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O Purpose
- To construct the interpretation system between fermented microbes and
functional metabolites in agrifood microbial resources, we performed
meta-metabolomics approach for explanation of fermentation process
O Contents

@D Meta-metabolome profiling of various microbes according to

Purpose& environmental factors
Contents @ Investigation of traditional fermented foods through meta-metabolome
profiling
@ Selected microbes optimization in complex fermented conditions
@ To establish the optimization fermented system by meta-metabolome
profiling
® To support the industrialization by optimization of new agrifood
fermented system
® In-house DB construction and expansion
@D Comparison of metabolites produced by Aspergillus oryzae between solid—
and liquid fermentation
@ Identification of difference metabolites according to degree of milling of
rice
Results @ Construction of metabolic pathway of koji between various substrates
@ Interpretation between microbes and metabolites during fermentation
process by correlation analysis
(® Identification of biomarkers for quality control of fermented products by
metabolite profiling
O Meta-metabolomics evaluated the effects of using different microbial
species and fermentation conditions in various fermented foods
O Provides a foundation to produce specific metabolites by metabolite
Expected - .
Contribution profiling for quality control
O Provide a way to reveal the metabolite alterations in the complex
fermentation process and understand the differences or changes between
microbes and metabolites during fermentation
) _ Agrifood—micr
Meta—-metabol ) Functional Metabolite )
Keywords . Aspergillus . obial
omics metabolome profiling

resources
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3. @7y We R 243

| FEWNF | D-05
<A 1AFATAHEgR): 7] SHAA A 7|6k FAEF v AERY &G4 >
3-1 A7 g 2 A A
b AT e 9 A
(1) 54F vAE 23 NE9 778N E &9
(7H MS 717] 49 st

O GC-TOF-MSE 2 13 tAibEs B8t 852 ARSH. ofvxal, 9, AW
2, 714 59 B4 0] ThselH, ol E AR JEAE o] 85] witdd AR f %
A7t A d(ad 3-1A)

@ UHPLC-LTQ-IT-MS/MS+ 2 Agg&Ad¥% #Ad 23 dixitbEoe] #4434, o)
Ao Re= AAE AFESEH, MS fragmente] AHE IS 5 A= Aol AS(2d
3-1B)

@ UPLC-Q-TOF-MS%E wmizt7tA =2 Ae|&d 7 #AE 23 dAMHEe] 45w, o
Ao A7t AtgE. BEEE tAAIES 425 4248 7HA Y AEE Al F sl
molecular formularE A& 3 (18 3-1C)

@ LC-Triple Q-MS+ dAAZvEad =24, T2 A5 AF 2 FHd A8H
(149 3-1D)

A)
(©)
a3 3-1. 434 B4 MS 7]17]. GC-TOF-MS(A),
UHPLC-LTQ-IT-MS/MS(B), UPLC-Q-TOF-MS(C), LC-Triple Q-MS(D)
(L) MS data®] Z=2A4 9 o= AR

D GC-MS ¥ LC-MSZHH Y& raw datas AdA7F b&E & A= Fejzo W3l

o] dast Z17to] raw HYS codf I E WHE & Metalign ZZ1HS o] £3}9]

peak alignmentZ A A &
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@ Metalign& Z5F-F Y2 excel LS o]&steo] vz TAIEA ol 7Hsg o=
FAEAL SIMCA Z=ZIfS o]§3ste] AAE owlz FAZAS F39

Principal ~ component  analysis(PCA), Partial least squares—Discriminant
Analysis(PLS-DA), Orthogonal partial least squares—Discriminant
Analysis(OPLS-DA), Variable importance projection(VIP) 59 Z#ZS A& 4 3l
. PCA ¥ PLS-DA, OPLS-DAE I3% 1Fe] AlolE A Zts) 3]‘04 HojFH VIP
value®| 749 Ztzte] diAAI7E 15 7He] AbolE HoF& W
@ Retention time, m/z, A max, molecular formula, MS/MS fragment 2] FHE 9]
gt tALA Y] T8-S AA ol#d HRE o] &35t 5% In-house library,
Dictionary of natural product, \= & 52 Hluste] A4S HAAISHA 9. 549 AL

EI_4

AES I HAoUEE HAFLEER "1215} st Zgol H8g. o+
STATISTICA, MeV, SPSSs9] thefst 4 zzadlo= 7hadh
(2) 8743 g9 W& g3 59 meta-metabolome TZ3}AF
@ Aspergillus oryzae KCCM 12698¢] 1A 2 oz wjok n)w
O A oryzaew 2FAFFANA dE ol &x& FFolE2 154, HF T e Fol
ol &= TFE A Ys. AELFAAN mAAELS BF FAH wa uA F
S A geEE wart A3y, wds o] wel f8 2F A 2 549 A
ko]l gty wEbA, 8 w75 B4 A oSz de wek dARAe] Aol s F
Q st AES AT A oryzae WS A vzt o Au] kol ZHzt HE )
o 16¢ 749 Ao AMEY & FE2 H 7S AP (a9 3-2)

Solld state culture

Culrared on Mal Extrct Agar (MEA)

7

0t/ 28°C o mpmn
(et dish (130 25 rom) |
Aspergils oryee Inoculation Harvest Extraction MS amalysis
COKCOMIG T Ll poresupeio - = Odayto16day — Sl choppedagar Eaote=1:1 ™" UPLC-QTOFMS
Cultued on MEA (28°C 12 day) (3x10spore/ml) (4 day ntervls) Liguid:Broth: Bl acetate =1 UHPLCLTQIASMS
[\ Liquidsate clture
{.,__;‘ Culured on MEB
100ml/ 28°C 20
[ baffed flsk (250ml)

19 3-2. A oryzae KCCM 12698 159 A& 3 Scheme
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O 374 ¥ wjdxto] = elslaiat growth curvet pH =4 ZA 3 growth curver
H] 52 4 % (specific growth curve) AAFA S Fa A v FG.04L)o] B A u) %
(9.799) e Hl& FiAom FAEETE wE S 3 pHe LA A A
GBS fHAdte 43S B 9 AH9E SElA oA Y B 26
PP s 3-3). =3 A oryzae KCCM 126989 &Alv 2 a3o]
g4 vla Ay, dFE uA TaoA e g FAS HA(IH 3-4). v
Al 7k 1} S o8k

eb @t ZA o o] &l FbestH, 5 FridE DA
>=
[€)

(A) (B)

Growth Curve pH M = Solid state
B = Liquid state

(4)

3000 1

2500 4

Inhibition =one (mom)

Dry weight of mycelia (mg)

=
=

=
=

=
=

o
=

0.00 4

GO0 4.50
4.60

500
4.40
400 4.20
400

300 =

= 380
200 3,60
3.40

100
3.1
0 3.00

Oday 4day Bday 12day 16day Oday Hlay Bday 12day 16day
Fermentation Time (day) Fermentation Time (day)

% 3-3. A oryzae KCCM 12698 9] (A) Growth curve ¢ (B) pH

Antifungal activity (B) Antibacterial activity (©) Antibacterial activity
(against C.albicans) (aganst Ecal) (against $ qureus)
1400 4 2000 4
12.00 A
e 15001
Z 1000 4 g
. 5
5 B0 2 10.00 4
] =]
=
g« :
b b 500
E 400 4 Z
200 1 M 000 1
!
} 0,00 -

M|
LI = T T 1
4 8 1M 1d 500 -

a9 3-4. wige A 8 A oryzae KCCM12698¢] 3l3 &4 vl
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O 74 H 1wk PCAS PLS-DA #4423, PCAoA = PC1(21.15%),

O UPLC-Q-TOF-MS &A1& E3

PC2(13.89%)° <J&ll, PLS-DAAIA %= vlzl7FA] 2 PLS1(20.68%), PLS2(13.88%)¢
ogl g A|gbel| we} Wslel AT A ujYFe] FEEE BEFES FAF
(14" 3-5)

(A) PCA (B) PLS-DA
150 150
100/
100
50/
— 50 =
g g
2 E
& a0
Lt a -
& £ -s0
-50/
~100]
-100
-150f
150 -
-200 -150 -100 -50 0 50 100 150 200 250 =200 -150 -100 -50 (1] 50 100 150
PC1 [21.15%] PLS1 [20.68%]

A : Liquid state A : Solid state
A :0day A :4day © :8day A :12day A :16day * : QC

%Y 3-5. A oryzae KCCM 12698 59 v %¥st7 o] u} &
PCA (A) PLS-DA (B) score plot

aAufFT HAE k] 23 HAMIES TS
AA P FA A= F 2570 AAE FA st ow, 2579 dAMA == 4709 i
Al 4 (Anthraquione derivatives, asterriquione, aspoquinolone, vesicolorin), 27§ 3
E}lo]= A ¥ (Phenylalanine dianhydride, tetraproline peptide), 37§ A]*AaF A<
(TriHOE,  heptadectrienoate,  phytoshingosine), 27| &z Zol=  AA
(hydroxypaspalinine, cyclopiazonic acid), 57H¢] 7]E}(Asperaculin A, kotanin,
aspergillus acid A, macrolide, sch 725674, hydroxydiisophorone), 97§

non-identification= 3F¢l H (3 3-1)

¥ 3-1. UPLC-Q-TOF-MSZE %3+ A oryzae 1A vk 3749 231 thAAHE

No. Tentative Ret Posi Nega MW El tal i FIT (Norm) mDa PPM
Quinone #1H
2 Anthraquinone derivatives 4640 4511326 449.1347 430 C29H2103 2142 14 3
3 Asterriquinone 4837 439.1644 437.1552 438 C27H23N204 3.053 .12 27
9 Aspoquinolone 5820 4663128 464.2993 465 C26H42NO6 0.024 3.8 82
10 icolorin A 6.008  339.0499 337.0345 338 C18HSOT 3.508 -0.3 -0.9
Peptidel] &

Phenylalaline dianhydride 5113 2051457 - . CISHION202 0387 03 1
14 Tetsaproline peptides 6554 513.2517 489.2453 490 - -
Fatty acid 2 &
11 Tribydroxy-octadecenoic acid (THHOE) 6.051 3532309 319.2337 330 C1SH3305 0284 0.3 09
17 Heptadectrienoate 6975 2772168 275.2026 276 C18H2702 115§ 22 8.0
18 ks i 7236 318.2090 3622381 317 CISH40NO3 0.000 -11 -3.5
Alkaloid A1 2
[ 14-Hydroxypaspalinine 6787 4503207 4483082 449 C26HAINGS 0.005 ) 232
21 a-C: ic acid 7.604  337.1531 3351424 336 C20H2IN203 0276 -2 36
EEEE . _
1 Asperaculin A 4242 281.1406 2 CI5HI905 0251 0.1 -
5 Macrolide, Sch 725674 5298  351.2144 327.2194 328 CI8H3105 0.679 0.4 -2
6 Hydroxydiisophorone 5208 2032124 2911651 202 C18H2903 0 19 6.5
13 Aspergillus acid A 6510 4093134 407.2789 408 C24H3905 0.034 -1.8 44
23 Kotanin 8200  439.3856 437.2216 438 C23HIZ08 1.556 4.1 9.4
Non-identification
7 NI (1) 5.399 369.1455 367.0588 368 C20H2IN205 0.425 11 3.0
8 N1 (2) 5512 3512132 349.1118 350 - - - -
12 N1 (3) 6323 3551521 399.1768 354 C21H2305 0339 15 42
15 NI (4) 6.738 277.2177 278 - - - -
19 NI (S) 7.300 7214329 722 - - = :
20 N1 (6) 7427 4513345 452 C29HAIN202 0.77% 20 a4
22 NL(7) 7858  457.3887 - - - - - -
24 NL (8) 8.591 703.2633 701.2554 702 CA6H3707 2050 53 7.6
25 N1 (9) 9.030 5003893 - - - - - -




O HAwjFol A= F 15709 2xF tiAibEe] 54 . 15719 diAAIZE= 2709 #
+=(Aspoquinolone, vericolorin A), 67  7]E}(Asperaculin A, diotylamine,
dihydrocanadensolide, aspergillus acid A, hydroxypaspalinine,
dihydroxy-octadecadienoic acid), 771 "l&A tAAA(GE 3-2). LA 8l ol A
AR Fel wls] Fd AR ¥ W AN Ee] 4 HIlA, © B AdEol
sAE S A

3% 3-2. UPLC-Q-TOF-MSE& &

UPLC-Q-TOF-MS

o

A. oryzae HA W 7 o] 23 A=

No. Tentative metabolite Ret Posi Nega MW Ele tal composition i-FIT (Norm) mDa PPM
Quinone 7| &

32 Aspoquinclone 5.820 466.3128 464.2003 465 C26H42NO6 0.024 -3.8 -82
33 Versicolorin A 6.008 339.0499 337.0345 338 CI8H9O7 3.508 03 -09
1A E

26 Asperaculin A 4.242 281.1406 279.1216 280 CI15HI1905 0.251 -0.1 04
34 Dioctylamine 6.024 2422848 286.0128 241 CIl6H36N 0.001 0.8 33
35 Dihydrocanadensolide 6.258 213.1114 211.0890 212 CIl11H1704 0.143 0.7 33
g Aspergillus acid A 6.510 4093134 4072789 408 C24H3905 0.034 -1.8 44
38 14-Hydroxypaspalinine 6.787 4503207 4483092 449 C26H42NOS 0.005 1.0 22
39 Dilydroxy-c decadienoic acid 6.962 311.2161 3552191 312 CI18H3104 0.723 21 67
Non-identification

27 N.L (10) 4.997 289.0338 287.0164 288 Cl4HTO7 0.003 -3 48
28 NI (11) 5.058 309.0880 307.0712 308 CITHIIN20O4 1.007 09 -29
29 N1 (12) 5387 4643021 4612838 463 - - - -
30 NI (13) 5.399 369.1455 367.0588 368 C20H2IN2OS5 0.425 1.1 3.0
31 NL (14 5733 5252736 523.2546 524 (C28H35N406 0.639 06 1.1
36 NL (15) 6.398 210.0775 208.059 209 C10HIONO4 0.086 -3 6.2
40 N.L (16) 9.516 5383774 5363558 537 C30HSINOT 2.211 -1.8 -

O ui¢k 34 dArA] shskvl A3} coumarin AlE 270, terpenoid AE 47,
unsaturated fatty acid A9 770, 71€} 13707} A. oryzae KCCM 126982 Hj < 3t
ol mep Zpo] vh= AN E 548 ®(1¥™ 3-6). Coumarin A9 % unsaturated
fatty acids® WAIE zA] wjd AA wo IS Rolw(1™ 3-6A),
asperaculin A 2 71€} 27}A] A Al = A Al A A B S 1)

{A)
DrsTy meeTyreammari () Eenans T coamanin (21 512,18 TARCHNE {TY %02, 53 TrBICENEE (8} RS TR {5 21 EIREC {10}
v e am L e w - o
maa - P il o . e
— w4 - | = - L =
o s
. | A L eclomo | B Lo
[ - C NI — R - [ R — T s om p2e e
1 = 2 5, Phel bl 1 8 i Fewtabsdseas
E2,13 EMIBOIRE (18 1253 IMIRONE. (1.2) 0 DM (1.5} deriras (i - (15 i dranadedocmsnbc okl (161
o] " A ava—a = v fres
g i - [ - s | — ;
' . - (£
= alan = lnl..l il k= ' Ll
. bl .l | : - = vl om HC . aclinl
R [ R om om C - o e e ome o e - w om orza s
HenyMraaanis skl (FTH RN L] MR- A LA ML SqEEy ML &N
psm s wman —— e -
[ to | — m— j—— -
- -
- o] . - 1 I e v
.t .t .- - oo -
- oa om oue e eI ———— PR [ - oam ome U e - o ize e
ML T2 LW 2
e | e
o
b Jr
o -1
T s
Tee w omioama T
(B)
Auprracuiia & (3F Amwinlale I 4y ETTE S TN Alrmuirrpmoktderhatiees (4 LSRR LN BT
. s somm e ——a s
— g, 1 = . . | .
prazny —1 d] - ] - S — 1
el E =l =L sl _mill = all
= omoate ma - om om e oma - o m e oma = o oA ma a as mmoamom o ma e m

a9 3-6. W B4 H A oryzae KCCM 12698¢] #Fo] = tiARA]
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O & mAE Aol 7MY =& 1A W 8UQ A oryzae +EES Prep-HPLCE
B3 EAS st & vAE A4S 4T I AE g4 54 47 20-22
B24-28% 30-31%, 37-39%-9] fractionol A Aol yEld. 3 mAE A4S

Holz= 3ke] LC-MS #4 23}, 7709 unsaturated fatty acids, 27§ #"%4%,
1719] coumarin, 270 7€} tALA 7} &€ (1d 3-7)

(EL]
[FERER.
el [rape 1
-_'.]:'-_'.|-[.-'-'|| |u[w ajal=] afa] ofair|al=fa]s ';u|-__;_-— ] wieu sl o[ [l ] ][ ][]l ] Ta]
= EENERARE EEEREEE I -]
[CREEEEEEEE B g BB CECCCEEL CEEEEEESCC EEms
I.d-h-.‘ UL B --l T ¥ o ele # 1+|-' I-ll+ll‘l+ slafajele
i = i)
‘ u
oo
" )K/m =
Wy | o
2L ., Kokl P
(L8] 0 H,y it iy
o i — My
W .
[ S o~ RELILTAEOBE (T Bp= O o0l =0/
ik = = ¥ EAE-IHRDE (18 Hy= 130 Wy =00
t LA IHTEHEE 1y Ha = 4310 Wy = 000
a B BB K
e ——= ,)K/\/\.)\)_&z)_k/\/\(
(17 — i Ll Wy
i WAL LL etk g M= W, - W M- Ol
| 1 LTSS 1T T TR T T ST T T |
|
o] |I | (ERER N1 KEE ) DIl Wy - (I
s E I"I.: i TAB-THIRME (L35 W0 By M)
" 1 [V T
- b .}\)\/\M/n
¥ 1
[H] if ™
i . ii I! ] Uiy deiromasie srid (16 =i LI ]
TR T T T (e hpdeeydadcamir arbd (7] Hy = Cheerad W= 0,

a9 3-7. F vAdE 24 24 £y 32 o4 23

@ A 2 A vk Ao wE A oryzae KCCM 12968 52 AE W thALA
rTEadd
O A. oryzae KCCM 12968 -9 Al Wl tiAt4gS gRlstr] 98] M2 u tiA}
A Z2dS AAE dF9 HAE U gA A FEH2 obd 1§ 3-8% &

Asparrgillus aryzae
Cabnred oo MEA (2850 7 12 day

-
Ingculated spore suspensbon {1ml)
333 10 spiee mil.b

. x
Salid staie fermenintion  Submerged fernientalion

e

v
Tocubation Time
Froma 3 ciy 1 1k}

L
Harvest
(Harvesterd 4 dars intervals)

v
Cell & Wedia Separation

L
Ouenehing

v
Cell Estractisn

»
Metaboliiv profiling: GO LT0 O UPLOC

Pivonatype: Dy coll weght | Eugvane nctiviry

19 3-8. A oryzae KCCM126982] A W tiAA F&= A
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O w79 AMx Ul tAMA Z=2adsy Az aAet dA A4 PC1(25.0%) 2
PC2(14.8%)° 9all A= th& ¢g sy 2L ujF Ao & W FAFH(2
2 3-9)

A : Solid

16 day oz Ligpuid

\ A:dday

: S day

_ A:12day

f‘. A: 16 day
]
(-9

4 dav
-200 -100 0 100 200
PCL [25.0%]
a9 3-9. A oryzae KCCM126982] M2 U tAbA v s FAA Az

O M Wl thAkAl g&Fvja AF(3E 3-3), dlFE9 ofwx=ite] A5 Ax g 3

Aol MU Wol HXES &% v FALL 1A wlg A AE

Well o

ol %449

¥ 3-3. A oryzae KCCM126982] Al W thAlA] A

No, Ret{min} Teststve metabolites

Fragment Pattern (mz} TMS  Identified oo fnz)

Relative contents

517 Si6 L4 LE Li2 L6

Aming aclds & Aminey

541

N-Aceryh-D-glucosamine.

136, 73, 147, 117, 38, 75, 74, 100
T3, 144, 147, 100, 218, T 145, T4
T3 174, 86 100, 59, 147,
73, 158, 10, 159 14

04,

Brmancic acid
Make acid
Citric acid

7,

5 14 (5
174, 205, 160, 100, 129, 319
M, 147 ]

160, 20%, 129, 10), |
£

B A R R

EA NN

wooen N1 w =
B o8 NL(3) 7 118 =
P N1(g) T4, 160, 75, 1300107, 1 180 -
41 LY NL(%) 73, 147, 103, 217, 117, m -
4 LI NL{6} 7,147, Ei ) -
PR N1 T3, 147, 103 -
“ oo ML) % -
45 1375 N1.(9) 17 -
6 18T N1 (10 129 -
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O A AZ BAXS 539 A oryzae KCCM126982] Al W AR A S &eldh(L

H 3-10). A FEQl GAEe A9 1A FAA o wWo] FAHHo] Fts
B9, obWiAl 9 opul AL oA WA WAzl me YRR F}
BomelE e A A9 F MR B gas 2342 B9
e Yookt Shtec < Sugar & Sugar alcohol >
Tagstse 4 Galsctio +— r....]‘.m — Sbine
e
3t
cpiis g pages T m"'f”’ it o

Ethanalamine N Jl(rnl D-Glucosamine — Fruc) nm o
m Shikimic acld —————> Phenylalanine
/ viine il

Threanine +——s Gbﬂ-u—p Serine { s

Malonyl-Cod

Tabeuclne

f\(ﬂ |-c A

Aspartte €= Alanine Maltie ackl

Ostudecadivnnic ackl
Citric ucld #— Oxaloacetate

Lysine
v a Manualcin
Funiaraté Onoglutarate 1
\ / I'l tannate Unsuturited
= Fatty acids =
Succin h cid i i i
(.uav— cam.-u —» Glutamine 1 l l
Palmitic ackd Stearie acid Linakleachl  Oleamide
1—1 Iﬁ =HFEE S T
Ormithing Pruline

a9 3-10. A oryzae KCCM126982] A ¥ W AMAE = ¥4 Ay

(3) AEAFAE vy 98 2 o) e diA L Ay FA o] F9
O ASLIAFETA) A=

O 2L 714 2 4AZ "AYY ke AAgts AR Yo Ju, A Ay
el -2 o] FoA] g wifre R g5sE, aud o g o]Fojx 9l
on, F2 AFd vt JgEo] EAS AANE AFE, AEA Ao B
o FfEo] AS. W= A A AAVE dFE AA Ho waRbs Tt
A FwdFEe Qe fAF 24 B34S AAY, A4 22E F38 embryo
o] A& o 3MAE 7. drle B AV AAW AR, &) 3 F
o A& A oryzae ¥TE °ol&3te] 3647 B HaE st 12413 HA L
2 HEds shds(2d" 3-1D)

Oh 12h ——""_ 24h ———> 36h
e ———— |

Giant embryo rice I:'_:_
(GER) ‘o
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(A) R2X= 0.851, Q2=0.704 (B) R2X= 0.506, Q2= 0.442

AedaAF(F2he e dEdd & vl

Az Alg el PCA 4 Ay, GC-TOF-MS #4240 A4+= score plot PC1(59.4%),
PC2(6.1%)° <J&ll, UPLC-Q-TOF-MSel A= PC1(45.5%), PC2(5.1%)°l <3l
B Wt Wstste] SAEE R AERE RA(a" 3-12)

(5]
=

PC2 (6.1%)
PC2 (5.1%)

e
=]

Fermentation time
200 100 0 100 200

PC1 (59.4%) PC1 (45.5%)

a7 3-12. 959 A9 PCA score plot. GC-TOF-MS(A),
UPLC-Q-TOF-MS(B)

HF A A Ay, FAe] HE siES i AE 1A gAREER 45
H(E 3-4). & 3H4dAE T4F AAE 7 d89 S Ve w
32 74439 E=A, heatmapl = T A S, o= VIP values(VIP > 0.7)
2 AARZHAS. EE HE AFolo] T]oste diAMAEE 12709 (erythritol,

arabinose, arabitol, glycerol, sorbitol, penitol, inositol, glucose, maltose, xylitol,

0 3N,

fructose, sucrose), 107§¢] 7]*H(kojic acid, oxalic acid, citric acid, succinic
acid, fumaric acid, glycerolphosphoric acid, glyceric acid, malic acid, gluconic
acid, lactic acid), 27¢] ¥ & (4-hydroxybenzoic acid, ferulic acid), 157§¢] o}n] =
2Hmethionine, ornithine, isoleucine, phenylalanine, valine, threonine, proline,
serine, tryptophan, aspartic acid, GABA, alanine, pyroglutamic acid, glutamic
acid, glycine), 570 ¢] AWk (stearic acid, oleic acid, palmitic acid, linolenic acid,

linoleic acid), 17§¢] vitamin(nicotinic acid)

ol AF, Azt wel e AR Skete e Kolw, O F
GFdol Ay, Ao wad wEl A4 FtskE AES Bl

Fr71%ke] A9 wiulel Fujo A FEdFRRT gALA Biste] FHo] & AIFES
B3l Ferulic acide oryzanol®] #3]€ uw] AAE = A ZA, &A0 Wo] &
FEJATA dHA U5 ofu|:qhS Wumo A g o] ofs A WItele P
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¥ 3-4. GC-TOF-MS#Al o ol&l sAd¥ =2 Al=2] primary metabolites

GC-TOF-MS
DukNi  Tenbfwidentfiction®  RT°  Loentified WR GER BR
ma ) Qh 12k 24h 36h| 0k 12h 24h 36k | 0k 12k 24h 36k

Tuger aud suger dlookel
1 Eeytial K ur L ¢ g7 10 [P .1 Lz 15 18
1 Arshines 10 1 10 1% 1% 145 1 L 1M 12
3 Arzbinl 19 15 1w 1 R 1w 103 1o 115
4 Gipoarad 11 s o i 1% L1 131 131 1 18 L 1%
s e 124 2l 19 [ L7 1 10 14 14 L 1% L i 1
§ Faci 102 bill 10 11 10 i) 10 ) i [l 1 1 1) i
1 Togsit] 134 E' L Ll 13 1% 1 L2 12 136, ] Lo L L1
] Gl 113 ELL] 1w L1z 14 5] 1% i} o L6 1 S L Li1
g Asiin T Fn 10 5 L 1% 10 1% 136 L 1% L L 1%
1 Hyliad 108 1 1 sl 1 136 10 L 14 L 1 1 L8 1]
1 Fracas 11 15 L L 13 00 1 L L4 1 ] L4 17 1w
i Suzrs 166 18 1 b 082 08t 1% 05 087 058 ] L3 L Lo

Drganic acids
1 Kajic 28 w7 m i - - - - m m
i o acid ki 5 w R 1% 196 18 1 1% {577} 131
13 Ciiz 2 k] m o L3 1 13 1% L L% Lz L1 15
1 Snzainiz 2cid 1) 7 10 101 13 1 1% L8 15 LI L 1 L Ll
1 Famaris acid 13 e ) 0 1 L4 0] i L Lu ] 03 [ 103
13 Giyraripbosphonic 244 s e L 05 L1y Lu 1% 1 L2 L1z 1 1% 154 11
it Gyoariz 234 7 1 10 081 Ll L 1% 13 15 Jit) 1% 0% Lo Lo
b Mahc acid 31 i 10 08 L§ s 1% L6 1 L L 1 L Lt
H oo 204 13 b o s 51 g 1] ur 1% L ] L 1M s
# Lactz 2cid 1] w i 1o s i 1% 1 136 Lz 1 1 i 108

Phemslic acids
B 4+ Hypdronybesscic il 12 0 1 VEs) ] L1 1% 137 L 1 L 14
# Foratic a:id 134 M ) i} 13 Lit ] LIz i L3 L2 124

Amins acid
-1 Mrsoeze 34 17 1w 1z 1% L® (1 L3 Ly
¥ Canitinn nr 11 ) 1% 1% L 0 057 LT
il R T3 it 10 12 1 i) o 108 L7
# Fharylalarice 101 bt} i 1 1% 1% 030 un 118
el Vakoe (1] jth 1 L2 1 ] 1) L Liz
W Thesouios i m 1 106 1% L% 0 1ol Lif
3 Tratina T4 1z 10 Liz 1 i 059 i L
] Savins 0 1 1w 14 1% 1% [3 4 1l 1
3 Tryproghen 143 i 10 087 1 L 333 057 L3
En Asgreiz 2cid 94 i 10 095 i 1 1% L 09z 1w L
3 GAEA 94 bt ) i3 45| 13 1] ] [5 1] L
% Alzoing 34 116 L0 05 11 1511 1% 1 [ 087 15
7 Pyroghemiz xd 04 1% 10 0% L 14 1% 1 1% 1 Lo
B Gatamis acid 11 T 10 0% 5] 11 1% L 0 058 L7
# Byoms 75 bl ) 0% L ] 1 ] 0 | wr

Lipids
© Srmaniz anid u: u 10 i i s 1% 13 13 6.3 1 L 1 11
4 Otz 2cid 141 E: 1 il L4 113 1% L 1 121 L L L L1z
& Falmiic acid 1 £33 ) ) Li 5] 1. EL S Ll i 1 L6 Lo
& Linalaeiz 2cid 11 3 i 038 L il 19 5T 113 L 15 Lot 11 H
“ Linaleiz 223 141 Bl 1 ] L 106 10 L Lz m ] L% L L

Fiamwie
& Misaiels 2 T4 1 100 s o 9t 1 0 0] TN 1 100 1 (15

1H

O FAel thiwm ®A A3t FA4e wE AHS TR AE 24 AR 547

s "H(E 3-5). 2E Y Aolo] rdste WAMARE 479 ZEHH-ol=
(tricin- O-glucoside, tricin, tricin-7-O-rutinoside, luteolin), 127§ A &AL
(trihydroxy octadecanoic acid, lysoPC16:0, lysoPE16:0, lysoPC18:1, lysoPC18:2,
lysoPC14:0, hydroxy-oxo-octadecenoic acid, lysoPE1&:2, lysoPC18:3, lysoPC16:1,
lysoPE14:0)¢] &4 ¥

LCE &3 #Ho®= GCo n7HA = dvl= AAA R =¢ ¥E Jds »
. THR o= Y SEFEFEAA, AL AL s oy T eE
A 2 Wst ds B9




¥ 3-5. UPLC-Q-TOF-MS®4 9 o]s] A H A A5 9] secondary metabolites
LTQ-IT-MSAS
PeakNr  Temtativeidentification®  RT® Mass WR GER BR
0h 12h 24h 36h| Oh 12k 24h 36h| 0h 12h 24h 36k
Flavonoids
46 Tricin-O-ghucoside 848 4 - = = 4 I 112 iy 14 = - § -
4 Trietn 084 331 w19 1y 1y w0 109 12 uy 1w 1 1M 103
48 Tricin-7-O-mtinosids in 69 100 104 106 106 100 102 14 1M
49 Lutenline 087 247 100 1 105 10
Lipids
0 Trirydroxy octadecanoic acid 1076 333 1 106 L 110 100 113 118 134 100 105 109 108
il Trirydroxy octadecenoic acid 1092 333 w1y 133 13 100 1§ e L1g 1 166 1 L
32 LyxoPCl6:0 1565 496 100 108 L4 11y 100 L3 LI L1y 00 105 108 109
bE| LysoPELGD 1322 434 100 082 107 108 100 1il 1R L1 L0000 088 099 104
Bt LywPC18:1 1626 322 w107 153 112 w0 1153 1 11y 100 18 107 109
35 LywPCl82 1435 320 100 167 113 11 10 112 18 11 160 14 107 10§
6 LysoPC14:0 1373 468 100 105 110 109 100 100 LI0 109 1M 1 LOT LW
31 Hydrory-oxo-oefadecenoic scid 1200 333 100 100 105 163 100 104 109 108 100 100 102 102
Bl Ly=oPE1R2 1432 478 100 0908 108 109 100 106 106 107 180 089 0% 10
9 LyzPC183 134 51§ 100 102 106 10§ 100 106 106 108 100 104 106 104
(1] LywPCl61 1427 494 0 0% 102 1 I 16 16 14 160 1 16 103
6l LysoPE14:0 1349 426 10 % 1 1 100 100 105 103) 1000 084 084 09§
O Fxte] g A& wWE AAo]E Lol 7| 98] B-glcuosidase, protease,
Absl &4 T/ ABTSE AR (29 3-13). B-glcuosidase &4 <]
g o Ay dulEtt =2 A4S B Proteased AL Ay Z
G SISt FHE B ks @42 Havt HegHel meE BT
Shu S oA M F T & B
(A) p-Glucosidase (B) Protease (C) Antioxidant activity
) (ABTS)
5 10 a d 05
0 c i 1 f 02 ?
2
” L2 s £ .
315 g : 3051 :
zu P o P 2 014 : d
z 210 3 . ;
il . .8 005 - :
b bi = i .

04
(h12h24h36h Oh12h24h36h Oh12h 24h 36k

Oh 12024k 36h Ok 12h 24h 36h  Oh 12k 24h 36k

Oh12h24h 36k Oh 12k 24h36h Oh12h24h 36h

oN M o

VR GER

T
ER

18 3-13. 984

T
WR

A9 Bk 2

B-glucosidase(A), protease(B), ABTS(C)

T
GER.

)

T
ER

WR

T

GER

st &g HE At

]

BR.
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S|

O dad Ixte] A= (0AZH A5 PLS-DA % loading plote] &34 <¢l 4 #A
o}, Muje A= lysophospholipids, & @ ¢ = Awel Brpa g &
Hiolt wjGA7F A o2 wol EAstR e, 1 99 ofnil o XAk
HER #ls4t 52 AL wif7F 599 drje A5 7|dss g0

()]

Flavonoid glycosides

A, O) Amino _acids (B.D)
Sugars and e
sugar alcohols/ Flavonoid

- 3 aglvcon
Fatty acids =

Lysophospholipids

a9 3-14. 95E F2o A5(0A7h)el A9l PLS-DA score plot, loading
plot. GC-TOF-MS(A,C), UPLC-Q-TOF-MS(B,D)

O =7} & A9 wae wE wdds dHetr] A JFAE (36411 Al
59 PLS-DA ¥ loading plot &34 a4 A¥, o} =4k} lysophospholipid 7l
dol Muel FHE oApAER TAHAE o= ‘%E TJrXWW H”Ulﬂ
Aspergillus’} proteaseE A0S T o
2 FAE(Y 3-15)
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fu)
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)
=
E
%)

O ¥ ZgHolE ALL TEFUAAA =& GH4S Hole H, ol Ao
Bd St o= wig A oby e, glucosidased &3] Ho] HolxWA &
R eols ol G Aldo] iAo R 7*7}& Fs Hole Zlo= &y
d. mgk o] Ayt kst Ao E JFE FATAL AbRE. T3 drdA s
H 54k, AL BEE Alde] =2 S Hole b, 7]Ed dERdARYg &

g Holx g ofw dAvle FAL AA wiol Aspergillus7t #E 714

o]-&3t= Hl oj#l=ol 3o conversion®] A @& Ao® AR

Lysophospholipids

Fatty ‘.}K . 3

a9 3-15. 95 329 HFAEE (36417 A1 9] PLS-DA score plot,
loading plot. GC-TOF-MS(A,C), UPLC-Q-TOF-MS(B,D)

Sugars and
- —sugar alcohols
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5 2

O #3 7[d= Wr(WR)E AM&stRlon wFo] & wEe Aols Huz Y
= &gk 32 Wl 7HE wol /‘}%Q% A. oryzae$t & HE HE A Fo
A Ao g AN Y= T T T stURl B amyloliquefacienss ©]-8-3Fo] 36411t
A HEE Yot 1243 HA R AMEHS SRS (2E 3-16)

Fermentation

Oh ——12h ——— 24h ——> 36h

Aspergillus oryzae
inoculation

a9 3-16. & dF d 324 AR Ax

O &3z Al59 PCA ¥4 A3, GC-TOF-MS 44 M+= score plot PC1(46.9%),
PC2(16.4%)° <938, UHPLC-LTQ-IT-MS/MSel| A4+ PC1(33.0%), PC2(15.0%)¢l
ofgl wWgA|zgbel] wel Wslele] R FEEE AES HA(T™ 3-17)

(A)  R2X=0.727, Q2=0.635 (B) R2x=0.576, Q2=0.412

w0 Bacillus— | Aspergillus |

150 - 14 /-

’ ,-"’ RK_B4 24-36h s \ él(_.wh-jﬁh :

wo  / P - / RE_4012h \
- / X v \ 501 / Y
& % f; e ]-.h \ § ,-’f - / \
-+ | . \ ] \

S [ Steamed rice | W | |

S o EC = O
= | [i71] | ot | RE_84 12h |
(s ] i i s | Steamedrice [ ] JII
A O / & s \F » /

100 & / \-._ T | RKB424380

RK_ 40 24-36h _

PC1 (46.9%) PC1 (33 0%)
3-17. w5 229 PCA score plot, GC-TOF-MS(A), UHPLC-LTQ-IT-MS/MS(B)

O Ao v A Ayl o vy 'S 3 A= primary metabolite =
47707 54 E(E 3-6). % 3694 = 5H4H hARA ] &S glycine 7|02
ghiksto] vreby

O 47709 primay metabolites:= VIP-values(VIP > 0.7)2 AAFAE. g & =
ool 71oyst= thAbAl =+ 10719 D(glycerol, erythritol, penitol, xylose, xylitol,
fructose, glucose, sorbitol, inositol, maltose), 1070¢] +7]4F(actic acid, oxalic
acid, malomic acid, succinic acid, glyceric acid,fumaric acid, malic acid, kojic
acid, shikimic acid, citric acid, gluconic acid), 2709} 3% (4-hydroxybenzoic

acid, ferulic acid), 187§¢] o}v|x=%k(alanine, valine, leucine, isoleucine, proline,
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glycine, serine, threonine, methionine, aspartic acid, pyroglutamic acid, GABA,
glutamic acid, phenylalanine, ornithine, lysine, tyrosine, tryptophan), 57§ 2] =]}
AH(palmitic acid, linolenic acid, oleic acid, linoleic acid, stearic acid), 17§<]

vitamin (nicotinic acid)<!]

# 3-6. GC-TOF-MS®A] o] o] 5AHH 2 A= 2] primary metabolites

ot . . Idewdfied fom (m' Felutive contenr (peal ares o]}
Pl N Tenveidedfoda* RTfan)' ™. * ns- Simmeinee  FEADLE  README mc.dgm ngx]}m Tt FEAMNE  FEENL
mad rerer aloolal
1 Gtyoemal ur 3 3.0 Ai0M  TAlL0N E3TL0M SE0L0F SE0 .00
1 Eevheinl T PR T 4612010 426008 426 4 008
3 Fensinl Bl + ATl 132007 ATle0n 5712011
4 ks 1w 4 3T L005 TIEL00r 4822005 481.005
5 P a 5 4662008 43008 3050 398s004
5 S 10 3 osmaom SELO00  40TL008 4972008
7 Gaross e 3 a0 TEL006 LML SML00
H Sochitel o 5 41e001 0SL08 080l 00 L4
5 stiyo-Toosiiol P 6 4maod 4402006 559 008 559 4 008
1 Meins 04 s 43a0l £19 2 001 554 2001 64 2001
Osgaic acids
1 Lacts 2cid 48 ur 1 4RO 495 4 008
12 s anid 5 13 1 157:001 283 4 006
B Malpeiz 20id 544 73 1 1Ha0m 12000
14 Suocinic 2ci 743 M7 1 imean 379 & 006
1 Giyoeriz 238 8 159 3 4le0l 35001
1 Fumasic 2cid W s T imeom 367200
17 Makic 2034 o b 3 4manm 338 2 006
18 Kojic sicd 105 m 3 L0 1182 007
i Skiic acid 1154 0 4 3800 33701
m Citiz 2 167 m 4 40 £ 5114007
1 oo 2o 1e7 W 5 AT SI0L000 4672006
Flwalc asids
n SHydogbemsinsid 102 5 7 A0 3TL006 30l
3 Forufi acit 142 W T 10004 338.00 IMlL00T
Awins acids
b Alnsinn 137 116 1 42 00 S26.007 42L0016 485008 43500
bt Vatios 537 1 1 £19 £ 006 534008 : ERL005 6 L00
b Lensios i 1 1 652 002 312001 6102003 £102 000
n Yoaidarios T34 13 1 Le 00 5602 006 92 ITHaM SHLOM
b Frofios 739 4 1 495 £ 01 L@L00 4NI00 Sl .00 514008
b Gicion 47T o 3 4732001 4932008 48008 SO0 526200
0 Sacica i3 04 3 430 008 S4PL 00 438a00¢  4TDA008 4704008
31 Thssoain i 9 3 370 008 SOELOpb 3.0 AS1.006 4S1.008
3 Mstiiomton 936 176 2 £ 338 5 007 £57L0M 400 S15.007  &1%. 007
3 FE— 936 e 3 ML 4L 00 535L008 4102003 410008 41500
3#* Fysoghatemic aid 941 1 7 RITLO05 4Sa00T 5574008 1a00  LETA00E 3E7L008
3 G433 94 T PR T S 1 Y BOl: 005 400 4ML00  4Ma00
3 Gisemic acid 1034 HE 3 43006 4sa00 $39. 000 4702000 3.0 SE.0m
b Foaylalasion 1024 1t 1 iBLall g0l 52006 Rla00 539008 559 4 008
3 Decifins 16 W 4 10.005 1HL00 36006 3BL00T 4362006 455.008
@ Lipuine 138 1% PR T T P} ¥D: 4380017 4WL006 4952006
# Tyrosins 1248 1 3 3850006 3TLL006 410200 335.00 BOSL004  ADS 004
4 Teyptoshan e Py 30 afleall AL L5201 4H=0 4501 4siL0n
Fasy acids
i Tkt acid 150 1 1 Losam S13eonl Sqagpl B4BL008 S31e003 S3la0m
# Linsteic 204 1 e 1 485000 48%s00 495,000 482005 460 4 002
# Cisio 2cid I 3 1 4ZLAB 44TL000 £TL00 A0 54400
# Lioolesic acid 116 i 1 AL0f a0l 53017 3Fa007 3472011
4 Sirmasic 2 W5 1 1 al5.0p4 332001 3T200 332007 371400
i
4 Yicotsz 208 736 150 1 45.00 564008 +00 2 003 L18: L2 0352058 055 4 08

O Fape] vhiy #4 Az, FAo B

T A+ secondary metabolite®
2107 54 =H(E 3-7). & 3-7o~ thALA o] &3S genistein 7]+ 2
2 ghaksle] YERH. o] VIP-values(VIP > 0.7)2 AARL. wa el 2o
of 71odst= A== 7719 E 2 E =] = (apigenin—- C-glucosyl-C-arabinoside,
1sovitexin— O-glucoside, chrysoeriol-hexoside, chrysoeriol-rutinoside,
tricin—7- O-rutinoside, tricin— O-glucoside, tricin), 1171¢] *] & A < (trihydroxy
octadecenoic acid, lysoPC16:0, lysoPE16:0, lysoPC18:1, lysoPC18:2, lysoPC14:0,
hydroxy-oxo—-octadecenoic acid, lysoPE1&:2, 1lysoPC18:3, lysoPC16:1, lysoPE14:0)

o] 54
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A =] =] v :
¥ 3-7. UHPLC-LTQ-IT-MS/MS #A1¢] 98] sAHH A A= 9 secondary metabolites
Measured Relative contents (peak area [log]) ¢
TG TR T BT {min) el M fragmentions UV} opod rice RK 40120 RK A024b RK_A036h REK_E412h RK_E424h RE_E435h
Tlnvonoids
igmninC-glicont Castinosid 67 563 5655475408 £001  NDF D ND 4814001 4912041
IsovitszinO-ghuzoside 71 505 3302003 WD D ND 4513004
Chrvsoeriol moside 73 153 . 108:000  ND ¥D ¥D
Chrysossiol mutinosids 21 800 : 3302000 WD ¥D ¥D
Tricin-T-Comutinosids 11 539 35483331 ¥D ¥D D KD 452:001
Tricin-O-glucoside 13 423 433331 300:004 ND ¥D WD 4l1:004
108 m - - 388 01 4453003 4522002
Farry acids
55 Pinsltic zcid 109 E - 5342004 503 +003
3§ Hyooomoochdsmenciczid 131 an ARWEE 400000 4642004
57 LyzePE140 133 226 2262400365 10 5002008
58 LyseDC14:0 137 482 452430 10 5422003
59 LyzabC 139 518 3182500 11 5522000
% LysepC 143 454 454475 0 2008
81 LyzePE1S 143 47 4754505263 ; 31004
& LyscPC15:2 145 520 5205502 01 208
& Ly:cPE16D 152 54 45424387303 m 5382004
&4 LysebC16:0 438 496478, 184 Fors 6412008
& LyzcBC1:1 163 52 5222504 123,277 5602017
Sider, Jii]
8 Becillibartin a5 883 5I3620-672 ¥D ¥D D ¥D  s15:004
Lnfnswn
& ¥I1 15 204 WRTSBE 125261364 5654001 5442001 5332001
5 ¥I2 70 410 2304802308 10
) N3 04 420 4204025384
w0 w14 108 an 3333107270
7 W13 17 40 4003542365
¥is 130 328 3885705351
W17 132 838 35520502
K18 140 540 §4028715504
a3 = 3Lzl o =2 3 o 5L=2 3lols o] = = 5
O g o5 1 329 Aol W& &g WstsE &elstr] e, Al 7HA 24 &
_ ) 3 = o) S 5 ®) Tl = 3
A (a-amylase, S-glcuosidase, protease)¥ ABTSE o]&3t &itst 3 2 & Z
- T /= S =29 Xx] =lod o _ 77 _ 5 -
grol=/dHE g S4S AASA (29 3-18). 21 Z¥, a-amylase &7}
= WHi= 5 [e] ; 5 31 A==Ne} L= o ol
T s §H2 Aspergillus® T aH AFAAA AU oZ =da, F /Y =
5 - ; sFALBEL 3 % = Lolu &laro 5
2 &4 B-glecuosidase, protease®t ¥4bst &4 F EtH o= ke gy
ol =0
2 Ao A iAo R =g
Aspergillus 1
. - 1
(A) a-Amylase activity f-Glucosidase activity () Protease activity \
.5 . o, o 1
I - ] |
L1 i :
| 1
= - |
3 1
= . % I
. rm I
‘ I - ) ‘ I
T - |
ol M |’ S S I N B o L= [ 1
Steamed 124 Mh Seeamed  12h Xh 35h Stenmed 12h Mh 36h 1
nce Fermented time i Fermented time 1o Femientation fime 1
T o i T e A g R e e
: (D) Antioxidant activity (ABTS) Total favenoid contents : (I') Total phenolic contents
1 1 5. @
1 = 5 1|3 =1 J&
I 1E [
1 1| = =
1 | ~ 1|2
1 B - | | 1|
1 ‘ i i E ] E
1 0,08 o 3 1|z
e ] I
1 o LR | = o L | |
! Skamed 12b 24h  36h Seamed 120 b 36k : = Samed 12h 240 36k
: Lt Fermented titne Lo Fermented time \ flee Fermented fime
— 3 7)o = 1oy 2 3 S ol 3 3l 3 3
a9 3-18. & FA] wF o wE Ak wE g4 g4 9 ksl 24 wig)
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O &g #Fo wE tALA Zol&E wWekslAl & A7 A Aspergillus2 W&
" &Iz 12733641 AAZ(RK_A0)Y wad A 12-36A171 AE
(RK_BAE 47} 155524 OPLS-DAE AldsH(1y 3-19)

O Aspergillus® a2 ¥ 23zt o AF, F714F AE, dl=2 234k Ald 9

)

- L 3
Satol U en st wEa AAANAL obol it A, Feholr, o
L= S (@) o
o] ajqAE ADH} Alxt SolHl Atel=mxolo] FreFo] FuHom w2 AL
o1 =
s
(A) (B)
Lo
08
L v
0.6
Sugars and sugar aleohels
0.4 Organic acids
= 02 Phenolic acids
= = Fatty acids
2 £ " Amino acids
= .02 (AAA BCAA)
-4 N0y, T
T I Wi e
08 W o4 wr 4
-0
10000 -3000 o 5000 10000 005 010 005 000 005 000 005 020 025 0.30 035
OPLS1 (39.5%) wi|
©) D)
0 “#;Aw
. :,\‘h-'l“‘o" " Voi¥or T
0.6 Vo ¥
¥is
by v Flavonoids
= 02 Lysophospholipids
:; E &bl Siderophore
£ 7 Fatiy acids
.2
0.4
06
A8y = ‘_fga‘n
1.6
10000 -5000 0 5000 10000 005 MED 005 000 008 010 0as
OFLSI (39.4%) wil

3-19. e v F2H12A]3F - 36413H 9] OPLS-DA score plot, loading plot.
GC-TOF-MS(A, B), UHPLC-LTQ-IT-MS/MS(C, D)

3t A, carbohydrate metabolism®] Aspergillus & ol A %‘f‘.ﬂj}é} Al {]33 =

A metabolism¥} AAFE ofu] Ak} GABA, proline Aspergd]usoﬂ /‘1, ‘jc} =
ofr| Ak} FAAFE O AR W E oA T ol A o] ME HgE UE
deks T, Evt JaAge wet T odFoA BEF o}
=g Fo] Srlete S Bow, EdtR o= widA Y A9, HE Al A
Ho=w AA =7} d4S  yeEFH. Lipids metabolismol A= A HAES
Aspergillus 23 o o2 =3, go]lAAAA L HFoa Aoz =
< A¥%s B4

T

2
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Palyssccharides < Legend >
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a9 3-20. =239 Aspregillus % E FAHRK_AO)S} Bacillus 2 & =*HRK_BA)2] WA
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@ & =AZ WE A oryzae WE 7 zpo] 114
O e mAmY we B 3 ARA A Ge] DAL 3-8). mepy A9
CARRE 374 WE Aspergillus oryzaed & ¥ 2 tjAbA] xpolE It
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@© NEEE) AR
O L T 71x ¥AHo=w ofgf % 3-99F #& Wor FH3Ae. HFEsE
o] Mo A3 v} =3 g7 110 CollA 1475 Fx3 5 mhajssd
FES ol&ste] Ay T dx=AF. AYE vFE TaAdA AFETAZAP)
M 149/ A3 AHMIP)II A = 3U7F g & 1369 S. MIPE T3 A
Z & Asperigllus oryzaeS AEA A 48X W& ¥ Bacillus velenzensiss 7
Tolo] 24413 AT E SRS F 02U AAAA BFS AxEFAS. FT0Y)

II. Modified industrial process

I. Industrial process

(Fermentation in fermentation room) (Fermentation under controlled

microorganism)
Conditi Symb Condition
Day (s) Symbol Process . Day (s)
on ol (Inoculation)
0 + Soybean + 0
o Steaming o 1
2 ° Drying ° 2
3 Aspergillus oryzae 3
(firstday) * (firstday)
Bacillus
4 4
velezensis
A Meju fermentation A
5
(lastday)
17
(lastday)
v Cooling v 5
22
Zygosaccharomyces
rouxii*
Brining 37
(] [
(salt water  21-24%) Tetragenococcus
halophilus
40
51
81
* Doenjang aging * 97
141
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O A4 Alme PCA % PLS-DA 24 A3}, T5H AdxdA4, v5 daady, 94
48 SAREE A HE "gdeR a5 AdAe A¥E H
GC-TOF-MS #4e]A &= PC1(29.1%), PC2(13.6%)/ PLS1(29.0%), PLS2(13.5%)
of 98, LC-ESI-MSelAE  PC1(162%), PC2(126%)  /PLS1(16.2%),
PLS2(12.9%)°l 9@ Tra &4l wel wstste] AR FiHs 4Fs B9

(14 3-23)

=)

A 100 100
80 80 \
60 60 Y
10 1 %l‘ »
L
F o 3 2 b e
" ]
- )
= 0 = 0
o 2 ‘A
Z 20 = 20 *
40 -40 %
-60 -60
® 5 /
-100 -100
200 50 0 50 100 100 50 0 50 100
PC1 (29.1%) PLSI (29.0%)
B
10 10 \
% 20 B9
20 20
2 10 F 10 + Wy
) =)
S g A s
= v - v
o 2 ]
Z 0 Z 0 -
=]
20 20 K
30 30
40 -40
-0 -40 -30 -20 -10 O 10 20 30 40 50 -50 -40 -30 -20 -10 0O 10 20 30 40 50
PCI (16.2%) PLS1 (16.2%)

¥ 3-23. 9 F4H PCA(Y1Z%), PLS-DA(L.£%) score plot.
GC-TOF-MS(A), LC-ESI-MS(B)

O HFe] oum T4 &4 Ax @49 343 8 s i A5 12 AR
B2 32717F 4 E(& 3-10). °]& VIP-values(VIP > 0.7)2 A=, Fa

E = dAAZE 5719 f7]4HJactic  acid, malonic acid,
succinic acid, malic acid, citric acid), 14712} o}n] x=~k(alanine, valine, leucine,
isoleucine, proline, glycine, serine, threonine, aspartic acid, pyroglutamic acid,
glutamic acid, phenylalanine, glutamine, ornithine), 87§ ¢] W (arabitol, fructose,
glucose, mannitol, myo-inositol, maltose, melibiose, raffinose), 57§ A4t

(palmitic acid, linoleic acid, oleic acid, linolenic acid, stearic acid)

_31_



¥ 3-10. GC-TOF-MS9| ol aA™H=E F& A oA = 2] primary metabolite

RT
No Putative  metabolites (min) Identified ion (m/z) Derivatized ID
min

Organic_acids
1 lactic acid 4.53 73, 147, 117, 219 TMS( x 2) MS/STD
2 malonic acid 6.44 147, 73, 233 TMS( x 2) MS/STD
3 succinic acid 7.74 147, 73, 75, 129, 247 TMS( x 2) MS/STD
4 malic acid 9.73 73, 147, 101, 117, 233 TMS( % 3) MS/STD
5 citric acid 12.93 73, 147, 273, 247 TMS( x 4) MS/STD

Amino_acids
6 alanine 5.14 73, 116, 147, 190 TMS( x 2) MS/STD
7 valine 6.60 73, 144, 218, 100, 86 TMS( x 2) MS/STD
8 leucine 7.29 73, 158, 102, 232 TMS( x 2) MS/STD
9 isoleucine 7.55 73, 158, 100, 218 TMS( x 2) MS/STD
10 proline 7.59 73, 142, 100, 216 TMS( x 2) MS/STD
11 glycine 7.70 73, 174, 147, 86, 100 TMS( x 3) MS/STD
12 serine 8.34 73, 204, 100, 116, 278 TMS( x 3) MS/STD
13 threonine 8.65 73, 101, 117, 147, 291 TMS( x 3) MS/STD
14 aspartic acid 10.06 73, 232, 100, 147, 202 TMS( x 3) MS/STD
15 pyroglutamic acid 10.08 73, 156, 147, 86, 100 TMS( % 3) MS/STD
16 glutamic acid 11.03 73, 246, 128, 230 TMS( x 3) MS/STD
17 phenylalanine 1112 73, 218, 172, 100, 266 TMS( % 2) MS/STD
18 glutamine 12.47 73, 116, 156, 245 TMS( x 2) MS/STD
19 ornithine 12.87 73, 142, 174,200 TMS( x 2) MS/STD

Sugar _and sugar derivatives

20 arabitol 12.08 73, 147, 217, 103, 307 TMS( x 5) MS/STD
21 fructose 13.45 73, 103, 147, 217, 307 TMS( x 5) MS/STD
22 glucose 13.68 73, 147, 205, 89, 319 TMS( x 5) MS/STD
23 mannitol 13.94 73, 147, 205, 103, 319 TMS( x 6) MS/STD
24 myo inositol 15.22 73, 147, 217, 103, 319 TMS( x 6) MS/STD
25 maltose 19.70 73, 147, 103, 204, 243, 361 TMS( x 8) MS/STD
26 melibiose 2043 72, 103, 147, 204, 361 TMS( x 8) MS/STD
27 raffinose 24.98 73, 103, 129, 217, 361, 437 TMS( x 11) MS/STD

Fatty acids
28 palmitic acid (16:0) 14.61 73, 75, 117, 129, 145, 313 TMS( x 1) MS/STD
29 linoeic acid (18:2) 15.89 75, 73, 129, 95, 337 TMS( x 2) MS/STD
30 oleic acid (18:1) 15.93 75, 73, 129, 117, 339 TMS( x 1) MS/STD
31 linolenic acid (18:3) 15.95 75, 73, 129, 335 TMS( % 1) MS/STD
32 stearic acid (18:0) 16.09 73, 117, 75, 145, 341 TMS( x 1) MS/STD
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%)

y=
g Zolo] 7ot tAMAIERE THel o] AE# i (daidzin,  glycitin,
malonyldaidzin, genistin, malonylgenistin, daidzein, genistein), 7712l AFEZdA <L
(soyasaponin V, soyasaponin I, soyasaponin II, soyasaponin III, soyasaponin IV,

soyasaponin ya, soyasaponin yg)%

3 3-11. LC-ESI-MSel 9J3] Tz F+& 2ojx]= "2 secondary metabolite
. - + [M-H]-
Putative RT [M-H] [M+H] n
No. MW MS fragment ions
metabolites ( min ) (m/z) (m/z)
(m/z)
Isofavones
1 daidzin 11.8 415 417 416 415, 295, 267, 252
2 glycitin 12.3 445 447 446 445/333, 275, 155
3 malonyldaidzin 13.5 457/253
. 431/268, 239, 210,
4 genistin 13.8 431 433 432
224, 195
5 malonylgenistin 153 473/269
6 daidzein 16.9 253 255 254 253/224, 195, 167
- 269/224, 195, 167,
7 genistein 19.5 269 271 270
139
Soyasaponins
8 soyasaponin V 21.9 957 - 959 -
9 soyasaponin [ 26.1 941 - 943 -
10 soyasaponin II 27.0 911 - 913 -
11 soyasaponin III 27.1 795 - 797 -
12 soyasaponin IV 27.6 765 - 767 -
13 soyasaponin yg 29.7 921 - 922 -
14 soyasaponin ya 29.7 891 - 892 -
O AR WAFE L YuelEe T
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4 fermentation fermentation
2 % % 1 2 gl 5 8] 14 2 % { 3 3 3 9|
Bacteria
Lactococcus
B1 X HF 562962 | +
raffinolactis
B2 sonorensis 1X986832.1 e T T + |+
B3 licheniformis IN215522.1
B4 subtilis 7X993836.1 N B I A A I R + |+
B5 velezensis® P S I R R R
B6 Weissella cibaria HF562960.1 + |+
B7 Enterococcus lactis HF562969.1 +
B8 Carnobacterium JX860593.1 +

o &% M= A

Tetragenococcus
AlgdMe= A
Ao 7 FolEy MIPIA = HE x7]
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maltaromaticum
Tetragenococcus AP012046.1
B9 + |+
halopilus” b
Leptobacterium
B10 AB682149 +
flavescens
GUI195176.
B11 Acidovorax delafieldii ) +
. HES586585.
B12 seohaceanensis . + |+
B13 Vigna unguiculata 1Q7553011 | + | +
chloroplast
Fungi
Penicillium
F1 JX480902.1 +
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F2 Aspergillus flavus JQ860302.1 +
F3 Aspergillus oryzae™* FN823241.1 + N B I A A S R o e N
F4 Filobasidium elegans 1)04519626' +
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F7 Sporobolomyces roseus JIN937884.1 +
F8 Soybean (Glycine max ) X02623.1 + | o+ +
AY227018.
F9 Pichia triangularis ) +
F10 Saccharomyces cerevisae JF715176.1 +
. EU192364.
F11 Malassezia globosa . +
Fi2 Zygosaccharomyces . .
rouxii™
Sl \=] A= > =Ry h= = B9 =] o] =
O #49 T4 F& A= uAAle Bxste AR AAAAE E4357] 918
[e) = = =] [e] a7 L
o AAAA UEYJIE FEHIFA(2H 3-25). A% FANA, A oryzae= ©F
3T =] = [e) 1 - -
ol nZetEy A GEI G AAAA L S RY=H, o= Aspergillus® B
b e} =) =] =] - 5] = = ==z = le)
—glucosidase &4l o3 Walst= A ER FAE. W5 Fa7|7F 59k B
S - - - -
velenzensisi= AWAbEe] Wgle] #olgk Aoz mQl e dx o

3 Bl
o
=

L "
et Bacillus subilis Pichia triangularis

m-lanﬂd-iﬂzﬂnv melbiose* ﬂﬂ;ﬂ&// L]
acetyldaidzin® ’ / alanine*
utamine*
0. / isoleucine®® | ‘El\
g

proline®

®

~ / % mamnitol* e | Zygosaccharomyces rouxii
. e

i L

acetylgenistin }.//
g — maltose

—

I Bacillus seohaeanensis |

—
e f— serine’
_— enylalanine*

. . glyciteln® _——— valine!
| Weissella cibaria o= lutamic ac
F"/ P ;I)cim‘" aspartic ackd*

reonine*

Aspergillus oryzae it

o soyasapanin rg*

S 0 : o
~0— i Tetragenococcus halopilus genistein
v Bacillus sonorensis ¢
Soybean iy Ty dakzein
(GIV(’I'M:‘ max) @ malic acid* _ ori(hine/ P)’WE“II';I'"' myo-inositol*
" arabitol T acid*

Bucillus velenzensis

a

—o- e
. - linolenic acid* A ]
CI{I{[(}.\")OI‘HH" oxysporum l .}/ / \ ‘ S{tcclmmm_lces cerevisae |
e L]

palmitic acid*

le acid ® linoleic acid*

stearic acid*

29 325 949 4 wolsh VAR gAY EYa

_35_




(5) AFTaAF 444 QC A% AT

B!

mi
"

o)
~

i
g

o
o
o

T

[e)
= .

155
5

[e)

=

Speed vacuum

=
.

1

9]

WG-CA
RbG-CA
RbG-CAY
RwG-CA
RwG-CF

I

R

Abbreviation

ZF Wy

231, 80% Methanol(v/v)

e}

1

cv.Chung-yang
tel 30 Hz, 3

Capsicum annuum
Capsicum annuum
Capsicum annuum
Capsicum annuum

Species of hot pepper
Capsicum frutescens

¢}

o] &

=

3-13. 18F <] AJ¥ a1
o

Wheat
gochujang
(WG)
gochujang
(RbG)
gochujang
RwWG)

Brown rice
White rice

5T
IE

Type of cereal

% mixermill

AFAS 50 mL falcon tube©l

10
11
12
13
14
15
16
17
18
o]
Sonication 15%

Sample No.

g

A

]

o

O

N

=z ¥
=

UHPLC-LTQ-ESI-IT-MS/MS

+ AlEE GC-TOF-MS %

ol
=~

i

Ho

N e
el

W ol A &=

2

aLE

)

2

3}
.

|

o

3}

ERhE

1

T

5], wje))e] 7bg = v

]
3} )

Ry

e

(

2}

AL

)

2

—

0

o
10°
ﬁo
)
F

IH

_36_




0, 80
-40,
-B0 60
Z o
@ Z & 4
= 5 o~ t 20
=
3 = ya |
5 g * 0
-
g 7 = ¢ ‘ &
o an I ) b 20
] S w e R}
I = . 38 “ pd 40
1 5 Rice b e
I | " L d I
} « Gochujang ’ 160
i e

EC (6:5% @, 0

.20 -40 -60

80 gp 60 40 20 O

a9 3-26 18% M@ nFAe) v BARA Az

O 18F 9 AlAax4e] =g weE ﬂ%/\}iﬂ ztol & }17] 9l8lel PLS-DA #41&
T2y 3-27). PLS-DA +4]

Al Heat-map A& F3to] F&E] W& W"}ZﬂJ 2ol & 7\]7—}@5}04 Q?l +
a2 a2 3-28). 2 e Ag, thFgh obm i=4ik(serine, phenylalanine,

glycine, pyroglutamic acid, glutamic acid, isoleucine, leucine, proline, valine,

b
b
_E
|
(e
o
_a

i
_NH
S
H
X

9

o
for
o,
nSi'
=) m

ol

threonine) apigenin- C-hexoside—- C-pentoside, dihydrocapsoate, linoleic
ethanolamide”’} 22 58 B, dAv] nFA9 A-$ thdd A AL (ysoPC
18:2, lysoPC 14:0, lysoPC 16:0, lysoPC 18:1, lysoPC 182)3} 270 =|*Ak
(linoleic acid, oleic acid), sucrose, quercetin—O-rhamnoside, luteolin-C-hexoside
7 2e stErs HQl. Wu 113 Fo A= genistein- O-di-hexoside, maltose,
palmitic acid, GABA, dihydrocapsaicin, glucose’} At o2 @ staks 71X

[e]
i

(A)| GC-TOF-MS (B)| UHPLC-LTQ-IT-MS/MS

8

(=)

Wheat G

PLS2 (10.8 %)
[ =]

3

-50|PLS-DA

-100 -50 0 50 100 60 40 -20 0 20 40 &0
PL51 (12.9 %) PLS1 (7.1 %)

7Y 327 el me Aw wEgel duy ARy A3




D aFFolA B2 g otvmite] A, dSEaAFolA F stes AA
st Fae 949 Eh citric acide Al Btell #olsitia d#lA dE. ol A
bk AHEo] & Aol Atert dodos &

TEAC (mM)

WG RbGRWG Fold changegisms 0 i
it | Apigenin-C-hexoside-C-pentoside (32)

Dihydrocapsiate (49)

Linoleic ethanolamide (68)

Serine (6)

Phenylalanine {12)

Glycine (5)

Pyroglutamic acid (9)

Glutamic acid (11)

Iscleucine (3)

Leucine (1)

| Proline (4)

Valine (2)

Threonine (7)

Citric acid (186)

Xylose (23)

Linoleic acid (19)

Oleic acid (20)

LysoPE 18:2 (58)

LysoPC 14:0 (54)

LysoPC 14:0 (55)

LysoPC 16:0 (82)

LysoPC 16:0 (83)

LysoPC 18:1 (85)

LysoPC 18:2 (60)

Sucrose (29)

Genistein-O-di-hexoside {40)
Maltose (31)

Palmitic acid (18)

] GABA (10)

| — Dihydrocapsaicin (52)

[ Glucose (26)

Amino type nitrogen ' Acidi
iy, MBS 2o S ty
i 3 b Esmm T gas0{ |
. b : b
& 2004 b




3l Hate] AW ALY dAAEC] B FY
o ole¥ AW AAES Ao AP FelEe HAsFoM, 10
oI 3 5

- | I

Reducing sugar (mg/mL)
SR E-E R -R

Brown rice White rice
/ Gochujang y Gochujang
(RbG) (RwG)

UHPLC-LTQ-IT-MS/MS

™

CAY (cv. Chung-yang) CF (C. frutescens)

a9 3-31. A7 w2 Al 23] AA PCA 23

£

1o ox




3-33). H&F

capsaicin, dihydrocapsaicin)E©°] Ej %=
gol] i FAASE f{FoFgs U

nF7h W

N BgEet HF NFE WEOR 1
2 U

AR E gelsh(1y 3-32). OPLS-DA Z3}, Sz u17t5

7bE7E ARgE. wheEbA E
°] OPLS-DAE AAlatglon, 1o &

-

e

_V\_l‘
o
o
=l
4»
Lo
R

= ALE
=7t A dr aFFo] FEHES gl
p valueg TIlA T 2EY Aolus diAAIE (1™
HALel 2l #AA

=

AFA (dihydrocapsiate, nordihydrocapsaicin,
nE7hE] wstel A mFe| B F
o]%

Aoz wFiol Hakel

=
dE A s 2 ‘%H‘OﬂE thgk datsl B A9 A" 3-34), FAkelAl
3 S

RZX = 0.587, RTY = 0.998, Q! = 0.953, P = 6.T4E®

2000

2000

1005

=

4004 “

2000

200

=

3)) )"'")\5

QRhG-CA o @RbG-CAY
19 3-32, 1E7}Eo] W &n
aFge] Y EARY Az

Dlhydmmpslaie{dg] I:\!crﬁh‘,'dmcﬂ:lﬁidrl(m} : Capsaicin (51) Dihydrocapsaicin(52)
f S S : -
T S o = =

AE

-

TR

= |3 [E

RbG-CA RbG-CAY

19 3-33. ATV

RbG-CA RbG-CAY RbG-CA RbG-CAY RbG-CA RbG-CAY

of mE dn| mFFe] {3 Aoly= tALAI Sl box-whisker

plot

_40_




:BTS b . TEC ; s TG :
- nw{ a 1 a
aut] ¥ Eam -.-
£ 4 3060
= ] Ezm
r E
sl 1080
] 000 4 0.0
RbG-CA RbG-CAY RbG-CA RbG-CAY RbG-CA RbG-CAY

DE7HE o188, F aFe A

3k VIP value$t p valueg ©]&3to] 7 173He] FYA o2 Atolvh= HAMAE
stolgh (g 3-36). 4 Z=Ho AAtol Al @ thAFA| (dihydrocapsiate,
nordihydrocapsaicin, capsaicin, dihydrocapsaicin)®} 37}A] luteolin A€ 2] thAFA

(luteolin, luteolin-C-hexoside, luteolin—O-apiosyl- gluC031de)7} oz a7
of vlste] @& TS AL UF HEY aFo Af dubdom HG uF
Hop wfE stS 7FAAL Qe 5ol4 0= luteolin 74] o] girtAlEo] Boe A
= S, Wn oA TRl wE kst e A Ad(H
3-37), bkt ZB/\}OVLT% luteolin Al 2] tALA] E9¢] B2 HEY 159 13

I R2X = 0.558, R*Y = 0.098, Q% = 0.985,P = 4.18E'T

2000

1000

),

Apoal | J

b
2000 '*-\ %

b)) ST ))))

E0060 4000 -2000 a 2000 4000 E000
®RwG-CA "' @RWG-CF
18 3-35. 1E7}Fo] wE W
Do) ohaw BARA A3

_41_




| Dihydrocapsiate(49) Nordihydrocapsaicin(50) Capsaicin (51) Dihydrocapsaicin(52)

o ’;r_ - = ik 7 =

- — z = i —

" B} P T -] i = - = e %
== = - = -

N | 1= ==y i == = k-~ ]

RWG-CA RwWG-CF RWG-CA RWG-CF RwG-CA RwWG-CF  RwG-CA RwWG-CF
Luteolin (43) Luteolin-C-hexoside (34) Luteolin-O-apicsyl-glucoside(33)

= o S — =

= — = ! Bl | Ifl:

P 1 (- I 1=

= = % i = ==

- e s - |

-

RwG-CA RwG-CF

RwG-CA RwG-CF RwG-CA RwG-CF

19 3-36. 7o wrE wlu] 3ol Zpojuyi= tAAl 9] box-whisker plot

ABTS

TEAC {uhVig)
e _ =
s g fid

TPC
a b

RwG-CA RwG-CF RwG-CA RwG-CF RwG-CA RwG-CF

O WulgiabA ZEAYe Fitol 18F ARuFF] FB L 1E/T] o o
A bl B FHAABt S, Z7ke] thisr FARAS Bate] Ul ARS FHT
A ogAAEe AFRRAE F 23

(6) Aspergillus
O AEuzo

Lr:u

o~
>
(@
@
A
N
O
(@)}
d
-

sclerotias A4

F9o A}

W A

ZH dE-dEEzgs AARAS B8 AYE F528 A

thersl FEEo] A2 7re] Asxes b gt XJ*E%. %
A oryzae®l HF TR A dojues AT diARA o] A AE
zeadds FPstax FHaE 3-38). #F LA oryzae
A5, w72(A. oryzae RIB40)2}2] co-culture ~Ed 2> AF3to A
= 54S 7HA oy i F 29 4§ sclerotia(ol ¥ F 572
! FAstA o wF 1% w5 2 Alolo] HHE ¥
o288t T 19 sclerotia Ao o gk F ¢S

18 Eierepm ol Boapmrome

0 o v e

N L LU T o ey ¥ Al E——
*1 - Cerm v el gl
1 =f e e —r— |-'-|-rr- miy A s L ]

- hmecdar @ | ARTS, BEFIS AT N

B e
Y O

& CRERE R PR RANME

9 3-38. Aspergillus i b Ao A8 A




O Morphology &<l Z¥(29 3-39), 5 19 @ udF 45, 7R FH sclerotia

= JAE. 28U 7718 75729 co-culture A, sclerotia @AJo] 9Y 2 =FH A
= OFAlS. Y o]

[eRReR=1 =

A. Oryzae KACC 44967 Co A. Oryzae KACC 44967 _In

SfJﬂ..
?D. . C
BD...

7F A& #-8-©] morphology 2

2 2 ghakste =4 Av(29Y 3-40), protease?t amylase &4 &
Ao 2 co-culturedl A ¥& BIFAHS dERW. ABTS % DPPH 3
W PRHA R TAA 9 co-culture M FolHoR e AFHE EA

1_,
r_?L 031
oo lo,

Protease Amyvlase
= ==

i E o
=3 =
e =
% -Elt
i | |4

a4
i £
R T T

¥ i [ T [ L r M
Incubation Oavs
ABTS

- 13 _— i
E. E:- ] E.: oty

E =E
Te= FTus
E E
Eau E
B £
#
%ll E.‘,
Z:l-- gu.
fun Bl

LR - U_TJ:' &ip o We 5 KB P TH EB HB
inoutation dry Inashation Days

9 3-40. Aspergillus w5 7 A a#ge a4 2 ddsts &4 A A




O Aspergillus 5 7+ A3 zg° GC-TOF-MS % vtz AN Ad(2Y
3-41), wiF AlZtel W& AAIES] Zols B

QPPLS = 0.796,p < 0,05 il . — =

| Rinlathenly higher pH Tﬁﬁ.““‘
o8| slow oidatten stregs 1 =
| “Myealial forms
e A DEae KRGS KT Go
ul: :
§ z ¥ j
s E o Oz hAE GONT I !
o a3
. @
- Rslativaly lower pH
A8 g Higheuldasve stries
N N anl .1...-«-..;&:"__"__‘ uyniet .
PLS-]].lpJnr . -uu 400 400 400 40 qn:dn 0 oo b 0ol ok B2 o
s,:ui-rn:immamg
9 3-41. Aspergillus vt ¢ A3 289 GC-TOF-MS &4 Ay}

O Aspergillus 75 It & 489 heat-map A1 A3(1H 3-42), bFs /714,
obul el @i, AWl So] #F 2 e A7kl 4 AolE mol: Ao I
H. 53] co-culture Alel= 7TL7HA opv|:=Abdt G777 FE5ekal 9L AN F
aHE A molu, #F 1 BE WY A folae] 7UA6] TR
o) Tt AFE 1wl

N -

00 I 0

| KaCCH4967Co | | KACCH406TIn |
R 2 2 8 E

A _rl L] _pl 5] .ﬂl

s 2 B 8 8 =

| L by
Fritws

Fragutiss aiid
£ L'i..."l‘-’:'. i

' |.-;||..1._: P
l'm.m--.

19 3-42. Aspergillus 1t

| Selarotial form . Metabaiic dormancy |

X

N A

~

s

2 3}

A& 28 2] heatmap +

_44_




(7) BAF "AEAY #d9 TE A In-house library T3
O B AFRe AE, nAE, s, &g @ A4 gaA a7+ 53 o3 7)
hAFAE In-house libraryoll 753t%s. £ FAE Fste w4F vAEAA
ZREYH dojA e N2 TE grkAE] did In-house libraryE 333 2(1
g 3-43)
O HAE ¥a 9 FaAF thAA A7 A5, A
libraryE 71x AFzIRko] AaAdA 34 5

[13
=

Zola whgk ko] In-house
[@>

4
Mol A7e AAsheH F8

B NIST MS Search 2.0 - [Name searchl [ is1] 5]
—IFile Search Yiew Tool Wndow Help —|=| x|
BECLERES b 4
[loRmBOsS | crear | == [iarpo g
IDRIMBOSA = e 213 241
3 full ms(+ ion] )
IDRKABOSS 1007 leuit ms- iany B
IDRMBOS? A gplib e OH c
IDRAMBO7O idme A _OH
IDRMBO70 S
IDRMBO71 msmslib . HON e
IDRAMBO71 5 :izsg':le!:“enm:lnhnnle[msl] kj;( e 291 56
[DRIMBOZS positive metabolitefme?) 149 1k
IDRAMBO74 putatve A
BRMB074 viib \ 175 185 s
[DRMBO76 it | 167 |, |89 aew | \‘
IDRMBO79 e e e e
IDRMBO7? 90 100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260 270 280 290 300
IDRMBOBS (idrpo) IDRMBO99
Igﬁﬂggﬁi Nome: IDRMBG?9 s
[CRMBOB7 Formula C15H1004 ) .
IDRAMBOB? MW 284 CAS#: 528-48-3 NIST#. N/A |D#: 689 DB: idroo
IDRABOBS Other DBs: None
IDRMB0BS Comment: 287.19@45.RT 14.21
IDRKABOFD 10 largest peaks:
IDRABOSD 213999 | 241997 | 231413 | 267378 | 149298 | D
i s 259182| 185150 | 121148 | 175146 137133 |
IDRIABO9S SYnOOYIE,
IDRMBOSS 1 Fisetin {6Cl)
IDRMBOSS 2 Flavone, 334" 7-tetrahydroxy- (8C1)
33,34 7-Tetrahydroxyflavone
IDRMB 100 4.5-Desaxyquercelin
IDRMB 102 5.Bais Blew de Honarie
IDRAB 103 4.Cl. 75620
IDRME 104 7.C|. Netural Brown 1
CRMB104 8 Caiinin
IDRAMBI0S o Frestin
IDRIMBI06. ) [ v
NS e a— Y
Lib. Search Other Search Names I Compare | Librarfan |
For Help. prass F1

19 3-43. In-house library 7+%2] <

FAF MAEAROZRE oA 1A dARE=(obr et A, 3R, 7]
2 53 a8 oA GC-MS 48 E3le In-house librarys F33519S
E AeAdoz2iy dojAes 22 gAt=(EA 2 7154 38 489
A& &3t In-house libraryE 533+

£ %3 3% diAbA In-house librarye] 7-%-, off-linec. 2%k 8le] 7}
1 A E 8 AR 84 Al 4 w4F VA tAA

_45_




<A 1AF A (st A tar): FuhALA |4 718 FAF WAL FA >

3-1 A77ite] g #

r2

+ A
FoATAE e 2 A
() WFzel 12 3/9 kojie) FLAY BAA T2AAY vlw B

(7h F/9% kojid IwA dAbA B4 24 g3y
O A=dtfoll - A-&3 A oryzaeSt B. amyloliqueficiens= &3t F/4 kojid 3124

A} A = solid phase microextraction(SPME) F=H gas
chromatography (GC/MS)E o] &3le] A&t 2 MEZ2] AH+= ofg ¥ 3-14
o &
3% 3-14. Y/F koji AH
SF HEER Label
SAE RW
LS Aoryzae 12h WA12
LS Aoryzae 24h WA24
= ULE Aoryzae 36h WA36
ULS Bamyloliquefaciens 12h WB12
Y= _Bamyloliquefaciens 24h WB24
LS Bamyloliquefaciens 36h WB36
SXE RS
SE8_Aonyzae 12h SA12
SUE_Aonzae 24h SA24
= SUE_Aonzae 36h SA36
SLE_Bamyloliquefaciens 12h SB12
SY2_Bamyloliquefaciens 24h SB24
S8 _Bamyloliquefaciens 36h SB36
O SPME FEH2 AMR2E 94 252 A AA headspace’d o2 3 HES o]
EA7]13L ol &5 polymerZ FZHH fiberg o83 FE3= WHOZMN SulE A&
A Al HlwA A 4o AERE AT F e wHeR dEA e 4 AR
= AA élﬁ:oﬂ/ﬂ 183 44 fvf*, Uxpabdl e 2w A A Mesh(25732mesh) S 53
g A 256ge ¥ w4 T FaNs JPE F

oS 4dml F7Fste]  screw cap(Ultraclean
18mm, Agilent technologles Germany)_O_i ko o] w, ZF AR U RS
S §#ZA7171 9181 CAR/PDMS/DVB SPME fiber(Supelco, Bellefonte, PA, USA)
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(+h)

(th

(=h

& AHESESls. SPMEH S F38l =3 A5 A A= 7890A GC system
# 5975C mass detector(Agilent technologies, USA)E o|&3}o] #2438k Screw
vialdl & A&E 250RPM, 40CoA 30#3F fAA1A B S

gk aglar 230 ColA 53 AW LA AU ES 2@3E. Columne
DB-Wax(30m lengthx0.25mm 1.D.x0.25um film thickness, J&W Scientific, USA)E
AR-&-3

A tiAbA Y A B A

SPMER o2 FZ3%F 3wA gr|Ad i 542 mass spectral database(WINOS.L)
2 manual interpretation®] 93] G3¥. 18] 1l saturated alkanes(100ppm in
hexane)s 9% ZET = A= AR&ste] Zb 3¢ E 9 Rl(Retention Index)E 3
oA B RIgkd vlustden, AFS 9189 L-borneol 100ppm(w/v, in

methanol) & WF Z+=2 =2 9]

=]
S T
RE HYe B Yol Yy EFAAR UEhhom, FFUE Aol &
A35l7] 98] SIMCA-P software(SIMCA-P version 11.0, Umetric, Umea,
Sweden)= °o| &3t i FAE AU

iy
of\
4
it
E
ME

%

g B koi®l A AA] ZE A" H|
A. oryzaeWA)S} B. amylolichenitormis WB)S Ztz} HE3 U kojiol 12, 24, 36
Azbd wjek A gk R WEEsle] SPME % 2 GC/MSZ 4% Fo ZAixe
¥ 3-159 YEFHA AL, ZF kojiel J A OiAMAIY] Z=2uld=] W S <

$38lo] partial least square— discriminant analysis(PLS-DA)E <3 3H(1

) 3-44)
PLS-DA: A4F59 540 njeh £RAAL na A29e PHE S £8
4 BAGOR shele] L8 FES BRSAL WFe] £84 oAAE $E7)

ol whet £k S0 dasel e JdHL e

F 3-16. AF #FE 2o 2 kojio] WA EA thARAS] Z2atd Y vl

Relative peak area ratio®

No. Possible compound RIY
RW WAI12 WA24 WA36 WBI12 WB24 WB36
Acids
v10 ; . 3), 4 3.20£06  11.48+0.7 2.27+0.2 0.75+0.0  19.13+4.94
4 Acetic acid 1444 NDYa") la %h Ga 1.33+0.30a 9 c
VIL 2-Methylpropanoic acid 1567 NDa  Npa  >9:042 1IT0L - g30.09p 969208 22881005
V2 Butanoic acid 1631 NDa NDa NDa 7108 Npa NDa  3.73+1.05b
v12 - . . 2.76x0.3 152906  20.34+0. 61.78+9.87 54.51+6. 167.54+5.3
6 3-Methylbutanoic acid 1675 NDa % 3h 5% c e 0d
Aldehydes
v4  Acetaldehyde 58 NDa NDa 107023149805 \py  A3ELZ Go0s001h
v9 2-Methylpropanal g 80 NDa NDa 12'3??52'7 7'IZ£O'3 NDa 0'4%?;0'0 0.80+0.18b
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v19  2-Methylbutanal g9~ L704 243+05  IBOOKLY138E0. 95pe026a 261003 sase186m
: 134402  827+06 35041+5 1265342 53613  10.83+385
v20  3-Methylbutanal 912 S 3a 263 S7h 6.52+1.74a 3a a
834+11 1430+2. 773179 6647+6. 4566122 1370:0. 26.27+4.22
v40  Hexanal 1074 7a Ta 8d 47d Be 64a b
yp (B)2-Methylpent2-ena j18 g NDa 0713019 034100 NDa 10501 NDa
v6l  Heptanal 1177 NDa NDa NDa NDa 6.94+1.58b NDa NDa
V63 3-Methylbut-2-enal 1188 NDa NDa 12013 100K0L NDa NDa NDa
v80  Octanal 1280  NDa NDa  O890IT 053400 5950177, NDa NDa
v&2  (E)-Hept-2-enal 1311 0-9‘6120-1 1-0220-2 8-06§1-84 5-7g§0-9 NDa NDa NDa
V96 Nomaml p3g 051801 062:01 153:022 075801 19315536 752620  ga5.0 060
3a 9a a 9a c 9b
V99 (E)-Oct-2-enal 1417 NDa NDa 223042 18302 pgiaoese 180003 00420220
i ZEAR)Hepta-2d4-diena 1489 Npq NDa NDa NDa  593<Lage 0801 1624026
OB QEAB)-Deca-24-dienal 0% NDa NDa NDa NDa  349:1100 08001 403:1 460
Y] 4 g{ ):25:el\é[§thy1*2*phenylh 501 8 NDa NDa 461 li)O.98 NDa NDa NDa NDa
Alcohols
v18  2-Methylpropan-2-ol 905  NDa NDa 070 Np, NDa NDa NDa
416511 6.02¢08 204784 647+18 1200294 1791%0. 1571286
v22  Ethanol 931 6a Sab 5d lab be 67c c
V33 2-Methylbutan-2-ol 1014 Npa  MOL0Z 2865015289507y pragzy 3O 3104037
V42 2-Methylpropan-1-ol 1096 NDa NDa ~ O73:056 390:02 NDa A2 26740.05h
v53  Butan-1-ol 1145  NDa NDa NDa NDa  171041b 23001 2374019
V55  Pent-1-en-3-ol 1160  NDa Npa 0402010 Npa og7x0a0a OTEO0 12840100
: o 120£03 069401 21.33+24 233420, 809402  12.56+1.39
V67  3-Methylbutan-1-ol 1207 12 i o S0 gersrosp B0 ;
57616
o 1.00£01 827165 412408 11.19+185 119941
v75  Pentan-1-ol 120 3 0 ] 2 ; LI 1546082
L 18800+ 17039+  187.51%30.
v90 Hexan-1-ol 1352 NDa NDa NDa NDa 4361b 3958 34b
V10 . 1.23+0.2 1176411 754+1.2 140143 18.16+0.64
5 Oct-1-en-3-o0l 1449 Ga NDa 5e 7h 6.14+0.87b 57c d
Y10 Heptan-1-of st 109502y, NDa NDa 183316942 16671132
y10° 25 Dimethylhexan-3-ol 1460  NDa NDa NDa NDa  082:0.19a 02113 6.78+1.70
Y1 2-Ethylhexan-1-ol ugg 15100 \p, NDa NDa  OFL3bTI09 57940 300
vil e 150.84+42.  221.90+  422.66+19.
5 Butane-2,3-diol 1536 NDa NDa NDa NDa 19p 2%6.91¢ 31d
v octan-1-ol 1557  NDa NDa NDa NDa  828:076b 0508 787:150
v Butane-13-diol 1575 NDa  NDa NDa 29001 yo7epa0a MO A9263ANT
Y12 Nonan-1-ol 1661  NDa NDa NDa NDa NDa 68810 929+1.70c
Y12 (2)-Non-3-en-1-ol 1683 NDa NDa NDa NDa  439:008 283103 5e5:058c
Aliphatic hydrocarbons
vl  Pentane 58 NDa NDa NDa NDa  Lo4+01lc 93901 13940474
<80 69214 35212 095:028 2.25:03 0.9740.2
v2 Hexane 0 e 3b a 0ab 1.63+0.46a % 1.93+0.42a
) <80 18343+ 61.26+18 3631+16. 61.08+14 22124115
vb  4-Methylheptane 0 51.90¢ 20h 02ab 5% 9.81+1.28a NDa dab
v7  Octane <80 28506 209:09 248+066 23406 357+05la 36208  8.27+2.64b
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0 Oa ba a Ta 4a
v8  24-Dimethylheptane g8 106z ALl 570660 5408y gpigesa 190002 41421300
v1l 25 Dimethylheptane JB0 LE06 050n04 090,001 09803 \p, NDa NDa
VI3 224 Trimethylheptane 80 138318 OO 1076125 12008 gy, 1367+ 10115179
V24 4-Methylnonane o 102104 09801 135031 1'2:220'1 079+024b ~ NDa ~ 0-962032b
v29 335 Trimethylheptane 993 1317 ATDOT 724 625409y ggi071a  TOXLT 5074151
v30  4-Methyldecane 1000 9223 TROT 904208 100052 7194170, 100H2 92942300
v65  Dodecane 1193 NDa NDa NDa NDa  osg0.1p 03100 oss005
v81  Tridecane 1296  NDa NDa 0107249 50508 NpDa  HTZ A NDa
Benzenes & benzen-derivatives
V35 Toluene jogp 989528 162350 182523 BE. I3 HITE. BITES
3 Bthylbenzene 116 10402 100 4421095 23301 35810210 57112 3141012
v45  13-Xylene 1122 Npa 06301 LIEX034\p, o page017c 202006 NDa
v49  14-Xylene 1129 04810107200 2400038 128201 96gi011p 21210 2162007
v59  1,2-Xylene n7r 020000 035200 L8032 065:00 yg5.007p 392206 1514020p
vy LEthylmzrmethylbenzen o3 pq NDa NDa NDa  099:011p 01 NDa
V2 Styrene jpg5 202103 226102 180436 622506 16318257 IO pequgia,
Y11 Benaldehyde 1506 NDa G028 4062556 143l 252668 20-1(23?4 1486095
V12 2-Phenylacetaldehyde 1627 NDa NDa 090061 22000 gy g3e 48014 5032027
yI2 4-Methylbenzaldehyde 1631 Npa 17904 337063 ABALL 560 089 Npa A0S0
%/13 Phenylmethanol 5018 NDa NDa NDa NDa NDa 1'1623;;0‘1 1.69+0.14¢c
J13 2-Phenylethanol 1807  NDa NDa NDa 02200 770045 10802 919:068h
;713 2-Phenylbut-2-enal 1809 NDa NDa 18'516§ 44 0'7220'0 NDa NDa NDa
Esters
v12 Methyl acetate 580 NDa NDa 1'31§0'41 0'6:;_;0'1 NDa 1'3%20'1 0.70+0.14b
o15 Ethyl acetate SB0 128260 7238010 274207 692421 14028345 626412 9051745
v21 gﬁgﬁymmpmww 918  NDa NDa NDa NDa Npa 198203 075:0.350
v25 gffgéthylpmpamate 950  Npa 0200 1&056 04101 ng3.056, 40308 5664073
v3l %/{?rtl}gtlkllylbut noate 1008 NDa NDa NDa NDa Npa 46106 NDa
v34 yitl}éﬁlqymmamate 1016  NDa NDa NDa 29206 Npy 340009 NDa
v36  Ethyl 2-methylbutanoate 1048  NDa NDa 1920160 Npa 157:0280 399°ML 391s090c
v39 Ethyl 3-methylbutanoate 1063 NDa NDa NDa NDa 2.48+0.46b NDa 6.19+1.16¢
V44 3-Methylbutyl acetate 1118  NDa NDa 1269019 05800 \p, NDa  089:0l1lc
vb6  Pentyl acetate 1165 NDa NDa NDa NDa 2.27+0.89¢ 0'7?;;0‘1 NDa
V57 3-Methylbutyl acetate 1168  NDa NDa NDa NDa  101:028 8302 08540030
v70  Ethyl hexanoate 1229 NDa NDa 0772007 039200 47000415 602:06 64841 60c
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Furans & furan-derivatives

v37 2,35-Trimethylfuran 1050 NDa NDa NDa NDa NDa NDa 1.53+0.16b
v48  2-Butylfuran 1126 NDa NDa NDa NDa  0.19:0000 0200 072:0.09c
69 9-Pentylfuran 1225 NDa NDa  OSSI0IO 062:01 2209:585 225213 2489146
Ketones
v10  Propan-2-one 58 Npa 30T Npa NDa  256:024b 06301 20500610
2%  Butane-2.3-dione o0 NDa 07301 45075 53903 19826087 LT I159:385
v32  3-Methylpentan-2-one 1011 NDa NDa NDa NDa NDa L2201 3194017
vip 4 Methylpent-3men270 153 Npq NDa 0017 13802y gga060c 102205 37040300
v60  Heptan-2-one W74 NDa NDa  LOTH032  O77:01  2505:447 2238+l 2258:675
a 3a b 72b b
) . 321405 206+0.1 5344202 392:08 1191129 782451 1083067
v66  4-Methylheptan—2-one 1199 5a 6a ab 3ab c b be
vr1 A6 Dimethvlheptan=2-0 1935 Npq NDa NDa 0300 y5000000 38021 46120184
V74  5-Methylheptan-2-one 1247  NDa NDa NDa NDa NDa NDa 12-51§2~99
365.23+13,
. . 37.85+5. 0304002 101200 39224+39. 339.79+3
v77 3-Hydroxybutan-2-one 1273 NDa 65a a %a 37d 38h %Z
v78  Octan-2-one 1276 NDa NDa NDa NDa 13~67§1~46 17'7710];2 30235730
v85  Octane-2,3-dione 1319  NDa NDa 2088040 127:0.2 NDa NDa NDa
y7 O-Methylhept-5-en2-0 135 \py, NDa  LOOSDI0 07001 NDa NDa NDa
V94 Nonan-2-one 1380  NDa NDa NDa NDa  328:031b  420°06  417:038
Methyl 46106
w3l e tancate 1008 NDa NDa NDa NDa NDa L NDa
Y1 Decan-2-one 1485  NDa NDa NDa NDa  319:033c 27000 2,68+0.26
vi2 ) 140£0.1  151:01 566+147 25604 469+0.6
12 1-Phenylethanone 1635 L0 o - 6 6.91+0.17¢ o 4.41+0.97b
Lactones
12 Oxolan-2-one 160g 09702 048200 110%025 12200\, NDa  7.46+191b
g1 5-Pentyloxolan-2-one 1812 NDa NDa NDa NDa  22:013p 22202 263045
Pyrazines
v83  2,5-Dimethylpyrazine 1312 NDa NDa NDa NDa  812¢078p L6 SLATEA
v84  2,6-Dimethylpyrazine 1319 NDa NDa NDa NDa NDa 1AL 13.24+4.34
v98 235 Trimethylpyrazine 1394  NDa NDa NDa NDa  JTOBELO3 el 25075524
y10 3 Ethyl 25 dimethyloyr 1435 Npa NDa NDa NDa NDa  A9LOL 44350410
9,3,5,6-Tetramethyl
Vil CHAmERyIDYIAZ 1466 NDa NDa NDa NDa  135:084p (o5e6  67ALET0
ine c
Phenols
Y13 9 Methoxyphenol 1803 NDa  Npa 0665026 120501 ggpug g5, M9l 1861258
3 a 6a 35¢ d
13 Phenol 1811  NDa NDa 274028 040400 81007y 290000 39840554
V14 4-Bthenyl-2-methoxyph 114  npg  1671%4. 8405256 3353+11 7987:073 1195+15 11452+12.
2 enol 22b ab 8c d A2e 82e
311" 4-Ethenylphenol 1815  NDa NDa NDa NDa  032:005 933:00  045:0.08
Sulfur-containing compound
v3  Methanethiol 58 NDa NDa  229:022 049:00 NDa NDa NDa
v38 (methyldisulfanyl)Metha 1063 NDa NDa 21.39£1.0  4.35%0.2 NDa 5.25%1.2 NDa
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ne 8c 1b b
vl Elrélethyltnsulfanyl)Metha 1360 NDa NDa 11.255;0.6 2.2211;0.2 NDa NDa NDa
v10 3-Methylsulfanylpropana 1442 NDa NDa 164.17+5.  18.55+0. NDa NDa NDa
3 1 6lc 54b
3-Methylsulfanylpropan-
g1 Y viprep 1713 NDa NDa 39100 5706 g98:000a  NDa NDa
1-ol C
Miscellaneous compounds
e i <80 62.63+ 30.10+ 36.25+27.  41.66+7. 1823+222 15.13+1.  30.13+9.20
vid  24-Dimethylhept-l1-ene 148l1c  6.98ab 06ab 40b ab 34a ab
2-Methyl-2- -2-yl
yog O CHWIETPIODATEYE g5 NDa NDa 496031 53704 \p, NDa NDa
oxirane
1-Methyl-4-prop—-1-en-—
V62 2- 1186 NDa 09202 SILZT L0500y 75056, 10T 1384036
ylcyclohexene
voq ZAorTrmethyl-ldoxaz 4197 Npa NDa NDa NDa NDa 199201 20120350
(1R,4E95)-4,11,11-trime
511 thyl-8-methylidenebicycl 1582 NDa NDa 2'51E0'24 NDa NDa NDa NDa

ol[7.2.0JuNDaec-4-ene

1) Rerention indices (RI) were determined using n-paraffins C6-C22 as external standards on DBI-WAX column

2) Average of relative peak area compared to that of the internal standard *+ standard

3) ND : not detected

4) Different letters mean significant differences (p<0.05) between samples by Duncan’s multiple range test

B.amyloliqueniformis

—

2]

R[] - 0,210

il

“1¥ 3-44. Partial least square-discriminant analysis(PLS-DA)Z ©]& A
U kojiel 3 tiAMAIe] v gAIzHE = ated e Ws)

O % 114719 3¢ diAAZE AEsdern, 2 7o wet %

5 UEY. AR AolE EQlEtr] 9ldte] PLS-DARAS

3-44), sALANA JE ol wef vjFAIZe] FIhstHA A=

Bl A2 WA A1EE52 PLS 1 component®] o] wakol] 9] x5+
ZE52 PLS 1 component? S92 wWhako] £ *]& Score plotel] 7]

AN
“
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0.80] 4] MES AWEdte] ZF 59 p valueEs <1389 S. PLS component 1
ol W] A Fo I gAAIELS 25-dimethylheptane(p=0.12),
2,4-dimethylheptane(0.10), 4-methyl-nonane(0.09), 4-methylheptane(0.09),
(E)-hept-2-enal(0.09) ¢ aliphatic hydrocarbon®] BES AAgE wbA,
pentan-1-0l(-0.12), phenyl-methanol(-0.12), 4-methylpent-3-en-2-one (-0.12),
nonan-1-o0l(-0.12), 3-ethyl-2,5-dimethylpyrazine(-0.12), 2,4,5-trimethyl-
1,3-oxazole(-0.12), butane—-1,3-diol(-0.11), 2-methylpropanoic acid(-0.11),
methyl-2- methylpropanoate(-0.10), ethyl 3-methylbutanoate(-0.10) S°] PLS
component 1 &2 Wael $1x3 T2 3d hAAI = ek (1" 3-45)

04

44

02

P11

A2

O

NN OO0 rerdt 0 QO UONSEA LONT 00N Ot reDNOSTARNNOLHNDITOONT N O OONNANOSYTR Ok e~ 0NN ALDONNDON N ~Os OF
Pr o PP0ercOMNO0OR >N 000000 NN DOO OO TN LT ONOTDANOOMAONTNNEYT T~ D 0 cROMec O T PRI 20NN-0>
) PR > FEE3 AR o e PREEFEC-F ERPERPcB3FEr e 2 FPEEFERRRRoFF =E P r = == -3 =
s z 3B TESRET s 55 ) 537E% s z TG 0%
Var D (Primary)
ey |
rRl NN RO NN OO e O~ O r DO O D MR TOONTON TN - O T MND o
TEN PR N OO ND s P RO O r r O TN 0T PO T rONONN O - OB DM
T rsp:::::sgp = >‘;>S\;5>=;‘;pp;>=> Prrorcrrchriboaiae
Var 0 (Primary)
9 3-45. kojiel 3 tiAFAI Y] PLS-DA9] loading plot
B ¢ 47] o]sFe]  branched chaing  7FA olw|n=Atol A A EH =
2-methylpropanoic acid, 3-methylbutanoic acid’} WBolA f2e]d oz F7lst= A
o 3 5E 2= = 515 o o = 5 5 o
o SE & Al Fal olF HBES B AW} 55 W) 54 A
g AEolA Baud F9 g7 AR T sy, Malty-cocoa &1 5A4S 71A
+  3-methylbutanal g FujoX = Fast HEoz HIE ®v S

Branched-chain amino acids®] 3l4 endogenous biosynthesisZF-H A4 ==
fusel alcohol ¥} fusel aldehydei= WA$} WB X5 fusel aldehyde® A4 o] fusel
alcohol® .t} A1 S 0T = Ao, 53] WACA FolAo=m FF ghol
= ARE B9 Glycolysis HAFE 2ol A A E= butan-1-0l¢] 7-¢ WBol| A 9k
=5 Glycolysis UIAME 2 5 styol (18 3-46), W59 o]HAHwT o= B

o H
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Aow F7H3

Glucose
NADH  NAD*
Glyceraldehyde- Dihydroxy-
3-phosphate acetone- : Glycerol-3-phosphate
phosphate Rl
‘GPD2
alss
vz Co,
ILV6
Pyruvate a-Acetolactate Glycerol
1
Qiontaneous
|
Acetaldehyde 5
et “ budA
PDCS PDC1 Dlacetyl
PDC6 CO, | PDC5
PDC6 €0: NADH
BDH1
ADH1
ADH3 NAD* budC
ADH5
Ethanol Acetaldehyde ——————> Acetoin 2,3-Butanediol
;7 \ NADP* PDC1
naB- NabH ALDS PDC5 NADH NAD*
PDC6
NADPH

Acetate

1Y 3-46. Butane-2,3-diol®] WAIE &=

U]—) X—] :riL'T“E

O A oryzae(SA)Q]r B. amylolichenitormis(SB)=
Wl A HEE AEE

A7 3

b F koji®l 1A BiARAl ZRokd

22}

gt SPME % % GC/MS=
L tiAbA o] WSkl thel uhER

O

!

=]
-

S|
ax

1% butane-2,3-diol¥} butane-1,3-diol= WBelA A3 AL g 5+ AU
&. FE A mel ketoneF, pyrazines, phenolfe] A o] WBOA fo4do=
7t = W) aldehyde <9} sulfur—containing compounds®] A4 o] WA A 2]
A

ok & k0j1'94 12, 24, 364

BN E 3

16 vk

® 3-16. HF #FE GEd T kop® WFAHE A thARA o] 2R ad e Bl
. " Relative peak area ratio”
No. Possible compound RI
RS SA12 SA24 SA36 SB12 SB24 SB36
Aci
ds
VIO Acetic acid 1444  ND%a? Npa 18341 ILSLS 991s082a  NDa NDa
v1ll  2-Methylpropanoic 1.19£0.0  1.73+0.17 42.24£1.56  66.16£19.
7 acid 1567 NDa NDa % a 14.1+£3.04a b 7%
Vi2 Butanoic acid 1631 NDa NDa NDa NDa NDa  182:049c 0877021
v12 _ . . 2.85+0.38 257095 161.54+ 93.18+12.1 74.81+8.35 58.64+13.
6 3-Methylbutanoic acid 1675 a a 46.13¢ 6.21+1.2a b b 21b
V912 igil\d/[ethylbut*}enow 1799 NDa NDa NDa NDa NDa 14.18;0.54 4.52§1.37
V13  4-Methylpentanoic >18 3.43+0.91 6.74+1.76
9 acid 00 NDa NDa NDa NDa 0.24+0.05a b c
VI3 Hexanoic aci >18 .
A exanoic acid 00 2.26+0.6b NDa NDa NDa NDa NDa NDa
Aldehydes
v4  Acetaldehyde <80 NDa 1.77+0.22 3.17+0.3  11.34+3.2 NDa NDa NDa
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0 ab 7 4e
v6  Propanal 580 NDa NDa NDa 0-66§0-13 NDa NDa NDa
v9  2-Methylpropanal g 80 NDa 1'381130'03 1'98E0'2 19‘976 Ci L5 NDa NDa NDa
409:1.25 1154+09 386+88 10839+ 1.38+0.24
v19  2-Methylbutanal 909 . o o DBAE 08540062 1.43+0.45a :
355+0.74 64.89+37 6824+ 35658+ ) 1.33+0.14
v20  3-Methylbutanal 912 : o S B0 09640022 1.23+0.10a :
v27  2-Methylpentanal 985 NDa NDa NDa 0'57E0'50 NDa NDa NDa
w0 Hexanal 74 AL66+58 2116534 876:12  2186%66 - ooioss coeiggly 1227536
4c ) 8a 9b 3a
yar [2Methylbut2-en o0 \p, NDa 0781 3195060\, NDa NDa
v63  3-Methylbut-2-enal 1188 NDa NDa 2205 LIS \p, NDa NDa
w80 Octanal jpp 0361012 0513013 0100 071018 \p, NDa NDa
1064014  087+021  049:0.0 250£037 043:021  0.62+0.10
v96  Nonanal 1384 d od 6b o b be NDa
VI0 Furan-2-carbaldehyde 1452 NDa NDa 29004 Npa NDa NDa NDa
Vél Octan-1-ol 1557 °~23§0-04 NDa NDa NDa NDa NDa NDa
V14 (Z)-5-Methyl-2-phen  >18 0.14£0.0  0.36+0.05
1 ylhex-2-enal 00 NDa NDa o%h c NDa NDa NDa
Alcohols
] 2041:45 408331 693+14 825¢1.35 1617255 11.09+0.6
v22  Ethanol 931 H s B ] 3.94+054a § o
V3 2 Methybuan-2-o 1014  NDa  S0P049 1801 \p LIZ02T 2845020 2722049
V42 2-Methylpropan-1-ol 1096  NDa NDa Npa  HOB00T \p, NDa NDa
v47  Pentan-2-ol 1124 NDa NDa NDa NDa NDa 127020 6122044
v55  Pent-1-en-3-ol 6o 00 Npy NDa NDa NDa 028 004 1.2220.12
v58 4-Methylpentan-2-ol 1169 NDa NDa NDa NDa NDa NDa 1.51:0.01
W67 3 Methylbutan_1-ol 1207 576090 888114 522609  B18:057 20093203 gga.q g7, 1795510
b ¢ 2ab a e 2d
V5 Pentan-1-of 1m0 B0ST 415034 \p, NDa  0ms03ie  E04T 4022065
v79  5-Methylhexan-2-0ol 1280  NDa NDa NDa NDa NDa NDa 14.29+0.3
v86 Heptan—-2-ol 1320 NDa NDa NDa NDa NDa 2‘8030'1}3 13'76(3)50'8
v92  6-Methylheptan-2-0ol 1374  NDa NDa NDa NDa NDa NDa 238 :0.22
V95 (Z)-Hex-3-en-1-ol 1381 7016 npy NDa NDa  O8T010 \p, NDa
v97 5-Methylheptan-2-0l 1388 NDa NDa NDa NDa NDa 0311005 2.96:0.33
v10 . 35.8047.3  879+0.8 51444101 32.93+7.12 2461:0.8
5 Oct-1-en-3-ol 1449 56.88+11c 1h % NDa 5e b ob
VéO giS—Dlmethylhexan—B— 1460 NDa NDa NDa NDa 4.4230.68 9.40+0.23¢ 1.41%0.16
Vil o L 130+0.14 087006 1.01£0.2  0.46+0.04 1312024 136017
3 2-Ethylhexan-1-ol 1488 be ab b a 1.65+0.64c be be
Vil . 2R84 19796t 160313,
5 Butane-2,3-diol 1536 NDa NDa NDa NDa 49 69¢ 49.77h &5a
Vi1 Butane-13-diol 1575  NDa NDa NDa NDa 10768320 4778238 84187
Aliphatic hydrocarbons
<80 117019 203:078 2.38+0.3 237+06b 171+027a 145:017a  2.89+0.96
vl Pentane 0 a abc Obc c b b c
<80 510£056 7.20:0.76 0.84+0.0 190:0.19 1794049  2.07+052  355:0.16
V2 Hexane 0 d e Ta b b b c
i Methvlhent <80 1198428 383518 51912 1039+26 4405+123 56.05+109 5459+8.3
v cthyiheptane 0 8a 7b la 3a 1bc 8¢ 6¢
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<80 412157 198027 1.89:02 341+0.92 2.67+0.40a  3.58+0.72
v7  Octane 0 b a 0a ab 2.06£0.60a b b
v8  24-Dimethyleptane 0 142:063 4005061 xpy, NDa  OOU03L go4s060e 03401370
o1y 224-Trimethylheptan <80 2782054 104507 3380+ 2726070 947¢175 1503+390 1688+0.2
e 0 a 3b 479d a b c 8¢
v24  4-Methylnonane 946 NDa NDa NDa NDa NDa 2~24§0~42 3-28§0~21
3,3 5-Trimethylheptan 1694021  483+143 17702  355+1.10 13114235  17.79+15
v 3 993 . o] 7 ] 6.68+1.53¢ | ES
30 4-Methyldecane jopo  DOTEOM LG 726 SEELT TLTIa 2495362 B0
Benzenes &
benzen-derivatives
9507469 88.28+38 5520+6. 1598+40 1022+1.04 53204164 259720
v35 Toluene 1032 9 9d 160 da a o b
43 Ethylbenzene 1 1030 AT30GT 32807 105014 5006, 2002042 182:015
o9 14-Xylene 112 0.68;0.04 2.3630.51 1.81(1)420.2 0.6020.10 0.7650.00% 1.31;)0.13 0.7920.16
v 12-Xylene 7l 0.36%0.14 1142014 1.35‘%0.4 NDa 0.36i0.04 0.54%0.06 0.45§0.06
V2 Styrene jp5 045000 O68:LM ISAIES 281038 5oy, 301048 4213
vil 501+036 566+1.21 1088+  17.32¢10 1347+191 5379+11.0 32.22+6.8
4  Benzaldehyde 1506 a a 20.11d 4ab a % T
VIZ 2-Phenylacetaldenyde 1627 Npa 1092039 201807 4435081 \p, NDa 1.2220.02
VJ? 4-Methylbenzaldehyde 1631 NDa  099:02c 203 np, 0490011 NDa NDa
VA3 Phenylmethanol b 0007 \p, NDa NDa 1556032 685+l9h 255l 20
Vi3 2-Phenylethanol o 04010 Np, 060D Np, 198020 gg7u000c 0940008
V713 2-Phenylbut-2-enal 501 8 NDa 4'72i 1.23 2'6;§0'2 10. 187dil 4 NDa NDa NDa
Esters
12 Methyl acetate 580 0.7920.20 2.621130.64 3.8%20.7 1.911;)0.41 2.031’_30.38 5 44036h 5.0030.72
. <80 32714+  3826:28 364.01:  32.09% ) 4.03+1.05
v15  Ethyl acetate 5 B o LloLe 2200 794:186a 16.9+3.49a .
Methyl 2114015 4. 9.25+0.26
var el epanoate 18 NDa NDa NDa NDa ; 8.35£2.16¢ .
Ethyl 087:0.04 048:0.1 037:002 090:0.16 436+1.06 2.36:0.29
v25 2-methylpropanoate 959 NDa b 3ab ab b d c
Methyl 234037 476+0.80
v31 2-methylbutanoate 1008 NDa NDa NDa NDa b 4.85+0.78¢c c
Methyl 2.66+0.35
va e tanoate 1016  NDa NDa NDa NDa NDa ; NDa
V44 3-Methylbutyl acetate 1118  NDa NDa NDa NDa 0-48§0-08 0-4‘%0-06 NDa
Methyl ) ] ) ) ) 1445030  1.27+0.12
vbl 4-methylpentanoate 1138 NDa NDa NDa NDa NDa b b
v70  Ethyl hexanoate 1229  NDa NDa NDa NDa NDa 9~46§1~16 14052:1-2
V113 2-Phenylethyl acetate 5018 NDa NDa 0.9?%0.1 O'ZSEO'OS NDa NDa NDa
Furans & furan-derivatives
v16  2-Methylfuran 580 NDa NDa NDa NDa NDa 2~43§0~56 2-99§0~41
23 2-Ethylfuran g D065 2813016 15702 2905047 3595047 2030260 2501021
v37 235 Trimethylfuran 1050  NDa NDa NDa NDa 099010 NDa NDa
69  2-Pentylfuran jp5 IO2 13043 1025 ILBR2 )4 gp, 529:08a 127247
Ketones
v10  Propan-2-one S0 4613054 1501007 51771200512 20331326 6485050 1407:07
17 Butan-2-one 901 NDa NDa NDa  DO0:L 436:068 1401311 1649:03
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% Butane-23-dione orp  SFI0AT 6302 346109 60SELT0 6725619 3494248 113214
vaz 9 Methylpentan=2on 411 Npy NDa  NDa NDa  103+010a 1103263 202738
v50 5-Methylhexan-2-one 1134  NDa NDa NDa NDa  004+0.11a 1280101 1450427
v54  Heptane-2,3-dione 1146 NDa NDa 1~4g§0~2 NDa NDa NDa NDa
60  Heptan-2-one j7a 199025 236:018 09302 074017 gop.ggg, 4165224 2694541
4-Methylheptan-2-on 117039 312028 11402 0624013 1.85:0.19% 35.8242.2
ve6 1199 . o i . | 3.64+0.30c o
v73  Octan-3-one 1246 2921 Npa NDa NDa NDa NDa NDa
V74 E*Methylheptan*Z*on 1247 NDa NDa NDa NDa NDa 12.18bil.51 18.124Ci1.3
3-Hydroxybutan-2-on 7294115 1.06:0.1 379+0.35 621.34+37. 283.24+20.  29.26:10.
viT e 1273 2.5+2.66a a la a 66c 84b 5a
VI8 Octan-2-one 25 036012 100013 063:01 0513017 \p, NDa 1382027
vg7 6 Methylhept 5-en2 g0 0455017 0785015 047800 NDa NDa NDa
one b [¢ 4b
vy O Hydroxypentan=2-o 33 Npyq NDa NDa NDa 182106 6831045 0.8+0.19
v89  Nonan-2-one 1333 NDa NDa NDa NDa NDa 281076 11.06+0.3
v94  Nonan-2-one 1380  NDa NDa NDa NDa NDa 3281050 4742006
V(l)O i;Hydroxyhexan*Z*o 1499 NDa 1.48]i;0.06 NDa NDa 1.40§0.14 NDa NDa
V10 2-Methylhexan-3-one 1428 NDa NDa NDa NDa  32:05lc 2202 \pa
1.13+0.1
VIZ | ppenviethanone 635 NDa | 086:0.12 f 063+0.05 137+027 1142039 0.88+0.16
4 bc od b d d bc
Lactones
V12 o 247052 153:012 2.06:06 064006 2104024  1.40+0.09
0 Oxolan-2-one 1608 o od 9de b NDa de c
Pyrazines
vi6  2-Methylpyrazine 1255  NDa NDa NDa NDa NDa 032,005 0.93:0.06
v83  25-Dimethylpyrazine 1312 963009 \py NDa NDa 1110172 012472 1195248,
v81 26 Dimethylpyrazine 1319 1092022 1892030 213401\, jggegig 10395329 2086+LT
vy ZEWIGmehyloya jgg  \p, 199038 093:02 0265003 \p, \Da NDa
v98 Z,S,B*Trimethylpyrazin 1394 NDa NDa NDa NDa 15.741;:2.64 82.12§ 14.0 76.982:1.8
v10  3-Ethyl-25-dimethyl- 497008
2 pyrazine 1436 NDa NDa NDa NDa NDa 8.02+1.41c b
v10 2-Ethyl-3,5-dimethyl- 2.96£0.21
P ZrEhn 1452  NDa NDa NDa NDa NDa  3.88+0.79c ;
2,35,6- Tetramethyl-
vl ~Tetramethy 466 NDa NDa NDa NDa 2610 104085 8552025
pyrazine .20c a
Phenols
VA3 2-Methoxyphenol oo NDa NDa NDa NDa 047010y oagge 3820043
V13 >18 0.47+0.1 0255008 103016 264012
9 Phenol 00 NDa NDa 1c NDa b d o
vig A EthenylZrmethoxy 515 0881023 0596012 050£00 0238005 067:019 (oe,00s, 040£006
2 00 d be Sbe a d 2520. ab
phenol
Vi, >18 057+0.09  0.88+0.2 2654052  10.88+0.8
3 4-Ethenylphenol 00 NDa ab 3bhe NDa 1.58+0.43¢c d Qe
Sulfur-containing compounds
v3  Methanethiol 58 NDa NDa 06201 0362011 \p, NDa NDa
(methyldisulfanyl)Met 252+ 253+0.84 3.83+0.66
vy met 1063 NDa NDa oe . 196+0.36a  4.65+0.52a .
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(methyltrisulfanyl)Met 11.69+ 0.03+0.05
vol hane 1360 NDa NDa 3730 NDa NDa 1.09+0.26a a
v10  3-Methylsulfanylpropa 1.03+0.27 2.20£05 15.68+0.6
3 nal 1442 NDa b 7o 1d NDa Nda NDa
V12 3-Methylsulfanylpropa 1713 NDa 0.79+0.14  0.33#0.1  0.21+0.03 NDa 0.25+0.04  0.47+0.07
8 d Ob b b c
n-1-ol
Miscellaneous compounds
14 2,4-Dimethylhept-1-e <80  571x1.96 3552+54 5.05+1.3 1356+2.7 34.24+213 4052+1.76 51.28+4.8
V2 ne 0 a Ocd % 6b c d 3e
V62 lil\/gethylfél*prop*l e 186 162031 4.82+1.88 0.42+0.0  0.770.16 04440022  2.99+0.12¢ 1.97+0.62
n-2-ylcyclohexene bc d 3a ab bc
2,4,5-Trimethyl-1,3-0 12.09+£1.23  2.26+0.77
v64 Tarole 1192 NDa NDa NDa NDa 3.78+0.39¢ d b
VI3 4-Hydroxy-3-methylp 1gq 5156106 602:173 L8290 9374105 424¢1124 408:052  2.61:0.44
8 yran-2-one ab od c b b a

1
2

)
)
3N
)

Rerention indices (RI) were determined using n-paraffins C6-C22 as external standards on DBI-WAX column

Average of relative peak area compared to that of the internal standard =

* not detected

O % koji¢t F+A+shAl branched chaing 7} &4
Faid o=z SAe Hl& A AS gk
SBoll Al A5t H, SAelA &= FaFe] & AL
linoleic acid4 linolenic acid®} &2 & ¥ 3}A|H

o]

R

o] 3
hydroperoxide lyase®l <3 1-octen-3-ol< 3

lipoxygenases®l|

10—hydro—peroxylinoleic

standard

4) Different letters mean significant differences (p<0.05) between samples by Duncan’s multiple range test

T 471 olste] A rkEo] SBelA
Butane-2,3-diol, oct-1-en—3-ol
2 vhehd. 53 BAFS e,
fako 2 5B A4 5= oct-1-en—-3-ol
acid7} A, o]l
B B(2Y 3-47)

R" RH \ o, RH
v ; I
_~=CH
R/\/ 2 ~
CH
1-alkene or R 2
\> O\OH
R/\/CH3 l HO™
~
2-alkene R CHz
RO-OH RO-O O RrRH R
N/ | N
v
RWCHZ
(o]

1-alken-3-one

+ 2-alkenol

R/\/\|/\CH2

OH
1-alken-3-ol

19 3-47. Oct-1-en-3-0l9] A H =
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T 114709 383 diAMAIZE AEEdew, wE ol wel 3E 3-169 #Zo] Ao
& YER. AE319 Aolg ERlE7] Hff}oﬂ PLS-DA#A S AAIstda, 149
3-48° A FAFANA HF FFol wet vjgAgte] FUtstHA e e was
S 1ol FadEy SA AMZELS PLS 1 component®] 959 HWrgko] € X313 oH,
SB MZE5% PLS 1 component®] &9 #3ako] 9238t t} Score plotel] 7] &=
VIP7} 080139 ®ass HAW¥ete 7z} w459 p valueEs  Felstdth. PLS
component 1 o] W&o fxgt =2 3 AAIEL oct-1-en-3-0l(p=0.19),
3-hydroxypentan-2-one(0.17), 3-hydroxybutan-2-one(0.17),
(Z)-hex-3-en-1-01(0.17), butane-2,3-dione(0.17), butane-2,3-diol(0.17),
2-phenylethanol(0.16), 2-ethylfuran(0.12), 4-ethenyl-2-methoxyphenol(0.12),
3-methylbutan—-1-0l(0.11)©] 2} 2] 3= HEH 2-phenylacetaldehyde(-0.16),
octan—2-one(-0.15), methyl acetate(-0.15), Methanethiol(-0.13),
3-methylbut-2-enal(-0.13), 2-pentylfuran(-0.12) 5 ©¢] PLS component 1 2] W&k
of $1AIg Fa U AR E VERE(LE 3-49)

ol

-

a
&,

y-U

oy
T

B.amyloliqueniformis

A0 0 10
ti1]
RZK[1] = 0.3783¢ RZK(Z]) = 0.166052
3-48. Partial least square-discriminant analysis (PLS-DA)E& | &3t HETFE
Gt F koji® LA tHARA S M GAIZE ZE 9 W
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P11

Var [0 (Primary)

9 3-49. F koji®] 3EA AR 9] PLS-DAC] loading plot

O T koji?t 2 kojiel HEAZ] WE FAA dARAIS] WstE HlusdS W, 2
HE 78 g8 dels Hole= A& g3 334 28 748 e "= A5
2ol 7b A Eo] $- A o8 AFESEE substrate®] zbol® o]oj x| Ay st 3
AR Z2 0] WEtE o]oxl ASE AlnH

(2) &1 AP 5 #F 2 FAx #5799 g FH O E IR gAA Y HAEA
O v A S5 75 H Fx oFF A 2 w24 F
O 94X HEF sakeoll A #8l3t Hx FF(Aspergillus oryzae KCTC 6983, AOS)

oF Stor HAF FHRAAA st I AAY 5 A dF(Aspergillus oryzare
CN1102-08, AOE)E A3t

O w5 wYdsts AAm A= complete media(CM)E ©] &3, CMHIA = SF/F5 1L
o] yeast extract 1 g, sucrose 30 g, peptone 2.5 g, sodium nitrate 2 g, potassium
phosphate 1 g, magnesium sulfate heptahydrate 0.5 g, potassium chloride 0.5 g,
trace element solution 0.2 mlL, vitamin stock solution 10 mLE Yo A%x3h
Trace element solution®| citric acid 5 g, zinc sulfate hexahydrate 5 g,
Ammonium iron(Il) sulfate hexahydrate 1 g, Copper(Il) sulfate pentahydrate 250
mg, Manganous(I) sulfate hydrate 50 mg, boric acid 50 mg, Sodium molybdate
dihydrate 50 mg, $F3 95 mLE % . Vitamin stock solution®l+= thiamine 100
mg, riboflavin 30 mg, pyridoxine 75 mg, pantothenic acid 200 mg, nicotinamide

75 mg, ascorbic acid 5 mg, p—aminobenzoic acid 5 mg, choline 200 mg, folic acid
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mg, biotin 5 mg, inositol 4 g, 50% ethanol 1 LE Yo TF&. 250 mL screw 4F

5

Zy Zek2~39 40 mLe] HHX]*E— Y31 30Co|A 180 rpm =A% F74S 2 )
de AP TS HFeL F F 0 AN A 52 AZF 7HA] AIZPE R sampling S
Ty

Zh Fo] ik 2 A diAbA Y A S BluEA &) 9fE] ofiet 2
o r AP (E 3-17)

¥ 3-17. Aspergillus oryzae ¥\ 73 =7
gz pH +5(TC)  time(hr)
T 6.0 25 24
Ex.1 6.0 25 32
Ex.2 6.0 37 24
Ex.3 4.0 25 24

AHL}H tﬂ:u] q]/x}xﬂ Z=Z=H g HA—]]:H 3 el

= H

Stir bar sorptive extraction(SBSE)= 743 7]4e]  Alm oA volatile 2
semi-volatile & 55 3 & 4 A1, &vlE AFEsHA] ol HEsta vl s 4
A BAel  Thed  FEWHY.  T7IEel o]  AEHE solid  phase
microextraction(SPME)¢} H]<=3}u}  SBSE+= A &2 3& =2 polydimethyl
siloxane¥} 7+ ﬂxﬂﬂ i%% stir bar(twister)E& ©]-&3dto] FEot= HHo=
SPME Rt} F& F&o] £31 Y%7l £5. Sample 8 mLE 10 mm length, 32
phase volume ethylene glycolfsﬂlcone coated stir bar(EG-silicon twister)
(GERSTEL GmbH & Co. KG, Miiheim an der Ruhr, Germany)®¢}t 74 10 mL
screw vial(CTC Hdspce, Agilent technologies, DE, Germany)o] Y il screw
cap(Ultra clean 18 mm, Agilent technologies, DE, Germany)2. % %3 Twisters
1000 rpm o2 stirdl™ 60 & 90 & FFHAZ. &3 Fol = twister® THIF=E A
% lint free tissue® ol 55 AAF. A5 F2AIZ twisterE tubeo] o
thermal desorption unit(TDU) (GERSTEL GmbH & Co. KG, Miheim an der
Ruhr, Germany) oA 220CeolA 58 &L 2 FAte] A wg drAEES
e A| 7], gatsl= EO}Oﬂb WA AALE o] &34 cooled injection system(CIS)ell
A -80CE FAIsE AL, -80TlA 0.01i, 12T/s= 255 =4

A giAAE A 0}71 13te] gas chromatography(HP 7890B GC)/mass
spectrum(5977A) (Agilent Technologies, USA)S ©] &3 Columne DB-wax(30 m
length x 0.25 mm ILD.. x 0.25 pum film thickness, J&B Scientific, Folsom, CA,
USA)E AF&3tA 5. GC ovene%i 40ToA 53 FA8k 3L, 230C7HA 4T
/mnl = %5 ¥ F 230CoA 107+ A3, Mass scan range: 35-350
am.u$l 2™ mass spectraz= 70 eVl A electron ionization(E)¥2]o] o] 5. o]

E7F2 2= heliums 0.8 mL/min®] 45 FA8FAAL splitless2 =2 &2}
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(th 3¢ | o4 2 AL
O 3 79 A2 mass spectral database(WINOSL) % manual
interpretation®] 98] 3 F. 18] saturated alkanes(100ppm in hexane)S ¢4
EFEARZ AFESE ZF 3 E 9 Rl(Retention Index)E 13 & NIST database
Az ol wRlol A Bad RIgty} vlustion, B Qs s 93], L-borneol
100ppm(w/v, in methanol)S WHEFEZ 2 o]&3}

() & sAEA

O GC/MS®E #A&te] A& kA diatale] o] F W3l Fs sy ¢sld]
SPSS(version 12.0, US.A)Z t-testd AAISAS. T3k gt 4o w2 324
ARA & Zfol & =1et7] 918kl R package & ©]-&3to] heat map #41S F3F

(vh) wijF 24 w2 v A ST 2 xR 7] A diAbA vl B4
O #x 5 AOS+ F 61719 3EA dAAZE A& HA02H, aicds 7%, aldehydes

N

8%, alcohols 11, benzenes & derivatives 9, esters 5%, furans & derivatives
<, ketones 7%, phenols 2%, sulfur-containing compounds 1%, % miscellaneous
compounds 7% °] HEHE. FHAA FE S Fu| 5 dF AOE= F 499 3=
A A7 HE HQeH) aicds 6%, aldehydes 5%, alcohols 115, benzenes &
benzene-derivatives 5%, esters 5%, furans & furan-derivatives 3, ketones 6%,
phenols 1, sulfur-containing compounds 1%, % miscellaneous compounds 6% ©]

H=49(GE 3-18)

3-18. &1 A ST TF(AOE)9 #x T7(A0S)2 34 diAbAle] v w4

Relative peak area(mean+SD)”

No. Possible compound RIY t-value®  p-value?
AOE AOS
Aci
ds
V36  Acetic acid 1476 1.316+0.194 1.338+0.314 0.103 0.923
V43  Propanoic acid 1555 0.068+0.018 0.155+0.045 3.116 0.036%
V44 2-Methylpropanoic acid 1581 0.659+0.087 2.866+0.527 7.152 0.016x
V47  Butanoic acid 1637 0.566+0.177 1.040+0.168 3.367 0.028x
V52 2-Methylbutanoic acid 1679 0.168+0.061 ND -4.743 0.009x
V53  3-Methylbutanoic acid 1682 ND” 0.580+0.124 8.076 0.001
V81 Dodecanoic acid 2492 0.210+0.012 ND -31.099 0.000%
V86 Tetradecanoic acid >2600 0.570+0.094 0.987+0.733 0.977 0.429
Aldehydes
V2  Acetaldehyde <800 0.512+0.036 0.431+0.058 -2.060 0.108
V3  Butanal 812 0.222+0.023 0.284+0.072 1.439 0.223
V8  2-Methylbutanal 915 0.095+0.011 0.708+0.053 19.698 0.000
V9  3-Methylbutanal 919 0.267+0.016 ND -29.207 0.001
V21  Hexanal 1095 0.028+0.003 ND -15.431 0.004
V30 Octanal 1313 0.045+0.002 ND -37.449 0.000x




V34  Nonanal 1409 0.267+0.030 0.189+0.053 -2.224 0.090
V40 Decanal 1507 0.060+0.002 0.062+0.018 0.229 0.830
Alcohols

V10 Ethanol 934 31.312+2.305 27.588+3.773 -1.459 0.218
V16  Propan-1-ol 1048 0.537+0.041 0.760+0.148 2,515 0.066
V22 2-Methylpropan-1-ol 1122 0.239+0.009 0.474+0.076 5.327 0.006%
V25 Butan-1-ol 1202 7.055+1.824 11.356+0.680 3.827 0.019%
V26 3-Methylbutan-1-ol 1254 1.345+0.052 4.391+0.874 6.028 0.004:
x 2. (AH) .

No. Possible compound RIY Alge];atlve peak are[z;ggeanirSD) t-value®  p-value?
V39 2-Ethylhexan-1-ol 1503 0.365+0.026 0.390+0.075 0.544 0.615
V45  2-(2-ethoxyethoxy)Ethanol 1626 0.062+0.004 0.062+0.011 0.023 0.983
V64  2-(2-hydroxyethoxy)Ethanol 1981 0.202+0.045 1.115+0.855 1.846 0.205
V66  2-[2-(2-ethoxyethoxy)ethoxy]Ethanol 2024 0.050+0.013 0.130+0.012 8.139 0.001+
V77 2-[2-(2-hydroxyethoxy)ethoxy]Ethanol 2340 0.316+0.011 1.250+0.380 4.251 0.051
yeg 2 [2 [ hydroxyethoxyethoxylethoxyIBt o500 045150072 1437:0154 10034 0.001%
Benzenes & benzene-derivatives

V28  Styrene 1284 0.115+0.148 0.055+0.011 -0.698 0.524
V42  Benzaldehyde 1540 0.748+0.121 1.682+0.266 5.526 0.005%
V59  1-Phenylbutan-2-one 1808 0.064£0.002 ND -55.010 0.000%
V60  3,5-Dimethylbenzaldehyde 1821 1.131£0.102 0.444+0.129 =7.245 0.002:
V63  2-Phenylethanol 1920 0.081+0.006 0.201+0.029 7.094 0.002x
V78 Diethyl benzene-1,2-dicarboxylate 2382 0.140+0.007 ND -32.895 0.001
V82  Diphenylmethanone 2498 0.732+0.138 ND -9.216 0.012x
Va4 Eeifl;i’nrgfgy}gfg%gxylm 2554 0.3030.027 0.4100.042 2743 0.052
V85 2-Phenylacetic acid 2580 0.146+0.034 ND -7.494 0.017=
Esters

V5  Ethyl acetate 889 0.032+0.009 0.064+0.013 3.475 0.025x
V11 Ethyl 2-methylpropanoate 967 0.023+0.001 0.045+0.007 5.254 0.031
V13  Methyl 2-methylprop—2-enoate 1010 ND 0.897+0.185 8.412 0.014x
V15 Ethyl butanoate 1044 0.148+0.038 0.575+0.127 5.586 0.005x
V38 2-Ethylhexyl prop-2-enoate 1491 0.148+0.036 0.057+0.016 -4.016 0.016x
V72 Ethyl hexadecanoate 2257 0.259+0.089 ND -5.041 0.037=
% 2. A%) .

No. Possible compound RIV Afzféat1ve peak areAagl;eanirSD) t-value®  p-value?
Furans & furan-derivatives

V37 Furan-2-carbaldehyde 1487 0.275%0.066 0.163+0.038 -2.576 0.062
V51  Furan-2-ylmethanol 1667 0.196+0.025 ND -13.394 0.006%
V55  2H-Furan-5-one 1770 0.094+0.006 0.099+0.022 0.327 0.760
V83  5-(hydroxymethyl)Furan—2-carbaldehyde 2520 1.082+0.338 0.817+0.093 -1.307 0.261
Ketones

V7  Butan—2-one 904 0.020+0.006 0.140+0.015 12.499 0.000+
V12 Butane-2,3-dione 983 0.026+0.004 0.042+0.009 2.901 0.044
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V27  Octan-3-one 1281 ND 0.018+0.005 6.671 0.022x

V31l 3-Hydroxybutan-2-one 1331 0.549+0.039 0.669+0.051 3.273 0.031*
V32 1-Hydroxypropan-2-one 1345 0.546+0.101 0.262+0.081 -3.7192 0.019x
V50  1-Phenylethanone 1661 0.140+0.031 0.069+0.013 -3.624 0.022x
V56  2-Hydroxycyclopent-2-en—-1-one 1781 0.096+0.023 ND =7.249 0.002:
V61 2-Hydroxy-3-methylcyclopent-2-en—-1-one 1836 0.063+0.005 ND -23.607 0.000%
Phenols

V65  Phenol 2017 0.063+0.011 ND -10.213 0.009%
V76  2,4-Ditert-butylphenol 2320 0.917+0.101 0.521+0.106 -4.677 0.009:
Sulfur-containing compounds

V1  Methanethiol <800 0.130+0.018 0.041+0.011 -7.186 0.002:
Miscellaneous compounds

V41  2-Formyloxyethyl formate 1527 0.351+0.104 0.089+0.014 -4.335 0.046%
V46 2-Hydroxyethyl formate 1633 0.235+0.059 0.335+0.087 1.658 0.173
V48  2-Hydroxyethyl acetate 1643 ND 0.4=0.092 7.570 0.017:
V54  Naphthalene 1750 0.120+0.008 0.073+0.007 -7.519 0.002x
X 2. (%) _ -

No. Possible compound RI Al"x(’;eéatwe peak are;gnsedni SD) t-value®  p-value?
V69  (2-acetyloxy—-3-hydroxypropyl) Acetate 2083 0.048+0.010 ND -8.428 0.001
V71 1,1,3-Trimethyl-3-phenyl-2H-indene 2215 0.237+0.028 0.150£0.040 -3.098 0.036%*
y74 30 Dihydroxy=6-methyl-2,3-dihydropyran=d  gog, 161820168 04800114  -9699  0.001*

-one
1) Rerention indices (RI) were determined using n-paraffins C6-C30 as external standards on Stabil-WAX column

2) Average of relative peak area compared to that of the internal standard * standard
3) t-value : Independent two samples of t-test

4) p-value : significant differences; *p<0.05

5) ND : Not detected
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2, Av s AYy W5 ol =3k oA E A E. Almond®t cherry-like odor
notesE 712 benzyl alcoholiﬂ oxidation®] Y} aromatic amino acidsol] ™3 "] A=
94 28 o7 o3 MAHE= Ao=R ol-g:]zq 9l&

O % Esterfr+ AOSOlA =2 Hl&S Bl 53], #d3 23FS vebiiy, w22 ¢
9}014 TH 3EAd gAarA QL ethyl acetater= AQOSA &=L H| &S H Y
() WFE 2 el S dAAle AR Hla A
O @x#F A0SS Fvl 5 AQFT AOES] W 740 we Hwsy dAA
A Wgte] dig]l A3 SBSE F&W % GC/MS A4 o8 sA4% 34 o
A= UF BEEE o A, 2EY Wl pH 69 CM wi A ollA] 25T
o A 24A1%F mikzd ol A pH, Wi AIZE Y 2E=E FEetds W A o
AbA o] W3S Feldtr] 98] fold change® WEFH(ZE 3-19, 3-20). Z+ fold
change %t normalization 3}7] &l logzte® X3l on, HEAT MAPS 9]
&3to] 2dom =43 s3la (2™ 3-50, 3-51)
#E 3-19. #FE #F(A0S)S] vl =31 FOLD CHANGE e ®is}
No. Possible compound Fold change
Ex 1 Ex 2 Ex 3
Acids
V36 Acetic acid 1.96 1.24 1.21
V43 Propanoic acid 0.15 -1.97 -0.20
V44 2-Methylpropanoic acid 0.14 -14.81 0.27
V47 Butanoic acid 0.25 -3.27 -0.97
V52 2-Methylbutanoic acid 0.00 0.00 12.36
V53 3-Methylbutanoic acid 2.24 -3.30 -12.50
V81 Dodecanoic acid 0.00 11.50 0.00
V86 Tetradecanoic acid -13.27 -13.27 -13.27
Aldehydes
V2 Acetaldehyde 0.923 0.205 0.429
V3 Butanal -0.080 0.100 0.811
V8 2-Methylbutanal -1.718 -2.498 -1.818
V9 3-Methylbutanal 12.427 12.246 12.581
V21 Hexanal 0.000 0.000 8.406
V30 Octanal 7.635 0.000 0.000
V34 Nonanal -0.438 -0.330 0.559
V40 Decanal -9.286 -9.286 -9.286
Alcohols
V16 Propan—1-ol 0.095 -0.054 -0.319
V22 2-Methylpropan—1-ol 0.768 -0.937 0.863
V25 Butan-1-ol 0.165 -3.393 0.402
V26 3-Methylbutan-1-ol 0.981 -0.724 0.115
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V33 Hexan-1-ol 9.230 10.128 0.000
V39 2-Ethylhexan-1-ol -11.930 -0.314 -0.712
V45 2-(2-ethoxyethoxy)Ethanol 0.281 -0.294 -0.521
V64 2-(2-hydroxyethoxy)Ethanol -0.890 -0.754 -0.924
V66 2-[2-(2-ethoxyethoxy)ethoxy]Ethanol 0.206 0.024 -1.283
V77 2-[2-(2-hydroxyethoxy)ethoxy]Ethanol 0.339 -0.177 -0.214
Vas %;t}[?a;l [021* (2-hydroxyethoxy)ethoxyJethoxy] 0.794 0319 0276
Aliphatic hydrocarbons
V29 Tridecane 7.071 0.000 0.000
Benzenes & benzene-derivatives
V23 Ethylbenzene 0.000 8.242 0.000
V28 Styrene -0.219 -1.323 -0.254
V42 Benzaldehyde -1.022 -0.913 -0.216
V58 Ethyl 2-phenylacetate 11.744 9.583 0.000
V59 1-Phenylbutan—-2-one 0.000 8.547 0.000
V60 3,5-Dimethylbenzaldehyde -0.235 -0.096 -0.123
Benzenes & benzene-derivatives
V63 2-Phenylethanol 0.881 1.469 1.427
V75 Dimethyl benzene-1,2-dicarboxylate 0.000 0.000 0.000
V78 Diethyl benzene-1,2-dicarboxylate 10.121 10.672 9.652
V&2 Diphenylmethanone 11.434 11.733 11.194
V84 gfrfzzer?el??g}%{g’g& ylate 0012 -12001  -12.001
V&5 2-Phenylacetic acid 11.690 10.905 0.000
V87 Dibutyl benzene—1,2-dicarboxylate 13.864 13.895 13.084
Esters
V5 Ethyl acetate 1.517 1.048 1.214
V11 Ethyl 2-methylpropanoate 1.303 -0.816 0.043
V13 Methyl 2-methylprop—2-enoate -13.132 -13.132 -13.132
V15 Ethyl butanoate 0.481 1.023 -0.513
V17 Ethyl 2-methylbutanoate 9.261 0.000 0.000
V18 Ethyl 3-methylbutanoate 7.984 0.000 0.000
V20 Butyl acetate 8.611 0.000 0.000
V35 Ethyl octanoate 0.000 0.000 0.000
V38 2-Ethylhexyl prop-2-enoate -9.169 -0.382 -9.169
V67 Ethyl tetradecanoate 0.000 9.559 0.000
V72 Ethyl hexadecanoate 12.139 12.783 12.006
V79 Ethyl octadecanoate 0.000 10.541 0.000
Furans & furan-derivatives
V37 Furan-2-carbaldehyde -0.437 -10.667 1516
V51 Furan—2-ylmethanol 11.009 10.195 11.456
V55 2H-Furan-5-one 0.078 -9.946 -0.302
V&3 5-(Hydroxymethyl)Furan-2-carbaldehyde -0.429 -12.996 1.756
Ketones
\'¥ Butan-2-one -10.457 -10.457 -10.457
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V12 Butane-2,3-dione -0.406 -0.098 0.175
N Octan—3-one 0.898 1.248 0.324
V3l 3-Hydroxybutan-2-one -0.602 0.032 0.535
V32 1-Hydroxypropan-2-one 0.299 0.460 0.512
V50 1-Phenylethanone -0.216 -0.303 -0.002
V56 2-Hydroxycyclopent-2-en-1-one 9.853 0.000 10.571
V6l ?grPlIeydrO)(y*S*methylcyclopent*}enf1 0.000 0.000 0.000
Lactones
V49 Oxolan—2-one 0.000 9.803 0.000
Phenols
V65 Phenol 8917 8.652 9.315
V76 2,4-Ditert-butylphenol -0.369 -0.258 -0.400
Sulfur—-containing compounds
V1 Methanethiol 1.613 -8.665 1.285
Miscellaneous compounds
V41 2-Formyloxyethyl formate 2.130 -9.794 0.784
V46 2-Hydroxyethyl formate 0.081 -1.312 -0.337
V48 2-Hydroxyethyl acetate -0.979 -1.269 -11.968
Vo4 Naphthalene -9.516 -0.102 0.171
V57 1,4-Dioxan-2-one 10.926 10.484 10.461
V71 1,1,3-Trimethyl-3-phenyl-2H-indene -10.548 0.343 -0.181
V74 éBl,iE)(;rll)emydroxy*G*methy1*2,3*dihydropyranf 0122 1533 0.454
V&0 1H-Indole 0.000 0.000 0.000

¥ 3-20. &1 -4 TF(AOE)9] Hj

%71 FOLD CHANGE #ke] #® 3}

No.

Possible compound

Fold change

Ex 1 Ex 2 Ex 3
Acids
V36 Acetic acid 1.535 0.099 0.786
V43 Propanoic acid 0.868 -0.304 0.321
V44 2-Methylpropanoic acid 0.725 -2.295 0.440
V47 Butanoic acid 0.452 -4.005 -1.399
V52 2-Methylbutanoic acid 1.935 -2.497 -1.045
V68 Octanoic acid 0.000 11.397 0.000
V73 Decanoic acid 0.000 14.994 0.000
V81 Dodecanoic acid 2913 3.474 3.581
V&6 Tetradecanoic acid -0.288 -1.007 -0.628
Aldehydes
V2 Acetaldehyde -0.339 -0.451 -0.359
V3 Butanal -0.343 0.132 0.224
V8 2-Mmethylbutanal -0.012 0.802 -0.138
V9 3-Methylbutanal -0.021 0.660 -0.047
V21 Hexanal -8.133 -8.133 -0.843
V30 Octanal -0.400 -0.230 -8.815
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V34 Nonanal -0.188 -0.433 -1.194
V40 Decanal -9.229 -9.229 -9.229
Alcohols

V10 Ethanol 0.121 0.387 -0.623

V16 Propan—1-ol 0.366 0.516 -0.338

V22 2-Methylpropan—1-ol 0.465 0.269 0.335

V25 Butan-1-ol 0.541 -2.192 -0.884

V26 3-Methylbutan—1-ol 0.882 1.089 -0.953

V33 Hexan-1-ol 0.000 0.000 0.000

V39 2-Ethylhexan-1-ol -0.565 -0.290 -1.129

V45 2-(2-ethoxyethoxy)Ethanol 0.008 -0.520 0.429

V64 2-(2-hydroxyethoxy)Ethanol 0.356 -0.596 0.858

V66 2-[2-(2-ethoxyethoxy)ethoxy]Ethanol -8.956 0.433 0.437

V77 2-[2-(2-Hhdroxyethoxy)ethoxy]Ethanol 1.127 -0.658 1.220
V8s }24—}%2&—12%—0 (1 2-hydroxyethoxy)ethoxylethox 1194 0697 0.898
Benzenes & beneze-derivatives

V28 Styrene -1.466 -1.608 -1.398

V42 Benzaldehyde 0.400 0.205 0.238

V59 1-Phenylbutan-2-one -9.319 -0.263 -0.076

V60 3,5-Dimethylbenzaldehyde -1.095 -0.825 -1.300

V63 2-Phenylethanol 0.972 -0.401 1.287

V75 Dimethyl benzene-1,2-dicarboxylate 0.000 0.000 9.259
Benzenes & benzene-derivatives

V78 Diethyl benzene-1,2-dicarboxylate -10.455 0.302 -0.219

V&2 Diphenylmethanone -0.395 -0.230 -0.727

B ok late 0993 0195 0231

V&5 2-Phenylacetic acid 0.305 0.001 -10.512
V&7 Dibutyl benzene-1,2-dicarboxylate 0.000 0.000 0.000
Esters

Vb5 Ethyl acetate 1.809 1.253 0.156

V11 Ethyl 2-methylpropanoate 1.667 1.606 0.873

V13 Methyl 2-methylprop—2-enoate 0.000 0.000 8.003

V15 Ethyl butanoate 1.745 -0.954 0.623

V17 Ethyl 2-methylbutanoate 8.638 7.191 0.000

V35 Ethyl octanoate 0.000 0.000 0.000

V38 2-Ethylhexyl prop-2-enoate -10.535 -1.449 -10.535

V62 Ethyl dodecanoate 0.000 0.000 0.000

V67 Ethyl tetradecanoate 10.219 11.045 0.000

V72 Ethyl hexadecanoate 0.675 1.237 -11.338
V79 Ethyl octadecanoate 0.000 9.737 0.000
Furans & furan-derivatives

V4 2-Methylfuran 0.000 0.000 0.000

V37 Furan—-2-carbaldehyde -0.675 -0.566 1.452

V51 Furan-2-ylmethanol 0.575 -0.136 0.541

V55 2H-Furan-5-one 0.030 -0.930 0.896
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V83 2— (hydroxymethyl)Furan-2-carbaldehyd 1.494 9081 0.248
Ketones
\'¥ Butan-2-one -7.660 -7.660 -0.215
V12 Butane-2,3-dione 0.684 0.637 0.930
V27 Octan-3-one 0.000 0.000 0.000
V3l 3-Hydroxybutan-2-one -0.822 0.329 -0.269
V32 1-Hydroxypropan—-2-one 0.347 0.616 0.731
V50 1-Phenylethanone -1.605 -0.996 -1.496
V56 2-Hydroxycyclopent-2-en—-1-one 0.839 0.416 1.271
V6l %;-lleydroxy*S*methylcyclopentf}enf1 ~9.997 ~9.997 ~9.997
Lactones
V49 Oxolan-2-one 0.000 0.000 9.317
Phenols
V65 Phenol -0.601 0.173 -0.090
V70 4-Methylphenol 0.000 7.927 0.000
V76 2.4-Ditert-butylphenol -0.710 -0.570 -1.311
Sulfur—containing compounds
V1 Methanethiol -2.045 -3.825 -1.057
V19 éril;ggtlg}l]cli)lsulfanyl)Methane (disulfide, 0.000 0.000 8520
Miscellaneous compounds
V6 1,1-Diethoxyethane 0.000 0.000 0.000
V41 2-Formyloxyethyl formate -1.175 -0.041 -3.556
V46 2-Hydroxyethyl formate -0.202 0.682 0.304
V54 Naphthalene -0.729 -10.234 -0.129
V57 1,4-Dioxan-2-one 0.000 0.000 0.000
V69 (2-acetyloxy-3-hydroxypropyl) Acetate -8.899 -0.262 -8.899
V71 1,1,3-Trimethyl-3-phenyl-2H-indene -0.439 -0.616 -0.752
V74 gg;a?lﬂhz droxy=brmethyl 2 d~dihydro™ 9215 -13982 0673
V&0 1H-Indole 12.458 0.000 0.000
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