillus licheniformis

B __Aerosakkonema funiforme

B__Weizmannia coagulans

u__ Bacillus velezensis

_ Bacillus subtilis
B __Clostridium pasteurianum
B __Cerasibacillus quisquiliarum
B __Oceanobacillus indicireducens
B _ Virgibacillus proomii
»__Mammaliicoccus lentus

_ Alkalihalobacillus hwajinpoensis
B __Pseudogracilibacillus auburnensis
B _ Staphylococcus xylosus

WEH o7

® Unassigned_Other

ms_ Aspergillus_fischeri

ms_ Aspergillus_quadrilineatus

mp_Ascomycota_s_unidentified

ms_Aspergillus_westerdijkiae

ms__Trichemonascus_ciferrii

ms__Yarrowia_lipolytica
p__unidentified_s_ unidentified

YEE b7

W p_ Ascomycota_Other

s_Aspergillus_calidoustus
®s_ Rhizomucor_pusillus
Bs_Pichia_fermentans
ms_Lichtheimia_corymbifera
ms__Mycosphaerella_tassiana
ms__Alternaria_alternata

k_ Fungi_Other

SPECIES LEVEL(H %)

(O3 12) 2xtd=: BE g= AP| & #30 2 oldEHz - T

2t ) =g et

A WA e FAlE

wA] 9 AnbEAME WE

g mdE 2R 23T H 12) AlRtY] & +E(Genus level) ol A]
A Bacillus%:0| ZH2F 77.84%, 64.00%%2 SA|8tA1, HE Zo|w
Bacillus&0] ZYZF 64,00%, 48 .90%% -A|3}ltt. £ 4~F(Species Level) A= == Wa A
Bacillus sonorensisZo] 43.04%%S Z}A|3}9a1, =A
Bacillus velezensisZ 19 52%% A5ttt AnleE A|AL28§ A Bacillus sonorensis®
28.61%, ¥g %
skich A=
Other 75.57~92.15%% Z A= Qth

2ApAE WEAS D A GAERe] PR B4

3. Bacillus sonorensisZ 37.42%,

Bacillus sonorensis® 22.73%, Clostridium pasteurianum® 21,72%% $-A|

A +3WHs e 2] U AntEAlL drg A -3 fj5 5 Other, Unassigned

AN 13) A

2|2} 2= 7] A EL

[e] o
Teder wa zrlde ©RY oEE Hao vYE YR AdHeR WAH=
butanol, propaninic acid 5 =3 Fet FHH AEo| FAES o|FLL, HaE 379 wjL,

ATz} e dFoF HAIELE k7|4 E pyrazine, Cyclopentasiloxane 5 4

5. sAzenA /) 629




X S H = (=]
e x 87|48 B PCA 24
1D (Prim|Var ID (Var. Sec. ID:1) M2VIP[3] VIP[3]cvSE] JDS1 IDFP1 JCFA | JDS4  JDFP4
21 |Pyrazing, 2.5-dimethyl- (CAS) 301278 o
53 [Butanoic acid, 3-metnyl- (CAS) 234659 il
30 [FORMANIDINE AC 275553 e
4 | -Butznal [CAS) 273283 ‘T
18 |2-Butanons, 3-hydroxy- ICAS) 2579 =}
9 |"-Butanal, -mectyl- Gmpure! iC49) 746 =< —
%1—00]: % |Bensukap 153169 = st @ueLOCer
12 |Cyclopentesloxane, decamerhy- (CAS) 150241 & . L e
9 {Butano: acid (CAS) 141172 A1 o Mg o
25 |Bensultap 138506
10 |"-Butenol, 3-methyl- Gmpure! iCAS) 117926 T
42 |Prooanaic acid, 2-methyl- (CAS) 16724 o
4 |Mekyimalonic acid 102087 . . . .
40 |23-Eutanedicl 100562 * - PC1(40.6%) - "
ar 1D (PrimanVar ID (Var. Sec. ID:1) M2.VIP(B] VIPIBJovSE JSF1 | JSs1_JSFP1 | IS4 Jssa  JsFe4 s
34 [Butyl 2-methybutanoate 382718
7 |1-Butanol (cas) 31736
33 |cyclopentasioxane, decamethyl- (CAS) | 250525
20 [Butanoic acid, buyl ester (CAS) 246464 *
6 [r-Octen-3-0l (cAS) 235351
51 [Bensutap 207922 .
49 [pyrazing, trimethyl- 201482 . ss2
35 Furan, 2-pentyl- (CAS) 19934 —_ serg_ 0SS
2 Furan, 2-pentyl- (CAS) 199227 Eu'f Ousrn
_ 42 [2-Butanone, 3-hydroy- (CAS) 183062 ~ Jsrusza
_/'}_X-] 8 Propanoic acid, 2-methyl-, butyl ester | 172574 = PR
- 54 Bensultap 139003 3 T skra
5 |Propancic acid, 2-methyl, buyl ester | 134919
2 |cyclopentasioxane, decamethyl- (CAS) | 1.24063 -
55 |anaiytess 123446 JorPIDsrRl
30 |anaiyte 39 1.18356 sorm
39 [3-Octanone (cas) 1.15009 -
4 [Propanoic acid, butylester 113224
38 [Butanoic acid, 3-methyl- butyl ester (CA|  1.11854
56 |aceic acid 1.08972
6 |Propancic acid, butyl ester (CAS) 1.08281 - = = + + % =
10 Propanoic acid, 2-methyl-, butyl ester (] 1.00483 PC1(33.2%)
£1D PrimaVar ID (Var. Sec. D:1) MaVIPRL VIPZIesE acrst ocre -
59 [PROPANOIC ACD 344064
53 [pyrazne, teramethy- (CaS) 31421
63 [Propancic acid, 2-mety- (CAS) 331231
8 |-autandl (caS) 326749 T
29 [2-Butanone, 3-hydrory- (CAS) 267972 e Bacrs
6 |-8utaral(cas) 249333 @ocr
40 |pyraze timetyl- 21398 B
19 |cyclpentasionne, decamettyl- (cAS)| 208446
43 [Bensutap 18531 =
- - 18 |Cyclopentasioxane, decamethyl- (CAS)| 172387 =
=] 1 [pyading timety (€25) 168318 ="
=4 47 [FORMAMIDINE ACETATE 166052 S S
52 [pyrazine, tetramethyl- (C4S) 155348 o o S dorat
 feensiap 145373 -+ =
58 [PROPANOIC ACD 141806
30 [pyadne 25-dmethyl- (49) 136562
49 [pyrazine tramelhy- CaS) 132976
56 [Benzaldenyde (CAS) 132745 e
13 |i-Butaro, 3metyl- 1213
15 |1-Butara 3metyl- 111419
5 |aceic it 111284
38 [Trsulide, cimethyl (C4S) 100188 - o “Pc1(a0.8%) - ”
11D (Prime{Var D (Var. Sec. 1D:1) M2VIPIE)VIP[JosSE Gist w
25 |2Butanone, Shydony- (CAS) | 286192
11 {1-Butancl, 3-methy- 2838 .
5 [1-Butanol (CAS) 20064
% |Pyadine, 25-dimethy (CA5) | 222111 R .
46 |pyrazine, tetramethyl- (ChS) 193858 epra10
59 |Propanediic acid, dimethyl- 189662 . cpreIo
34 [Pyratine, trimethyl- 176469
20 [hcetcadd 176155 =-
48 |Pyrazine, tetramethyl- (CAS) 174142 =
15 38 [Bensultop 174728 b= T CrEE
lg O}— 15 |Cycopentasiorane, decamethyl| 160379 & Fereio -
39 |Aceicacid 150958 g - om0
56 |Propanedic aci,dimethyl- | 148095 oo
12 {1-Butanol, 3-methy- 136018 - -
16 |Cydlopentasiorane, decamethyl] 136112 04
64 [Butanoic acid (CAS) 135565 -
36 [Bensutop 129874
66 |2Fuanmethanc! 126517 .
47 [1-Octen-3l caS) 1203
67 |Butoncic acid, 3methy- (CAs) | 117153 - =
2 |pyradine 23-dimethy- CAS)_| 102034 PC1(38.0%)
(T2 13) 2AHAE BHE RO A|7|H S|AE 2M
—a [ = I =2 o“l'oT ™
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(N 2) A% AAAEY o - A% Az 24

AR AR (A, ATLE) B LE ZAAIE §) ATLEL U 79, YL s¢o|n],
GCF(33.0)) GCS(28.8) > GPS(26.41)) GPF(25.1) £ =3, H+4 2= GCS(26.6) »
GCF(26.4)) GPS(25.2)) GPS(23.0) o2 =QIth WwXA|A Hrp AntE A|do] o H4f
A1 LEE 130, BE LEE 20 WA R,

< 8> TAMAE ZFIX|Y WEI|7t SIX Ze wg}
o ez ZEXY M2E(X], ADE) &2 (Mean*SD)
- () GCF GCS GPF GPS
Eh) 27.9+15 27.7+1.1 23.9+0.9 95,509
6 B 25.3+1.2 24.7+2.4 92.240.9 93.9+0.6
27 93.4+33 93.9+0,9 20.4+0.7 92.2+0.5
Bl 33.0+3.7 98.8+2.2 23.9+0,9 26.4+3.8
7 g 26.4+2.9 26.6+2.1 92.240.9 924.2+3.4
e 23.8+2.1 24.8+19 20.8+1.1 22.4+3.3
ERl 98.7+3.2 98.1+3.0 25.1+2.6 26,4+3.2
8 B 926.0+2.6 26.1+2.7 93.0+2.6 95.2+3.0
24 923.5+2.3 24.6+2.5 21.5+2.3 924.4+3 4
Eh) 241417 924.3+13 20.2+1.6 95.2+2.9
9 P 21.4+1.2 92.1+0.8 17.5+1.3 92.0+2.1
P 18.84+1.0 20.5+0.,8 18.7+1.4 93.5+2.3
E) 19.143.9 92.4+3.9 16.944.0 99.4+3.2
10 P 17.144.1 20.1+3.9 14,2441 20.6+3.4
R 15.144.6 18.3+4.1 15.4+4.1 18.9+3.8
ERl 8.9+3.6 10.6+3.1 5.7+3.5 8.2+35
11 B 6.5+3.5 8.3+3.2 42435 7.0£3.6
24 41436 8.3+3.2 2.9+3.4 5.9+3.6
Bl 31425 5.8+1.6 ~0.1+1.9 92.1+1.9
12 Pt ~1.7+3.1 3.0£2.0 ~1.5+2.3 1.842.2
27 0.7+2.7 1.142.3 ~2.8+2.4 ~0.4+2.3
®F, w4 /S, AnfEREAA /GO, =4/ GP, 753
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<E 9> 1XHAE LUK SHIEIY 98 2 g}

XY XM2|H(eX], ADE) 225 (Mean£SD)

2 (o GCF GCS GPF GPS
Al 28.5+4.0 31.2+3.4 27.6+2.4 29.3+1.7
6 97 22.3+1.5 93.8+0.9 19.6+0.8 21.3+0.6
A 18.2+0.7 19.6+0.3 14.8+1.0 15.8+1.0
£l 35.7+4.5 36.9+4.3 33.4+4.3 35.0+4.7
7T B 26.4+2.5 21.3+1.6 93.4+2.2 24.0+2.2
27 20.7+1.7 27.0+2.0 171415 17.7+1.4
1 30,3+4.2 33.3+4.3 26.7+5.1 29.2+5.1
8 w7 23.6+2.3 24.5+2.8 20,4+2.5 21.6+2.3
EpS 19.0+2.5 19.3+2.6 16.8+2.1 17.4+2.1
£l 27.3+3.1 31.2+4.9 24.4+3.6 98.7+4.6
9 W 19.5+1.1 20.7+1.3 16.9+1.3 18.7+1.2
27 14,2415 14.8+15 2.1+12.4 13.1+2.0
3l 21.3+45 31.6+6.8 20.7+5.3 27.7+6.5
10 #7 15.2+4.9 18.3+4.3 13.5+4.8 16.0+4.3
7] 10.6+6.4 11,9458 9.3+5.8 10.4+5.4
£l 12.7+4.5 20.4+4.1 11,6452 16.6+4.4
11 B2 4.7+3.6 6.4+3.4 3.1+3.6 3.9+3.8
2|4 ~1.0+3.8 ~0.6+3.8 -2.3+3.1 —2.3+3.4
k3l 7.0+3.8 16.9+4.5 40428 9.2+2.7
12 # ~0.6+3.4 1.1+3.0 -2.2+2.7 -2.0+2.7
A —6.4+4.4 ~6.2+4.0 ~7.4+34 ~7.6+3.2

*F, x4 /S, AvEERAA / GC, AHEH/ GP, ZFHEA
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HE 7|7 3 QRS E(E 10) HAA YL 9Ydo|n GPF(100%), GPS(99.1%)2 w27}

=)
oF 3.7%= =9k11, £HAYE 9¥olH, GCF(99.9%), GCS(99.0%)= A7} 0.9% =3kth, AlAo|
TE A Hobe AGER Zol7t U= A & 5 Al
<H 10> 1AMAE Z|X 22012t @Y sk Hst
o B AR ME|H(X|, AODIE) QEAE (Mean+SD)
- (%) GCF GCS GPF GPS
Edhl 99.4+1.3 97.940.6 99.7£0.5 97.740.5
6  H 87.6+5.5 85.5+3.9 87.4+4.3 84.8+3.0
A 62.8+16.4 58.5+14.7 56.7+9.2 56.3+17.9
Edhl 98.6+1.6 98.740.6 99.940.2 98,3+1.1
7 Bt 82.2+6.0 83.1+4.0 84.7+5.2 83.5+5.1
A 49.9+13.4 50,1+11.0 51.1+£13.3 51.6+13.3
Edhl 99.3+1.0 99.340.7 100+0.0 99.7+0.4
8 W 87.1+6.5 89.145.0 94,5+4.9 91.6+4.3
A 63.0+£16.0 65.2+14.3 76.8+17.2 69.3+14.5
E3hl 99.940.2 99.0+1.2 100+0.1 99.1+1.0
9  H 86.5+5.9 87.0+4.4 91,4%5.1 89.2+4.4
2| 58.1+15.3 55.8+14.4 67.2+16.8 63.1+13.9
=3l 99.8+0.8 98.7+1.1 99.940.4 97.0+2.6
10 B 90.1£7.5 88.3%5.4 88.246.4 87.845.7
A 64.7+20.0 57.4+19.6 54.5+22.8 61.5+17.0
Edhl 92.7+8.3 96.842.2 94.9+8.8 93.8+3.1
11 B4 73.3+9.3 85.2+4.4 78.6+9.6 83.9+4.4
A 42.9+14.1 47.3+17.0 46,9+13.3 58,8+11.6
=3l 90.2£8.5 94.3+2.7 91.7+9.1 91.8+2.9
12 B 71,9+11.6 83.7+4.5 76.8+16.0 83.844.6
A 40.6+14.1 47.8+14.3 53,04£20.1 62.9+8.6

R R /S, AntERREAA / GO, FY9E3/ GP,

4R



PAE ZAAY A H(r], 201E) FLO| ¥ AT LEL(E 1) FAY BE 1o]u,

GCF(34.6) ) GCS(33.5) > GPS(29.1) ) GPF(29.0) ¢S & &9k, ¥
GCS(29.8) ) GPF(26.2) ) GPS(25.8)2 &QITh ®=AAJH K} AUlE A
S&=7F 0.5CRAl LERE T

<E 11> 2R FUX|Y WEO[ 34 BN EL vz
o 2= ZHX|Y ®2|H(X|, ADE) &2 (MeantSD)
- (0 GCF GCS GPF GPS
Efn) 93.2+3.6 95.7+4.0 18.6+3.3 19.6+3.1
4 B 19.9+3.4 21.6+4,1 15.6+3.5 16.0+3.4
Ep 16.4+3.0 17.9+2.8 14.6+3.5 14.3+2.8
£l 95,4432 927.143.2 91.5+4.1 99.8+3.4
5 B 91.4+3.1 99.3+3.1 18.1+4.3 17.843.9
P 16.8+3.3 18.1+3 4 16.1+4.1 15.2+3.4
En) 99.2+3.4 99.2+3.1 24,9443 95.2+3.7
6 B 95.5+2.8 95.9+2.3 92,4438 92.0+3.5
P 92.0+3,0 93.142.5 20.7+3.8 20.0+3.3
k] 34.6+3.5 33.5+2.8 99.0+2.27 99.142.2
T W 30.2+2.4 99.8+1.9 96.2+1.8 95.8+1.8
P 96.241.9 96.9+1.6 94.7+1.8 93.9+1.2
E) 32.0+4.4 31.2+3.7 96.0%3.0 97.0+3.3
8 B 927.8+2.9 927.9+2.5 24.3+3.0 93.1+2.6
ESPY 24.6+2.6 95.5+2.3 22.6+2.5 92.6+2.3
E<l 26.842.6 96.8+2.6 20.6+2.6 92,6432
9 B 92.0+3.1 93.1+2.4 18.442.7 18.0+2.6
EpS 18.4+3.3 20.1%2.6 17.0+2.8 17.3+2.9
Efl 15.8+3.2 18.7+2.7 121433 14.0+2.8
10 = 13.0£3.5 15.2+3.3 10.6+3.3 12.3+2.9
Ep 10.2+4.0 12.3+4.1 9.3+3.5 10.3+3.2
E<le 9.9+2.6 13.242.9 6.7+2.6 7.8+2.6
11 =B 7.4£2.7 9.5+2.4 51+2.6 6.2+2.7
P 49429 6.5+2.5 3.9+2.8 45+2.9

*F, XA /S, AvEEAAA / GC, ZFHEEH/ GP, AHEA
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AP A A QR 2e(3E 12) 1IAEH Z2 FFeR 1d 2=27F 7MY =%
o mART AnpEALA i 8l FF2Th o A UERdT. a7 ofF 4
2%t 30TCE 9v Y= GPF(A7Y), GCF(61), GPS(72), GCS(98) <2 & &7 Uerdil
A s AuE Aol 30T7F W A7t 25~379 A WAL, FHi F29] e
&% GPF(13Y), GPS(16), GCS(70), GCF(73), <22 ¥/ YEYi, =X Hils AutE
Aol 30C7F He Ak MY, Al YErd

l

%L,
al

<E 12> 2XPEE LUK WHI2 BE oHeE wal

o er ZHEXE M2 H(X|, ADE) R 2E(Mean£SD)
= (0 GCF GCS GPF GPS
B3] 23.2£5.2 26.3+5.9 21,4%6.2 24.5+4.8
4 B 15.6+3.4 15.7+3.4 12.943.9 14.1+3.3
2] 8.6+3.7 7.243.3 5.943.2 6.2+2.9
B3] 26.3+3.7 29.5+3.9 25.9+5.1 28.9+4.2
5 Bt 16.7+3.0 17.2+3.1 14.6+3.7 15.9+3.3
2] 7.943.6 7.943.5 5.7+3.8 6.3+3.6
B3] 28.6+4.4 30.6+4.6 27.1£6.1 98.8+5.4
6 Wi 21.4+3.1 22.1+2.5 19.0+3.8 20.0£3.3
A 15.8+4.4 16.0+4.3 13.5+4.4 13.9+4.2
B3] 33.4%4.1 34.6+3.9 30.9+4.0 33.0+4.3
7 B 25.7+1.9 26.1+1.5 22.7+1.5 23.6+1.3
A 21.1+1.6 21,4415 18.0+1.3 18.3+1.3
B3] 29.7+4.1 32.3+4.5 27T.1£4.7 29.9+5.5
8 Wt 24.0+2.8 24.942.5 21.2+2.8 22.4+2.6
2] 20.3%3.3 20.9+3.0 17.6+3.5 17.943.3
B3] 27.4%2.9 30.4+3.8 23.9+3.1 29.1+6.4
9 B 18.7+3.1 20.1+2.6 17.540.9 17.743.0
A 13.3+4.1 14.1+338 13.2+2.3 11.1+4.2
B3] 19.5+3.3 23.5+3.4 17.74+4.9 22.0£3.0
10 B 10.9+3.5 12.5+3.6 7.6+3.2 10,743.1
A 52445 6.3+4.5 1.4+3.4 4.0+4.2
B3] 14.8+4.6 20.7+4.1 13.6+4.3 19.5+5.6
11 B 5.9+3.2 7.3+2.8 4,0+3.4 5.0+2.6
2] 0.0+3.2 0.4+3.0 -2.0+3.4 ~1.4+3.3

“F, wA /S, AMEEAA [ GO, AUEA/ GP, FOwE



HEw L PJAz|ol 70| GPF(99,1%), GPS(95.4%) 2 *=A|7} °F 3. 7%=
< 8do|H, GCF(96.3%), GCS(98.2%) = 2HLE AJ/do] 1.9%= &t Al
=:]
=

2 Hol7h L A2 & 4 gt

ML
lx)ll
N
=
b
18 K
o

o & ZHEXY M2 H(X|, ADIE) R &L (Mean+SD)
= (%) GCF GCS GPF GPS
Edin] 82.6+10.6 86.1+8.0 91.7+11.6 87.4+17.3
4 B 60.4+11.8 32.5+12.2 67.4+15.2 63.8+10.2
2] 35.1+12.8 31.2+12.9 35.6+16.4 31.6+14.3
3] 87.9%4.9 88.0£2.8 96.2+6.1 89.7+3.6
5 B 58.8+5.5 26.8+8.3 63.6+8.6 60.0£6.9
2] 28.6+9.0 26.82+8.3 26.1£8.8 23.0+7.5
Edin] 92.3+4.9 93.1£3.5 97.5+4.9 93.4+3.9
6 B 75.3+11.3 52.4+20.3 79.9+11.2 75.5+9.6
2] 51.6+17.8 52.4+20.3 51,9+20.1 47.8+17.7
Edhl 94.6+1.5 97.8+0.8 99.140.9 95.4+1.0
T B 80.5+5.7 59.4+11.7 86.0£5.5 82.1+4.8
2| 53.7+12.0 59.4+11.7 57.0+15.1 53.0+14
Edin] 96.3+1.4 98,2407 98.6+1.1 95.2+1.2
8 B 85.7+6.4 64.9+16.6 89.7+5.8 85.5%5.9
2] 64.9+15.3 64.9+16.6 67.94£19.3 63.1+£18.6
£l 97.4+1.5 97.9+0.7 98.540.7 93.5+1.6
9 B 82.5+5.2 49.3+16.1 89.9+5.8 82.0+5.3
A 51.9+14.8 49.3+16.1 69.6+21.8 54.7+15.5
Edn] 98,1+1.1 98.9+0.8 97.8+1.4 93.6+2.2
10 B4 83.0+5.6 49.3+18.9 82.4+9.3 82.7+5.8
2] 51.2+16.4 49.3+18.9 46.7+20.6 50.3+20.1
) 92.0+18.3 94.6+17.5 93.0+18.5 84,2+27.5
11 g3 75.5+15.8 43.5+18.2 76.7+16.3 74.5+23.8
2] 41,1+12.7 43.5+18.2 41.9+15.5 40.7+9.5

*F, XA /S, AvEEAAA / GC, ZAEEH/ GP, AHEA
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Q=2 7

(HIBMS2te|: ADIE 22|RE MBS St XHE MSHQ FT Me{A Hat 1)

7,

W™ 1) PR ny=
EX

1, 224d = oA E E , kvl
Wi} A9DR AU A Aol glo] FEE ZGUL, WGTE BE, ol
Ak, HRAE A AlESaE A st dee =A% F o8,

3.79, AU]’E/\]H S 8.39Log cfu/gollA 8.53% F7stqlil, ¥dwtre A %

An}E uHE A 0.34Log cfu/g, uhg T 7% okorrh EE—’%— wAHHE B 4,92 Log

cfu/gol Al 4.47, 2RFEAD $ 4 48Log cfu/goﬂl\ﬂ 4172 ZAsElal, 530 =

X8 & 4 60Log cfu/goﬂ/ﬂ 4.08, AUtEAIYL & 3,70Log cfu/gollA 3.61=2 74

SHATh At = =ALA F 7.10Log cfu/golAl 6,35, AUFEAIA & 584 Log

cfuollA 5,092 ZAsIS

A A N2 (Bacillus cereus)= A W& 27| 3,58 Log cfu/gol|Al &7] 3.46,

AOtE "rg 27| 3,24 Log cfu/gollA] £7] 2.94 Log cfu/g® A3, A fjH]

2utE Aol Bpd A AlEles AgaED oF 2 8k

LoZpAE X - AnE He|nd Ag AH Ha Al A Fot 330l 54 eA8EA

Ae A HE Z27] 2,57 ug/LolA $7] 4,20, A0tE HA 27| 0.66ug/LojA 7]

1.30ug/LE pFolqlal, Wa § AupEAIA oin] kx| A Al oF 3.2v] w35

THo| 54 ofETEAl Bl & =AYE Al 0.37 wg/LoA 0.52 wg/L, ZHEEAIA A

0.10 ug/LOJA 2.29 wg/LE BE Z7}atS

1 22 A® mAE FARA At eA] of8] AufEAEO] WA $ Bacilluss: $-A|7}

74et Ake R, &a A ML Enterococcus, Tetragenococcus, Bacilluss:o|

QA WE & Enterococcus(20.25~66.95%), Bacillus:(48.99~78.15%)% °/\ﬂ

5. AdS Wd A Monascus, Aspergillus, Mucorso] SAE EQi, 2a

b

=

Debaryomyces, Wickerhamiella, Zygosaccharomyces, Microascuss 5 A

o -{q

[0

14t YREE 7|Z0oR X urh AntE
Aol 369 Wtod, AWF i FL 712OR AukE A4 Mok A7t 39 )
on@ Avke MY Y LEL BAY FL& YA LB §47F HeRE Hel &
220 A3 YRemet B B Aol 5T ol Ak Wik (1Y) AvpEAHL 289
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