AN HIME 0|83t
AZ Sj 22| 2




2= A
O] ki
Soongsil University

ijd
oH
i)
M
R}
=)

]

gly
re
-1
nZ

i
0z
re
-4
Mo
k=)

oRl

0] k2 [M4|(Reference Genome) =

| (Comparative Genomics)

2ZICHA} (Fungal Secondary Metabolism) 22! AiM

S AMM (Fungal Amylase & Protease)

2t 7|57+ (Functional Genomics)

0] A& ZE7|2t (Fungal Signaling Pathway)

0| Ard A k2 (Industrial Application of Fungal Enzymes)

MEZR gslamo| 230 AZQUY L 294 £4 A7

R. oryzae SSU2603-06

O

oH EJ

40 © © o
b

nE ok 4o op Oop = O
rx

foh oH ofo oH

i

»
e

S. fibuligera SSU2601-09 A. oryzae CN1102-08

- WEZR OB T o -
29 Y ooagsg T T
E5t Q8 Quat ez 22 . 4\“> o o “
e ,

Alternaria alternata

DIy DI2 DI3
' ' ;
g

| UHBNESE UASEIMELL AR 70 (ol O
ST 214 5 U DS YwDB 7S .

Botryosphaeriadothidea

- Tmaj}, At ©@7|o] SI) B 0SB W Y —
Mol d2d &4 & FIf 712 73 . Alcohos
Normal VOCs cce Aldehydes
LI l).l ll)l 2 Di3 Bfn::nes
- 2 S8, R HAE, S A0 01Y=E HAM Ji o Torpasis
- S
Y& DBY D= YHYE DB 1= e




O8] ki
Soongsil University

5ol 88

= CHAY MM E 0|25 AE 2O ZEZ] 22| & O W 2| WHAY M M
EHHFH (2 2] 10-2017-0086172%)

|l= 2

- A S F2(0 Al Al , O|7t 7+&

= 2702 HME AE, AlE 2 ZR|0f| AL
- MEE SRS WA MM £ 4S9 HES LHE010] sAIFL| Fof Tt

S‘\’I';C:id Sensor manifold
AC filter Pump
MOS sensor
Sampl

~ i S40] LAl MALS 242 270

Al 27 22 of WiAf MM Z 1=

JSWE WA MAZE| £
UEE YUEZHR 1Mt

AT B2 W2 40] 71 2
AETE 2702] HAHAHIA] HEY

v =3

[ HIA] AT )




KA
: l Soongsil University

Ky

AlXxo|l & F
= AlEO| FIff ZHA]
=15 SIS = =] =]
- SUEBEERL R 2 M 2ets MBS, 2O Eesh| sAEe] Al e U 21 o T
b =i =] = =
- AlFO AR T2t 414 (Good), £ A[2H(Not bad), #If(Bad) SE622 7
sensor value ratio L P 7
#1 #3 #3 #1/#2 #1/#3 #2/#3 artificial decay / inoculation ,,,
M EHE 1| x12 x13 z11 712 z13 e [].
M FAE 2] w21 x22 %23 221 222 23 | T 6/ -
MM EAME 3| x31 - - n 32 33 | 8 ' S
MM SN | HTHEEHAL21Y 2 w2 3 |8 3 Peclobonanie
= inoculation apple
EETTORRN MM 28tM4d ¢, oy
EFIRA y11 . . - q12 a3 | 3
HEE 2 y21 y22 y23 g21 g22 923 | 5
BEH~3 [ oy y32 Y33 31 032 933 E W T
.......................................... 24 ,|fi',,, S Boundaryyalie 2.0
3 Ij A#(O|Z 2% 2. o ol3t)
g3 m1 m2 m3 3 e N o
g gl — b —b—
_$mx T T T T T T 1
A ﬁ:;—ﬁ: di d2 d3 0 5 10 15 20 25 30 35
SUEEHA[ st 52 >3 Time(dav)
[A A A ] [FAFARRE Al22| HAY SF0f T2

22+ E 4229 0[]

Hardware Part

WiFi
module
MCU € Hardware T &/ 0] 4=,
Blu cteoth HEWA/AH €3
modulc

Module

e '
SNEA L a0 5 Smmart device@] I . | !
Fump S. Valve Display 7 4fef| #4] 2 App & BERE ¢ 5 -
5 b TT: DI OH

74

9| wifi#® B4 TloIE e
e
|

S| AMNE ) 27
HelHEE R o8 @
- BN A5E A

LEE A

P! User Part [E‘"AER OlE_?_ —8—001 EE:’_%
[Cloud gAle] £ Z2|7| JHE =] Ol DRG|0|E| 2]




Ly [] i
‘ I Soongsil University

A Rz

= Lab-scale& SIj ZtZ|7| A|2HE 2|2
- ZtChst A|RHES JHet
A&t Al SAE
M TR 5 S -

DX

- /AR PCE —S—
T2 HE
CEE 1Y [Lab-scale £ Z+2|7| )\|2+ ]
= AYHIIE ¢let Folf ZA|7] A|AIS A2
- Dual 72N (5 4tEE 7IANIN) 7|28 O|8F Cloud™
Alo| SCHE 21 ZA|HAM AXHE 70 et=
- BmzR7|e|L 4 o| oA ADIET 7|2 M0 7t
SIH 227 10| LHE EES HQIPBRL HE, AQEY 7] 1_|01 ) Sy 26207] AHE &
- 0j|Q! PCBOfl= Bluetooth/Wi-Fi 2MEA R ES 22t AQIE

d

1719+ 2155101 S1E20f 0] Y MB{A|ARI0 2 S Eo] E |

B 24 7t f
- JHE AIMES S8 AtT THEa|7t ©o|o| S o2t |

A2, 0|2 0|23 PIjA 0 23tDB 12 ,

CHEESNER

| God | ot | 210 | <ons |

Not bad 1.00 ~ 0.85 | 1.00 ~0.85 | 0.75 ~ 0.90
B R S

[AINI%QI 3D UF —TWE] [AAZOf ofst M 2] [HHd SHS

" AAIE ¥ Eot

- W] SF/ANL SA/IERL SRS WR, AAE HYIt A

27| 53 mzaj7t 5%
e ||+ wa mmaolsy
b a5} 62} 4%, H GOl

B 82 % LabZH20M &

SIS oS4t el

= LabAl3 W#Hnl 20| @J| || = 5kg MEL boxE 7
AZE 2000Ui97} El== 2 A AW 122
M, 2 M 2

o Ap2f 9
A 2iE 2 3.6 36.3%)—'?’— - SRO|M DI 2|7} 2af T
oj o5 T 7ts 0| Y= 7Hs8re

-




O8] ki
Soongsil University

Ze 7] ciy] 244

=3 AL
el 7= IHE
» B25 2213 A|AE
e aam A= . 2tk 220 Y 7lS
- QIZto| FZ2F NZO|| T = B2 5 _ i
O| 7tA MIME Zbzb - 2702 MM E28E= 2 E &
M HIj LHARE 1254 9l 22
- AAS|S JIAMMO| 47} B o ol SR e AR s =
2 7|/2AH FHEQ| {7 225 2 - HHe YO YoM SitE 7
I 48 54, 05 7ts
AC filter 5 = 7 > Pump
= AMsAEe S|, W0 LHE Hil 4| S0 &8 Jts
= ALZOIMZAAL HIAAZ H2E 11.5%2] 4ZES H0|H 2016 2 33
|.

- A MAHCZ O AlS= AtD Y40 T~ 2Hehol| e, AF Qo] Cfst 2t 0=
7,000 (CHl. sH gt 2hey)
6,000 5,731

5,140

5,000 4,609

4133 -
3,706

4,000 3223 -

3,000 %
. CAGR 132 I

2,000

0

2016 2017 2018 2019 2020 2021

A2 SA7|YU7|1E2EM(2017)(BCC Research, Global Markets and Technology for sensors, 2013. &30 %
[ ASUALAL HIAA B L HY ]

Y

)




ul
sity

NI S
Soongsil Universi

F
r

h
OF
T

=
m|=2|A 2t KIJ81

=

CIS| Ol g
10-2016-0068705 S = &

KR

ot242| A2
2 APIZ0JO|ZAIA T 2|2t SSU2601-09

= gl
.

F

S|
2l

ol

=
=

£2 %2 UHOYS 2| ZEA 22|7) SSU2603-06 FF Y
0l

Al

10-1862486

KR

Hatde| A=Yy

0| 0| &¢&t

=2
o 2

__O“_

=13
=

10-1862487

KR

ot de| M=

3

S
er

ol

= OfATH A A 22[A SSUT102-08 o

|’ 4= 2| 2R A 22(2] SSU2603-067F X

10-1862488

KR

otde| M=

olgst

=
=

O o

10-2016-0082213

KR

Hatde| A=Y

o|get

=2
=

AFFZ0L0|ZA|A DI E2| A2t SSU2601-09
Ol

al
=

10-2016-0082215

KR

orde| A=Y

t

S
er

ol

= OfAI A 22|21 SSU1102-08

10-2016-0082216

KR

AbZt

10-1858903

KR

MHME Ol

LH
=]

10-2017-0086172

KR

H
|
| o PEN P
3 R K& & <K
e
gl
T
O o
_ 0do o
o . gl m
w __O|_ |_H__I|_ _IA
% oFgn = __.;_._o
OF - LIS PA._ 0
Zn_ | ol N M_.._ X
R
B0 oI_MTm nm__ﬁ_ mﬁ_? 0t
3 D E) 1=
T Mo g M08 M.N
i S o B Fo
Al g dom B R
Q_oo._ .A._uZ_u xr mA_n
N = TR
N 3 =1 (]
Ho =
o
<0 <]
o H

No_
1
2
3
4

2018




ZIHSd 10-2017-0137237

O (19) thgt?l=53] % (KR) (11) FANE  10-2017-0137237
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(Saccharomycopsis fibuligera) KJJ81 w.

A7 2
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EE, B oRe ] #5E Agsel, 3R ARE BEYE Azshs WEe AT

HASAE, A7) FF ARt GAUE AT £ s e, B, wew, @), $55, nvnh W 5
3F Q4R 5 gov, wrh RAslE & EE 9789 5 Qo oo @gsE 2e o

Boage] glolA, 'HAe'E wadt R, W, R, dv, 55, n7eh, 0 5o AR4g ARE
S WEARA PR A7k WEAZ £5% TS AN Felte 1k ABFE, W, AR, &
Sovhesh el da dme @l 2-guel wolth. ThE FRe 9el wau: 2% %ol Frah
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B oaygz5e 93, wg 2 FuE v AgFE wEEly] 9eke] 20139 78 AlFAG] AFAow whE
= @a@4tﬂﬁ‘E%éijﬁyﬂ%ﬂﬂ%%%wg%9OMQOl%@%®wwmﬁﬂEL oA A

=
o® 10 ~10 HH AT, gAs dE NS 100w 28 Fpu| Ao EEste] 25T wjgstgltt. ol uf
L5+ g uA = Dichloran-glycerol agar (DG18: Peptone 0.5%, Glucose 1%, KH,PO, 0.1%, MgSO, - 7H;0

0.05%, 0.2% Dichloran 1.0 ml, Chloramphenicol 0.01%, Agar 1.5%) ¥®j*]9} Dichloran rose bengal
chloramphenicol agar (DRBC: Peptone 0.5%, Glucose 1%, KH.PO, 0.1%, MgSO, - 7H,0 0.05%, 0.2% Dichloran

1.0 ml, Rose bengal 0.0025%, Chloramphenicol 0.01%, Agar 1.5%) ®jA]o]H,6 o]F X
extract agar (MEA: Malt extract 3%, Mycological peptone 0.5%, Agar 1.5%) ®jX|ol] =3}
2. Add #59 T4

(1) Feers 54

[e]

A7 A AEE AFE ddoR duEs B 759 duEy RS dEeglth. #F A3, 49 45
=5~10 pm 2719 HUMAEZ} multipolar hypaeE BAAsHHAA, ZF vlr)7l 20 ~ 40 pm= Ao AdZH o
AE 7 hypaed FAste BYS Z2E AS #EE F A= 2)

A7 A e JFe] BEAAYEEA TS $8 CTAB WS o]&3te] DNAE FE31% ITS (Internal
transcribed spacer)Z PCR (polymerase chanin reaction) ZZ3}7] ¢ 3} Hﬂ%kxﬂi—ra H| = H]¥ (bead
beating) WHS o]&3dle] DNAS F=o 3L, WE HAE= ITS(Internal transcribed spacer)E PCR
(polymerase chain reaction) SZ3}7] ‘1’17_5]'04 ITS1  (TCCGTAGGTGAACCTGCGG; AM¥E¥H= 1) / ITS4
(TCCTCCGCTTATTGATATGC; "1@‘?4_?— 2)e] xefoln] MEE 717} o] gete] FTHI & HAE T3 (5 )Macrogend
ANEAE oFsle] F7IMLES AAs . 48 ITS F-919 A7 ge JdHE 30 et

(3) #st4 %4

7] SR ATl AFbEuke|F A2 d B el Alel (Saccharomycopsis fibuligera) K1J819] 3% 5%
AR, & OYd 2= 2, odd A 2 A4 stelA Ao WY 218 AT

2} A%, W 1004 e dlel o] A% SRR 25 - 420 LxEolA AAEE 540 3l AL vEyke
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[0032]

[0033]

[0034]
[0035]
[0036]

[0037]

[0038]

[0039]
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[0043]

[0044]

[0045]

[0046]

w, 53] 25 ~ 37ColA

<A 2> AFF

B oA

o

o] S48 Aoz EITH(E 1).

10-2017-0137237

x 1
HiA] 25T 37 42°C 45°C
M tH +HH+ + -
PDA tHt +HH + -
YPD tH +HH+ + -
MM - - - -
MM (NaNO:g) - - - -
MM (NH,C1) - - - -

F4%

Q1 AbFkzrhol g A 2

] ¥ 8 A8} (Saccharomycopsis fibuligera) KJJ81% &4

47 =4

At AVFEEubol g Al 2~ 3] B8] Alg}(Saccharomycopsis fibuligera) KJJ81 & W] nlth i+
1

Ql ARt R wlel FA| 2~ BB Al (Saccharomycopsis fibuligera) KPH12 o2 The B39} A7]E A9 &
sh-chdetolAl, FFmeldeioldl, ZuuolA(FRel)e e HANATHE 2). BAPHE AFe|FED
AR el AFAHE A0 W BASA,
=z 2
Rk N RN EERER
(Alpha-Amylase) (Glucoamylase) (Protease)
AFFFR PO FA] 2~ A FA| 2.821 0 0
B Al KJJ81 (Rice Koji)
A7 24 7.863 131.55 53.27
(Wheat Koji)
AVFFEpo] F A 2~ 251 4] 4.398 31.04 425.25
gl B e Alg} KPH12 (Rice Koji)
A7 24 1.967 68.06 537.06
(Wheat Koji)

Alpha-amylase:
The glucose activity:
One unit of protease:
<HAl 3> AdF
1.

we An] F 2231

S A2 W

2 57

72X WA

2.

171 50ge°l k=)
240 @i 121TC, 2083 7ht Adit. +#
o}

478 :A

=
oI

5
3

ot
RS h=!
A Fgel

30mL& ™

QA AphEetolFAI 2

Azsto] AolA Yzg L]l

the amount of ceralpha units per gram of koji.

the units of glucose released per gram of koji.

the amount of enzyme required to release 1pug of tyrosine/hour.

o] B & A2} (Saccharomycopsis fibuligera) KJI81= W& wtzgle] EA
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[0049]

[0050]

[0051]

[0052]

72412 WSk
3. BT e wEY)

1.4L°] B¢ 4x10°cells/ge] Zt7te] #52 ¥m
acid 5.50L8 Y&}k, 25CoA 797 wjg & 120
(F, @9, vk dZg ko) A7), vigihE
BASUTHE 3). Axd ddge EA47

rr
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7] 200gS ¥ T 800g9 ATHE €
mesh ZEZ A& th&, 21~5041¢ 129 F1ido

I
Ak, F714 2 4 s 245] flske] -70Cel

F 4ol yEpen, ¥R A= £ 5 3 & 3o yEY

#£ 3
Organic acids Relative peak area
(mean=£SD)
2-(Methoxyimino) propanoic acid 1.2984+0.178
Acetic acid 0.275%£0.027
Oxalic acid 0.047£0.01
Succinic acid 14.41540.895
2-Butenedioic acid 0.129£0.014
2-Methylbenzoic acid 0.612+0.038
2-(Lactoyloxy)propanoic acid (lactic acid dimer) 7.966+0.183
Methyl valerate 0.022£0.005
2-Hydroxy-2-methylsuccinic acid 0.261£0.013
Malic acid 5.808+0.108
Ethyl 4-hydroxybenzoate 0.887+0.008
2.,3,4-Trihydroxybutanoic acid 0.093£0.007
Glutaric acid 4.264%0.051
3-Phenylpropanoic acid 0.287£0.013
Phenylacetic acid 0.016%0.004
Citric acid 0.789+0.039

Z 4
EEEEE!
AlF}Zubo] A 2~ T 1 g A 2t AR Aol Al 2~ I B Alg

KJJ81 KPH12
pH 4.2 4.1

Brix 13 17.5

Reducing Sugars 24.50 20.16
Liquid Volume (ml) 1000 700

Rice Weight (g) 3118.77 3179.16

£ 5
e L]
A Fh ol FA 2 ) e ek AbFhvtel Al 2 S el ek

KJJ81 KPH12
Scent 3.6 2.4
Sweet 3.4 2.6
Sour 6.2 7.4
Alcohol/Bitterness 6.2 5
kel A7) 4 3.2
Body 3.8 3.4
Overall Acceptability 3.6 1.8
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[0054]
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ZIHSd 10-2017-0137237

<AAd 4> NAFA ALFtRuto|FA| 2 3 B8 A2 (Saccharomycopsis fibuligera) KJJ81 d9 FZFAA A
4 5 € {14 £4

KJJ81¢} KPH12 F4dA A AAE 938to] long-reads, short reads, long-mate pair reads A|@AS st
Pacific Biosciences A} Single molecule real time sequencing (SMRT) 7]&<S |83t H+ 9 kb A7 =
Z 94x9] long-reads AAAE FA3AT. T3 TruSeq Synthetic Long Reads (TSLR) sequencing library
(I1lumina)E o]&3ke] KPH1Z ¥ KJJ8L wolA 717} 23X and 10X9] AAAE F38akdch. Tgk 86X ©]/d<]
short insert reads (a 500-bp library)®} 87 X ©]%+2] long-mated pair reads (a 15-kb library)Z Illumina
HiSeq2500 sequencing 7]4S ©]-&3}o] 100-bp paired-end AAAS Faq5IAUTE. oA ArrE A|EA dolH
= 7}A 3L long-SMRT A€ reads: HGAP3, 15-kb mate-pair®} 500-bp short insert readsi= SSPACE AXEY]
o]E o] 83} scaffoldsE WHEAY. Short read datas ©]83}e] GapE2 GapCloser AZEYo]E o] &3}o]
FASATE. (Ref.#). Alw ZH(genome assembly)®] H(quality) QUAST AZESJAE o] g3l F=afgk TSLR

17 =9 Aot vl FAER I RIEAE B4 3 A F=FEo AlE scaffoldsE AZSEH7] 93] KPHI2

g7 o A E ety
EFH S KCTC18466P

ezl 1 20160503

k1
N
~

Saccharomycoling Sgccharomycetscese
B Ashbya gossypil
100 Kiuyveromyces lactis
WED Candids glabrata
il ] Saccharomyces cerevisise
Candida lusitaniee CTG clade

e Candia tropicalis
o0 |
100 Debaryomyceshansenti
L] Pichie stipitiz

3 KJJB18 Ssccharomycopsis
P KJata

W | geH2
Yarrowis lipolytica

_ ———— Asperpillusfumigatus
Pezizzomycotna w L Aspemillusoryzee

Schizosaccharomyces pombe

Taphrinomycolina
ans
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KJJ81 S. fibuligera Tasting Profile

Aro
10.0

Body Sweetness

Alcohol Taste ourness

Ade=

<110> Soongsil University Research Consortium techno-PARK
Chung-Ang University Industry—Academy Cooperation Foundation

<120> Saccharomycopsis fibuligera KJJ81 strain with high
saccharification and fermentation capability and the method for
preparing makgeolli

<130> ADP-2016-0156

<160> 3

<170> KopatentIn 2.0

<210> 1



<211>
<212>

<213>

<220><223>

<400>

19

DNA

Artificial Sequence
primer

1

tccgtaggtg

<210> 2

aacctgcegg

<211> 20

<212>
<213>
<220><223>
<400> 2
tccteegett
<210> 3
<211>
<212>
<213>
<400> 3
ctcttataca
ggatgaagat

aaatgtattt

caacggatct
aattgcagat
atagagcatg
ttgtgttage
atttgcttaa
cttactcgtg

gatacccgct

DNA

primer

attgatatgc

558

DNA

cagtgttttt
tgattgctaa

ttttaattac

cttggttctc
tttcgtgaat
cctgtttgag
ttctgctaac
ggatttaata
tatcaaggcc

gaacttaa

Artificial Sequence

gtttgcgaat
atcttattca

aactagtcga

gcatcgatga
catcgaatct
cgtcatttct
tcctttgaaa
ttaggttcta

ttataacttt

Saccharomycopsis fibuligera

ttggtttagt
gctttttaaa

ttttacaaac

agaacgcagce
ttgaacgcat
ctcttaaacc
tgacttggca
ccaacttatt

gtcattaatt

ttgttggttt
ctcagatctc

taaaagttta

gaattgcgat
attgcgctct
tttgggttta
attgattgag
aaataccctt

ttgacctcga

_10_

tcattcgaaa
tttttaagag

aaactttcag

aagtaatgtg
atagtattct
gtattgaagg
ttttccatat
ttgcgaagga

atcaggtaag

19

20

60
120

180

240
300
360
420
480
540

558

SIS 10-2017-0137237
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(19) 3 I=ZE3F A (KR) (45) YA 20183059164
e (11) S=2W3  10-1858903
(12) 553 FE(BD) (24) 5292 2018059102
(51) 2A55 %% (Int. Cl.) (73) =397
GOIN 33/02 (2006.01) GOIN 30/12 (2006.01) s E TR g R R =

(52)

GOIN 30/72 (2006.01)

(PCES &+

GOIN 33/025 (2013.01)
GOIN 30/7206 (2013.01)

(21) 993 10-2017-0083318
(22) =4<A 2017306930

AARE YA 2017906930
(56) AP7l=xArhwd

US20020119513 Al

Development of a SPME-GC-MS method for
spoilage detection in case of plums
inoculated with Penicillium expansum (Acta
Alimentaria, 2011, 40(Suppl.18), pp 188-197)

Regeneration of volatile compounds in Fuji
apples following ultra low oxygen atmosphere
storage and its effect on sensory

(72)

(74)
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dibET YIAEI4R 46, 208%F
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acceptability(2008)

7ol s JEYRE
A AT 40 F 11 g A AL 7138
(54) ol B3 Algp Hu F3o] &3 JLA JFES e Al Ho ZAE IA v A =AE
(567) 2 9oF
2 oo Ay Fo Fgo] ¥ i gES Xdeke A B 3RS WA v 2 E] #Bd e
A 3ﬂ§l FAREE 283 371X F ot REZ v ol =X o Botryosphaeria dothidea), YAz
& A= (Penicillium expansum), ZE|2vig]o} Sel2UEN(Alternaria alternata)S Atbol] Q13 HEslo]
(Aol As)
o F & - =3

®

= Alternaria alternata
° Botryosphaeriadothidea
o Penicillium expansum

[ Decay voos |

DIl DI2 DI3

Normal VOCs
DI O

" aame

D1 0: not decayed
D1 1: 8~10% decayed e
D1 2: 10-35% decayed

DI 3: over 35% decayed

/

Alcohols
Aldehydes
Benzenes
Esters
Terpenes
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g Al Al

FrHY
ATE 1

(E)-82-3-°ld  o}MH | E((E)-hex-3-enyl acetate), 1-W¥-4-Z23-2-IA(1-Methyl-4-propan-2-
vlbenzene), 2-(2-o|HA|EA]) e (2-(2-Ethoxyethoxy)ethanol), ™ wWlZo|o]E (Methyl benzoate), 1-wl
g-4-3 2 3 -1-ol-2-Awl A (1-Methyl-4-prop-1-en-2-ylbenzene), oFA|ELd|s}o] = (Acetaldehyde), 2-WEX 2
#-1-2(2-Methylpropan-1-0l), X Z%-1-&(Propan-1-o0l), 3-&4l-1-2(3-Hexen-1-o0l), 2-WHEZZI-2-o
(2-Methylprop—2-enal), #¥-3-(Pentan-3-one), 1-WE-4-Z2H-2-UAlo|FZINA}-1,3-t]d(1-Methyl-4-
propan-2-ylcyclohexa-1,3-diene), 1-v e —4-Z 2 F-2-A Ao ZF 2 NAF-1,4-t] Sl (1-methyl-4-propan-2-
ylcyclohexa-1,4-diene), 2-HWEFH(2-Pentylfuran), (E)-F2=-2-od((E)-Hex-2-enal), HE IElicolo]E
(Methyl heptanoate), °l® 7} o|E(Ethyl decanoate), o€ 2-#|'dolME|o]E(Ethyl 2-phenylacetate),
tolg ZlE o] E(Diethyl carbonate), Z =¥ 2E}:-o]o]E(Propyl octanoate), 1-=#-3-2(1-Octen-3-0l),
3-2E=(3-0ctanone), €W €2 (Phenylmethanol),  2-o|€&Ak-1-&(2-Ethylhexan-1-01), oMAEH =
(Acetophenone), ©ol¥ (E)-2-WEF-E-2-o=o|o]E(Ethyl (E)-2-methylbut-2-enoate) % 3-wEX-E}F(3-
Methylbutanal) 2 o] Fo]Zl wolx Mdel®l oj= 3l o]Fe] I {7|8FES Faddos E3st= Ay

Bl A8 WA A 2HE

AT 2

=

A1gel dolA, 7] Ak Bl REFadE ol =X dloN(Botryosphaeria dothidea), WU e]3 23t
(Penicillium expansum) 2 <el2va]ol dvl2Uel(Alternaria alternata)® ©]Fo% oA AEE o
st o]ie] el 93 HulHE RS §AHoR I A Fu X WAl v 24 E

A7% 3

Aol 2o, (E)-g2-3-old olMEH ] E((E)-hex-3-enyl acetate), 1-HWl¥-4-ZZF-2-A9A(1-Methyl-
4-propan—2-ylbenzene), 1-W€-4-Z & 3x-1-2ll-2-A A (1-Methyl-4-prop-1-en-2-ylbenzene), 2-WE I & F-1-
$-(2-Methylpropan-1-ol), ~=2Z%-1-2(Propan-1-0l), 3-AA-1-&(3-Hexen-1-0l), 2-HEX2I-2-o||d(2-
Methylprop-2-enal), #ek-3-9 (Pent an-3-one) , 1-vWe-4-Z 2 F-2-U Ao FZA:NAL-1,3-t]) Al (1-Methyl-4-
propan-2-ylcyclohexa-1,3-diene) 2 1-HE-4-Z 2 F-2-AAlo] F 2 3 A}-1,4-T] Al (1-methyl-4-propan-2-
vlcyclohexa-1,4-diene) &8 o] Fojxl oAl MEH o= gl o] o] I {7|dgES Fadiom x3
st REZ e aHglo} X0k Botryosphaeria dothidea)ol 2t A}y F-3) X8 HA] vlA ZAHE.

AT 4

A1gke] gloA | (B)-32-2-od((E)-Hex-2-enal), "8 3 E}=cjo]E(Methyl heptanoate), o€ H7}i=olo]
E(Ethyl decanoate), olg 2-dldolAlHo]E(Ethyl 2-phenylacetate), Tlold  F}HYlo]E(Diethyl
carbonate), EZ3I ZE}:-oo]E(Propyl octanoate), 1-=#-3-2(1-Octen-3-0l) % 3-=E}+=(3-Octanone)
2 o]Folzl woA MAEE o] & o]ide] Iy {UISEES fFEdRCRE XFd= AYdy s A3
(Penicillium expansum)®l &3+ A3} Hu 748 WA vlA 24 E

T3 5

1S

A 13} 2014, FHIduE-E(Phenylmethanol),  2-o|l€&4k-1-&(2-Ethylhexan-1-0l) %  olAEH
(Acetophenone) 8.2 o] Fojxl oAl Al ol s o]de] 3 {7SFES FEdToRE XFse
H2uzlo} dul2Yel(4lternaria alternata)ol 23k A3} Fo 7HXE WA nlA ZAE.

e i

3TE 6

A1 A AsT F ol @ ol QolA, A7 AL BANFW DY A SO s Ab o 748

A A



[0001]

[0002]

S=50ol 10-1858903

AT 7

Ak AZ2RE (BE)-32-3-od o}lAEo] E((E)-hex-3-enyl acetate), 1-WE-4-Z23F-2-LulAl(1-Methyl-
4-propan—2-ylbenzene), 2-(2-9E Ao & A])ol -2 (2-(2-Ethoxyethoxy)ethanol), ®® W=l o] E (Methyl
benzoate), 1-Mg-4-Z 2 Z-1-¢1-2-A A (1-Methyl-4-prop-1-en—2-ylbenzene) , oA EdHslo| =
(Acetaldehyde), 2-wl€Z23-1-2(2-Methylpropan-1-0l), ZZ3-1-2(Propan-1-ol), 3-&4l-1-(3-Hexen-
1-0l), 2-WE€ZRZ-2-o]F(2-Methylprop—2-enal), #HNE-3-¢(Pentan-3-one), 1-WE-4-ZZF-2-AA}o]E2
& A-1,3-t]ll (1-Methyl-4-propan-2-ylcyclohexa-1,3-diene), 1-WE-4-ZZF-2-AA}lo]SZEAL-1,4-t]l (1~
methyl-4-propan-2-ylcyclohexa-1,4-diene), 2-HEFZH(2-Pentylfuran), (E)-3=-2-o<((E)-Hex—2-enal),
W FEjco]| o] E(Methyl heptanoate), ©l® Bl7Folo]E(Ethyl decanoate), ol® 2-#dolAlH o] E(Ethyl
2-phenylacetate), TIlE JFRUlo]E(Diethyl carbonate), X2 KB} o]E(Propyl octanoate), 1-El-
3-&(1-0cten-3-0l), 3-E}=(3-Octanone), ¥|'dwlet-E(Phenylmethanol), 2-°1€&4k-1-E8(2-Ethylhexan-1-
ol), oFME#H=(Acetophenone), o€ (E)-2-WEFE-2-o]oo]E(Ethyl (E)-2-methylbut—2-enoate) % 3-v
YHE(3-Methylbutanal )2 o] o3l TolA Meld o= s} o] 3dA f7stES dEse dAE
EeetE Abe F-af 2R .

T8

A7) qoiM, Alx ABEZRHE (E)-F2-3-od olAlEH|o]E((E)-hex-3-enyl acetate), 1-WE&-4-ZZ3-
2-A WAl (1-Methyl-4-propan—-2-ylbenzene), 1-w e —4-Z 2 Z-1-<-2-LA A (1-Methy1-4-prop-1-en-2-
ylbenzene), 2-WE®X2%-1-(2-Methylpropan-1-o0l), ZZ%-1-2(Propan-1-o0l), 3-3N4-1-2-(3-Hexen-1-
ol), 2-wl¥X =z X920 F(2-Methylprop-2-enal), HNE-3-(Pentan-3-one), 1-v|E-4-ZZF-2-UA}o|ZFZ3
Ab-1,3-t ¢l (1-Methyl-4-propan-2-ylcyclohexa-1,3-diene) % 1-HE-4-ZZH-2-LAlo]Z 2 A}-1 4-t]dl(1-
methyl-4-propan-2-ylcyclohexa-1,4-diene) &2 o] Fo|Z oA ABlE o sh} o]ike] WA {7]33E
AEA, REZ Aol X Hok Botryosphaeria dothidea)el €3+ Aty Rujeta ddsts A Fal=
Abe Fesf 7hA]

Fd
ool
p

AT 9

A78koll QoiA, Al MEZZRE (E)-F2=-2-9d((E)-Hex—2-enal), ™Y FE}xoo]E(Methyl heptanoate),
g d7lolo]E(Ethyl decanocate), °olE 2-3dolr|Ele]E(Ethyl 2-phenylacetate), Tlo¥® FtHYoJE
(Diethyl carbonate), X223 JE:oo]E(Propyl octanoate), 1-%#-3-2(1-Octen-3-0l) % 3-FE}=(3-
Octanone) &= o]Folzl oA Mg o= st ol 3L f7siE AEAl, dAYvdgs d~a4
(Penicillium expansum)°l 2|38+ Al3} Hslglar ddsts GAIE E88t= Alet Fu 742 W,

AT 10

7ol Ao, Abp AMEZZHE I e & (Phenylmethanol ), 2-o&&2k-1-&(2-Ethylhexan-1-01) 3 ©o}A]
E = (Acetophenone) &2 o] Fo] 3 ol A AElE ofln it o]ie] S FUIsetE HEA, dHlEuof
S| 2 el (Alternaria alternata)oll ©3+ Al¥} Rolgta fdsts SAE 2dste A Fof A .

A3 11

A7 WA A108 F o= g o o], A7) AlFE FAL(Fuji)el AE EFoR at= Aly R X
H

=

grgol Hry

7l & & of

Houtge xba R Fgo] frE I sEES xdstE Al Bu) RS WA w2 SO @k
Zo|t}.

vl F 7] &

F3 5 AR 717 wete] FAS jAE] dsiH, Be AAdEe HEH Ay Ao AdFoer FEHu



[0003]

[0004]

[0005]

[0006]

[0007]

ATk, BEAIRE, A 717 ot A ] EAEE T HYY EAol WE £ dom, 538 A2 A 717 F<t
o= Azto] SkEAAY HMAHE op|E & ATk, HYo] F& FH R 4 W FHgE o 3 4%
HH, ol FF Hdo FHAE& AAske T8% AR AAAT|E g old, £ F A 7|z et A4
g 7] ZzrAdS FAEE A w9l o] 7 T8 olf 5 hutelth. o AT AF, AbdE 35070
ol el A HES XS v ALoR wEed, 53] dAHET b B Ao gk, Al
o3 WEEE W SFES £ W As A7lel wet Fs wa, Fd KA 73 ek wEA Wshec.
53], 54 ¢43& % odzHEE 5 A7 wigl e ettt 8 & & g RES A% 7 B3t
o] Aoz 3 Aot ¥HE Fde AFE I f7] F=(volatile organic compounds; VOCs)oll ® s}
5 Holwdl, BT IHE FAANA /HAE EojmiEd. AR Al AW¥E T2 WY FFold 3
Ast=d, ol AEA vlolowls Fald Fadt s gt JtHElo|E o] E-vbrEd] aAiE s,
TFolE AEAEY By ofygt AERe~ d HAYI e AE UYRE FAT F k. E1E, 3Fol=
VOCs el 12k 9 23} tiAtAlE Aabgth. golo] & W& = VOCse] Wahs Ado] WAl Fdo F-784
9l ks v & Ja, AMEe] A= e JFS 1A 5 o

Atk A7 717F Eke] Aol w9 FHekalhw, 90F ol wgolrt AFE Apde] Fajjo] FHogtrial Ui
Aok, BE AT M = FFol-AE Aol A A stEE W ois] Bttt ARk, A7) ATE
ol E HFol-HE B FFol-VHE Al VOCsE Hlauetsls W, Aol 7+ B A 9 54 79 7ol
w2} WSk VO0Cs A&l tieh A= m&3 Ao,

woagel BAe Ak ) el fd Awd SFES TS Ak P 448 DA v 248 2 o
g o 8F At 3l 44 e ATsHE ol Aok

A7) B4S GAEY] Yete], B e (B)-da-3-od olMElo] E((E)-hex-3-enyl acetate), 1-W€-4-3
Z3-2-A WA (1-Methyl-4-propan—-2-ylbenzene), 2-(2-ol| EA] o EA]) ol E+-&(2-(2-Ethoxyethoxy)ethanol), ™&

W Zol| o] E(Methyl benzoate), 1-wl€-4-3&3-1-ql-2-LAWIAlI(1-Methyl-4-prop-1-en-2-ylbenzene), o}AES
Hslo] = (Acetaldehyde), 2-W8®XZ3-1-2-(2-Methylpropan-1-ol), XZ%-1-2(Propan-1-ol), 3-Al-1-&
(3-Hexen-1-0l), 2-w€l>X & Z-2-ofd(2-Methylprop—2-enal), #:NE-3-Y(Pentan-3-one), 1-WE8-4-Z &2 F-2-<
Ato]lZFZANA-1,3-t] Al (1-Methyl-4-propan-2-ylcyclohexa-1,3-diene), 1-WE-4-ZZH-2-UA}o]ZFZFNA}-1 4-
o] 2l (1-methyl-4-propan—-2-ylcyclohexa-1,4-diene), 2-NEFZ(2-Pentylfuran), (E)-32-2-o<((E)-Hex-2-
enal), ™WE FEldo]E(Methyl heptanoate), 1-WEA]-3-|&dllAl(1-Methoxy-3-methylbenzene), o€ 7}
o o] E(Ethyl decanoate), o2& 2-dHdo}Ae|o]E(Ethyl 2-phenylacetate), T]ol¥® J}HUlo]E(Diethyl
carbonate), T2 ZE}-o]o]E(Propyl octanoate), 1-=El-3-8(1-Octen-3-o0l), 3-=E}+=(3-Octanone), 3|
I €L (Pheny Imethanol), 2-o|€&Ak-1-&(2-Ethylhexan-1-01), ©}AE | *=(Acetophenone), o€ (E)-2-w€
F-E-2-o| o o] E(Ethyl (E)-2-methylbut-2-enocate) 2 3-wl&X-Ebd(3-Methylbutanal)® ©]F]Z oA A
glE o Sl ole] IRk FUIEES FRARCE = Al B XS WA nbH ZAHES AT

st

e

, e Alyl AZERE (F)-32-3-o)d ofAElo]E((E)-hex-3-enyl acetate), 1-WlE-4-ZZ3-
WAl (1-Methyl-4-propan-2-ylbenzene), 2-(2-ollFA]olFA]) ol &2 (2-(2-Ethoxyethoxy)ethanol), g =
E(Methyl benzoate), 1-W€l-4-Zg>-1-<l-2-AHA(1-Methyl-4-prop-1-en-2-ylbenzene), o}I+E L3}
(Acetaldehyde), 2-W€Z23-1-&(2-Methylpropan-1-0l), Z2Z%-1-&(Propan-1-ol), 3-AA-1-&(3-

)

2

lﬂ & ru9 o

il
°]



[0008]

[0009]

[0010]

[0011]

[0012]
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Hexen-1-0l1), 2-WEX & I-2-o]F(2-Methylprop-2-enal), N E-3-YU(Pentan-3-one), 1-WE-4-ZFFA-2-UA}
o] ZF 2 & A}-1,3-t] 4l (1-Methyl-4-propan-2-ylcyclohexa-1,3-diene), 1-WE-4-Z2-2-AAlo|SFZ A1 4-T]
dl(1-methyl-4-propan-2-ylcyclohexa-1,4-diene), 2-HEF(2-Pentylfuran), (E)-F2=-2-9d((E)-Hex-2~-
enal), "€ FEl-oo]E(Methyl heptanoate), 1-wWHAl-3-wl&wlA(1-Methoxy-3-methylbenzene), <& ©|7}
o] E(Ethyl decanoate), ©l¥ 2-HdolAE|o]E(Ethyl 2-phenylacetate), Tlold JlRUe]E(Diethyl
carbonate), Z 23 ZE}w-oo]E(Propyl octanoate), 1-FEl-3-2(1-Octen-3-0l), 3-=E}=(3-Octanone), 3|
v g2 (Phenylmethanol ), 2-o €3 -1-2(2-Ethylhexan-1-01), ©}A|E¥|=(Acetophenone), € (E)-2-w€
R E-2-o o o] E(Ethyl (E)-2-methylbut-2-enoate) Z 3-ml&R-Eld(3-Methylbutanal )& o] Foxl ol A
g o= skt o] LA RfrlstEES AEste dAE Edske AN e A S AlE s

ugo] a7
o 2 Abe ] eege] ) 3R shEES EFete At B A8 WA v =S #e sloR
A, Fule BALRRE g 371K 9] Ruli HEZ| e av|elol ZA ol Botryosphaeria dothidea), ¥|W2E]
AA~PA (Penicillium expansum), E|Evta]o} QH|E2UEN(Alternaria alternata)E Aol A3 A Z35}ho]
51T, At 4% 0124 Baehaq 8Ea7] A3 4% = 10% vjwroR Rsjsh ), 10-356 5
Y, 35% o]/ F-uek il whAlel BH
11:_1/\1 ;‘q_rﬂx-l o7 &7} @/\JQ AHLJ 7‘35‘
I Fa A WA upAE =k, W |
YA Fafel ofgk AAZA &4 2 g F5FAAES] B A2 AAA

al

A

N}

Mool

>~
s

2 oot & & o do

T—
12 B9 HE AHgelA 3 AdEol| st =A% ¥4 (principal-components analysis; PCA) A4 &

L 2v 9 Agol wE Wl JAEFE FAN Aol Aol Raf B9 f¥ls vebdot. DI 00 F3) A 0; DI
10 F3 A4 1; DI 2: §3) A4 2; DI 3: H3) X4 3; PE: #AYAE g AxBAi (Penicillium expansum; PE)
H¥E;, BD: REglexdglo} Z=Xdol Botryosphaeria dothidea; BD) &; A LHEHIZYElo} dHEY
(Alternaria alternate; AA) 3%,

®3e ¥ w49 3 maweld,

wgs A7) et A WS

Eodmge (B)-dx-3-old  opAlEH|o] E((E)-hex-3-enyl acetate), 1-W¥-4-Z23-2-AulAl(1-Methyl-4-
propan-2-ylbenzene) 2-(2-0| B Ao EA] ) o §-2-(2-(2-Ethoxyethoxy)ethanol ) , e #lZFo o] E (Methyl
benzoate), 1-HEg-4-Z 2 3Z-1-¢-2-J ¥l A (1-Methy1-4-prop—-1-en-2-ylbenzene) , ol E 2y slo] =
(Acetaldehyde), 2-#"®Z23-1-2(2-Methylpropan-1-ol), X Z3-1-(Propan-1-ol), 3-341-1-2-(3-Hexen-
1-0l), 2-wl¥X =2 Z-2-oF(2-Methylprop-2-enal), #NE-3-(Pentan-3-one), 1-WE-4-ZZF-2-AA}o]Z 2
& Al-1,3-t] Al (1-Methyl-4-propan-2-ylcyclohexa-1,3-diene), 1-WE-4-Z2H-2-UA}o]FZ3:NA}-1 4-1]<l(1-
methyl-4-propan-2-ylcyclohexa-1,4-diene), 2-HMEFeH(2-Pentylfuran), (E)-&2=-2-ol'd((E)-Hex-2-enal),
el glElo] o] E(Methyl heptanoate), 1-w%Al-3-w &4l (1-Methoxy-3-methylbenzene), o& 6|7}xo]o]E
(Ethyl decanoate), °I® 2-sldolMH©]E(Ethyl 2-phenylacetate), Ulel® ZFRUlo]E(Diethyl carbonate),
23 ZEoo]E(Propyl octanoate), 1-L®I-3-&(1-Octen-3-ol), 3-FE}=(3-Octanone), et
(Phenylmethanol), 2-ol&&4k-1-&(2-Ethylhexan-1-01), ©}F¥EH¥=(Acetophenone), ©lE (E)-2-HEIE-
2-ol ;=ello] E(Ethyl (E)-2-methylbut-2-enoate) %! 3-w® 5B (3-Methylbutanal)® o] Folxl ol Hee
o] shit o] el LA FUIsttEs FEadEeR ¥esks A ) G @A v 2AHES Al

A s A=, A7) Al Bole HEF S AFEel X o}k (Botryosphaeria dothidea), U Ae]e N 3Ad
(Penicillium expansum) % <el=2ua]o} e ZvEl(Alternaria alternata)® o] Fo oA AElE o]
shu o]de] 3 o3 FulE 4 o, old A EH= A2 oYt

vl A A=, (BE)-AN~-3-0ld o}A|Eo]E((E)-hex-3-enyl acetate), 1-Wl8€-4-ZZ2F-2-LdHA(1-Methyl-4-
propan—-2-ylbenzene), 1-WE-4-Z 2 Z-1-¢1-2-A Al (1-Methyl-4-prop-1-en-2-ylbenzene), 2-WEZZH-1-2
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[0013]

[0014]

[0015]

[0016]

[0017]

[0018]

[0019]

[0020]

[0021]

SS=50ol 10-1858903

(2-Methylpropan-1-ol), ZZ%-1-2(Propan-1-ol), 3-NAl-1-&(3-Hexen-1-0l), 2-WEZZIX-2-of (2~
Methylprop-2-enal), #EH-3-9 (Pentan—-3-one) , 1-Hg-4-Z 2 #-2-UAlo] F 23N A1, 3-T] Al (1-Methyl-4-
propan-2-ylcyclohexa-1,3-diene) e 1-m g -4-Z 2 3-2-J Ato] F 2 & A}-1,4-1) 2l (1-methyl-4-propan—2-
vleyclohexa-1,4-diene) & o] FojR oA MelE oj s} o|ito] 3wk H7|8gES FadRoer I3
st HEZ Qo adElol =X ok Botryosphaeria dothidea)oll 2]8r Alz} Fu ZHA]E WA viA 2AES AF
g

A A=, (B)-32-2-o2((E)-Hex-2-enal), ¥ FEh=co]E(Methyl heptanoate), 1-w|&5A]-3-veHl
A (1-Methoxy-3-methylbenzene), o8 H7}=olo|E(Ethyl decanoate), Ol¥ 2-F|dolA|Eo]E(Ethyl 2-
phenylacetate), T]old ZhHudlo]E(Diethyl carbonate), X=3 =E}:-ofo]E(Propyl octanoate), 1-El-
3-&(1-0cten-3-0l) 2 3-%E}=(3-0Octanone) 2.2 o] Fo|Zl oAl Meld o s} o] A /733

S fFaAdReR xgste AYAa e AaB (Penicillium expansum)oll 28k ALz} Fuf 7128 WHAY ”}74 =

A S =, ¥ 'd W] ¥+-2 (Phenylmethanol ), 2-o| &l A A-1-2-(2-Ethylhexan-1-01) = oA EH =
(Acetophenone) 2.2 o] Foxl oAl Al ol s o]de] 3 F7sFES Fadites Xgse &
H2ug]ol de|E2yel(Alternaria alternata)ol &3 Al Ho 7218 WA} npA 2AHES AT,

s e A, 37 Abrhe BARRGDY S 9o, o] @4EE AL ot

w3k, B oubgo Aty MZRRE (FE)-F2-3-od olAEHl o] E((E)-hex-3-enyl acetate), 1-WE-4-X 23—
2-A il Al (1-Methyl-4-propan—-2-ylbenzene), 2-(2-o & A|of| & A]) ol €2 (2-(2-Ethoxyethoxy)ethanol), ®HE w %
olo]E(Methyl benzoate), 1-WE&-4-ZZ3Z-1-el-2-AwlAl(1-Methyl-4-prop-1-en-2-ylbenzene), ©o}AE s}

o] =(Acetaldehyde), 2-vWl@X=2%#-1-8(2-Methylpropan-1-o0l), XZ3¥-1-&(Propan-1-ol), 3-FA-1-&(3-
Hexen-1-ol), 2-wl@X 2 -2-of G (2-Methylprop-2-enal), IN&-3-¢(Pentan-3-one), 1-WE-4-ZZ3-2-AA}
o] F2NA-1,3-t] ¢l (1-Methyl-4-propan-2-ylcyclohexa-1,3-diene), 1-"|€-4-Z 2 F-2-UA}o|FZINA}-1 4-T]
¢l (1-methyl-4-propan-2-ylcyclohexa-1,4-diene), 2-HEFH(2-Pentylfuran), (E)-&2-2-o<Z((E)-Hex-2-
enal), "€ FEl-oo]E(Methyl heptanoate), 1-wWHAl-3-w&®A(1-Methoxy-3-methylbenzene), <& ©|7}
o] E(Ethyl decanoate), ©l¥ 2-HdolAE|o]E(Ethyl 2-phenylacetate), Tlold JlREUo]E(Diethyl
carbonate), X2 ZEl-ofo]E(Propyl octanoate), 1-Z#1-3-&(1-Octen-3-0l), 3-%E}=(3-Octanone), ¥
I €2 (Phenylmethanol ), 2-o| €3 2-1-2(2-Ethylhexan-1-01), ©}A|E¥|=(Acetophenone), € (E)-2-w€
FE-2-o o o] E(Ethyl (E)-2-methylbut-2-enoate) % 3-wWE&{-Eld(3-Methylbutanal) 2 ©]Fo|Z oAl A
gy o] iy olde] 3y fUIsES AEcke 9AE et AN Fu A WHE AlE s

v S A=, A AE25EH (E)-F2=-3-old oM EH o] E((E)-hex-3-enyl acetate), 1-Wl€-4-ZZ3-2-¢
WAl (1-Methyl-4-propan—-2-ylbenzene), 1-Wg-4-X 2 3x-1-2-2-A WA (1-Methyl-4-prop-1-en-2-ylbenzene),
2-w e L 2 3-1-2-(2-Methylpropan-1-o0l), Z&Z%-1-2(Propan-1-o0l), 3-34-1-2(3-Hexen-1-0l), 2-WEZ &
Z-2-oF(2-Methylprop—2-enal), N&-3-¢(Pentan-3-one), 1-WEB-4-ZZ2H-2-UA}o]SFZNA-1 3-1]<l(1-
Methyl-4-propan—-2-ylcyclohexa-1,3-diene) 2 1-HEg-4-Z 2 F-2-GAlo] F 2 3 A}-1,4-T] Al (1-methyl-4-
propan-2-ylcyclohexa—1,4-diene) &2 o] Fojx ol Melw oji s} olatel 3ukA F7|33E HEA, B
Eg| o ad|g o} X Ylo}(Botryosphaeria dothidea)ol 2|3+ Atz Ryl sk 4= o),

vt A A=, AF} AMEZRHEH (B)-32x-2-9d((E)-Hex—2-enal), W2 e}l o o] E(Methyl heptanoate), 1
W 5 A]-3-w & #ll Al (1-Methoxy-3-methylbenzene), °l€ W7}l o]E(Ethyl decanoate), ollg 2-d|dolAE|o]E
(Ethyl 2-phenylacetate), tjold Z}HUo]|E(Diethyl carbonate), X2 <=E}lwo]o]E(Propyl octanoate),
1-28-3-8(1-0cten-3-01) 2 3-LEF=(3-Octanone) &.& o] Fo]zl oA Meld o] 3} olate] 3wk #
718k3te AEA, AYAdEs A= (Penicillium expansum)ol| 23 Az} Fujjglz shakst 4= I},

A sk A= AL MZ22E #)d W -8 (Phenylmethanol), 2-o&&A-1-8(2-Ethylhexan-1-0l) 2 oA E T
+=(Acetophenone) &2 o] Fo 3l oAl Meld o sl ool I fUIsE AEAl, dEHEYE el dH
2vel(Alternaria alternata)®l 93+ At} B ojgtn Bdd 4 g},

v S A=, 371 AFE FARFuiiD Y 5 oy, oldd g% = AL ofYt.,

A, B3] HARFuji)e &4 PAE o Fo S-S YeEldVE sted, D) EFAAYE EuXE 5
Bot rot(=white rot)o]g} s} HEZ QL AH o} =X o} (Botryosphaeria dothidea)el| &]a] 2z A&l

[0 flo

WL o



[0022]

[0023]
[0024]
[0025]

[0026]

[0027]

[0028]

[0029]

[0030]

[0031]

[0032]

[0033]

[0034]

[0035]

[0036]

[0037]

[0038]

S=50ol 10-1858903

2 4eA gk 2) A9 wigte] whAR EeAE S < 3
% Alternalia rot ©]gtal g}, 3) vpold] RS vepilviar OP@ Ring roto]ebal sk, 4) €A
2= S bitter roto]#hal k.

719 Agese B owge] e Azte] Andel FEAoR 485t QS AT A% Aolth,

AL Fuii)E 20169 B@0E AR SFAA AuMEa, 3 wF, 27 2 4% guel /%S
of Aol gl Atzhg Wdsidth. EW AES skel, A7te] Am EUE FHFE Aoy, 706 g

Gl
2. Hed

37MA HFo] WA, HE Aol ZEXdol(Botryosphaeria dothidea; BD), YA AAzA
(Penicillium expansum; PE), ZH|2Ue|o} de|2Uet(Alternaria alternata; AADES HF-3l9 FAIZHEE E
Stttk 7] e 9 AR FYYAL, @A 9d2ER 2 ofyk(potato dextrose agar; PDA) vl x|l #j
&Fahgltt.
3. 3=

o] AbgE iR 3A 33ES Sigma-Aldrich (St. Louis, MO, USA)ZEF-E FH3l+dl, olHE
H3] =(acetaldehyde) = &4 o}lA|Eo] E(hexyl acetate):= Fluka (Milwaukee, WI, USA)ZY-E F43}ic}.

22 JT Baker (Philipsburg, NJ, USA)ZH-E FFEUaL, oM EA, F22XE D wlAlL Junsei (Chuo-
ku, Tokyo, Japan)=Z%E U3},

4. 9Y IF 2F L Mg

Aol gl 2 A B 5L HAd A
o 6.0 AR MAERs o B 242 A0l G Al AEHUL. oF, AREe
(CF), #AYAdgs d2=34 A& AHPE), HEZxdgol Xdor 4% AHHBD) 2 deH =4y}
UoHE AN 4] 1EeR Wt RE I§S 09 Al AEE ofolfith. MEW Alhs e
24 C 2 A F= 90% 2oz F-3FHujkrio A v sttt

= e r}E

O)
O
=
=
X
ali
1o
—u
mlo
i
32
v
T
o
g
ofd
)
of
ro,
=X
tilo
b
L]
_OL
rir
£
L

5. B3] A4 (Decay index)

Atatel R dro] wet F 4dAe] F-9) A 4(decay index; DI 0-3)& AR&&HSITE. DI 0 = « HF A -4
flis A8 el Ab, DI 1 = ARk R 10% IR Pej(eRh §-ol), DI 2 = Abek R 10-35% o (SRE
F3), DI 3 = Ab} F9 35% o)A (A3 Faf),

6. 3&A SFE B4

SPME & o] &3t &3 AJ59 A F7|AEES 6890N GC system¥} 5975 MSD(agilent technologies,
Santa Clara, CA, USA)S o] &-3lo] BASF

Atk A fY)EE S BAE7] Y8t §FAIZ SPME fiberE 250TColA] 583F X131 GC/MSOl 324
F7IAEE AT, FFEE 58 T QAELE o] 83te] 80CE frASk= cryo-focus systemd =8}
Aok, AHL HP-OMS UL capillary column(30m length X 0.25mm I.D., O. 15um film thickness, J&W

=
Scientific, Folsom, CA, USA)E ©]&3( 1, GC LEL 40TCoA 687 FX3 & 4C/ming £EE 220C7}+
A &™ 5 10C/mine] £52 250C7HA &9 287 4330, ol 7IAZ heliume 0.8mL/mine] £E=2
SHFRon, FU7]= splitless REE HASSC}. Mass scan range 35-350 a.m.u.$2™ Scan rates

4.45 scans/sec, Transfer line &%+ 280C©o|al Mass spectra ionization energy+s 70eVith.

Askel AeEe 9dte] WEEFEZ 2,3-dimethyl pyrazine (100 mg/L in methanol) <& 3ul AF&3}o] peak
area % %< (peak area/total peak areax<100) AT, A& 7o) AZFEZAQ Ao|E ol E713 %S vl
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[0039]

[0040]

[0041]

[0042]

S=50ol 10-1858903

2 ¥d3}7] 9938Fe] fold change (relative peak area/3|™ compound’} A& TAHE Al59 relative peak
area) s =3l ARE ©&3Ah. 27k VOOt e EAEYL w9 relative peak area S 12 A A3}
I 2 oS 9419 relative peak area #S SR FAEAC.

<A 1> B3 Aol BE HAF AT ARIAY ALy SgE us

AQgon wAE ARE olgstel HEt AE NS FAR A A, s 4 R AY P F
2 gahs Bl $UEA AUdLE Gdauy, neelesselol BA el @ de2yelol dH2 S o
AR, oldl ¥ WHANE A7) 3% 2FE ATl WFse] BofEE Bekel V0OsE AU

i

9 GC-MS dlolH AEC tjgt =A% 4 (principal-components analysis; PCA)S A&3}o, 7+
o8 HEFHE AN} AES F A ot EE A = 12 2789 F47, PC1 2 PC2E
B, A BAFEE 50.08%S VERACH(ZEZ: 28.59% 2 21.49%). DI 0 AMZ(HYF HE H)> EF PCle
A Aol X sk BlE, dElEvgol dElEv(Ad) e Ful A7 F71ES P22o] W3k glo] PC1Y] %
g Ao olFagitt. HAUAY R AAWA(PE) AES PC1o] A Akl 9 PC2o] 54 AHdeo=m Aoz

ot Hldl, BEZAH Lol =AHOHBD) MEL FIAFTE SvbEeE PC1 B PC2 B A Ao

£

2 olFeqltt. dnko® Al MES B A7 FUMESE PC1e] A W R o|Fsidi o, PC2e A
T Wl wet AlEe] A

E 19 ¥ 2= $2 W4 Z3F(variables importance plot; VIP)(VIP > 0.60)] =x]ol oJ&f &eld Fa 3
g QRS Uehdth ol &, 42719 3 sigHEo] DI 0o] f1Xg, PC1ol &4 AR ZdelA ERlE =)
Hls), 187019] 34 shgkEo] DI 30| X3, PC1e] 44 A Aollx = ek, PC1Y] &4 23 #Hd
oA s VOCs oA, dzHZE T2 33E aFo2ZH HFIA & Atztel #dEe Q. 2-dER

g REnoo]E(2-Methylbutyl  butancate) ®  2-HwERd -G RE}y-o] o] E(2-methylbutyl  2-
methylbutanoate) = 7Fg =& VIP X5 Yelyx, Y 2-weFel o] o] E(pentyl 2-methylbutanoate), 3
gl A:NALo| E(pentyl hexanoate) % T 27719 dlA~HEZ HE oAttt thE IFolAE PAld (hexanal)©]
7V Ee VIP $AE YERla,  EF<(toluene), 1,3-AL#N(1,3-xylene), 3,3-UHE-HZH(3,3-
dimethylundecane), H-&-1-&(butan-1-ol), 2-We 2| W5 ElE(2-methylidenebutanal), 6-HEHWE-5-<1-2-¢
(6-methylhept-5-en-2-one), 1,2-#AL#(1,2-xylene), a-¥WM(a-farnesene) %L 2-wEFPe-2-2(2-
methylbutan-2-o1)°] & ©o|tH(E 1). wkd, VIP XA oxv2e] TS PC1e &4 Adrt 44
2Hd A wHA YERsLE, VIP 5% #lAll(benzene)©] 714 =3kal, W= L H|8] =(benzaldehyde) 7} HE ©%
Th HEgH, PCLO] A AHolA ERld 54 sstEe thedt vk " 2-FEmoo] E(ethyl 2-butenoate)
2 o’ X Zulw-oo]E(ethyl propancate)E EFsIe= Y o 2HE,; X2 H(styrene); O ELHsIol=
(acetaldehyde) ¥ W7l (decanal) s  Xgsle= 2 g3l =; oA EE(ethanol), FHLWEE
(phenylmethanol), 3-#lEH-E-1-2(3-methylbutan-1-01) % 1-FEl-3-&(1-octen-3-0l)= X35l P4 &=
<; 2k(hexane); ¥ 3-=Eli=(3-octanone) (¥ 2).

ol t

— NE )



[0043]

* 1
Mo Volatile compounds VIP
Espera
€37 2. Methylbutyl butanocase 160
ad] LMot plbonyl 2. methyibutanoaie 160
44 Pearyl 2-methylbutnooate 1.5%
eid Pentyl hexanonte 159
=48 Buatyl hexanoate 158
33 J-Methyimstyl hexanoate 157
el7 2-Mettylbwty] ncetate 1.56
ell Penedd acerate 135
w33 Hexyl acetate 155
w33 Buryl 2.merthyibaranosie 155
39 Hexyl hexanoate 1.35
=18 Propy] batanoate 153
28 Buryl butanoots 1.53
e20 Buty] propapoate 152
]2 Butyl noetate 1.51
a3 FPenryl propancate 131
w2 F-Methylowiy] cciamoate 151
e57 2-Mhyibutyl beptancate 148
13 Propan-2-¥] bntanoaie 147
4l Hexyl 2-methylpropancate 1.47
5] Hewyl 2-asethylbutanoste 147
elf 2 Metbylpropy] botasoate 145
ell L.Methylpropy] 2.methyvibitanoate 135
edf 2-Methylpropyl hexanoate 132
27 J-Metbyitstyl prepasoats .18
e3g Fropy]l hexanoate 116
&7 2Melsylpropy] scetate 112
i3 Mlethyl cctanoate m
el Mlethy] hexanoats 1.04
56 Hexyl 2-methytbus-T-enoate (K]
ef Meihyl burancate [
Alcohols
acd Butan-1 -1 129
ach 2-Methylbotan-1-ol 087
Aldelrydes
ah¥§ Hexnnal 1.47
abid 2-Methylidenetminnal L1
Eerones
"} &-Methylhept-3-en-2-ons 1.08
Beazens:
b2 Tokuens 141
b 1, 3-Xylene 139
bd L2 XKylens Ll
Hydrocarbons
b7 3. 3-Dimethyinndecane 137
Terpeoes
4] a-Farpewee L8

_10_
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¥ 2
No. Volatile compornds VIP
Esters
eld Ethyl 2-butencate 0.80
el Ethyl propanoate 075
el Ethyl Acetate 0.71
e Ethyl 2-methylpropanoate 0.65
e47 Ethyl benzoate 0.62
eld 3-Methylbutyl acetate 0.60
e39 Methyl benzoate 0.60
Aleohols
acl Ethanol 0.69
acl5 Phenylmethanol 0.69
ach 3-Methylbutan-1-ol 0.65
acll 1-Octen-3 -0l 0.60
Aldehydes
ac’ Benzaldehyde 0.87
acl Acetaldehyde 0.73
aclO Decanal 0.63
Ketones
k4 3-Octanone 0.60
Benzenes
bl Benzene 1.18
b3 Styrene 0.77
Hydrocarbons
hl Hexane 0.62
[0044]
[0045] <AAd 2> HF Hddol wE FiE Aol A F3E v
[0046] = 2e 3% BHdd-HIE A A o F9E B Al wet et BE e AdE]ol =X vof
2 Q% ¥l Pelt FRo] B RFE Fuel A2 A3 nolw, AUdelg Jrwos EE 1)
Bol 4 A% 0 FEA pgels F4su, du=velel dH=uz 4FH o 9 oA g2 wg
ot
0047) 3% e WAFoR HFD Avks uby SR T ol 94 2 Axow te FFS e
th 3 3 UlAl X 6ollX= Az #FR ATE AbelA AEA AAEE IR sEES skl ® 3
2> HEZ Q2
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* 3
Decay index
oMo class Possible Compound z Area % = (2 area/ZH area)* 100
DIo DI Di2 Di3
Ester (E)-hex-3-enyl acetate BD - 0.23 0.45 n
] Benzene 1-Methyl-4-propan-2-ylbenzene BD = 035 0.74 037
Alcohol 2-(2-Ethoxyethoxy)ethanol BD - 044 010 -
Ester Methyl benzoate BD 2 015 - :
5 Benzene 1-Methyl-4-prop-1-en-2-ylbenzene BD - = 0.36 0.10
Aldehyde Acetaldehyde BD = 2 0.01 0.18
Alcohol 2-Methylpropan-1-ol BD = = + 477
Alcohol Propan-1-ol BD - - - 0.23
Alcohol 3-Hexen-1-ol BD - = z 0.08
Aldehyde 2-Methylprop-2-enal BD = = = 0.05
3 Ketone Pentan-3-ane BD = z 1 010
Ferna 1—Metnyl—4—propaiw—2—}.r!cycmnexa—],j—d-ene 8D ) ) ) 0.08
(o-Terpinene )
Teripsie 1—methyl—4—pro.paf—2—¥lcyc!c3§wexa—1.4—d'ene 8D ) y ) 0.01
{a-Terpinene)
[0048] Furan 2-Pentylfuran BD - - - 0.15
x4
Decay index
| class Possible Compound E Area % = (M E area/HH| area)*100
DIO Di1 Di2 Di3
Aldehyde (E)-Hex-2-enal PE - 0.06 0.03 -
1 Ester Methyl heptanoate PE - 0.13 0.05 =
Benzene 1-Methoxy-3-methylbenzene PE = 0.49 0.29 0.7
Ester Methyl benzoate PE - 0.05 0.02 0.06
Ester Ethyl decanoate PE - - 0.06 =
Ester Ethyl 2-phenylacetate PE = = 0.16 0.06
5 Ester Diethyl carbonate PE - - 0.04 0.3
Ester Propyl octanoate PE 5 = 0.01 it
Aldehyde Acetaldehyde PE - - 0.01 0.10
Furan 2-Pentylfuran PE = = 0.05 =
3 Alcohol 1-Octen-3-ol PE - - - 241
[0049] Ketone 3-Octanone PE = = 5 0.59
x5
Decay index
| class Possible Compound 7 Area % = (M area/HHl area)*100
DI DIl Di2 DI3
Alcohol Phenylmethanol AA - 0.10 0.21 0.45
Alcohol 2-(2-Ethoxyethoxy)ethanol AA - 040 - -
Aleohol 2-Ethylhexan-1-ol AA E i 0.08 0.83
[0050] Ketone Acetophenone AA E % 5 0.06
[0051] g, 7] 3%e AN wEeR AYE HFES ¥ 63 Ll
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#6
Decay index
S£4#=9 class Possible Compound #  Area % = (d& area/TH area)*100
Di0o DIl DI2 DI3
BD 0.06 0.23 0.09
1 Ester Ethyl (E)-2-methylbut-2-enoate PE 0.18 0.83 0.18
AA - 0.23 0.03
BD - - 0.06
2 Aldehyde 3-Methylbutanal PE - - 0.04
AA - - 0.02
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w2
Decay index DIl DI2
=93

@ Alternaria alternata
. Botryosphaeria dothidea
o Penicillium expansum

Alcohols
Normal VOCs m—- Aldehydes
DI 0 DI1 DI2 DI3 Benzenes
i N ] Esters
Dax:eatmaeenyes |+ Terpenes

IM 2: 10-35% decayed
M 3: over 35% decayed
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