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SUMMARY

I. Title : Development of Manufacturing Techniques for Functional Fruit Alcohol

Beverage Using Enzyme Engineering

II. Aims of Research and Development

Recently, interest on wine and its consumption has been increased drastically in Korea.
As an effort not only to promote utilization of domestic agricultural resources
industrially and well-being of Koreans, but also to replace imported wine with domestic
wine, this study aims at development of techniques for manufacturing functional wine
that contains more anti-oxidants and causes less hang-over. For the purpose, grapes and

rice produced in Incheon area are to be fermented with the addition of kudzu by

applying techniques of enzyme engineering.

III. Contents and Scope of Research and Development

Rice starch is to be saccharified by various amylolytic enzymes such that the hydrolysate
has maltose as the major product and modulate the amount of ethanol during extended
fermentation using newly isolated yeast or strains modified by genetic engineering.
Viscosity of the hydrolysate is to be reduced by converting dextrin to branched
oligosaccharides using maltogenic amylase. Functionality of rice wine would be improved
by the addition of kudzu with high amount of antioxidant and by lowering side effect

of hang-over. The techniques developed and the results obtained in this study are to be

applied to promote manufacture and commercialization of rice wine.

IV. Results of Research and Development

e Rice wine was fermented using rice starch treated with a-glucosidase and glucose iso-
merase and must of Campbell early and Muscat Bailey A. Branched oligosaccharides
(BOS) were also produced in the wine by the addition of maltogenic amylase. Kudzu
powder could substitute K505, an artificial additive for wine fermentation, and
provided puerarin, a functional ingredient when it as added to the wine must..

e Ethanol content of the rice wine was 12~13%, puerarin content 10 mg/100 mL, total
amount of acids 0.63%, and pH 3.85. Isomaltose was detected in the rice wine con-
taining BOS. E-nose analysis indicated that rice wine had more volatile compounds

than regular wine. E-tongue analysis suggested that rice wine had more compounds




enhancing taste and was stronger in bitter and salty taste than commercial wine.

e As an effort to develop wine yeast with tolerance against high concentrations of
glucose and alcohol, 115 yeast strains were selected among 637 yeast isolates and
finally S. cerevisiae NK28 was selected. The selected isolate was not appropriate for
genetic breeding but was superior to an industrial strain, 5. cerevisiae D5A, in its
fermentation properties. Under optimal growth conditions, it produced 98.96 g/L of
ethanol in maximum and more resistant to fermentation inhibitors than commercial
strains.

e Wine fermented with S. cerevisiae NK28 contained less methanol that causes hang-over
and less malic acid, tartaric acid, formic acid, acetic acid than that fermented by
commercial wine yeast. Sensory test indicated that wine fermented with NK28 was
better in aroma, sharpness, and after taste than that fermented with commercial
strain.

e In vivo assays showed that puerarin in the rice wine repressed increases in ASTL and
ALTL, the indices of hepatic function and reduced alcohol concentration in blood.

e Puerarin also activated autophagy and reduced lipid synthesis including cholesterol as
well as TG, thereby helping recover of lipid liver.

e Based on the results and techniques developed in this study, IncheonBio Co. was

established and permission for manufacturing and trading wine were obtained.

V. Accomplishments and Plan for Application

- Accomplishments made by the research and development are as follows:

e 1 patent registered, 1 patent in pending, 4 scientific articles published in SCI journal,
and 1 in domestic journals

e establishment of IncheonBio Co.

e numerous reports in major newspapers and TV regarding the R&D and commercia-
lization

e training graduate students in doctoral (10), master (12), undergraduate (11) programs
and others (4) for 3 years

e In the future, overall quality of the rice wine such as taste, flavor as well as
functionality, economic feasibility & efficiency are to be improved for further succe-

ssful commercialization
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- A AR R IEF AHle =7}
2006 29 3012%F hL, A7F 307 H

A B A&l
2006132011 Aol 6.2% A343star, FF 1047 10.8% 5718 Aoz o4

gﬂ

2HlE
ul=& 20060 EEF Al H%C’“ﬂ 2009 22E dol AA 19E AAE AL US.
90 FHrRE 23 =75ty 2011»401] 2,797%+ hL, 379 37 Wol &3 AY.
1 HE olo] EEF &AHITF AE T ZF2s) o7t 747} 2, 391E AHAIS

[e) <N
SIS

ofAlofe A= 2006'd 800%F 9% hL, 109} 7vhdo] AHIH A=, o= 2002'd thHl 21.1%
S7F A, dEo] HU Fd=FolW THH Yol AR FRHow 4F T
(2002:3-200613 AFe] Z+Z; 36.5%, 40.9% S7F). HA ofrlo} N Gx F717F 92% A3}
e oer JAF} FF9 L87F B2 ofAlotoll A E=Fo] 4H7F F7heke] 2006 o
A1 2011 Abol 48% A7dstal 2011 A AAl =5 AHIAR] 48%E HARE Ao
. webd olgg Arr)d AES H7HE EE=FTF ofAlof AHeA weol] LuE
F Je Ao 7H. (o] VINEXPO/IWSR, 2008 A} 3)

Biition USD TEAZ ¥
Sorted on 2007 * 4

+23.98%

__..saff"’:"!“f
—

E— 166.117
152.510
133.991 150.498 y

129.900 ST _

Farecast

2003 *+1232% 2007 20080 - iEiaERrogTo
= ’—-i'--"F

* Retail sales including all taxes.

Source: VINEXPO / The IWSR 2009 VINEXPO BORDEAUX 21-25 JUNE 2009




(3) AAAZ 44

M 84l F M 9E480] A= M 37370
M7= AHdst ¥ R 7dan
1) st FFHAF 54, i 5)
O 4% AF/HEFEE 50 7Ietd G3lEx 3 dEe - v s £4S
Fo 43 ¢33 2SS 2-sE N2 HETH 71E ML
2) 2dgtE T3 7ithas
- HFAF(EEF)Y FY oA - 1,000 (FAH 50002 99] 20%; 2008'd 71F)
- 1FE RAF AFY FE 0 10094
- Sk e 28 S 100999 (%, %, HA, 718 &)
(&) : wighel)
A 71E| . .
g = 1A= AU = A= Al
2 AA A 50,000 100,000 110,000 260,000
A a5} 30,000 150,000 180,000 360,000
BN ZESD 100,000 200,000 300,000 600,000
g A 180,000 450,000 590,000 1260,000
w AR AAEI B AFIA Ad)Ee] AeE FE dEE AFY mMEd FAA
# ZAAA shEEsh 2 Ay AhRree] Akiske B9 FkeSEd, H8Etast 5 44
#OHZMR) a0 2 AT AEY)Ee] A9Eke S vdEE FEEsh Bass 5 FAA
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o= o W T IarTAlla= =2 §_.}J\_ }ﬂ._'c_}_
} HHE
R BN dE 60 80 100 o
7lE 8l
g = PATE
s FEE N dE 50 70 100 N
T = ar
BT Az ) P 60 60 100
ERSE=AS)
o] AE S 7] 31T Ax 80 9 100 TUTE
=5=9
D ARVIEES 2 ATl HE A7 Sx7Es 9
2) AA 7EFES A= 100% ] s2vet 2 AT AT " ess 84
3) Ve BRsEEe P 98 T AT 100% e BEEE A4
4) 7ol o 75 wlardel A
B8 e AL

2009088 2010@8H) 0 2011 (GMH)

£ Ty

338 s U sRMy W) | oiyuniy () [Hlﬁﬁ[ﬂﬁﬂ—g—ﬁj
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7l = -1 o Ty i
- Bhikg}, Sty s BildkE Jls 715457
HHUES 7 -8AH 7|5
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AL =
M 3 & AdAqsfgbed g 2 Z1f
1. AARETA - FAF Fg 8 vAEo Ad 2 J)=H
1) 1AA=
1AUES] 7 SEE BES WARY Adeln XE ¥ A%, J 59 9AR ¥
s27e)8 58 FAF TaEol AR ELIFE oY TE 9 B SN 2l
o I 548 B9
A7 A - .
A 2o ERFE EaE o .
sle] AHAE AEE 9 mle] YPD o o oS .
- - ge SoE e g
Auf Ao Yol vortexdt T 1.5 e e s .
= 3= o =] 3 = E‘O]t ﬁ—TEE }‘Hi'ﬂ? al
mlE FH3sto] PlA A Ee] Tl Fof _ o -
o] A1 1 o] = . Au Aol streakingdlail #w| 73
12,000 rpmo. 2 A4Eeta, I | el S w B
o =] a] = o2 #HFAst &FE o
=< lysozymeo & Aedte] Al o} ERFE Rz AAREY
angFel ¥ | & AAsAd. e9d Fgol 5| L T T U
THRATE _‘?4%11_%}71 sk 10% Oﬁéﬂf‘i}xﬂ.ii Fwe solm
dextroseE A 7}8lx AHFAAAZL o e o -
A7l 913k chloramphenicol (50 - . =
o s : Fated 70T A st ol
pg/ml)E 7k YPD aAMA Al 5= 27 BaE TdF= E 6377
wate] 30T 22U Wate] & S ST T C
REFES BeYsye. ST e
AT dEe AP #F5 A | eaamylase AisS 2% AR
37 9lshel Rel® FFEEL W L TSRS YP wAuA) 48
oz Tew e SASL BAS| A D e 2o 89
e & e W FPBel P4
32 BY5L.
-g-amylase A4ts @ EEFO F= | e YA 20%-50%2 EET
g BE GEtr] st dEE H | & ZESkE wi Aol 24417 u
7betel HEd W AES BAlY | Fot] FE=E S¢eE A
B argze (UL andFE Edstax g st 1z At & A A u)
R Fe B3 AF=E FA==
W A BN A8 | 2R
Ere AUWA BuE 44T 5| euemeAL 025%) T
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WREER  BE A FAPE ¢ ARAEE FREE 24
FLE AEHA PeE FFE B| BAAHIFIAS.
SEEE cBEQS o)fne Bago
SHEQ A ol8T HES ESte | = dextrose WAl TWEQ A
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09.07.01 o E U (3H5-2) N E
09.07.01 o E U (3F-2) 7B
09.07.06 nE U (3F-2) 7 o g
09.07.06 HLE TH(HELF) 70 W &
09.07.21 W EY X 7}=
09.07.22 ntE =W (AF) 70 o 2
09.07.28 NRE(HEE) o) 55 (315 2) 70 &
09.07.28 R =(dA59) o - (3F-5-22) 70 o
09.07.28 055 (5%) o 7= (3H5-2) 7hw) o
09.09.14 fR= o - (= A)) 70w &

(2) ERTFT £

A8 9 mle] YPD HA 8 A] (yeast extract 1%, peptone 2%, dextrose 2%, pH 4.5)¢l 2 o]
vortex¥ Th 1.5 mlE FHste] wAldAdE e Yol 12,000 rpmo 2 AAE sk, A
£ lysozyme (10 pg/ml)oll = 5-10 7F 204 WXt M-S AAS AT A5
(20 u)2 FFo] 5 TF AFL A7) At 10% dextroseS H7}eta AT A
S A7) Y3t chloramphenicol (50ug/ml)E 7FgF YPD A H] R o] =23}e] 30T ol A
247 wigstdk. YPD AR FAHH TS SUoE AFsl ARE Hole o
cFEe ofFe

N 2wl =] ol Hj F

¢

YL FFel AEIF HeldE MAGHS B MFE EREF(P)

(@) EEIF] 54T
FAF BE AR FFE ALstr] st £2ld dFES WESE amylase A4,
W, HLERSA, 2EQ L o] &5 ol tste] SHEANS Atk



g 5 e, ol ARL A B ¥+ dE BE FF7 DR odF ol F of
Mol Bl AR/l ARBANELY amylase® 27 AEA AP AEE RO
gl Aol Hu Aol BaHol A welx AHHW o o f 0= AAHA @
E 4YE olgde] ReRFse ARRASS At (2912, ARo] TFA YPS
Ao ARE WG F ao=gAe Wl FHY oo TR o] AIEA DAY
o e7lel $FF 7heH amylse® AASE B REEE wS 2ol 5o 7
Fol A Bol AAHYLE o5l amylaseBHE WY 28 FHE #A57] Aol 59

7NA ZAste Row ek,

- WA

63778 el 7heH 50%Y EETS Eete nAANAE & st 707 &

%%—% A3 oS, 30, 40, 50% 9 TEFS L3S A A ) ]oﬂ HZE3sle] 30C e
n

0}93\‘:]' o5 AFAEE F8&3H S caevisiae —E’.‘E‘—ngl "ﬂ%}EE} HJL‘S}‘}}g
40% oldel E=Fs EFete A= F8&3tE AETF (commercial strain; c.s.)7}
71 & Aoy, T HE A AMEEHE BEES H=d 27Q 30%9] EEFE
Z3Hste iAol = RGe6, 10, 11, 12, 18, 32, 33, 35, 42, 45, 46, 55, 56, 59, 61, 69, 71, 73
S 18 #F7F AEEFEY § 2 ARSI o]2 X5 Campbell Early £EoA &
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BYPID
4 mYP40D
O YP50D

_25_
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EX7F g R TETS WEA AREste] REI A3 543 BHEe s "Wl A
BH= A H2Fs7] HAste] olgd] TELFES FUoE AMESte] SR B g
& AEEE =3 U AAsY Tas A&HE F e ARES PSR o
ol #ste] 10%9] EET &2 TVELAS IFste JA A wjFste] TR A A
AN 3 AFHES Hole 1237 #FE<S 132 ALT vs, 2% TELLE EFss
HA ) A o] HZFske] 30T AR F7IoNA 24 AZF Wl F B (220rpm) 600 nmol A F-3F
=S 4t AFEES AFHoZ vusty. AE3tE S caevisiies TELLXVE B

= A
A W AFE7E w5 F2H HlE) AEre EYdTFEe] €953 2 AFEE BT
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st eEd oEL YRE AEEY HIEITA EEd g0 (Z¥1-4).
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2
stHoz 5437 938t 265 rDNAE FEE & Qe NL1(5’-GCATATCAATAAGCG
GAGGAAAAG-3)9} NLA(5-GGTCCGTGTTTCAAGACGG-3')¢] F primers H33IATH
Genomic DNA purification kit (Promega Co., USA)E ©]&3te] @4 DNAE FE314
o] F xZgolwE o] §ste] PCRS 3t (94T 3% v, 94C 18 WA, 58T 1
i annealing, 72°C 154 extention 36 cycles; 72°C 5% FF extention; LH1-6), PCR 2t=
< NL1 primerg ©]&3t] @714 €S ZA$ T National Center for Biotechnology
Information (NCBI, USA)%] database®]l BLAST3}S] 265 rDNA ©H 9] F5AdS HlwEgo
24 st SR ojdd] AE dFE F QJ“E AT A= ofefot 7‘9}5}.

533k rRNA 7912] 560 bp DNA ©@H ] G714 Wk Az ‘—H”’“ o] ¥&
2 AEAY 2708 &R FFE E1-2004 B H}9Jr

l
& & AN (AH17), NK282 83} Hoffle= E=¢

ettt A dFEo] oig %7‘4%‘@0] A FRHL oy olg T EE=F TEI
AHEE T e S cerevisiae TFE AT AEete] BAEA EAY FFANE 5 2AdE
ATl gt

1415 16 17 18

a9Y1-6. B8 aRTFFY 265 rRNA 9 PCR &%

1. Positive 2. SG6 3. SG18 4. 5G38 5. 5G39 6. KGo6 7. KG11

8. KG16 9. KG17  10. KG20 11. KG38 12. KG41 13. KG44  14. KG45
15. KG46 16. KG47 17. KG56 18. WS20  19. WS22  20. WS76  21. NK28
22. BG4

<3#1-2> AT A4 38 AR

TdEE T34 A=
Positive Saccharomyces cerevisiae 563/564 (99%)
KG6 Pichia anomala 565/566 (99%)
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KG11,20 Wickerhamomyces anomalus 565/568 (99%)
KG16 Wickerhamomyces anomalus 567/568 (99%)
KG17 Pichiaanomala 562/566 (99%)
KG38,44 Pichia anomala 561/563 (99%)
KG41 Wickerhamomyces anomalus 561/563 (99%)
KG45 Kodamaea ohmeri 561/563 (99%)
KG46,47,56 Pichia anomala 561/563 (99%)
NK28 Saccharomyces cerevisiae 565/565 (100%)
SG18 Pichia anomala 562/565 (99%)
SG38 Kodamaea ohmeri 441/477 (92%)
SG39 Kodamaea ohmeri 486/488 (99%)
WS20 Metschnikowia sp. 487/496 (98%)
WS22 Metschnikowia fructicola 475/483 (98%)
WS76 Metschnikowia fructicola 471/483 (97%)
S carovisiae #8218 2 (control)
NKZ8
P.anomalus -\ cg,17,38,44,46.47,59,5G18
W.anomalus KG11,16,20.41

KG45

K. ehmeri 5639

8Gas

Metschnikowia fucticola WS76 WS22
Metschnikowiasp WS20

2) 23t =

22bdE o] A/ ExE 1AdEeA EEE HEd vAEe] EAEAT e,

o]Z &t HF HAWrHA S cerevisiae NK282] W FA, WodxSA WEQOA o]y <&

A AWde, T olés FTHELET HRAA YEYeE 54 55 7159 A8 2rd S
Lt =

v001%} S. cerevisiae La Parisienne®| 573} H]
> g EXNS fEFstua SEAEAE A% 2GS
= 243

o
A 715 W3 amylaseE AAtslE ERTFFY A

8
o
3,
2,
Q
)
=
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2T W (1£3 - 293 F =) T
- 30% 2o 40%9
1As A gesel Hgawa | T R FE AR dexinert
S.cerevisiae NK281 2] ra#d & nt Lt 1% Pept 2%)oll &
REL Thed o] AU e e e
G dE A SR Qg A ;L:];EHITO%}% ODn e 2
Fohe Agua 298 4R 5| oo ogal
A= sAE A8 IRF BE| Gu00 60 8 o 109 1)
£ SR AFEY v 3RS, = L\/? ORji]HH,X] ;ﬂ ,EE:FI";E
WEREA - TE A SHEE | o zé&—;}o:] 30°C o A 4;3;;
s smE AEEA gn ) LT
¥ F e SHS Aesd ey o0 T T
A A0 WEE ERFFER MBAAE | D0 o atw yp o
PeETE | REeX ogh  xmd g 4T 2N AU ST DS TS
(NK28) LEGY AR AR FET G o Soces A7 st
EA B S wag Q3 FF4S &A1Y ODgos ZA3e] vlmalyge
A HELAS ARESaA dE 2 - 10% I‘DEex:ro(s)eﬂ 23 \?;’:H'Z]
ArAEe) EAo) RAARS =TT o T 2 s
e olgve deste xma w0 K T
58 ERFFED VAL, Fah Do wjorelS HPLCE
- 432 AT NK289 &3 iqg}oq %HE]O ;igg s ah;;:
AMAASL )\o]-_g_ﬂ__w_ﬂ ¥x= dgs ;\:6_}03_9_ o == 6w
-~ = = = o P
ERGFSH HABAS. - 19%9 B °ol85e EUE &
- @ ol : NK289) 1988 B | 7o oo c g a v APl
¢ 9 olges destd TR ) T e Agad g
88 aRTTFEY HWEA S, SEETEY jd_;gaij H];_a_%]\%o
- LR Z==2 I
CNKae) Ewg was vmps | OIS Tasenen TE S5
- NK289) #EEF HE% BEAF T ome  AMe
HlaE A HPLCE 4319
BEHaRFE - NK28%} Parisiennedt 5 23
o] &3 XT=F -8de] Sumizyme, glucose
u g iso- merase®} Zo] HF3sl 3
Azt WEAZ F 242 ER
Fe WHsel 48 o wE
A73 g=e WAL HPLCE
w4
- ARS Hrsle] EEFE AXS| - B subtilis®] ampX FRAAE
= EgAe FA A4 wgt A | PCRE FE3}] poxHis1199]
G427} Display®| #EAE FAFT § Je g¥A | F2Ysa GEAELE HA
B anaF BAE NK28 AEXixdHd display | 3t 545 &A%
N ANA HABEES ¢3S Larl| - PCRE FZF ampX F4A4 &
SA0l dojy=EE fEsluz 3| AL Kpn Xholo.2 AYE)
oo o] pYD1dl| 2293t thA] pé
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neo vectord] &7 F=24Y3g

GEAEE FAA (ampX)E E - HF Axd pSAMYXE A¥
sto] Rl JAaAe A4UE & g3 o NK28d| FAHSA
A= HHo AFAA NK28T T | A GEATLY &5 U 24
FEAASA 712 A= < g3k
- AAA goA EEE opERY |- NK28% amylase 4Hs0] %
AT 3AHAE T A-AA 2Fol | F3 S dastaticus KCTC7955 1
7beetA g5 FE A7 wWEd | FEY A 84S =Y
amylaseE ALt ERTATY | HISSE O lyticase A= €
NEZgHS T AEZEFS T3 NK28S /M&st| FAAE 422 o5 Poly-
Eyands a2 SR ethylene glycol &HoA {7
7N =% e

[e]
+ amylase AiHsS s,
ol &5 zo]HS o] &3k
A AHE A

(1) S. cerevisiae NK28 2] 2]

- NK289] g4 &

EEAFES

HE8k] 30°C oA 2447t w3
E9F Hol 600nmolN FHEE

A .
- .

=
=43t AAES

Aol e ARAL BANAL.

2 AT 29 1804 B vhe} 2o] NK28 #e5E sy
o] 30%<9 dextrose’} A7IE AA] d=3] F A

g2 #FE5 v$=3 AAEE HYEY 50% dextrose

5 A%E RolX e

Growth ( ODgy)

<19 1-8> HEZAUEFY U

14 -
12 1

10 1

[

L

b

[

[

[

&g%a L
2 F-

A I M

B vP4+30% Dextrose
“YP+40% Dextrose

BvpP+2% Maltose

Lv001 MNK2& Parisienne

Yeast strains

ImgoEA WY R A
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ol

EFFEd H)§
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| e o= T
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ol
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- NK28e] HEQ X o855

YPM broth (Yeast extract 1%, Peptone
=+ (S cerevisiae NK28, Lv001, Parisienne)E #

S vortexdl] ¥3HA FF F 600nmol A —f,}%;% =2

)

NK28¢] Wj¢d=

YPD broth (Yeast extract 1%, Peptone

o

2%, Maltose

A 2wl

2%, Dextrose

2%)2 5 ml¥ Al ‘éﬂwﬂ
3 o=

, 30Col 24A17F
g3t A

vFe} o] NK283 La Parisienne W57} S cerevisiae Lv0019l B] 3]
53 me Ao veyth 1oy 3
“Xﬂﬂ%

ToA ZEQ A o]go BH
AoE 4elA s (catabolite
ol
Ao Z

2%)°ll AEHEE 6~10% HH ol A
1%28 S71et=5 H7isted Al@dol| ¥, 2t 75 (S cerevisiae NK28, Lv001, Parisienne)

£ A5 30TAA 4847 W FF ThE, Teheke FFE vortexs) #AeA Eolz
o
600nmol A FFEE FA3e vlustds (2™ 1-9).
3o Uik AFHL 6, 7% EIZZuAANA = Lv00le] 7HE =kou 8% o]
AXE A oF7F AE HES AT E BYT 9% A= Parisienned} NK28o] thi: &
o=z 1}
10 1
9 ) B vool
= 7 ] HNK28
3 -
S °] 2
=~ 5 ’{ — B parisienne
S 4 i K2
5 o R
CEEER 2 5
% &
2 1 g"g .':,:{)5
11 2 o] : ﬁ
sl I H 1 i
6% 7% 8% 10%
Alcohol Contents
<% 19> NK289] &3 AgA.
- NK289] &3 Aitks :

10% dextrose’} X3+

YP AA Aol 2 #FE A
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9 AZF AAMF T o, 24 wfFASs dAEE (10,000 rpm, 2 min)ste] FF RS F 8l
0.2um syringe filter® #3513, HPLC (Waters 600S, Meadows Instrumentation Inc.,
v=)2 10% eSS o] 83ty blankE Fil 7zt AIEES EASIS. o W AP
Rezex ROA-Organic Acid H+(8%) (Phenomenex, USA)E A}-&-3l =
HPLC A &4 A3 72413e] 2 F NK28o| &= Pé} 3o AAdskdaL, 9613t
A%
(=

O_u ['[.IlO

i

O

3 o= NK283%} Parisienne”’} H]<=3l ko] 43285 = Aoz ey, wEkA
1-1

NK28o] @51& 44 571 e e ¢+ A9 0).

lj[o

UE

H72hr  H96hr

=
I
[=]

=
=
@l

=
=
[=]

105 A

100 A

w
&n

£

==]
n

Relative Alcohol Contents (%)

Lv0ol NK28 Parisienne
Yeast Strains

<% 110> NK289] &3& WA=

9 tk3t @ o]8%5S API 20C AUX kit (Biomerieux, France)E
o]&3t] HIWEASAS. EETTFES YPD HHAH|A| (Yeast extract 1%, Peptone 2%,
Dextrose 2%, Agar 1.5%)°l streakingdte] 30T A 48417t v gk T3, 0.85% NaCl &
do] FZYUES E9 600 nmollA TFEE =AY S W 2 McFarland®] £¥%7} 5
T2 FH3ES. API kite] mediumo] €Y 1000E Y1 2 Hol+ v, &AL kit
°] coupled] # A=F Yo]Fi 30 COﬂH 72413t o]% HH"EOPO% e AIAHRE
BiomerieuxAFell Al A F3l= database (V4.0)% apiweb< :
#1-3914 H= uie} o] NK283} Parisienne= & ©]-84 WA Al ZE T o
M FLE 54S EAoH Lvo0l SEAlES Last= ¥ methyl-a-D-glucopy-
o =

ranosideE 2§ stA] Este= WHolA tE Ziili e, SYAMEL X=F9 31

|
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<31-3> NK289] T o]&5 F AX$F 54

‘Sugar ———— Strain_ NK28  Lv00l Parisienne

None X X
D-Glucose

>

Glycerol

Calcium 2-keto-Gluconate
L-Arabinose

D-Xylose

Adonitol

Xylitol

D-Galactose

Inositol

D-Sorbitol
Methyl-a-D-Glucopyranoside
N-Acetyl-Glucosamine
D-Cellobiose

D-Lactose

D-Maltose

D-Saccharose
D-Trehalose
D-Melezitose

D-Raffinose

Flocculation (A]3£-8-3))

MO O O O O X M K O M X O M M X M X X O
H“ IO O O O O MW X X M MK X O X X X K X O
O |©O © © O O X X X O MW X O X X X X X X O

NK28 (400X) Parisienne (400X)

<aY111> ERFFES AEBZ
(2) $EaRFE o] §3 EEF LE

- NK28& o] &3 TEF W3

o

B ool A Relshe] HEMUY ERdF NK28S o &dte] o
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ool dFo] AASS Yo AHE v HPLCE B4 A& an
3 Ao} vwaa S (19 1-12).

X = g o
1. Grapes:
Campbell Early (150 g), fermenter
2 Yeast: CampbellEarly
La parisienne (0.03 g %%*)}40 C, 20 min
NK28(0.3 g & 4h activation Crushing
3.K,S,0:(0.03 g)
Grape must+ K,S,0;
Incubation
(2h)
Parisienne or NK28
Ethanol content ; Fermentation
analysis (3days)
Wine
<% 1-12> NK28< o] &% X5 Ua A5 9 Uy
- 11 AY} NK282 A4 g8 G590 Parisienne}t H| 3 A=2 45328 Asd 5 9l
= Ao ehlone NK28o| 44 Rz sFsAde A8 dAdS (191-13).

NK28 Parisienne

42 4 EtOH (10.85%) 44 EtOH (11.08%)

mv

time (min) time (min)

<719 1-13> NK28=E eyl L=F9o] dx8

ol

b

2 A7 AuEEEg & HiEo]l ArtEd EEFE NK28 RFFE o] &3t 17 1-14
of 2o WO g AZSHAS. & 240 g& E 360 mloll E o] Sumizyme 1g¥ glucose

isomerase (0.5 ml)E 7}3}3L NK28°|u} ParisienneZ ‘24 3¢ &<t 2as g5 2
% 1.2 kg (Campbell Early 500g, MBA 500g)<= %7}stil, K;S05 0.24 g& Fo 4Y3t

—_
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fu o
o
K
o
%
off T
o
Ay
2,
ol
2 m
oo

- 1 A3 NK28& A8 g8 §H<Q Parisienne?t Hl<=d AE =2 4328 g 4+
= ASE YEgom g NK28o| A48 arnzxo] rylgido] o B A st = 2
£ F ASS FAIS (2 1-15)

1 Parisienne

: Sumizyme
hice |somerase
2 o NK28

2N farmentation (25 )

1
Camphell+ S
) MBA(S0 %) 18 K520
<Y 1-14> AR} ¥ FS o] 83 2tk W E
NK28 Parisienne
6 6
5 EtOH (14.2%) 5 EtCH (14.4%)
4 4
z3 B
2 2
1 1
0 2 ;1 é é 1'0 1'2 1'4 0 2 4 6 8 10 12 14
time (min) time (min)

<a¥ 1-15> AAEI Y= FS o] 83l Wad IT-Fo 43S

1%

&

-2 IS 88 FAHAAE B HJES 842 AHYste e B2 A7 aRE
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HgA7l e IEHFS HAUele EEFE A ZRe 29 HaH S AFES S, o
<, of AAA % E&AE FAAT A HF AwE EITFQA NK28S /| Fsta

NK282 #ollA High uiel o] x&3 wgd HHI fgofdt 545 2oy dE
Follse zZtal A &= AR Fd # 3le. wEAd B dAFoMe gEA sHol
A3 pullulans E3iste, HEH SYIAE AT F Ae A2 4#W Baallus
subtilis® amyX +AAE Edte] AEYF DNAES A xstil SRAHE FWo| displays
T2 NK28o| =474 89S olZM AmyX7} display® NK28& AEo] Ex A
2 Balste] S S FA7IH SAC g2 HEE IAPAE F de AL
Z 7| E.
- WA olE {3t B subtilis amyX FHAAE 19 1167 22 WHoE F2YStal 1
Axp AHEQl AmyX (pullulanase) @25 A st S-S SUstAE. ampX 7273
% Aoz

AmyX/Ndel
—
/_\/\_'l }__m/"-n‘
ent
AmyX/Sall
B. subtilis 168 genomic DNA
PCR/
Digestion with
Ndlel & Sal |
Nde 1 Salx

|

kDa M 1 2

116
97
66

l Ligatien with pET28(a)

o commatinh u <«—81kDa
B
"

s B

29--

<Y 1-16 > amyX A2 F24. <Y 117> AmyX @92 A

- B subtilis AmyX+ pullulan®} Z2]Z7-& & E35tA 7184 A2 ofjd=ZHE®



Gl = » Gl
G2 & - G2
G3 = * ' = G3
G4 = L Y
G5 & ¥ G5
G7 " . G7

@ 090 ® © 90 O©D® o °
Std A B CD E F GH I ] K L Std

<1y 1-18> AmyXQ ket 71d s 02% vx22 74 712ES 40ToA 3087 vk
A7l & TLCE 3 ES 243+, Std. mixture of G1-G7 (glucose to
maltoheptaose): A, glycogen no enzyme; B, glycogen with enzyme; C,
mlatodextrin no enzyme ; D, maltodextrin with enzyme; E, amylopectin no
enzyme; F, amlyopectin with enzyme; G, soluble starch no enzyme; H,
soluble starch with enzyme; I, pullulan no enzyme; J, pullulan with enzyme;
K, B-CD no enzyme, L : B-CD with enzyme.

- ERAX %9 displayE 913 A=3 DNA Az
B subtilis 168°] amyX FRAAE FFHste] pYDl WHO| ZF243t7] 9A3HA] primer
amyX-Kpnl (5-AAAGGTACCGATGGTCAGCATCCGCCGCAG-3)# amyX-Xhol (5-AA
AGCTCGAGAGCAAAACTCTTAAGATCTGATGC-3)E ©] &3t ampX 32 ©GAHAE F
Z3la 19 1-199 22 AAE 5 AZY pYAMYXE E coli DH5ao| E A2 3.
ANz DNA, pYAMYX®) Sadl AaiLx8]E WHE7] 984 primer Int-F (5-ACCC
TCACTAAAGAGCTCAAAAGCTGGCTAGT-3")2} Int-R  (5-GTGATTAAGCACACAGAG
CTCGCTTGGAGTATG-3)Z o] &3}o] PCRE 4.2 kb ©HE FZAA Sacl. 2 A3 o}
= pSNeo vectoroll SE2YAIZ 5. I A3 AXHE FE8S pSAMYXCE PP+
pSAMYX vectorE A& SalloZ HAFIAZ thE ARAE FAHS ALEH=
alkali-cation kit (Bio1l01, W|=H)E ©]&3] NK28 ¥ FAHSAZAS. HERTFoZ S
cerevisiae EBY100 [trpl, leu2A1, his34200, pept:HIS2, prbA1.6R anl, GALY= A3
Z+. EBY100 FBZ &A= YNB-GS HIAu|A] (Yeast nitrogne base w/o amino acid
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0.67%, Yeast synthetic drop-out medium supplement w/o tryptophan 0.19%, galactose
2%, starch 1%, agar 1.5%)E AF&3te] s 2T 22 pYD1 vectors p&Neo vector
s} AN A pSYD1 AMEF DNAZS Axste] nvlug. vlA 2o Jodine testE 3}
display7} 29 AS AE3 olu] ampX FAA7L display® &% FFAgA= AES &

sl Aol Wy FAATE AP HEL BashA 2 A9,

NK283 EBY100°] FAASS Al=3stl oy, NK282 ofaRol7] wEo] JZdgo]
A ekeks. E3 EBY100= 98 wFo)7] wiel =S wEe] AEE o fle A
o2 Add. olox YA EH ALEH ZZHE VL galactosed] oA &4}
= A7l W&ol XxF T8 A ZEREZ S35} dvkg FE FY galactose’t E
=50 EAst=A AT Bark e wep 2=F dao] 9o HHos Y 5%
FE AT T A= AL i W2 AR AMEFHO dAFER % & 4o
Q3tha Al

Facles sl 168 AmyX

_—/._

PCR amplhcaon Digestion with XerH-Xbol
Digeston with XpoH-Xhe 1

pYD 1

5009 bp

TRP

PCR. amplificaiion
Digeston with Sacl

ori g p5YD1
6606 bp

8714 bp

Hae b—

TRP

TRP1

<I9Y1-19> &% %W displayEs $ 3k A1 =3 DNA A Z=3A
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@) MEZEFS S LI TT NF

- #AA AxRE TR ARAFE

N

5 B8 u Q=3 DNA FAASA Ads) &+

Y Ax3F DNA FAE 9§ marker F2F AME, E] Az DNAS H A o] &4
7F Ha d5. oA RudE e &% Y marker FXAE EHER FAAE AMES)
7] el kAol oA FAVE HA ¥, @A DNAZ Aol 7] wfio] 3
Aoz 2 A7 gls BoE AlsE. 2y T WXy 229S SsiA AEst
€ ampicilin 434 FA27F ARAA AFSEHAE FAT EASIAL 7] dEe] EEF
LE A PR FAVE o712 & dvkal AR, Ed o & RSl NK28E FHHE F
A AEFo] ojEE AeZ A AEEHIT U

- ek Bo A TheAol =2 8 Tl NK285 7 &Fstarat stls. ol& #lst

o] amylaseE AAHsh= 2 G BEAFT S dastaticus KCTC7955 (leu2-3, leu2-1,

12his4, STAI, FLO8)< 4Rl amylase AT F9F NK28 2 748 &=<l Lv0019] wh

FAE frEste] 29 1-20, 1-21, 1-22, 1237 22 HHS T3 amylase A5 NK28
Lz

- 984 48 (%)—3— A(to)-A(t)/A(t)) x 1002 AXEIG e o] Wl A)e 7] AEd
SYE 12 A 9344 34 T FIFE (Asn)d. dFAA Fd&o] 70-
0% = = “1177}11 lytlcasei A et ths AP A P&l L HY ol ol AF

Presporulation
HHHIX| 0N 30°C,
24hr Hj ¥ (220 rpm)

b

Sporulation 24 &|HY X|
—| o 27 30°C, 120 hr

Hj 2F (220rpm)

2 M B850 6.7mM
= | Tris-HCl (pH7.5)0}

pellet $iE}

Sonication £ 8mg/ml E

Yy
ication £ 200U/ml Lyticase
: i H7}5F0 24hr B
X / \

5|4 = YPD
T K| 0] spreading | @

0°C, 24hr B2 Streptomycin LhrX{ 2|
r B2k

Malaic green 22

Colony Sporulation
plated]| streaking =

B =

30°C, 24hr B

N

<19 1-20> ¥rA FEHA
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30°C, 180rpm O A

YPD brothoy| YPD broth (50ml)0{|

s [ Tl HHj LY 1/100 HE ODjo=2.071X| B2

Protoplast buffer 50mM Tris-HCl (pH7.5) 10,000 rpm, Smin
pellet S4E} pellet washing. A E7|

1M 2-Mercapto- Lyticase H7}
ethanol 2002 H7} (200U/ml)
30°C, 75rpm, 15min 30°C, 75rpm, 3hr

<y 121> 4F2AA LA

Protoplast bufferdj|

HEZEH 1000 x g,
% 3 X 108 cell/mlZ2
3min HHED Pallet 31;
=y

e
T
1
-
i
f
i
|[_D|_P

Hd=g ; ;
PEG Solution 1.5ml 1000 x g, 3min
1000 x ¢, 3min P N
¢ S StTE) H748401 30°C, 30min | € aualza) Aol H A

EIPA
ALz o x| A -

|

Protoplast buffer o
ASMETE | ——| 2P HIEA 30°C, 24hr B
s i) o) 2 | T ' -
HHEe
<3 122> AE§F #3
A A u Aol &= ’3}04 O 124004 R uie} o] #lFES &

_%
GRAE Hole

£< YPD ¥ YPS ¥ AR pickingfs}oq Hlj &
1-8}2-‘;& (2" 1-25). o5 & AEELH S Hel
S

F i) ek ke vhe, 104 WFel e S Askel YPD Bl A% SD H g

=23 5, zzte] Hau Aol FA4E colonysel Wl g R s97e aBae 2
kel

SDplatedl VFEF colony 5

"~ YPDplateo) YFEHY colony 5 X 100
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HEZA TH-dex| &
9| colony YPD, YPS
platedy| picking

MYE #F YPLOD
brothd| F= 30°C
72hr HX|Hj S

HPLCO| 2310
alcohol ™ ZF

<¥ 1-25> AM|Z5 A 9

30°CO{| A 48hr HJ 2t
(YPS plate 72hr 8} 2

API 20C AUX kit A&
EoFSaotE Sl

M (FLaTtd AE)

YPS plate colony
lIodine test

YPD plate2} SD
platedi| spreading

otdd At

bt ol
2
N
kg
hu
>

ol

o [

=~ o oX

filo
M
o 1%

N

o ok
or X &

rx
folr

H



2| A Q

(o1& - A9 =) TAHL 8
oAdEeA HEAwE NKog & [ K28l WAEEAS YEP A
T Fze] WEEANS HAe] ¥ (1% yeast extract, 2% peptone)
=T =2 ="0= L = 9]_ 1;"_0]:6]. T (2 5 10
w3 Aze FRZ AT F 9 0%, TEOT (20, 25
=2 gy asly] Sete 1 BE 20, 30, 40°A>), ta > (20, 25
=49 HAgly JAzAL AA 30, 35, 40C), pH (3, 4, 5, 6, 7),

oy AYe FRIFFE JdY A}

- ¥y 2 oges 2 HPLC

AL (0, 5, 10, 20, 50, 70 g/])
ZZ A 24417, 200 rpmOo =
WHFEIHA F 3

S5 S. cerevisiae D5A
(ATCC 200062) 2 S cerevisiad
BY4742E5 3t waste] NK28
Sl A 3 =

[ R
A -

{Rezex RPM  monosaccharide
Pb+2 (8%), Shimadzy}E A}-&-3}
o AR

MEL WA

HE=w/, F714F 9 =2 9

A2,

BARE 2F

NK28H =0 Alapo] o ogepe | T SFHE, 24 R 5
Hh=x] 3lolslye oFAl furfural 59 As|AS A}
— 2- 90 = s >
- NK28 o7} 2% A 2 & &3] S]Céfewszae.DﬁA (ATCC
TEd s oAEA ¥-Ist=A 200062) % S. cerevisiae BYA742

Growth phenotype assay—
YEPDIA U] A & o] &3} 3=

439
- FAA 2 FgaELe s A
J2 agar diffusion methodZ
TA43893  EtOH, ampicillin,
kanamycin, tetracycline, Zeocin,
Chrolamphenicol & AHE-5HS
o

= o
[SIE=1

-

ATE T AFFA T=F ALkl
] ) . 20g/L; vyeast extract, 10g/L)E
ARE8E7] 918t S, cerevisiae NK28 . ) }
) ) AH8-3te] KGMP 87 3}l A]
<= U W gt sAdxs ] #
. da® UPWE o] &3t uj st
TIHE AlxsA=. (B 71Hko]l 8 - | e
N AbEaRe e ATk 500ml YPD media®] NK28

S. YPDH] A
(Glucose, 20g/L; Bacto-peptone,

cerevisiae NK28<

S AFsh, agka]gFEr]e A 300
rpm, 12417 &<t Huj g 3t
75L Bioengineering LP351 &
71 HEstH om, 50L YPDH A
AFE-3te] 500rpm, 30°CE 3

Moo

4 g FAHAS
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Azx7], A/ PVTFD30RSS).
FAb 2 Dextrose-fresh <Y A B}
A (20% dextrose &4 50%,
Fresh liquid medium 50%)E A}
&otRa, 35 dAe =gt

o vialdll 3 ml® EF359 2.

— _ e = - S cerevisiae NK282 XL FE
oNK28 R2)FF |-EEF Bao] AMgshs EREA TG L o ;;
ol ta ¥ ZHE|S ceevisize NK289 84S &<l Q:N;{_E:IQ t;; = gbo
2 ZEF AE |87 9ste] NK28& o gafo] 2w | L = TUIE O ST

. < o= &35 9= Fermidin 1
2 22 Azsd 48FHT Qe x| Soo e A Tenmidin v

TEE ARSI AR T TE AZRE X=F 4w Hl

AT = re) R T =] H A= o = o=

Az 7 ENS Hl——,u;ﬁa_g}_g_ jﬂ_o]—oq ‘11“—101‘93\1:'. O]E -AO]‘

A WHow IEFE AX
A=

S 9 T EEFo gd HEE
£ @He s Yo
A, 7], d, AR, e =
9, Fu 59 o g

H5AAE B3 EASAE
=T WE F |- X=F WE F Fo] S o | -FE FEE< Phyollen-G, 27
Aol AgACl| A7) detel A Mzl | A 5o VAFPEE I B
S 9% AR AdFol QA FT B ol |2 wiAe] Hrhsel el WAy
2 gt EEF9 FHE AN 77 W | 59 A vA= dFS FH
ol o] AT = de AAsH | 2BF YA FE  (minimal  inhi-
E& stz RS bition concentration; MIC) 27

& Fatol BHHYL.

>

(1) Adre aRF3 NK8e wa 54 2 Hx @Hax

- gk
=

l

- 44 -

g2z o WE NK28e AA U el AHAS ZUHH
El2o] 8307 /1A wo| AAEE Aow YElgw



ODGDD

—e— 20°C
—0— 25°C
—w— 30°C
—A— 35°C
—8— 40°C

B
200
=5 150 4
C)
g 100 1
=
(O]
50 H
0 T T T 1
0 3 6 9 12 15 18 21 24
c
)
3
E
£
w
Time(h)
<19 1-26> wa Lo wE NK289 *ﬁ%}(A), ¥z /‘}%%k(B), o g A Q)
<¥1-4> a5 ©}E NK289 ofgh2 Ak
Temp. HAAZEE FHF gAls T HY A e ALY dEE Aies
o -1
(€) (h™) (8/1) = (g/) (g/1° hr) (8/8)
20 0.31+0.01 6.46+0.09 25.31£2.0 1.05+£0.08 0.49+0.05
25 0.47+0.01 17.86£0.20 89.37+4.8 3.72+0.20 0.57+0.03
30 0.53%0.00 16.55+0.20 83.08+2.19 3.46+0.09 0.44+0.01
35 0.55+0.00 11.80+0.15 98.9615.67 412+0.24 0.51+0.03
40 0.45+0.01 7.39£0.07 68.93+1.37 2.87+0.06 0.49+0.01
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g 3 2N
wol Yatate 3o

2

21 24

(=4
o
(=]
fa)
o
g 0
=
]
(7]
8 2007
3
O
100
0
0
C 100
g
=)
°
c
©
L
e
i

6 9 12 15 18

oft off

Time (h)
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7410t

3} (Y 1-27), 200 g/L F 20%Y w) &S 7HF
o7 JEhGS (¥1-5).

Glucose 20 g/L
Glucose 50 g/L
Glucose 100 g/L
Glucose 200 g/L
Glucose 300 g/L
Glucose 400 g/L

A 2HC) ol



<#1-5> X=T Fxo] ©E NK289 ogE A4k

Glucose HIABHAEE s oA Hol og-g  oeE AN dEs A
(%) (h™) T (g/)) T (g/)) (/1 + hr) & (g/9)
2 0.51+0.01 5.38+0.85 5.34+0.71 0.22+0.03 0.30+0.04
5 0.56+0.01 9.91+0.26 17.0+0.38 0.71+0.02 0.47+0.05
10 0.51+0.00 13.29+0.32 39.30+0.49 1.64+0.02 0.54+0.01
20 0.5320.00 16.55+0.20 83.08+2.19 3.4620.09 0.43+0.01
30 0.26+0.01 10.37+0.72 45.7+1.20 1.9140.05 0.21+0.01
40 0.03+0.01 0.08+0.00 1.1140.03 0.05+0.00 0.14+0.06

- wi A pHel wE} NK289 olghe M-S #4388 A7 pH 694 detes 713 &
&H o2 Wo| A= Aoz YEhS (3H1-6)

<}#1-6> pHoll W& NK289| o gh-2 A4k

g YAREE A3 24 A odgs  des YA Es Al
P (h) T (g/]) T (g/]) (g/1+ hr) =& (g/g)
3 0.45+0.01 8.84+0.09 79.98+2.79 321+0.12 0.51+0.02
4 0.48+0.01 12.42+0.14 92.05+0.91 3.84+0.04 0.54+0.01
5 0.49+0.01 13.19+0.14 9310+1.13 3.88+0.05 0.54+0.01
6 0.55+0.00 11.80+0.15 98.96+5.67 412+0.24 0.56+0.01
7 0.52+0.00 13.38+0.02 95.70+0.70 3.99+0.03 0.54+0.01

2) T& F NK28 o] A B4

- 43t inhibitorE°] NK289] Ao wx= JFS 43 27} NK282 A9 uix
o] A% AAE ERAFEYA S caevisiae DSA (ATCC 200062) 2 S. cerevisiae BYA742
Hoh AsjAEol s &S 7HE A 2= ALE UEES (2H1-28).

C)Weak acids

+Acetic acid (65 mM) +Coumaricacid{10 mM)

A) Control

+Levulinicacid (50 mM) +Formicacid 6 (mM}

B) Phenaclic compounds

+Wanillin (8 mh) +5yringaldehyde (8 mM)

D) Fufural

+5-HMF (10 mM)

<7191-28> Growth phenotype assay of S. cerevisiae NK28, D5A, and BY4742.
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%
( m&
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<3#1-7> Fermivin £& NK28% Wad ¥=F9 43S A& FFEA
Fermivin NK28
Alcohol | Ret.Time Area  Amount ppm Ret.Time Area Amount  ppm
(min) _(pA%s) _ (mg/L) (min) _(pA*s) _ (mg/L)
n-Propyl 3.36 4.54 32.34 3234 | 3.36 5.59 39.80 39.80
Methanol | 3.89 0.82 614.84 614.84 | 3.89 0.19 143.74 143.74
Isobutyl 3.97 10.14 52.43 5243 | 3.97 11.55 59.74 59.74
Ethanol 4.44 146.28 | 123,099.57 | 123,099.57 | 4.43 139.74 | 117,575.50 | 117,575.50
n-Butyl 4.90 ND ND 0.00 | 4.90 ND ND 0.00
Isopentyl 6.29 57,29 228.54 22854 | 6.30 73.58 293.51 293.51
Total 124,027.72 118,112.29
- GR 2
EEFe) rEEE EEFY AT AAF 150CAA 7tEste] S715 EoF GCMS
(Clarus600/ Clarus 600 T, PerkmElmer)% Abgste] EA4ele. 1 A AL vl
A & & gRien 449 AN 2 Aok G Ao Yehits (319
<3£1-8> Fermivin 52 NK28Z WaH X E=F9 37|44 E HluE4
Fermivine NK28
2;;3;3 Volatile compounds gg&e) Volatile compounds
524 1-Propanol 5.24 1-Propanol
6.67 1-Propanol, 2-methyl- 6.67 1-Propanol, 2-methyl-
9.29 1-Butanol, 3-methyl- 6.75 1-Butanol, 3-methyl-
9.45 Hexanoic acid, ethyl ester 8.34 1-Butanol
9.95 1-Butanol, 3-methyl- 9.29 1-Butanol, 3-methyl-
11.96 2-Butanone, 3-hydroxy- 9.45 Hexanoic acid, ethyl ester
12.50 1-Pentanol, 3-methyl- 9.95 1-Butanol, 3-methyl-
12.21 1-Pentanol, 4-methyl- 11.96 2-Butanone, 3-hydroxy-
13.08 2-Hexanol 12.21 1-Pentanol, 4-methyl
14.54 Octanoic acid, ethyl ester 12.49 1-Hexanol
15.57 Acetic acid 13.07 2-Hexanol
17.23 2,3-Butanediol 14.55 Octanoic acid, ethyl ester
17.86 Propanoic acid, 2-methyl- 15.59 Acetic acid
18.94 Decanoic acid, ethyl ester 17.22 2,3-Butanediol
19.06 Butanoic acid 17.87 Propanoic acid, 2-methyl-
19.83 Butanoic acid, 3-methyl- 17.96 2,3-Butanediol
20.69 1-Propanol, 3-(methylthio)- 18.95 Decanoic acid, ethyl ester
22.29 Hexanoic acid 19.07 Butanoic acid
2248 | Acetic acid, 2-phenylethyl ester 19.84 Butanoic acid, 3-methyl-
22.80 Dodecanoic acid, ethyl ester 20.69 1-Propanol, 3-(methylthio)-
23.04 Hexanoic acid 22.29 Hexanoic acid
24.20 Phenylethyl Alcohol 2248 | Acetic acid, 2-phenylethyl ester
25.29 [t 22.81 Dodecanoic acid, ethyl ester
25.44 Acetic acid . .
26.60 Octanoic Acid 23.04 Hexanoic acid
29.48 | Hexadecanoic acid, ethyl ester 24.20 Phenylethyl Alcohol
29.83 n-Decanoic acid 26.61 Octanoic Acid
31.02 Tetradecane 29.49 | Hexadecanoic acid, ethyl ester
34.05 72727 29.84 n-Decanoic acid
34.17 Pentane, 3-methoxy- 31.02 Palmitic acid vinyl ester
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- 1A 24

AEE ANFH F dAEst 1@ ES AASI L B4 A74A] 20T WEste] Baskd

+. A18& 5% trichloroacetic acid(TCA)Z 93] 4% §F dAEZ3Y @A T8
i=)

A ASEL 045 pum pore-size TEHZ JHFHH S FYP3A .
(ICE-AS6 Dionex, W|=)E 23 high-pressure anion-exchange chromatography
(HPAECQ)E ©|&3ted F3slgem #A=FFS 935le] Suppressor(AMMS-ICE 300,
Dionex, P|=)& A FHd AE3IA5. FA7I= conductivity detectorg ©]-&3t . 4

4
B gste] 99% olde $EE 2t EETAL AR FAxANN BAste o) gl

o
AA T .
EEFE SHANEA AEE 47148 24 2 FFS BARGL 0 96417 AAE 2
ztol 7} Il oy 120A4)7te] HIYS w NK28=Z WHad ¥XEF9 79 tartaric acid®f
malic acid, formic acid, acetic acid®] $F=©] Fermivin XXl H|3| @& Ao Z e
W (29 135 31-9). Wk NK28Z #ad XEF9 Fu7t £33 Aoz oSy
e
AN H -
35 =
Malic NK28
30 4 } _— Fermivin
]ll
2 f 120 hours
3
E 20
in
@ 15
2 _
% 10 Succinic
@
id
5 -
0
5 . . .
0 5 10 15 20
Time (min) B - o
<1%Y1-35> Fermivin &2 NK28% Wg ¥ ¥ =39 7|4 HPAEC 4
<31-9> Fermivin &-& NK28Z g% ETT-F9 G742 AHEA
Fermivin 120 hours MK28 120 hours
[Time(min) Response(uS*min) Con.(mg/ml) | ppm | Time(min) Response{uS*min) Con.(mg/ml) | ppm
Tartaric 6.36! 7.8401 0.0030{ 30383  Tartaric 6,27 43513 00017, 1.6863
Citric 7.00! 24083, 0.0007 07263  (Citric 7.06 2.2842 0.0007 05888!
IMalic 848! 13.8959 0.0049| 48755  |Malic 8,51 116635 0.0041] 4.0922|
Formic 1024 D.0669 0.0000 0.0162  |Formic 10.23 00317 0.0000/ 0.0020|
Lactic 1112 1,2042| 0.0007| 0.7228  |Lactic 11.35 11542 0.0007| 0.6928
WAcetic 1549 0.1399 0.0000 00491  |Acetic 1574 00281 0.0000 0009_3_,
Succinic | 17.03 45413 0.0014 13556  Succinic 1746 52464 0.0016| 1.5660|

715 4 Al5eF YA AlEE FHISIAL CarboPac-PAl(Dionex, H|=r

s ) 2EH
pulsed-amperometric-detector(PAD)E  42dt HPAEC Al~HlS o] &3t 43 A =
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REFEZZ = glucose, fructose, sucroses ©|-&3t&. (L¥ 1-36;, £1-10)
Fermivin® T &E35°] NK28E T ¢ w2 Ao F YERS.
260 4 n |I|I I.-' -_ﬁzo:'
= i Standard X i . v | | l‘,
. | & | E |_'. I
A || = [ ]l iy |,_-; t
g - r | Bl
& [ € a4 :'?' |iJ |
80 4 |I Ili \.:\I-H" : . ‘ | | | | | l. l.
_.l I- / I'-.\ s __-"I "\..‘_' T ‘__ | I|_| | ] L JI ..'I:uE“'".L o
s 48 hr = e T2hr |z
L 5 4
i - | ot N
0 LA — __Ir}h'.,'lg S L -"ML—../
::I 120 hr
G, ,l
&
~ L/\‘"
_»_—’/‘\J . |
Teme [min) ¢ ’
<719Y1-36> Fermivin 3& NK282 W& ¥IEF9 o A 2 aaF
<3#1-10 Fermivin && NK28Z 8% ¥ F9o & XA 2 s>
EE 2 )4 o
Time Time m
(min) (min) PP
Glucose 5.53 5 5.53 445148.799
Fructose 6.27 5 6.18 468778.307
Sucrose 12.28 5 - -
Fermivin (ppm) NK28 (ppm)
Glucose Fructose Glucose Fructose
24 hrs 50416.881 69662.914 76966.214 92210.652
48 hrs 17115.977 46460.226 21095.328 51345.889
72 hrs 4735.931 25730.086 4694.028 29128.138
96 hrs 515.393 714.443 604.694 909.488
120 hrs 370.082 7331.348 672.523 6107.146
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<3 113> evA} FEFe] gara
Microorganisms MIC (%)
Bacillus subtilis 3
Staphylococcus aureus 4
Escherichia coli 3
Pseudomonas aeruginosa 2
Vibrio parahaemolyticus 2
Vibrio vulnificus 2
Candida SPP. >5 (5%°17)
NK28 >5 (5%°]7d)
Pichia anomala >5 (5%°]7d)
Saccharomyces cerevisiae >5 (5% °]7)
- WEA LR FEES VMR B 2EF Ol Rl 9 ds FF FHE 2
2 A7 287 e Ae® dEXUE

2. ARHAFZA: g3 £ 2EANZALS 0|23 AES FAF BFFTH
s
1) 1A=
I F2E gutzo g gert B (15 brix )8} EEFO|7F AN EEF A Fo] H3F
gatth. e dEE Boetr] S B AFHAAdME £ A7 Yo FEC] FE
TSt AS G383t AEE o]&ste Il IEY W2 FEE B, IEF X A
FaAA L FAAsA R AR EH = vEsolibd Al Vs AAFAEES HAsk )
Elsolgit e (KoS:05)9 387] ¥4 F2A8E =0lal £EF9 75485 Folia AT
o ATTH Y
;4—% (o123 - 24384 TA A W&
b )
1) 4244 | A& B35 el | Saaphylothernmus marinusol A Frel st 2G4 TEAY
SEA &L (TreX) | obddol= (SMMA) f34S FRYst & pTkNd
o} HEAY oldd | 6xHis AZT DNAES 0|83t EcoidA =z &3 s}
°]Z (SMMA)Z Atk 70ColA 2087 EAElska, Ni-NTA  affinity
Rt chromatography = 1% SMMAE ¥ 53513t
e 2= Ni-NTA
affinity chromato- | A|® SMMAE A71XGolA o3 vlel FL3H
graphy & ©] &3t 82kDa®l =715 AYa YRoern, HFHE7} 100C o]
'49 AA el
Aot FASE WHO Z S solfataricus P2 A -2l oF
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4 M: Size marker
-

29
L1: Cell extract
L2 : Heat treatment

L3:Ni-NTA

<T1H2-1> SMMAS] 2@yl A2
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of oA iz TR

Lo
5 Tssonwee

AN S Hindil
% 7k N ‘\\W
501373
ey / ¥, ‘rﬁsms«u‘\" A\ kDa
Wil ) 205
\ 116 -
97 —
[ S, —-Emmm - >l =~ < 83kDa
Malto-oligosyltrehalose Glycogen debranching Maltooligosyltrehalose 66 o o i
trehalohydrolase (treZ)  enzyme (treX) synthase (treY) — M: size marker
45 :m Lane 1: Cell extract
—
— Lane 2: Heat treatment
208
— Lane 3 : Ni-NTA
M1 o2 3
<T2YE22> TreX (UEHBAAL)S] 29 2 24

HHE a4= €489 Ni-NTA  affinity chromato-

2) M9
N3}/ 33}

o] JoA H3lE = o}
SMMAE A g3t 718 HE 9 RS B39t F
Ao AL Folry] St Fawge qFd 712
FE9 2o A

110°C 95°C 95°C
G1 - o
- . pe G1
sz . . G2 L ] G2
G3 G3
G3 . . .
G4 . ' G4 G4 .
G5 ' G5 G5
2: G6 G6
' c7 - G7
G1-G7 L1 @ & @ & é
30% G167 L2 L3 L4 L5 SitarEis
starch —— b e s T
5% 10% 5%
starch starch starch

L1: 30 % potato starch + Smar amylase (4.5 U) + a-amylase (4.5 U) + TreX (1.5 U)
L2: 5 % potato starch

L3: 5 % potato starch + Smar amylase (0.75 U) + a-amylase (0.75U) + TreX (0.25 U)
L4: 10% potato starch

L5: 10% potato starch + Smar amylase (1.5 U) + a-amylase (1.5 U) + TreX (0.5 U)
L6: 5 % potato starch + Smar amylase (1.5 U) + a-amylase (1.5U) + TreX (0.5 U)
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28 A7heE o4kl AP Hh
EdgiE a9 2-73 o] AXE 200 g o 300 ml & F
0] FEF ol ]Z_(shumlzyme, 600U)E H7}stdoh. w3 A
Fol E=FAT FAGE AEHTE HES sH7] 9] S FIZ L ofo]imy o]z
(6800U) 5 #71ete] HEo] XT=Fd AT 9&' EASA stk vlEForgaked o A
AQl F7}F+= autoclave a3ted A4 121504 3087 AF3tA I, THA] 3087 A
A 90 ol A Zjio}ﬁiq ARATF} E2FE At T 209 19 G55 VI Ax
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SEATE 48A17F 1T a0 X8 He Ft WEFToSAE 02 g 5‘5% HA7ME 20 g &
271 1 kgol EENG P31 2407 B Aol FAHGAT 1 F TS 1
@ ool 9 25CAA A BESIT oF -39 F, QBTG 2T ol she
& 7k #E0 AT E%lom (103)/%) ©] o) LES FAFAL
1 4 o5t
[ Shumizyme +isomerase ]
1cHers + yeast
AN LG EEIAe M
- DﬂEl%OiEM*Qﬁ O|Lt H7tF
3 H7t = 202t X
ELmtafol H7}
20t uE
k'

OlTt & 12°CHE, 3027 &4

<Y 2-7> 27k Mg E B3 BETFO A X

AR AT 1 BRI 18 2-8?% Zo] F g gl HE 10 % 7FEo] o grgo] AA
Hon yeggd Hrl 3 2wk wavl 88 AlFo M= WERSoEAYE A 7o)
124% 283 A7 A2 77 148 %9 oeteS 631 Yot

EeF7 BaYe T FEe MA AFRE dvRuz AP gExTe TeF &
de et B% (10'~10°) 2 F48te] Z7zF YPD B mjAd] FE3QAT BE #ix
M AR 559 FF(colony)t #AHAoH T2 FFe Holx &gt (2¥ 2-9)
HE =T Mo oM E FHIEFE A Teh ofgdd AYT EF FdsA 1E H2
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4¢ Hgon dA AL $4< v 4 wstE Bdsa Yok
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A2, b) HA7FE AT
2) 22 =
A7 -
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qee wE f3le] HEozRE TWEQAVL|  IF 7FtsHautoclave)ol A WS-
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23}, FHo] g FT o] &3}
of Fetdo] &3] %%ﬂ?ﬂ
T Al v‘i‘—ﬂ%ﬂi%ﬂ
A=A 3 & I E HI7bS)
o WEshs e ALY

cNBHT Y TEFe] BALH | -FHY APl BHHD JE
g 24 weFo] a8 2420
Fere mae A

D) GsHEES: AY) B SR ARRY e TR 2] BEAY ofdy o=

SMMAE AF&-3F 745

AEOCERYH TELAVL AYHESE B3 § WFARE o]&ste] "A2-FAt &

fas h
T AEste] AT AFAS Bolw FAL BN LATAL.

e

e
ol
o
b
o
©
o
~
oft
2
ol

2o JEHAdAN HEsHom ddd 2S5 3 };_xg—s}oq g3t 3 oe A5 ARES}
t}. Staphylothermus marinusol| A 23t =W & "3 EAY =
o]  pTkNd6xHis vectorg ©]-&3}e] El.coliol A EH BEstgth 8249 AAE 9
A 70TAA 2083 - E FH8EA 21, Ni-NTA affinity chromatographyE ©]

TEY SMMAE g53tdt. 2 EA a-amylase(Termamyl)2 =X A9 S84
st9.om] wolwelol #lo] 2= GENENCOR®] &2:(Optimalt BBA)S A&319)
B X & Pilsner Lager YeastE AM8-3}3 T}

N oo

_65_




) 2HEE E4E o83 & A& A3}

A. 2 30 goll ZWEA TermamylS 7}3tal 105TColl A 2413 < 718l autoclave)ol] wt
S AlATH
B. & 30 g& TermamylZ ZUWEA ZEAY opd

A o] Z(SMMA)E FAlol *&3stal 10
5T A 2412t <t 7FStsk(autoclave) o] ¥H-3-A1 A

&
.

L

(3) A3kt & A 33}

TermamylS ©]-&3te] ASAIZ] 2 HE8Hol HEr ofB# o] =(BBA)E 7}t 55T ol A
33} WE3A1F AL, TermamylZ SMMAE ]%3}04 M3IA| 7] AMZo] SMMAZE 3HH ¢ 7}
st 90Tl Al 2412 &<t &3} 8-S A7l § HPAECE ©]&3sle] 435 Ads o3
% 2-103% Zoh A 2 BA ol A ‘QEJ_—J} AAEAeS & T Ao (2" 2-10).

A termamyl + BBA

120
160 - G2
140 -
120 -
100
E =0
&0 4 G1 a3
40 -
o
== x5000
o 5 10 15 20

time (min)

B - termamyl + SMMA + SMMA

fac) it
120 ] ”
2 s
i G3
:E- s A—“—AM‘—“_’—— X5000
° : o pa 2
<719 2-10>
(4) BEL A e 2 HES 2a
F3}tst AZo W3 GH<Q Pilsner Lager Yeast (2.5 ml)E Fo] 10TCA 20¥ & AA
3 HAHES ST Tas FaxM AAHHE 7127 A8 Sol=e AR A
ZAN7) 3 LHee BAFYT
Z47re]l WES TLCE o] 83t #4% 27 BBAEE SMMAE ¥ & WFaRE wE
St AZNE a5 o8 SFAL BEL AV A3 padPoy EXLYnT
(BOS)S WEHA 23 Wolgles & & AT (TH211).
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c1

cz
c3
<«— BOS
B4 . ¥ <« Bos
k . . «— BOS
ce B
G7
- <19 2-11>
STD: G1~G7 standard
A: termamyl + SMMA 212 © atz
STD A

—

2) $ALYNY AHBY R BALYNT FF FAF AR T BEAY
X
o

[e]
ofdd o]z, ThMA % =F 3ot 0|2 (sumizyme)s FA|o] AME3H 3¢

2313k & 100 goll 150 mlY] FFFESEES 71FoE 150% 4 &390 B 5, 24X
a-amylase (Termamyl)E 20 ml FH7}s & 1023t 71E 3stal ohA] 121CAl A autoclavedt]
WA ZTh At A o] TEAY ofdyo]= (ThMA)E H7Fste 60CelA 18413k

HHgA A EA &2 (BOS)ol BAHA 3t

Hu:

HPAECE 24

G1 . 140
. . 120
G2 = . 1:: Isomaltose standard
s 2 60
c3 I - - i It ?
Ross W isomaltose ZUJ
8 B i
5051/. L4 o
G5
- .». a Rice-grapewine
Gﬁ . . 60
O o 40
71 %Y . JJ
5 0

2 4 6 8 10
Time (min)
STD: G1~G7standard
Lane1: Termamyl 2| (A)
Lane2: A = ThMA = 2|8 (B) j_/]iﬂj 2-12
. Lane3: panose standard
Lane4: fermemtation =
STD 1 4
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B AgTolM HAE TF
(Lane2)oll A A2 ago]
(¥ 2-13). g

7t g R A

BOS 1 : panose [ 8_@ ]
BOS 2 : Branched tetraose, 62-maltosyl maltose [@3@]

BOS 3 : Branched pentaose, 63-maltosyl maltotriose [ G

BOS 4 : isomaltose [ 8 ]
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Ad= ¥ 2-129 2t ThMAX T
T Ao, Fx= ofHet o] FAHHIUG
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1. HPLG:  waters 2695

. =2

-%% : 0.8ml/min
-Ol=4 @ 0.05% T.F.A
~EHE2L : 3HT
-injection : 20ul
-4 A2 308

2. Detector : 2996 Photodiode Array(PDA)
PDA =2 : 200~400nm

3. column

Shodex (Japan) RSpak KC-811 8mm|D*300mm

A BAe JEfjstm uho] 9 x| o E Al Al E

1o
i)
By
p‘L
2
4
Og{;,"
p'L

215, 16).

+*HESS

1.Formic Acid (98%)-KANTO CHEMICAL

2.Acetic Acid (99.8%)-KANTO CHEMICAL

3.L(+)-Tartaric Acid (99%)-KANTO CHEMICAL

4.Citric Acid (99.5%)-S1GMA ALDRICH

5.Malonic Acid (99%)-SIGMA ALDRICH - IS 2EoZ 24 B}
6.Succinic Acid (99%)-SIGMA ALDRICH

7.L(-)-Malic Acid-ALDRICH

8.L{+)-Lactic Acid(98%)-SIGMA

050
0.40-
030 § 2
> 0.304 [=1
< T g g
b-] " w o
0] g 3 E 3
% g " 3
3 3 -
0.10 = 2 <
= 3
-l
0.00+ . = y E
7.00 "8.00 9.00 10,00 11.00 12.00 13.00 14.00
Minutes
Peak Name RT Area | % Area| Height | Amount | Units | Total Area
1| Citric acid 7.745| 989768 7.18| 62219| 673.829 | mg/L | 13776715
2| L(+)-Tartaric acid | 8.230 7653987 | 55.56|491616|3289.808 | mg/L | 13778715
3 | L(-)-Malic acid 8.002 | 1563807 | 11.35| 121487 | 652.261 | mg/L | 13776715
4 | Succinic acid 10.303 | 1426668 | 10.36| 67502 |1822.381 | mg/L | 13776715
5| L(+)-Lactic acid | 10.816| 390822 2.84| 26010| 355.246 | mg/L | 13776715
6 | Formic acid 11.775| 102853 0.75 6193 85.234 | mg/L | 13776715
7 | Acetic acid 12.580 | 1648811 | 11.97 | 68488 | 1604.394 | mg/L | 13776715
<OH 215> TEFO F7AHEY - ob8HKS05) A7
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0.50

0.40+

2 030

020

0.10

.’ L(+)-Lactic acid - 10,818

]Fornﬁc ack - 11.726

P Acetic acid - 12.581

Peak Name

RT

Area

% Area

Amount

Units

Total Area

Citric ackd

7.759

1341560

9.21

911.532

14565729

L{+)-Tanaric acid

8.232

8073796

55.43

3470217

mg/L

14565729

L(-)-Malic acid

8.905

1758315

12.08

733.682

mg/L

14565729

Succinic acid

10.302

1427897

9.80

1823.691

mg/L

14565729

L(*)-Lactic acid

10.818

510647

3.51

464,716

mg/L

14565729

Formic acid

11.728

102788

0.71

85.183

mgiL

14565728

N e W |-

Acetic acid

12,581

1349927

9.27

1316.683

mg/L

14565729

14.00

- Puerarin 7}

rr

A7v¢F A7V (puerarin) 7+ Aol
71+ (puerarin) H7Foll A AR FAIE
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o
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u
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e
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u
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(1,000)* (v)

V = ZAo] 23 NaOH &92 < (ml)
N = NaOH €99 A %E (Factordt == 1.001)
v = X579 % (ml



<3E2-

Date

1> ¥

Sugarcontent

Quantity of grape

2010.10.12
18 brix

Camp-320kg
MBA-1280kg

| TEMP.

| Yeast
| K,S,0;

300g (200 ppm)

18°C
3009

3009 (200 ppm)

BN I .

1012
10/13
10114
10/15
10116

10117
10118
10/19
10/20
10/21

26—25

18
18

20

25

24

3.69
364
3.60

3.76

3.86

18
186

16.8
10.6

6.5

6.0

0615
0.675

0.690

0.60

0.62

Tataric acid precipitation

1.501
1478

1.833

0.866

0.620

0.7

48

96

9.6

15:00

No fermentation

Circulation 5 times

100

4 times
3times
5 times

00 almaost finish

Removal of grape skin, seed

and removal, 40L aging tank (25+1/2)

<3E2-2> B-EEF(2:5:5)9 A=W 3}

Date

Sugarcontent

Quantity of grape

2010.10.12
17.5 brix

Camp-500 kg
MBA-500 kg
200kg

K;$,05
TEMP.

Yeast
K25,05

water

20049 (200 ppm)

18°C
300g

200 g (200 ppm)

300L

ﬂ o T N 7 = e

10/12
10/13
10/14
10/15
10/16

1017
1018
10/19
10/20
10/21

N
ox

N o
Lo

() =79 $7) 4

10.6
1.5
128

13.8

6.0

6.5

2.72 2.365
.32 2144
5.6 2.165
0.6 2.116
0.64 2.137
0.63 0.575

1.0
86

1.6

11.6

€O, bubble

17:30 2M fermentation

Circulation 4 times
3 times
Stimes

10:00 almost finish

Removal of grape skin, seed

Tataric acid precipitation and removal, 40L aging tank (22+1/2)

20 468

24 3.39

24 403

20 362

3028 3.84

26

24 385
Ao}
e &8 49 &

7 A9 ol wet S4 A 2

W7 /L
al % WHEt

ou AT

A



- Solid phase microextraction(SPME)S ©|&3+ 9}Qle] 34 7| E F=

shele]  #wy

F =

#4317)

$3le] SPMEZ

ALk

F=3Ao. SPME

apparatus (Supelco Co., Bellefonte, PA, USA)= SPME fiber®} SPME holderZ /%]
Rem 50/30 um divinylbenzene/carboxen/ polydimethylsiloxane (DVB/CAR/PDMS) &
2 coating® fiberg ©]&3tAth 9% 7 mLS 20 mL headspace viale] 231l teflon cap
o2 M3t 50TA 30 min 7 ¥ASt FE el =LA FFAH =

3 AlZo| SPME fiberE 1 cm =ZA]A 30 min 7t 3

& 200C injector portoll A fibergE =ZA|A 1 min &

7] 73

w2 welstn SR

Gas chromatography-mass spectrometry (GC-MS)
SPMEZ ©o|&3te] =3 Qe 84 748 42 Agilent 6890N GC/Agilent
5973 network mass selective detector (MSD) (Agilent Co., Palo Alto, CA, USA)E A&

st th Columne HP-1 (60 m

o SEA R

FZ39 . GC injectionS 9

. GC-MSZ 34 3

length x 0.25 mm id. x 0.25 gm film thickness : | &

W Scientific, Folsom, CA, USA)& A3, oven &5& 40TolA 5 B3+ §A3 &

200C7HA 5C /ming] &E=2 $2A1A 2083 FX3FATE  Injector

detector 2%+ 250CH ™ carrier gasZ+ heliums AFE-3F L

At Ionization voltagex 70 eV 1&il &

wAS AT (E 23 2 1Y 217)

PSS Reis
=

<3t 2-3> Volatile compounds of various wines

LT =

- O

200C,
1.0 mL/min

O 30
T

st FAtEe] H9l(m/z)= 33~35020.2 S}

No RI" Volatile compound 2 };)eak area D 5
Kudzu-N SO:-N Kudzu-W SO,-W
1 <600 ethanol 1047065681 859095495 837850902 962518355
2 <600 ethyl acetate 261912551 255936080 203329490 207199662
3 606  isobutyl alcohol 55809615 70042917 50869734 72597731
4 634  acetic acid 24696173 22589521 38454142 37811346
5 664  2,3,-pentanedione 1967513 1424948 1514576 2600729
6 712 2,4,5-trimethyl dioxolane 1850741 1572533 3717718 1594117
7 719  3-methyl butanal 308982609 275003810 226002988 251895117
8 722 2-methyl butanal 101866634 117003194 60431056 67570387
9 754 isobutyl acetate 7845639 10453552 4005292 6849719
10 769 2,3-butanediol 53305881 20051922 51525998 23829126
11 782  ethyl butanoate 3739863 5727785 4121974 2123833
12 822  ethyl-2-butenoate 1500024 1035419 2747928 2598975
13 852  1-hexanol 8794040 10437922 13558901 9926439
14 859  isoamyl acetate 197406006 223538739 88888167 137087901
15 861 2-methyl butyl acetate 46082677 60280004 16801388 26875329
16 872  styrene 37617234 76142917 56120044 91517286
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17 915  ethyl-3-hydroxy butanoate 321441 554931 681549 601309
18 951 methionol 4950162 4407555 3280373 3210954
19 953 1-heptanol 1079294 753850 1099725 1453119
20 961 hexanoic acid 1507451 1185551 1510331 1342154
21 963 1-octen-3-ol 1285058 1065052 2238960 2193147
22 980  ethyl hexanoate 92156294 80186267 120331312 122527100
23 993 hexyl acetate 9850820 15648642 10127605 14071115
24 1013 2-ethyl hexanol 747757 313909 1073796 701151
25 1021  1,8-cineole 6960245 7334142 8838953 9608082
26 1035  acetophenone 962577 1320250 1470854 1400566
27 1054  1-octanol 1062981 938079 1578994 1572287
28 1081  ethyl heptanoate 3493276 3260315 5336266 5635889
29 1087  benzeneethanol 208764973 249040329 241628030 241559706
30 1100 undecane 2519852 2467813 1914480 1722346
31 1107 methyl octanoate 674274 492692 1374991 1214674
32 1135 octyl acetate 1327330 1336921 944462 1742225
33 1151  octanoic acid 434776 486676 1122606 1514554
34 1155  1-nonanol 5142583 5959957 7674152 9513507
35 1181  ethyl octanoate 226286308 237809183 389139349 384578129
36 1186  decanal 861826 885225 1052184 774032
37 1200  dodecane 1884448 3709506 2168212 2721071
38 1210 B-citronellol 676849 739042 963024 1113217
39 1227 2-phenylethyl acetate 18593951 27638271 21015817 28313254
40 1234 isoamyl octanoate 783414 813052 1212437 1011150
41 1247  1,3-bis(1,1-dimethylethyl)benzene 10331573 12045455 13104788 13386542
42 1275 ethyl-3-nonenoate 592775 1081390 1220334 334943
43 1279 ethyl nonanoate 2973342 2711588 10573518 5785196
44 1300  tridecane 1734006 3840963 2509341 2833379
45 1310 o—carbomethoxy aniline 278877 1242347 983658 1492015
46 1379 ethyl decanoate 46245943 53306147 148431901 144963861
47 1400  tetradecane 1110438 1357738 1835055 1220606
48 1500  pentadecane 712419 846894 2140660 934474
49 1578  ethyl dodecanoate 2934931 3674187 6720634 7196168
50 1600  hexadecane 562032 807996 3452926 1411614
51 1700  heptadecane 207838 235427 1105898 350098
52 1772 ethyl tetradecanoate 2203812 2193260 4350714 1929975

1)
2)

4)

normal rice and kudzu

waxy rice and kudzu

3)

5)
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Retention indices were determined using C;~Cx as external reference.

normal rice and SO,

waxy rice and SO,
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B2 X vgFotgditd s Hrbaet A8 A7k, 3 gas
st 10°ColA 67l E o] Aol XPH EEFE  Gas chromatography-mass

spectrometry (GC-MS)E A}&-3td A5 A3 F 52709 A FrldEe] AEHUL

W, 1 Fol 18709 F8 AES AdEste] 3 24¢d HeRdATh 4 A7 A gas

30%9 EFL Batel el A wude] AAN A Ao AR, W =Y}

ZHE5E B, 99l F 54 Yehhe ester FFES Frhshe 4P Holw Fe
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oAl ztol7b Y UA] GobA FEES o] &3t HEForsbAEFSs AT +

Ve AAFERAL AT aEal 54 A3 FE ¥ AREE JRH R A4 I

PN GFet A ALdF 54E UEUE ester FFEEY AR S7PF v

o, ¥ H7F U= 2-methyl-butanol, 3-methyl- butanol®] “d&o] 7HAEo] /o] 3l
A

A EEFe Fdo FPHE AL X+ AUk

r

=

<3t2-4> Volatile compounds of various wines. (before aging)

No R’ Volatile compound R-Kudzu? SR-KudSEgk are?{-so;‘) SR-SO,”
1 <600 ethyl acetate 2.6x10° 2.0x10° 2.6x10° 2.1x10°
2 606 isobutyl alcohol 5.6x107 5.1x107 7.0x107 7.3x10°
3 634 acetic acid 2.5x10 3.8x10" 2.3x10° 3.8x10"
4 719  3-methyl butanol 3.1x10° 2.3x10° 2.7x10° 2.5x10°
5 722 2-methyl butanol 1.0x10° 6.0x107 1.2x10° 6.8x10
6 782  ethyl butanoate 3.7x10° 4.1x10° 5.7x10° 2.1x10°
7 822  ethyl-2-butenoate 1.5x10° 2.7x10° 1.0x10° 2.6x10°
8 840  ethyl-3-methyl butanoate 9.4x10° - 4.4x10° -
9 859 isoamyl acetate 2.0x10° 8.9x107 2.2x10° 1.3x10°
10 861  2-methyl butyl acetate 4.6x107 1.7x107 6.0x10 2.7x10
11 980  ethyl hexanoate 9.2x10 1.2x10° 8.0x10" 1.2x10°
12 1021 1,8-cineole 7.0x10° 8.8x10° 7.3x10° 9.6x10°
13 1087 phenethyl alcohol 2.1x10° 2.4x10° 2.5x10° 2.4x10°
14 1148  diethyl butanedioate 6.3x10° 3.9x10° 4.8x10° 4.9x10°
15 1181 ethyl octanoate 2.3x10° 3.9x10° 2.4x10° 3.8x10°
16 1227 2-phenylethyl acetate 1.9x10 2.1x107 2.8x10 2.8x10
17 1310 methyl anthranilate 4.4x10° 1.5x10° 1.6x10° 1.3x10°
18 1360 [(B-damascenone 1.4x10° - 9.2x10* -

! Retention indices were determined using C;~Ca as external reference.

? Normal rice and kudzu 3 Sticky rice and kudzu

Y Normal rice and SO, % Sticky rice and SO,
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<3t2-4> Volatile compounds of various wines. (after aging)

No RI’ Volatile compound R-Kudzu” SR—KudSE;k arelaz-so{” SR-SO,”
1 <600 ethyl acetate 8.0x10 4.8x10 6.9x10 1.1x10°
2 606 isobutyl alcohol 3.1x107 2.1x107 2.5x10” 3.4x107
3 634  acetic acid 8.7x10° 2.2x107 1.7x10 1.7x107
4 719  3-methyl butanol 1.7x10° 1.5x10° 1.4x10° 1.3x10°
5 722 2-methyl butanol 3.2x10 2.3x107 4.9x107 3.2x107
6 782  ethyl butanoate 3.0x10° 6.1x10° 3.8x10° 5.4x10°
7 822  ethyl-2-butenoate 2.3x10° 4.1x10° 3.8x10° 4.2x10°
8 840 ethyl-3-methyl butanoate 1.1x10° 1.7x10° 1.5%10° 1.5%10°
9 859  isoamyl acetate 5.4x10" 4.4x107 6.3x10 4.8x10"
10 861  2-methyl butyl acetate 5.8x10° 6.8x10° 9.8x10° 6.6x10°
11 980  ethyl hexanoate 3.6x107 4.5x10 3.6x107 5.4x107
12 1021  1,8-cineole 2.4x10° 2.7x10° 2.8x10° 2.8x10°
13 1087  phenethyl alcohol 2.4x10° 2.5%10° 2.5x10° 2.3x10°
14 1148  diethyl butanedioate 2.0x10 9.6x10° 1.5x10 1.5%10
15 1181  ethyl octanoate 1.1x10° 5.3x107 9.8x10” 1.2x10°
16 1227  2-phenylethyl acetate 3.0x10 3.3x107 3.2x10° 2.6x107
17 1310  methyl anthranilate 2.2x10° 2.3x10° 1.7x10° 5.7x10°
18 1360  B-damascenone 6.6x10° 6.8x10° 5.7x10° 5.7x10°

1 . . . . .
) Retention indices were determined using C;~Ca as external reference.

2 Normal rice and kudzu

Y Normal rice and SO,

@) L=

T
M =

1=}
e FA

* Sticky rice and kudzu
% Sticky rice and SO,

A2 E 10,000rpm o2 4TolA 1083t
Techno Japan System Co., Tokyo, Japan)E ©]-&3}
om A¥e % 259 HQl upe} 2ok

FA2HA (JS-555, Color

st L, a, b #oE YEUWSI

<F 25> IEFO] AT

EnF L (37)) a (%) b (F4)

43.25 54.26 35.77

ol At A7 T 4331 54.23 35.65

43.34 54.15 35.76

Bt 43.30 54.21 35.73

43.48 50.88 43.42

A A7 42.98 50.61 4317

4355 50.79 43.52

it 43.34 50.76 4337
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ohgAr Al Fol N APF o] FAHNAL F AATE W A

AR AxT 659 TEF AH IEF 1TSS AARZE o] &3t AU (HAEH,
1997). 7247} A8 1 g& 10 mL vialol ¥& o 70Col|lA] 107 350 rpm o= gt
St 90T FYU+F+ =& A 7ted FY3HAT. INDEx(Inside needle direct
extration) system< ©|-& < 3l o™ INDEx syringes AF8-3le] 209 stroked}o]
A5 7IAARES 5T F A4S AlEc ASAIEAFATIZE 924" dAR
(SMart Nose300, SMart Nose, Marin-Epagnier, Switzerland)Z &43}Hth #240] A&
H AxIZe= FAFEA7])(Quadrupole Mass Spectrometer, Balzers Instruments, Masin-
Epagniger, Switzerland)7} 9425 o] glow 3y EDEL2 70eVolA o] 23FA|AH 180%
L AAHE o]2EHEE AFTA (quadrupole) B IHHS A F 5 AH WY
(10-200 amu)oll &at= =245 ATHHE 54t channel+E ARt 4
2719 71 AEE HETE ARSsAon A47ef AlgRe 33 Na& A

¥4 § 4= 4 (Discriminani Function Analysis; DFA)
DFA= #EEs BAoEA 84 VY25 AAE= 10914 200 amu®] ion
8 o] ApE Aol =2 20-30¢8 MY fragment(m/z)E SHHSTE A
ettt AddgdE SHise] g A8 @S ol&ste] v Aol we AEdeEY

(DFA)E AAstgom F4usd 98¢ T+ S9uss A43a0.
DFA=Bg+B1X1+BoXo+B3Xg:seeeeeeeereeeeeeeienenns +BnXn
5 EYUs 3N 3EUSE 95T

cirriieeen.DFRO. 2 L}E}ku)\l;]_ o:]a =29 A
71FS 2 DF1Y DR2E vluste 7k Ajg7te] -] A}

Al
Wt
FAEA

Zy7] ©+E channeld 2T+ matrixFEIE 7|25 o o]y o] o

a 01%]_ ‘E‘Z}E %‘
2P o] EL EAH(m/z)S 2t variables 1FS 20~307) A3t #ETGFENS
A A, oju] AL8E A E| o= SMart Nose statistical analysis softwareE A}-8-3}
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(1) Mass spectrum of different types of wine

Az AZE AFEA7]|E o] &3] AR ion fragments(m/z)E 11-199 amu'H ¢

Yol Al mass spectrume. 2 YER T (28 2-18).

lon Current [A]

|

lon Current [A]

|

lon Current [A]

|

30 40
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E-08

30 40 50 6O
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E-06
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E-09

E-10
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E-12

10 30 40 50 60 70 8O0

20 50 60 70 @90 90 100 110

E-05 lon Current [A]

E-06

E-07

E-08

E-09
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B. ¥ (=Zx018)
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Mass [amu]

C. m + opEat M7}
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ailr
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90 100 71710 120 130 140 150 160 170 180 190 200

Mass [amu]
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<% 2-18> Mass spectrums of the different types of soymilk analyzed by MS-electronic nose.
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40 amu ©]3tel A UERD ion fragment= WFEo] F7] Fol x3H =
AL Z 41-199 amu WA yehd 5= 2ol 9AF=2 vlusglon I 23 Z4+ AR
2ol 7b mlAlEH A el o™ ot ANE EUE SAAM(@EIS BA)ste] 74 Al
F3He] Aol & ot AFRE 9 2-199] YEhATh

DFA2 200 iterations - Data nomakzed by 40.00
All samples (air)

)

208014

oN
(T8

(m]

17121 1 R

-20E-01

A

air

2001 00EA0 2001 4E0)
DF1

<71 ¥ 2-19> Discriminant function analysis of the electronic nose data for different

types of wine samples (DF1: 1°=0.9988, F=1879.50, DF2: r’=0.9945, F=411.62).

7] B L) Fo| Gt air® 7FOE o] TE AmelA L 4P| o
A= AAAYEA 7 Fol g mmstgch. JhA thETol AYsE F71E DRl 9.8
Zo] Al WA HuAdRel 44E Are A$ DFle 9% Wik 951 Yo
149 A2 DFL go] %o WFoZRE 29 WFOR TS FWARo] Yol

Aol AMRE EE AIRE EUE s E4% A7 METY] AolE e A
#<2l DF1# DF2E Hluste] & w, DF19] Fgt2 1879.500]i1 D
48] ztolye ZoE Hol FE RS | Fste DF1e] 9ste] 75 Ut

ol ik Aele] A9 ofdAte] ok JiFo] A [, WA HIb wE zpo] ol A
2 o]Fo] AA FRoHA) ofFikEs HUbskA &1 S HS F9(B) WEAEYE
A H7 7 ol O Ue AeZ Yehyg IE Al 3EAdEe] dAsteEd FEH L
o dFS vz ez AR
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AAACZ HokS uf DF19 7HF dZFo vehd Aldely F717F 7 Agk Ae=
Uelgor A @ =39 g #Way J3AS AMEEol e FEETGE 3
I o}git Hobe] wE Frisido] FREJY. AF ©@E LT FolA ofdF HIb
7F Al 91 7 AR FIsiES BT ofvt® ofsFike] &) Aol stwlE A
o2 A FrPE FFS v Aoz AFRFH AT

DFA2 200 ierations - Data nomalized by 40.00
4001
e
iR
206011 “ord | A
Alsg il A a
WA S
Alg i
: % ADS
5551;-..;." .............................................................
- A 0.5g
206014 -
B AN
“ B1S A1
B : A1
406014 ; L s
: A0.1g
A0EQ 20601 5617 20601 4D
DF1

<2¥ 2-20> Discriminant function analysis of the electronic nose data for wine and
rice wine samples (DF1: r’=0.9972, F=875.47, DF2: 1°=0.9657, F=70.37).

BEEF} TEFO 4% 921994 B DFIgle] HEEF7 EEFo] Hste] 27
deht duHos Fugiel B Aoz dekth 1y 2199 A% ole) 74 AR
she] AWMAL MAF Ao olF F Au Y oS B Ay 17 2203 o] FY
g EEF GI1RE0 A Bl dhde ¢ 5 Atk A AR tae] FEEs 2 A
o] 9% WHOT oFTFE FEs} AW AR VFo] B/ Yt £ YFOE o|F
F5s PRl BHE A2 uBth yEA bk Aolrt Ut Aoz Yehon
DF1, DF2¢] FztS Hlasl e 108t} o] DF2e] Wi me ot ofF Adm 2
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2) GC-MS 4]

AR Azx3 T=FE GC-MSZE 4% A9 F 6459 =49
ol% vlEo = WAlaro] i (No25 oldh) CV%ZLel 50 o4l 49
=22 Uy 23 3 =29 #5 $EAdEY major peakE E7ISAUTE T T =
22 Fthyl acetate(m/z: 43), Isobutyl alcohol(m/z: 41, 42, 43), Acetic acid(m/z: 43, 45, 60),
Acetalm/z: 120, 138), 1,3-butanediol(m/z: 43, 45), Ethyl butyrate (m/z: 43, 71),
2,3-butanediol(m/z: 45), Furfural(m/z: 95, 96), Ethyl-2-butenoate (m/z: 69), ethyl-3-methyl
butanoate(m/z: 57, 85, 88), Methyl hexanoate(m/z: 74), Benz- aldehyde (m/z: 77, 105, 106)
oltt.

F2-6& GC-MSE TAE IFLAEELS ez 44" ITA
GC-MSe A A" =29 7+ major peaki
F A4aE N9 9 P
Fol Z&=7F 10X107 o] 42l
amuol X I =7 F FOo2 JUIR AoE Hof Oloﬂ B %3}% -‘?4‘:‘“* ”7“«1 BASS 4
Fa3 FLYEL] amuolzt AAX
48, 49, 55, 56, 70 amu®] A% 1 ZF-E=7F S7}8)
A &9kt ol= GC-MSH X*?'ﬂﬁlﬂrxéoﬂ/‘i 49 AR
AN HEE AEE ST T3 Fa3g A8 E
Isobutyl alcohol, Acetic acid, 1,3—butaned101, Ethyl butyrate, 2,3—butaned101, ethyl-3-methyl
butanoate©] .

.

-EEFo AR 24
AAs BAY das s 4% F4E 24 43%E 29 221, 22, 239 YERL
th T BEAEA AHgdA EEFE DF1 % PCld 93te] FEHJOH Algedln 3
(Z=rhS)e PC1 ¥ DF19] %o Wkt ool xstgor & % o}ahibs 2713 3
ThrE AR T IenpSo A A TEF] Aloldl yEryTh

AAEE ol gdle] TxFo| BEAS Fol ARE 17 2210 YU WA=
7744 AME 7H RES ARESle™ 77HA] Al F SPS, GPS ©] 27FA]= standard =4

Beta, 2011). Y x| d|F3l= 5714 AlA= SRS (4l9h), STS

(&), BRS (29)& vhebdth A Algshele] ¢ Agre

W ARe BEhlE AM Y 2Rt B Roz uebidth ol Wil Alselele A9
2 st om ol9le] AlMoXe= AlZvit 27

o

oy ¥o oy ook

Aste wHol e d3S 7HA e n
ok ey A A9 Ae] HREA] Babe AZ] ZolE AX|she] AA| B HAY
Heop dASHA e g A7) "ol s HaAste FRBAE vefst= Aol uig
& Aotk
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<& 2-6> Response of volatile compounds different types of wine by Electronic nose

a Response of different types of wine(10™) Volatile compounds

m

u air A B C D E F G Ethyl Isobu  Ace Acet 13- Ethyl  23-b  Furfu Ethyl- ethyl- Meth Benz
acet tyl tic alde  buta buty utane ral 2-bu 3-me yl aldeh
ate alco acid  hyde nedi rate diol teno thyl hexa yde

hol ol ate buta noate
noate

41 0.22 364.56 400.44 417.33 394.66 447.34 475.34 471.43

472 8.06 1005.27 1043.87 1215.80 1142.95 1329.80 1405.24 1412.48

43 0.65 2460.79 2556.31 3040.26 2843.04 3333.26 3515.89 3523.84

44 59.86 934.86 942.84 896.38 902.30 964.46 1024.39 966.27

45 0.75 7817.86 8124.62 9674.05 9051.17 10659.05 1118551 1135435

46 3.77 2639.25 2741.87 3269.66 3054.36 3598.33 3776.71 383271

47 0.06 112.23 119.04 146.94 138.44 169.12 19240 187.99

48 0.29 6.85 7.19 8.60 8.04 9.51 10.24 10.38

49 0.04 6.93 8.37 8.76 7.42 9.90 971 10.79

55 0.05 55.03 48.74 40.28 42.33 37.03 4443 55.63

56 0.05 14.81 18.09 12.97 1231 11.81 13.07 14.73

57 0.04 13.14 13.28 10.67 10.63 9.38 11.05 13.87

70 0.04 17.28 15.03 14.38 14.58 13.24 15.68 19.10
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<719 2-21> Changes in organoleptic characteristics of different types of wine by Electronic tongue.
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<71¥ 2-22> Changes in organoleptic characteristics of different types of wine by

Electronic tongue.
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<7192-23> Changes in organoleptic characteristics of different types of wine by

Electronic tongue
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<719 2-24> Visible/near infrared(VIS/NIR) absorbance spectra for different types

of wine.
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M
0

algd dd| AN =35>

(&tel: &J)

No. Z = 3 > & =l = gl 1
1 =52t 1100 x 1100x 800 1 10,000 10,000
2 AsS3e MEZ 800 x 1600 1 8,000 8,000

3 N3 1 10,000 10,000] Ol EHel

(Destemmer )

4 SHST/K 700L 2 14,000 28,000
5 H2=et) 300L 1 5,000 5,000
6 HSEX T/K 100L 2 500 1,000
7 g2 X T/K 50L 2 300 600
8 &= Ehpump 2HP 1 1,000 1,000
9 NS T/K 300L 2 10,000 20,000
10 Oenof low 300L 1 40,000 40,000

e ol

1 O 0t J| 300L 1 20,000 20,000 B

12 Label ler 1 6,000 6,000
13 S| 1 9,000 9,000
14 Cork Sealer 1 10,000 10,000
15 HEFF)| 1 7,000 7,000
16 Turn Table 1 5,000 5,000
17 L28=4 T/K 40L 20 300 6,000
18 JIEFR LS AL 30,000 30,000
19 MIFSFAPN; 10kg 200 3 600

= j:”
o
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SHCE

TS0 A0 E0tE EEE 2 2220 0152 'EX DIFCRE (D= Z3lilh ZE== 0|28

i 5226 23n =2k

CIFECHD O HEEt 22 ZE2E TEl & 30HAICH ZEFEEOH2E100% ZEHFE 0
E5t =0 @D=0] 40% 014 S D'i=fcognac) S0ICH 2IEM= "SCES= HIRst S2ts
ot =F 2N ==20] 2 == 2l= 38 43 == 2l 40-500 HESS A5 = SIH B=3!
Cha 28t 2IE= S WUHl 225 S22 286 AHSE die F Z222H S8 =5
Ll 612t =2 2= HIEFo|Ch
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3. §5 R AEHA

A ALdF LEE AE2LE R AIFEE ML
1) 1A=

g | ATFEN _

me | (C1EH - 294 A WS
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dEdE
o A

- HEHog IS AASY 30% = T
A8 48
(1GEaA AELRTE oge FF2 v}
oSy A BEEEo] 7MY Folow A9y &
24 HEAES 1yt 985 AAS G 4
o Ao} olFY F4 ASE oA F U=
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A A
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295

26 -

27 -

EtOH (10 37%)

v

28 -

249

-30 -

(1] 2 4 (=7 8 10 12 14 16

Time {min}

<a¥ 3-2> A EE MRSt 9 2 e F HPLCEA (ol ehe 4 7)

Glucose

] 2 4 8 2 1o 1z 14

<H 3-3> A EEE AbESte] dd MR §F HPAEC 24 (&23+)

- Tl A EE 2=FF A

Hede, Ae, o

- AHE TRe] BT 27
<3t 3-1>
Qe ¥y =2 ° Brix
o M 73 2] (o -2 4h) 18
A5 17
= 16
EIESAS 18
- F 5 2 AGE B wEste] gre
A de] 274
- A ZrgFo] AEAR AL Slof A
d XEE 40°C Ysae] BRste] o] 44
45344 E AHgete T BEE PH2MFIA L} F
o 72 kPN
A B -4 A3 dEE IEFES Axso wud 2
2 Aol e glol W= AWALE o Ful(100
Kgdtel WERPstel 25 waggol A2 3




2) 22 =
(D) A28y Fehde] 5

A ERE FoUe 228 o 528 043 Pud SvjEvos 233 AL

123}t ©] W Termamyl, Termamyl + AMG, Termamyl + BBA, Termamyl +
stk &wiEE E, 100%™ gHE, 80%™ €&, 100% ol -,

isomeraseE 7}sle] F=3
50% N &-&s AHESte] FEsith 1 23 E42E ol &7 FEWHolA 1.58)~4x)
o] F&F 84S YT (i 3-1; 1Y 34).
<# 3-1> 84F ol &% Fd FEFE B SWFE &
Enzyme Puerarin concentration(g/100g)

TERMAMYL 0.6586

TERMAMYL+ AMG 0.71847

TERMAMYL+ beta-AMYLASE 0.64554

TERMAMYL+ ISOMERASE 0.703

WATER EXTRACT 0.26492

100% METHANOL EXTRACT 0.09494

80% METHANOL EXTRACT 0.4692

100% ETHANOL EXTRACT 0.02909

0.34005

50% ETHANOL EXTRACT

B B L
-
. .
- -
' -
-

-
- .

N

i1

1 2 3 4 sd

a-amylase

a-amylase+tAMG
a-amylase+p-amylase
a-amylase+ AMG +isomerase

AN

18 34, TLCE o] 43 J3 Feldde B,
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Aedng 44

7} 30 g& FFS 300 mlo] ¥

el
T

LN

=]
90T A 1A)17F autoclave 47!

S

3l a-amylase2}

S

st 60 C~70Coll HHE-A]7]al, yeast

7}3

=

=]

st

S

=
=

7}

J

S

2 o] 9
A=

(ThMa)

=

W& a-amylase (Termamyl)S 7}k
EAY opd# o]

| TEAY ol el=E

)

T =2

O]

=

Z_v

Line 3: treated with alpha amylase , sumizyme
Line 4: treated with alpha amylase , ThMA

Line 1: G1~G7 standard
Line 2: treated with sumizyme

dAd (28 35).

S

i)

X
Th

<19 3-5> TLCE o] &
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i
K
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U

P

ato] 543 25T A

S
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=

=
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Puerarin 164.5mg(0.54%)

350

3001

2001

1007

Puerarin 192.5mg(0.64%)

350

3007

2501

2001

1501

1007
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10
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Kudzu extract after fermentation

Kudzu extract
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=39 B5Ht

0%e] FAE AdSol ANY Amel haked A, F % 2eln WA A5
S0l theted 1HelN 5874 A48 Fol BN BEAA A% A-EE
Ft s foA7h gk

A= # o} g4t
Al 2.79+0.70 3.86+0.77
& 3.36+0.74 3.29+0.73
As 2.79+0.70 2.86+0.86
AA A 7Ex 3.00+0.78 3.29+0.83

e molw giglon fle) Bhe £4 A goz
el gl Mee] AT we g nelm AT Bebd A o4 %
4 F weRE AT Aol

m1300 //
W 2y o 712 A 223

SEF SEEHASTIAYE | AHchEID

R T e -




Al 249} ABALY] TEFAZ AH 2 AP

9 A9 wol TR AFE (20109
102 129)0 % AT EFe AETRE A3t 10CAA S 7= 29,
3 3-3.
* ANl z2] 52 &4
e e

e 0.62 0.63

pH 3.86 3.85

o & (Bx) 6.0 6.5

stelg 0.62 0.58

2 71 2(%) 9.6

1.6

I‘“xo' 20104 108 122,
D40l SO| A IAN0TI =N=

oD

<1 39> AR T BEXEF
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western blot W&
o]-§-3tof Zto ’\1 A

WAHS A 3F= Autophagy
activity®] &4 749
A9 LC3 o &4 4.

7t A EZE(HepG2) o] &
Fod A A AR

=7 (Autophagy)

o

Lo

Ir

. 7] 4 E4<] puerarin®]
bl A AHE
Z.:-jé} Autophge ]

ol w3 FF=

v X =X
Immunohistochemistry
AYE 3 LC3o Ty
=48 g4 B

_)LO

_NX‘MN r\l

)
©

B o
—IIN‘ O‘_>~L/ _W

(in vitro)

OEL_—}I_Q}H ;(] Hg-z_}

71573

e MTT A& =3
=29l puerarm«] A 3E

= o i [e g WA
quas =AY A5 e a5 &<l
Puerarin® ¢34 o ZtA| o ethanol< 7431’5‘]1
Aggke] 74 8 AE FEstaL
AAs= H7t puerarin® 2 A XY
cholesterol#} triglyceride®]
WstE &<l
* Autophagy €74 w}#A <l
AALE ol ga sy | KO TUHAD clEste
%;‘gg 7] ;ﬂod:ﬂ‘ ethanol_E._ Tl‘-—l—%

A ZEA S ol A 9
autophagy?| &/d%5 =54

* Autophagy®] &4 A=
gets $13ke] AMPK 2

%L/Hl—_ Z;G

e 77 = _/] pjio]
autophagy°ll ¢ AIA|
autophagy®] 8 74=<I
mTOR®| &/3-& 4E-BP13%
S6E E_gﬂ o

e mTOR] ‘—’Vﬂ £ 53t
autophagy7} g A o]
HA=AE APG7, Beclin-1,
PIST, LAMP1, LAMP2
BulEe Eo4 29
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1) 1A =
1) 71574 #dFe $EEL 94

3| (Pueraria thunbergiana)> -%-2luebe] iy RIZFQ WA ofAlz g
ol T AEZA v HES ol 4AA AAE

- 9=
o2 A3t Pus G40 Y Ao nuy

- 53], Hollv olAaZTEY dFQ puerarin (LH 3-10)°lg= A =
Hol BaFo] oM, of puerarin® W Ewo] Hojd BAZ 4n
£e Sol 44e wssu, ¥F IDLEYsHB £AE wEE S

Puerarin

<719 3-10> Puerarin® %

A28 AFYT 4 YgE -OH 7|12 7FA3 glojok

- SRR 2HE FAE
a9 3-1091 4 ®<1 vEe} o] puerarine %2 -OH 7]1E 7FA|3L Q)

o] o

o, st a sl e 7237t Haso] &,

- 53], puerarine &HAMAE E5% v FAo=Z EHA 7T FAF =3
A o A BeS AT F e HFHY SHEHEZ A,

DPPH ¢} TBARS assayE &3l puerarin ¢ 34tst 855 1
oA pueraring & ¥ GA stHow, B Ao Q3 pueraring FE S}

o] o
A -
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d4dS 53 TBARS assay 3 DPPH 2tz 2725 A7
AT7|HS vlEsigon, o2 B A3 28319

o m riE
o
ofo
rot
o
2
o
Ay
o
Lo

_DPPH 22t 27% 274

* DPPH (1,1-diphenyl-2-picrylhydrazyl) &= 3&xoz tgd =Zgddds
7HA A Je BEE 29 31139 2ol g§4ts) 3 "3 ol e 24 Wy Fa
S WolsolwA gyl A¥HI &H o] Azo] Wt
*DPPHe= ofd F9 kst diol W

5o N8 ARE Y I 5 UL,

CHa
Hac T CH3
e A - CH3
4 _-__ 1we T DaM
N@
g DM
HiC o/
£ TCHy
N CHy
< DHMPH radical >

<138 3-11> DPPHS$} d2kslA|o] A5 28 A

© ¥ QoI ME DPPH WS ol§3ke] puerarin ©] SUBAZA H§ah
A oig Zgstkel, 154 BT FAHAZA o FHLA .

* Puerarin®] ZZ AAFE SA35H7] st <a€ 3-12>9F 29| puerarin
=o &3)A171 Fof DPPH AleFd} 37CollA 3087 WHS-A| A 532 nmeol A

> Yellow =

[Ahtiaxid'ant ] + - -!'_‘J"I.Eésuré"r.ﬁ_e_r‘lt of Absorbance
- — 37°C (532nm)

30min

<71¥3-12> DPPH (1,1-diphenyl-2-picrylhydrazyl) &ttZ &A% S4WH
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colFA o FREE T FASFAZAMY puerarin®] EeE AL F
A, 714 FEF U HE FFE AE 5 IS AeE AR

- TBARS (Thiobarbitruric acid reacitve substances) assay

* et 24 lipid membranes & A3t lipid peroxideE A4 3.
c o] H gk AfFEtYZe] FHOSZ lipid peroxidationo] ¥ojutA = malon-
dialdehyde7} A= 11, o] APES AiIste] nprlE 2831 TBA A

= 5 A= [e]
foz AT 4 U

oL
o
12
é
o
+
%2
rr
)
a
T

Al A= puerarin®] malondialdehyde A% )
SAsto, 7154 FAFo FASA A o] gtz g
* Puerarin® 43l 55 SAst7] 9std 19 3-137 2] linoleic acid
9} Tween-20S 3319 emulsiong WE & THA] puerarin®t &3} 3
5TCelA 12 A3t wES-A1 7.
* ¥hg-o] £y TBA/TCA A ¢f3 &8t thA] 100T
o} o] A

=
=
=
1587 HH-S-A]

Linoleic acid ”
ol = e

15min (15min, 1000rpm)

+ Ak OH
[ oo S |
Measurement of Absorbance

(532nm)

<719 3-13> TBARS (Thiobarbituric Acid Reactive Substance)

Q) Fstsd H7HEdE 2%

ot
P

Lo
ol
olr
o
N

>

Bl e
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>
C

30

25
@25

20
B0
m100 15
@200
10
m400
Hsoo 3 7
o LTE o1600 T

Tocopherol Maey

Radical scavenging activity
(% of control)

TBARS effect (% of control)

Tt

ME|Ef L]

Concentration (ug/ml) Concentration (ug/ml)

<IY 314> Pt BASEY HHIAE AT 7IRdHIdd. (A) DPPHE ARR
= EFHE, AEH, B2lo] tslsd. (B) TBAR assays ©|-83F
51 control, A2, ®]] itk

A

- dEToRE P8 FEL 7k Ao Pein EAES AHEsEe.

- DPPH 2927, Aeel @ Bele =7k 37hge met 3asksds g F7kse
PP BQ. B3, W ExsB fA A=A e AAdE 2o

@ Puerarind ojgt 4ts 58 Hr1A
- Puerarin®] DPPH radical &~AZ8 H7} A= 2702 HEICE AHE3sta
AT o 2 F7HA] JH 9 pueraring AH-F

- 'P+G' & puerarinz} Fo] AFE FEHZ, AAAl EA5la = A FEHIT o]
of &3 W PGv E42FdES o]&3lY puerarin® TS ZolAR]
e o]

o
puerarin®] B¢l W2 FEAS Hul 17891714 AR @9

mﬁé&
o
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0.2

=0
0.15
m25

m50

B 100 <j_f—}]u 3-15> DPPH radical
&A% G B}
@400

0800

01600

0.1

Absorbance

0.05

Control P+G P-G

- AWAksl dAl 8% H7H= TBARS assays Wstorw tjZ2T o2 HIEIWICS Ao

5 W7
pueraring A8}

- Y3160 NS} o] $74A BEeld AL shglod, Edh Faeb thehiAe
8. ARG AT BAZ BUS, WA £ AT puerarin] A7 APE
& Bgete] ATE 5 T AR,

0.25
0.2 =0
0 25
gom- m50
2 m100
é 8 5200 <71¥3-16> TBARS assay
400
005 f —
01600
4]
vite sample
d3& B3 49 ADH, ALDHY &4 =4 wHe A4
l ADH l lALDHl
CH,CH,OH CH,CHO CH,COO
Ethanol ﬁ Acetaldehyde é Acetate

NAD NADH NAD NADH

<71¥3-17> ADH ¢} ALDH9| ¢t &5 &9 thA7]1#
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- I”3-173 o] ¢HE
9]3)| acetaldehyde® &3
acetate2 3l 2.

- o]g} o], dTLE Hasted AHAO T FAsE ADHS ALDHY E4&
p

uerarin®] &I HEis 9 £HHAEHE HIIE 5 9L

E AFgAE 43E gAIF A A & A2 NAD 7 NADHZ AAHEE AL
& a4084e AxZ AEFH

- AHslE el Y] NAD'= 260nm, 93 9] NADHE 340nme] A oA F4=o
Z2U A s = = SA %9

73 9 <l 340nmol B2 =Aslunz 33
9] )

5
=]
24 A= BT & AL

i

- ADH+ 712 & ethanolZ AFE3t99o ™, ALDHS 2% 7]
sty A3 A,

< aldehydeZ A&

G) TAA] &2 Balley A4 3 U
@ ADH #7437}
- ADH (Alcohol dehydrogenase) ] &%+ 340nmel Al == NADHS &
FEE S48k YEbd.
- Saccharomyces cerevisiae ZH-E] 4> ADHE =300units/mg protein®] @&
AU DW.O &34 A F% 0lmg/mLE B 23] A1&319S.

- ADHE= 89 ZHooA= AA Atsisr Jast a484d S4HS fs8iA &
A Well &4 she Flo] 878

- B-Nicotinamide adenine dimucleotide T3+ & Aejox= Lol HI7+HEHA
HES-ste] A ASEER W =2HA| FEE For 283

- B4l Ao JIFS MHNE Fo g9og2x L% pHE HASA FA Sk
St g pH8.82 1.0M tris-HCl buffer’} Z 23w E42E 7187 A @A oA
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incubation®] &%,

FBE=E A7 A &, 714, puerarin EFFES E29 HY FAHLE]
o
[}

NA 578 WSAZ)
AT A T HAolrt o]FoR A g2 FE Y Pueraring ethanolol -&3j Al
# 0.lmg/mL, 0.005mg/mL, 0002mg/mL, 0.00lmg/mLe] % WHE AA3t
of 247 24 849 Aels
N ZL O Z+= Puerarin®] EFE A e &5 ethanolS A3, 49 A
g BRHLA B4V} EHENA 2L E OE dzEe AR
MEE 2AL 087 2od HE Pot 1 mLz A4 FIEE 24

Reagent Volume
(1e)
1.0M Tris HCI Buffer 250
(pHB.8)
Ethanol(99%) 100
Enzyme(0.1g/mL) 50
L

@ ALDH &4 37}
- ALDH 24 84 =3 2A38He ADHO =AHI vlx71AZ 340nmol A &
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Reagent Volume
He)
D.W. 700
1.0M Tris HCI Buffer 100
(pHS8.0)
20mM NAD™* 33
1.0M Acetaldehyde 33
3.0M KCl1 33
0.33M 2-Mercaptoethanol 33
Sample 33
Enzyme(0.1g/mL) 33
- ALDHY] A% ZF%5o] 542 &aA71 & F Fh 4] ADHe w4
F43] "olXe AFS B b ZAE AT tgE HhSE9 30T oA
o g A7ke] 108 ol A%HA g Felr}h 27,
4.5
=—>30min sample
—=— 5~8min sample
2 1 1 1 1 1
0 50 100 150 200 250 300
Time (sec.)
<Z1¥3-18> Incubation A]7tel] W& &4 &4 vl
- 19318« 0.001 mg/mL FX9] Puerarin®] E3HE HFTFO=Z 3 gz =
30 & o] 30TolA wHE A7l Agola, T2 3 aHZE ZE = H99
AETS 58 & AX 30ToAA ¥e Al A2 ahe i whs A=7F &
A8 At UFS B
(6) Puerarin® ADH, ALDH &4 &% 37} 23
@ ADH &74%7t 2%
- 29319914 YEFY %] puerarine] EFE HAFTY FF HEFT WSl =
@ste Algto] 2w Bludte] &S o T US.
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7] MeETl WE AL NADHYF Wz AAHATE AL onsiy, o
puerarin®l A‘H ADHA 2ol S, WeExE 9 SUHskAES vl

- -
L
T

—m——m——®——p

T /
3 / Sample (0.001)
—=— Sample (0.002)

—=— Sample (0.005)
—=— Sample (0.1)
Ctrl (No sample)
25 p
= Ctrl (No enzyme)

1.5

o 50 100 150 200 250 300

Time (sec.)

<71¥Y3-19> ADH &35 =% Ay

a% 3202 27|NEEY] FHE HlwEte] Ate] ©E FEEe WHIES vl
3 a# =z, 7] 40 27X Y WS ETS 100%E T3 BluEgS. o
FE9 FXoA puerarine] H7FE A@wro] dxTol HlE| =& e UERY
M ol AAe &40 FUIEAES 9rF

180
160
140
120
100
80
60
40
20

0.005 0.002 Control

Concentration(mg/mL)

<719¥Y3-20> = ADHY %7|¥t8<&£% vlw Ay}
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- puerain®] F=7} 013 0.001¢ = &Ae] Aol 7}

° 2 Y
- AEE FEAFAAME B AY
0.001 mg/mL)E A@3}e] g9} 2

@ ALDH €437 2=
- AR Y] AP Ao = ADHAFEH 2] puerarin®] H71EH 159

NADH7} AAE+E £&27F X279

H]

sl we oz uehgor

puerarin®] ADH¥®F olyzg} ALDHO| &% FFS X e AS=Z

=]

=

(1321 2 1¥3-22).

4.5

—=— Sample (0.002)

=— Ctrl (No sample)

0 50 100

150

Time (sec.)

300

<1¥3-21> ALDH €3 % =4 23

180

=

160

140

120

Increasing rate of slope (%)

100
80
60
40
20

o

Sample (0.002)

Ctrl (No samplc)

Concentration (mg/mil.)

<I1¥3-22> ALDHY %7] ¥Hg&% Hlu

of th3t ALDH ¢ &4 &5 H7I2 Ad=
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Transglycosylation properties of maltodextrin glucosidase (MalZ) from
Escherichia coli and its application for synthesis of a nigerose-containing
oligosaccharide

Kyung-Mo Song *!, Jae-Hoon Shim®!, Jong-Tae Park?, Sung-Hee Kim?, Young-Wan Kim ¢, Winfried Boos ¢,
Kwan-Hwa Park >
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SHORT COMMUNICATION

Efficient constitutive expression of thermostable
4-z-glucanotransferase in Bacillus subtilis using
dual promoters

Hee-Kwon Kang - Jun-Hyuck Jang - Jae-Hoon Shim -
Jong-Tae Park - Young-Wan Kim - Kwan-Hwa Park

Received 17 Movember X009 § Accepted: 10 Rebruary 20010,/ Poblished online: 21 Febmary 2010
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Absiract  4-x-Glucunotransfernses possess strong trans-  Introduction

glveosylation activity which has been wsed in variows

carbohydrate chemistry fields. Due to safety issues of the  4-a-Glucinotmnsferases (EC 24.125), also known as
recombinmmt enzymes we chose Bacillus subalis 08 m amylomalisses, caalvee both mier- amd mtramoleculur

Research Article SCl

Received: 9 September 2009 Revised: 29 December 2009 Accepted: 7 February 2010 Published online in Wiley Interscience: 23 March 2010

(www.interscience.wiley.com) DOI 10.1002/jsfa.3945

Enzymatic synthesis of glycosylated puerarin
using maltogenic amylase from Bacillus
stearothermophilus expressed in Bacillus
subtilis

Chung-Hyo Choi,? Seung-Hee Kim,? Jun-Hyuck Jang,” Jong-Tae Park,?
Jae-Hoon Shim,** Young-Wan KimP* and Kwan-Hwa Park®©

Abstract
BACKGROUND: The maltogenic amylase from Bacillus stearothermophilus (BSMA) is a valuable biocatalyst that has been used to

transglycosylate natural glycosides to improve solubility. To ensure safety, BSMA was produced in Bacillus subtilis, using new
shuttle vector-based expression vectors. The transglycosylation of puerarin was also conducted with crude BSMA and analyzed.
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Effects of Acute Oral Administration of Vitamin C on the Mouse
Liver Transcriptome

Hee-Jin Jun. Sukyung Kim! Kevin Dawson.” Dal-Woong Choi, Jong-Sang Kim.}
Raymond L. Rodriguez.” and Sung-Joon Lee'

Division of Food Bioscience and Technology, College of Life Sciences and Biotechnology, and *Department of Environment
and Public Health, College of Health Science, Korea University, Seoul; *Major in Life and Food Sciences, School of Applied
Bioscience, Kyungpook National University, Daegu, Republic of Korea; and *Laboratory for High Performance Computing
and Informatics, Universiry of California, Davis, Davis, California, USA

ABSTRACT Vitamin C is a strong antioxidant that alters gene expression in cells, and its effects can be modified by cellular
oxidative stress, We investigated the genome-wide effects of vitamin C on the in vivo tmnsenptome in the liver, which

varous enzymes and proteins to defend against cellular oxidative stress. We fed mice vitamin C (0.056 mg/g of
body weight) for 1 week and performed DNA microarmy analysis with hepatic mRNA in fasting and refeeding states to mimic
physiological conditions of oxidative stress. Significance analysis of microarmy data identified approximately 6,000 genes
differentially expressed in both fasting and refeeding states. In the fasting state, vitumin C induced overall energy metabolism
as well as radhcal scavenging pathways. These were ameliorated in the refeeding state. These findings suggest that vitamin C
has profound and immediate global effects on hepatic gene expression, which may help prevent oxidative stress, and that long-
term treatment with vitamin € might reduce the of chronic disease.

KEY WORDS: » antioxidant activity = liver » microarray = nutrigenomics * real-time polymerase chain reaction * vitamin C

Mycobiology 39(1): - (2011) DOL: 10.4489/NYCO.2011.39.1.000
© The Korean Society of Mycology

Screening Wild Yeast Strains for Alcohol Fermentation from Various Fruits

Yeon-Ju Lee’, Yu-Ri Choi', So-Young Lee', Jong-Tae Park’, Jac-Hoon Shim’, Kwan-Hwa Park' and Jung-
Wan Kim'™*

‘Division af Life Sciences, University of Iicheon, Incheon 406-772, Korea
Department of Food Sciences and Technology, Clumgnam Nawonal University, Dagjeon 305-764. Korea
Department of Food Science and Nutrition, Hallym University, Chuncheon 2(00-702; Korea

(Received , 2010, Accepted . 2010)

Wild yeasts on the surface of various fruits including grapes were surveyed to obtain yeast strains suitable for fermenting
a novel wine with higher alcohol content and supplemented with rice stard]3Ve considered selected characteristics, such
a5 tolerance to aleohol and osmotic pressure, capability of utilizing maltese, and starch hydrolysis. Among 637 putative yeast
isolates, 115 strains exhibiting better growth in yeast-peptone-dextrose broth containing 30% dextrose, 7% aleohol, or 2%
mitltose were sdlected, as well as five c-amylase producers. Nucleotide sequence analysis of the 2685 rDNA gene dassified
the strains into 13 species belonging to five genera; Pichia anomala was the most prevalent (41.7%), followed by Hick-
erhamomyces anomalus (19.2%), B guilllicrmondii (15%), Candida spp. (5.8%), Kodamaea ohmeri (2.5%), and Meschnikowia
spp. (2.5%). All of the c-amylase producers were Agrepbasidium pulluians. Only one isolate (NK28) was identified as Sac-
charomyces cerevisiae. NK28 had all of the desired properties for the purpose of this study, except c-amylase production,
and fermented aleohol better than commercial wine yeasts,

Biochemical and Biophysical Research Communications 414 (2011) 361-366

Contents lists available at SciVerse ScienceDirect

Biochemical and Biophysical Research Communications

journal homepage: www.elsevier.com/locate/ybbrc

Restoration of autophagy by puerarin in ethanol-treated hepatocytes
via the activation of AMP-activated protein kinase

Byung-Kyu Noh®, Jung Kyu Lee %, Hee-jin Jun?, Ji Hae Lee ®, Yaoyao Jia®, Minh-Hien Hoang?,
Jung-Wan Kim®, Kwan-Hwa Park€, Sung-Joon Lee **

4 Division of Food Bioscience and Technolegy, College of Life Sciences and Biotechnology, Korea University, Seoul 136-713, Republic of Korea

" Department of Biology, University of Incheon, Incheon 402-749, Republic of Korea

“Department of Foodservice Management and Nutrition, Sangmyueng University, Seoul 110-743, Republic of Korea

ARTICLE INFO ABSTRACT
Article history We investigated the effects of puerarin, the major isoflavone in Kudzu roots, on the regulation of autoph-
Received 13 September 2011 agy in ethanol-treated hepatocytes. Incubation in ethanol (100 mM) for 24 h reduced cell viability by 20%
sl onRne A1 SepEmber 2011 and increased the cellular concentrations of cholesterol and triglycerides by 40% and 20% respectively.
S — Puerarin stimulation significantly recovered cell viability and reduced cellular lipid accumulation to a
Keywords: level comparable to that in untreated control cells. Ethanol incubation reduced autophagy significantly
;:el;:'l::gy as assessed by microtubule-associated protein light chain 3 (LC3) expression using immunohistochem-

istry and immunoblot analysis. The reduced expression of LC3 was restored by puerarin in a dose-depen-
dent manner in ethanol-treated cells. The effect of puerarin on mammalian targets of rapamycin (mTOR),
a key regulator of autophagy, was examined in I d ting revealed
that puerarin signi induced the of 5'AMP-activated protein kinase (AMPK),
thereby suppressing the mTOR target proteins S6 ribosomal protein and 4E-binding protein 1. These data
suggest that puerarin restored the viability of cells and reduced lipid accumulation in ethanol-treated
hepatocytes by activating autophagy via AMPK/mTOR-mediated signalin;

©2011 Elsevier Inc. Al rights reserved.

AMPK
mTOR
Alcoholic liver damage
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s Fo] A3, GC/MS$ GC/O(GC linked to olfactometry) ol 2§ 7]7]&
A S Foll #odte o AR TR sEE HE e oy HF Y
AN Z+ AEEY A3 A& o3 F EAS xds ¥ F (e 9ol =2
o olelg g WEel Aol ZAW vREL Hg Bl ARARS 2R
g F e Ho A#FHoln AFstE 77]d Wi 28 &1 AA AFY £
ZF QIAAAS 3 A= FA]7F 7dE A

AR Al2=jle 519 44 Fo] siFste TaAlA el Ho] SR A
WAS Bk sjhlA AZESolE o]k WAE FAEste HAA P Aol
o AR AI2"E 585, FF 5 4T AFY FrAEE 24, 3 F9 A=
o 9 ABL B8 AT A, TBA & A ok, AFY F2 HUL
R oY 5 HFFAY oA Eoklld F&sHA ol8E & S Aeln.

HEd S 3 AN, LFE HOlENM M2 & FEE Qs &)

dojwkal, diacetyl®} 4-vinyl guaiacolo| A= 48] ©]%}, decalactone, 3-methyl
butanol, butyric acidelA= 108] ©]Fe] F&E  Aolvhs FEI WA
Whiskeylactone¥} nonalactone2 #Hu] F=oX% FEAHA Xttt 2t
AA I = WEEFO| purge extrationT} trap extraction?] &4 FANA HIFE
100%E R At HHH, decalactoned| A= £A] &2 w-SAS H Y

Damascenone?] 7% JAIAL 108 Fx=o]7l Jdov gdso o)A &2l
HIAL, AAEe 3 FRoE Bt 4H 2 548 EF 7Fsdth Ethanol
B 93t 1Hdo= E38tal HMAE = headspace sampling methodE ©]-8-3h
AP £ Hes AT

A3 FAF Az B4 F WA ERES SHEd A8 o8=

i}
4 Ath.(Necla Demir et al.)
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2AAo =R o] A= 7t ¢4l ARG F ojx} HEHY Fo] AHHe T
Y &S FAY 7 Utk o] B THEL FiEo] ¥ HFA(1YHT FE 31
ol}) oA FH Tio] W AHE(1YEHT T 501 o)l o]27]|74A] ¢
o] FiES AFL F At ol AFE FE3 Manel del Valle BHAL= o] &
= 9l Ak FAHo| E8E F JoH AF Z2 55 IAEo] &85t 9
= AleB37tEs HAE F s AeE Hrio. a8y A e okl AL
AA F AF HZE FHe AAsHARE o4l vte] AdAg HG2=7tx] FEs
= T flo] 258y EAE dAT 7= /s AR dSdH (Wine2l.com)

back-error propagation-artificial neural network
I} partial least squares 7|H-S ©]&3te] dSRAS NI (Wei et al,
2011)

g Lol FHE 5T AEH AES WA aAUE AT Yo TGS
TG/HDL-cholesterol®] Hl &< =21t ol A3# A& 3PS =ol<d #d

o] At

Red wine®.Z 14947t 4% & A}, red wine> TG} TG/HDL ratios 37}
AR s FAEAS T A= BMIE AW ARAMT EF TGS
TG/HDL ratio® 7ol <93t <fdo] Az HAS=Z Yelgth  (Fernando

Henpin Yue Cesena et al.).

I E=F9 73 resveratrol= 7|5 EFEZ A5E FsHA) 7] FA A<l health

benefite A Th
Resveratrol phytochemicalZ red grape®] Z&o| &A1 T=F¢ IEF2
oA =2 TEE HHET Resveratrol2 Ao mE AW HA9F X5 7}

(€]
e HAa, B2 FAbllA oy Ve AEoE JNEsta itk

Resveratrol= French paradoxE 7NAAIZS4 dte AF+ZAA7F ed 225,
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UTH (Gerard E. Mullin. et al.).

e bl

Agd Areh =5 A AAT 2F5FS €59 lipid hydroperoxides2t
cholesterol oxidation product =& #A A F7FetAaL, Wines AHHAS &
ol = lipid hydroperoxides®} cholesterol oxidation product®] FXx° F7}7} ti
i A AT

o]

_g]

3
=

< A AAtskeE Aol A% EF cholesterol oxidation product
a3

T A= S0l (F. Natella et al.).

ofN mz

DRE!
A Al sk
- =

4. ¥ (pueraria lobata) ## 3} Hs}7|=

B = isoflavone?] O-, C-glycoside”} FHF3lth. O-glycosidew= A4 leveldll
gly gly
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