T ENE

11-1543000-000394-01

42t sf3tx XIEE 0|23
B3 HIZ WENME MY Y HTE 3 N

(Flavor-based screening of microorganisms using relationship between
sensory characteristics and volatile composition, and optimization of
the fermentation process in Doenjang)
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SUMMARY

I. Title

Flavor-based screening of microorganisms using relationship between sensory characteristics

and volatile composition and optimization of the fermentation process in Doenjang.

IT. Objectives and Significance

1. Selection of the prototype Doenjang based on sensory evaluation
2. Screening and selection of fermentative microorganism using correlation with sensory
characteristics, chemical composition and volatile composition

3. Optimization of the fermentation process with starter culture to prepare Doenjang

IMl. Scope and Contents

1. Screening and selection of fermentative microorganism based on correlation with sensory
characteristics, chemical composition and volatile composition
- Microbial quality and chemical composition of Doenjang
- Isolation and collection of bacteria and fungi from Doenjang
- Selection of fermentative microorganism
2. Sensory evaluation and volatile compounds profiling of Doenjang
- Selection of prototype Doenjang by comsumer acceptability test
- Deriving index flavor compounds of prototype traditional Doenjang
- Optimization of fermentation process with starter isolated from Doenjang
3. Process development for commercialization in Doenjang
- Quality properties and process analysis on Doenjang
- Process development for mass production

- Mass cultivation of mother strains and development on supplying technology



IV. Results

1. Microbial quality properties and determination of prototype Doenjang.

prototype traditional Doenjang, which had the highest value of acceptability by consumer
acceptability and sensory properties, were selected out of all. 150 kinds of bacteria, 40
kinds of mould and 60 kinds of yeast were isolated from traditional Doenjang and Meju to

development of Doenjang that are preferred by consumers.

2. Chemical and sensory properies for selection of isolates and selection of strains

Ten strains of bacteria and three strains of mould with high enzymatic activities such as
amylase and protease were first selected and planted to prepare Doenjang products.
according to result of chemical and sensory evaluation, five strains of bacteria and two
strains of mould were selected. Selected bacteria strains were permitted growth in artificial
media and natural media prepared by soybean were grown up fast in 30C to 50C. Also
these strains showed high NaCl resistance. Three yeast with optimum growth ability under

10% NaCl condition were selected, too.

3. Process development to manufacture a traditional Doenjang

Seven kinds of fermentative products prepared with selected microorganism were evaluated
the sensory properties using FGI method. The product made by DJ-DD-500 showed the
best excellent taste and flavor. Among fermentation products with bacteria and mould, the
mixture of SW-03-7+M-SW-03-1 showed good texture, taste and flavor. The growth kinetic
of selected three bacteria strains were investigated in whole soybean media under different
temperature and NaCl condition. All of strains showed shorter lag phage time in 50C than
30C condition and SW-03-7 showed fast growth activity under 50C. Also SW-03-7 and
KO-SM-11 were observed to have salt-resistance, thus, SW-03-7 and KO-SM-11 had been
finally selected. Five kinds of Doenjang product with selected microorganism were planted
to improvement of consumer acceptability. All of samples increased a titratable acidity and
amino-nitrogen with increasing fermentation time. As a result of comparing the sensory
properties between the Doenjang products prepared, SWM-1 and SWM-3 without addition
of obtained a good evaluation. As a analysis result regarding to the sensory and chemical
properties, fermentation condition with selected microorganism had been finally established.
Although preference was the highest in factory-produce traditional Doenjang, mixture with
SW-03-7 and M-SW-03 had a higher whole preference among three groups with the

modified laboratory-produce Doenjang.

4. Evaluating volatile flavor of prototype traditional Doenjang

Major volatile flavor compounds identified from traditional Doenjang include those which

generate an offensive and foul smell specific to Doenjang like butanoic acid, 3-methyl



butanoic acid, benzacetaldehyde; Doenjang flavors like benzaldehyde, 1-octen-3-ol, teramethyl
pyrazine, phenethyl alcohol, 2-methoxy-4-vinylphenol, and 4-ethyl phenol; other components
which have fragrant characteristics like savory flavor and fruit flavor; and maltol
(2-methyl-3-hydroxy-4-pyranone) represented by caramel flavor. Major volatile flavor
compounds identified from factory-produced Doenjang comprise mostly ethanol and other
high-molecular fatty acid esters which contribute to nice-smelling components like ethyl
hexadecanoate, ethyl oleate, and ethyl linoleate. Acids which account for a great deal in

traditional Doenjang are found at the low ratio of 0.37~ 6.45%.

5. Deriving index flavor compounds of prototype traditional Doenjang

In order to determine chemical indexes for traditional Doenjang, from among soybean
fermentations manufactured with each strain separated from prototype traditional Doenjang,
samples (non-inoculation, B. subtilis inoculation, Aspergillus sp. inoculation, and DD-N
inoculation) are selected whose sensory characteristics are similar to those of traditional
Doenjang and whose volatile flavor compounds are analyzed. Based on the results of the
experiment and documentary investigations, this research has selected, as index substance
candidates, pyrazines which have a positive effect on fragrant characteristics of Doenjang
like 2,5-dimethyl pyrazine, trimethyl pyrazine, tetramethyl pyrazine, and benzaldehyde; and
3-methyl butanoic acid which has a foul smell specific to Doenjang. And these substances

are utilized for selecting a model system for strain cultivation.

6. Evaluating prototypes’ volatile flavor reproduction

A total of 5 flavor compounds selected as chemical indexes for traditional Doenjang are
2,5-Dimethyl pyrazine (A), trimethylpyrazine (B), tetramethylpyrazine (C), benzaldehyde (D),
and 3-Methyl butanoic aicd (E). When the area is calculated, 3-methyl butanoic acid is
treated as a peak since it is not separated from 2-methyl butanoic acid. A comparison is
made after index components are added with 2,35-trimethyl-6-ethylpyrazine which is
characterized by candy and sweety fragrances. It is confirmed from the 1st prototype that
AL B 1 has a relatively lower ratio of 2/3-butanoic acid which generates a foul smell
specific to Doenjang but a high ratio of pyrazines. It is also confirmed from the 2nd
prototype that there is no big change, as time goes by, in the intensity of index
components as for D-1 but an  increase in  termethylpyrazine and

2,3,5-trimethyl-6-ethylpyrazine as for D-2.

7. Quality properties and process analysis of prototype Doenjang

10 kinds of traditional and modified Doenjang were collected that're famous for their own
outstanding taste from nationwide and investigated in quality attributes. Moisture, amino-type
nitrogen, amino acids and color difference that determine a product quality have been conducted

and quality attributes were clarified. Compared to modified Doenjang like HJD(448.2mg%),
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HJ(352.6mg%) the traditionally made one showed higher level of amino-type nitrogen. This
is because the traditional Doenjang such as KK(861.3mg%), SW3(926.3mg%) made from 100%
of soybean has higher than the modified Doenjang in amino-type nitrogen by proteolysis
while the modified Doenjang are made from soybean mixing with wheat flor and rice. The
difference between traditional and modified Doenjang : Firstly, traditional one rely on the
fermentation way by using Meju (pillow shaped steamed soybean cake) while the modified one
depend on the other process that single or mixed strains ferment the mixed materials. Secondly, the
traditional one has the fermentation room with little success of controlling temperature and humidity
meaning ununiformed quality control. The modified one is fermented under fermentation
room(controlled air temperature and humidity),which enable to adjust the optimal growth condition
of fermentation related strains and to take shorter in fermentation ageing and to perform even

quality control.

8. Process development for mass production

101 kinds of strains isolated from the traditional Doenjang have been selected through clear
zone size to screen the strains that have higher decomposition power for both protein and
starch. Five kinds of bacillus and two kinds of mould were first selected in combination of
subsidiary projects like sensory chemical analysis and enzyme activity and then single or mixed
strainss from first selected strains are planted to make 17 kinds of Doenjang samples, Doenjang are
ageing by fermentation, evaluated in quality and found to have a big quality difference according to
the characteristic of Doenjang samples group. With cooperation of subsidiary projects SW-37,
KOSM-11 and 2 kinds of mould like DJSW-31 , DJKO-35 have been finally selected.

4 kinds of mixed strains used for production trial were firstly planted into Meju form and
secondly planted into soybean grain form to make 8 kinds of the samples group. Samples
group that's considered a traditional Doenjang met the quality specification and showed the
excellent taste and flavor and expected to contribute to make the traditional Doenjang in
various combination. As a result of comparing the glutamic acid contents between Doenjang
in Meju form and the other one in soybean grain form, Doenjang in Meju form was
observed to get better results. Doenjang in grain form is considered to need additional

drying process and crushing process in soybean.

9. Mass cultivation of mother strains and development in the technology on how to
supply.

Growth condition for finally selected SW-37, KOSM-11(bacillus) and DJSW-31,
DJKO-35(mould) have been established. As a result of making trial for media suited to two
isolated strains like SW-37, KOSM-11, soybean extracts and 0.3% of yeast powder substance
were found to show the best growth activity. In order to achieve more activated supply for
two kinds strains like SW-37 and KOSM-11 the growth activity after freeze drying was
observed, as a results of that, SW-37 showed better growth activity than that of KOSM-11.

_‘]1_



But both of strains were detected in the rate of 9-10 log cfu/ml, which enabled to supply
them in the form of liquid and freeze drying. The result on whether the isolated strains
showed the activity according to the change in cereal media has been monitored. As a
results of strains cultivation according to the change in cereal media, DJSW-31 was found
to show the best activity in a rice, while DJKO 35 in a barley, representing 9 log cfu/ml.
As a result of storage activity for two strains cultivated with cereal media, both of them

were found to show a good growth activity after hot air drying and freeze drying.

V. Application Plan of Results

< Achievement >

Academic presentation: Analysis of volatile flavor compounds in long-aged Deonjang by
automated SPME-GC-MSD (Korean-Chinese-Japanese Data Analysis Society international
symposium dated November 1, 2011)

Technology consulting
- Participation company : Processing factory in Seowon Nonghyup
- How to use in bacillus and mould for manufacturing a traditional Doenjang and how

to perform quality control.

< Achievement Application Plan >.
First, we plan transference of the techniques for participant business, secondly, planing

transference of the techniques for business related company

Contribution to produce various type of traditional Doenjang and increase sales volume

by transfer the technology on how to select the excellent strains to the industry.

The likelihood for small firm to participate through scientific approach in a traditional

fermented foods.

The likelihood to achieve and spread the excellent strain involved with making the

traditional Doenjang’s own unique taste
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SUMMARY

I. Title

Flavor-based screening of microorganisms using relationship between sensory characteristics

and volatile composition and optimization of the fermentation process in Doenjang.

II. Objective and Significance

1. Selection of the prototype Doenjang based on sensory evaluation
2. Screening and selection of fermentative microorganism using correlation with sensory
characteristics, chemical composition and volatile composition

3. Optimization of the fermentation process with starter culture to prepare Doenjang
ITII. Scope and Content

1. Screening and selection of fermentative microorganism based on correlation with sensory
characteristics, chemical composition and volatile composition
- Microbial quality and chemical composition of Doenjang
- Isolation and collection of bacteria and fungi from Doenjang
- Selection of fermentative microorganism
2. Sensory evaluation and volatile compounds profiling of Doenjang
- Selection of prototype Doenjang by comsumer acceptability test
- Deriving index flavor compounds of prototype traditional Doenjang

- Optimization of fermentation process with starter isolated from Doenjang

IV. Results

1. Microbial quality properties and determination of prototype Doenjang.

Prototype traditional Doenjang with the highest value of acceptability by consumer
acceptability and sensory properties was selected out of all. 150 kinds of bacteria, 40 kinds
of mould and 60 kinds of yeast were isolated and selected from traditional Doenjang and

Meju to development of Doenjang that are preferred by consumers.
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2. Chemical and sensory properties for selection of isolates and selection of strains

Ten strains of bacteria and three strains of mould with high enzymatic activities such as
amylase and protease were first selected and planted to prepare Doenjang products.
according to result of chemical and sensory evaluation, five strains of bacteria and two

strains of mould were selected.

Selected bacteria strains were permitted growth in artificial media and natural media
prepared by soybean were grown up fast in 30C to 50C. Also these strains showed high
NaCl resistance. Three yeast with optimum growth ability under 10% NaCl condition were

selected, too.

3. Process development to manufacture a traditional Doenjang.

Seven kinds of fermentative products prepared with selected microorganism were evaluated
the sensory properties using FGI method. The product made by DJ-DD-500 showed the
best excellent taste and flavor. Among fermentation products with bacteria and mould, the

mixture of SW-03-7+M-SW-03-1 showed good texture, taste and flavor.

The growth kinetic of selected three bacteria strains were investigated in whole soybean
media under different temperature and NaCl condition. All of strains showed shorter lag
phage time in 50C than 30C condition and SW-03-7 showed fast growth activity under 5
07C. Also SW-03-7 and KO-SM-11 were observed to have salt-resistance, thus, SW-03-7 and
KO-SM-11 had been finally selected.

Five kinds of Doenjang product with selected microorganism were planted to improvement
of consumer acceptability. All of samples increased a titratable acidity and amino-nitrogen
with increasing fermentation time. As a result of comparing the sensory properties between
the Doenjang products prepared, SWM-1 and SWM-3 without addition of obtained a good

evaluation.

As a analysis result regarding to the sensory and chemical properties, fermentation
condition with selected microorganism had been finally established. Although preference
was the highest in factory-produce traditional Doenjang, mixture with SW-03-7 and M-SW-03
had a higher whole preference among three groups with the modified laboratory-produce

Doenjang.

_‘]9_



CONTENTS

SUMMARY orrereremere sttt 18
CONTENTS -roeeerremreremrres ettt ettt sttt e 20
Chapter 1. Overview of research projects ---r-sssrorossrersreessmerarrarec st 22
Chapter 2. Status of domestic and foreign technical development -------eeoeerececrcecees 24
Chapter 3. Performance content of research and result ----seeereereresssenenssseecnnenennen 26
Section 1. Materials and methods ...................................................................................................... 26
1‘ Salnple Collectlon .............................................................................................................................. 26

2. Methods ............................................................................................................................................... 27
A‘ Chemical analyses -------------------------------------------------------------------------------------------------------------------------- 29

B. MICIODIAl ANAlyS@s «erssseessseeesseeessrersssressseres et st 31

C. Characterization Of MICIOOTGANISII  wrsereseresersstessersieimsimstetstritis ittt 33

D' Sensory evaluation ....................................................................................................................... 35

. SEALISTICS  wveeeereeerreresrsesmrneeemieeeiiteeiteeesttteente s et ee st e bbeeentssenneeene s e beseeaessasseeane s e seeeetesensaeeensesennsensesenns 36
Section 2. Results and diSCussion ..................................................................................................... 36
1. Microbiological qua]jty Of Doen]ang ............................................................................................. 36

2‘ Selectlon Of prototype Doen]ang by Sensory evaluahon ......................................................... 38

3. Characterization of Doenjang’s microorganisms to select starter «w-eeeesrerissimiinicnn. 45

4. Screening of microorganism by chemical and sensory characteristic -« werrrrerereserecacn. 46

5' Identification Of Selected microorganism .................................................................................. 63

6. Development of fermentation process with selected microorganism «weeeeeesesesesrisnneees 68

7' Optimization Of fermentation prOCess ......................................................................................... 85
Chapter 4. Research goal attainment and contribution to related area ------------e-eeo- 87
Chapter 5. Plan for application of research results ----oceeoceeerecreeesnseeiniiciccicnnne. 88
Chapter 6. Foreign information collected during this research --------ssseeseeereeeeseneceeneces. 89
Chapter 7. Current state of research instrument or equipment -----s-eeesesessenences. 93
Chapter 8. Reference ---ssrsressrsrrre ettt 94

_20_



ER 19
E 2 21
AlR a7 FA9 e 22
A2 U Jle AL dR 24
A3 ATAL 8 WE 2 A 26
I T B = = L e e P, 26
L 94 A= g1 26
2. Ay 27
7} olgketA E4 24 27
vomAEss Fd %t 29

o HAESA 54 24 31

2t 4 A4 HUt 33

mh BAIA 2 35
I I B s 36
1 B mAEsts 4§} 36
2. BAe] 7424 B4 37} 2 prototype HA A A 38
3 REFAYE LS A% 54 WYL 45
4 AR, et B4 Ju BE vAE AA 46
5. %E MAE 54 9 54 37} 63
6. Autel WE MAYES o &3 WE 21 4F 68
7. 9% AxE % HA3 A 85
A 4d FF SHE B BE Bkl J9= 87
A5 A7 H 8 A 8 A 88
A6 Fd AFANEAZAA FHT A EFE 89
AT TN - BE FR 93
A8 Fazd 94

_21_



13 AT N2l e

e

fveel
~

™

—_
o

R0
X

)A
oy

ol

ek

=
|

3}

ajel] 7]

SF

9]

o

3}

N

H)
00
o)
™

Ho
frou

vl
=<

K

giele] e

Eal

A 33O B A WA

=i
=

thFs}, doist

=
=

=]
= .

7k A57F 87

Ho

X
B
)
—
o

A Fgol, Aol dF oy TFo] ZAE ol &

o

J)

A 72 =71 4

H7b s

[Sig

Fvjet

FRA, AE = Al

& #7413

Sk

| &7,

]

. 85ta ARE o] &% BH AZE TE vAE HA AT

e

p A 1 ARIA

xr
i

B
i

oM mA=E

T

—,AO
o

N
B

wjr

_1\_

oy

_22_



=8

!

T
<!

i

N

o
B

i

0

10°

: ASERY 7F - 94 A% 4P AF

» Al 2 AFFHA

2 3

o

O Prototype A

oy

™

X
al 7}

—

i

e GC-MSDE ©°]&3% 3

o
I

0

H

wK

o
1

Jjo
e

22

‘ﬂ‘_

il

0

100

vl wa 37

ko123
==

wel Azgol Ao 2zt 8

O g oA Ao

p

)

o
o

K

Ho

: AR s 38 AT

> HEHA

F4971 9 348 &4
ET_]—X—] 7]_

A
o

O Prototype ©7°| 3}

3

5 4 7

e Prototype H7&2| |3}

T
i)

—_—

0

100

i

Ho

s3]
=

Ho

mK

C)
w
N

il

o ZEHE] /S 9

_23_



[e)
T

€]

= a1, o
A=

=
=

A= 2nldE ) 9
o] g7l wAA

=
=

]

=

2 37 %

o] F4o] vt

R EECE!
%

J
L 2007 @ 71FOF 297%% TFEAS 46.6%, AR 36.1%] AR W XA B3}

Agolth ol AHGA B A

= &

=
&E

U A

o)

Ao 25 57 4 Biohuwal, A
AR

2% 3R 7= 717
bAu gake] F A

A1 A

3

S
b
al

o H T S R C [N C S i
blo z._dm ook H o W ﬂS 0oy
Qi _ o RN e .
» op i S °o ¢ = R mg o
i i B og 2T ofm T W &2 o
e 8° %0 m ok i ~ ol BR o<
@u = o e c ™ T o) B 1) ,wﬂ*__onw To il
O _ui - _,‘MTM M_‘W 4 = ﬁlﬁ “.?_mE ‘_|~,_Al,._ Z__/o Om o
oy wg® o 2xhwm o Y
Y LW T o & o B M S K a Nk
o (RS R T o 3 R
w < B o= woa X oy ) e =
63 B A = 5 0 %" 5 9 & e
~ o o my o =~ S o o
XH B B - om & Xooen B
of & T o — ) ;3
o Pw R oo ® R w o
< LS m Do N T = 2 =
By T A o WO
C) o o 8 o ﬂﬁﬂmﬂ 8 1 o T
*o WorE ] w He op W oA AR 0
W . _ TN PR 5 o0
SR o e g X Zo o gz M
) o o ™ W ooy N B R & 7T 3 la
o KO < ~ 5 T !
_ = »A ~ 5
ol R B TR NS I - w8
jens : ﬂ__lﬂ — 1FL o A JIL Ju_l o m_x
. - B O R Ro e
s ©L%z wIfze glie X
w3  — H 8 o U H J ol X
= %AH3 W%éﬂﬁ. T R ]|
= e = oK Y S . oo =
e o R S = N I °
Kog 9w T TR oL o ® S 5w
— o e D g = M
5 b W oy B R B o o
o Fwggg M_PTEE 6Ty oy
=B wgeo Tyl o omE o4
—_ 0 N il — = ~
BT osiTd zRd2iT oc0L o
Ny Srx o B OR_ET M g iy o
W L S N R S =
° o — e ook o F W | °
0| (I xo O ﬂo 1 - ) W T e
o BT o SEHEw oy w B
T o KRR T Wo T o B R T 4 K g ki
o — PR R g — X
U SR M o T R o o T o
o= (G S SR Moo W T oK W o ~o W) T

AT7F ®ol AU

}

°
pi

wole 84 Ax W o
— 24 —

AT} 71sA

}

°
pi

o

Aol o

L

o @A7EA

o



s 5ol Aok Ty diFEe] A77F 4 71zl 1'd vk

i, &4 &

9

}, ACE A

°©

HW Mwumﬁ iemllmnmﬂ B o T Jo
I fo T E P ° T w B
2} e oy - = <
J. ﬂu ~ ,UI = R ,.:1_ ,_ﬂ&l
0 d. 1
X = U S =N & T
JJo I o o ) < o N o o3
N = B M N i FENC)
N o . FT Y - He =0 = ~
~ oS ] = x = 5 o T W
o’ — Hm = o R OW S aST
L2 T S5 4= - T
_ T M b BB R FEND ol
2 e T T = 5 ¥ ox g L e o m
RO _ To 3 | X T oo M " =
W " N w B om oy O %L_L e LoD
" w Voo T o= < e i X g8 or
0 —_— ) )|
- o © o B oo Do o W o, Nop D
0 —_— AL ot MH 0 X
R °o W P g B L e
< wmnumn, Tox o H K T T AT
N R W ol B s w Ho o © AF Mo T
KO B = o o . 70 =T
_ T ox O w Nw o BT A
o) I o WO T R T
W ™ o Y P _
o o T e = % % 2 = K T ~ B T
g B oW o4 < Tamom o s W
"oy o) o T ol B OB oo e o s
— on Koy IS B! Wo 4 o) 2 m_iho Mo~ M
= =N T B W ZwEE Ty E
5 gk = Ry T T E o N
O > = o5 M T 11 oo T X
i JJ) 2 < ) W e ) o 7% WA W
Iy ~ T = T H o5 o 2 ooy o M-
‘m_ﬂ B 0 = 0 Mu o 'Q Xr ) Hr_ | ‘mE
ﬂo Mo W = 0 M 2 R o o— B
T oW ! ) —_ Uk g o M oo Jo < Sl T
W B T & P % e o TN = h
—_— — —

T oy . e ®E Nadke SF g
ﬁﬂro i N o B ﬂhc_omﬂac_%wx Mmaﬁrno =
lax — . 0 —_—

v 5 PTET FEya3 RERT L
e o T Y o F ~ 3
B o W O EXxp w o rewme M Xa mHa

g0 7K o B —~ il W = X N W

= o~ N o T ©ox T % T W o M
W = IFr® W mE M4 om DT
WX K = TE T o GG CY F W TR AN

SFA T,

[

o= Ao

A
A

bl A9s T o

O]

yoleh
— 25 —

o

o] 71%<L 3AE Yo 7%A

} 7]

Fol FA% A7t &

(=

o

L —

A 247

| —

T

2] el HE

. Al
1



prototpye H%-<

i

°
yal

nAgESE ANE +

371 9

S

iy

3 = 7kell A

o] ZA) An|AFQ] 20~30TtHe] 7EET} &

A}

5171 <]

4l

o

i

&

Al1Ad A=

1. 3% AR g1

a4

—_
file)

p

A
i

o

or

go] Eo ) A AW

mA B Aol A

1B AT AEH AR 25

-
It

St T

©

—_

il

Code

Jr

~L

e

T

0

A

SO-02

=
T

A

[ex]
=

SO-SM
KO-01

~

oy

T

A

X0

&

~L

e

T

0

A

KO-02

~

e

T

A

0

&

KO-03

2=

=
T

A ]

[e=]
=1

KO-5sM
DD-N

JB-02

F

~

oy

T

A

X0

4

A

~L

e

T

-

0

&

SW-03

"%
HCC-02
— 26 —

SCC-02

SW-M

SW-10

FA714d




2. A

N
X
e
R

= & = =]
3 EA4 B4

“

e 105C AZWOE BMFAT (AOAC, 1990). AFHAE 105C A=/l vl &%
2 7% ¥ #3412 DA 3ge AV Do} 105C BN FFo] B WA ARAAT
Az70A A2AZ ABRAE dAACEHAA eow & F PAS Bol 8 FBL =
Aste] ofgl Aol wheh A4t okl Aol AR ARE @7 A ¥ FFHA
, BE AW ARTAe] FA FgolH, Ck Az F FFo] HAL W

<]

BN

B-C
TE (%) = x 100

#23tE B4 1g2 FHste ALH (AOAC, 1990)0.2 =iz g3s ZHsgon, oju 2

delzz AdS 22390 (AOAC, 1990). Adr]e] motxl Awdel =34 ogzs
ES7IE w5t AW S T ote Aol wEt =AW S A4Stk ofg

A (%) = x 100

= €asde =Yl AL gof 7] dRoA FE3 AL F 550C 335}
2oM F4< 23 ARG, T&3] I3td F ISR M Ao} HAIACIH AN A7t



A WA F FAE Do obe) Aol weh SR AL SASAT ok HolH Wi 3
3 ¥ =rUe AA BAe & (golT, Wok ¥l E1Ue) A (g)olr, sk AR A (g)
oIt} (AOAC, 1990). F-@l 48| %e] ke slfe] oA AR ¢ AT Fom A
o},

Wi - Wo
BT (%) = x 100
S
6) 4=
B 5g& FAste] =rhJe] Ya 500TolA 5A% 38 & FeoR v 4% FTFRF
< o33

zA2HGA 7hste] & H94 Mohr¥ (AOAC, 1990)
(Watman #1)2 o33t} AL 200mL A& Ze2Fo] &3 F & 7pste] 23714 A
ot o7]el A 10mLE FHsk 2% ZFA & 0.1mLE 7Fskal. 0.02N o
Aol & wi7tkA] AAstal v Aol wel GEe e ARteth. o 7)o x

002N F4re o] AulgkmL)ol1, f= 0.02N FAHe g0

200 100
HE (%) = A x0.00117 xf x x
5 10
(7) otv e d 4
24 otuE] die =AY TA KS H 2115 (8%

)el el wetk Aldstan. v2gte
A4 5g& Hloj7d ¥ S/ 100mLE 7H3F & & 4. EF el 0.IN FASUEF
€95 3 W= 4 pH 8471 2 wi7hA ¥t W

W7HA 0N At ER §H oz Ao, off 4o me} 71]4‘}3}9?\':}. o}
ANz &Y T3l 2" 0N FAFUHEF §942 mL 7, B HE Al
N FAUESR €9 mL 7, £ 0IN FASUYE

HA#Fola, D= 3 4njolth

(A-B) xDxfx14
ofuliE] A (mgh) = x 100
S

(8) pHe AA A=

w3 As 2g0 THSF  30mLE P93 FEI EFF F x7] pHE 0
NaOH &0 =2 pH 847tA H7I8IAth AR g@d &HE FRSlUEF £99 A4H mLE
ARGz 2 st



SAI(CE-310, Macbeth, Minolta, Japan)E ©]-83t% Hunter valuel L, a, bat3¥} AE k& 3t
ATH (Hytcgubgsm 1994).

+ ZFHBHAFTA, 2010002 EAEAT. AR 10 goll Evd A4k % A

4 225 mLE ¥ #&7](BagMixer®400, Interscience,Saint-Nom la Breteche Arpents, France)

2233 743 Al & AP 1 mLE FHT F B S8 9 mLoE ©A 34

P aA 3% 1 mLE o] 5313 plate count agar(Merck, Darmstadt,

of LEA EFI F 37TColA 24-48 AZE wfjFste] AR Hge
E)

5 37
Juk A FE Ao 2T FE(0.85% 5% 10%)S ZElste Azte & =

() FFoIF B okFLEA AY #F
aolat NEFTA (0100 Teh AP YuAEs TAH PR e x4

gt ¥ 10% tartaric acidE %7}t pHE 35= extrose agar (PDA, Merck)ell
10
7

o
ol

ret
Be]

Q

g

o

21

C

Q.

AEH 02 mLE ¥ =8l 25TA 7~10€ MYF § AT Ao F ARFE FH3
Ath2l). =3 FZY dE7F 10% A= 1 S 1YY, &5 FEE 28 $ PDA HiA

(0.85%, 5%, 10%)S A+-&3+A T,

ol EetEAl S AAstE ASE A Aspergillus flavus €+ A. parasiticus®] A EALS AR
40ge 0.1% =5 200mLol] YL 3023 AolFAH. 01% =2 1:10, 1:20, 1:409] HI&=
A3t 349 01mLE AFPA base (Oxoid)°ll chloramphenicol selective supplement
(Ox0id)E A1AAA v 237 Z#EolEo ¥ A ufds 30CoAA 4241 wjFste], E# o]
E gldo] e/ /XAl o] FRlHH dFE AlSsH

(3) ™+ (Echerichia coli)

g2 AFFTH (2010)0 weh At AT SY HoE AT MY
1n0E 3709 EC A (Merck)oll HESIT 445C oA 2443t v F3h
B HaHE FEANE 4= sta, taEAe] JIAE Tade
o FAAYE S8 A T EC HEAFOZRE 1 WMFolE EMBMerck), Endo(Merck),
chromocult coliform agar(Merck)oll G4 E@3le] 37T oA 24413 vjFste] 7 AR E =
Agz HFe A3t tryptic soy agar(TSA, Merck)olA A wjdale] Vitek®2compact
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(4) ST+ (Staphylococcus aureus)

A EEdTES AFFTA (2010)0 wet E45HAT. AR 25ge 10% NaCle] H7Hd tryptic
soy broth (Merck) 225mLell &3t 36TCANA 16A13F viFE &, S+ HWiFd 1 WFol&
Baired-Parker agar(Merck)®} Baired Parker-REF(bioMérieux)ell &4 FE3te] 35Tl A 45-48
A skt Wi & AR A= FHo BT wrh ow, FEo] s A2 T
2ol A w, TSA (Merck)oll 4 =&t 1 30°ColA 24 A7 #jFd F Vitek®2compact
(bioMérieux) 2 #HF F2lstA ot

(5) Axdett (Salmonella spp.)

Ardlghte A FF(2010)0 @t Als 25 goll 225 mLe| peptone waters 7FgF & TE”
(BagMixer “400,Interscience)® 2%-7+ w23} Al7]3 3574 18-20 AlxF wiatgich. i<
0.1 mLE 10 mL®| Rappaport-Vassiliadis broth(Merck)ell HF3ta 42TCelA 24 A ZF 23}
o st S MEFdS Al XLD agar(Merck)2} Rambach agar(Merck)ell g4 =2
of 35 oA 24 Al wFEte] A EE HFE TSAMerck)oll A4 vl F3lal Vitek®2compact
(bioMérieux) 2 & &<lstAth.

L XN

ofN

ol
O

(6) Bl =Elglo} R Aol EAU| 2~ (Listeria monocytogenes)

g2H ol B EAYAE AEFH(2010)0] wet FAEAS AASITG AE 25 gol
225 mL2| Listeria enrichment broth(Merck)E 7}3te] o2 7] (BagMixer “400,Interscience)& 2
B w83t Al 3 30Tl 2441 vl ket Sl S Palcam agar(Merck)oll &4
SRSk, 30T oA 24-48A17F wiFste], M@ QA S TSAMerck)oll A &2 w3l
Vitek®2 compact(bioMérieux) 2 % <1ttt

(7) vrA 2l 22 M 8- 2=(Bacillus cereus) A% 4]

v E 2 A2 242 A FEF3A2010)0] wet AAsAT AR 25 goll Eed 14
34 225 mLE 7}8te] 7| (BagMixer ®400,Interscience)® 283t wA3lsta AP
mLE FH3ste] Hod AgE 3AA 9 mLol @A 3435t Mannitol-egg-yolk-
polymyxine agar (MEYP, Merck)oll 7 @A 3|4 4SS 02 mL¥ 540 =@ste] F HIF Aol
1 mL7F SA 3 % 30ColA 24A3F vttt A3 2t FRol lecithinaseE A 3t=
SERE o] A= B3 FEe Algsidn Algd BaolA 57 ol AP A HeEte A
Wale] TSA (Merck)oll A =@&ta, 30ColA 2447 w3 F Vitek®2compact
(bioM¢érieux) 2 HF F<lstAtt.

re
Jn O{N‘
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5-10% F7¥eted EeletAth Al PCAE, %0l tartaric acidE 373 PDAE 4kt

BCP ®lX & ALg3le], 7+ ZdolE F 20307 AAS Zdlo|lEE Adste, AAT e #
< Addrste] BASAT M-S tryptic soy agar (Merck), HdF+ PDA (Merck), S5 &
YM (BBL) agar, -fratat2 MRS (BBL) HiA| ol HF3sto] 4 Coll Hastsion, FAol glycerol
stock® A 23], -70C WEdA BASIATE AMEH 2 #FE HA Al A 23t Al

tlostel 83 Byshetel A,

(2 B=¢& Ads

A ¥+ ¥ g% AL BioPhotomer (Eppendorf, Hamburg, Germany)2} Multi detection

microplate reader (BioTek instrument, Winooski, VT, USA)E AF-&3td 600nmol A S 3HA

on, AdFe IvAETd FEF FEHAWH (AFITH, 201002 AFsA Frt
3

25-250 CFU/plate® Zdo|EE Awste] A 7FstA ).

PDA ZdolE Agd A9 1mLE A Al
oF Z 48 5 tween 202 3 WE "ol & gAl Z HojFAY 4 S wad
)=] A

AR e ¥ 3~583F WAStY IS Bobx  FES] TS BioPhotomer

(Eppendorf)2 ODgk& 54 % 348t} Abgs}

Nz FRIAEE s st dAT S A EF e ¥, Lab Swift-a, (Novasina

Ag, Lachen, Switzerland)E AF83t] S35t

@) FEWA A=
Awste] AHE FS R2A FHEANA B9 £ <

T U F o933 5000 rpmolA 30837 9AEE F dojzl FFAe HFsy
2 ARt Alx3 FEWAE 660 nmollA & =

8 45ke] ALgal AT,

8

A

b

(5) "1 = growth kinetic &4

Hav &2 growth kinetic 42 =T AR MXE =2 dAH7IL wjdstHA Hx=ok A
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TTE S8 o, 7571 713t (lag phase), HGAE(maximum growth rate) T
&

Roberts equation. 2 #2413} T},

AdEl Mol AL 16S ribosomal DNA sequencin WO E F33ATE &g +F9
chromosomal DNAS Wizard genomic DNA purification kit(Promega, USA)E ©| &3] &
Kis ¥ 165 rRNA  sequencingol AH838k= universal  primer<! 27F
(5-AGAGTTTGATCATGGCTCAG-3')¢} 1492R  (5-GGATACCTTGTTACGACTT-3) primerE
Abgste] PCR F& 38t tH(Yoon & 1996). 5% F PCR AHE2 Wizard SV Gel and PCR
clean-up system(Promega, USA)< ©]-&3lo AAsH o, BAE PCR 4= ABI PRISM
3730 DNA Analyzerg ©]83l 7|4 ES 4 sttt 1 A3 BLASTN Z2138 ©]
&3t GENEBANK®| ribosomal DNA sequence®t Hlu sl OoH, sequenced &4
ClustalW ¢} Mega 4 program= ©|-&3} H| #2438 A HThompson &, 1994).

Ae

Mould®] FA-2 ITS-5.85 rDNA sequencing WHOZ 335U th £2 #59 chromosomal
DNA+ TAA|E saline solution(0.8% NaCl, 0.0125% tween 20)°l @& % AN E T3+
TS ZE55AT. Aozl FARA el lysis buffer(0.05M EDTA(pHS.0), 0.3% SDS)7} & &

THS FHsl HHHE glass beadE ©]-&3t TAMAIE sttt 9
M 2](14,000rpm, 3&)F AT HE FHstd Y F39 isoprophanols 7}t genomic DNA
£ A AlFHY dAEYel 98 4ozl genomic DN& 70% ethanol< ©] &3t A& S 313
X genomic DNAE W"|Fe] BE H7IRE st dE 60'ColA 1AE A3 F
PCR AH&3F ™. PCR ITS-5.85 rDNA sequencing®l| AF-&3hi= universal primer?l ITS1
(5"-TCCGTAGGTGAACCTGCGG-3) ¢} ITS4 (5-TCCTCCGCTTATTGATATGC-3) primers A}
g3l Y3 th(White & 1990, Carbone 5 1993). SZH AA® PCR 4AHELS ABI

ot
e
2

PRISM BigDyeTM Terminator Cycle Sequencing kits (Applied Biosystems Co.)E& A}-&
3t ABI PRISM 3730XL Analyzer (96 capillary type) & %3] d7|14ME& &4 39t
I A= BLASTN ZE21#8 o] 83le) GENEBANKS ribosomal DNA sequence$} H|x &}
Rom, sequenced JFAS Clustal X 9} Mega 2 program= ©]&35le] Bl EA3HATH

(Thompson &, 1994).

Lo

'ax9o FAHL 18 ribosomal DNA sequencing WHOo=Z Fdsdth. HAd HF
chromosomal DNA-& Wizard genomic DNA purification kit(Promega, USA)E ©| &3 &
Els < 185  rRNA sequencing?]| AH&-3t= universal primer<! NS1
(5-GTAGTCATATGCTTGTCTC-3")2} NS8 (5-TCCGCTGGTTCACC TACGGA- 3)E AH&3}

o PCR 533t 53 %H PCR AHE2 Wizard SV Gel and PCR clean-up system(Promega,
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USA)& o] &3t AAlstAtt. BAE PCR 4H=2 ABL PRISM  3730XL  DNA Analyzers
o] g3t HAVIALEE 4 stk L AIE BLASTN Z2IFE 0]83te] GENEBANKS]
ribosomal DNA sequence®?} H| &} O™, sequence® &4 Clustal X ¢ Mega 2
program-= ©]-&3to] HWEA AT (Thompson 5, 1994).
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7}

1) BEHAE AT AL FA L A

2 AFoA HAHT Prototypee] 2T A9 BAF B4 f5ted oy #id 29 =2H3E 1)
I 12 g HrE 2 AES s, 23 9id FES Bl HFA o2 BHAF B4 st
S5 ottt ojm sid g Ao ARSI WHE HAS W

AHAl skl At FHE B4e T AER st F HHAES 879 e
w2 2 1gd e 2 Wy, frrEs 7 A %
o2 39k WA Brtel A 2% GAE, 3HE)H 22 zTEd 4 97

ol TASA ST (1F 2). £ AA Bl AAT

FUT A4S s Ams

898 FFHFATAN 2L Qe 300170] AAHAL, WA F7H APl 1292 A
st

@ B B5H 2oy 24

AdE Y 99 ol gdtel T P ARHE AFAGE] B BARHS shol, AF
Ao B4H EHe HAY §o/8 EEHPOM, ol BA §olF o gkl 2vA /EE
Ak WA GBo| AgE Yt

WEHM Q9 T

MIZOITQOIM 2T AK EUA T HKHQ QA TLCHA @
TUGILITI, W HAL HEOl Qe

©

0
o]

KT SORILITL,

=

HALG  S1=Zol 20~30%, OfZ0J01 2~3% HE 0QJQ OIHOILITL, ' THKIO

HOSIL WEHAL QYUONHE OFTIQ AIO1Z0( ZHITIOI QJALITI, WAl OJOAI
QO OrZ OsfdH ZAITI HIZLLITL,

> 000, OO, 700: 9000

)

I8 1. #5344 89 23 F3 9 Als FH)



@200 4 2 3 DIIEE
gtol eid <<BAA RS WA>>E Brhsla 247 WYL,

WA AAE A 8= R1, R2, R3Y YT
agSe 579 NER FAE 38 ABAEZL AEE Y

WA AAE RIS WAE 7R RS = Y HEel EAI(V)SHEAIL.
. 564 () 823(C ) 796 ( ) 201 (C ) 684 (
2. 999 () 625( ) 415(C ) 538 ( ) 319 (

3. |R3|  670C ) 241 C ) 81C ) 287 ( ) 139 (

)

9720 4 € ¢ 4: =
ol F93 <<ARZARS HA>>E BIIetS FA7] AlEUTL

WA AAE A= R1, R2, R3, R4, R5Y YT
a3 AlgR AW 5% AREAET AlFg U

AA AAE R e WAE 7 ARE =dt dld HEe] FAN(V)SHAIL.

L | RL | 902 ( ) 758 () 850 ()
| R2 | 169 () 535 () 348 ()
| R3 | 500 () 879 () 212 ()
| R4 | 613 () 266 () 494 ()
| R5 | 231 () 310 () 187 ()

&

w

=~

o

_34_




> 53 :
> Aty -
> gL
> EIR}:

> Alat:

2HIX IS E

Prototype2| ZF S MY 2 HE 2AL

cimgle] 2ol s BE B(Fdel = g)
At

1AL 6.24(2)- 24(5), 2AL 5. 26(=)-5.27(=)

2 & 10:00-12:00, 2 ¥ 1:30-5:00

> EFIE: " AH2Y )0l &oicli= EM 2Bt o= 285

SIEIA] : RFATEL9045(°1F 1), 9052(FF )

a9 3. aHlA 7EE HAF 89 2 F
(3) Prototype © AAES {3 &HA 7|55 A
Prototype V& AA4e fs FEH3I HF S T3 F=HFATdA 7L A=
(AT, IHY T) 1008 HEer 7Iax HAE 23] AAEdd. 19 32 &MA
AR A% 9 T2 &R 735 AL Fod £5e 2SI, olm o7 sfd
< TeAA @At FAEA A Fosidt 715 E AAF A RS0 AR rHA Y 4
de 2 BSHAY AR o] FHEH.
nh FAA

o|s}std HA Aol HFHA A= SAS program (SAS Institute Inc, North Carolina,
USA)3} SPSS program(SPSS 12.0 for windows, SPSS Inc.)< ©] &3t &4F £4(ANOVA)H}

Duncan’s multiple range test2 94 A5 2 T 24S AAISHAH.
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to ‘14'(‘5“]]
7 al = A = 4}_
=39l B monella spp., L JAEA A= % (E. coli, Staph
vl . . . - _1:_7::_ 7 p l
cereuse monocyt 29,]- 71 ylococcu
= B' Cereusi :Fl;/] X—] ‘16]:—'—/}:]’ 7:];/]-0831’185 %g _?46]] ]El:]_ /\]f:f:"]%]_ US aureus, Salmo
Xﬂ; A= X ol Al B2 - ‘—_J_TI‘:‘_/\ nella
i e, 35 2t _gg""“%% p R EN: PP
CBAME Am E RS et )\]&ﬁﬂ‘é‘ﬂ;q oropt) . coli, S

NEe % U/g
= "‘J’]'o]-og\ o] 3t
o

I 2
XO %EHD]/\g% U]/]EJI
- 2
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e Pathogens
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=
o
Bt
™
g
e
Y
e
e
m
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e
m
i
e
M
i
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(S
(Staphylococcus a
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e
Y
e
e
i)
e
e
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e
e
)
i\

dEdett
(Salmonella spp.)

e
)
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e
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e
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3394 3 WS nAdEst Hrt

(9] : log CFU/g)

= Total viable cell count Fungi Bacillus cereus
SO-02 8.1 - 41
SO-SM 9.2 0.9 5.7
KO-03 6.2 - 3.9
KO-SD 7.5 3.2 52
KO-sM 8.6 51 2.7
DD-N 6.3 29 -
JB-02 8.0 ; 5.0
SW-03 8.3 1.5 22
SW-M >8 54 -

" not detected

ol A vAEe aFd wE dEe Uolrr] lshel, FUF AnE
=]

A o, 10%NA= +57F 1 log &
o

EA st FaEPELS %4 agsol "M =

TVC B 0% NaCl
1 5% NaCl
5 = I 10% NaCl
=)
[T
) -
g & —
z —
>3
Q
o
B
o
@
3 ¢
>
S
(e}
2
L e N I
SO DD KO JB
Sample

9 5 &g sEd mE drkAFgo] ¥t
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3E 4 WFo BF0A EEE mAdE 55
Mold Code Mold Code
1 |DDD 09 2 21 | DbMC 08 1
2 |DDD 09 3 22 | DbMC 08 2
3 |DJDD 09 4 23 | DbMC 08 3 Yeast Code Yeast Code
4 |DIDD 11 5 24 | D-MC 08 4 1 12-Y-DD-DJ-500-2 16 | 12-Y-KO-DJ-500-6
5 |DDD 11 6 25 | D-MC 08 5 2 12-Y-DD-DJ-500-3 17 | 12-Y-KO-DJ-500-7
6 |D-DD 11 7 26 | D-MC 08 6 3 | 12-Y-DD-DJ-500-4 18 | 12-Y-KO-DJ-500-8
Z g}-gi é; i‘ ;Z gxg 82 Z 4 | 12-Y-DD-DJ-500-5 19 | 12-Y-KO-DJ-500-9
5 DI 0 2 2 [DIMe 06 9 5 | 12-Y-DD-DJ-500-6 20 | 12-Y-KO-DJ-500-10
0 [DrHL 00 3 30 [ Dlsc 111 6 | 12-Y-DD-DJ-500-11 21 | 12-Y-SW-DJ-500-1
[ DAL 09 4 31 | DjsO 9 1 7 | 12-Y-DD-DJ-500-12 22 | 12-Y-SW-DJ-500-2
12 | DIFHL 09 5 32 DJSO 11 2 8 12-Y-DD-DJ-500-13 23 12-Y-SW-DJ-500-3
13 DJ-KO 09 1 33 DJ-SW 11 1 9 12-Y-DD-DJ-500-14 24 12-Y-SW-DJ-500-4
14 | DJKO 09 2 34 | Dppsw 11 2 10 | 12-Y-DD-DJ-500-15 25 | 12-Y-SW-DJ-500-5
15 | DJKO 09 3 35 | DJsW 11 3 11 | 12-Y-KO-DJ-500-1 26 | 12-Y-SW-DJ-500-14
16 | DI-KO 11 5 36 | DI-SW 11 4 12 | 12-Y-KO-DJ-500-2 27 | 12-Y-SW-DJ-500-15
17 | DJKO 11 6 37 | DISW 11 5 13 | 12-Y-KO-DJ-500-3 28 | 12-Y-SW-DJ-500-16
18 |D-KO 11 7 38 | DISW 11 6 14 | 12-Y-KO-DJ-500-4 29 | 12-Y-SW-DJ-500-17
D | DKO 11 8 f ] 39 | DSW 11 7 15 | 12-Y-KO-DJ-5005 30 | 12-Y-SW-DJ-500-18
20 | DJKO 11 9
Bacteria code Code code Code
1 DJ-B SO-SM-1 11 DJ-B KO-SD-4 81 DJ-B DD-N-7 121 DJ-B SW-M-11
2 DJ-B SO-SM-2 42 DJ-B KO-SD-5 82 DJ-B DD-N-8 122 DJ-B SW-M-12
3 DJ-B SO-SM-3 43 DJ-B KO-SD-6 83 DJ-B DD-N-9 123 DJ-B SW-M-13
4 DJ-B SO-5M-4 44 DJ-B KO-SD-7 84 DJ-B DD-N-10 124 DJ-B SW-M-14
5 DJ-B SO-SM-5 45 DJ-B KO-SD-8 85 DJ-B DD-N-11 125 DJ-B SW-M-15
6 DJ-B SO-SM-6 46 DJ-B KO-SD-9 86 DJ-B DD-N-12 126 DJ-B SW-M-16
7 DJ-B SO-SM-7 47 DJ-B KO-5D-10 87 DJ-B DD-N-13 127 DJ-B SW-M-17
8 DJ-B SO-SM-8 48 DJ-B KO-SD-11 88 DJ-B DD-N-14 128 DJ-B SW-M-18
9 DJ-B SO-SM-9 49 DJ-B KO-SD-12 89 DJ-B DD-N-15 129 DJ-B SW-M-19
10 DJ-B SO-SM-10 50 DJ-B KO-SD-13 90 DJ-B DD-N-16 130 DJ-B SW-M-20
11 DJ-B SO-SM-11 51 DJ-B KO-SD-14 91 DJ-B DD-N-17 131 DJ-B SW-03-1
12 DJ-B SO-5M-12 52 DJ-B KO-SD-15 92 DJ-B DD-N-18 132 DJ-B SW-03-2
13 DJ-B SO-SM-13 53 DJ-B KO-SD-16 93 DJ-B DD-N-19 133 DJ-B SW-03-3
14 DJ-B SO-SM-14 54 DJ-B KO-SD-17 94 DJ-B DD-N-20 134 DJ-B SW-03-4
15 DJ-B SO-SM-15 55 DJ-B KO-SD-18 95 DJ-B MC-M-1 135 DJ-B SW-03-5
16 DJ-B SO-SM-16 56 DJ-B KO-SD-19 96 DJ-B MC-M-2 136 DJ-B SW-03-6
17 DJ-B SO-SM-17 57 DJ-B KO-SD-20 97 DJ-B MC-M-3 137 DJ-B SW-03-7
18 DJ-B SO-SM-18 58 DJ-B KO-03-1 98 DJ-B MC-M-4 138 DJ-B SW-03-8
19 DJ-B SO-SM-19 59 DJ-B KO-03-2 99 DJ-B MC-M-5 139 DJ-B SW-03-9
20 DJ-B SO-5M-20 60 DJ-B KO-03-3 100 DJ-B MC-M-7 140 DJ-B SW-03-10
21 DJ-B KO-SM-1 61 DJ-B KO-03-4 101 DJ-B MC-M-8 141 DJ-B SW-03-11
22 DJ-B KO-SM-3 62 DJ-B KO-03-5 102 DJ-B MC-M-9 142 DJ-B SW-03-12
23 DJ-B KO-SM-5 63 DJ-B KO-03-6 103 DJ-B MC-8-1 143 DJ-B SW-03-13
24 DJ-B KO-SM-6 64 DJ-B KO-03-7 104 DJ-B MC-8-3 144 DJ-B SW-03-14
25 DJ-B KO-SM-7 65 DJ-B KO-03-8 105 DJ-B MC-8-5 145 DJ-B SW-03-15
26 DJ-B KO-5M-8 66 DJ-B KO-03-9 106 DJ-B MC-8-7 146 DJ-B SW-03-16
27 DJ-B KO-SM-9 67 DJ-B KO-03-10 107 DJ-B MC-8-8 147 DJ-B SW-03-17
28 DJ-B KO-SM-10 68 DJ-B KO-03-11 108 DJ-B MC-8-9 148 DJ-B SW-03-18
29 DJ-B KO-SM-11 69 DJ-B KO-03-12 109 DJ-B MC-8-10 149 DJ-B SW-03-19
30 DJ-B KO-5M-12 70 DJ-B KO-03-13 110 DJ-B MC-8-11 150 DJ-B SW-03-20
31 DJ-B KO-SM-13 71 DJ-B KO-03-14 111 DJ-B SW-M-1
32 DJ-B KO-SM-14 72 DJ-B KO-03-15 112 DJ-B SW-M-2
33 DJ-B KO-SM-15 73 DJ-B KO-03-16 113 DJ-B SW-M-3
34 DJ-B KO-S5M-16 74 DJ-B KO-03-17 114 DJ-B SW-M-4
35 DJ-B KO-SM-17 75 DJ-B DD-N-1 115 DJ-B SW-M-5
36 DJ-B KO-SM-18 76 DJ-B DD-N-2 116 DJ-B SW-M-6
37 DJ-B KO-SM-19 77 DJ-B DD-N-3 117 DJ-B SW-M-7
38 DJ-B KO-5M-20 78 DJ-B DD-N-4 118 DJ-B SW-M-8
39 DJ-B KO-SD-1 79 DJ-B DD-N-5 119 DJ-B SW-M-9
40 DJ-B KO-SD-3 80 DJ-B DD-N-6 120 DJ-B SW-M-10
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kd
(@)Y
B
3
N
N
}op
b
-3
e
2
ot
i=)
e
i
e
B
1

G5 M=) BEL(%)
Sk 20t] 90 86.5
30t) 9 8.7
40tH 1 1.0
7 e} 4 3.8
A9 2AH @7t Hev 14 13.5
THAHA Hen 58 558
F9lol A Qo] wth 31 298
71 e}k 1.0
TR = et gk 1.4
3ol s 20 29.0
67Nl g 28 40.6
1ol g 17 24.6
71 e}k 3 4.3
HAATuA FQ THAE Ok 64 68.8
14 4 43
A5 A4k 7 7.5
HIP = 18 194
24 79 A PR 3 33
HE glua He nE 76 84.4
LRt 3 33
A ) Al A2 HA 4 4.4
71 ek 4 44
B AR ol Eol} Aol F 38 36.5
AFdo] g 54 51.9
71 ek 12 115
A = At 6 5.8
HEolt} 79 76.0
wck 19 18.3
T8k AL, A7 = 67 64.4
AR 2 1.9
=He 12 11.5
A= 7 6.7
AA = 15 144
71 ek 1 1.0
NEA A AL, A7 = 42 40.4
A=, 4 3.8
245 14 135
Aek= 24 23.1
A= 13 12.5
71 e} 7 6.7

_41_



@ 279 7z% 2 ZF= A4

A 1 MEGAANA S AF B3 D FoAqr|gd dFe Vjax 9 A HAAE 3% 4
W= % 73 2ok F 7904 BHeE uke) o], AAAC 71559 AS AAF BFo] b =90
H, C, D¢ E, BAFS] £oldth A, &% AAZE 7 =2 J|ERE B on, Bk AALe}

A7t Be 71558 B 4E9 % 24 AEst BAL P B3, BV 743 U
T B A% 99 Pl 2 3
Bttt HdSe] BAH A4E BA A%, ANE

=

g
L
N
N
N
N
N
o
ol
o
.
o
os]
>
52
b

4 =,
AbE 289, DARE 187, BANE 149, EARE 6ol AT & AAZQ] 7E =7 78 =39 AA
oF CAF AFLS dF A9 uta o] Aot i HPstHA o]HI} §le AFSE ATE
At
% 8 4" A% 9FY 7asx AA ¥ &4
Sample A(KO) B(MC) C(SW) D(SO) E(JB)
AAAQ 7]5%  527+146°  3.62+153°  467+133°  397+156°  3.16+1.48"
7 lﬁf‘ A 7S 52241.32°  314+156°  479+4147°  4.33+141°  279+1.33°
g 7la% 5231143  327+143°  4294152°  3.99+144°  3.19+1.43°
b A= 5.03+1.60°  387+1.61°  4.77+145°  3.80+1.68°  3.44+1.54°
4N = 4.00+0.85°  647++0.79"  519+1.02°  3.62+098'  1.63+0.86°
pe A% AR P 3824122 566+1.26° 523+1.19°  3.93+1.37°  2.83+1.54¢
At s 87 3% 41241.32°  548+145°  495+1.19°  3.80+1.37° 2.92+1.32°
olF A= 293+141°  440+1.71°  3.80+1.45°  3.824152°  3.78+1.93
H7H A(KO) B(MC) C(SW) D(SO) E(JB)
73 20 2 7 4 1
67 34 12 21 14 5
5% 18 14 31 20 15
43 17 23 21 25 18
33 5 25 13 18 24
23 4 15 7 12 23
1% 2 9 0 7 14
A4 100 100 100 100 100
=4 1 4 2 3 5
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AE "ol /15 A4 A 29070 B39, Ash Cob Fu) UlE AL B4 4

23} 1008 <
_]

ez 7jax AAE st O Ade & 83 2 BollM B nbeh Zo] A

‘jr. AN ?‘%h:l

Z 0]
1
1wl A4S

ATt A, gt
T O 7 =A BUEEA A, CoF HCC Al A2 4] v 3k Bt ZE9
A5 CAE 2 Ax, AFEA Fr)ef Bto] A YERR, I v SCCol A YUERRL,
1 oo]9)o) Alme HluE e HeE Hrbsth dd o] BUgE A4E A% A3, AE
53 oo 2 Hrig g do] 419, C& 52%eola, SCC 399, UH A AS5& 293182 H
=3t A5 B0 A9 ¢ agla FAA B F AF @AY gke vz o] 7hxl
SCC AFS 71 o] Azttt
#® 8. ATHE 39 54 dF @4 A dFY Vs x AA
Sample (Hlég%n (sgg-%z) (H%(C:g)z) (S(SKCZ%D AKO) W)
__ AAHRVIEE 354166° 35741717 373+154°  393:1.86° 382+185° 4.44+188°
7]73.15 A 7EE 247+124°  2.64+1.31°  4.03+1.03°  43+140° 4.18+145° 557+1.46°
g 5% 329+151° 343+1.78"% 3.77+142° 396+148° 3.87+1.61" 4.72+157°
g R 3.73+1.44° 3.83+158" 3.83+1.49"° 4.16+1.66" 3.91+1.64° 4.25+1.86
EAg A A 1.63+0.77¢  1.83+0.68% 328+1.05° 539+091°  35+1.02° 6.31+0.85°
A A% WA G 227+116°  2414116° 333+1.26% 514+1.06° 3.67+1.38  6.12+1.2°
At A% D@4 9 258+117%  2.85+127%  354+127° 501+1.28° 3.73+127° 6.05+1.07°
olF Fx 293+1.42%  296+1.46% 3724163 427+154° 419+1.55° 4.77+1.82°
B7r 5 (H%g%n (sggéz) (H%E%Z) (S(S:g-con A(KO) CEW)
73 3 4 4 9 6 15
64 12 13 10 18 17 23
5% 15 12 17 12 18 14
47 18 21 24 16 15 14
3% 19 21 20 19 10 14
23 22 15 19 15 23 13
13 11 14 6 11 11 7
AL 100 100 100 100 100 100
<=4 4 4 4 3 2 1
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FolEcl A F2e AFAZ & o] SHo|Ee W@ E5F 2mlE U1 AFE loop (10ul)
B AFAL 5000 rpmol A 587 ARG FAES AAG

3590 Agstarh A7 2 mouldE F5 F AA TA 3% HEE PESHA

i of dgl &
E3he WA ZAE TtEE Fo 2 Hud e A% 255 /Rt =39 o] A A= F
7AE AEZHE 7EAI QolA], dukA¢l Mo gE= 9z Fo|r|E o€t B AFgAE
48 Fol MAES FFSA Fa, 30T 40T w0l WA tiREL] &% FolA H

o,
o

| AZIAY ol#H7F d+= A

R =
g ojgarl, 27 BE £EES Fol= WHE BTraA.

i

=3 AR A= B cereus®= EFAE WEE 5L 7ML Q7] wEel 94 B
cereus®t 4 AAFZ AWH Bacillus licheniformis & 5% A% 545 vlastdth. @3l
A EEE A ERQD B. cereuset HAFR B. licheniformss S5 F R HF3HA, 30,

35, 40 ColA v FetHA Baranyi & Roberts models ©]-83t growth kinetics #H 7}t th
(2 A= o]xgtEolA E¥ Food Micro 2012 8H3] oA W3ESIHF). E 120149} o] e
<571 wobxlol wet fsimAded TasF w5 2717 AF gotdon, Al AFee F

7}k Aot
iy &= 35T ol dolAe sV ER] B. cereus”’t HEFR] B. licheniforms R+ F=7]17}

Zstou, 30T M Aol FaFrt 3 A A= FE717F &tk kARt AL E] A
sieto] =7 ol TEVAE 7] d7F wolok & Aoz o FEH AT

12 F wiA A BE 25 B. cereus®} B. licheniforms®] 47 54

Lag time (h) Max, growth rate (h™) R?
Isolates
30C 3BT 40C 30T 3BT 40T 30T 35T 40T
B. cereus 4121 2625 1524 0782 0955 1.071 09974 09952  0.9966

B. licheniformis 3417 4234 2317 0541 0836 0.797 09528 09726  0.9949
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F7tE 4 AR 2 A 54 L dol Uit A S FHE vEeE AL
EE 2k A 155 sl 5% 4aaS H7FE TSBol A vl FstH A 30, 40, 50CellA 3
g & gx9 pHE SASAT (F 15). MY 5% 0TCAdAE BE 7o) 38T 44
oy, Mg 257 S7Hgel wel Aol & oy egkon, 50°C oA & DJ-KO-5009F
DJ-DD-5000] 7} whe] st ow, 71 the-o] DJ-f4te-52F DJ-ENC-5% T}

T g REoA 7] Ml EE 50T 30CE 87| W&l F7H7] =AM AdAe]l 7t
3 A 7FOl disl genus oA FASHH AHS 3+ AF} Enterococcus, Rumen,
Bacillus 0.2 FARE M ©|F 4t 4 Y= 7Hsstv, Bacillus 0.2 &1ld F 79

8 F (DJ-KO-500, DJ-DD-500)+= 12 Al @ &EF Ads 913 550 23t

F 15 AANA BEE f4F AP FY 228 A4 Ha
OD at 600nm pH

Isolates 30C 40°C 50C  ®lFd 30C 40C 50T
DJ-ENC-D 1325 0762 0398 711 484 487 525
DJ-ENC-® 1508 1278 0445 719 480 493 5.34
DJ-ENC-3) 1.706 135 0159 712 501 5.00 6.11
DJ-ENC-@) 1.413 122 0447 712 481 493 5.15
DJ-ENC-(5) 1.79 1376  0.622 708 483 487 493
DJ-KO-500 1222 1323 185 707 596 594 5.98
DJ-DD-500 0983 1184 1378 711 560  5.98 5.79
DJ-fr4te-D 1376 1228 0434 713 487 493 5.13
DJ-fr4te-©) 1393 1171 0413 711 473 494 5.12
DJ-fr4ate-Q) 1.41 1.211 0415 719 473 494 5.11
DJ-fr4ate-@ 1229 0912 0302 721 489 473 5.49
DJ-frate-© 1.635 1378 0612 708 471 496 5.13
DJ-fr4t+-® 1543  1.024 0419 707 483 492 521
DJ-frate-) 1497 0922 0437 708 482 490 5.16
DJ-fr4te-®) 1459 0811 0445 712 485 491 5.18
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% 17. A% ARAA 89 229 WA H7t

NaCl (%) OD at 600nm pH
Isolate 5 10 20 5 10 20
12-Y-DD-DJ-500-2 1.576 1.025 0.260 5.07 4.92 4.92
12-Y-DD-DJ-500-3 1.449 1.537 0.717 5.04 493 4.74
12-Y-DD-DJ-500-4 1.729 1.365 0.304 5.02 492 4.76
12-Y-DD-DJ-500-5 1.450 0.873 0.388 5.01 4.92 4.80
12-Y-DD-DJ-500-6 1.427 1.394 0.379 5.01 4.92 4.83
12-Y-DD-DJ-500-11 1.507 1.549 0.318 4.99 4.94 4.83
12-Y-DD-DJ-500-12 1.516 1.287 0.306 5.01 4.98 4.87
12-Y-DD-DJ-500-13 1.638 1.343 0.261 499 5.00 4.87
12-Y-DD-DJ-500-14 1.455 1.554 0.479 4.99 5.00 4.87
12-Y-DD-DJ-500-15 1.624 1.619 0.572 4.99 5.00 4.90
12-Y-KO-DJ-500-1 0.869 1.092 0.264 5.00 5.03 490
12-Y-KO-DJ-500-2 1.232 1.394 0.648 4.99 5.03 493
12-Y-KO-DJ-500-3 1.240 1.550 0.533 4.99 5.03 4.95
12-Y-KO-DJ-500-4 1.360 1.588 0.832 4.98 5.03 4.95
12-Y-KO-DJ-500-5 1.519 1.676 0.861 497 5.03 4.95
12-Y-KO-DJ-500-6 1.057 1.344 0.242 4.99 5.03 4.95
12-Y-KO-DJ-500-7 0.830 1.533 0.302 4.98 5.03 4.95
12-Y-KO-DJ-500-8 0.813 1.560 0.332 4.94 5.05 497
12-Y-KO-DJ-500-9 1.095 1.201 0.352 4.95 5.05 497
12-Y-KO-DJ-500-10 0.852 1.543 0.382 4.95 5.05 497
12-Y-KO-KJ-500-1 1.084 1.387 0.439 4.98 5.05 497
12-Y-KO-KJ-500-2 1.201 1.200 0.631 4.98 5.05 4.99
12-Y-KO-KJ-500-3 0.755 1.306 0.631 5.00 5.05 498
12-SW-DJ-500-1 1.249 0.946 0.527 4.99 5.07 4.99
12-SW-DJ-500-2 0.973 1.792 0.559 4.96 5.07 4.98
12-SW-DJ-500-3 1.127 1.518 0.633 4.98 5.07 4.96
12-SW-DJ-500-4 1.041 1.486 0.490 4.98 5.07 4.96
12-SW-DJ-500-5 1.509 1.751 0.510 4.97 5.07 4.96
12-SW-DJ-500-14 1.635 0.969 0.525 497 5.05 4.96
12-SW-DJ-500-15 1.334 1.316 0.596 4.99 5.08 498
12-SW-DJ-500-16 1.394 1.303 0.551 5.01 5.08 4.98
12-SW-DJ-500-17 1.680 1.173 0.536 5.01 5.06 498
12-SW-DJ-500-18 1.556 1.217 0.560 5.01 5.06 4.98
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TE ASH7] o] dxo tig AdAdo] glojof gk wepA dol of
< 2 FHF Agsdt. 4 TR Add 10719 2R BEF F g o
d = AL H 579 EEF (12-DJ-DD-14, 12-DJ-DD-15, 12-KO-DJ4, 12-KO-DJ-5,
12-SW-DJ-3)ell thall ohA] A vjx] &} F& v oA A7 F4& AAdstAtt.

yeastin 10% NaCl YMB yeastin 20% NaCl YMB
7

'gr0o HZ wiAA YM iAol AFE 5%, 10%, 20%2 &FS Y, EAsE ans HE
St 30°ColA 33Uzt v gFstaA A £=25 glstit. O 23, 12-DJ-DD-14, 12-DJ-DD-15,
12-KO-DJ-4, 12-KO-DJ-5, 12-SW-DJ-3 25 HjeF & z+zk 7.2, 698, 7.11, 7.19, 6.91 logCFU/ml
2 52 A4 Byony, £3 12-SW-D] 3¢ Ee AgFolA e X EYFE Eo 2
FE71E 71 AogZ BEAFHAY. 258 10% H7Fstd wiAl o= 12-DJ-DD-157F =717}
% 2 Z AolE HolA & &t ¥ iR RYFE= A7 TR =
TE5 FE77F @olAs BEFS BHAFo] &gd tE =2 WAl Ase Fdsidd. o
2 E7F 10% Welolr] W&ol 10% &a< H7ES sjiAolA =771 #e
183} 12-DJ-DD-15, 12-KO-DJ-4, 12-SW-DJ-32 HZF2] o2 X¥3lth.

Table 22. 9= W3lo] W& F% B F9| growth kinetics

Lag time(h Max.Growth rate(/h R’
g

5% 10% 20% 5% 10% 20% 5% 10% 20%

12-DJ-DD-14  19.055 9.2832 7.2071 0.236  0.085 0.045 0984 0972  0.969
12-DJ-DD-15  11.006 6.547 10.266 0.070  0.079 0.044 0970 0967  0.939
12-KO-DJ-4 0123 14481 10279 0.092 0.093 0.048 0988 0.995  0.988
12-KO-DJ-5 6320 14.678 10431 0111 0.095 0.043 0983 099%  0.991

12-SW-DJ-3 4883 14.064 6422 0.064 0094 0.055 0983 09%  0.949

_58_



(1) 8% AAE 2 EA

Al mouldE FED WAl Z42F HAo 2Hog FReA T
o

k

23. I AAF £4d 54

pH obr e d 4 (mg%) Aw

moul KO-03-5 SW-03-1 KO-03-5 SW-03-1 KO-03-5 SW-03-1

Bacteria
KO-SM-1 7.55 742 423.9 396.6 0.829 0.820
KO-SM-11 7.77 7.63 395.2 438.5 0.824 0.832
SW-03-4 7.51 7.62 414.0 416.5 0.820 0.830
SW-03-7 7.62 7.60 479.6 430.4 0.832 0.830
SW-03-9 7.55 7.57 408.5 433.3 0.830 0.829
SW-03-13 7.45 7.56 391.8 354.8 0.830 0.828
SW-M-14 7.45 0.88 401.6 269.5 0.829 0.828
KO-03-1 7.58 7.43 370.3 388.7 0.828 0.833
DJ-KO-500 7.68 7.60 402.5 463.4 0.828 0.829
DJ-DD-500 7.45 7.51 400.5 4494 0.833 0.819

I W20 mouldt &3 wMlYA pHE FAd 7o, obvee 2
2o AlFolgts o] wjYd moulddl wt & FFEH zolE Ho)

= ogtoy, SW-M-14= gg wl g mouldell we} ofbnliE] Ha o] zolE BT
TEEHAES &5 HAUHEHEA HaEo] 0819~0.833 HAE AT

TH uAE (M 105, Mt 3F)E o] &t AFAANA A g AAEF Aad 54
H7HE FdsAT. olFH7E A7 MR AAE B4 HItA ALFHo A &@E W= 3
T, T Y 4T, T 7S T Z29YE (Consensus profiling)oll o]t BAREA O = A%
AAF (ol8t %Xc})ﬂ]r O]% o]-gste] =AT HATol dist] FPAT (5{ 25). A A E

Focus group interview (FGI)°ll 2t AFEE W2 U 13} p
7ol A= &71e Fob AR, B AAFA =AL B ¥ -4 =

e F7o] gl Sty 710 dob Wt AASAL (1Y 16).

r>~l

P,L
_‘EL
i
b o
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2% 10, FGL ol o8l B TEEO) BARY 2y

e}
1o
=)
“_‘D\l
s
kv
rr
ot
U:?‘.:
i,
t‘,‘(}{l
rit
c>~l

AR 0 e GAZE Hom, BT s R
ARoA gEUcld WA o BaTe BARNS @ A% 743 o] 2L A

wg 3 A4gEQ SW-03-7+M-SW-03-12 o] A|FoA& HA

¥ 24. 3] =231 (Consensus profiling)oll o3 A AlA|FS] BA &4

Single culture (Bacteria)

SW-03-7 KO-SM-11 DJ-DD-500 _
s 1’1‘:“‘“ = 1/‘1341\}] o %JAH
g A g ol WA 7 7HA A
A& A Az WA QTFEZE WA
wol HA g2 WA Fhabu 2
R} HAY A = W)
A A

Mixed cultures (Bacteria+Mould)

Sensory SW-03-7+M-SW-03-1 SW-03-7+M-KO-03-5 KO-SM-11+M-KO-03-5 DJ-DD-500+M-KO-03-5

= HAY 1 HAl dEYol WA} 7 &gt kEYol WA

Attributes = u PRt g ) 2 WA
™ A= — = = T

24 AA % ) 354 YA e Al

A WA =%o] WA 1 d@A e s w Us WA

23T HA okgt R Yol WAy Al AR

A2 H Al 7 @A) = %ol WA

oFgk dhRuYol WAl HIFHE WA

o HA

A A

_60_



DJ-DD-5%

Single culture (Bacteria)

(Consensus profiling) 2 =% 3]
KO-S5M-11

=

Q)
SW-03-7

=23
g o] ¥ AU A

3L

25. 3ol
Sensory
Attributes
Flavor

-
st

A

o
o
o
i)
N

“dA7E b

=
o

o}J

Juyt

=
al]
X

™

T

™
i

—_—

A

MR e A

=
e
=
N
o
or
=
‘LlA io ﬂlr.._
=
= o)
N
=
Tio
= ool =

™

o

X
B

DJ-DD-500+K0O-03-5

Mixed cultures (Bacteria+tMould)
KO-SM-11+KO-03-5

SW-03-7+KO-03-5

SW-03-7+-SW-03-1

A

=H
™

o
THo

Flavor

Al

7 Al

o
o

A H A

=

jnl

=
A
o}J
=8
mhy

o

=
To
o}J
<

o T
® o) =
OB R
=
T A
e
Mo A
=
= ™
. =
B
= 5w
T Mo wo
=
alil
~ o))
4T
HomN

™

b

=

N

=
;01_

o)v7} ¢

1

0
il

g}:
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i
ot

A= 14

rr

AedT Aol D7 7] Ax FHE =42 F HAE AASAH
71 B4 A4 ZAA YFS VA= pyrazinit 5 2,5-dimethyl pyrazine, tetramethyl pyrazine,
benzaldehydes AAsIA 1, F HA= 94 579 1HWE W 3-methyl butanoic acidE
A4 EA ) o] 3-methyl buanoic acide= G717F $olr 2FT EA3ldE I FS A =
2 oH, F& F& JHAE pyrazin R G7PF Eobd EAstE ol Wolk 3-methyl

butanoic acid’7} o™ 24 4+ A FHoh

oA Aoz HEF A FolAMe DI-DD-500E Axg FHEE] /M4 pyrazinFrt 7HE
, 1HWE EAHEHE 3-methyl butanoic acid7} TH& AISAART iy o= A
FFE 7= Ao ENEUL o] ARE FGId 93 TAEAY Asfoldx 733 ¢hmu o}

1, 2P, 7tebd WA7E vt BARE e (& 24), 3%E 34
gto] =& THEIS u DA Jon ZF WAE EAE XA ekt

>
Y
>
rlr
V)
lo
ze
k1
L
)

I

A moulde] & F TEE T VM T2 AR HrbE SW-03-7+-SW-03-1 A% THE

ol

=3 HEERY 25-dimethyl pyrazine® tetramethyl pyrazine©] %2 FHFo =2 Ath &

i

rlo

tetramethyl pyrazine 7784 peak area/1,000,0002 3'a4 F7|HE HA =4 F 713
155 2 3kA .

ju g

FNAE FAAH BAEY AHE B4t HAFTHCE Ald d5EEE 2F (SW-03-7,

ol
il
o

KO-SM-11)3%  Al##-X¢  EFREE 3F  (SW-03-7+M-SW-03-1,  SW-03-7+M-KO-03-5,
KO-SM-11+M-KO-03-5 )& AA3IAth (& 26).

3E 26 HF ANE #A TE Y=

Description
SW-03-7 BEEAA AxE 3d 4 BFNA £
Bacteria Ao A Az AR HFA B
KO-SM-11 gE Haso] £o
Ao Azd FFA B
M-KO-03-5 /,\_]j, ]‘ - = o] 1 i
gslE Bilsol £
Mould
BFAEoNA Axd DAoNA Ei
MSW-03-1 - °
ol g B so]l 5




5. %% AAE 53 2 54 Bt

4 O [T I

HF Add A 35 disl FEsH, wikeA, Asetd EAS E4sA e (F 27),
Astd FAHE 9lalA 16s ribosomal DNA sequencing= 3 ¥  BLASTN Z=I133}
ClustalW®} Mega 4 program+= ©]-&3l &S Bl 43t phylogenetic trees 243}
I FASAE (2" 18). AdHE #Fe FardE REAEH fHAY 55 e, 5
EHIE x| ®7]3HATH

% 27. AF Awg 7o FE A wjksA AsEtd EA

L D R V4 h

SW-03-7 DJ-DD-500 KO-sM-11
B. subtilis B. licheniformis B. methylotrophicus
KCCM 11513P KCCM 11511P KCCM 11512P

Gram staining
Rod shape
Endospore produced
Motility
Crystal formation
Lecithinase
Catalase
Growth in anaerobic agar
at 50C
at 10% NaCl
Protein hydrolysis
Starch hydrolysis
Nitrate reduction to nitrate
Adipic acid
L-Arabinose
Arginine dihydrolase
[B-Galactosidase
L-Histidine
Inositol
Lactic acid
Malic acid
Melibiose
Propionic acid
L-Rhamnose
p-Ribose
Salicin
Sodium acetate
p-sorbitol
Sucrose
Trisodium citrate
Urease
Bvaleric acid

+ + + +
+ + + +
+ + + +

e T 2k T T T LI T S S S S S A R
R L S T T R S S S
+ 4+ 4+ + + 0 0+ + A+ 0+

+ + 0
+ + + 4+ + + + + + + +
+ + 4+

+ + + +
+ o+ +

1
+
1
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Bacillus siamensis GQ261299
Baoillus methylotrophious EU194897
Baoillus nematotosita AY820954
Bacillus amyloliquefaciens X60605
Bacillus vallismortis AB021198

55| SW-03-07

Bacillus subtilis AJ2T6351

Bacillus mojavensis AB021191

Bacillus siamensis GQ261299
Bacillus methylotrophicus EU194897 0]
Bagcillus nematotocita AY820954
Bacillus amyloliquefaciens X60605
Bacillus vallismortis AB021195 i
Bacillus subtilis AJ276351

Bacillus siamensis GQ281299
KO-SM-11

Bacillus methylotrophicus EU194897
Bacillus nematotocita AY820954

Bacillus amyloliguefaciens X60605
Bacillus vallismortis AB021198
Bacillus mojavensis AB021191
Bacilus subtlis AJ276351
Bacillus mojavensis AB021191
Bacillus axarquiensis AY603657

Bacillus axarquiensis AY603657 Bacilus atrophacus ABOZ1181

Bacillus atrophaeus AB021181

Bacillus axarquiensis AY603657
s ’ Bacillus sonorensis AF302118 Baoilus atrophaeus ABO21181
—‘ﬂ’ms’”’f’"’”s Hegdle 4‘[.:.'_?% licheniformis Y68416 Bacillus licheniformis 68416
10 Bagillus sonorensis AF302118 1DJ-DD-500 ——l Bacillus sonorensis AF302118
— Bacillus altitudinis AJB31842 — Bagillus altitudinis AJB31842 — Bacillus alfitudinis AJ831842
o0 E Bacillus pumilus AY456263 ™ C Bacillus safensis AF234854 ™ r Bacillus pumilus AYAS6263
98 L Bagilus safensis AF234854 981 Bacillus pumilus AYAS6263 8L Bacillus safensis AF234854

—
0005 0.005 (X3

a7 18 B TavAEE Add A9 phylogenetic tree

L. FZole 4

HE  AddE mould®] T8 FAACA genomic DNAE  EFste]  ITS1
(5-TCCGTAGGTGAA CCTGCGG-3)9} ITS4 (5-TCCTCCGCTTATTGATATGC-3) primerE ©]
&3l ITS-58s rDNA sequencing®®, yeastv chromosomal DNAE #&|38le], NSI
(5-GTAGTCATATGCTTGTCTC-3)2 NS8 (5-TCCGCTGGTTCACC TACGGA- 3) primerE A}
£3}o] 18S ribosomal DNA sequencing®2 H7] A ¥E #£41& 3§ U5 BLASIN Z =273,
Clustal X €} Mega 2 programe ©|-&3to A3 M, phyolgenetic tree®} PDA HlZ] ol A
o RFS I1d 199 Zo £HE 7 dEHAE BEAHA fAAYd 52 3o,
SW-03-1 Eurotium cristatum KCCM 115152, KO-03-5v= Aspergillus oryzaet KCCM 11514P
2 SEHIAT

i
o2

4 Eurctium chevalieri HM 152566
‘1’—: Eurotium amstelodami FR848825
Eurotium heterocaryoticum EU021619
L — Eurotium rubrum HQ316568
sl Eurotium intermedium HES78060

Eurotium tonophilum GU564511

—

7 Eurotium cristatum JN986762

41 [~ Aspergillus tamarii AY373870
A;{_—E Aspergillus bombycis AF338641
66

Aspergillus pseudotamarii DQ467985

= KO-03-5 - Aspergillus caelatus AF272575
00 _\ A Aspergillus sojae AY373867
g i s A\ ?‘Aspergdfus parasiticus AY373859
3 DJ-KO-03-5
o | Aspergillus flavus AY939782

0

27| Aspergillus oryzae AY373857

ES————————— Aspergilius nomius DQ4BTI76

19 19. 9% FanAEE AIE fungi® phylogenetic tree®t PDA B A ol A o] BE<F
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o A" L8 A= growth kinetic

(1) T vjAoA Mg 250 ME TE P E29 growth kinetic

A" TE M 3F (SW-03-7, KO-SM-11, DJ-DD-500)= 3¢ wix|o] HF3 5 30C, 50T
N 71¢HA A FAE BAstA . 2 20014 Heukel o] Al Ao BEF vF FY

Hj Ao A 50C BlFT7F 30C Ml FT Hoh w=r17F #sken, Ho AFEE =S4T

9 DI-DD-5%
s | KO-SM-11

e
(logCFU/mt)

(hr)

7% 20 ARE AFe] Lxo 2 4R FA

SW-03-7 #ElF= 30T 50T EFoNA4 H2 Hd AFES BAFer, I o=
KO-SM-11¢] =4t} w2 dgujdEe A3 Ao EAT 4 A+t AN E A3
AAAY AAAZ 5 7] WiEol w9 Fasith B dAFdAs 7 /A 25004 AR
o] E& SW-03-73 KO-SM-112 HFH o=z HAAs.

Mt o r

3 28 A Alde] 254 growth kinetic

Lag time(h) Max. Growth rate(/h) R’
30C 50C 30C 50C 30C 50C
SW-03-7 2.2743 0.8160 0.8109 1.3000 0.9656 0.9988
KO-SM-11 1.2300 0.9350 0.5282 1.0786 0.9793 0.9626
DJ-DD-500 1.3864 0.4654 0.5576 0.6949 0.9784 0.9756

Age NYEY AFL TFSHL 7] WEA 2F FEo] BE VAT JFL B9
|
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~ ® w5

e
(logCFU/mL)
PP

SW-03-7-10%NaCl S

SW-03-7-5%Nacl S

a8 21, AdE N7 Y wA oA AR =ZA

2w FEIF S wE fEIE AelE Bioy, Ao A% E

o= Aeg] o]7} BT} 10% AFS H7He Aol &
S717F gob gl Wd £ Aol Ade AS FAsAT £ SW-03-7& KO-SM-11 B
o F=717F Fob, 10% NaCl F7Fste] v kAl KO-SM-11 HaFHT 48] o]y e gAo
ANZete Ag #Astd T KO-SM-112 &3 FH7bol et =7l ddxoy, 10% &7

o] MEn g

zo M
R
wn
=
3
~N
flo
3
P~
gy ®

_—

A7Vt wldAl 5% A2FS HUIste wjde A BHug 58 HAAES VIR e HoE B
AEAT (F 29). F MY HEF 25 HYAd vAES st UFERE vAES HAo
dojyxA] &= 10% &7 =

% shollA
il

G B HAA A=

3E 29 AEE AT &5 F= WE growth kinetic

Lag time(h) Max.Growth rate(/h) R’
5% NaCl 10% NaCl 5% NaCl 10% NaCl 5% NaCl 10% NaCl

SW-03-7 6.847 5.279 0.288 0.215 0.971 0.971

KO-SM-11 10.928 20.303 0.278 0.341 0.989 0.998
@) AduiA A dHE TE A= 47 54
AdE BE vAEe o8t JA AlAlE A A SEE S8 davdE FAE
Al F= wMAE ZAS AgEA. A F= wjA Aldd SW-03-73 KO-SM-11& A
FToked 30CoANA Mgt B 543 &5 sxd mE ¥MIE 43t W AVIE Al
gstat
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bacteria in 3= H{ X]|

e
(logCFUfniL)

Ve
(logGFU/mL)

a9 22, FE wACA | AT A F4

A A SM-03-72 Hi S oF eAIRPe]l S RE Aol Al&staioen, WeF 10413 F A
Tl =2t on, KOSM-115%F 6AIZt o] &5 Aol Al&ste] Wi 1343 £

Foll =2t (L322, & 30). webA B dTolA HF AdE Zavded I 2ao
43 Foiglon, &g HeiAE WAdol &= Adsin. webA HF FA
F=WAE AFEste] TEUAAES HASE st ARESEITH

1‘
>
2
e
2

3 30. AEE Al F= viA A growth kinetics

Lag time(h) Max. Growth rate R’
5% NaCl  10% NaCl 5% NaCl  10% NaCl 5% NaCl  10% NaCl
SW-03-7 5.9677 7.6315 1.5238 0.1416 0.9903 0.9839
KO-SM-11 5.5144 0.2782 0.7109 0.1120 0.9964 0.9954
ERE Yol FYA A FREF skl AT A9 ol FEAA Y 54 W
sttt HEF ALE 5E 3FE 4T 5%, 10% H7HE FE wiAlel HFske] 30T 3

.
E
7oA A FHe AAAGT (1Y 23). DA GE5F 810%017] MR 2F FE

yeastin 5% NaCl & HiX|

yeastin 10% NacCl S & Hi x|

e
(IogCFu/ml)
-

&

+ ——DJ-DD-15-10%
= ——KO-D)-4-10%
s ——SW-DJ-3-10%

o 10 20 20 40 50 60 hr 70 o 10 20 30 40 50 60 hr 70 80



Aag 5% H7F FEUAAA 3Y wl¢ & are FHF= 12-DJ-DD-15, 12-KO-DJj-4,
12-SW-DJ-37}  Z+z} 539, 544, 541 logCFU/mIYlal, 10% H7IAlelE 562, 587, 5.72
logCFU/mlZ YM HjiA Boh= Ho) AAEo] $dou, Ao s dojvds A

I

o WhgEATH (F 31).

¥ 31 A BRo 4=Vt & FE WA A growth kinetic
Lag time(h) Max. Growth rate(/h) R’
5% NaCl 10% NaCl 5% NaCl 10% NaCl 5% NaCl 10% NaCl
12-DJ-DD-15 27.502 - 0.079 0.043 0.996 0.978
12-KO-DJ-4 17.805 18.436 0.050 0.113 0.992 0.962
12-SW-DJ-3 12.761 5.999 0.057 0.054 0.989 0.986

6. Ay HE vYES o] &3 YE = HF

HEH o7 N 2%, mould 2F, &5 3F0o] A

4 2
F& FF9 2L A7 AHHAD (F 32).

E 32 94 AlxE S8l HFS Add mAE

Isolates
Bacteria SW-03-7 (B1), KO-SM-11 (B2)
Mould SW-03-1 (M1), KO-03-5 (M2)
Fungi
Yeast 12-DJ-DD-15 (Y1), 12-KO-DJ-4 (Y2), 12-SW-DJ-3 (Y3)
Single Bl
Culture
Mixed B1+M1, B1+M2, B2+M2
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@ Group I (AL model)—o— FS OF(115C, 408)°l 43+ mouldM1, M2)E A 0.3%
7F RS AF F 30CoANA 9Lt wiFAI AT &3t AR Al#(Bl, B2)= F FA tiH|
0.3% HFstd 50ClA 343 Wi F, z2ze] HaES IFE(BI+ML, B1+M2, B2+M2)=
118 &8st 10% &v< AHA7Fe 5 30T AA vl st

@ Group IlI= ©A] BL-19} BL-22 ZH2t Al ZH QT BL-12 S5 WF(115C, 408)o4 &
o 4TS FAY HAHABES AASY] st #& HETIHA FI, 50TAA 597 v &3t
Jk 2 F A7 FA3 @ mouldet AlES AAY 03%E FA HEFd FEI EF F
8% A& vIE H7iste] Ejpste] 30ColA v, s8AIAHT BL2E EA43e A HETE
T4 T AAY 03%E HETF F 50CoNA 593 wigsidTh oot #e F HAE
mould HEFE AA 03% HF3tL 8% £2FS FA7IE A 30CoNA vy, SAAAATH

@ Group III (CL-IID)& F<% W5l mould HEFE HFE 3(F FA dinl 01%) 30CIA 5
A7 Wik TS T REEe BASE AT (AA 01%)S HEL, 8% I HS T 30T
ol Al Fst At

@ Group IV (SWM model) =
0T, 308l 24333+ mould$}t A+
o] g3ste] WFE A xS th 50CoA 3¢t B2EHES T oA 305004 2097t wlFs - 8% &
7Vt A AIF T

ME o
rulm
=L
N
lo
=
|._\
R
U:Zi
rﬂ
o
N
i
ofd
ol
2
>
>~
>
oo
mn
rlr
(0
=
o

.

of

3 mdd E4 5

oX,

(1) Group I (AL-model)

Group 9] 4 71 FHAEAES 43 Zad+= 3 333 2o AL-1 (B1+Ml1), AL-2
(B1+M2), AL-3 (B2+M2) BEF A 7Igto] 71845 pHe Z4sda A4 Ad=s S71et
At ot =B AE 4 7IZto] S SEE SUFe AL, Bld Mle €93 AL-17°] AL-2
o} AL-37 Rt 33Y sA4A o H] AATVF 618.6mghE 7HE E=UTH HiolAY ofRl&
AL-29} AL-3Fo] Z+Z: 2129294 24559 mg/kglZ ml$ ¥ FXE HQ wd AL-1S
885.9mg/kg= HJAEF AUt (Hlol Ay ofvl FF2 AT 23 FH=x)
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<Group I-AL model >

| Activation (PDA) |

| Activation (758) |

E5Sr U5 EE
(115 *C, 40min)
Mold : 22 A S 0.3%, 9 days
Mz : Z2H S| 0.3%, 3 days

2 (30°0)

A
=4

<Group IM-CL model =

=201 (300
activation : PDA

activation :

Mz E279 01%

22 (30°0)
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<Group II-BL model >

<BL-1=

S, =
== B OiF
e

HE2F: 50 °C.5 days

Mold M2 SA| BE
Mold: 22 CH| 0.3%

HzZ S5 tiH| 03%

8% ¢ &7t

|

<BL-2=

e
[EN]
]
n

55 81 Mz BE
Hz: S5 Oy 0.3%
{50 °C,5 days)

mold HE
Mold: 2 CfH| 0.3%

8% 9 #H7t

M
o

<Group IV-SWM model=

| Activation (PDA)

I Activation (2SHEX|) !




¥ 33. AL modeld] 93} AzH FF AAEQ o518tz 4 B4

Group Ttem od 18d 33d
pH 6.75 6.08 5.85
S 0.62 133 197
(B1+M1) (0.IN NaOH 4H] mL/g) : : :
olr) - B} 2 4x(mg%) 356.0 503.3 618.6
pH 6.24 5.77 5.64
Al o ARg=E " 1.09 133 1.51
(B1+M2) (0.IN NaOH 4:H] mL/g)
obr) =B F Ax(mg %) 370.3 464.2 495.6
pH 6.14 5.81 5.81
ALD e 0.76 141 171
(B2+M2) (0.IN NaOH 4H] mL/g)
obu] B A Ax(mg %) 308.4 497.7 512.0

(2) Group II (BL-model)

7] MF 2520 50C 24 AT mouldE Ao HEFS= A Al HE F mouldE
HEshe Aol mE W3l 55 g2sk7] 98t BL models AF8tA <, € g T WA
50CE wiekste] 8l mAES] AAS JAAZIL Bl MIE $A HES BL-172 pH7t
6.35-6.302.2 <4 7|3ke] St mE WSt e eigtout T EFQl BlS Foll WA HIFst
o 50CHI% 3 F M1 mould® HE 3 BL2EL 7]3to] ZUlate] wet pHyl Zasgnh T )
o A BF w4 7|0l e s AANEE ST ot Hid A A ST &
3] ot Efdie 22 HiRAIE HISe®E oo 839wl Foll= BL-1°] 1038.8mgo% ZA]
BL2HT & FX& HAUAo HioleAld ol X 229 wieF ¥ BL-1w°] 682.9mg/kgoll Al
1532.7mg/kg= 66% S7F3t il BL-27°] 7604mg/kgoll Al 1141.4mg/kg=E 44% 73ttt
(E 34).

=

o

3 34. BL modelell ¢J3f Azd B AAF <|3etx FH EA

Group Item od 7d 22d 83d
pH 6.35 6.24 6.28 6.30
BL-1 AR 1.10 1.66 211 3.20
(B1+M1) (0.IN NaOH 4=H] mL/g) : ' : '
obu) i B A 2 (mg %) 257.1 4354 6825 1038.8
pH 6.80 6.60 6.51 6.19
BL2  Hau= 1.00 154 210 281
(B1+M1) (0 1IN NaOH 4:H| mL/g) ) ' ) '
ob v i B A 2 (mg %) 347.2 4775 6835 893.7




(3) Group III (CL-model)

a5l Ble AFsk WY ¥ mouldE HF3dh= BL A= Al W zolo] wE W
£ #8td mouldE WA widd F LEE AFS FLEE CL modelit& THEO] ofr| -
Bl d 2, pH, AA4EE E439 T (& 35). CL-1(B1+M1), CL-2(B1+M2), CL-3(B2+M2) Al &
B5 pH7} 4595772 AL BLzoll Hlsl Fohz oz wigkth A 4h=g} oing) HA
= 54 7170 F71EFE FUMskE AC®E YEha CL3 AsTo] 379 $4 F 647.0mg%

2 71 e £AE BYTH

¥ 35. CL model°l o3l Axd DA AlAFo] o]35etx 2 EA

Group Item 0d 13d 37d

pH 479 471 5.77

L1 Agae 1.01 1.67 2.89
(B1+M1) (0.IN NaOH 4-H] mL/g) : ) '

obr] B A A (mg %) 118.7 238.0 540.2

pH 476 461 449

Cl2  Ags 1.49 213 3.40
(B1+M2) (0.IN NaOH 4:¥H] mL/g) ) ) :

obm 1 e A 2x(mg%) 177.8 348.0 608.6

pH 496 479 459

Cho - Agge 111 223 343
(B2+M2) (0.IN NaOH 4-H] mL/g) : ’ '

obr] =B A 2x(mg %) 130.8 314.3 647.0

4) Group IV (SWM model)
AL, BL, CL model®] 43 A3#E nt&te g F FA tiv 01%9 mould?t HEFS HF3taL
T 4Ye g T 50C 2EEE sty 9 2d¢e] S Ak WS TR AAs
SWM AlBas Alzsto] opv|eej 24, pH, AAME 48 P8t Azxd 87 AAF
o] kHAdE flete] HEFO FAst= FTE MACA ST F 36004 He Hiel 7ol
SWM-1(B1)% SWM-2(B1+M1)& F A& &4 7|3te] S718+% pH/F aste o2
By &4 12¢0] A ?—E—Ei% SWM-12 4.88, 498, 492, SWM-2& 5.88, 549, 51322
pH ¥37F A9 YetuA &gkt wt SWM-3(B1+M2)° %A 21Y & pHYF 76002 H
2% pH 640Kt S7Fst AL 21 o] o= thAl H4skth. SWM-4(B2+M2)& & 2557
B 2197HAE pHY/F ZAastgoyd 4 21Y olF FUiste Aol vElwgd. @2 AF
SWM-1, SWM-2, SWM-3, SWM-49] ojn| e @ A= Z42F 69.3, 343, 624, 45.0 mgh O 2 A
AL, BL, CL AlE79 =7] ofr| e d A FHFRT Egkon, 50TCoA mds 3 & 43 v}
o] A o}nl ghaFo] 1457, 1183, 1451, 108.1 mg/kgl & WA Wokw 21U A4S AX Fof
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= 717} 8349, 9414, 11417, 729.1 mg/kgEA THE AL, BL, CL A8 BT} S9ith o] 2L mF
AYE AR B4 2UE S FEHOZ 50T 25 ZA3toA HlFS = v Ui SHd=
FaFs FA &7 "ol et AR o=,
¥ 36. SWM modelol| oJ&) Axd D7 AAEF o3tz T4 EA
Group Item 0d 12d 21d 90d
pH 6.63 4.88 4.98 492
SWM-1 A AL
(B1) (61.113] NaOH M mL/g) 0.37 2.63 2.20 2.87
obn] = e A A~ (mg %) 69.3 332.8 374.0 548.2
pH 6.50 5.88 549 513
SWM-2 AR AT
(BLM1) (61.1131 NaOH ¥l mL/g) 0.23 1.07 1.47 2.63
o} m) - B} A 4 (mg %) 343 254.1 3374 528.8
pH 6.40 7.95 7.60 5.62
SWM-3 AR A
(B1+M2) (0.1131 NaOH 2 mL/g) 0.39 0.40 0.60 2.63
o} w] = 8 2 4 (mg %) 624 466.2 528.4 686.5
pH 6.36 511 4.92 6.60
SWM-4 AR AT
(B2+M2) (0.1131 NaOH 2] mL/g) 0.35 1.70 1.87 1.54
obr] = B A 4 (mg%) 45.0 286.1 3294 576.7
o 28 o] mE vloloAd ofFl g
Htol @ A9 o}¥l(Biogenic amines, BAs)& A i3t 2F 9 frEjolr|igto] A =&
WE, 54 HAA BBy At BHoR ojvlicie B fgow AAHE B
libEolt), vlo]AlY olfle A{AE, YEAE, SFAE EEF, & OIS AF T
= o] Th(Askar &Treptow, 1986; Brink &, 1990). H}o] 2 A9 of¥l A7 AHAEE= v E
< Bacillus, Lactobacillus, Pediococcus & 22 &°] Jom, ofAlo} Tpekst AF da 2 FoA

S vlo] A9 offlo] AZH1 Yt} (Stratton 5, 1991; Chin & Koehler, 1983; 2] ¢F4). H}o]
A ot AABAH] don, AF mAEd I FIHo HEEE ALHI|E
nio] @AY ofrle] Ao thgk &l A== Bluw e Holu, o AFH Al dAE s
T Utk I viol Ay ofrlo] YA EHH Aoy ol o I H A &7] wFol AF
Az ol A e ZFaA7I= Aol Faosittal dHA AU

A% AR+ Bacillus, Aspergillus, 2t 2 ERE9 EFZQ A HAHOZ o] Fofxq .
&5 AZE proteases FA 0] E-S Bacillus®} Aspergillus 0.2 @A 3ol w2 F& 7

_73_



FEAste AHe AAH, HHT S 2 o HAEEY 43 A o3+ Tar} o
ol biogenic amines®] A4tE7] A Fg 2otk HAAE 20061d =W & L=
Z°l biogenic amines X & FAIGE Ay MEH AT FA9 putrescine FFS 99.6
- 1453.7 (B 462.6) mg/kg, histamine 260.1 - 952 (¢ 569.4) mg/kg, tyramine- 284.7 -
4143.7 (BT 669.5) mg/kgoE FIAE0] T2 AFSE 3459 A Frted HHHo=Z A
=3, O vgo® EA A, Aoy A, AU 3, ddia 84 oA (Cho et al,
2006). HtolAle olvlF T 3|Z=EMRl ol A= EUR vl=olA #d 7|0l AAT, &
Ztebo] 9 X FxH 3l 500 ppmeolstE FASIL Aot AT HE 4,
2 54 AAA AdH ez YHE= Hlol Ay ofvlol thsiM = o2 W& ZE2 ok
Ej

AR 714, B4, A% SolA BAHE ol oA ohme] gL 4

1
o 2
N
N,
E=

o]
&7 =49 A7|7} Yt Fo] obd Aow AT duk (2)ekd, 2010) AT, 2 oF

mebA B Ao 3 TS fle) Ay el WmE R AAFY vtelAlY AP FS
AT (F 37). e BF AlAFNA histamine, serotonin, dopamine, spermines &5
A FAY, 10 mg/kg °©ldtRa, FE HE5H+E 22 tryptamine, phenyethlamine, putrescine,

cadaerine, tryamine, spermidine ¥} tyramine©|lth. W& 7|7to] F71E4E Hiol Ay ofFl

o hEode FUtet e, 7o) ¥ Ades FHE a7 28 2=
E2 0] 27] HiolR AY ol R{ 3gEe] o] Bherw, W wE x| 2ES AAS

rr

Zlo] ntgAsitta AgdE AT, (AgEdT 2, FF A=)

3% 37. Model® Azx" A4 AAZFY vto] Ay olvlF{F 3gHE (mg/kg)

Group od 22d 33d
AL-1 (B1+M1) 587.6 - 885.9
AL AL-2 (B1+M1) 1830.2 - 2129.2
AL-3 (B2+M2) 14929 - 2455.9
BL-1 (B1+M1) 682.9 1532.7 -
oL BL-2 (B1+M1) 7604 11414 -
SWM-1 (B1) 145.7 834.9 -
SWM SWM-2 (B1+M1) 118.3 9414 -
SWM-3 (B1+M2) 145.1 1141.7 -
SWM-4 (B2+M2) 108.1 729.1 -

_74_



°]-&

=

=

A AfEEAOR A

9

SAAE JAYHAT. AR DAAAFH o]

s

focus group interview (FGI)oll ¢

[e)

T

3T
=3

EEs=E WHew

3

S

2 Alzd 87 AA

Al Azl o

€71l =ot

0] Qe A7) §716 ol

my

il
o

)

B2+M2 (SWM-4)

1.

ko3

T

SWM-12} %
90Y %43 SWM Al A =29

BI1+M2 (SWM-3)

}

°
pal

2o AlRolAM 4T HAZE om o] o

L —

| By

BI+M1 (SWM-2)

2 9ol 3%9) FEE 4

F e B AR F oA
23} (Consensus profiling) ol <]

Bl (SWM-1)

Sensory Attributes - Flavor

A A F

°

v

A Al

il

e}
T

0.

|

Zl
38.

®

H A

]

=

B
70

B

Mo
ol

T

~

Nfo

B

NO

!

=%

~

Nfo
W
aﬂ
70

&

B

A ok

=

A

=

7hehd

B

3
2

o] 2](Z o)

Al ) 733k

A ok

~

Nlo

=n
N

N

Nfo

ZhehE g A

Nfo
=
&

Sensory Attributes - Taste

~
Njo
=
o

B!

TR

N
=

ol
N
=

)

ol
o

™

o
N

=
;o\_

B!

!
o
=

)

o~
Nlo
=

o

!
o

=

!
o

=

Nfo
™
o

B!

o ek

2=
pu.

TR
70
™

2

ol
N
=

el

N

o~
o
=
H

ol

}

TR

NO

=

ol

=

1

ol
N

=
<7

!
Nfo
=
ol

B!

~
Ko
=
e

~
Nfo
=
ol

B!

o~
Nlo
=

)

o~
Nfo
=

)

Ak o

~
Ko
=
Tor

™

TR
_/O
=

%)

ol

o

=

_75_




AF BFoEAe Fu AN AAAE B A/t DAt et A4S W F
Y1 (12-DJ-DD-15), Y2 (12-KO-DJ-4) Y3 (12-SW-DJ-3)
SWMAI 2ol A7kste] olmlel s, pH, A4 Aol WslE st

mlm
i
it

xR MR 3 F AR Wshe o o4 YojupA ghetin BHk Bk (F 39, 40).

¥ 39. 8% H7lo uE SWM-1 A 89 o|3szx £z EXA

Group od 7d 14d 21d 28d 32d

SWM-1 492 510 5.02 4.99 5.03 5.06

SWM-1-YI 5.0 5.02 5.41 5.64 5.67 5.89

pH SWM-1-Y2 482 6.87 512 5.8 5.40 5.47

SWM-1-Y3 481 483 5.21 521 5.48 5.73

SWM-1 2.87 355 3.85 355 323 3.93

A A= SWM-1-Y1 270 323 2.72 2.68 245 2.72

OIN NaOf = swMaya 299 3.06 3.03 260 259 3.03

SWM-1-Y3 279 3.05 2.92 2.82 2.64 2.81

SWM-1 548.2 639.8 638.2 699.7 614.6 766.7

o] El A A SWM-1-YL 5229 648.2 574.3 650.3 628.6 709.1

(mg%) SWM-1-Y2 4774 539.0 1417.3 543.3 569.8 609.0

SWM-1-Y3 4648 1497.7 560.7 590.9 558.6 583.6

SWM-1 0.762 0.716 0.723 0.728 0.718 0.717

JR. SWM-1-YL  0.769 0718 0.730 0.723 0.712 0.733
T =E 0 -

SWM-1-Y2 0.770 0.749 0.739 0.726 0.715 0.747
SWM-1-Y3 0.772 0.755 0.733 0.728 0.717 0.742

SWM-1, Bl; SWM-1-Y1, SWM-1+Y1;, SWM-1-Y2, SWM-1+Y2; SWM-1-Y3, SWM-1+Y3
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40, 5 FHUbol ©E SWM-2~4 Al79| 0|3z 4 E4
Group 0d 7d 21d 35d 42d 49d
SWM-2 5.44 4.72 5.04 5.61 5.29 5.31
SWM-2-Y3 5.38 5.02 5.09 5.59 5.31 5.32
SWM-3 5.63 5.98 5.83 5.99 5.77 5.58
pH SWM-3-Y2 5.82 5.68 6.02 6.13 5.84 5.92
SWM-3-Y3 5.95 6.07 5.95 6.05 6.51 7.12
SWM-4 5.95 6.03 6.41 6.41 6.62 6.56
SWM-4-Y2 6.24 6.18 6.17 6.86 7.39 7.24
SWM-2 2.16 2.63 2.31 2.03 2.25 3.79
SWM-2-Y3 2.28 2.65 243 227 2.93 2.79
A A SWM-3 2.33 2.02 1.68 1.95 2.39 2.46
0 B gf?g SWM-3-Y2 2.51 232 1.83 1.91 2.37 2.13
SWM-3-Y3 2,51 1.95 1.95 2.01 1.78 1.22
SWM-4 2.10 1.76 1.80 1.57 1.40 1.60
SWM-4-Y2 1.96 1.83 2.26 1.36 1.25 1.32
SWM-2 551.5 507.3 462.3 577.5 558.6 4844
SWM-2-Y3 562.8 476.0 4774 595.7 653.7 623.2
bl e e 2 SWM-3 7224 765.1 740.6 741.8 763.0 735.7
(%) SWM-3-Y2 706.3 736.1 765.8 786.1 760.2 798.7
SWM-3-Y3 767 4 727.1 738.2 777.1 838.4 764.6
SWM-4 542.6 534.1 634.9 648.1 628.7 653.8
SWM-4-Y2 512.1 575.9 639.1 759.1 815.3 810.3
SWM-2 0.762 0.762 0.745 0.738 0.719 0.734
SWM-2-Y3 0.769 0.769 0.742 0.733 0.721 0.721
SWM-3 0.762 0.762 0.726 0.719 0.710 0.691
FEINE  SWM-3-Y2 0.769 0.769 0.724 0.704 0.700 0.683
SWM-3-Y3 0.769 0.769 0.721 0.719 0.703 0.718
SWM-4 0.762 0.762 0.734 0.755 0.752 0.726
SWM-4-Y2 0.769 0.769 0.740 0.749 0.754 0.728

SWM-2, B1+M1;, SWM-2-Y3, SWM-2+Y3; SWM-3, B1+M2, SWM-3-Y2, SWM-3+Y2;

SWM-3-Y3, SWM-3+Y3; SWM-4, B2+M2;, SWM-4-Y2, SWM-3+Y2
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FL model Z}Z} AddE M mouldE 53 HES & moulde 30CAA 2¢3, Al
L 30TCAA 1€ &5 wYg &, 4 34T DS dRYoH S olF #AS HaslsH]

T Axd I Bk A 2EaTH

o
ot -
o [

o & A7t ¥ HF 571 8% H=

mould Wa ZL& 912 sl E3Ete], AA TA
5 A& FUske 25T oA SRS (O™ 25).

«<Group V-FL model>

Mold EE Mz
Activation : PDA, Activation : B & HiX|
HE : & S| 0.1%, 30 °C, 2days HE : 5 2AHOH 0.1%, 30°C, ldays
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1) =4 5 F4 ¥

FL modelS &3 Alzxd HH AAF F4 24 3 483 2o Z A5 FL-1(B1),
FL-2(B1+M1), FL-3(B1+M2), FL-4(B2+M2)2] pHE B AF 624, 6.35, 621, 6459014, &4
71Zke] F7bell whek dopxion, AAH Axe 54 7|te]l FF E4E FUFskAT obveH

da G sS4 7170 SIS SUske], 259 L& F FL-4+ 350.7mg%7HA S7Fet AT

¥ 43. FL model®l 9al AzxH FHE AAFS 4 54

Group 0d 14d 25d 40d 63d
pH 6.24 5.64 5.47 5.72 5.09
A A= L14
- : 1.42 2.36 3.31 1.59
FL-1 (0.IN NaOH 4B mL/g)
(B1) obr] =) A 4> (mg %) 144.9 248.4 223.9 266.5 385.0
TESLE 0.836 0.784 0.771 0.746 0.771
pH 6.35 5.61 5.35 541 4.73
A A= 153
R . 1.62 3.03 1.86 231
FL-2 (0.IN NaOH 4H] mL/g)
(BIEMI)  opp) g A4 (mg%) 135.2 273.8 307.3 311.2 392.7
TFESAE 0.817 0.786 0.777 0.77 0.761
pH 6.21 5.52 5.46 4.95 4.82
A A= 054
- . 1.49 1.65 2.36 2.28
FL=3 (0.IN NaOH 4¥] mL/g)
(BI+M2)  opm) g A4 (mg%) 79.0 194.0 275.2 332.7 380.1
TESHE 0.807 0.781 0.775 0.763 0.749
pH 6.45 541 5.24 4.80 4.50
A A= 0.67
. 1.55 3.88 2.50 2.64
FL-4 (0.IN NaOH 4¥] mL/g)
(B2+M2)  o}m) v e 2 2 (mg %) 1033 3062 3507 5621 4564
TFESAE 0.806 0.784 0.776 0.766 0.743

* Group FL-1, B1; FL-2, B1+M1; FL-3, B1+M2; FL-4, B2+M2
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= dHos WA WAgEoRs dude B4 #d o84,
B Luk A F2

e =

(7h &HA gl ZAL
AP F7EeE dide] AniA Hdde] Exn 9 H&A}é}% B4% Avtes ¥ 4 2 a9
263 2o} wdde] A¥-e 20t 707, 300) 257, 40t 39, 50t} 2WoZ F 1009o| o,
0-30th7F 95% 5 =tAeATE 7 AdA a8 & "Hdste 4 S 24903, dFUol| ofH
AAAAE At G F2 AYAAE oA & ATk vE o] & Hlx
ghio] 427, 3k 2ol 2-3Wo] 27 02 gkt ®Ae o] §AEE 50% ool BFE vl
A FYEE, 32% 5 FHAAM AFTE B, AL 32(22%)01 671L(22%)o sk gtk
3 FEEAT = "2 FulA g mEshe AFS he0%), 959 942 (20%), HAE=
g &l mA S nfeyy, IF

A717k 31%, Aek=rt 28%, A=t 19%,
2 Uyt B anz 735 A= B dA7gAe 29l e A ity =@
Sl Ik Ao 2030THe] HF WH G 5T F AS Ao AAAT

| d e FujdAE EQE w 474 tExTE ATE prototype BES M Wol A
F3tR}a, I o] B1+M1, B1+M2, B2+M2 =S 2 ey, AR AAFF BI+M1 SFUE

A& 9] iil‘—;ﬂ 7V =9kt

1‘
Hir

=

T 44 B AAF Al itk v sde) 2= gl Ik AR

SF = WIS () BWE-S(%) s & e (d) MES(%)

o 13 13 o 24 24
PR=: =

g o 87 87 L ol 76 76
20TH 70 70 o}z (03]) 67 67
o] 53 30tH 25 25 °o}3(1-33)) 21 21
= 40311 3 3 o} (4-73]) 12 12
50 2 2 Al ALzl = A (03]) 64 64
2] & ER 24 24 h “‘5 HLQT 4 (1-33]) 33 33
TH A 76 76 /) A A (4-73]) 3 3
12l 7 7 9 (03]) 28 28
7}% 2%l 8 8 9 (1-33)) 44 44
S92 3% 24 24 A (4-73]) 28 28
ST 49] 50 50 20?}%01*8} 59 59
521 9 9 509+ o] 5} 12 12
62l 2 2 o 2JAEH] 909+ ©]3} 9 9
1005+ OVJ 3 3
BE 17 17
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A AAF F prototypedll Al EEl® Fvo® AxH BI+M1 "Aol 7HE ®9kil, Atk&ol

B1+M2, B2+M2<=o] i th.

F 45 BAANAFOE 2AE AFT A0A V55 A
V5% B1+M1 Prototype B1+M2 B2+M2
Al 430+1.25° 492+1.17° 410+1.20° 411+1.21°
& 4.41+1.39"" 4.64+1.34° 418+1.37" 4.26+1.29"
ot 3.66+1.53" 453+1.47° 3.40+1.45° 3.23+1.54
o] 3.84+1.51°" 4.19+1.50° 3.71+1.62" 3.82+1.49"
ARk E 3.93+1.51° 4.66+1.41° 3.66+1.44™ 3.39+1.49°
= B1+M1 Prototype B1+M2 B2+M2
AR = 3.52+1.23" 4.96+1.28 3.29+1.17" 3.17+1.29
AFHAF 4.48+1.31° 451+1.58 4.01+1.47 3.75+1.42"
A5k 4.00+1.39™ 4.33+1.46" 3.77+1.53™ 3.48+1.38°
o|H A= 3.34+1.34° 3.32+1.50° 3.51+1.59" 3.57+1.54
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17 (1 day) |
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J/X

o F (50kg)
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e]
el

N

(250x180x90 mm)

1 (M)

PDAH|A]

BA4E AA < 50¥
Activation

e)
=
>
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i
N 32
o =
% o
S S
= %
o
NS
No =
)
NS 2
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% 3
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(507, 3 days)
(30°C, 45%)
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@ 402 ARS Az BH
date TS S5 Tl 01%% HFst T3] I S = dx, Eisto, /Hl;*
G5 e A igFET FFo] HlGFES 28E 41, AgES T 957 8~10%7F HE
E3ete] 25ColA 8~10F HiFstH, E4 Ax7F 7bssith AldRbS o] &3t A ZA| ‘E&E
L£57F =217] "o 10575 s/4do] Hojof gt
o+ (50kg)
41 (M) 7 11 (B)
| Al H/3A (@ day) |
Activation Activation
PDAH]A] in FEWA
%<4 (100kg)
(121°C 40min)
22 53/ 2A
TH/S © 30T, 1 day W%
(0.07~0.13 in saline)
iy
A ZF (0.1%) A ZF (0.1%)
(0.2L/20kg) (0.8L/80kg)
vy <F vy <F
(30C, 2 day) (30T, 1 day)
A % (10kg) 7 = (40kg)
(15~20C, 2 day) (15~20C, 2 day)
g 4 a4
|
= (29
(M:B=10kg:40kg)
e (AT 95 9~10%)
(&5;9~10kg, =; 50L )
2E <4 100kg
(25C, 8~105)
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- Toxin gene profile and growth characteristics of Bacillus cereus isolates from Doenjang
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H o6& AF/HTIFZOM +Het oflutstr|=s8E

rr

Ejo]7] o]xgbEoA 2012\ 9¢¥ 3YRE 7U7HA A FH
Food Micro 2012"0 ZA{ste], & A o] AFAAE Txsta, HEAF A7 5F &4 2
AEE #*‘O]'Oiu

"International ICFMH Symposium

Food Micro 2012+ v‘jdx]odoﬂ/\i 2= AF M= B9 st = 29 nig jHEY (OH
Fzx). o] AEZA R “Global Issues in Food Microbiology” 2= F#| 3kl Global Food
Safety, Food Fermentation, Bioprotection, Food Biotechnology ol #gt A7 5 9 A3}
T,

<2E #d F8 UE& >

AE ZEe A AR d7HoeE adHd BE SA4S FES7IUE Culture

independent WW, HHE2AFAA FFo] Zxd U =EFL H2A3E]9EM]  synthetic

receptors  Ab83te W Fol AJGHAUSH, antifungal lactic acid bacterias o] &%

biopreservatives 5° W&o] EHUT EF BE 4 LAIA B4 AA T TrFEA |

slel= 24 shollA o] WlT o AdS A5 Az E9D=E "Conferm'o] &7) & AT

T3 YUda 2AS HIAA LEUAYES] TE EAS WHEAI= WHI substratostat,
L &

=
St WHE A7) E AT

o Culture independent methods to assess the diversity and dynamics of microbiota during
food fermentations

- Culture independent methods= H33F H|AE ecosystemsS A737] 93

O 19908 & BAAR A=A Hgow ARE F AF HE sk v

E A7 A8k AF mAES okl A&H AT Denaturation/temperature gradient

gel electrophoresis (D/TGGE)& H 7Hg Bo] 85 7|<solH, ]9 single strand

o
o

o
T
o g

ofy

8
T

il

conformation polymorphism (SSCP), terminal restriction fragment length polymorphism
(TRFLP), fluorescence in situ hybridization (FISH) 5% Ar-8% 3l 9tk DNAS RNA &
Aol S € BAESH A7t TEAFANA A3 vAETY profilinge A%
target O =4 F T A3 o2 HiuEI . 3—3 culture independent W2 2}A|
t} sequencing procedureEA] F-Z}Eo] FHom, Ao 2 Fo|A  microbial diversityE

239 S99 Yo A f83ieh

_89_



o The uses of synthetic receptors to reduce exposure to mycotoxins in fermented foods and
beverages
- Mycotoxin L@ YIS F4EY JHAE "Hojmgla &8 ARedE ¥ FFS
=T Mycotoxin &S H 43817913 F2] WL feed additive® binding material
< AH&Ste Aot &4 TRE2HEH F4&E A6
BREA AFEHJUAR, HZToe dAH=ZEE WAHIL Yok Molecularly imprinted
polymers®} cyclodextrin-based polymer (cyclodextrin polyurethane polymer)s< 4
A= ¥ g@esta, FERA Gol #2 Al FEo] FFHULH, SEM &4 A3
et 2719 channels 7}FA& smooth surfaces 7FAAL §lo] AlA E&5 £ o=
WA, HAA 1 FRET SIS Aer odET

e
md
rlo
lF ]Ilo{r
L
2
N
N
off
>
i
Jm

o "Conferm"-a new tool to predict reduction of pathogens during production of fermented
and matured sausages
- @A AAAANA AFSEIL A= Salmonella®t ol ™k growth model? non-thermal
2de JaHor FERIAPE, sodium nitrite, pH, 5 59 static Tl FHE T
Atk Y TEE LAATE AEE $¢ ASAH R WHEkste Wi RS 25 W3,
% dynamic condition 3tellA BWHHY A4S 0115—5‘}7]*?45} Aok
"Conferm" E&o|th thiie] LaAFS AR
A &Aooz WMelslr] wFo| o2 o]# dynamic condition ol A
g i B &8 S7HE Aot
o Effect of nutrient depletion on parietal adsorption activity of Saccharacomyces cerevisiae
selected for winemaking
o The substratostat, a novel automated and continuous fed-batch approach to fermentations,
and its application in enology
A Fo| A HEar A E S multifunctional 7|5 #3 AFE F8 & 3|9 Fa FAAG F
= o

3T
=
2btE2] probiotic 715 ©]€] 9, immune regulation, Bt #H 75

@]

Modulation of host micrbiota, immune regulation and obesity related gene expression in
a murine model, following dose dependent administration of putative probiotics from
traditional fermented foods.

o Multifunctional Lactobacillus casei strains as probiotics and cheese adjunct cultures

E AFS Fr] L EE PHS A T A ol nARE o g3t WA WS 1A
& PPAIE RoplAE Be 477} ol FolAT YTk oSk HlEe] WEAFS by B
k= B AT At BEAAU
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o Increasing of y-aminobuytric acid production using a combination of two lactic acid
bacterium strains
- The use of Lactobacillus acidophilus and Lactobacillus casei cultures in the production of
cabbage-carrot pickle fermentation
- Inhibition of Bacillus cereus growth by bacteriocin producing Bacillus subtilis strains
isolated from maari, a baobab seeds fermented condiment is substrate dependent

- Influence of yeasts secondary flora on Stilton blue cheese aroma production

< €79 TE 4F 24} >

A
A
aly
o
)3
o
El
Hl
N
N
o
X
=
i)
%
e
2

BF7F vk 53] “ApAe] groletn B HAe
BF 2HA(Raki)7h HEA T o] &L WA (Meze, B9} o & el AT dFEL FH
= =

nEE el BEAAE ¥F E4Ul 45E AR 53 42 29 BA 988 ol A
Al Beta g

obA & 4Fd FFw(Tursusu) © F-uebe] ool B3 Zlor Qo] BEntE, 115
T2 o] &ste ot AYAIY E mtEA TR Al Fo]

< Turgusu, pickled vegetables founded all over Istanbul, Turkey >

FAFOEE A29 F57F Aok HIIY A== White A&, Kagar A=, Tulum X &,
Mihalic (Kelle) 2, Dil X%, Cerkez X2, Civil (Tel) A2, Van Otlu A= So] glomn,
Aol F11, AA| ¥, Frg¢d AH3 FAer

olo]gh(Ayran)o] Ut ofol@2 WAEH QFEEE EE Mot LAgH IS ¥ U
TE8o|th ol x Hd, & = A

e &% Ay & F 53 A He s ALgSEoIt .

e e
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< Turkish cheeses in Istanbul >

g7l 2ol wis 3 Aoz dEAq glon, of 2 o]gsty UE WE AAZCE 1
Sttt ol 29 (Ekmek, dHEA<Q1 3 ) T e(Pide, F2gt W), AP ESimit, & 1 =4 %)
B Bosrek, MW2Fe]) T GFT MRV AoH, 53 AvE= ALY JMEAMAE AF &
T de A= ¥o.

~

< Turkey sausage found in mark and traditional market >
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o ARAA L dEAAE T HIFHSE A SW-37(Bacillus  subtilius),
KOSM-11(Bacillus methylotrophicus) ¥} =%0] DJSW-31 (Eurotium sp),
DJKO-35(Aspergillus sp) 4= A3t A Tt

2. AgelA A8T ale] FF EF ARFS AA, MFHHE Az T A L
2 geel 7 A% AT EFS AZT LTFE PR Az F 879
AEe WEo] FAWHE =439

ol MFPEE AxE 4709 BHAERE FAYI} AT 409 ARFE BF A5
FozAe FATFAS BT WEHAL I SeAt AF 239 FPo) 258
ol g3tel TP 2o AEVFL AXT & U Bl

WEy 929 eiFd 949 guamic acid FENT A WFFEE Gl $5
stk HFMFY BFe AxFYY TEATHl O e T Ao AnH

7V HEH R A A SW-37(Bacillus subtilis), KOSM-11(Bacillus methylotrophicus)
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SUMMARY

I . Title

A study on the Process Development for Commercialization in Traditional

Doenjang.
II. Objective and Necessity

1. Objective

The objective is to reproduce Doenjang’s own unique taste by using newly strains
isolated from Doenjang that has been collected nationwide and furthermore to

develop how to supply that strains for mass production of it.
2. Necessity in research and development

Soybean processed fermented food include soysauce, Doenjang, Gochujang and
Chungkukjang among our Korean traditional food. All of these foods fermented by
strains are internationally noted for its own nutritional excellency, preference and

functionality.

The study on the strains involved with the fermentation of traditional Doenjang has
been conducted a lot. But Doenjang product domestically produced depended
heavily on the old version strains and technology invented by Japan. In terms of
that there’s need to continue research and improve the traditional Doenjang that fits

into our preference.

We can say there’s very few case to apply the systematic and reproducible quality
control system as well to make traditional Doenjang higher quality, as a result of

study on it.
This study is conducted to standardize the making process through the advantage

of selected superior strains and how to supply it so the traditional Doenjang’s own

unique and deep taste can be reproduced and then applied into food industry.
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IM. Research Contents and Scope

1. Quality properties and process analysis on prototype Doenjang.
Doenjang collection in nationwide scale and investigation on its own quality
characteristic

(1) Moisture and salinity in collected Doenjang product.

(2) Crude protein, lipid and amino-type nitrogen for collected Doenjang

(3) Measuring color and amino acid content in Doenjang
Comparison by analysis for making process of traditional Doenjang.

2. Process development for mass production
(1) Superior strains isolation from Doenjang
(2) Strains selection that’s specialized by decomposition power for both
protease and Amylase
(3) Doenjang making and investigation on quality attributes by wusing the
selected bacillus.
- Analysis on moisture, amino-type nitrogen and salinity of Doenjang

(4) Making trial of Doenjang through single cultivation and mixed cultivation

3. Mass cultivation of mother strains and development on supplying
technology
(1) Optimization on mass manufacturing parameters of Doenjang by using
selected strains
- Making trial in production scale of Doenjang
(2) Investigation on quality attributes change during Doenjang fermentation
by using selected strains
- Analysis on moisture, amino-type nitrogen and salinity during
Doenjang fermentation
(3) Development on supplying technology of mother strains
- Investigation on the growth characteristic of selected strains.

- Establishment on manufacturing parameters for starter development.
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IV. Results

1. Quality properties and process analysis of prototype Doenjang
10 kinds of traditional and modified Doenjang were collected that're famous for their own
outstanding taste from nationwide and investigated in quality attributes.
Moisture, amino-type nitrogen, amino acids and color difference that determine a product

quality have been conducted and quality attributes were clarified.

Compared to modified Doenjang like HJD(448.2mg%), HJ(352.6mg%) the traditionally
made one showed higher level of amino-type nitrogen. This is because the
traditional Doenjang such as KK(861.3mg%), SW3(926.3mg%) made from 100% of
soybean has higher than the modified Doenjang in amino-type nitrogen by
proteolysis while the modified Doenjang are made from soybean mixing with wheat

flor and rice.

The difference between traditional and modified Doenjang : Firstly, traditional one rely on
the fermentation way by using Meju (pillow shaped steamed soybean cake) while the
modified one depend on the other process that single or mixed strains ferment the mixed

materials.

Secondly, the traditional one has the fermentation room with little success of controlling
temperature and humidity meaning ununiformed quality control.

The modified one is fermented under fermentation room(controlled air temperature and
humidity),which enable to adjust the optimal growth condition of fermentation related

strains and to take shorter in fermentation ageing and to perform even quality control.
2. Process development for mass production

101 kinds of strains isolated from the traditional Doenjang have been selected
through clear zone size to screen the strains that have higher decomposition power

for both protein and starch.

Five kinds of bacillus and two kinds of mould were first selected in combination of
subsidiary projects like sensory chemical analysis and enzyme activity and then single or
mixed strainss from first selected strains are planted to make 17 kinds of Doenjang samples,
Doenjang are ageing by fermentation, evaluated in quality and found to have a big quality

difference according to the characteristic of Doenjang samples group.

With cooperation of subsidiary projects SW-37(Bacillus subtilius), KOSM-11(Bacillus
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methylotrophicus) and 4 kinds of mould like DJSW-31 (Eurotium sp.),
DJKO-35(Aspergillus sp). have been finally selected.

4 kinds of mixed strains used for production trial were firstly planted into Meju
form and secondly planted into soybean grain form to make 8 kinds of the samples

group. After that, the change in quality are measured.

4 kinds of Doenjang samples manufactured in Meju form were evaluated in quality.
4 kinds of samples group that’s considered a traditional Doenjang met the quality
specification and showed the excellent taste and flavor and expected to contribute
to make the traditional Doenjang in various combination of two kinds of bacillus

and two kinds of moulds.

As a result of comparing the glutamic acid contents between Doenjang in Meju form
and the other one in soybean grain form, Doenjang in Meju form was observed to
get better results. Doenjang in grain form is considered to need additional drying

process and crushing process in soybean.

3. Mass cultivation of mother strains and development in the technology on how

to supply.

Growth condition for finally selected 4 kinds of SW-37(Bacillus subtilius),
KOSM-11(Bacillus ~ methylotrophicus)and ~ moulds like DJSW-31  (Eurotium  sp.),
DJKO-35(Aspergillus sp.) have been established.

As a result of making trial for media suited to two isolated strains like SW-37,
KOSM-11, soybean extracts and 0.3% of yeast powder substance were found to

show the best growth activity.

In order to achieve more activated supply for two kinds strains like SW-373%
KOSM-11 the growth activity after freeze drying was observed, as a results of that,
SW-37 showed better growth activity than that of KOSM-11. But both of strains
were detected in the rate of 9-10 log cfu/ml, which enabled to supply them in the

form of liquid and freeze drying.

The result on whether the isolated strains showed the activity according to the
change in cereal media has been monitored. As a results of strains cultivation
according to the change in cereal media, DJSW-31 was found to show the best

activity in a rice, while DJKO 35 in a barley, representing 9 log cfu/ml.
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As a result of storage activity for two strains cultivated with cereal media, both of
them were found to show a good growth activity after hot air drying and freeze
drying and consequently, the strains treated with hot air drying are recommended

to supply in terms of considering operation and cost saving.

V. Achievement and Application Plan

Chapter 1. Achievement
1. Technology consulting
1) Participation company : Processing factory in Seowon Nonghyup

Title : How to use in bacillus and mould for manufacturing a traditional
Doenjang and how to perform quality control.

2. The plan for applying patent
1) How to manufacture a traditional Doenjang by using an excellent strains
- The plan for applying patent on how to manufacture a traditional Doenjang
by using two kinds of strains like SW-37(Bacillus subtilius), KOSM-11(Bacillus
methylotrophicus) and two kinds of mould like DJSW-31(Eurotium cristatum),
DJKO-35(Aspergillus oryzae).

Chapter 2. Achievement Application Plan.

1. First, we plan transference of the techniques for participant business, secondly,

planing transference of the techniques for business related company
2. Contribution to produce various type of traditional Doenjang and increase sales
volume by transfer the technology on how to select the excellent strains to the

industry.

3. Contribution the activation in the local farm industry through product variety

using soybean materials.

4. The likelihood for small firm to participate through scientific approach in a

traditional fermented foods.

5. The likelihood to achieve and spread the excellent strain involved with making

the traditional Doenjang’s own unique taste
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3 & 01 N HC&o g2 AAs Av]"H 0.1 N HCY mL+E FH4LE 3451
F= T3FA.(20)

o ofm N H4

ofml 4 EAe 22T AAYPES ol &tk AAH Y 20 mLol FFF 80
mLE ¥ t& 01 N NaOHE H7lste] pH 847bA] =d3 & T4 x=2d
mLE Y3 A 0.1 N NaOHZ pH meters ©]-§ pH 847t A3t ojuff An|H
0.1 N NaOH mLE ©oFefo] Akl didste] 1 S A=3tuh oA7|dA =
14+ 01 N NaOH 1 mLoll si@3l= obv e 249 mgo] T} (20)

MN=EAY mL - 3AE mL) x 14 x F
o] = B & A~ (mg%) = x 100
A& (g)

2k FrEfotr| A2 4

A =10gel 85% oll¥HE 200mlE ¥l homogenizer® TAIEBOT EFolA
1000r/min, 5min)3 & oJ#stq AF(HE HI T A G FAbe] 85% olE-S
200mlE ¥ol #423} 3. o] A5 Ny F=5FH o] 84 A £Y ofFol
%% % Diethyl ether 70mlZ 33] A% & F&FS EJofFo 2 F 0IN HCOA=
pH 222 =43 % 200ml= A&t 0.45um membrane filter® A3 3+ F Table
1. 21122 HPLC(Agilent technologies 1200series)& AF&3t Injector Program S =

=43 (20

Table 1. Instrument and operating conditions for amino acid analysis

Instrument Agilent technologies 1200 series
Column Zorbox Eclipse XDB, 4.6*150mm,5um
Temp 40C

A: 20mM Na, HPO, pH 7.8

Mobile phase
B: ACN: MeoH: Water=45: 45: 10

Flow rate 2ml/min

Detector FVD : 338nm, 10nm bw, reference 390nm, 20nm bw
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zAe AAARuE TG Ze o3 WHO T Table 22ACT =AY
o

fructose, glucose, sucrose, maltose®] EFF<= 72t 100 mL& "W 2=F

gt To] A™ES] gol B 50 mLE =2 & oM EYEZRE 100 mL7FA] -t}

NE&d HA oF 5 g& 50 mL WlzEeh2=d FEs Do} & 25 mLE V)8t

UEHZE 50 mL7FA] A&t} ©]E 045 pm® membrane filter® o 3}
A g FFEAS 747 10 pLy FYJste 2 I
k=3

.
F Agede] dAe BE(ug/ml)E

Tk, t Aol ol AA F Fel FFH(mg/100 g)e AH=ETT(20)
axb 100
F 3 (mg/100 g) = S x x
AA AN ZHg) 1,000
S:AFEATe B (ng/mL) 324

Table 2. Instrument and operating conditions for Free sugar analysis

Instrument Agilent technologies 1200 series
Column Asahipak NH2P-50 4E
Temp 30C
Mobile phase ACN: Water=75:25
Flow rate 1.0ml/min
Detector RID
vl Aw

TEZ4 EF Nobasina(Aw-center, 229 2)FE2A4 S47]& o] &3t FAB AT

Ab A=
A =W 3= chromameter CR 500(Minolta, Japan)S ©]-83l¢] Hunter]
L(lightness) gk, a(redness)@t, b(yellowness)#k= S35 th

oh. #714
714 24 G- 54 ZHoE frles B F 24 Ede

2 A-83to] ICP Spectrometer(Genesis FES, SpectroAl, Germany)® 413} 31 T}.(20)

DN

rlo
Ll
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NBuj A o] &2 1M Fo] HEst] Mt 37CoNA 2443, FF0] 28C oA 484

b e F(120rpm)ste] HlgFH-S A EE (13,000rpm, 15min)ste] L2 A5

X

(2) AZ 54 Buls 54
Amylase #H]'5S R2A Agar(yeast extract 0.5g, protease peptone 0.5g,
casamino acids0.5g, dextrose 0.5g, soluble starch 0.5g, sodium pyrunate 0.3g,
o

dipotassium phosphate 0.3g, magnesium sulfate 0.05g, agar 15.0g)°l amylase’dd -fr
Z=E22 05% soluble starchE #H7}sla] Ao A 13tA 7)1, AE 2mmAEY 71

< S F WA 1/5uwE EFt] w¥e ¥ Gram’s iodine & (lodine crystal
0.1g, Potassium iodine 0.2g, D.W 30ml)S.2 HM3t starchw3 &S FEA3AT
1)

ﬁ

Protease &H52 R2A Agaroll 1% skim milkE #H7}ste] A-olA 18A 7],
F2mmA RS THE 2 F W 15uE T T F BAdS HF D

3t

pd

r°l'

s

3, clear zone<

3. g4

7}. Prototype B749] 3}8H2 F2 37}

(1) FE(%)

AFolA] FHE 105 ARG FESF B4 ARE Fig 1o deridch A%
A4 WFE ol gate] AESL AAZRANA olell} FepxaE §rlo] Yol wa
sqstoe sRdaassl At AREse] $EHFLS 51 - 576%744 Folt 9l
e 2 57 Al wEA g7k AR o7k 1, A=AE

i
oX
e
i
X
N
N
o
°
il
N
8 N

=
Tol #AF FABEE S5l AE
AEE #e Wk
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Fig. 1. Moisture contents of Doenjang collected from several regions
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Table 3. Water Activity of Doenjang collected from several regions

KK KS KM SW3 | SWI10 JB sU SCJ HJD HJ

0.77 0.80 0.78 0.79 0.77 0.85 0.75 0.76 0.79 0.78

Aot fEde ARAAET) v E 93
2 ASHEE 028~11.0%7+A =}po)7} wo)

Table 4. Free sugar contents of Doenjang collected from several regions

(9 %)

KK KS KM | SW3 | SW10 JB su SCJ HJD HJ
Fructose | 0.286 - - - 0.399 | 0.688 | 1.219 | 0973 | 0577 | 1.047
Glucose - 0.355 | 0.249 | 0.279 - 1.447 | 1.067 | 6.980 | 4.545 | 9.962
Al 0.286 | 0.355 | 0.249 | 0.279 | 0399 | 2135 | 2286 | 7.954 | 5122 | 11.009

7) A" 849 ov e d 4T
FRE B ol EdA FFS Fig 50 YT ATIFS oiF
100%AH-8-3te] Al =3t7] wjiEo] S AR o] oste] ofm| e A A FFeFo] JNFA AR
ot o MFAEde g 2MES &, giFE ol &
dgEe g dute ¢y 74 tto] AFEA Rue oSttt & 5 th
AFAQl HID(448.2mg%), HJ(352.6m
SW3(926.3mg%) 5ol =2 ot e dAs FFS Ho

aQ
R
f
o
A

o

z

Ao
= Zﬂ ol WjZolt & ‘Rl
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Fig. 5. Amino-type nitrogen contents of Doenjang collected from several regions

FHE f2F49 AEE B 93t Table 590 L, a, b2 YERYL. AEE

T 8tete] Hlwstr) 9t WHor B F2 A3 ZMAEES yEhd Aotk L
#e AR BEE UsWe Aol FA7} Fotd s ANqAFAA HeM Ase
Bl = Zlolal, aff(redness)e greendl s AMAJolA FA7F AAFE F24 AE

U
o A Yehe Aol

)
=
o
i
o,
=
rlr
PR
o
fru

T2 MZFAEZHD, Hj)ol i%*ﬁ“ﬂl%fﬂ ARG Yepdta & 4

FHE 2 Fol Lol /M & AL 51,6622 SCJAIEC AL, agto]l & AL HDE
7.61, b3k 20.22= SCJAIFo] 714 A YErS Tt SW10A|Fo] Adtd o= 713 of &
& 2o FAAALS YEY AT

>

Table 5. Hunter’s color values of Doenjang(L, a, b)

KK KS KM | SW3 | swWio | JB SU SC] | HJD HJ

35.735 | 36.72 | 3353 | 37.08 | 3242 | 4621 | 4387 | 51.66 | 45.04 | 4855

4.29 3.63 2.04 3.9 1.33 425 0.48 418 7.61 4.66

8.385 9.07 3.78 6.44 2.46 1414 | 1513 | 2022 | 1782 | 18.27

a/b| 051 0.4 0.54 0.61 0.54 0.3 0.43 0.21 0.43 0.26

Hao] FIEL gFoA FalE A FLFA FallE Az IA4 yE
Atk Dol FrE FFE Table 69 YEMAAT. SWI10, SUA BV & F71E &
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o] 54432mg%, 49872mg% 2 HkT FEEFLS KK, SWI0A B/} 40114, 4297.9mg% =
=AU A2 JB, SWI0AIE7F 129.65mg%, 124.3mg% = =}k <1 SW3, HJ7F Z+
Zt 439.74mg%, 439.64mg% = =AU H-L SU, SW10°] ZHZt 13.83, 7.9mg%h = =Skt

FHE Ao fFEotrx4t &S Table 79 UERAATH FrElobr =ik SW3,
SU, JB AE «o2 Folulwal 3ol  29637.8mg/kg  28299.07mg/ke,
27,262.65mg/kg =22 FA WENRI, F7Y AHE FFANAFTE glutamic acid
< SW3, SCJ, SUs=2 2 2,12048mg/kg, 1,555.04mg/kg, 1,536.84mg/kgc O 2 LEMR

o

Table 6. Mineral contents of Doenjang collected from several regions.
(&9 : mgh)

KK KS KM | SW3 | SW10 | JB suU sC] | HJD HJ

Na | 4011.4 | 3298.8 | 2785 | 2787.2 | 42979 | 2684.7 | 3765.3 | 3089.2 | 3420.2 | 35714
Ca | 9335 103.9 | 106.95 112 1243 | 129.65 | 854 93.3 93.55 90.5
Fe | 3.615 3.96 2764 | 4.075 7.9 4783 | 13.835 | 4.283 | 4.283 5.06
K | 5283 375.7 | 562.7 | 493.2 720.5 5377 | 858.5 504 602.1 499.5
P | 167.75 | 155.73 | 207.29 | 439.74 | 292.61 | 368.58 | 264.19 | 196.32 | 202.92 | 439.64
A | 48044 | 3938.1 | 3664.7 | 3836.2 | 54432 | 37254 | 49872 | 3887.1 | 4323.1 | 4606.1

Table 7. Free amino acid contents of Doenjang collected from several regions.
(%1 : mg/kg)

KK KS KM SW3 SW10 JB suU sCJ HJD HJ

AA
L-Asp | 751.27 0 952.71 1181.87 403.60 480.04 774.44 826.55 550.77 506.56
L-Ser 1559.68 | 3387.74 | 181145 | 4699.15 858.95 2288.41 | 3641.30 | 2617.24 2771.11 2035.73
L-Glu | 1384.07 9.56 1280.86 | 2120.48 557.68 421.82 1536.84 | 1555.04 1110.31 1026.37
L-His 504.14 | 3780.80 | 811.56 355.29 - - 549.12 134.58 172.89 289.83
Gly 139895 | 689.03 | 172141 1041.51 497.64 182436 713.47 76217 687.72 43719
L-Thr | 1536.95 | 375,51 | 199537 | 1567.95 666.42 221.31 1230.12 997.23 767.49 694.25
L-Arg | 8361.67 | 6503.80 1.20 - 891.58 - 3103.91 2804.59 1533.02 | 2489.48
L-Ala - 232.04 - 294097 | 146837 | 5858.07 | 1729.28 1829.18 1565.86 118.80
L-Tyr 643.15 484.40 697.14 871.26 265.07 2793.60 674.62 773.60 763.50 685.35
L-Val 2044.27 | 1570.91 | 2509.97 | 2332.33 782.75 251913 | 1887.45 1335.45 1194.60 | 1076.05
L-Met | 303.73 217.78 202.18 344.39 151.96 302.96 111.54 216.34 44234 129.75

L-Trp 149.94 24438 29291 417.62 - 163.39 283.40 175.78 - 145.97
L-Phe | 1266.34 - 1739.08 2389.32 468.80 1470.71 2146.50 | 1296.69 1655.57 | 1138.78
L-Ile 232619 | 1486.52 | 276449 | 2756.29 727.02 240628 | 2426.75 1392.62 1370.17 68.97
L-Leu - - 3630.21 3917.4 996.12 3233.58 | 460296 | 2227.59 - 2171.77
L-Lys 115 2196.13 | 3377.21 2702.01 | 1072.90 | 327899 | 288737 | 2455.36 1.16 35.04
Al 22,232 21,179 23,788 29,638 9,809 27,263 28,299 21,400 14,5867 13,050

*L-Aspartic acid, L-Serine, L-Glutamicacid , L-Histidine, Glycine, L-Threonin, L-Arginine, L-Alanine, L-Tyrosine,
L-Valine, L-Methionine, L-Tryptophan, L-Phenylalanine, L-Isoleucine, L-Leucine, L-Lysine
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(10) AFBFNA Held gz a284 v P47

(7h 289 AldRe E484 v
AN 29 A= E ]
ol Fig.62| clear zone=7|E &3&to] A3ttt Table 82 Alat79| clear zone =715 W

Aor Fed Al 10171 FollAl Amylase, Protease &40 3 #F5 ALs}7]
Asted MEZe E42EYE SAHE 53+ cdear zone X7} E AE o] E AL s}
AT} Protease &4°] & ASZE SOSM-11, SOSM-7, KO-31, KO-312, MCM-4 A|EE°] F&
FHES BEAY. Amylase /42 SW-37, SOSM-1, SOSM-20, KO-310, SWM-14E5°] £ &4
= YEATH

ol

Y

Table 8. Proteolytic and amyloclastic activity of the strains isolated from Doenjang

(Unit : cm)
Formation of clear Formation of clear
Isolates zone(cm) Isolates zone(cm)
Amylase Protease Amylase Protease

SO-SM-1 371 | 2675 1.88 KO-SM-9 A — 1.225
SO-SM-2 7471 | 1.925 1.93 KO-5M-10 A — —
SO-SM-3 271 | 1.625 1.8 KO-SM-11 A 1.925 29
SO-SM-4 371 | 23 2 KO-SM-12 A — 1
SO-SM-5 7] | 1.325 2.15 KO-SM-13 A — 1.1
SO-SM-6 A7 |23 2 KO-5M-14 A - 1.3
SO-SM-7 A7 |14 2.78 KO-SM-15 A — —
SO-SM-8 271 | — 1 KO-03-1 A 2.325 3.075
SO-SM-9 771 |13 1.8 KO-03-2 A 1.525 1.025
SO-SM-10 7] | 2325 1.725 KO-03-3 A 0.95 0.875
SO-SM-11 271 |17 3.175 KO-03-4 A 1.625 1.3
SO-SM-12 7] | 2.025 1.725 KO-03-5 A 1.675 14
SO-SM-13 A7 | 21 2.55 KO-03-6 A 1.25 1.25
SO-SM-14 271 |17 1.7 KO-03-7 A 1.975 1.425
SO-SM-15 A7 |22 2.025 KO-03-8 A 1.775 1.375
SO-SM-16 7] | 1.85 2175 KO-03-9 A 1.65 1.95
SO-SM-17 A7 | 1.925 1.925 KO-03-10 A 2.875 —
SO-SM-18 A7 | 215 1.675 KO-03-11 A 1.2 14
SO-SM-19 71 | 1.925 2125 KO-03-12 A 1.35 2.525
SO-SM-20 771 | 425 1.825 MC-M-1 7 0.85 1.975
KO-SM-1 A | 225 1.925 MC-M-2 sl 1.925 2125
KO-SM-3 A — — MC-M-3 7 1.475 1.75
KO-SM-5 A — — MC-M-4 7 0.625 2.525
KO-SM-6 A | 1975 1.475 MC-M-5 sl 0.9 1.45
KO-5M-7 A |2 1.325 MC-M-7 34 — 1.5
KO-5SM-8 A - — MC-M-8 7 2.075 2.5
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Formation of clear
Formation of clear Strains zone{cm
Strains zone(cm) Amylase Protease
Amylase Protease || sw-M-16 792 | 1425 1.625
MC-M-9 49 |15 1.475 SW-M-17 292 |16 155
MC-8-1 ARl 1.375 1.575 SW-M-18 72 17 1.475
MC-8-3 7Y | — 1475 SW-M-19 A2 13 1.55
MC-8-5 4d |12 245 SW-M-20 Zh2 |16 14
MC-8-7 ARl 1.35 215 SW-03-1 ZF22 |2 0.75
MC-8-8 2 |18 175 SW-03-2 7442 | 0575 0.825
MC-8-9 49 | 1725 19 SW-03-3 742 [ 1.65 13
MC-8-10 4 | 1.625 - SW-03-4 792 325 13
MC-8-11 g |14 1.775 SW-03-5 292 | 1.625 145
SW-M-1 g2 | 1175 1.55 SW-03-6 792 125 1.025
SW-M-2 42 |16 1.55 SW-03-7 2 [2.725 1.325
SW-M-3 4e2 |17 1575 SW-03-8 72 1375 1.675
SW-M-4 ZHh2 | 0.775 1.375 SW-03-9 92 |3 1.975
SW-M-5 72 | 1425 1.45 SW-03-10 A2 15 15
SW-M-6 Ad2 |14 1475 SW-03-11 72 [ 1.025 1.275
SW-M-7 dd2 |16 17 SW-03-12 A2 10725 1.225
SW-M-8 A2 | 1425 15 SW-03-13 A2 |26 1.65
SW-M-9 A92 | 1525 145 SW-03-14 A2 185 15
SW-M-10 492 | 125 1.525 SW-03-15 72 10575 1.025
SW-M-11 A2 |17 1.625 SW-03-16 ZF¢2 ] 1.025 0.9
SW-M-12 3d2 |18 1.475 SW-03-17 A2 | 1175 0.925
SW-M-13 32 | 155 1.55 SW-03-18 b2 |17 1.525
SW-M-14 g2 |33 1.775 SW-03-19 ZAh2 |11 1.475
SW-M-15 Zh2 | 155 1.625 SW-03-20 23992 1135 1.3

289 T3] 9 FolA Amylase, Protease &80 73 FdFE Table 11

<]
Z24& 53} clear zone FX7F F AL FAo] F AHAowE H AEIYth
Protease®@/do] & Z o & DJDD-N8, DJSW-32 AlRE°] F& &84S BAT,

Amylase 42 DJKO-37, DJSW-34 Al8E0°] £ A4S YeSlh

Fig. 6. Clear zone shape of the strains activity

Protease clear zone Amylase clear zone

KO-36 SWM-6
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Table 11. Proteolytic and amyloclastic activity of the strains isolated from Doenjang

. Formation of clear zone(cm)
Strains
Amylase Protease
DJDD-N-8 7371 1.925 1.825
DJHL-4 Al - 0.75
DJKO-35 A 1.9 —
DJKO-37 A 2.15 —
DJSW-31 A — 1.25
DJSW-32 A — 1.55
DJSW-33 A 2 -
DJSW-34 A 2.02 —
DJSW-36 A 1.55 -—

U o Fgaks He 38N

1) &2 354 Az} a4gA
Al kA of - 22t 3} shA

Al 5% (SW-37, SW-39, KOSM-11, DJKO-5%, D]DD-S%)?Jr =% 2% (D]SW-31,

DJKO-35)% 41733} Table 129} 2 TR &2 F#FE EFH s 24& Az}

P

ml

Table 12. Sample of single and mixed strains

No Division Isolates
1 SW-37
2 Bacteria SW-39
Z (B ) gOSM-lol

TKO-5%
5 DJDD-5%
6 Mould DJSW-31
7 (FL) DJKO-35
8 SW-37 + DJSW-31
9 M+ 330] SW-39 + DJSW-31
10 (DJSW-31) KOSM-11 + DJSW-31
11 DJKO-5% + DJSW-31
12 DJDD-5% + DJSW-31
13 SW-37 + DJKO-35
14 N T+ 53o) SW-39 + DJKO-35
15 (DJKO-35) KOSM-11 + DJKO-35
16 DJKO-5% + DJKO-35
17 DJDD-5% + DJKO-35
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o =
T = =
3ol eIt FRGES BE 94%F UEYT LwEel 94 FRad

=
48- SO%EH Hoh 52 #Holuh oA x7|Ee] Bda & Aol dr|dd A

pHE HEF 672 dntdl AR S B ti 52 FX& B9 ot @4
F2 F 81lmgh=E 53 2F =

W A E79] 1,0085mg/kg, 1,017.5mg/kgo.2 a7 & H Aoz ura},%y_ ggﬁj%
Z2E 1249 AE 1,098 mg/kgoZ &arl & H Aoz el

Table 13. Chemical composition of Doenjang fermented by selected strains

Sample T2 (%) pH 2EE(%) o}ug;—_g%lé_/,\_ i%}f;j]@
1 58.87 7.70 0.30 1008.5 14.59
2 59.32 7.88 0.38 926.8 2256
3 58.27 7.82 0.24 541.2 13.23
4 58.54 7.66 0.34 1017.5 13.52
5 53.05 6.08 0.57 31.2 12.58
6 65.88 6.23 1.08 851.2 11.28
7 62.36 6.19 1.62 923.5 12.70
8 59.89 7.34 1.08 950.0 13.54
9 59.17 7.51 0.35 940.1 13.12
10 58.13 7.70 0.42 592.5 13.12
11 65.45 6.11 1.38 800.6 10.90
12 58.91 742 0.64 1098.5 13.58
13 59.10 746 0.88 912.0 11.36
14 59.00 741 0.73 976.9 13.12
15 58.50 743 0.51 526.0 12.78
16 59.08 743 0.71 763.2 12.18
17 56.94 740 0.65 939.6 11.60

B) B AsTY ME &4

= 2 17 93t Table 149 L, a, bgto2 UERAS] =

3late] wwEr] Y WHoR Lgte AR W E(lightness)E UERE ZolH

7 Fold 4R AMAFAA A AFS UEUE L, aff(redness)S
IS

green| 5] Mo FA7} AdFE F2HM4 AT AFE HEWE Ae= 1, 2

g
=
b1
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8, 131 A=/} ¢zt H24S YeRA T & 4 o) bak(yellowness) blueZ] 59
G 27 A= T2 1,2 34 Y NET} =&

el
NAFe) B Hathn B 5

f

Table 14. Hunter’s color value of Doenjang fermented by selected strains

A =
L a b
1 43.67 +5.93 +18.15
2 42.60 +5.11 +18.64
3 45.94 +3.97 +19.40
4 39.75 +4.89 +16.46
5 53.27 +2.18 +15.42
6 29.02 +1.31 +7.30
7 26.25 +0.32 +4.54
8 36.96 +5.71 +15.75
9 36.36 +4.44 +16.65
10 38.88 +3.01 +16.94
11 2443 +0.16 +5.75
12 34.04 +4.77 +15.01
13 36.12 +5.10 +16.58
14 35.48 +4.49 +15.66
15 38.89 +3.28 +17.10
16 35.56 +4.77 +16.81
17 35.20 +4.49 +16.79
@) Bd=d & dsHA A
A4/ E & THE B5AA8Y 10%8S Hdo s et gbg Hrste 713
2 Hoye 53 2893 M 3 Aee 1Mo st g 79934 Ao](p<0.05)
g  EX43ted  Table 1591 YERATE  SW-37, SW-39, DJDD-5%+DJSW-31,

SW-39+DJKO-35, DJKO-5%+DJKO-35, DJDD-5%+DJKO-35 Al&TE°] £ A#}E o
Bt Alx" H4 ARl Fig. 8o YEFH A
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Table 15. Sensory evaluation of Doenjang fermented by selected strains

NO. Sample Flavor | Taste H] 31

1 SW-37 45" 47 | F AEA

2 SW-39 42° 45" | 73 WA

3 | KOSM-11 4.0° 32° | sk RYopdAl, HAZ]
4 DJKO-5% 4.0° 42" | T IA

5 DJDD-5% 3.9° 245 | 9, St

6 DJSW-31 3.5° 3.4° WA GFS, T3 oFg
7 DJKO-35 3.5° 3.6 WA GFS, T3 oFg
8 SW-37 + DJSW-31 4.1° 42° | AR B 435

9 SW-39 + DJSW-31 3.4 3.4° B opl Al

10 | KOSM-11 + DJSW-31 | 2.6 3.6° | HAEAL A

11 | DJKO-5% + DJSW-31 | 3.4 167 | WSS, TFEAES
12 | DJDD-5% + DJSW-31 | 45° 46° T Al

13 | SW-37 + DJKO-35 42° 42° | FEebd A e} &k

14 | SW-39 + DJKO-35 46 48" | 7 WA

15 | KOSM-11 + DJKO-35 | 3.6° 3.6 A7, FrA Al

16 | DJKO-5% + DJKO-35 | 4.7° 43 Tt R oAl
17 | DJDD-5% + DJKO-35 | 4.6° 43" | 73 2AEA

*The same superscripts in each column are not significantly different among group by

Ducan’s multiple range test in one way ANOVA(p<0.05)
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Fig. 8. Doenjang fermented by single and mixed strains

SW-03-7(1)

SW-03-9(2)

KO-SM-11(3)

DJ-KO-5% (4)

DJ-DD-5% (5)

Mould I: DJ-SW-03-1(6)

Mould 2: DJ-KO-03-5 (7)

SW-03-9 + M1 (9)

SW-03-7 + M1 (8)

KO-SM-11 + M1 (10)

DJ-KO-5% + M1 (11)

DJ-DD-5% + M1 (12)

SW-03-9 + M2 (14)

SW-03-7+M2 (13)

KO-SM-11 + M2 (15)

DJ-KO-5% + M2 (16)
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%A

e asists WHs Bt HAAE Al 2F SW-37(Bacillus  subtilius),
KOSM-11(Bacillus ~ methylotrophicus)®  =%8°] 2& DJSW-31(Eurotium  cristatum),
DJKO-35(Aspergillus oryzae)s &= B EA gldte]  Table 163 #Zo] AdPdS W
of AN AREEAT. @AANA AxF dFT2 27HA ez A xsAT

E S5 F 44 o Table 167Jr 2ol AT EE #FE HIT3IA o

FHHE AxF T2 NKSABAA S8 Fo d43 & 345
3 T WEAYIE Bt AEYAUE A} F(250x180x90mm) & Al =354t vl

2}
8 Agelr] B F 30CNA 45U HE ST Aol AESAT. AT
A ] %

E’_
Z' 1—;&2 :o:_zsl-

=
ol gd B WFE AW BaAste] Afol EBEs] WE FHNAL AR FE
ek 50%, 9% 10%7F S5 Az
=4 4T FH 25 A HF EFs] Az Tor ALEHAN TE, =
AAAT GFUFE o83 BANETE STl AT 05% HE F 4Y ol T
olE HET3IATH AP ol Table 16.3 Zo] MHHFE STt FFo)HF
AFNFE 242 1: 12 TFAYT A=E 10%2 23] Fobelo] ol o)A
WE- 545
Table 16. Experimental group of Doenjang
2B A9 1 A4 2
A A7 % (kg) :
No. AT (kg) | LTHFH (kg)
Sample 1 SW-37 200 100 100
Sample 2 SW-37 + DJSW-31 200 50+50 50+50
Sample 3 SW-37 + DJKO-35 200 50+50 50+50
Sample 4 KOSM-11+DJKO-35 200 50+50 50+50

% 50450 1 F FFE 47 HEI WFo ¢ (ke)
 WIFFE) =27 : 250x180x90mm(Z) &1 A)
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z9 "o FRIF%) Wt
o
=

AzF ARE 9G5S WSl FREFO] 50% HA

46.5-48.7% 2 TELZFS UEHAL TE K470 dojdsE dRkzow g9
TR0 weh ¢ 2H Ax27F Al dojurl= stal warizie] do] s#RISEE <l
SR B oluth AWM Gl HISWA BE sk 29 oA
BESy @ AND FEEsE vud Ao Ueht
50
E 43
w
t 48
a
g 47 —&-Sample 1
; —-Sample 2
5 46 -
7 ——Sample 3
B 45 -
= —8—Sample 4
44
1713 2702 3IE A7) =

Aging Time(Days)

Fig. 9. Changes in Moisture contents of Doenjang made from Traditional Meju
Sample 1 : Sample made with Traditional Meju inoculated with SW-37
Sample 2 : Sample made with Traditional Meju inoculated with SW-37+DJSW-31
Sample 3 : Sample made with Traditional Meju inoculated with SW-37+DJKO-35
Sample 4 : Sample made with Traditional Meju inoculated with KOSM-11+DJKO-35

SW37 SW37+DJSW31 SW37+DJKO35 KOSM11+DJKO35

\
\:§7* DJK?

Fig. 10. Doenjang made from Traditional Meju(Quadrangle)
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@ A4 T ez Az @] ok ejda W}
oz Az B opnlevids FF WEE Fig. 110 YERG.
o] HHEAEE ¢ F de ATeE 950 mE Zole AR
49 JH4L BT 40mghdE ol delu AddT 1HE vkl Sw37 +
SW31 &3 913.33mg%E WERRT, SW37 + DJKO357 = 492.6mg%Es LERHS
O sA471Zte] dojdeE FFE oAy & Fof Fod fle AR Hol 27
dE sdo] e dojus Ao YEyh.

1200 -
| E——EI,’E"/—EI

s00 —©—Sample 1
—B-Sample 2
——Sample 3
—@—Sample 4

200

Amino type nitrogen{mg%)

" 2HE R e
Aging Time(Days)
Fig. 11. Changes in Amino-type nitrogen contents of Doenjang made

from Traditional Meju - See footnotes on Fig. 9.

@ AH4vlF FHE AxH AP ME(L, a, b) W3}
Ao MW E Br] 935t Fig. 12, 13, 140 L, a, bt o2 JERAAT Lk

< A &9 WE(lightness)E UEW = 2oz 4 x7] B AgddA T8 4o 3

aftd bzt H2A3 =WAAS AdS YEllE ZoE A8 1, 4v ZVIFHE
FABIE FFEO2 PP 2, 3 ASE LA E Mol FAHTI) 3712
O|FRE = HI =¥ AlFo] ofeAHA Aol M JYATH

2 =4 T = o3 TEAAEY 9T #AAVE Ae pHF AN E] A
Fi

+ Fig.169} Fig. 179 YeEHATE pHE 4o A= HA 27] 6.2-6.8904 4.6-4.8
Z AER o ATE 27] 1.3-1.794 3.7-522 F7lsles FAE Ry ol HE

%019
@3 FovE WuE 2els Bgo TAEA ATATY FASAT(R)
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35 4

el —©-Sample 1

33 A —H-Sample 2
——Sample 3
—-o-Sample 4

L value

32,

3 =

30
1742 2702 370 E 4702

Aging Time(Days)

Fig.12. Changes in Hunter’s color(L)of Doenjang made from Traditional Meju
- See footnotes on Fig. 9.

B -
5
._1
—£©-Sample 1
g 3
E —F-Sample 2
™ 2 ——Sample 3
—o—Sample 4
1

1702 2702 374 E A7
Aging Time(Days)

Fig.13. Changes in Hunter’s color(a)of Doenjang made from Traditional Meju
- See footnotes on Fig. 9.

o —&-Sample 1

3

o 4 —-Sample 2

A 3 —&—Sample 3
—-@-Sample d

1742 2742 a7he a7y

Aging Time(Days)

Fig.14. Changes in Hunter's color(b)of Doenjang made from Traditional Meju
- See footnotes on Fig. 9.
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1742 he HE e
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Fig.15. Changes in Hunter’s color(L)of Doenjang made from Traditional Meju
- See footnotes on Fig. 9.

pH

3 —©—Sample 1
—B-5ample 2
—k—Sample 3
—8—Sample 4

172 270 370 470

Aging Time(Days)

Fig. 16. Changes in pH of Doenjang made from Traditional Meju
- See footnotes on Fig. 9.
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Total acidity{%)

—©—-Sample 1
-B-5ample 2
—&—Sample 3
——-Sample d

174 =

27

Aging Time(Days)

37

a7y

Fig. 17. Changes in Total acidity of Doenjang made from Traditional Meju

- See footnotes on Fig. 9.

Table 17. Free Amino acid contents of Doenjang made from Traditional Meju

Amino acid

SW-37 SW-37+DJSW-31 SW-37+DJKO-35 | KOSM-11+DJKO-35

(mg/kg)
Aspartate acid 2183.67 2162.47 2575.81 1923.63
Glutamic acid 5389.06 7135.53 7837.47 6974.42
Asparagine 132.77 865.05 1005.49 644.77
Serine 1695.15 2579.52 2846.46 235391
Glutamine 0.00 0.00 0.00 0.00
Glycine 982.57 1336.72 1564.16 1094.70
Histidine 896.20 1139.48 1226.62 1022.23
Arginate 306.38 325.26 336.16 333.13
Threonine 1527.12 2157.68 2381.75 194413
Alanine 1769.68 2591.56 2832.32 2224.08
Proline 1311.97 2470.35 2495.64 1962.22
Tyrosine 1032.36 1103.14 114317 1095.00
Valine 2082.55 2883.73 3158.05 2611.26
Methionine 585.63 886.37 965.80 760.51
Cystine2 84.30 115.13 117.92 128.29
Isoleucine 1900.66 2671.35 2963.08 2283.79
Leucine 2972.99 3862.32 4435.46 3612.01
Phenylalanine 2026.19 2388.05 2561.25 2458.76
Trptophan 1710.24 2255.71 2367.96 2128.11
Lysine 1733.83 2017.99 2190.96 2005.62

Al 30,323.31 40,947.40 45,005.53 37,560.55

- 143 -




Table 18. Free sugar contents of Doenjang made from Traditional Meju

<A 7)1 7¢ (Unit : mg%)
AE T 714 2704 3704 4N
fructose 450.24 297.65 149.69 950.90
glucose 107.29 27271 155.41 196.17
SW-37 sucrose 111.38 159.90 110.85 92.82
maltose 566.68 597.31 723.51 892.00
Al 1,235.59 1,327.57 1,138.95 2,131.89
fructose 503.61 892.56 440.29 -
glucose 795.30 682.99 619.07 339.03
SW-37 +
sucrose 341.06 27421 284.71 447.82
DJSW-31
maltose 461.60 783.29 1091.79 809.31
Al 2,101.57 2,633.05 2,435.86 1,596.16
fructose 416.23 952.76 738.45 678.73
glucose 723.15 662.07 525.49 673.83
SW-37 +
sucrose 209.45 140.91 147.68 215.56
DJKO-35
maltose 574.38 840.47 1078.21 999.65
Al 1,923.21 2,596.21 2,489.83 2,567.77
fructose 626.36 404.54 - -
glucose 687.32 295.55 267.74 437.62
KOSM-11
sucrose 100.87 195.88 27417 138.11
+DJKO-35
maltose 333.46 714.91 563.49 921.40
Al 1,748.01 1,610.88 1,105.4 1,497.13

Table 19. Mineral contents of Doenjang made from Traditional Meju

(Unit : mg/kg)

A5 SW 37 SW 37+DJSW SW 37+DJKO KOSM 11+
7] 31 35 DJKO 35

Na 40,272.64 41,465.54 35,359.35 34,135.60

Ca 729.50 687.85 627.93 538.92

Fe 35.39 26.80 33.09 33.80

K 8,612.94 9,072.20 8,273.88 7,445 51

P 3,960.86 4,796.03 4,009.60 3,798.52
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Table 20. Doenjang made from Whole Soybean Meju

Fote] F4# e SW-37 SW-37+D]JSW-31

SW-37+DJKO-35 KOSM11+DJKO35

38 -
36 -

IS

W 54 A

'

5 534

et

§ g5 —©-Sample 1
o 43 - —B-Sample 2
1=

E 46 - —k—Sample 3
I=]

R —-8—-Sample 4

42
174 & 274 37 E 47

Aging Time(Days)

Fig. 18. Change in Moisture contents of Doenjang made from Whole
Soybean Meju.
Sample 1. Sample made with whole soybean Meju inoculated with SW-37
Sample 2. Sample made with whole soybean Meju inoculated with SW-37+DJSW-31
Sample 3. Sample made with whole soybean Meju inoculated with SW-37+DJKO-35
Sample 4. Sample made with whole soybean Meju inoculated with
KOSM11+DJKO35
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Fig. 19. Change in Amin type nitrogen contents of Doenjang made from

Whole Soybean Meju( See footnotes on Fig. 18.)
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Fig. 20. Change in Crude Protein contents of Doenjang made from Whole

Soybean Meju(See footnotes on Fig. 18.)

pH
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0
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Fig. 21. Change in pH of Doenjang made from Whole Soybean Meju
- See footnotes on Fig. 18.
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Fig. 22. Change in Total Acidity of Doenjang made from Whole Soybean Meju

- See footnotes on Fig. 18.

Table 21. Change

in Hunter's color of Doenjang made from Whole Soybean

Meju
=X 717
i 07]1_]_— 17H% 27H% 37H-%]_ 47H.°é_]
Al
ks T . T L. L. T
SW-37 6443 | 484 | 19.09 | 6498 | 446 | 186 | 63.78 | 436 | 176 | 6358 | 432 | 16.1
SD%-\%-?E 54.63 | 577 | 17.27 | 5422 | 598 | 1649 | 53.13 | 4.69 | 1529 | 5212 | 439 | 14.26
S}/IV<8-7;5 5325 | 616 | 16.68 | 53.96 | 6.33 | 16.05 | 52.69 | 598 | 1596 | 51.26 | 4.89 | 14.23
Kg}?(l\é[)-él; 48.65 | 6.06 | 1447 | 4813 | 596 | 14.13 | 4798 | 486 | 13.87 | 46.59 | 476 | 12.95

% Value are mean(n=3)

Table 22. Mineral contents of Doenjang made from Whole Soybean Meju

(Unit : mg/kg)

B %}\] = SW-37 SW-37+DJSW-31 SW-37+DJKO-35 | KOSM-11+DJKO-35
Na 30,779.06 33,171.84 24,803.31 41,795.49
Ca 225.64 325.38 293.61 356.85
Fe 18.05 16.78 17.08 18.985
K 5,928.16 6,549.50 5,873.11 6,831.26
P 2,697.63 3,212.02 2,545.55 3,033.22

- See footnotes on Fig. 17.
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Table 23. Free Amino acid contents of Doenjang made from Whole Soybean

Meju
(mg/kg)
SW-37 SW-37+ SW-37+ KOSM-11+
DJSW-31 DJKO-35 DJKO-35

Aspartate acid 721.75 476.50 38.70 55.86
Glutamic acid 1672.60 1562.88 568.54 108.65
Asparagine 226.24 239.25 201.89 104.23
Serine 432.89 441.70 542.67 60.55
Glutamine 110.34 152.89 229.70 81.87
Glycine 251.99 234.22 31548 33.94
Histidine 294.49 297.88 302.85 78.33
Arginate 531.41 812.31 1007.22 953.47
Threonine 491.12 490.46 580.78 89.51
Alanine 757.98 699.28 2599.26 200.16
Proline 481.79 452.18 601.66 06.17
Tyrosine 654.00 510.13 561.05 72.98
Valine 832.41 666.62 834.57 97.17
Methionine 206.15 154.61 205.07 28.96
Cystine2 0.00 0.00 0.00 0.00
Isoleucine 563.22 383.91 476.15 55.86
Leucine 1201.42 812.89 951.57 91.02
Phenylalanine 855.16 552.40 476.98 71.95
Trptophan 343.95 218.42 97.20 17.18
Lysine 903.65 874.59 1013.09 94.78
Al 11,532.54 10,033.12 11,604.42 2,362.66
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Table 24. Change in Free sugar contents of Doenjang made from Whole

Soybean Meju

ICHEG (Unit : mg%)
NH 1704 2704 374 4714
fructose 1703.03 1343.78 1485.17 1043.42
glucose 481.55 591.79 975.11 788.00
SW-37 sucrose - - - -
maltose 263.95 322.85 134.33 283.45
Al 2,448.53 2,258.42 2,594.61 2,114.87
fructose 668.26 579.65 372.04 439.00
glucose 567.69 296.72 388.47 220.24
SW-37 +
sucrose - - - -
DJSW-31
maltose 682.24 591.35 854.04 1090.93
Al 1,918.19 1,467.72 1,614.55 1,750.17
fructose 821.02 795.35 67342 348.36
glucose 629.17 480.88 387.83 354.28
SW-37 +
sucrose - - - -
DJKO-35
maltose 175.36 253.26 253.97 905.00
Al 1,625.55 1,529.49 1,315.22 1,607 .64
fructose 816.00 905.16 73998 892.39
glucose 319.15 404.52 505.46 396.48
KOSM-11 +
sucrose - - - -
DJKO-35
maltose 264.72 522.99 356.45 966.34
Al 1,399.87 1,832.67 1,601.89 2,255.21

o Fdo TFTleNE
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| &3ted 2+ =¥ 2 130rpm, 18hr Bl ket H A wjeFd o] B (660nm, O.DFS =4
gt A3 Fig. 233 2t} SW-37, KOSM-11+# =% 30C 7} JW G252 e v
Foll A @ol WAEE Bacillus licheniformisth2] 2 AFL=7F 30T AY 2 2

o
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Fig. 24. Effect of pH on the growth of strains (O.D. : Optical density at 660nm)
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Fig. 25. Effect of Salinity on the growth of strains (O.D. : Optical density at 660nm)
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Fig. 27. Growth curves of SW37 and KOSM11 on the TSB medium
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SUMMARY

I. Title of Research

Screening of flavor-based indicator in Doenjang

II. Objectives and Significance of Research

Optimum extraction and analysis methods for index flavor compounds derived through
an analysis made of volatile flavor compounds of traditional Doenjang selected as a
prototype and through a sensory evaluation and a correlation analysis need be established
so that a model system may be quickly utilized, after deriving desired tastes and flavors
from traditional Doenjang and selecting such substrate and microzyme as can produce the
tastes and flavors, in order to produce Doenjang which maintains tastes specific to

traditional Doenjang and has more variegated flavors.

IMl. Scope and Contents of Research

O Evaluating volatile flavor of prototype traditional Doenjang
- Analyzing and identifying volatile flavor compounds and preparing a flavor profile by
using GC-MSD
- Examining chemical differences between traditional Doenjang and factory-produced
Doenjang
O Deriving index flavor compounds of prototype traditional Doenjang
- Deriving index functional groups through analyzing the correlation between flavor
compounds and a sensory evaluation
- Optimizing methods for extracting and analyzing index flavor compounds
- Chasing chemical fragrance changes in a model system
O Evaluating prototypes” volatile flavor reproduction
- Monitoring flavor compounds generated in the process of fermentation in a model
system

- Process control, and deriving and confirming quality index factors
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IV. Results of Research

1. Evaluating volatile flavor of prototype traditional Doenjang

Major volatile flavor compounds identified from traditional Doenjang include those which
generate an offensive and foul smell specific to Doenjang like butanoic acid, 3-methyl
butanoic acid, benzacetaldehyde; Doenjang flavors like benzaldehyde, 1-octen-3-ol, teramethyl
pyrazine, phenethyl alcohol, 2-methoxy-4-vinylphenol, and 4-ethyl phenol; other components
which have fragrant characteristics like savory flavor and fruit flavor; and maltol
(2-methyl-3-hydroxy-4-pyranone) represented by caramel flavor. Major volatile flavor
compounds identified from factory-produced Doenjang comprise mostly ethanol and other
high-molecular fatty acid esters which contribute to nice-smelling components like ethyl
hexadecanoate, ethyl oleate, and ethyl linoleate. Acids which account for a great deal in

traditional Doenjang are found at the low ratio of 0.37~ 6.45%.

2. Deriving index flavor compounds of prototype traditional Doenjang

In order to determine chemical indexes for traditional Doenjang, from among soybean
fermentations manufactured with each strain separated from prototype traditional Doenjang,
samples (non-inoculation, B. subtilis inoculation, Aspergillus sp. inoculation, and DD-N
inoculation) are selected whose sensory characteristics are similar to those of traditional
Doenjang and whose volatile flavor compounds are analyzed. Based on the results of the
experiment and documentary investigations, this research has selected, as index substance
candidates, pyrazines which have a positive effect on fragrant characteristics of Doenjang
like 2,5-dimethyl pyrazine, trimethyl pyrazine, tetramethyl pyrazine, and benzaldehyde; and
3-methyl butanoic acid which has a foul smell specific to Doenjang. And these substances

are utilized for selecting a model system for strain cultivation.

3. Evaluating prototypes” volatile flavor reproduction

A total of 5 flavor compounds selected as chemical indexes for traditional Doenjang are
2,5-Dimethyl pyrazine (A), trimethylpyrazine (B), tetramethylpyrazine (C), benzaldehyde (D),
and 3-Methyl butanoic aicd (E). When the area is calculated, 3-methyl butanoic acid is
treated as a peak since it is not separated from 2-methyl butanoic acid. A comparison is
made after index components are added with 2,35-trimethyl-6-ethylpyrazine which is
characterized by candy and sweety fragrances. It is confirmed from the 1st prototype that

AL B 1 has a relatively lower ratio of 2/3-butanoic acid which generates a foul smell
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specific to Doenjang but a high ratio of pyrazines. It is also confirmed from the 2nd
prototype that there is no big change, as time goes by, in the intensity of index
components as for D-1 but an  increase in  termethylpyrazine and

2,3,5-trimethyl-6-ethylpyrazine as for D-2.

V. Application Plan of Results

O Academic presentation: Analysis of volatile flavor compounds in long-aged Deonjang by
automated SPME-GC-MSD (Korean-Chinese-Japanese Data Analysis Society international
symposium dated November 1, 2011)

O It is planned that the findings of this research shall be utilized as basic materials for

examining the quality of quick-fermented Doenjang.
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A3 F d7AErd UE R 2

Al 1 A Prototype XAFHF< 3834 F7] H7}

X

7}. Prototype 25849 F4 FVHE £

1) A=
HsHAANE 53l AAHE prototype AEAFL F 7F(KO-01, KO-02, KO-03, SO-02, MC-03,
SW-03, JB-1.5)2.2 do2FATFHolA] AlFrtol FAAF Fr|ZE S A ASE AE3S}
Art.

it

(2 LY I HAH FExd T4
SPME(Solid phase microextration)-2 A4S Y3 fibers AH83td A S| headspace
2ollA AlEet fiberAbololl #ujol ofsf FEA =
fiberE gas chromatography(GC)e| injectorel FUstel & E2A 7= WHolw. A-53d

N
Lo
ot

SPME® ol o3t 34 AL HF FE=x2de FHs] fstd gt =2AE(HET,
incubation 2%, nRtEE, FEAIZNS AHESte] LA FIHES] FEEES Husdon,

=
Au AP AH HHe) F22e YA

@) 3 IR F=

2 AT e SPMEWel o3 #HAS 3T FrIAES FE=SH7] Hs C3-C20MW
40-275)0.2 Tt e BAEHC] FF Ubeste A FUAEAE B4 A
DVB/PDMS/CAR(divinylbenzene/carboxen/ polydimethylsiloxane 30/50 ym, 1 cm, Supelco)
fiberg AFgstSTh A IJLAH FUIAEEY F=L& SPME fiber holder’}  AEE
autosampler(Agilent CTC Combi PAL, USA)E ©]&3t%th. PALDVB/PDMS/CAR fiberi=
SPME holderdll Z2tsta Ao kAl 250C injectoroll A 60% &<t =FAIA conditioningd}
At Z7re] AE 05 g= headspace vial20 mL, 22.5 mm x 755 mm)ol|l F 3t 70T ol A
300 rpmo. 2 HFEFAA 204 F<F incubationdt T 4083 AlE U9 FIAH FIHES
fiberoll AT A Fr|dEo] L3 SPME fibers A5 22 GC injectorol] F¢ = o]

splitless modeol| Al 383t F A RS @3t
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w4 xde FHsAH.

A8 FNAEEY AFEAS 98] GC/MS= HP 5973 Mass selective detector(Agilent
technologies Inc., USA)7} A% HP 6890 Series gas chromatographs AF&3tAth ¢4
F714 89 EEE A3 columne Stabilwax(30 m x 0.25 mm id., 0.25 ym film thickness,
Restek, USA)E AH&3133L, oven® &E& 40TCoA 38 FA8 ths 2T /ming £E=
150 C7HAl Z45A17120 ©Al 4T /ming] £E2 200C7HA A$A12 & 10833 fA39 0,

oluf carrier gas® 42 1 mL/min(He)E FX3At 28 s3dEQ |23 electron
impact ionization(El) "} 2 33} 01 jonization voltage?} ion sourced| =%+ ZH7; 70
eVel 230CE AAstH L, BT EAFe] HeE 45~350(m/z)E AR st T GC/MSel 9
8l total ionization chromatogram(TIC)el #&|¥ 7} peak®] A& £242 mass spectrum

library(WILEY7N, NBS75K, NTIS08)9} mass spectral data book®] spectrum¥}2] UX|, &3
9] retention index®}o] ¥x L FEFEZHO EA dataZ Plu, <13t Th

U 3 980 0y 4R B

A% prototype HEHEI FUIAAES
(DS-01, DS-02, CJ-01, CJ-02)°]N o0, = FATAoRRE Algdol Ty FrE4EL
g BAANEE AMESEATH

(2) A3
Prototype AFd& T4 IR 440 A LA A&3tE SPME-GC- MSDH
o7 FY3ATh

2. 4753 A3

7}. Prototype &9 A Fr)A4E 4
Prototypeo.2 AAH HeHAZY FVEAS Fdsty] fste] 384
Ho= FZF3ta GC/MSE -E@.?‘D‘}Of] UEehd chromatograme [T19 1

F7173 [

® 1A [ 7191, T8 FEEY devIE AA

O.u
ot
N

ox
e
o
2
=
£
m
o2

o
b
1>
QL
bash
H
b
-0,
(i,

- 189 -



benzacetaldehyde & €& 59 1dd, F53 HAE Yetle= A& benzaldehyde,
1-octen-3-0l, teramethyl pyrazine, phenethyl alcohol, 2-methoxy-4-vinylphenol, 4-ethyl phenol
F, na3 F Ad F o] F] 5A4E UBl= AEEc] s8HMe, s
d maltol(2- methyl-3-hydroxy-4-pyranone)°] <15 it}

187EE w4 19 BREKOO0)ANA 88 IRAE FIAEES F 81F S =E alcoholF7F
205(239%) .2 71 Bol UEWeH, I 5o =E esterw/l 17F(5.3%), adehyde® 13F
(27.6%), AA3FE 11F5(7.1%), ketoneT 6F(4.5%) +=2&2 A= om 7|g dFEo] 5F
(29%)°cl  FAJHJTG. Fo& FV|HESEE benzadehyde, 3-methyl butanoic acid,
benzaldehyde, butanoic acid, 1-octen-3-ol, acetic acid =22 UEFRT

18-7eE 4 29 EFEKO-2) A F1d A IR F 86FolUN T, esterFUF
18Fo =2 ta FAFer HA F7|EdE 244 AA st ¥lE&2 75%= UEEH. 7
BE HE&S AAste W57+ alcoholTFE AAY 369%F AHAI8FH 2™, phenethyl alcohol,
ethanol,  l-octen-3-ol,  2-methoxy-4-vinylphenol & 17%F°] FUAHIIT. OFo=
benzacetaldehyde, benzaldehyde & KO-020A4 8 F7|JES 2 &<R1=+= aldehydeRF 7t 16

OS2 255%F AA AL, ketoneFH(6F), AAIFFE(12)F, 7IEF FEEE®)FTl A2 45 4.7
3l 52% 2 AR HlES YER ST

187 E 54 39 FAKO-3)ANA FlE FA FrAES T sdFolRer, +a 3
A FVIAHELSEE 3-methyl butanoic acid, benzacetaldehyde, benzaldehyde, ethanol,
phenetyl alcohol To2 A IEAd Fr|ZEY 475%F HAASATE. EF acetic acid,
lT-octen-3-0l, maltol &5 AFHFES A= A= YeWt. 8 #%57|& aldehyde,
acid® % alcoholfFolA o™, 247} 281, 252 2 242% = FAS HIEE F1H AT

d71-28t w4 2d FRG0-02) 04 FlE FAHES 69FSE acidF7F 13F(56.89%),
alcohol7 9t ester®7F 27 12F8.7%, 24%), A48g=Eo°] 105(11.8%), aldehydeF®7} 9%
(16.8%), 71E} 6F(1.6) =22 YElYTt F2 334 &7 RS 2= 3-methyl butanoic acidZ
e IR HAAY dFEES A (32.95%)3F S, acetic acid, benzacetaldehyde,
butanoic acid, benzaldehyde, tetramethyl pyrazine, 2-methyl butanoic acid ¢ =22 F8
Aol A=A,

ZA71-MA 4 3d "AFMC03)oA g1E IR PR F 77FolReH, acidFUt
471%(13F)5 AAH L, tFox2 AAsgEo] 221%(12F), aldehyde® 7t 13.3%(12F),
alcohol 77} 9.4%(13F) =0l 2H, ketoneR ot 7Bl 3}g=0] 742 32%(6F, 7%5)o= &1l
Atk 8 LA Fr)d B S EE 3-methyl butanoic acid, butanoic acid, teramethyl pyrazine

o2 HA ¢ 50%E AASHHA ST, benzaldehyde, benzacetaldehyde, trimethyl pyrazine &
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AAEE 3d 54 FAEGW-03)0lA Rl a8 FUAPARS T UTOE Y3 HAEE
o] &l A S, 3-Methyl butanoic acid, ethanol, benzaldehyde, benzacetaldehyde, ethyl
2-phenylacetate, ethyl linoleate, ethyl hexadecanoate &°] F+8 ¥F7|ZEC= SI=HIT} 7}
B FEE AR BEV)E esterFE 34F0] AAHNH, A 326%E FEFHSAT

=02 acid®7} 23.3%(11F), alcohol 7} 21.5%(15F), aldehydeR 7} 15.2%(14%), #H4A3het
£°] 59%(13F) o2 YUewon, 7g & 45(04%)°] A=A

AvlY =4 159 IZ(B-1.5)4= F 7259 FEAE I EE°] $AHHU LM, alcohol
F7F 16%5(17.9%), AA33HE] 145(16.7%), esterF7F 13%(7.1%), acidF 2} aldehyde® 7} 7}
7k 10%(32.0%, 14.0%), L2aL 71et S&FE 3F(0B.1%)= THAHIAT. F8 A Fr|dEcE
+ butanoic acid, 3-methyl butanoic acid, benzaldehyde, 1-octen-3-ol, tetramethyl pyrazine,

maltol “5°] At

- 191 -



AbUncEanos

TICS: -1 _OOVSEata T

:;O"’j MMU MM;,AOJUM UM s Myl JLML!LN MUMMHL

10.00 .

=0loo “ac.oo 50.00 S0 .00 70,00

TIC: KO-021 .Dwata.ms

ZOOOOZ JL AL.‘ KMJ\J‘NJM MA VL:MA LJ\ AAMALLJ\LAJLM o 1

10.00 20.00 30.00 ‘40.00 50.00 60.00 70.00

Time—=

TIC: KO-03 . OWata. s

100002 J\JJ\J\JAA nkkLJLAJ\MAJ\uNﬂA Lgmh;\JL«_ MALM‘A LLLMLAA

10.00 20.00 =0.00 “oloo 50.00 E0.00 7O.00

TIC: SO-02-14 Dwata. s

1000000
ML
R N M cata b b “ M“A‘M PR W 1

10.00 20.00 30.00 '10.00 50.00 60.00 70.00

Time—=
I3 1. AFIA] A /AR GMS AEvETH (A; KO-01, B; KO-02, C; KO-03, D; SO-02, E; MC-03,
F; SW-03, G; JB-1.5).

- 192 -



AbuncEnos

TIC: MC-O3  WSata. s

4500000

BESOOOOO

2500000

2000000

1 500000

1 000000

o NI TS
ol adaan Lol ‘MMH‘ s NMAAM\A‘IL I — [

U T T U T
10.00 =20.00 BZO.00 ao.0o 50.00 S0.00 7O.00

TIC: SW-OS1 .Dwvata. s

1800000

1600000

F 1200000
1000000
BOOOOO:
SO0000
00000
- L
o " LA’U }LMAAAlJJJLA‘ | e U bl g |
20.00 30.00 0.

10.00 o o) 50.00 650.00 T70O.00
Tirme—=
Abundance

. TIC: U831 .51 .Oiatarr s
>AOOO00

1 800000

1 600000

-

T " lmm%ﬂ - AM‘M.k oo bl

10.00 30.00 a40.00 50.00 S50.00 TO.00
Time—

a8 1. A4

- 193 -



E 1. KO-019] 34 Fr| &

No RI" Compound name MF MW? Area” % Total
1 869  Ethyl acetate C4HsO; 88 131+26” 0.25
2 903  2-Methyl butanal+3-Methyl butanal CsHioO 86 842+137 1.64
3 925  Ethanol CHqO 46 1990+154 3.87
4 1048 Ethyl butanoate CsH12O 116 642+105 1.25
5 1060 Ethyl 2-methylbutanoate CHuO; 130 218+38 0.42
6 1075 Ethyl 3-methylbutanoate CrH14O2 130 303+53 0.59
7 1088 Hexanal CsH12O 100 112+13 0.22
8 1100 2-Methyl-2-butenal CsHsO 84 31+1 0.06
9 1126 Propyl butanoate C/H14Os 130 128+21 0.25
10 1206 3-Methyl-2-butenal CsHsO 84 107+3 0.21
11 1216 3-Methyl-1-butanol GsHi2O 88 229+12 0.45
12 1223 Butyl butanoate CsHi02 144 86+14 0.17
13 1236 2-Pentylfuran CoH140 138 382+121 0.74
14 1240 Ethyl hexanoate CsHi602 144 46+10 0.09
15 1254 3-Methylbutyl butanoate CoH150; 158 53+11 0.10
16 1259 3-Octanone CsH160 128 461465 0.90
17 1262 Ethenyl benzene CsHs 104 390+79 0.76
18 1271 Methyl pyrazine CsHegIN2 94 77%2 0.15
19 1292 Octanal CsHi60 128 83+3 0.16
20 1305 1-Octen-3-one CsH140 126 76%8 0.15
21 1325 2,5-Dimethyl pyrazine CsHsN> 108 702+20 1.36
22 1329 2-Heptanol GHi0O 116 296+32 0.57
23 1332  2,6-Dimethylpyrazine CeHsN2 108 221+7 0.43
24 1350 2,3-Dimethylpyrazine CeHsN2 108 46+3 0.09
25 1352 Ethyl 2-hydroxypropionate CsH1003 118 75+1 0.15
26 1386 2-Ethyl-6-methylpyrazine C7H1oN2 122 55+4 0.11
27 1391 2-Nonanone CoHi502 142 188+30 0.36
28 1396 Nonanal CoHi50 142 160+37 0.31
29 1400 3-Octanol CsHis0 130 206+25 0.40
30 1403 Trimethyl pyrazine C7H1oN2 122 574+4 1.12
31 1431 (E)-2-Octenal CsH140 126 12248 0.24
32 1441 Ethyloctanoate C10H2002 172 25+5 0.05
33 1448 3-Ethyl-2,5-dimethylpyrazine CsH1N2 136 56+7 0.11
34 1456  Acetic acid CHO; 60 3253+364 6.32
35 1460 1-Octen-3-ol CsH160 128 3700+341 7.19
36 1473 Furfural CsH O 96 584+16 1.13
37 1475 Tetramethyl pyrazine CsHizN2 136 1513437 2.94
38 1514  2,3,5-Trimethyl-6-ethylpyrazine CoH14N2 150 73+3 0.14
39 1523 Benzaldehyde CHqO 106 4697 +266 9.13
40 1527 2-Nonanol CoHoO 144 324421 0.63
41 1546 2,3-Butanediol C4H1002 90 624+60 1.21
42 1575 2-Methylpropanoicacid CiHsO2 88 180423 0.35
43 1578 5-Methylfurfural CsHsO: 110 68+22 0.13
44 1632 Butanoic acid C4HsO 88 4450+229 8.65
45 1644 Benzacetaldehyde CsHsO 120 7137+157 13.87

YRetention index, ?Molecular formula, ?Molecular weight, YArea of TIC/10,000, "Mean+standard deviation (n=3).
g
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¥ 1. A%

No RI" Compound name MF MW? Area” % Total
46 1666 Ethylbenzoate CoH1002 150 16446 0.32
47 1669 Furfuryl alcohol CsHeO2 98 103124 0.20
48 1674 3-Methyl butanoic acid CsHi0Os 102 5309+297 10.32
49 1679 p-Methoxystyrene CoH100 134 469+88 091
50 1717 Methionol C4H100S 106 11449 0.22
51 1734  1,2-Dimethoxy benzene CsH100» 138 191+3 0.37
52 1762 Methyl 2-phenylacetate CoH1002 150 72+4 0.14
53 1787 Ethyl 2-phenylacetate CioH1202 164 186+1 0.36
54 1798 2-Phenylpropenal CoHsO 132 142410 0.28
55 1850 Hexanoicacid CeHi2O2 116 424430 0.82
56 1862 2-Methoxy phenol C/HsO2 124 32143 0.62
57 1908 Phenethyl alcohol CsHi100 122 1405+19 2.73
58 1924 Benzeneacetonitrile GsHyN 117 167+1 0.32
59 1927 2-Phenyl-2-butenal C1oH100 146 13149 0.26
60 1960 Maltol CsHeOs3 126 1251495 243
61 2009 Phenol CsHeO2 94 338+4 0.66
62 2021 y-Nonanoic lactone CoH160» 156 255+21 0.50
63 2033 4-Ethyl-2-methoxy phenol CoH1202 152 656+43 1.27
64 2045 34-Dimethoxystyrene C1oH12Os2 164 8515 0.16
65 2065 Octanoicacid CsHi602 144 257453 0.50
66 2078 2-Ethyl phenol CsH100 122 32+1 0.06
67 2085 4-Methylphenol C7HsO 108 135+0 0.26
68 2091 3-Methylphenol C/HO 108 95+3 0.18
69 2171 Nonanoicacid CoHi0 158 538+72 1.05
70 2179 4-Ethyl phenol CsH100 122 669452 1.30
71 2199 2-Methoxy-4-vinylphenol CoH10O2 150 67626 1.31
72 2260 Ethyl hexadecanoate CisHz602 284 135+25 0.26
73 2271  2,6-Dimethoxy phenol CsH100s 154 37+2 0.07
74 2278 Decanoicacid C1oH2002 172 273+24 0.53
75 2393  y-6-(Z)-Dodecenolactone C12H20O2 196 92+10 0.18
76 2397 4-Vinylphenol CsHsO 120 341+11 0.66
77 2433 Benzoic acid G HeO: 122 100+25 0.19
78 2441 1H-Indole CsHyN 117 146+5 0.28
79 2481 Ethyl oleate CaoHzs02 310 89+26 0.17
80 2496 Methyl linoleate C1oH3402 294 98+32 0.19
81 2528 Ethyl linoleate CooHz¢02 308 252480 0.49
Total 51467+219 100

URetention index, IMolecular formula,
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E 2. KO-029] 34 Fr| A&

No RI" Compound name MF? MW? Area” % Total
1 869 FEthyl acetate CiHO, 88 228+12° 0.31
2 902  2-Methyl butanal+3-Methyl butanal CsHiO 86 1384+27 1.86
3 925  Ethanol CHO 46 3379+111 4.54
4 1046 Ethyl butanoate CsH12O 116 116+10 0.16
5 1060 Ethyl 2-methylbutanoate CrH140O2 130 367+30 0.49
6 1074 Ethyl 3-methylbutanoate CrH14O2 130 1031+137 1.38
7 1087 Hexanal CsH12O 100 197+7 0.27
8§ 1099 2-Methyl-2-butenal GCsHsO 84 42+3 0.06
9 1126 3-Methylbutylacetate CrH1402 130 16916 0.23
10 1185 2-Heptanone CH1O 114 87+5 0.12
11 1205 3-Methyl-2-butenal GCsHsO 84 134+7 0.18
12 1215 3-Methyl-1-butanol CsH1O 88 1072484 1.44
13 1234 2-Pentylfuran CoH140 138 320+18 043
14 1238 Ethyl hexanoate CsHi602 144 26+1 0.03
15 1257 3-Octanone CsH160 128 195+13 0.26
16 1260 Ethenyl benzene CsHs 104 1379437 1.85
17 1270 Methyl pyrazine CsHeN2 94 75+2 0.10
18 1278 3-Methylbutyl2-methylbutanoate C1oH2002 172 76+10 0.10
19 1280 1,24-Trimethylbenzene CoHi2 120 117+14 0.16
20 1290 Octanal CsH160 128 6715 0.09
21 1303 1-Octen-3-one CsH140 126 110+4 0.15
22 1324 2,5-Dimethyl pyrazine CeHsN> 108 105+10 0.14
23 1325 (E)-2-Heptenal GHO - 112 180+17 0.24
24 1327 2-Heptanol C7H10 116 98+11 0.13
25 1330  2,6-Dimethylpyrazine CgHgN>» 108 160110 0.21
26 1348 2,3-Dimethylpyrazine CsHsN> 108 4642 0.06
27 1351 Ethyl 2-hydroxypropionate CsH100s 118 95+8 0.13
28 1385 2-Ethyl-6-methylpyrazine C7H1oN2 122 110+6 0.15
29 1390 2-Nonanone CoHis02 142 129+6 0.17
30 1394 Nonanal CoH150 142 382155 0.51
31 1398  3-Octanol CsH1s0 130 136+6 0.18
32 1402 Trimethyl pyrazine C7H1oN2 122 52442 0.70
33 1430 (E)-2-Octenal CsH140 126 116+1 0.16
34 1439 Ethyloctanoate CroH2002 172 23+3 0.03
35 1446  3-Ethyl-2,5-dimethylpyrazine CsHi2N>» 136 71+1 0.09
36 1455 Acetic acid CHOs 60 2046+142 2.75
37 1458 1-Octen-3-ol CsHi60 128 2994 +238 4.02
38 1472 Furfural CsHyOn 96 1161+166 1.56
39 1474 Tetramethyl pyrazine CsHi2N2 136 845+57 1.13
40 1488 2-Ethylhexyl acrylate C11H20O: 184 101+46 0.14
41 1513  2,3,5-Trimethyl-6-ethylpyrazine CoH14N> 150 107+10 0.14
42 1522 Benzaldehyde C/HO 106 5818+156 7.81
43 1535 (E)-2-Nonenal CoHi60 140 309+65 041
44 1545 2,3-Butanediol CiHpO2 90 525+36 0.71
45 1574 2-Methyl propanoi cacid CyHzO; 88 265+8 0.36

YRetention index, ?Molecular formula, ?Molecular weight, YArea of TIC/10,000, "Mean+standard deviation (n=3).
g
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¥ 2. A%

No RI" Compound name MF MW? Area” % Total
46 1577 5-Methylfurfural CeHeO2 110 66+4” 0.09
47 1582 1,3-Butanediol CiH1oO2 90 34655 0.46
48 1591 Epi-bicyclosesquiphellandrene CisHoy 204 1578+821 212
49 1633 Butanoic acid CHsOs 88 674+73 0.90
50 1644 Benzacetaldehyde CsHsO 120 81724349 10.97
51 1665 Ethylbenzoate CoH1002 150 340+27 0.46
52 1668 Furfuryl alcohol CsHeO2 98 212418 0.28
53 1673 3-Methyl butanoic acid CsHyiO2 102 7596274 10.20
54 1716  3-(Methylthio)propanol(Methionol) CHq100S 106 364+22 0.49
55 1734  1,2-Dimethoxy benzene CsH100» 138 95+11 0.13
56 1750 1,3-Dimethoxy benzene CsgH100» 138 85+11 0.11
57 1761 Methyl 2-phenylacetate CoHi1002, 150 88+7 0.12
58 1787 Ethyl 2-phenylacetate CioH1xO2 164 946+84 1.27
59 1797 2-Phenylpropenal CoHO 132 272+1 0.37
60 1815 B-Phenethylacetate CioH12O2 164 337+14 0.45
61 1850 Hexanoicacid CeHiO2 116 143+18 0.19
62 1861 2-Methoxy phenol C7H5O 124 434+13 0.58
63 1886 4-Ethyl-1,2-dimethoxybenzene C1oHuO 166 161426 0.22
64 1908 Phenethyl alcohol CsH100 122 12658+352 17.00
65 1923 Benzeneacetonitrile CsHyN 117 83+4 0.11
66 1927 2-Phenyl-2-butenal CioH100O 146 538+91 0.72
67 1960 Maltol CeHeOs 126 2362+142 3.17
68 1970 2-Acetylpyrrole CsHNO 109 662+32 0.89
69 2009 Phenol CsHsO2 94 12243 0.16
70 2020 y-Nonanoic lactone CoH1602 156 454+29 0.61
71 2033 4-Ethyl-2-methoxy phenol CoH1202 152 2570+185 3.45
72 2065 Octanoicacid CsHisOr 144 172+19 0.23
73 2072  5-Methyl-2-phenyl-2-hexenal CisH1O 188 133+35 0.18
74 2091 3-Methylphenol C7HsO 108 12449 0.17
75 2171 Nonanoicacid CoHisO2 158 511+99 0.69
76 2179 4-Ethyl phenol CsH100 122 2277+117 3.06
77 2199  2-Methoxy-4-vinylphenol CyH100» 150 38+3 0.05
78 2222 Methyl hexadecanoate Ci7Hz402 270 38411 0.05
79 2260 Ethyl hexadecanoate CisHs602 284 735+147 0.99
80 2271 2,6-Dimethoxy phenol CgH1003 154 149+11 0.20
81 2278 Decanoicacid CioHpO2 172 225+72 0.30
82 2433 Benzoic acid GHeO2 122 92+7 0.12
83 2481 Ethyl oleate CaoHasO2 310 286+52 0.38
84 2495 Methyl linoleate CioH3402 294 54+13 0.07
85 2528 Ethyl linoleate CooHz602 308 666+116 0.89
86 2576 N-Acetylphenethylamine CioHisNO 163 697+69 0.94
Total 744724724 100

URetention index, IMolecular formula, IMolecular weight, YArea of TIC/10,000, Meantstandard deviation (n=3).
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E 3. KO-039] 34 Fr| &

No RI" Compound name MF MW? Area” % Total
1 869 FEthyl acetate C4H;O, 88 239+6 0.36
2 903  2-Methyl butanal+3-Methyl butanal CsHiO 86 1376+113 2.05
3 926  Ethanol CHO 46 3575+66 5.32
4 1047 Ethyl butanoate CeH120:2 116 154+7 0.23
5 1060 Ethyl 2-methylbutanoate CrH1402 130 484+34 0.72
6 1075 Ethyl 3-methylbutanoate CrH1402 130 1403+117 2.09
7 1088 Hexanal CsH120 100 158+14 0.24
8 1100 2-Methyl-2-butenal GCsHsO 84 66+8 0.10
9 1127 3-Methylbutylacetate CGHuO 130 112+7 0.17
10 1186 2-Heptanone CH140 114 81+7 0.12
11 1206 3-Methyl-2-butenal GCsHsO 84 208+12 0.31
12 1216  3-Methyl-1-butanol GsHi2O 88 474452 0.71
13 1235 2-Pentylfuran CoH140 138 230425 0.34
14 1239 Ethyl hexanoate CsHi6O2 144 39+4 0.06
15 1258 3-Octanone CgH160 128 201+12 0.30
16 1261 Ethenyl benzene CsHs 104 17354185 2.58
17 1271 Methyl pyrazine CsHeN2 94 99+2 0.15
18 1279  3-Methylbutyl2-methylbutanoate C1oH2002 172 19+4 0.03
19 1281 1,24-Trimethylbenzene CoHy2 120 81+13 0.12
20 1291 Octanal CsH160 128 61+6 0.09
21 1304 1-Octen-3-one CsH10 126 9%6+11 0.14
22 1324 2,5-Dimethyl pyrazine CesHsN2 108 106+9 0.16
23 1326 (E)-2-Heptenal CH1O 112 184+21 0.27
24 1328 2-Heptanol CG7Hi60 116 147+11 0.22
25 1331 2,6-Dimethylpyrazine CsHsN2 108 210+3 0.31
26 1349 2,3-Dimethylpyrazine CsHsN» 108 51+0 0.08
27 1352 Ethyl 2-hydroxypropionate CsH1003 118 175+13 0.26
28 1385 2-Ethyl-6-methylpyrazine CyHioN2 122 145+1 0.22
29 1391 2-Nonanone CoHys02 142 101+7 0.15
30 1395 Nonanal CoH150 142 347+33 0.52
31 1399 3-Octanol CsH1s0 130 132+7 0.20
32 1403 Trimethyl pyrazine C7H1oN2 122 560+14 0.83
33 1431 (E)-2-Octenal CsH140 126 109+11 0.16
34 1440 Ethyloctanoate C1oH2002 172 48+7 0.07
35 1447 3-Ethyl-2,5-dimethylpyrazine CsHi2N2 136 68+3 0.10
36 1455 Acetic acid CHLO; 60 3285+53 4.89
37 1459  1-Octen-3-ol CsH160 128 3117+111 4.64
38 1472 Furfural GHLO; 96 1429+86 212
39 1475 Tetramethyl pyrazine CsHi2N2 136 944+45 1.40
40 1514 2,3,5-Trimethyl-6-ethylpyrazine CoH14N2 150 99+20 0.15
41 1523 Benzaldehyde CHO 106 6140+342 9.13
42 1536 (E)-2-Nonenal CoH160 140 302+65 0.45
43 1546 2,3-Butanediol C4H1002 90 398+81 0.59
44 1574 2-Methyl propanoic acid CHsO2 88 323+19 0.48
45 1578 5-Methylfurfural CeHeO 110 100+22 0.15

URetention index, IMolecular formula, IMolecular weight, YArea of TIC/10,000, ®Meanzstandard deviation (n=3).
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¥ 3. A&

No RI" Compound name MF? MW? Area” % Total
46 1582 1,3-Butanediol CqH10O2 90 344+29” 0.51
47 1592  Epi-bicyclosesquiphellandrene Ci5sHy 204 220+80 0.33
48 1634 Butanoic acid C4HsOs 88 940+40 1.40
49 1644 Benzacetaldehyde CsHsO 120 7684+172 11.43
50 1666 Ethylbenzoate CoH1002 150 431+43 0.64
51 1669 Furfuryl alcohol GsHsO2 98 88+23 0.13
52 1673 3-Methyl butanoic acid CsHy100Os 102 11181+376 16.63
53 1717 Methionol C4H1005 106 261+50 0.39
54 1734 1,2-Dimethoxy benzene CsH1002 138 125+4 0.19
55 1751 1,3-Dimethoxy benzene CsH100» 138 99+6 0.15
56 1762 Methyl 2-phenylacetate CoH1002 150 100+4 0.15
57 1787 Ethyl 2-phenylacetate C10H120; 164 1067164 1.59
58 1798 2-Phenylpropenal CyHzO 132 211+18 0.31
59 1815 [-Phenethylacetate C10H1202 164 124+6 0.18
60 1851 Hexanoicacid CsH1202 116 214+16 0.32
61 1862 2-Methoxy phenol(Guaiacol) CHgOs 124 548+23 0.82
62 1908 Phenethyl alcohol CsH10O 122 33584312 5.00
63 1924 Benzeneacetonitrile CsHyN 117 77+4 0.11
64 1927 2-Phenyl-2-butenal Ci10H100 146 401428 0.60
65 1960 Maltol CsHeOs3 126 2195+147 3.27
66 1971 2-Acetylpyrrole CsH;NO 109 683+14 1.02
67 2009 Phenol CsHeO2 94 103+4 0.15
68 2021 y-Nonanoic lactone CyoH160» 156 324419 0.48
69 2033 4-Ethyl-2-methoxy phenol CoH1202 152 1677+75 2.49
70 2066 Octanoicacid CsHicOn 144 190+27 0.28
71 2072  5-Methyl-2-phenyl-2-hexenal Ci13H160 188 91+27 0.13
72 2091 3-Methylphenol C/HsO 108 146+12 0.22
73 2172 Nonanoicacid CoH1502 158 461425 0.69
74 2179 4-Ethyl phenol CsH100 122 1702+50 2.53
75 2199  2-Methoxy-4-vinylphenol CoH100; 150 31+1 0.05
76 2222 Methyl hexadecanoate Ci7H3402 270 2745 0.04
77 2260 Ethyl hexadecanoate CisHz602 284 709+92 1.05
78 2271 2,6-Dimethoxy phenol CsH1003 154 14549 0.22
79 2278 Decanoicacid C1oH2002 172 257+38 0.38
80 2432 Benzoic acid C/HeO» 122 123+18 0.18
81 2481 Ethyl oleate C2oHszs02 310 343+11 0.51
82 2495 Methyl linoleate Ci9H3402 294 76+7 0.11
83 2528 Ethyl linoleate CaoHsz602 308 865+30 1.29
84 2576 N-Acetylphenethylamine C1oH1sNO 163 194410 0.29
Total 67230+1085 100

YRetention index, ?Molecular formula, *Molecular weight, YArea of TIC/10,000, 9 Meantstandard deviation (n=3).

- 199 -
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No RI" Compound name MF? MW? Area” % Total
1 868  Ethyl acetate C4Hs0; 88 366+7 0.31
2 903  2-Methyl butanal+3-Methyl butanal CsHyO 86 1602+48 1.36
3 925  Ethanol CHO 46 2053+200 1.75
4 1047 Ethyl butanoate CsH120z2 116 382443 0.33
5 1060 Ethyl 2-methylbutanoate GHuO2 130 250+21 0.21
6 1075 Ethyl 3-methylbutanoate CGH1O2 130 278+16 0.24
7 1078 Dimethyl difulfide CoHeS2 94 139+19 0.12
8 1087 Hexanal CsH12O 100 446+29 0.38
9 1159 Butanol C4H100O 74 492435 0.42
10 1186 2-Heptanone C/Hi4O 114 188+3 0.16
11 1194 D-Limonene CioHue 136 140+34 0.12
12 1207 3-Methyl-2-butenal CsHsO 84 173+16 0.15
13 1227 2-Pentylfuran GoH110 138 369+47 0.31
14 1234 Ethyl hexanoate CsHi1602 144 203+2 017
15 1247 3-Methylbutyl butanoate CoHi502 158 176+15 0.15
16 1255 3-Octanone CsHy60 128 522+4 0.44
17 1257 Ethenyl benzene CsHs 104 406+73 0.35
18 1273 Methyl pyrazine CsHeN2 94 204+33 0.17
19 1285 2-Octanone CsHi60 128 145+45 0.12
20 1293 3-Hydroxy-2-butanone C4Hs0O; 88 198+4 0.17
21 1325 2,5-Dimethyl pyrazine CeHsN2 108 2032+24 1.73
22 1332  2,6-Dimethylpyrazine CeHsN2 108 474+8 0.40
23 1341 6-Methyl-5-hepten-2-one CsH10 126 70+3 0.06
24 1350 2,3-Dimethylpyrazine CsHsN> 108 145+19 0.12
25 1383 2-Nonanone CoHi502 142 150+12 0.13
26 1392 Nonanal CoHy50 142 286+27 0.24
27 1398  3-Octanol CsHisO 130 98+1 0.08
28 1403 Trimethyl pyrazine C7H10N2 122 3006119 2.56
29 1428 (E)-2-Octenal CsH140 126 188+22 0.16
30 1446  3-Ethyl-2,5-dimethylpyrazine CsHi2N2 136 141+1 0.12
31 1453  Acetic acid CH4O; 60 9241+812 7.87
32 1458 1-Octen-3-ol CsHi60 128 3978+509 3.39
33 1471 Furfural CH4O;, 96 1588+99 1.35
34 1475 Tetramethyl pyrazine CsHi2N» 136 6909+448 5.89
35 1513  2,3,5-Trimethyl-6-ethyl pyrazine CoHi14N2 150 304+29 0.26
36 1521 Benzaldehyde CGHqO 106 7273+242 6.20
37 1543 Propanoicacid CsHeO2 74 244+44 0.21
38 1569 2-Methyl propanoic acid CHsOs 88 6900+680 5.88
39 1587 Epi-bicyclosesquiphellandrene CisHoy 204 481+50 041
40 1628 Butanoic acid C4HsO; 88 7341+567 6.25
41 1642 Benzacetaldehyde CsHsO 120 8081+872 6.88
42 1663 Ethyl benzoate CoH19O2 150 137457 0.12
43 1668 3-Methyl butanoic aicd CsH1002 102 38687+2285  32.95
44 1732 1,2-Dimethoxy benzene CsH100» 138 363+64 0.31

YRetention index, ?Molecular formula, *Molecular weight, ?Area of TIC/10,000, "Meantstandard deviation (n=3).
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¥ 4. A&

No RI" Compound name MF? MW? Area” % Total
45 1759 Methyl 2-phenylacetate CoH100; 150 136110 0.12
46 1784 Ethyl 2-phenylacetate C1oH1202 164 540+64 0.46
47 1795 3-Methyl-2-butenoic acid CsHsOn 100 347+55 0.30
48 1802 4-Methyl pentanoic acid CeHi202 116 462+42 0.39
49 1846 Hexanoicacid CsH1202 116 2636+170 224
50 1859 Guaiacol(2-Methoxy phenol) CrHsO» 124 1065+97 0.91
51 1905 Phenethyl alcohol CsHi100 122 278+32 0.24
52 1920 Benzeneacetonitrile CsH/N 117 330+40 0.28
53 1954 Heptanoicacid G HuO2 130 119+11 0.10
54 1957 2-Methyl-3-hydroxy-4-pyranone CsHeOs 126 915+117 0.78
55 1967 2-Acetylpyrrole CeH/NO 109 264+20 0.22
56 2004 Phenol CsHeO2 94 541+31 0.46
57 2029 4-Ethyl-2-methoxy phenol CoH1202 152 688+119 0.59
58 2062 Octanoicacid CsHi602 144 374+55 0.32
59 2070 5-Methyl-2-phenyl-2-hexenal CisHis0O 188 73+11 0.06
60 2088 3-Methylphenol C7HsO 108 54110 0.05
61 2168 Nonanoicacid CoH102 158 11948 0.10
62 2175 4-Ethyl phenol CsH100 122 887+124 0.76
63 2196 2-Methoxy-4-vinylphenol CyH100, 150 23+3 0.02
64 2258 Ethyl hexadecanoate C18H3602 284 48+3 0.04
65 2268 2,6-Dimethoxy phenol CsH1003 154 51411 0.04
66 2424 Benzoic acid C/HeO2 122 234+38 0.20
67 2492 Methyl linoleate CioH3402 294 62+19 0.05
68 2525 Ethyl linoleate C20H3602 308 217450 0.19
69 2551 2-Phenylacetic acid CsHsO2 136 91412 0.08
Total 11740241301  100.00

URetention index, IMolecular formula, IMolecular weight, YArea of TIC/10,000, Meantstandard deviation (n=3).
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No RI" Compound name MF MW? Area” % Total
1 903  2-Methyl butanal+3-Methyl butanal GCsHiO 86 1860+95 0.87
2 925  Ethanol GHqO 46 632+58 0.30
3 1019 Methyl 2-methylbutanoate CsH1202 116 110+11 0.05
4 1029 Methyl3-methylbutanoate CsH12O 116 152+19 0.07
5 1046 Ethyl butanoate CeH120;2 116 500+62 0.23
6 1060 Ethyl 2-methylbutanoate CrH14O2 130 310+47 0.15
7 1075 Ethyl 3-methylbutanoate GHuO; 130 190+34 0.09
8 1078 Dimethyl difulfide CHeS: 94 722+69 0.34
9 1087 Hexanal CsH12O 100 246+36 0.12
10 1205 3-Methyl-2-butenal GCsHsO 84 17045 0.08
11 1214 3-Methyl-1-butanol GsHi2O 88 860+71 0.40
12 1222  Butyl butanoate CsHi602 144 265+15 0.12
13 1235 2-Pentylfuran CoH140 138 816161 0.38
14 1253 3-Methylbutyl butanoate CoHis02 158 68+13 0.03
15 1258 3-Octanone CsHi60 128 428+48 0.20
16 1262 Ethenyl benzene CsHs 104 260+33 0.12
17 1270 3-Methylbutyl butanoate CoH1502+ 158 1411+110 0.66
Methyl pyrazine CsHeN> 94
18 1279 3-Methylbutyl 2-methylbutanoate C10H2002 172 126+12 0.06
19 1288 2-Octanone CsHi60 128 14149 0.07
20 1291 Octanal CsH160 128 64+2 0.03
21 1296 3-Methylbutyl 3-methylbutanoate C1oH2002 172 181+20 0.08
22 1323 2,5-Dimethyl pyrazine CsHsN> 108 2332+79 1.09
23 1330 2,6-Dimethylpyrazine CeHsN2 108 1254496 0.59
24 1348 2,3-Dimethylpyrazine CsHsN» 108 571428 0.27
25 1375 Dimethyltrisulfide CoHeSs3 126 659+37 0.31
26 1385 2-Ethyl-6-methylpyrazine CyH1oN2 122 868+39 041
27 1390 2-Nonanone CoH1502 142 439+28 0.21
28 1395 Nonanal CoHi50 142 387+23 0.18
29 1399  3-Octanol CsHys0 130 242434 0.11
30 1402 Trimethyl pyrazine C7H1oN2 122 80604252 3.78
31 1447 3-Ethyl-2,5-dimethylpyrazine CsHizN2 136 578+57 0.27
32 1454  Acetic acid CH4Os 60 5159+367 242
33 1459  1-Octen-3-ol CsHy60 128 5626+106 2.64
34 1462 2,6-Diethylpyrazine CsH12N» 136 1851+116 0.87
35 1472 Furfural CH4O;, 96 296+34 0.14
36 1475 Tetramethyl pyrazine CsHizN2 136 222764652 10.44
37 1513  2,3,5-Trimethyl-6-ethylpyrazine CoH14N2 150 1849+93 0.87
38 1522 Benzaldehyde CHO 106 13304+150 6.23
39 1545 Propanoicacid GHsOs 74 622+15 0.29
40 1571 2-Methylpropanoicacid C4HsO» 88 5027+58 2.35
41 1581 2,3,5-Trimethyl-6-propylpyrazine CioH16N2 164 1392465 0.65
42 1621 Methyl benzoate CsHsO; 136 369+40 0.17
43 1629 Butanoic acid C4HsO 88 326184619 15.28
44 1644 Benzacetaldehyde CgHsO 120 8077+760 3.78

YRetention index, ?Molecular formula, *Molecular weight, YArea of TIC/10,000, "Mean+standard deviation (n=3).
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¥ 5 A&

No RI" Compound name MF? MW? Area” % Total
45 1669 Furfuryl alcohol CsHeOs 98 1513+41 0.71
46 1671 3-Methyl butanoic acid CsHi00 102 50203+1377  23.52
47 1724 Benzyl methyl ketone CoH100 134 2011492 0.94
48 1733 1,2-Dimethoxy benzene CsH1002 138 639+27 0.30
49 1742 Pentanoic acid GsH1002 102 547+28 0.26
50 1761 Methyl 2-phenylacetate CoHi1902 150 681+33 0.32
51 1786 Ethyl 2-phenylacetate C1oH1202 164 596423 0.28
52 1798 2-Phenylpropenal CoHs0 132 1054+90 0.49
53 1806 4-Methyl pentanoic acid CsH1On 116 1104+74 0.52
54 1821 1-Phenyl-2-propanol CyoH120 136 767+59 0.36
55 1850 Hexanoicacid CeHi2O2 116 1565+100 0.73
56 1861 2-Methoxy phenol C/HsOr 124 2438+104 1.14
57 1875 Benzylalcohol C/HO 108 2442 +668 1.14
58 1908 Phenethyl alcohol CsH100 122 5035+166 2.36
59 1923 Benzeneacetonitrile CsHyN 117 5302+222 2.48
60 1927 2-Phenyl-2-butenal C1oH100 146 547+38 0.26
61 1950 3-Hydroxy-2,6-dimethyl-4H-Pyran-4-one CrHsOs 140 283+10 0.13
62 1959 2-Methyl-3-hydroxy-4-pyranone CsHeOs 126 3495+353 1l.64
63 1970 2-Acetylpyrrole CeH/NO 109 1158+86 0.54
64 2008 Phenol CsHeO2 94 1163+44 0.54
65 2032 4-Ethyl-2-methoxy phenol CoH1202 152 1028+51 0.48
66 2037 3-Phenyl-2-propenal GoHsO 132 11444490 0.54
67 2065 Octanoicacid CsH1602 144 504+95 0.24
68 2072 5-Methyl-2-phenyl-2-hexenal C13H160 188 589+50 0.28
69 2171 Nonanoic acid CoH10 158 716+192 0.34
70 2179 4-Ethyl phenol CsH100 122 475+43 0.22
71 2199 2-Methoxy-4-vinylphenol CoHi00O2 150 131+34 0.06
72 2221 Methyl hexadecanoate Ci7H3402 270 99+14 0.05
73 2260 Ethyl hexadecanoate CisHz602 284 91+12 0.04
74 2271 2,6-Dimethoxy phenol CgH1003 154 214+18 0.10
75 2278 Decanoicacid C1oH2002 172 155+42 0.07
76 2430 Benzoic acid CHeOz 122 1215+81 0.57
77 2556 2-Phenylacetic acid CsHsOn 136 1588+13 0.74
Total 213478+3515 100.00

URetention index, IMolecular formula, IMolecular weight, YArea of TIC/10,000, ®Meanzstandard deviation (n=3).
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No RI” Compound name MEF? MW Area” %Total
1 869  Ethyl acetate C4Hs0; 88 1453492 1.22
2 904  2-Methyl butanal+3-Methyl butanal CsH10O 86 936+86 0.79
3 926 Ethanol CHO 46 122741489 10.31
4 969  Ethyl 2-methylpropionate CsH1202 116 1220489 1.02
5 1020  Methyl 2-methylbutanoate CeH120: 116 5243 0.04
6 1030  Methyl 3-methylbutanoate CeH120: 116 4843 0.04
7 1048  Ethyl butanoate CsH120: 116 8143 0.07
8 1061  Ethyl 2-methylbutanoate C7H1402 130 43214218 3.63
9 1075  Ethyl 3-methylbutanoate C7H102 130 25724169 2.16
10 1087 Hexanal CsH12O 100 6245 0.05
11 1093 2-Methylpropyl 2-methylpropionate CsH1602 144 48+4 0.04
12 1100  2-Methyl-2-butenal CsHsO 84 29+4 0.02
13 1127 3-Methylbutylacetate CH140; 130 322426 0.27
14 1177  2-Methylpropyl 2-methylbutanoate CoH150: 158 176+15 0.15
15 1206  3-Methyl-2-butenal CsHsO 84 9945 0.08
16 1216  3-Methyl-1-butanol CsH1O 88 1453423 1.22
17 1235  2-Pentylfuran CoH140 138 229+7 0.19
18 1239  Ethyl hexanoate CsHi0: 144 202+14 017
19 1258  3-Octanone CsH160 128 11646 0.10
20 1262  Ethenyl benzene CsHs 104 51+10 0.04
21 1271  Methyl pyrazine CsHgN2 94 187+16 0.16
22 1280  3-Methylbutyl2-methylbutanoate Ci1oH2002 172 690161 0.58
23 1282 2-Methylbutyl-2-methylbutanoate Ci10H2002 172 297+29 0.25
24 1297  3-Methylbutyl3-methylbutanoate Ci10H2002 172 569+37 0.48
25 1324  2,5-Dimethyl pyrazine CsHsNa 108 779+16 0.65
26 1331  2,6-Dimethylpyrazine CsHsN2 108 41248 0.35
27 1339  Ethyl heptanoate CoH150: 158 5316 0.04
28 1349  2,3-Dimethylpyrazine CsHsN2 108 11048 0.09
29 1352 Ethyl 2-hydroxypropionate CsH1003 118 17449 0.15
30 1385  2-Ethyl-6-methylpyrazine C7H10N2 122 22242 0.19
31 1391  2-Nonanone+pyrazines CoH1:02 142 10242 0.09
32 1395 Nonanal CoH150 142 37718 0.32
33 1399 3-Octanol CsHisO 130 8343 0.07
34 1403  Trimethyl pyrazine CrH 1N, 122 138749 116
35 1431  (E)-2-Octenal CsH1:0 126 78+3 0.07
36 1440  Ethyloctanoate C1oH20: 172 241411 0.20
37 1447  3-Ethyl-2,5-dimethylpyrazine CsH12N2 136 124+4 0.10
38 1456  Acetic acid CoH402 60 21944144 1.84
39 1459  1-Octen-3-ol CsHisO 128 24261187 2.04
40 1473  Furfural CsH4O2 9 405422 0.34
41 1475  Tetramethyl pyrazine CsHi2N2 136 1920457 1.61
42 1491  2-Ethenyl-6-methylpyrazine C7HsN2 120 85+8 0.07
43 1514  2,35-Trimethyl-6-ethylpyrazine CoHuaN, 150 20745 017
44 1523  Benzaldehyde C7HO 106 7560+105 6.35
45 1536  (E)-2-Nonenal CoH160 140 155414 0.13
46 1547  Propanoicacid CHeO2 74 145110 012
47 1571  Ethyl 3-(methylthio)-propionate CeH12O0S 148 32244 0.27

URetention index, IMolecular formula, IMolecular weight, YArea of TIC/10,000, Meantstandard deviation (n=3).
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¥ 6. A&

No RI” Compound name MEF” MW” Area” % Total
48 1573  2-Methyl propanoic acid CiHs0; 88 2034+46 1.71
49 1578  5-Methyl furfural CsHeO2 110 10613 0.09
50 1622 Methyl benzoate CsHs0O: 136 145+9 0.12
51 1634  Butanoic acid CsHsO2 88 5416 0.05
52 1645  Benzacetaldehyde CsHsO 120 6463+163 543
53 1666  Ethylbenzoate CoH1002 150 31544122 2.65
54 1669  Furfuryl alcohol CsHeO: 98 160+8 0.13
55 1672  3-Methyl butanoic acid CsH102 102 216544224 18.18
56 1717 3-(methylthio)propanol C4H;00S 106 19816 017
57 1734  1,2-Dimethoxy benzene CsH1002 138 77+3 0.07
58 1762  Methyl 2-phenylacetate CoH100: 150 431422 0.36
59 1787 Ethyl 2-phenylacetate C1oH120s 164 58361386 4.90
60 1799  2-Phenylpropenal CoHsO 132 278+16 0.23
61 1815  B-Phenethylacetate C1oH120: 164 206117 017
62 1851  Hexanoicacid CeH120: 116 185+21 0.16
63 1862  2-Methoxy phenol G H:O; 124 391414 0.33
64 1876  Benzyl alcohol C/HsO 108 109+8 0.09
65 1879  2-Phenylethyl 2-methylpropionate C12Hi1602 192 87+18 0.07
66 1883  Ethyl 3-phenylpropionate CuH1402 178 68+10 0.06
67 1908  Phenethyl alcohol CsH10O 122 3781+199 3.17
68 1924  Benzeneacetonitrile CsH7N 117 628+15 0.53
69 1927  2-Phenyl-2-butenal Ci1oH100 146 1257+89 1.05
70 1960  2-Methyl-3-hydroxy-4-pyranone CeHsOs 126 10634137 0.89
71 1970  2-Acetylpyrrole CsH/NO 109 441192 037
72 1981  B-Ethylphenethyl alcohol C1oH140 150 105+22 0.09
73 2009  Phenol CsHeO2 94 41242 0.35
74 2021  y-Nonanoic lactone CoH160:2 156 196+46 0.16
75 2033  4-Ethyl-2-methoxy phenol CoH1,0, 152 20851230 1.75
76 2055  Ethyltetradecanoate C16Hz202 256 232441 0.19
77 2065  Octanoicacid CsH160: 144 108+25 0.09
78 2072 5-Methyl-2-phenyl-2-hexenal Ci3H160 188 288142 0.24
79 2169  4-Allyl-2-methoxyphenol C10H1202 164 293+39 0.25
80 2171  Nonanoicacid CoHis0» 158 227427 0.19
81 2179  4-Ethyl phenol CsH10O 122 17034116 143
82 2199  2-Methoxy-4-vinylphenol CoH100: 150 107+16 0.09
83 2222 Methyl hexadecanoate Ci7H3402 270 116422 0.10
84 2262  Ethyl hexadecanoate C1sH3602 284 54774945 4.60
85 2278  Decanoic acid C10H20: 172 337+17 0.28
86 2432  Benzoic acid C/HeO: 122 297422 0.25
87 2445  Methyl oleate C9H3602 296 138+17 0.12
88 2462  Ethyl octadecanoate C2oHyoO2 312 183+34 0.15
89 2481  (2)-Ethyl-9-octadecenoate CooHz:02 310 37404410 3.14
90 2490  (E)-Ethyl-9-octadecenoate CaoHzs02 310 164+20 0.14
91 2496  Methyl linoleate C19H3402 294 274+38 0.23
92 2529  Ethyl linoleate CooHz602 308 5700+£674 4.79
93 2557  2-Phenylacetic acid CsHsOn 136 467437 0.39
94 2598  N-Acetylphenethylamine C10H1sNO 163 601+80 0.50
Total 119104 £4402 100

YRetention index, ?Molecular formula, Molecular weight, YArea of TIC/10,000, "Meantstandard deviation (n=3).
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E 7. JB-1.59] LA IR

No RI" Compound name MF MW? Area” % Total
1 904  2-Methyl butanal+3-Methyl butanal CsHiO 86 1943+56 1.57
2 926  Ethanol CHO 46 2495+36 2.02
3 1035 2-Butanol C4H100 74 1205+40 0.97
4 1060 Ethyl 2-methylbutanoate CrH1402 130 292427 0.24
5 1075 Ethyl 3-methylbutanoate GHuOr 130 17049 0.14
6 1087 Hexanal CsH120 100 229420 0.19
7 1125 Propyl butanoate G H1O2 130 384+18 0.31
8 1129 1-Methyl propyl butanoate CsHi602 144 525+46 0.43
9 1188 D-Limonene CioHie 136 820+188 0.66
10 1206 3-Methyl-2-butenal GsHsO 84 134118 0.11
11 1216 3-Methyl-1-butanol CsH1O 88 463+16 0.37
12 1221 Butyl butanoate CsHi602 144 450+32 0.36
13 1233  2-Pentylfuran CoH140 138 2291+124 1.85
14 1238 Ethyl hexanoate CsHi1602 144 11143 0.09
15 1257 3-Octanone CsHi60O 128 756+13 0.61
16 1261 Ethenyl benzene CsHs 104 750+58 0.61
17 1268 3-Methylbutyl butanoate CoH150: 158 292425 0.24
18 1271 Methyl pyrazine CsHgN>2 94 486+7 0.39
19 1287 2-Octanone CsH160 128 179+36 0.14
20 1290 Octanal CsH;60 128 229436 0.19
21 1324 2,5-Dimethyl pyrazine CeHsN> 108 2189+8 1.77
22 1331 2,6-Dimethylpyrazine CsHsNa 108 817+30 0.66
23 1349  2,3-Dimethylpyrazine CeHsN2 108 300+17 0.24
24 1385 2-Ethyl-6-methylpyrazine C7H10N>» 122 11743 0.09
25 1387 2-Ethylhexyl acetate C1oH2002 172 4405862 3.56
26 1390 2-Nonanone CoH1502 142 507+20 041
27 1394 Nonanal CoH150 142 554+44 0.45
28 1398  3-Octanol CsHis0 130 204+30 0.16
29 1402 Trimethyl pyrazine C7H1oN2 122 4449+141 3.60
30 1446 3-Ethyl-2,5-dimethylpyrazine CsHi2N» 136 418+42 0.34
31 1451 2-Ethyl-1-hexyl propionate CinH»0; 186 1394+301 1.13
32 1456  Acetic acid CHOs 60 2440+238 1.97
33 1459 1-Octen-3-ol CsHi60 128 8726+283 7.06
34 1462 2,6-Diethylpyrazine CsH1N2 136 1196+225 0.97
35 1475 Tetramethyl pyrazine CsHiaN2 136 7366+224 5.96
36 1495 2-Ethylhexanol CsH1s0 130 615162 0.50
37 1513  2,3,5-Trimethyl-6-ethylpyrazine CoH14N> 150 63249 0.51
38 1522 Benzaldehyde C/HO 106 8926+443 7.22
39 1546 Propanoicacid GHeOa 74 578+78 047
40 1574 2-Methylpropanoicacid CiHOr 88 436+56 0.35
41 1581  2,3,5-Trimethyl-6-propylpyrazine Ci0H1sN> 164 415410 0.34
42 1631 Butanoic acid CsHsOn 88 194424264 15.73
43 1643 Benzacetaldehyde CsHsO 120 4741301 3.84
44 1648 Acetophenone CsHsO 120 3149+1018 2.55
45 1673  3-Methyl butanoic acid CsHi0On 102 129504443 10.48

URetention index, IMolecular formula, IMolecular weight, YArea of TIC/10,000, ®Meanzstandard deviation (n=3).
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® 7 A%

No RI" Compound name MF MW? Area” % Total
46 1716 Methionol(3-(methylthio)propanol) C4H1005 106 240+37 0.19
47 1786 Ethyl 2-phenylacetate CioH1202 164 15619 0.13
48 1798 2-Phenylpropenal CoHsO 132 23145 0.19
49 1806 4-Methyl pentanoic acid CsH1202 116 1935+53 1.57
50 1814 1-Phenyl-2-propanol CoH120 136 1362+42 1.10
51 1850 Hexanoicacid CsH1On 116 710457 0.57
52 1861 2-Methoxy phenol(Guaiacol) C7HsO 124 2364197 1.91
53 1876 Benzylalcohol C7HsO 108 503+8 0.41
54 1883 Ethyl 3-phenylpropionate CiiHuO: 95 217+4 0.18
55 1908 Phenethyl alcohol CsHi100 122 1105+44 0.89
56 1923 Benzeneacetonitrile CsHyN 117 1172+20 0.95
57 1927 2-Phenyl-2-butenal C1oH100 146 154+11 0.12
58 1950 3-Hydroxy-2,6-dimethyl-4H-Pyran-4-one CrHsOs 140 345415 0.28
59 1959 2-Methyl-3-hydroxy-4-pyranone CsHeOs 126 6392+30 517
60 1970 2-Acetylpyrrole CeH/NO 109 255+28 0.21
61 2008 Phenol CsHeO2 94 1207+14 0.98
62 2065 Octanoicacid CsH1602 144 331+61 0.27
63 2072 5-Methyl-2-phenyl-2-hexenal C13H160 188 148+15 0.12
64 2084 4-Methylphenol C7HsO 108 109+5 0.09
65 2199 2-Methoxy-4-vinylphenol CoH100; 150 494+24 0.40
66 2260 Ethyl hexadecanoate CisHz602 284 11448 0.09
67 2271 2,6-Dimethoxy phenol CsH1003 154 140+7 0.11
68 2278 Decanoicacid C1oH2002 172 591+104 0.48
69 2396 4-Vinylphenol CsHsO 120 927+20 0.75
70 2432 Benzoic acid C7HeO2 122 201+41 0.16
71 2441 1H-Indole CsH/N 117 796+11 0.64
72 2528 Ethyl linoleate CooHs602 308 247437 0.20
Total 12361342662 100

URetention index, IMolecular formula, IMolecular weight, YArea of TIC/10,000, ®Meanzstandard deviation (n=3).
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=8 ABERNA FAF B4 $71 48 B8 BF 2 ATE v

Functional KO-01" KO-02 KO-03
groups Num. % Area Num. % Total Num. % Total

Acids 9 28.7 9 15.7 9 25.2
Alcohols 20 23.9 17 36.9 17 24.2
Aldehydes 13 27.6 16 255 16 28.1
Esters 17 53 18 7.5 18 9.5
Ketones 6 4.5 6 4.5 6 4.5
N-Compounds 11 7.1 12 4.7 12 4.8
Miscellaneous 5 29 8 5.2 6 3.7

Total 81 100 86 100 84 100

Functional SO-02 MC-03 SW-03 JB-1.5

groups Num. % Total Num. % Total Num. % Total Num. % Total
Acids 13 56.9 13 471 11 233 10 32.0
Alcohols 12 8.7 13 9.4 15 21.5 16 17.9
Aldehydes 9 16.8 12 13.3 14 15.2 10 14.0
Esters 12 24 14 1.7 34 32.6 13 7.1
Ketones 7 1.8 6 3.2 3 1.1 6 9.2
N-Compounds 10 11.8 12 221 13 59 14 16.7
Miscellaneous 6 1.6 7 3.2 4 0.4 3 3.1

Total 69 100 77 100 94 100 72 100
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E 9. DS-019] A I E

No RI" Compound name MF MW? Area” % Total
1 868  Ethyl acetate C4HsO; 88 504+88 0.15
2 902  2-Methyl butanal+3-Methyl butanal CsHyO 86 329+72 0.10
3 945  Ethanol CHqO 46 13491349952 40.43
4 1047 Ethyl butanoate CsH1202 116 128+27 0.04
5 1060 Ethyl 2-methylbutanoate GH1O2 130 223+30 0.07
6 1075 Ethyl 3-methylbutanoate CH1O2 130 105+10 0.03
7 1139  Ethylpentanoate C7H1407 130 79+5 0.02
8 1204 3-Methyl-2-butenal CsHsO 84 69+3 0.02
9 1214 3-Methyl-1-butanol GsHi2O 88 692458 0.21
10 1234 2-Pentylfuran CoH140 138 44+5 0.01
11 1238 Ethyl hexanoate CsH1602 144 648+55 0.19
12 1260 Ethenyl benzene CsHs 104 477+56 0.14
13 1287 3-Hydroxy-2-butanone CsHsOs 88 549453 0.16
14 1323 2,5-Dimethyl pyrazine CsHsN» 108 258+30 0.08
15 1338 Ethyl heptanoate CoHi502 158 100+8 0.03
16 1350 Ethyl 2-hydroxypropionate CsH100s3 118 537+56 0.16
17 1401 Trimethyl pyrazine C7H1N2 122 367+28 0.11
18 1439 Ethyloctanoate CioH2002 172 870+60 0.26
19 1445 3-Ethyl-2,5-dimethylpyrazine CsHi2N» 136 186+5 0.06
20 1459  Acetic acid GHLO; 60 1260+98 0.38
21 1472  Furfural GH4O; 96 223+13 0.07
22 1474 Tetramethyl pyrazine CsHi2N2 136 2066+55 0.62
23 1512 2,3,5-Trimethyl-6-ethylpyrazine CoH14N> 150 433+15 0.13
24 1522 Benzaldehyde CHO 106 1923+100 0.58
25 1541 Ethyl nonanoate CuH2O2 186 110420 0.03
26 1570 Ethyl 3-(methylthio)-propionate CeH12025 148 145+16 0.04
27 1573  2-Methylpropanoicacid C4HsOs 88 628+85 0.19
28 1620 Methyl benzoate CsHsOn 136 135+12 0.04
29 1633 Butanoic acid C4HsO; 88 157+20 0.05
30 1643 Benzacetaldehyde CsHsO 120 4689+150 141
31 1665 Ethylbenzoate CoH1002 150 2806+133 0.84
32 1668 Furfuryl alcohol CHeO 98 193+3 0.06
33 1673 3-Methyl butanoic acid CsH1O2 102 3671+178 1.10
34 1683 Diethyl succinate CsH1404 174 539+39 0.16
35 1786 Ethyl 2-phenylacetate C10H1202 164 1046466 0.31

YRetention index, IMolecular formula, MMolecular weight, YArea of TIC/10,000, 9 Meantstandard deviation (n=3).
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® 9. A&

No RIY Compound name MF? MwW? Area” % Total
36 1798 2-Phenyl propenal CyHsO 132 128+39 0.04
37 1847 Ethyl dodecanoate C1aHos02 228 247+18 0.07
38 1861 2-Methoxy phenol CHsOn 124 148+25 0.04
39 1883 Ethyl 3-phenylpropionate C11H140; 178 697157 0.21
40 1908 Phenethyl alcohol CsHi0O 122 481+45 0.14
41 1926 2-Phenyl-2-butenal CioH100 146 339+73 0.10
42 1959  2-Methyl-3-hydroxy-4-pyranone CsHeOs 126 5457+316 1.64
43 2008 Phenol CeHeO2 94 364481 0.11
44 2032 4-Ethyl-2-methoxy phenol CoH120, 152 301+39 0.09
45 2054 Ethyltetradecanoate Ci6H320 256 2426+274 0.73
46 2065 Octanoicacid CsHi602 144 233+23 0.07
47 2156  Ethylpentadecanoate Ci7H3402 270 400453 0.12
48 2171 Nonanoicacid CoH1507 158 1009+231 0.30
49 2178 4-Ethyl phenol CsH100 122 15414157 0.46
50 2199 2-Methoxy-4-vinylphenol CyH100, 150 4346+474 1.30
51 2221 Methyl hexadecanoate C17H3402 270 353+30 0.11
52 2263 Ethyl hexadecanoate Ci1sHz602 284 5623246948  16.85
53 2285 Ethyl 9-hexadecenoate CisHz402 282 875+109 0.26
54 2361 Ethylheptadecanoate Ci9H3502 298 180+20 0.05
55 2396 4-Vinylphenol CsHsO 120 6499+624 1.95
56 2433 Benzoic acid CHO2 122 583+97 0.17
57 2462 Ethyl octadecanoate CooHy002 312 2047+427 0.61
58 2482 (Z)-Ethyl 9-octadecenoate Ca0Hs502 310 17028+2801 5.10
59 2490 (E)-Ethyl 9-octadecenoate Ca0H3502 310 1376+241 0.41
60 2496 Methyl linoleate CioH3402 294 420472 0.13
61 2531 Ethyl linoleate CaoH3602 308 59869+9067  17.94
62 2598 Ethyl linolenate CooH3402 306 8980+1571 2.69
Total 333657+4008 100

YRetention index, ?Molecular formula, *Molecular weight, *Area of TIC/10,000, "Mean+standard deviation (n=3).
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X 10. DS-029] 3 FIIAE

No RI” Compound name MEF” MW” Area” % Total
1 869  Ethyl acetate C4Hs0; 88 12524170 0.37
2 903 2-Methyl butanal+3-Methyl butanal CsH10O 86 198128 0.06
3 941 Ethanol CHO 46 12246713057 36.37
4 1139 Ethylpentanoate CH140: 130 62+10 0.02
5 1215  3-Methyl-1-butanol GsHO 88 454135 013
6 1235  2-Pentylfuran CoH1,0 138 51+10 0.02
7 1239  Ethyl hexanoate CsHi1602 144 10234176 0.30
8 1261  Ethenyl benzene CsHs 104 47+1 0.01
9 1338 Ethyl heptanoate CoHi50: 158 132423 0.04
10 1351  Ethyl 2-hydroxypropionate CsH1003 118 877124 0.26
11 1440  Ethyloctanoate CioH200: 172 817+119 0.24
12 1459  Acetic acid CH4Os 60 12674171 0.38
1-Octen-3-ol CsHi160 128
13 1472 Furfural CsHO2 96 55941 017
14 1523  Benzaldehyde C7HO 106 18964248 0.56
15 1542  Ethyl nonanoate CnH20: 186 93+18 0.03
16 1621  Methyl benzoate CsHsO2 136 80416 0.02
17 1645 Benzacetaldehyde CsHsO 120 4532467 1.35
18 1665 Ethylbenzoate CoH1002 150 10938+836 3.25
19 1668  Furfuryl alcohol CsHeO: 98 241432 0.07
20 1674  3-Methyl butanoic acid CsHi0O: 102 424126 013
21 1683  Diethyl succinate CsH1404 174 12218 0.04
22 1786  Ethyl 2-phenylacetate C10H1202 164 155+11 0.05
23 1847  Ethyldodecanoate C1sH20; 228 273156 0.08
24 1862  2-Methoxy phenol C/H50;, 124 8716 0.03
25 1882  Ethyl 3-phenylpropionate C11H140» 178 6116 0.02
26 1908  Phenethyl alcohol CsHi100 122 815120 024
27 1927  2-Phenyl-2-butenal CoH10O 146 485143 0.14
28 1959  2-Methyl-3-hydroxy-4-pyranone CsHeO;5 126 38711272 1.15
29 2009 Phenol CsHO2 94 84+5 0.03
30 2032  4-Ethyl-2-methoxy phenol CoH1,0, 152 381126 011
31 2055  Ethyltetradecanoate Ci16H302 256 2368+292 0.70
32 2065  Octanoicacid CsH160: 144 183+31 0.05
33 2156  Ethylpentadecanoate Ci7H30: 270 747167 0.22
34 2171 Nonanoicacid CoHi150: 158 629423 0.19
35 2179  4-Ethyl phenol CsHyO 122 828149 0.25
36 2199  2-Methoxy-4-vinylphenol CoH100: 150 34564281 1.03
37 2222 Methyl hexadecanoate Ci7H340, 270 21748 0.06
38 2265 Ethyl hexadecanoate C1sHz602 284 6559143526 19.48
39 2285 Ethyl 9-hexadecenoate CisH340: 282 10754101 0.32
40 2361  Ethylheptadecanoate C19H350s 298 210+6 0.06
41 2396  4-Vinylphenol CsHsO 120 12444141 0.37
42 2462  Ethyl octadecanoate C2oHyO: 312 2353497 0.70
43 2483  (2)-Ethyl 9-octadecenoate CaoHzs02 310 25534+236 7.58
44 2490  (E)-Ethyl9-octadecenoate CaoHz0: 310 1767+17 0.52
45 2496  Methyl linoleate CioH30: 294 263138 0.08
46 2532  Ethyl linoleate CaoHz602 308 683394594 20.29
47 2598  Ethyl linolenate C2oH30; 306 8200+92 244

YRetention index, Molecular formula, *Molecular weight, ®Area of TIC/10,000, Meanzstandard deviation (n=3).
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E® 11. CJ-019 3L FI|HE

No RI" Compound name MF? MW? Area” % Total
1 872  Ethyl acetate C4HsO2 88 420+31 0.21
2 907  2-Methyl butanal+3-Methyl butanal CsHyO 86 298+50 0.15
3 944  Ethanol GHqO 46 12315642297  60.49
4 1050 Ethyl butanoate CsH12O 116 178411 0.09
5 1081 Dimethyldifulfide CHeS2 94 106+20 0.05
6 1218 3-Methyl-1-butanol CsHi2O 88 695+33 0.34
7 1237 2-Pentylfuran CoH140 138 12745 0.06
8 1241 Ethyl hexanoate CsHi602 144 92+20 0.05
9 1260 3-Octanone CsHi60 128 184+7 0.09
10 1263 Ethenyl benzene CsHs 104 167+34 0.08
11 1325 2,5-Dimethyl pyrazine CsHsN> 108 1940+4 0.95
12 1333  2,6-Dimethyl pyrazine CsHsN> 108 94+2 0.05
13 1353 Ethyl 2-hydroxypropionate CsHioOs 118 223+14 0.11
14 1403 Trimethyl pyrazine C7H10N2 122 2159+10 1.06
15 1447 3-Ethyl-2,5-dimethylpyrazine CsHi2N2 136 296451 0.15
16 1460 Acetic acid CH4O; 60 2456+107 121
17 1474 Furfural CH4O;, 96 217+8 0.11
18 1475 Tetramethyl pyrazine CsHi2N2 136 5206+150 2.56
19 1514 2,3,5-Trimethyl-6-ethylpyrazine CoH1N> 150 401423 0.20
20 1524 Benzaldehyde CHqO 106 2705+111 1.33
21 1574 2-Methylpropanoicacid CiHsO2 88 464+17 0.23
22 1622 Methyl benzoate CsHsO; 136 97+6 0.05
23 1634 Butanoic acid CiHsO; 88 942+31 0.46
24 1644 Benzacetaldehyde CsHsO 120 5374+222 2.64
25 1666 Ethylbenzoate CoH1002 150 589+61 0.29
26 1669 Furfuryl alcohol CsHeOa 98 293422 0.14
27 1674 3-Methyl butanoic acid CsH1002 102 7627+73 3.75
28 1762 Methyl 2-phenylacetate CoH1002 150 57+2 0.03
29 1787 Ethyl 2-phenylacetate C1oH1202 164 617+59 0.30
30 1848 Ethyldodecanoate C14aHa502 228 3243 0.02
31 1851 2-Methyl-2-butenoic acid GHsO; 100 969+51 0.48
32 1862 Guaiacol(2-Methoxy phenol) CH5O:2 124 951+32 0.47
33 1909 Phenethyl alcohol CsH100 122 592+17 0.29
34 1924 Benzeneacetonitrile CsH/N 117 278419 0.14
35 1927 2-Phenyl-2-butenal C1oH100 146 14264233 0.70

YRetention index, ?Molecular formula, *Molecular weight, ?Area of TIC/10,000, "Meantstandard deviation (n=3).
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¥ 11. A&

No RIY Compound name MF? MwW? Area” % Total
36 1950 3-Hydroxy-2,6-dimethyl-4H-Pyran-4-one CrHsOs 140 526+54 0.26
37 1960 2-Methyl-3-hydroxy-4-pyranone CeHsO3 126 35204392 1.73
38 2009 Phenol CsHsO, 94 673+18 0.33
39 2032  4-Ethyl-2-methoxyphenol CoHpO, 152 11474135 056
40 2038 3-Phenyl-2-propenal GoHsO 132 182432 0.09
41 2055 Ethyltetradecanoate CieHz202 256 239+10 0.12
42 2065 Octanoicacid CsH1602 144 109+17 0.05
43 2156 Ethylpentadecanoate Ci7Hz0O: 270 4445 0.02
44 2171 Nonanoicacid CoH150 158 149+12 0.07
45 2179 4-Ethyl phenol CsHj00 122 1959+140 0.96
46 2198 2-Methoxy-4-vinylphenol CoH100O2 150 11365+737 5.58
47 2222 Methyl hexadecanoate Ci7H3402 270 172+22 0.08
48 2261 Ethyl hexadecanoate CisHz602 284 8632+1863 424
49 2271 2,6-Dimethoxy phenol CsH10O3 154 86+10 0.04
50 2284 Ethyl 9-hexadecenoate CisHz402 282 82+1 0.04
51 239 4-Vinylphenol CsHO 120 43344210 213
52 2431 Benzoic acid CGH6O: 122 418+70 0.21
53 2441 1H-Indole CsHyN 117 128+4 0.06
54 2461 Ethyl octadecanoate CooHy002 312 115+3 0.06
55 2481 (Z)-Ethyl 9-octadecenoate Ca0Hs502 310 1939+126 0.95
56 2490 (E)-Ethyl 9-octadecenoate CaoHszs0:2 310 186+27 0.09
57 2495 Methyl linoleate C19H3402 294 110+11 0.05
58 2528 Ethyl linoleate CaoH3602 308 5673+242 2.79
59 2597 Ethyl linolenate CooHz402 306 378+11 0.19
Total 203594+2230 100

YRetention index, ?Molecular formula, *Molecular weight, YArea of TIC/10,000, "Mean+standard deviation (n=3).
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E 12. CJ-029 3AAH FU|AHE

No RIY Compound name MF? MW? Area” % Total
1 870  Ethyl acetate C4HsO; 88 304+11 0.37
2 904  2-Methyl butanal+3-Methyl butanal CsHyO 86 343+34 0.41
3 932  Ethanol CHO 46 50376+1452  60.85
4 1048 Ethyl butanoate CeH120;2 116 84+3 0.10
5 1078 Dimethyldifulfide G HeS: 94 76+9 0.09
6 1107 2-Methyl propanol CHioO 74 49+7 0.06
7 1155 Butanol C4H1O 74 3243 0.04
8§ 1214 3-Methyl-1-butanol CsH120 88 722420 0.87
9 1237 2-Pentylfuran CoH140 138 4616 0.06
10 1241 Ethyl hexanoate CsH160» 144 52+6 0.06
11 1259  3-Octanone CsH160 128 42+5 0.05
12 1262 Ethenyl benzene CsHs 104 133+25 0.16
13 1287 3-Hydroxy-2-butanone C4HsOs 88 144+6 0.17
14 1324 2,5-Dimethyl pyrazine CsHsN» 108 306451 0.37
15 1331 2,6-Dimethyl pyrazine CsHsN> 108 26+4 0.03
16 1343 6-Methyl-5-hepten-2-one CsH140 126 67+4 0.08
17 1350 Ethyl 2-hydroxypropionate CsHioOs 118 80+1 0.10
18 1398 3-Octanol CsHisO 130 54+1 0.06
19 1402 Trimethyl pyrazine C7H1oN2 122 448+28 0.54
20 1440 Ethyloctanoate C1oH2002 172 38+3 0.05
21 1446 3-Ethyl-2,5-dimethylpyrazine CsHizN2 136 3343 0.04
22 1458  Acetic acid+1-octen-3-ol CH4O, 60 1972+269 2.38
23 1471 Furfural CGH4O;, 9 350428 042
24 1474 Tetramethyl pyrazine CsHi2N2 136 2681+60 3.24
25 1494 2-Ethylhexanol CsH1s0 130 62+15 0.07
26 1512 2,3,5-Trimethyl-6-ethylpyrazine CoHuN2 150 86+4 0.10
27 1522 Benzaldehyde C/HO 106 944+20 1.14
28 1571 2-Methylpropanoicacid CiHOr 88 254+19 0.31
29 1629 Butanoic acid CHsOs 88 1477+126 1.78
30 1642 Benzacetaldehyde CsHsO 120 32524315 3.93
31 1664 Ethylbenzoate CoH1002 150 180+18 0.22
32 1666 Furfuryl alcohol CGHeO; 98 304+13 0.37
33 1671 3-Methyl butanoic acid CsHO2 102 21914167 2.65
34 1714 3-(Methylthio)propanol C4H100S 106 60+8 0.07
35 1784 Ethyl 2-phenylacetate C1oH1202 164 4910 0.06
36 1812 2-Phenylethanol acetate C1oH1202 164 4045 0.05
37 1846 Hexanoicacid CeHi2O2 86 278+18 0.34
38 1859 2-Methoxy phenol(Guaiacol) CHgOs 124 279+6 0.34
39 1873 Benzylalcohol C/HsO 108 237+49 0.29
40 1905 Phenethyl alcohol CsH100 122 586+40 0.71

YRetention index, ?Molecular formula, *Molecular weight, YArea of TIC/10,000, "Mean+standard deviation (n=3).
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¥ 12. A&

No RIY Compound name MF? MwW? Area” % Total
41 1924 2-Phenyl-2-butenal C1oH100 146 493451 0.60
42 1948 3-Hydroxy-2,6-dimethyl-4H-Pyran-4-one CrHsOs 140 38+3 0.05
43 1957 2-Methyl-3-hydroxy-4-pyranone CsHeO3 126 1268+222 1.53
44 2004 Phenol CsHoO 94 498+24 0.60
45 2029 4-Ethyl-2-methoxy phenol CoH1202 152 114+7 0.14
46 2052 Ethyltetradecanoate CieHz202 256 51+11 0.06
47 2175 4-Ethyl phenol CsH10O 122 80+4 0.10
48 2195 2-Methoxy-4-vinylphenol CoH100O2 150 4663+568 5.63
49 2219 Methyl hexadecanoate Ci7H3402 270 120+14 0.15
50 2258 Ethyl hexadecanoate Ci1sHz602 284 2786+419 3.37
51 2392 4-Vinylphenol CsHsO 120 1056+139 1.27
52 2425 Benzoic acid CHO2 122 3245 0.04
53 2477 (Z)-Ethyl 9-octadecenoate CaoHsz50; 310 616+105 0.74
54 2525 Ethyl linoleate CaoH3602 308 2149+288 2.60
55 2594 Ethyl linolenate CooH3402 306 88+16 0.11
Total 8279043316  100.00

YRetention index, ?Molecular formula, *Molecular weight, YArea of TIC/10,000, "Mean+standard deviation (n=3).

£ 13 344 BAA AW ALY PR B8 R L 403 ne

Functional SCC-01(DSs-01) SCC-02(DSs-02) HCC-01(CJ-01) HVV-02(CJ-02)
groups Num.  %Total ~Num.  %Total Num.  %Total Num.  %Total

Acids 7 2.3 3 0.4 8 6.5 5 5.1
Alcohols 10 448 10 38.6 11 71.3 16 715
Aldehydes 7 2.3 5 2.3 6 5.0 5 6.5
Esters 29 47.7 26 57.2 20 9.7 14 8.0
Ketones 2 1.8 1 1.1 3 21 5 1.9
N-Compounds 5 1.0 - - 8 52 6 43
Miscellaneous 2 0.1 2 0.4 3 0.2 4 2.7
Total 62 100 47 100 59 100 55 100
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X 4. FF HY AR EF

FHT NE ID AN =
1 SW-03-7
2 SW-03-9
3 KO-SM-11
4 DJ-KO-500
A7 5 DJ-DD-500
6 KO-03-01
7 SW-M-14
8 SW-03-4
9 KO-SM-11
10 SW-03-13
E M1 DJ-SW-03-1(Eurotium sp.)
M2 DJ-KO-03-5(Aspergillus sp.)
M1-01 SW-03-7+Eurotium sp.
M1-02 SW-03-9+Eurotium sp.
%o M1 + A+ M1-03 KO-SM-11+Eurotium sp.
M1-04 DJ-KO-500+Eurotium sp.
M1-05 DJ-DD-500+Eurotium sp.
M2-01 SW-03-7+Aspergillus  sp.
M2-02 SW-03-9+Aspergillus  sp.
%ol M2 + A+t M2-03 KO-SM-11+Aspergillus  sp.
M2-04 DJ-KO-500+Aspergillus  sp.
M2-05 DJ-DD-500+Aspergillus  sp.

Ax F7AE B 8 72 IFLEEY A LS
chromatogram- 1% 3 42 & 159 HEFHAT

o7 THFT ARdAE 7FEel od &slEo] Ueld 4 A= 2-pentyl furan Fo] &<lH
Rom, 7iEtd FVEAEES ZEE maltol Fol FJAFUTE B subtilis HE A 5dAAE F=
2,5-dimethyl  pyrazine, trimethyl pyrazine & pyrazine®7F 3% ZAFAoH,
benzaldehyde= 474 A& F 7F& &2 peak areas UWEMN AT Aspergillus sp. HE A=
o] &= 3-methyl butanoic acid, butanoic acid & acidfF7F @Wo] FAHUSH, pyrazineF+
quldoz UA Yelgth DD-N HE AISE Aspergillus sp. % AE9 FARE Ao =
A ATHE 15).

uich
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ARt For B Frldd FAHHoE HAEdte tri- B
SAho = RE] wio] <k WG ofs) A
¥ pyrazine®7F €¥A floH, g2 diF, TAF REFS Y= tiF F lignin
#e] phenolic carboxylic acid 7FE&E34HEZE ¢# % 2-methoxyphenol(guaiacol), 4-ethyl-2-
methoxyphenol(4-ethyl guaiacol), 2-methoxy-4-vinyl phenol <] phenold 3}gt=E°] Ao
Aepagde] FEF WA YAJ=EL butanoic acid(FEFE EIF), 2-pentyl furan(2taH),
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Ly
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15 PAEE FLEES LAY FIEE

(2] : Peak area/100,000)

No RI” Compound name MF? MW AY B C D
1 869 Ethyl acetate CsHsO» 88 52.7 0.0 0.0 0.0
2 900 2-/3-Methyl butanal CsHy00 86 11.7 649.3 0.0 0.0
3 1069 Dimethyl disulfide CoHeS: 94 0.0 60.8 0.0 0.0
4 1079 Hexanal CsH12O 100 84.2 201.3 0.0 0.0
5 1178 2-Heptanone C7H10 114 0.0 40.9 0.0 0.0
6 1206 3-Methyl-1-butanol CsHixO 88 0.0 32.2 0.0 0.0
7 1225 2-Pentylfuran CoH140 138 19.3 85.8 151 141
8 1251 Pentanol CsHipxO 88 231 100.2 0.0 0.0
9 1263 Methyl pyrazine CsHsN> 9 332 256.4 492 21.3
10 1277 2-Ethyl pyridine C7HoN 107 0.0 25.1 0.0 0.0
11 1280 2-Octanone CsHis0O 128 0.0 324 0.0 0.0
12 1280 3-Hydroxy-2-butanone C4Hs0; 88 0.0 0.0 0.0 1134
13 1295 2-Ethyl-6-methylpyridine CsHuN 121 0.0 62.8 0.0 0.0
14 1317 2,5-Dimethyl pyrazine CsHsNz 108 89.0 3651.4 548.1 56.7
15 1324 2,6-Dimethyl pyrazine CsHsNz 108 0.0 241.7 78.8 13.0
16 1342 23-Dimethyl pyrazine CsHsNz 108 0.0 1849 46.9 114.0
17 1368 Dimethyl trisulfide CaHeSs 126 0.0 615.0 180.9 55.4
18 1380 2-Ethyl-5-methyl pyrazine CH1oN2 122 0.0 32.0 23.7 0.0
19 1385 2-Ethyl-6-methyl pyrazine C7H1oN: 122 0.0 69.4 345 0.0
20 1398 Trimethylpyrazine CHN, 122 70.2 45753 1806 4 881.2
21 1441 3-Ethyl-2,5-dimethyl pyrazine CsHioN2 136 0.0 136.6 0.0 0.0
22 1453 Acetic acid CH4On 60 206.0 464.1 3373.1 2739.5
23 1457 2-Ethyl-3,5-dimethyl pyrazine CsHpN, 136 0.0 216.9 103.8 118.4
24 1470 Tetramethylpyrazine CsHiNa 136 146.9 2052.1 1101.2 9418.3
25 1485 2-Ethenyl-6-methyl pyrazine C7HsN2 120 0.0 0.0 421 0.0
26 1491 2-Ethyl hexanol CsHis0 130 220 0.0 0.0 0.0
27 1508 2,3,5-Trimethyl-6-ethylpyrazine CoHuaN2 150 0.0 158.1 70.3 321.1
28 1517 Benzaldehyde C/HeO 106 394.2 6010.5 241.9 190.9
29 1538 Propanoic acid GHeOn 74 0.0 60.4 678.9 518.6
30 1541 23-Butanediol C4H1002 90 0.0 0.0 0.0 90.6
31 1565 2-Methyl propanoic acid CsHsO2 88 0.0 1287.7 2364.5 2581.5
32 1568 (E,E)-3,5-Octadien-2-one CsH120 124 168.4 0.0 0.0 0.0
33 1591 2 @Methylpropyl)356-trimethyl o by o\, g 0.0 0.0 0.0 53.3
pyrazine
34 159 Benzonitrile CrHsN 103 0.0 141.1 0.0 0.0
35 1627 Butanoic acid C4HsO2 88 0.0 0.0 263.6 362.1
36 1644 Acetophenone CsHsO 120 0.0 324.5 98.2 171
37 1665 Furfuryl alcohol CsHeO2 98 141.5 0.0 0.0 0.0
38 1665 2-/3-Methyl butanoic aicd CsHioO: 102 0.0 7052.1 13799.5 14922.0
39 1692 y-Hexalactone CsH1002 114 0.0 0.0 266.1 56.7
40 1731 N-(2-Methylpropyl)acetamide CsHisNO 115 0.0 0.0 2069.4 529.9
41 1762 Acetamide GHsNO 59 0.0 79.8 904.5 1508.4
42 1794 3-Methyl-2-butenoic acid CsHsO2 100 0.0 40.8 340.3 2842
43 1802 2-Methyl propanamide CHoNO 87 0.0 0.0 126.0 0.0
44 1806 Propanamide CsH7NO 73 0.0 0.0 921 77.1
45 1831 2-Methyl-4-pentenoic acid CsH100» 114 0.0 0.0 158.8 132.4

YRetention index, IMolecular formula, IMolecular weight,
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¥ 15 A%

(%9 : Peak area/100,000)

No RI” Compound name MF? MW AY B C D

46 1845 Hexanoic acid CsH120: 116 11.8 0.0 0.0 0.0

47 1846 2-Methyl-2-butenoic acid CsHsO2 100 6.8 152.6 8324 627.3
48 1858 2-Methoxy phenol CGHsO2 124 0.0 549.7 1198.8 65.6
49 1863 N-(3-Methylbutyl)acetamide CHisNO - 129 0.0 0.0 3222 91.7
50 1873 2-Furanmethanol C7HsO 108 16.6 0.0 0.0 259.2
51 1904 Phenethyl alcohol CsH10O 122 0.0 0.0 203.9 3121
52 1914 3-Methyl butanamide GHuNO 101 0.0 0.0 156.7 121.8
53 1919 Benzyl nitrile CsH7N 117 0.0 31.9 399.2 23.0
54 1958 Maltol CsHeO3 126 204.9 0.0 114.6 88.0
55 1967 2-Acethylpyrrole CsH/NO 109 0.0 0.0 83.1 197.2
56 2002 Phenol CsHeO: 94 0.0 533.2 21133 1560.1
57 2025 Pantolactone CsH1003 130 0.0 0.0 342.4 2133
58 2166 Eugenol CioH12O2 164 0.0 0.0 154.8 0.0

59 2167 Nonanoic acid CoHi50: 158 0.0 923 0.0 268.7
60 2268 2,6-Dimethoxy phenol CsH1003 154 0.0 0.0 30.0 0.0

61 2317 2A4-Di-tert-butylphenol CraH20 206 334 0.0 0.0 0.0

62 2424 Benzoic acid G HeO: 122 0.0 202.6 199.1 349.6
63 2437 1H-Indole CsH7N 117 0.0 200.0 91.5 46.2
64 2547 Phenylacetic acid CsHsO: 136 0.0 159.4 448 .4 1001.2

YRetention index, IMolecular formula, IMolecular weight, YA Blank, B: B. subtilis, C: Aspergillus sp., D: DD-N.
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U Ax ALY F= 2 B4 Y AR

T PN ES 5 PALDVB/PDMS/CAR fiberS AH&3t] 70ColA 300 rpmo 2
WA 204 F<F incubationdt & 4083 AR W9 FAA FI)APZEE fibero FFAIZTH
% J Z 3% SPME fiber= A5 22 GC injectord] Y= ] splitless modeol 4
3 WA ES dFRSAT. AR FrAES] EEE A8 columnd FA columns AHE7}
i, 2 ATl A= Stabilwax(30 m x 0.25 mm id. 0.25 ym film thickness, Restek, USA)
ARESEA T Columnoll Al AEAAE F21& AT ovend &5+ 40TCoA 383 AT o
2T /min® £EZ 150C7HA &SAI71 BAl 4T /mind] $EE 200C7HA A1zl +
1023 FASERA e, olnf carrier gas®] F%5<2 1 mL/min(He)E FAstAth &2d std=
o] o]&3}+ electron impact ionization(EIl) 'H O E P33 2™ jonization voltage®} ion

source®] €EE= 247+ 70 Vel 230T 2 AABYI, B B M= 45-350(m/z) 2
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i
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ot
N
O)~
A
kS

oot off

2 EAAYAE 3-methyl butanoic acide= & AlRA Eo Fojdo=w A& ks e
WAt

w&ol Mg A8 LA AL 5SS ATH 29 acd®7F =4 vEgeH, A&
S 2kEo] alcoholF = SJAHUT. Al £ WAl Al Mol S1He FrIEES0]
FEEF AEHAA, F3o] g A FRAHAY AR T LR Aldd EFuSF A
HA &t
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E 16. A vl TLEES LY Fr|AE
(%] : Peak area/1,000,000)

NO. Compound name ID-1 ID-2 1ID-3 ID4 ID-5 1ID-6 1ID-7 1ID-8 1ID-9 1ID-10
1 2-Butanone - - - - - - - 71 - -
2 3-Methyl butanal 13.0 186 125 179 155 138 148 141 168 178
3 Ethanol 53.1 - - 211 298 276 135 325 472 359
4 2-Heptanone 0.7 3.1 24 1.2 3.1 1.6 14 1.8 1.0 11
5 24,5-Trimethyloxazole 184 106 11.0 51 7.0 96 239 220 141 6.3
6  3-Methyl-1-butanol 1.8 1.3 1.1 1.7 3.7 2.0 1.3 1.1 3.3 1.8
7 2-Pentylfuran 0.6 1.6 0.9 0.9 1.2 1.2 1.1 1.1 0.9 1.0
8 6-Methyl-2-heptanone - 5.6 3.2 1.8 4.6 2.8 21 3.0 4.0 74
9 5-Methyl-2-heptanone - - - - 6.4 - - - - -
10 Methyl pyrazine 3.8 7.5 7.0 6.0 6.3 5.5 5.0 4.7 47 47
11 2-Octanone - 25 - 0.8 - 1.0 0.9 11 0.0 0.0
12 3-Hydroxy-2-butanone 15.2 - 2.8 14 - 14 0.6 11 41 125
13 2,5-Dimethyl pyrazine 2476 1852 2046 2829 1805 150.7 994 1383 1476 2209
14 2,6-Dimethylpyrazine 162 173 187 262 179 123 106 151 167 224
15 2,3-Dimethylpyrazine 7.9 6.7 5.5 5.7 5.6 8.1 2.6 6.2 6.8 5.3
16 2,4,6-Trimethylpyridine 3.0 5.5 5.0 3.8 42 48 2.8 34 3.2 3.5
17 2-Ethyl-6-methylpyrazine 1.3 1.5 2.4 2.9 2.0 1.0 0.6 1.0 1.6 2.0
18 2-Nonanone , 42 69 62 62 45 69 40 49 45 61
19 2-Ethyl-5-methylpyrazine
20 Trimethyl pyrazine 7712 5349 5834 5292 5170 533.7 5578 6377 6322 5952
21 1,3-Di-tert-butylbenzene 195 236 179 190 252 281 224 144 129 132
22 3-Ethyl-2,5-dimethylpyrazine 16.3 8.6 62 325 158 108 136 187 112 174
23 2-Decanone 6.0 177 124 83 122 140 106 136
24 1-Octen-3-ol 230 205 280 226 379 187 141 206 112 238
25 2-Ethyl-3,5-dimethylpyrazine 257 166 137 329 152 159 131 114 197 201
26 Tetramethyl pyrazine 1223.8 814.0 843.0 4771 748.7 10250 2130.0 1294.0 1367.0 743.6
27 2,3,5-Trimethyl-6-ethylpyrazine 864 361 269 1188 627 536 604 388 673 520
28 Benzaldehyde 458 866 704 949 1118 772 748 711 819 754
29 2 3-Butanediol 5.5 - - - - - - - - -
30 2-Methyl propanoic acid - - - - - - - - - 9.7
31 (E,E)-3,5-Octadien-2-one - - - - - 143 115 101 9.5 t
32 1,3-Butanediol 6.8 - - - - - - - - -
33 Acetophenone 66 124 117 124 88 167 142 127 9.6 9.3
34 2-Dodecanone 3.5 6.4 5.8 41 3.9 8.1 54 6.7 6.2 43
35 2/3-Methyl butanoicaicd 823 324 1175 453 281 1047 762 90.7 136.8 1052
36 Phenyl-2-propanone - 2.7 - - - - - - -

37 N-(2-Methylpropyl)acetamide 88 299 473 208 103 224 210 266 295 236
38 Methyl 2-phenylacetate 3.3 - - - - - - - - -
39  2-Acetyl-3,4,6-trimethylpyrazine 3.2 - - - - - - - - -
40 3-Methyl-N-(2-phenylethylidene)- 342 444 347 499 67 00 169 91 98

1-butanamine
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¥ 16. A&

NO. Compound name ID1 ID-2 ID-3 ID4 1ID-5 1ID-6 ID-7 1ID-8 1ID-9 ID-10
41 Geraniol 34 3.1 2.7 21 2.7 1.8 27 28 24
42 Guaiacol(2-Methoxy phenol) 17.2 86 169 182 154 9.6 77 189 13.0 199
43 N-(3-Methylbutyl)acetamide 69 306 334 123 64 112 106 199 144 105
44 Benzyl alcohol 3.9 3.8 39 4.3 6.8 7.5 84 4.7 42 43
45 Phenethyl alcohol 6.1 6.3 5.4 8.8 5.0 7.8 6.4 6.4 7.7 74
46 Gy Ty droxy-d-pyranone 93 - - 56 28 21 - - 49 82
47 2-Acetylpyrrole 24 17 17 24 18 24 16 14 26 25
48 Phenol 5.6 7.2 49 9.6 6.0 5.5 5.1 7.8 4.6 7.6
49 Octanoic acid 4.8 - - - - - - - - -
50 Nonanoic acid 12.8 - - 108 124 177 - - - -
51 2A-Di-tert-butylphenol 7.9 8.8 8.9 7.8 5.3 0.9 6.0 5.4 6.3 6.6
52 4-Vinylphenol 2.0 1.8 1.0 1.3 1.8 108 1.5 1.7 1.8 1.7
53 Benzoic acid 3.5 2.0 2.6 28 4.3 1.3 0.9 1.0 2.3 1.2
54 1H-Indole 4.1 29 1.6 37 1.0 51 6.0 4.8 4.4 3.6
55 N-(2-Phenylethyl)acetamide t 2.7 6.0 t 0.6 7.2 t 14 1.7 1.0
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F17. ¥%°] & F%°] E3 wi¢ ILEEY ALY PR
(k9] : Peak area/1,000,000)

NO. Compound name M1 Mi1-1 M1-2 M1-3 M1-4 M1-5
1 3-Methyl butanal 126 114 6.1 13.3 12.1 133
2 Ethanol 55.5 - - - - -
3 Pentanal 81.3 - - - - -
4 Hexanal 504.5 59 67.6 12.3 34.0 123
5 2-Butyl furan 6.1 - - - - -
6 2-Heptanone 12.3 7.3 7 49 94 49
7 Heptanal 13.6 - - - -
8 2,4,5-Trimethyloxazole - 2.3 1.0 - - -
9 3-Methyl-1-butanol - 113 23 52 1.7 52
10  (E)-2-Hexenal 46 - 1.6 - - -
11 2-Pentylfuran 474 7.2 19.9 7.8 25.8 7.8
12 6-Methyl-2-heptanone - - 1.3 1.1 - 1.1
13 3-Octanone - 8.2 47 114 47
14 Ethenyl benzene - 2.6 219 3.9 25 3.9
15  Pentanol 85.9 - 1.9 59 1.9
16 Methyl pyrazine 0.0 29 3.1 4.6 24 4.6
17 2-Ethylpyridine 0.0 - 1.2 0.0 0.0 0.0
18 2-Octanone 0.0 5.0 4.6 5.7 5.4 5.7
19  3-Hydroxy-2-butanone 44 4 - - - 14 -
20 Octanal 13.8 - 1.7 - - -
21  Hexanenitrile 10.7 1.1 29 29 48 29
22 2,5-Dimethyl pyrazine 0.0 120.3 101.6 98.4 101.9 98.4
23 (E)-2-Heptenal 26.1 - - - - -
24 2,6-Dimethylpyrazine 0.0 7.3 54 10.5 6.4 10.5
25  2,3-Dimethylpyrazine 0.0 43 3.8 22 41 22
26 Hexanol 441 18 144 7.6 2.6 7.6
27 2,4,6-Trimethylpyridine 0.0 1.9 1.3 2.7 0.0 2.7
28  2-Ethyl-6-methylpyrazine - 0.8 - 0.6 0.5 0.6
29  2-Nonanone 0.0 16 13 2.8 31 28
30  2-Ethyl-5-methylpyrazine - 1.5 1.2 1.5
31  Nonanal 48.6 - - - - -
32 Trimethyl pyrazine 517 4442 262.7 317.2 260.2 317.2
33 (E)-3-Octen-2-one 29.5 - - - - -
34 3-Ethyl-2-methyl-1,3-hexadiene 21.6 - - - - -
35  1,3-Di-tert-butylbenzene - 3.2 47 5.6 22 5.6
36 (E)-2-Octenal 799 0.0 16.7 21 8.3 21
37  3-Ethyl-2,5-dimethylpyrazine - 8.9 43 9.9 134 9.9
38  2-Decanone - 3.9 3.8 - - -
39  1-Octen-3-ol 68.6 11.9 38.3 23.0
40  Acetic acid - - - 149 - 149
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¥ 17. A%
(‘?l-‘%l : Peak area/1,000,000)

NO. Compound name M1 M1-1 M1-2 M1-3 M1-4 M1-5
41 Heptanol 21.0 - - - - -
42 2-Ethyl-3,5-dimethylpyrazine - - - 91 13.9 91
43  Tetramethyl pyrazine 257.1 7784 494.8 448.2 569.2 448.2
44 (E,E)-2,4-Heptadienal 13.8 35 11.7 3.6 53 3.6
45 2,3,5-Trimethyl-6-ethylpyrazine - 39.9 17.6 11.0 221 11.0
46  Benzaldehyde 103.2 9.0 101.5 92.7 166.7 92.7
47  2-Pentyl-4,5-dimethyloxazole 25.4 - - - - -
48  (E)-2-Nonenal 8.2 - - - - -
49 Octanol 328 3.1 11.9 - 8.9 -
50  3-Butylpyridine 23.8 - - - - -
51  2-Methylpropanoicacid - - 30.9

19.5 33.1 33.1
52  (E,E)-3,5-Octadien-2-one - - -
53  (E)-2-Decenal 411 - - - - -
54  Acetophenone - 9.2 9.8 7.5 9.7 7.5
55  2-Butyl-2-octenal 54.0 - - - - -
56  3-Methylbutanoicaicd - 193.1 64.3 181.0 158.3 181.0
57 (E,E)-2,4-Nonadienal 61.1 0.0 7.9 0.0 41 0.0
58  N-(2-Methylpropyl)acetamide - 15.5 18.3 78.2 92.5 78.2
59 (E,Z)-2,4-Decadienal 8.7 - - - - -
60 E’)l—{\{)lﬁgﬁg—gi—r(é—phenylethylidene) : ) : 6.8 3.0 6.8
61  (E,E)-24-Decadienal 31.3 - - - - -
62  1-Phenyl-1,2-propanedione - - - 2.7 9.7 2.7
63  Hexanoic acid 110.9 16.7 194 11.5 55 11.5
64  2-Methoxy phenol - 13.6 45.5 6.1 6.3 6.1
65  N-(3-Methylbutyl)acetamide - 49 8.8 43.7 11.0 43.7
66  Benzyl alcohol - 4.6 31 52 3.5 52
67  Phenethyl alcohol - 13.1 4.5 74 3.0 74
68  3-Methyl-butanamide - 0.0 0.0 6.3 2.5 6.3
69  Benzyl nitrile - 0.0 47 3.6 5.5 3.6
70 2,4,6-Cycloheptatrien-1-one - - - 15.1 - 15.1
71 Phenol - 10.0 20.8 13.4 - 13.4
72 Dihydro-5-pentylfuran-2(3H)-one - 5.6 5.7 6.5 6.1 6.5
73 Octanoic acid 7.6 - - - - -
74 2-Nonenoic acid y-lactone 72.6 2.3 14.5 4.8 11.2 4.8
75  Hexanamide 245 0.0 0.0 0.0 0.0 0.0
76 24-Di-tert-butylphenol - 1.2 1.6 26 1.9 26
77  4-Vinyl phenol - 3.7 1.8 1.7 0.7 1.7
78  Benzoic acid - 11 0.9 1.2 22 1.2
79  1H-Indole 3.6 29 23 3.3 1.4 3.3
80  N-(2-Phenylethyl)acetamide - - - 3.8 - 3.8
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A 3AdA ANAFY F7] AF FIt

L @Te
7]" /‘]Xﬂ% = 63:7]/‘6]—5—9/] El%]ﬂao] 13_! %_EH YL]-QJI'

K

E 18. AAF AR FF

WaE D NER H] 31 WHs 1D A 513 H] 3L
1 AL_1 AL_M1 12+ A A= 32 B-1-0d SWM-2-blank-0d 22} AlA|&
2 AL 2 AL_M2 , 33 B-121d  SWM-2-blank-21d 7
3 AL 3 AL_B1 ” 34 B-135d  SWM-2-blank-35d 7
4 AL 4 AL B2 , 35  B-142d  SWM-2-blank-42d 7
5 AL_5 AL_B1+M1 , 36 B-2-21d  SWM-2+Y3-21d ”
6 AL6 AL_B1+M2 4 37  B-235d  SWM-2+Y3-35d y
7 AL7 AL_B2+M2 ’ 38 B-242d  SWM-2+Y3-42d  #
8 AL 8 AL B1+MI-33d ’ 39 C10d  SWM-3-blank-0d 7
i ALS AL B1+M2-33d ! 40  C121d  SWM-3-blank-21d 7
10 ALI0 AL B2+M2-33d ’ 41 C135d  SWM-3-blank-35d 7
11 BL.1 BL_Con-B1+M1 ”

1 BLo BL BLMI ) 42 C142d  SWM-3-blank-42d ~
5 BL3 BL Con-Bl+M1 , 43 C221d  SWM-3+Y3-21d
14 BL4 BL BL+ML , 44 C235d  SWM-3+Y3-35d
15 BL5  BL Con-Bl+Ml-22d 7 4 G244 SWMa+Ysdad v
16 BL6  BL_BI+MI1-22d ) 46  D-10d  SWM-4-blank-0od
17 SWM_1 SWM-1(B1) ” 47 D-1-21d SWM-4-blank-21d 7
18 SWM.2 SWM-2(B1+M1) ” 48  D-135d  SWM-4-blank-35d 7
19  SWM.J3 SWM-3(B1+M2) » 49  D-142d  SWM-4-blank-42d  ~
20  SWM4 SWM-4(B2+M2) ” 50  D2-21d  SWM-4+Y221d  #
21 SWM.5 SWM-1-21d d 51 D-2-35d  SWM-4+Y2-35d ”
22 SWMe6 SWM-2-21d ’ 52 D-242d  SWM-4+Y2-42d ”
23 SWM.7 SWM-3-21d ”

53 FL 2 0d FL-2(B1+M1)-0d 3% AAIF

® ALl WMitiod 24 Ay O L7 A2 ”
55  FL 2 14d FL-2-14d )
2%  A-1-14d  SWM-l-blank-14d 7
27 A-1-28d SWM-l-blank-28d 7 5 FL2.25d  FL-2-25d !
28 A132d SWM-l-blank-32d 57 FL40d  FL-4(B2*tM2)-0d  ~
29 A2-14d  SWM-1+Y1-14d , 58 FL47d FL-4-7d '
30 A-2-284 SWM-1+Y1-28d ” 59 FL 4 14d FL-4-14d ,
31 A232d  SWM-1+Y1-32d ) 60  FL 4254 FL-4-25d ,

Bl: SW-03-7, B2: KO-SM-11, M1: SW-03-1, M2: KO-03-5, Y1: 12-DJ-DD-15, Y2: 12-KO-DJ-4, Y3:
12-SW-DJ-3
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@ 2Ew

O AE FNAEE F=
LAz A AAF AE FV|HEY F=2 SPME fiber holder”} 29 autosampler

(MPS2-XT, GERSTEL GmbHé&Co. KG Germany)E ©]&3}%th. PALDVB/PDMS/CAR fiber
SPME holderdll &=2tstal 8240l kA 250C injectordll Al 604 &% =EAIA conditionings}
R ZH7+e] AlE 1 mLE headspace vial(20 mL, 22.5 mm x 755 mm)oll F 3} 70°Col A
300 rpmO 2 WRFSIHA] 204 F<F incubationd § 4083 Alm o] FEA FAHES
fiberoll AT, LA FrAdE] 2HH SPME fiberv= A5 2E GC injectorol] F U=

o] splitless modeoll A 33t 3Ed £ &2stAT

AFEAZEY] XL 3l GC/MSE  Agilent 5975C Mass selective  detector(Agilent
technologies Inc., USA)7} 12 ¥ Agilent 7890A gas chromatographS AM&3tATh 3&A &
718&9 #8E #18 columne Stabilwax(30 m x 025 mm id. 0.25 ym film thickness,
Restek, USA) & DB-WAX(60 m x 025 mm i.d., 0.25 ym film thickness, J&W, USA)E Ak
B3R, ovend] &5 40°CollA 3&3F FAE ta 2°C/min®| £E2 150°C7HA &5 A7
I A 4°C/min®] £EZ 200°C7HA] ARl F 1083 FAEA 2w, olw carrier gas®

42 1 mL/min(He)Z FA3IA . 28 33E2] o] &3l electron impact ionization(EI)
WHO 2 P3P 2T ionization voltage®t ion source® X+ ZHZF 70 eVE} 230°CE A A3t
R, BT BExEFe] HE 40~350(m/z)2 AAZAT GC/MSo| 23] total ionization

chromatogram (TIC)oll ##¥ 2 peak® A& &4 mass spectrum library (WILEY7N,
NBS75K, NTIS08)2} mass spectral data book®] spectrum¥}] UX], &3 retention index

o}e] dA W HFEHS B4 dataE v, RIS

I:H

U 2 3EE AR A4S B
NAFE SoAA BeHoR 7E57F ¢ o2 Yehd AR AAE) e 54 dad
Al AzRAAAF) S ALY PR =S FAsta F42 BYE AT AR AES

wAE T,
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Asde st AxE A" FVIAHES 25-Dimethyl  pyrazine(A)
trimethylpyrazine(B), tetramethylpyrazine(C), benzaldehyde(D), 3-Methyl butanoic aicd(E) %
5% 22 3-methyl butanoic acidi 2-methyl butanoic acid®} #&]F A o} 1719 peakE A
glate] WA S 4S8 T Candy, sweety®] F715A S 7HA= 23 5-trimethyl—6-ethylpyrazine
< AFAR Frhste] Blasdnr. AAFANA ARG BUET A= & 199 2000 v
ERf ST
12 AAFAA  ABPZES AT AF}, AL B seriesll A

9% 5/ 1ddE e
2/3-methyl butanoic acid®] Az H&L LOHA, pyrazme-n—-/] H]-go] =o} FE=Hoz
7R e Aoz A4dn. Fd AN Axdd 339 F AgHES 24T 2
2,5-dimethylpyrazines A 9|stal gFo] F7iste 2o 2 RIS SWM series®] -9 8%
F7F AgFolAde AR dEEF FdHJeH, FAGFANAE 25-dimethylpyrazine,

=

trimethylpyrazine ¥

Hir
X,
=
iul
o
o
2
>
—
s}
—_
fo
oﬁ

tetramethylpyrazine©]

tetramethylpyrazine 3 2,3 5-trimethyl-6-ethylpyzazine©] &% A 3ttt

221 A A FOA AZAFAES 4T 2, A19 AT 0dollA AF:AFR] FAFHoH,
trimethylpyrazine> A]3to] 733gtol| we} HAdte AFS UEW AT Tetramethylpyrazine
2 28d7HA FAEH T} 32dol A S 1/25F 02 T AStE A0 R Vet A204E A7to]
et AmAgEe] Fol FUtete AFS UEUHALH, termethylpyrazine M523 5
< FASAE Y. B-13 B2o A= 2t AFAFE9] peak area’} fFAFSHA UEFS O T, B-2-42d ol A]
2,3,5-trimethyl-6-ethylpyrazine©] 35d<¢t ®lwste] of 158} F7igk Aoz AU, C-1 B
C20lA4 AR & AREY £4 &AHASH, 2/3-methyl butanoic acid= =7 e
U @Y AEe =04 542 tE AR fAE ez ddHAY. D19 A5 ARA
o A=E7E Az we & W3l } AAA T, D-201A4+=  termethylpyrazine 3}

2,3 5-trimethyl-6-ethyl- pyrazine©] 3713l o2 FRAF AT AlAF AEALAES ZUHY
g 23 D-13% D2 A7 #5Ao® 5% @Az AFSE Aow A4dn

3af AAFOA AXFRES AT A3, FL4 Eo FL20A ARAES] FE7F 52 AL
2 FAHACH, F AAF EFoNA TaV|Eo] AHgol we} pyrazine® FFe| WItET

benzaldehyde % 2/3-methyl butanoic acid®] 3% W37} =4 UEFRTH
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E 19. 12 AAFS AEAZE B4
(Unit : Peak area/100,000)

No. D A" B C D E F
1 AL 1 691 865 499 789 271 35
2 AL 2 216 242 104 760 273 20
3 AL 3 859 2344 12711 2580 842 1763
4 AL 4 288 1832 11083 775 1134 1245
5 AL 5 1068 2322 10068 356 1879 1064
6 AL 6 1073 3096 11760 168 1739 2455
7 AL 7 406 2696 12980 114 1949 1674
8 AL 8 614 2289 14638 417 4092 1014
9 AL 9 599 4474 17119 237 2901 3013
10 AL_10 1099 4587 13955 359 3015 2579
11 BL_1 1265 69 5786 195 548 50
12 BL 2 769 2447 8655 25 760 813
13 BL 3 81 59 369 79 144 12
14 BL 4 229 53 481 723 88 39
15 BL 5 90 231 682 173 114 18
16 BL 6 150 245 726 139 134 57
17 SWM._1 ND? ND ND 113 57 ND
18 SWM_2 ND 4 ND 116 34 ND
19 SWM_3 ND 5 ND 154 131 ND
20 SWM_4 34 25 14 95 228 ND
21 SWM_5 828 3883 11919 220 4537 493
22 SWM_6 472 3041 14490 204 2057 478
23 SWM_7 1539 5948 16915 726 1128 826
24 SWM_8 714 3931 13293 276 5004 500

VA 2,5-Dimethyl pyrazine, B: Trimethylpyrazine, C: Tetramethylpyrazine, D: Benzaldehyde, E:
2/3-Methyl butanoic acid, F: 2,3,5-Trimethyl-6-ethylpyrazine, 2)ND: not detected.
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FE 20. 22k ANAFS AEAZE B4
(Unit: Peak area/100,000)

No. D AV B C D E F
1 A_1.0d 951 5367 17575 804 5862 848
2 A_1_14d 768 5309 17832 1014 5974 780
3 A_1.28d 681 4873 18184 993 6092 945
4 A_1.32d 697 2641 9816 581 3133 957
5 A 2 14d 662 4565 16681 770 4892 792
6 A_2 28d 560 4403 17687 1128 3840 844
7 A 232d 489 4390 18325 1367 3960 860
8 B.1.0d 518 4621 18552 624 4220 585
9 B.1.21d 485 4570 19129 609 4256 610
10  B_1.35d 453 4493 19700 592 4294 655
11 B_1 42d 387 4128 19204 595 4513 654
12 B.221d 388 4274 19156 642 4178 642
13 B_2 35d 283 3687 17890 579 3426 602
14 B2 42d 283 3755 10159 616 4129 9376
15 c_1.0d 1019 8242 33756 1040 8635 1761
16 C_1.21d 1077 9016 33127 892 12195 1409
17 C_1.35d 1048 8597 33509 794 10342 1632
18 C_1._42d 1194 9191 32370 854 11439 1445
19 C2.21d 709 7497 35728 1131 9108 2012
20 C_2.35d 665 7661 36309 669 9332 1993
21 C_2.42d 626 7344 18322 461 6719 2050
22 D_1_0d 782 7485 37188 556 935 2781
23 D_1_21d 744 6710 33493 897 2270 3602
24 D_1_35d 763 6776 30381 775 2489 2282
25 D_1_42d 699 6565 32414 801 2334 3187
26 D 2 21d 904 7194 16663 613 1446 2021
27 D_2 35d 1059 8312 41391 460 778 3592
28 D_2 42d 923 8317 49777 500 1029 5140

YA: 2,5-Dimethyl pyrazine, B: Trimethylpyrazine, C: Tetramethylpyrazine, D: Benzaldehyde, E:
2/3-Methyl butanoic acid, F: 2,3,5-Trimethyl-6-ethylpyrazine.
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¥ 21. 32 AAIF ABLE 24
(Unit: Peak area/100,000)

No. D AV B C D E F
1 FL 2 0d 195 268 139 91 515 17
2 FL 2 7d 242 365 297 127 675 20
3 FL_2 14d 230 358 254 179 1121 23
4 FL_2 25d 229 321 181 316 1309 21
5 FL 4 0d 83 108 114 164 234 4
6 FL 4 7d 80 134 167 116 677 6
7 FL_4_14d 106 165 204 327 960 8
8 FL_4_25d 80 159 179 690 720 7

YA: 2,5-Dimethyl pyrazine, B: Trimethylpyrazine, C: Tetramethylpyrazine, D: Benzaldehyde, E
2/3-Methyl butanoic acid, F: 2,3,5-Trimethyl-6-ethylpyrazine.

U w4 38 AR AR ==
12 AAF T ABE AT AR FIAE &4 2o & 2139 2o, 2% AAF T

AAE Alge 3k VAR B4 Ay= 3% 22~259F o)
12 AAE 5 A" AFolA E1d A U] = AL-M1, AL-M2, AL-B1 ¥
AL-B20| A Z+ZF 24, 26, 30 H 32F°] ERl=Aom, AL-BFAA tetramethylpyrazine©] o 5

22 AAE T ABE AFolA S8 T8 FUIAES T 45~57F(F 26002 1AF A
AF 2o g T4 F7)dEc] 4 HARen, D-1 2 D2E A7 952 AlgelA A
FAAECE ABHE 2/3-methylbutanoic acid & acid#%} tetramethyl pyrazine 9| ZA3}g
Eo] IR A9 URES XA oz FRIFHAG B9 CAIEA buttery, rancid,
cheesy, sweatyQ® EAAoJZ = butancic acid7}b A2 SJHULH, 53| BolA=
tetramethyl pyrazine RT} butanoic acid’} A& o2 F=A Uehy & AAIFdd v} &5
Aoz 7|axrt dojd Aoz A4dEn.

olFeol AHE Fsled HPLC ¥ GC=E #4)o] 7153t tetramethyl pyrazine®} butanoic
acide] 4 #EE A AFAHECE &8 7t A= A7
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E21. AW 13 NAF LY FIIHE B

(Unit : Peak area/1,000,000)

No. RIY Compound name MEF? MW? AY B C D
1 1060 Ethyl 2-methylbutanoate C/HuO» 130 ND’ ND ND 44
2 1074  Ethyl 3-methylbutanoate C7HuOn 130 ND ND ND 3.2
3 1086 Hexanal CeH120 100 18.1 5.6 4.3 2.8
4 1186  2-Heptanone C7Hu1O 114 28.4 10.7 11.1 6.3
5 1204  2,4,5-Trimethyloxazole CsHaNO 111 3.3 0.9 35.8 29.2
6 1216  2/3-Methyl butanol CsH12O 8.8 3.1 52.8 21.6 221
7 1261 ifﬁg{‘}fyrfz_heptamne CsHiO 128 179 57 331 200
1273  Methyl pyrazine CsHeN2 94 2.3 23 3.6 3.6
1290  3-Hydroxy-2-butanone CaHs0z2 88 3093 2959 1928 2423
10 1330  2,5-Dimethyl pyrazine CeHsN2 108 85.5 21.8 98.0 321
11 1336  2,6-Dimethyl pyrazine CeHsN2 108 3.5 11 3.9 1.7
12 1354  2,3-Dimethyl pyrazine CeHsN2 108 1.5 0.8 10.5 121
13 1362 Hexanol CeH1O 102 3.7 6.3 1.2 1.9
14 1393 2-Nonanone CoH1802 142 3.8 1.9 4.8 45
15 1400  3-Octanol CsH1sO 130 ND 14 1.8 27
16 1412 Trimethyl pyrazine C7H1oN2 122 1070 253 2669 1999
17 1454  3-Ethyl-2,5-dimethyl pyrazine CsHi2N2 136 6.0 5.2 35.1 21.8
18 1455  Acetic acid C2H402 60 ND 29.1 154 27.1
19 1459  1-Octen-3-ol CsH160 128  108.7 1025 1007 1229
20 1465 Heptanol C7H160 116 ND ND 22.0 2.4
21 1470  2,6-Diethyl pyrazine CsH12N2 136 ND ND 101 60
22 1484  Tetramethyl pyrazine CsH12N2 136 61.7 11.3 14611 12229
23 1495  2-Isobutyl-3-methyl pyrazine CoH14N2 150 15.6 ND 198.0 106
24 1523 2,3,5-Trimethyl-6-ethyl pyrazine CoH14N2 150 ND ND 2051 1381
25 1527  Benzaldehyde C7HsO 106 1835 803 2649  84.1
26 1550  2,3-Butanediol CsH1002 90 3804 6537 ND ND
27 1572 5-Isobutyl-2,3-dimethyl pyrazine C1oH16N2 164 ND ND 2559 424
28 1600  2-Isobutyl-3,5,6-trimethyl pyrazine CuHisN2 178 ND ND 195 ND
29 1679  3/2-Methyl butanoic acid CsH1002 102 40.7 312 1010 126.6
30 1726  3-(Methylthio)-1-propanol CaH100S 106 ND 3.7 ND ND
31 1770  Methoxy-phenyl-oxime CsHoNO2 151 21.7 12.8 8.0 6.1
32 1869  2-Methoxy phenol C7HsO2 124 ND ND ND 13.4
33 1886  Benzyl alcohol C7HsO 108 8.9 28.7 19.7 3.8
34 1922 Phenethyl alcohol CsH100 122 2.7 77.3 70.0 93.5
35 1980 Maltol CsHeOs 126 119 33.0 155 24.6

URI: retention index, IMF: molecular formular, IMW: molecular weight, YA AL-F-1, B: AL-F-2, C: AL-B-1, D:
AL-B-2, ND: not detected.
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¥ 22, 23 AAE A1 2 A-29] U FUAHE
(9] : Peak area/1,000,000)

No RI" Compound name MF?  MW” A-1-0d A-1-32d A-2-32d
1 1048 Ethyl butanoate CeHpO, 116 155 11.0 ND?
2 1152 Butanol C4H100 74 16.6 7.3 ND
3 1198 2,4,5-Trimethyloxazole CeHoNO 111 23.0 14.3 22.6
4 1212 2/3-Methyl butanol CsH12O 88 52.9 34.5 218
5 1225 Butyl butanoate CsHicO2 144 6.0 3.7 ND
6 1239 2-Pentylfuran CoH1:0 138 14.0 154 16.9
7 1260 3-Octanone CsH160 128 5.3 5.2 14.7
8 1262 Ethenyl benzene CsHs 104 36.7 229 421
9 1272 3-Methybutyl butanoate CoH1502 158 16.3 7.8 ND
10 1282 3-Methylbutyl2-methylbutanoate CioHz00, 172 ND ND 111
11 1286 3-Hydroxy-2-butanone C4HsOs 88 68.5 56.2 66.9
12 1299 3-Methylbutyl3-methylbutanoate CigH20O2 172 ND ND 254
13 1322 2,5-Dimethylpyrazine CesHsN» 108 97.2 71.0 49.6
14 1328 2,6-Dimethylpyrazine CsHsN2 108 9.9 10.5 8.8
15 1346 2,3-Dimethylpyrazine CsHsN2 108 11.5 16.5 12.0
16 1360 Hexanol CsH1:0 102 11.5 94 ND
17 1391 2-Nonanone CoH1502 142 4.4 3.4 23.4
18 1401 Trimethyl pyrazine CHioN2 122 5379 509.5 442.5
19 1440 Ethyl octanoate CioH2002 172 20 1.8 ND
20 1445 3-Ethyl-2,5-dimethylpyrazine CsHiN2 136 12.4 11.7 9.2
21 1459 1-Octen-3-ol CsH160 128 27.8 20.3 17.7
22 1460 2,3-Dimethyl-5-ethylpyrazine CsHi2N2 136 ND ND 17.7
23 1466 Acetic acid CH4O2 60 ND ND 4.5
24 1461 2,3-Dimethyl-5-(1-methylethyl)pyrazine CoHuN2 150 159.2 230.1 4.5
25 1475 Tetramethyl pyrazine CsHioN»2 136  1,7415 1,8741 1,842.8
26 1511 2,3,5-Trimethyl-6-ethylpyrazine CoHisN2 150 84.6 91.2 84.8
27 1521 Benzaldehyde GHeqO 106 80.2 95.4 136.8
28 1537 2,3-Dimethyl-5-(1-methylpropyl)pyrazine = CioHisN> 164 94 8.6 8.7
29 1545 2,3-Butanediol CsH1002 90 143.6 188.8 140.0
30 1576 2-Methylpropanoic acid C4HsOs 88 76.5 79.8 40.4
31 1635 Butanoic acid C4HsO2 88 282.9 315.6 ND
32 1644 Benzacetaldehyde CsHsO 120 21.0 28.7 26.3
33 1647 Acetophenone CsHsO 120 78.6 60.3 120.5
34 1668 Furfurylalcohol GsHeOn 98 14.8 16.5 ND
35 1675 2/3-Methyl butanoic acid CsHLigO2 102 586.6 600.7 400.6
36 1732 1,2-Dimethoxy benzene CsH100: 138 33.9 26.5 31.2
37 1735 N-(2-Methylpropyl) acetamide CeHisNO 115 ND ND 32.0
38 1760 Methyl 2-phenylacetate CoH1002 150 51 4.4 ND
39 1786 Ethyl 2-phenylacetate CioH12O2 164 5.9 4.6 5.3

YRetention index, ?Molecular formula, *Molecular weight, INot detected.
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¥ 2. A%

(9] : Peak area/1,000,000)

No RI" Compound name MF?  MW? A-1-0d A-1-32d  A-2-32d
40 1801 3-Methyl-2-butenoic acid CsHsO: 100 13.8 14.6 ND?
41 1809 4-Methylpentanoic acid CeH1207 116 51.6 52.2 ND
42 1813 1-Phenylethanol CsHi0O 122 28.9 304 259
43 1843 Methyl 3-phenylpropionate CioH120O2 164 49 438 ND
44 1853 Hexanoic acid CeHiO2 116 15.5 16.6 ND
45 1854 2-Methyl-2-butenoic acid GsHsO» 100 17.5 18.5 ND
46 1860 Guaiacol(2-Methoxy phenol) C/HsOo 124 48.7 448 454
47 1876 Benzyl alcohol C7Hz0 108 21.1 21.9 345
48 1882 Ethyl-3-phenylpropionate CuHuO, 178 57 4.6 ND
49 1908 Phenethyl alcohol CsHi0O 122 4944 425.6 303.8
50 1956 2-Ethylhexanoic acid GHigO2 144 11.9 15.2 174
51 1961 Maltol CeHeO3 126 99.8 121.0 135.6
52 1966 1,2,3-Trimethoxybenzene CoH1,05 168 74 ND ND
53 2009 Phenol C¢HsO 94 21.8 23.0 26.5
54 2032 4-Ethyl guaiacol GCoHipO, 152 ND ND 62.8
55 2046 3-Phenylpropanol CoH1,O 136 6.0 49 ND
56 2068 Octanoic acid CsHisO2 144 229 21.9 15.2
57 2173 Nonanoic acid GoHisO2 158 147.0 76.7 71.8
58 2180 4-Ethyl phenol CsHi0O 122 ND ND 324.2
59 2198 2-Methoxy-4-vinylphenol CoH1002 150 85 6.2 ND
60 2270 2,6-Dimethoxy phenol CgHigOs 154 7.6 5.8 6.0
61 2279 Decanoic acid CioH2O, 172 8.9 1.7 ND
62 2401 4-Vinyl phenol GCsHsO 120 40.8 33.3 ND
63 2439 Benzoic acid CyHsOo 122 37.2 13.8 14.8
64 2564 2-Phenylacetic acid CsHsOn 136 3.7 4.6 ND
65 2582 N-(2-Phenylethyl)acetamide CioHisNO 163 ND ND 6.4

URetention index, ?Molecular formula, Molecular weight, YNot detected.
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¥ 23. 23 AAF B-1 € B-29 JIA IR
(9] : Peak area/1,000,000)

No RI" Compound name MF?  MW® B-1-0d B-1-42d B-2-42d
1 1035 2-Butanol CsHi0O 74 23.6 14.1 ND?
2 1047 Ethyl butanoate CeHiO2 116 94.2 58.3 31.3
3 1132 Propyl butanoate CHuO2 130 19.1 16.7 11.4
4 1198 24,5-Trimethyloxazole CsHoNO 111 16.0 13.2 71
5 1212 2/3-Methyl butanol CsH120 88 9.2 3.9 10.7
6 1225 Butylbutanoate CsH1602 144 6.3 11.5 7.1
7 1239 2-Pentylfuran CoH14.0 138 3.8 6.2 5.2
8 1260 3-Octanone CsHi60 128 9.7 12.8 8.7
9 1272 3-Methybutyl butanoate CoHisO2 158 8.8 10.3 113
10 1286 3-Hydroxy-2-butanone CiHsO2 88 27.3 25.3 21.0
11 1322 2,5-Dimethylpyrazine Ce¢HsN» 108 53.1 40.0 28.9
12 1328 2,6-Dimethylpyrazine CsHsN> 108 7.4 43 3.2
13 1346 2,3-Dimethylpyrazine CsHsN> 108 11.9 124 13.9
14 1362 Hexanol CsH1:0 102 5.7 ND ND
15 1400 Trimethyl pyrazine CHioN2 - 122 4603 4229 380.9
16 1420 Hexylbutanoate CioH2O2 172 4.5 5.1 4.8
17 1445 3-Ethyl-2,5-dimethylpyrazine CsHpN2 - 136 4.2 ND ND
18 1460 1-Octen-3-ol CsH160 128 211 ND ND
19 1461 Acetic acid CH4O2 60 151.2 217.0 206.5
20 1475 Tetramethyl pyrazine CsHipN2 136 18458 19538  1817.2
21 1512 2,3,5-Trimethyl-6-ethylpyrazine CoHiaN2 150 56.8 67.1 63.0
22 1521 Benzaldehyde GHqO 106 62.0 60.4 63.2
23 1538 2,3-Dimethyl-5-(1-methylpropyl)pyrazine  CioHieN2 164 5.7 9.6 6.1
24 1576 2-Methylpropanoic acid C4HsOs 88 65.9 81.1 63.7
25 1629 Butanoic acid C4HgO2 88 26879 27248 27333
26 1645 3-Methyl benzaldehyde CsHsO 120 ND 18.9 18.8
27 1648 Acetophenone CsHsO 120 10.1 8.6 8.4
28 1668 Furfuryl alcohol CsHeO2 98 9.5 5.6 6.6
29 1676 2/3-Methyl butanoic acid CsHyiO2 102 4167 454.1 413.0
30 1760 Methyl 2-phenylacetate CoH1002 150 5.4 7.3 5.0
31 1786 Ethyl 2-phenylacetate CioH12O2 164 3.8 4.0 4.5
32 1801 3-Methyl-2-butenoic acid CsHsO2 100 7.3 7.2 6.8
33 1809 4-Methylpentanoic acid CeHO2 116 49.8 62.8 54.0
34 1843 Methyl 3-phenylpropionate CioH1202 164 4.3 3.8 44
35 1853 Hexanoic acid CeHpO2 116 11.3 10.6 11.4
36 1854 2-Methyl-2-butenoic acid GsHsOs 100 12.7 12.9 12.2
37 1860 Guaiacol(2-Methoxy phenol) C/HsO2 124 66.7 67.9 59.6
38 1877 Benzyl alcohol GHsO 108 8.6 8.3 9.5
39 1909 Phenethyl alcohol CsH100 122 43.7 22.0 19.3

YRetention index, *Molecular formula, *Molecular weight, “Not detected.
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¥ 23. A%
(9] : Peak area/1,000,000)

No RI" Compound name MF?  MW? B-1-0d B-142d B-2-42d
40 1932 4-Methylhexanoic acid CHuO, 130 ND 17.2 14.3
41 1956 2-Ethylhexanoic acid CsH1602 144 91 ND? 55
42 1961 Maltol CeHeOs 126 103.1 101.8 103.1
43 2009 Phenol CeHsO 94 62.9 67.6 66.0
44 2022 Dihydro-5-pentylfuran-2(3H)-one CoH1602 156 14.8 17.0 15.3
45 2032 4-Ethyl guaiacol CoHpO, 152 10.7 11.7 11.2
46 2068 Octanoic acid CsHis02 144 24.3 12.7 14.0
47 2173 Nonanoic acid CoH1507 158 126.0 14.5 39.5
48 2180 4-Ethyl phenol CgH100 122 21.0 12.7 13.5
49 2198 2-Methoxy-4-vinylphenol CoH1002 150 ND 20 ND
50 2270 2,6-Dimethoxy phenol CgHioOs 154 12.8 11.6 13.6
51 2279 Decanoic acid CioHpOr 172 111 ND ND
52 2401 4-Vinyl phenol CsHsO 120 ND 13.3 15.1
53 2401 Benzoic acid CrHeO2 122 16.2 2.8 13.0
54 2443 1H-Indole CgH/N 117 47.7 13.7 5.0
55 2564 2-Phenylacetic acid CsHsO» 136 13.8 94 7.7

URetention index, ?Molecular formula, Molecular weight, YNot detected.
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¥ 24, 23 AAFE C1 2 C29 FIAAH FAHE

(9] : Peak area/1,000,000)

No RI" Compound name MF?  MW® C-1-0d C-142d C-2-42d
1 1047 Ethyl butanoate CeHO2 116 12.9 11.8 8.9
2 1134 3-Methylbutylacetate CHuO2 130 10.0 ND? ND
3 1198 24,5-Trimethyloxazole CeHonO 111 259 273 17.1
4 1215 2/3-Methyl butanol GCsH2O 88 28.3 28.5 60.4
5 1239 2-Pentylfuran GoH140 138 6.4 6.6 8.0
6 1260 3-Octanone CsHi60 128 19.1 20.2 19.6
7 1272 3-Methybutyl butanoate CoH1502 158 32.6 4.2 60.4
8 1282 3-Methylbutyl2-methylbutanoate CioH202 172 6.3 23.7 7.9
9 1287 3-Hydroxy-2-butanone CiHsOs 88 459 47.0 39.6
10 1299 3-Methylbutyl3-methylbutanoate CioH20O2, 172 5.7 4.3 7.6
11 1322 2,5-Dimethylpyrazine CsHsN2 108 99.6 122.0 64.7
12 1328 2,6-Dimethylpyrazine CsHsN2 108 17.7 23.3 14.0
13 1346 2,3-Dimethylpyrazine CeHsN2 108 44.0 44.0 42.0
14 1391 2-Nonanone CoH1502 142 54 31 6.6
15 1401 Trimethyl pyrazine CyH70N>2 122 798.4 9421 758.2
16 1445 3-Ethyl-2,5-dimethylpyrazine CgH2N2 136 8.4 9.2 93
17 1461  2,3-Dimethyl-5-ethylpyrazine CgH2N2 136 25.3 45 44.8
18 1461  Acetic acid CHLO, 60 193.5 284.8 148.2
19 1476 Tetramethyl pyrazine CsHioN»2 136 33271 32946 3,708.4
20 1511 2,3,5-Trimethyl-6-ethylpyrazine GoHuN2 150 1731 147.0 209.5
21 1521 Benzaldehyde GHqO 106 1025 89.0 453
22 1549 Propanoic acid GHO2 74 11.3 14.5 37.2
23 1575 2-Methylpropanoic acid CiHsOo 88 9.1 140.3 729
24 1580 2,3,5-Trimethyl-6-propylpyrazine CioHigN2 - 164 14.0 8.9 14.9
25 1590 2,3,5-Trimethyl-6-Isobutylpyrazine CinHisN2 178 133.3 77.6 176.8
26 1634 Butanoic acid C4Hs02 88 514.3 638.5 359.6
27 1644 3-Methyl benzaldehyde GCsHsO 120 ND 24.6 8.4
28 1647 Acetophenone CsHsO 120 11.0 94 12.2
29 1670 Furfuryl alcohol GCsHeO2 98 13.0 10.0 9.6
30 1675 2/3-Methyl butanoic acid CHiO2 102 8677  1,1325 6721
31 1724 Phenylacetone CoH10O 134 18.6 23.1 26.4
32 1735 N-(2-Methylpropyl) acetamide CeHisNO 115 34.7 31.3 46.1
33 1760 Methyl 2-phenylacetate CoH1002 150 10.1 9.2 104
34 1763 2-Acetyl-3,5,6-trimethylpyrazine GCoHpNO 164 3.6 2.0 41
35 1786 Ethyl 2-phenylacetate CioH12O2 164 3.9 4.6 44
36 1801 3-Methyl-2-butenoic acid CsHsO» 100 35.2 41.0 231
37 1809 4-Methylpentanoic acid CeH1202 116 39.3 45.0 28.6
38 1813 2-Phenylethanol acetate CioH1202 164 17.8 11.0 9.9
39 1826 1-Phenyl-2-propanol CoH1,0 136 5.5 55 6.6

URetention index, IMolecular formula, IMolecular weight, YNot detected.
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® 4. A%
(9] : Peak area/1,000,000)

No RI" Compound name MF?  MW? C-1-0d C142d  C-2-42d
40 1853  Hexanoic acid CeHiO2 116 6.8 9.3 ND?*
41 1854  2-Methyl-2-butenoic acid CsHsO: 100 21.0 255 16.8
42 1860 Guaiacol(2-Methoxy phenol) C/HsO2 124 59.2 68.3 63.8
43 1880 Benzyl alcohol C/Hs0 108 20.3 15.5 444
44 1915 Phenethyl alcohol CgH100 122 118.4 102.7 365.0
45 1932 4-Methylhexanoic acid CHuO2 130 36.7 46.4 34.5
46 1956 2-Ethylhexanoic acid CsHisO2 144 ND 6.2 ND
47 1961 Maltol CsHeO3 126 106.1 103.9 115.3
48 2009 Phenol CsHsO 94 229 15.2 16.7
49 2022 Dihydro-5-pentylfuran-2(3H)-one CoH1602 156 l6.4 15.7 15.8
50 2068 Octanoic acid CsH1602 144 7.2 9.8 3.0
51 2173 Nonanoic acid CoHisO2 158 20.6 38.4 17.9
52 2270 2,6-Dimethoxy phenol CsH1003 154 92 91 79
53 2321 2,4-Di-tert-butylphenol C1aH2O 206 ND 6.1 3.9
54 2440 Benzoic acid CH6O2 122 51 8.9 2.7
55 2444 1H-Indole CsHyN 117 6.5 59 3.3
56 2564 2-Phenylacetic acid CsHsO: 136 26.2 215 5.8

URetention index, *Molecular formula, *Molecular weight, “Not detected.
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¥ 25. 23 AAE D1 € D-29 A AR

(9] : Peak area/1,000,000)

No RI" Compound name MF?  MW® D-1-0d D-1-42d D-2-42d
1 1188 2-Heptanone CrHuaO 114 4.6 29 3.3
2 1198 24,5-Trimethyloxazole CeHINO 111 46.6 35.4 46.2
3 1218 2/3-Methyl butanol CsH12O 88 223 313 103.2
4 1239 2-Pentylfuran CoH140 138 11.8 10.7 109
5 1260 3-Octanone CsH160 128 10.2 12.2 19.6
6 1261 Ethenyl benzene CsHs 104 34.7 29.6 12.7
7 1268 Methyl pyrazine CsHeN2 94 5.6 5.8 6.5
8 1272 3-Methybutyl butanoate CoH1s02 158 - 49 -
9 1283 3-Methylbutyl2-methylbutanoate C1oH2002 172 - - 3.1
10 1287 3-Hydroxy-2-butanone CaHsO2 88 212.8 182.7 38.5
11 1299 3-Methylbutyl3-methylbutanoate C1oH2002 172 - - 6.5
12 1321 2,5-Dimethylpyrazine CeHsN2 108 78.3 719 94.9
13 1328 2,6-Dimethylpyrazine CsHsN2 108 20.8 18.1 24.5
14 1346 2,3-Dimethylpyrazine CsHsN2 108 38.7 414 42.6
15 1391 2-Nonanone CoHis0O2 142 13.4 6.6 13.2
16 1401 Trimethyl pyrazine C7HioN2 122 7480 677.7 859.2
17 1444 3-Ethyl-2,5-dimethylpyrazine CsHiN2 136 8.7 9.8 13.6
18 1460 2,3-Dimethyl-5-ethylpyrazine CsHiN2 136 39.8 47.7 84.1
19 1463 1-Octen-3-ol CsH160 128 12.7 14.5 8.7
20 1467 Acetic acid C2H402 60 13.0 239 233
21 1476 Tetramethyl pyrazine CsH12N2 136 36863 3,3535 5,1074
22 1511 2,3,5-Trimethyl-6-ethylpyrazine CoH14N2 150 273.5 338.0 5271
23 1521 Benzaldehyde C7HsO 106 54.1 87.3 68.1
24 1537 2,3-Dimethyl-5-(1-methylpropyl)pyrazine CioHisN2 164 5.8 4.6 -
25 1577 2-Methylpropanoicacid CaHsOn 88 10.8 25.8 15.2
26 1579 2,3,5-Trimethyl-6-propylpyrazine CroHieN2 164 41 4.2 8.1
27 1589 2,3,5-Trimethyl-6-Isobutylpyrazine CuHisN2 178 8.4 27.9 262.8
28 1637 Butanoic acid CsHs0O2 88 16.5 323 3.7
29 1643 Benzacetaldehyde CsHsO 120 6.0 35.7 0.0
30 1643 3-Methyl benzaldehyde CsHsO 120 - - 13.9
31 1647 Acetophenone CsHsO 120 155 17.0 19.0
32 1672 Furfuryl alcohol CsHeO2 98 5.5 4.0 -
33 1676 2/3-Methyl butanoic acid CsHigO2 - 102 90.7 207.1 723
34 1678 p-Methoxystyrene CoHi00O 134 2825 136.1 174.5
35 1732 1,2-Dimethoxy benzene CsHiO2 138 1145 53.6 927
36 1760 Methyl 2-phenylacetate CoH1O2 150 11 1.0 -
37 1763 2-Acetyl-3,5,6-trimethylpyrazine CoHi2N20O 164 25 2.8 6.4
38 1771 a-Bisabolene CisHz 204 - 10.4 927
39 1785 Ethyl 2-phenylacetate CioHzO2 164 5.1 3.8 -

YRetention index, IMolecular formula, MMolecular weight. YNot detected.
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¥ 25 A%
(9] : Peak area/1,000,000)

No RI” Compound name MF?  MW” D-1-0d D-1-42d D-2-42d
40 1813 [-Phenethylacetate C1woH1202 164 10.5 8.1 NDY
41 1853 Benzylacetone CioH120 148 ND 11.7 6.1
42 1860 Guaiacol(2-Methoxy phenol) C7HsO2 124 15.9 23.6 12.7
43 1884 Benzyl alcohol C/HsO 108 5.6 7.0 ND
44 1919 Phenethyl alcohol CsHwoO 122 368.6 374.0 479.9
45 1961 Maltol CeHeOs 126 224 27.0 24
46 1966 1,2,3-Trimethoxybenzene CoH1203 168 439 15.8 31.2
47 2009 Phenol CeHeO 94 4.8 44 29
48 2022 Dihydro-5-pentylfuran-2(3H)-one CoH1602 156 7.8 9.2 ND
49 2043 3,4-Dimethoxystyrene CioH1202 164 19.3 74 26.6
50 2068 Octanoicacid CsHisO2 144 ND 4.0 ND
51 2173 Nonanoic acid CoH1s02 158 7.1 19.0 8.4
52 2180 4-Ethyl phenol CsH1woO 122 ND ND 34
53 2198 2-Methoxy-4-vinylphenol CoH1002 150 51 8.1 13.1
54 2270 2,6-Dimethoxy phenol CsH10s 154 3.2 42 3.1
55 2321 24-Di-tert-butylphenol CiaH20 206 ND 49 3.6
56 2401 4-Vinyl phenol CsHsO 120 229 252 8.0

URetention index, *Molecular formula, *Molecular weight, “Not detected.
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F 26. 22 A AFNA FAd FHEAY FrIEES A7E £F R AU vE

Functional A-1-0d A-1-32d A-2-32d
groups Num. % Area Num. % Total Num. % Total
Acids 13 26.3 14 27.0 7 11.8
Alcohols 15 174 15 16.1 11 21.1
Aldehydes 2 1.9 2 23 2 34
Esters 9 14 8 0.8 3 0.9
Ketones 5 4.7 6 4.8 5 75
N-Compounds 9 46.6 10 48.6 14 53.4
Miscellaneous 4 1.7 1 0.4 3 1.9
Total 57 100 56 100 45 100
Functional B-1-0d B-1-42d B-2-42d
groups Num % Area Num. % Total Num % Total
Acids 14 53.1 13 53.6 14 55.6
Alcohols 12 4.3 12 35 10 35
Aldehydes 1 0.9 2 1.2 2 1.3
Esters 8 2.2 8 1.7 8 1.2
Ketones 5 24 5 24 5 24
N-Compounds 10 37.0 9 37.5 9 359
Miscellaneous 1 0.1 1 0.1 1 0.1
Total 51 100 50 100 49 100
Functional C-1-0d C-1-42d C-2-42d
groups Num. % Area Num. % Total Num % Total
Acids 14 25.8 15 31.3 13 18.9
Alcohols 8 3.8 9 3.3 9 7.7
Aldehydes 1 14 2 14 2 0.7
Esters 8 14 7 0.9 7 1.5
Ketones 7 3.0 7 2.8 7 3.1
N-Compounds 14 64.5 14 60.2 14 68.0
Miscellaneous 1 0.1 1 0.1 1 0.1
Total 53 100 55 100 53 100
Functional D-1-0d D-1-42d D-2-42d
groups Num. % Area Num. % Total Num. % Total
Acids 5 2.1 6 5.1 5 15
Alcohols 10 7.2 11 8.2 10 75
Aldehydes 2 0.9 2 2.0 2 1.0
Esters 3 0.3 4 0.3 0.1
Ketones 7 45 8 44 7 1.2
N-Compounds 14 77.1 14 75.7 13 83.5
Miscellaneous 6 79 7 4.3 7 5.2
Total 47 100 52 100 46 100
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