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SUMMARY

I. Title : Screening and food beverage application of wheat, barley, and rice bran

possessing antioxidant and antiobesity

II. Objectives and Achievements of Researches

o Objectives of this research were to screen agricultural by-products such as
wheat, barley, and rice bran possessing high antioxidant and anti—obesity and to
develop beverages containing selected ingredients with proper treatments.

0 To achieve this goal, extracts of wheat, barley, and rice bran were
prepared and antioxidant properties were compared by in vitro assays
whereas anti—obesity properties were screened by in Vvitro, in Vivo assays.
Also, to make scientific and reasonable products, sensory evaluation was
conducted.

- Achievements

o From this study, two patents, 6 issues of SCI(E) papers, 1 paper printed
in Korea, 5 posters, 2 persons for master degree and 4 persons for
bachelor degree were produced. Also, 4 different beverages containing
roasted barley were developed, which were overly achieved compared to

the original schedule.

IM. Necessity and objectives
1. Objectives
- The objective of this research was to screen agricultural by-products such
as wheat, barley, and rice bran possessing high antioxidant and anti—obesity
and to develop beverages containing selected ingredients with proper
treatments.
2. Necessity
O Phytochemicals including flavonoids plays important roles in the
regulating various diseases due to the high antioxidant, anti—obesity,

anti—diabetes, and anti—cancer abilities.

O By-products including rice bran, barley bran, and wheat bran should be
utilized due to the continuous decreases in the production of rice, barley,

and wheat in Korea.



O Not many studies have been conducted on the utilization of ce bran,

barley bran, and wheat bran compared to other agricultural by-products.

O It is necessary to find out new ingredients to control obesity in current
society due to the increases in obese people. It is time to find out proper

agricultural by-products possessing antioxidant and anti—obesity.

IV. Research contents
- 1st sub-organization : Selection of by-products with high antioxidant
capacities and analysis of phytochemicals in the selected
by-products. Optimization for the extraction conditions of

by-products with high antioxidant capacities.

- 2nd sub-organization : Screening by-products containing anti—obesity

capacities

- 1st co-organization : Reducing off-flavor in by-products and development
of beverage recipes
- 2nd co-organization : Sensory evaluation of developed beverages containing

extracts of selected by-products

V. Results of researches
- 1st sub-organization : Rice bran and barley had high antioxidant power
and roasting condition could increase the antioxidant
properties in the extracts of barley. Coumaric and ferulic
acids were major phytochemials found in barley extracts.
Addition studies using rice bran oil and extracts of barley

were conducted.

- 2nd sub-organization : Aqueous extracts from barley had strong
anti—obesity capacities which were confirmed in wvitro and in
vivo assays. Anti-obesity properties of coumaric acid, ferulic

acid, and products were also confirmed.

- 1st co-organization : Off-flavor in by-products were mostly aldehydes
including hexanal and 5 types of beverage recipes were
development and finally 4 types of beverages containing

mainly barley extracts were conducted.



- 2nd co-organization : Sensory evaluation for concept development were
conducted by panels of 50 males and 282 females. Also,
prototypes of beverages were tested by 60 panels and final

products of beverages were evaluated by panels.

VI. Achievements of research and future plan for the utilization
o Achievements : two patents, 6 issues of SCI(E) papers, 1 paper printed
in Korea, 5 posters, 2 persons for master degree and 4 persons for
bachelor degree were produced. Also, 4 different beverages containing
roasted barley were developed, which were overly achieved compared to

the original schedule.

0 Future plan for the utilization: another scientific paper is prepared currently.
Industrialization of the developed beverages containing barley extracts will be

done by participant companies in this research.
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ATIHE 2SS
H2%d =UHe 7l=s74g A
A 1A 3 FAFoF 7|/ H
o 2015 & Ay, U]ﬂ'o AAE =2 1174, 28 A9] F$ 4171, B
7A 37, UA 44, "W71E 791 T A 2000 Ao thE AT okl H
sto] wlm| & —’F%O]“q ol AT Zhedl ZhEA Ao dEE AU R
olw 715l #AHH A= 4~570] =43
7] WEAbES o8 AE AAE MAFEEY duFel - IHAAE
Y &8, AT 71 Fol S ol&ste] dAqtd wEokdl.
e B9 B-glucan AdF o3 A FES] FH|RE g3 gk &=ito
Hayg
B Ao A5 A Al & Foll dig A7 Bow A8 2 AFAdERE
ATE BEeE E%% Hﬂ FEE AFA 9 LI E Fo FAFHY
cytochrome P450 &4 Zdo] tgt A7 d&.(o] 73 5 2009, 32 =&

B &3 A 38(10) 1347-1 352)

Barley bran®. 2+ 517} =+ =%o] AAHE. Hy AL g7 E 24 (Choi

et al.,, 2007. Food Science and Biotechnology, 16(1), 23-28), X85 A= A
Z3k b AEWsk(ol & T, =2 Feks A 2002, 10, 751-756), A4
He WeeFEE9 datst dbenl 5, sheAEd ks A, 2011,
40(7), 1043-1047) & T2 R FEE59 AFAHAE Axd #HEH =79
ol Hilg.
nZ, 1elA 2 dwA AAE &8 S5y wd dFe Jdoy FEEY
Fujak A% A 2 7leAd AE e E A BH &2e
2 A =9 BEFor VE/NEd S}

o I = FEE g IAiksd A7 2 IR EA oig Bavt
Aoy vty 52 AEE AE RS % AdTE 2] P&
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Barley bran extract® keyword® Google scholarol A 7 AshH 293007 o]

U5, o] Ao anti-obesityE F7FstH 363719 =10l v, SHA W B2
=50 AHFAH R barleyo] thak g HTb= legume©l Y
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€ m7 9, EF/U%—E B 7% dRE, (PN A
AEE AMEetlen, dF3EY A5, 1A VT S7T5 110(W/V)E G2 o

© 0T F757E 110(w/v)=, Eﬂﬁ% NC THTE 120wvE o 307 5
=359l Whatman ©13#] No2=Z oJ3g 70% o552 vt 70% ol e&
L10(w/v)E, DA 70% oet&ES 1110(w/v)=, A 70% &S 12(w/v)=

)

o N

FZE3 F 12T Az 100% A gES 122 (w/v)E ol 14
7F =9 F=3lo] Whatman 934 No2& o3 Algxg] Z1& 3 19 e

0% NVEFERL W F 4% BEE ARE FRFE A5 F

Sample Sample
A7} deF= DW A3H] 7%
A7} 70% o Bhe & EtOH An| 7%

= DW =7 120C

EtOH w7 120C

oﬂ E&%%%
LA dF5= DW A3 A
A A 70% o et&F= EtOH A2 A
A dFFE DW 27 120C

1205, 202 9z ¥
120%=, 20+ EA 2 2A 70%

NEEF=

EtOH ¥ A 120C

ARYA dFF5 DW A X2 A
AR A 70% =35 EtOH A X 2 A
150%=, 20% 4AE BeA dFE DW ® 27 150C
1505, 202 @A ®#A 70%

EtOH 27 150T
= DW ®eA 210TC
EtOH ¥ 7 210C
= DW ®.eg]A 250C

EtOH A 250T

(1}) DPPH =HZ 275 &4

70% o g2 -] 5000, 1000, 500 ppme. = A x3 Alx 0.1 mLE 0.1 mM
DPPH wl&t28< 1.5 mLell H7tsto], oA 3023 AAAZ F, 517 nmol
A UV/Vis-spectrophotometer® =743 A= EC5o(mg/mL) E‘?ﬂ%



(th ABTS =A% 275 24

7 mM ABTS €93 245 mM potassium persulfateS 20 2 E3tslo] A
< oA 12A17F ¥ES-A1F) . 734 nmolA UV/Vis- spectrophotometerE ©] &
o] FF=7F 0.70+0.057F H =5 de& 2 A9 gx® ABTS £ 1.9 mL
7} 20000, 10000, 5000 ppmo. = A xet Alad F=& & 005 mLE T35t 6

3
B 42 pHdA X T 734 mmelA FREE FAE Ades
ECso(mg/mL)= YHERY.

() & Edls FF

A X3 A5 70% e oA 5000 ppmoZ AFE3SH AR 0.25 mL
of =7, 4 mLY 759 111 (v/v)e& 343 Folin-Ciocalteur] 2F 0.25 mL
5 H7bslo 30x%3 &%s

T 5Er AAE 9 & x3tE  sodium
of 30&3t AXg H, 725 nmolA UV/Vis
Spectrophotometer 0]%8}04 THEE =A% F Eg¥HE %S quercetin
equivalent (mg QE/g sample)= % &g
(vh) Fe(I) o] gk 54
FRAP Al¢F 300mM oA EALE $+F 9 (pH 3.6), 20mM FeCls-&9 9 10mM
TPTZ €95 10:1:1(v/v) v]&=2 4o A= 5000 ppme 2 #A|Z2E A5 0.05
mLel| 37CelA 1071547 33 A7l FRAP AloFS 15 mLS &3 & o
A 3083 A A8 593 nmoll Al UV/Vis spectrophotometerE ©]&3te] 3=
= =43} Fe(lll) o] 322 Ascorbic aicd equivalent (mg AE/g sample)

2 UER.

ool

(vp) S AA €

vk & FA Y dikss Ay

Chicago, IL, USA)S o]&3lo] #AHEA & Folart A= A-$ p<0.05 5ol
A +r

A Duncan® =994

(3) HPLCE &3 A159 HEW By, By i

FEE ABAA dwd iyl F TS5 HEHCA A A 98 01N
Na,SO.E ©] &3] pHE 452 ZE3 25 mM sodium acetateE s HFH7Ms &
30%-7F 30°C water bathollA A i] AlZ]. Taka DiastaseE 0.05g< ¥ 37°C
water batholl A A XA 7. 24417t & Whatman No.2 & 2}3}

¥ A4S 287] Yl AF83 thiamined} riboflavine 3%} 542} methanol
S o]&3lA W= 80% methanoldl 05 mMe FEE o] 273A]7F Fob
stirringS $F. 2E A&+ HPLCZ #438}7] ol 0.45um syringe filterS A A
vial¢tell F¥E. F=999 wHElY B> HPLC-UV #H%E7] (Model L-2400,



Hitachi, Tokyo, Japan) ¢} 5um Purospher_-STAR RP-18 column(250 x 4 mm)
2 FEH3, vEY By, 4um Waters Novapak 18e reversed—phase HPLC
column(150 x 3.9mm ID.)E ¥, ol&sdez AgvE= 1%(v/v) 24 BE
1= 100% acetonitriles AF&3F F %2 0.6 mL/min, B&l+= 0-58 <t 15%,
5-20i &< 20%= F7HAFH I AgulE 0-5% &< 85%, 520 &< 80%=
FAaNRHS. AE 334 Bio] 254 nm, By7F 260 nme] L, B#A FAo =

peak area®} thiamine®} riboflavin®. & 18 T35 A4S AL&3

=

(4) w7Fe] Asiebg Aol 4% &

o,

el 9 Asherg

R4 1o

ol\

A R

pag =

b

Uh A= A

100-mL bottlee] 10g9] v 7S 211 air-tight A1%). Bottleg light boxol % ¢]
1,333 Lux® dF5ol ==A17). Light boxe] &%=+ 30+1TCY. &Frjg sd=2
A bottle tHET O 2 ARESEH B OE A0 ® 40T oA A A
. BE Auses 3UHES V|02 3Fal 25, 5.0, 75, 10.0900] &A1k Ho| w=

Kol
TAd2 A v 40T dxo AF3 m7S RBL, RBD,

O
A7 3 n]7te] n-hexanes 1:3(v/v)e] H|E&ZE Yol 3A7H
xgol A 208 YAEES & *&%‘i‘% 373 9 FF59 % n-hexanes A7

skal v A+ (RBO)E €+

(41}) Headspace oxygen analysis

2010°] headspace gasE thermal conductivity detector’} F2H¥ 7}~ A =Z2vlE
Tadflo] FJsk 1AL a stainless steel column (1.8 m x 0.32 cm) packed
with 60/80 Molecular Sieve 13 x (Alltech Assoc., USA)o|™H &l F 7}2~9] <
£5 5 20 mL/min¥. 2+, injector, thermal conductivity detector®] &%+ 7zt
7} 40, 120, 150C <.

(th) CDA7Z}s} Akgk
CDA7Fe} 2bgk2 Zh2E AOCSel " Al| Ti la-64, Da 14-48 ¥le =

Ay
o2l
et

(2h) P79 y-oryzanol 3% 74
v 7ol n-heptane< %3] 343} 315 nmell A UV/Vis-spectrophotometer
2 =243t ¥F52L y-oryzanole]l 1 A= g/100g oil= YERE.

AN rE 229 stgFo g BEXASE u|7tfo n-heptaned A A3 3|43
w %)

2)
| =712 excitation 342 410 nm, emission 332 670 nm<Y.

Xl



U, 239 %

(1) A4 249 welA 228 do|EANZ 54

weglAel F2o wo|EANZRZ p-coumaric acid®} ferulic acidE A7 ste] w7
FEE F9 I 4 TAHENE 4 AEe s2dx " BH=E 33 SRl
10000ppm =2 = A&t ¥+ A4S 287 98] AFE3H  p-coumaric acid
9} ferulic acide methanolol 1000 ppme X2 o] 273A17F F<F stirringS 39
BE As+= HPLC® #4137 A ] 0.45 ym syringe filterS A*] vial¢tol] =4
. BHEA FEFY FJolEANZ FA-d+= HPLC-UV HZE7] (Model L-2400,
Hitachi, Tokyo, Japan) ¢ 5 um Waters Symmetry® C18 column (150 x 3.9 mm)
o] AbEH. o] Ao R 32 FH, acetonitrile®} acetic acidE 88:10:2 (v/v/v)Y
H &2 2315lo] AFE3E 32 0.75 mL/min, #& 342 250 nm, Y @2 10ul
ol EAAZFL 25807 sF AHuA FEA = peak area®t p-coumaric acid®}
ferulic acid& &-8&3sto] A2 @ £+ F4S AHEEH

2) BEA FE2EAA A gdelEANZL FFS 2te F5 21 g

hH BEAe] He 2=l
B Ao A AMSE B AT (AU A AEs AR
2H7]5 o]&3le] 170, 210, 250°C ol A] } C
1:29] vl &(w/v)ZE E33e] 3025 =3 F Whatman ¢ 3A] No.2=Z o3}
A zxste] AlEE AL

(W} R Ae F=7 & A1t
B Aol AR waAE (DAY ATY ARE SIS 210CeIA 20
B ARG ®HAE 0T THFY 129 vE(w/ivE £33

0, 10, 20, 30, 40, 50, 6027+ =7}z AAE 749 WA D4 E=EES Whatman
o] 3}%] No2& o] ¥}ale] A2 Abgsh

=)
il
4o
e
o
oL

(th ®BejAe d &3H|o w& FE5UH

= "]6401]"1 AHEE B 4h (F)H YA Al ARE AREsEE. 210TolA 20
FEAEE RYAE NC 779 12, 113, 14, 159 vl&(w/v)2 &3 5 10

0C 2ellA 603+ I 131 sto] 4709 B A 5 FE=S Whatman o 34 No2Z

ol }sto] Alm = ARRE

=%

[‘-{E



7hH mZ BElAY deFEE £ T F= 20 84
Aol A AHRE m A Bl g .

=& 120ColA EAg e n7S 0T B9t 101209 ¥l&(w/v)E &3gk 5 100T
oA 6027+ dxglste] Fug B A FEES 210TA &

AZE 90T A4 1229 H&(wvE £

st == A9 2Ll 16g9 T=4d

AR W FEEY B FEEd £ U & 29 25

rlr
2
=

o FPE

=
=
=R
R
7]

MN R
E

2

o

:\_I,
T
)
N
o
e
e
1o
Flok
z
=

#2007 228

No. | BeA FE= (%) WA FE2= (%) AT or =2k (%)
1 20 2 78
2 20 6 74
3 10 2 88
4 10 6 34
5 15 4 81
6 25 4 71
7 5) 4 97
8 15 8 77
9 15 0 85
10 15 4 81

@O DPPH #YZ ~2AHS &4

7t 2% A E 025 mLE 0.1 mM DPPH WerL & 075 mLol] #H7}sted,
ob o A 3087 AA A7l &, 517 nmell A UV/Vis-spectrophotometer® =
At Ayt ECs(mL sample/mL) & e,

@ ABTS @z 2745 €4

7 mM ABTS 8943 245 mM potassium persulfateE 5 #H0 2 Z3H3}0]
AFQ oF Ao A 1241 7F WES-AIZ]. 734 nmollA] UV/Vis— spectrophotometerZ
olgste] FFEIF 070£0057 HEE egw s4F 348 ABTS £
19 mL¥} Z = A% 0.05 mLE 335t 6837F A2 dHoA A &
Ko

734 nmollA §FE=E =A% A= ECs(mL sample/mL) % (& 3.

® % Bdn o
7zt F& A® 025 mLel F7FT

4
Folin—Denis*] ¢F 0.25 mLE % 7}3}¢]



Ao F3H sodium carbonate 0.5 mLE FH7}ste] 3087 A3 F, 725
nmo| A UV/Vis spectrophotometerE ©]&3to] S3=E =3 F Z7]y

= g ZS tannic acid equivalent (gmol)® YERW.

@ Fe(Ill) o] A= A

FRAP Al ¢F2 300mM ol EAL &5 A (pH 3.6), 20mM FeCls&- < 2
10mM TPTZ €4S 10:1:1(v/v) &= 4o AxE. 7t 5 Als
0.03mLell 37Cel Al 1071533 H 3 A7l FRAP A1 %S 09 mLE& &33 &
oF Ao A 30&7F A A3k 593 nmoll A UV/Vis spectrophotometer=

o] &35t FHFEE 54 Fe(lll) o] Y= ascorbic acid equivalent

(mM)Z e,
(4) ANAFe] giataty =A

(7h) A AFEe] AR £
Al 1P EAAZTE A vz A, Bk B, BE(HFol), Be(*E) &

KR
450 MNAES 22T 5 SHTl = ARE AR
(L) AlAIEe] @bsbd 54 8y

O DPPH #HZ &~7A5 €4

=AAZzHE Byak A, B8 BE 1000ppm, K. (E<5o)), By (AHE)E&
5000ppme. 2 o] Alg 2 AE. ZF A& 025 mLE 0.1 mM DPPH W &-&
| 075 mLell H7lste], Ao A 3087 AR A7 ) 517 nmoll A

UV/Vis-spectrophotometer= =7}, 23+ ascorbic acid equivalent®

ER,

o
!
. W
5
il
i
ol

fx

it
o
BN

b A, BElxt B, Bel(H5ol), He(#HE)E 5000ppmo 2 =
AHE 7 AR 025 mLel /T 4 mLY SHFT9 111 (vVv)eR
gl Folin-DenisAl 2F 0.25 mLE #H 718t 303 & 2
g Ao ¥3}¥ sodium carbonate 0.5 mLE H7}sle] 30w37F A Ag H,
725 nmell Al UV/Vis spectrophotometerE o] &3l &% =

= g EFS tannic acid equivalent (gmol) = YFERW.

1%

do o Q2 ot ©
>,
bl
fr

A, 222 B, REl(HF5oh), RE(A5)E 5000ppmoZ =
7zt A2 05 mLoll ZFF 28 ml, ol€e 15mlL, 10%



aluminum chloride 0.ImL¥ 1M potassium acetate 0.lmLS 30x%%t
T 3027 AA3 F 415 nmol A UV/Vis spectrophotometerE o] 83} ¢]

ko3
R=R
FrE SA4T F IR eol= g3 quercetin equivalent (ymol) 2 UERY,

Axdzd ®Bx A, 2 B, Be(FFol), BEl(AHs)E 5000ppm e = =
of Alg=Z A&, FRAP A]J9FS 300mM oA ELE 5 (pH 3.6), 20mM
FeCl & 2 10mM TPTZ €4S 10:1:1(v/v) H&Z Ao Azxe 7 ==
A& 0.03mLol 37°ColA 10715% 7t B¥ A7 FRAP AleFe 09mLe &
ob 2o A 30&7F A X3 593 nmoll 4] UV/Vis spectrophotometerS ©| &
FBrZE =A% Fe(lll) o] U3 ascorbic acid equivalent (mM)

-

o

EIOi'

o]
= e

ut

3]

datstyd 2 AlsELY FE+ SPSS FAZEOHS S BAEAWS

Al 88 ¥ Duncan multiple range testE 43 &

. 3xd %
(1) 12 A AEe datatd 24 9L gdolEAv L g 24
(7h) Al &<

i

I
An)
2

;
i
o
=
—_
=
—
o
=
[\)
(=
=
AN

N
Lo
>
2
5
flo
ofr
in)
0
BN
r (

7t % A® 025 mLE 01 mM DPPH ®Wge &9 075 mLol| 3 7}éto],
obxlo A 3087 AA A7l &, 517 nmell A UV/Vis—-spectrophotometer & =
A A= ECs(mL sample/mL) 2 YERY.

@ ABTS #@oz 2715 44

7 mM ABTS 893 245 mM potassium persulfateE %0 2 £33}
A2 obdo A 12417 WESA . 734 nmeollA] UV/Vis— spectrophotometer=
o] gste] FF=7F 070+0.057F HE= e SA g S5 ABTS &
1.9 mL¥} 7zt & A8 0.05 mLE £ ste] 637F A2 talelA Fxg +
734 nmol A FFEE =43 23+ ECs(mL sample/mL)Z Y EFY.

@ Fe(Ill) o] 3tYdg =4



FRAP A]°FS 300mM oM EAFA 5 A (pH 3.6), 20mM FeClzg<f 2
10mM TPTZ €945 10:1:11(v/v) v &= 4 Az 2+ F& Alm 0.03mL
of 37CelA 10715583 H3 A7l FRAP Al ¢S 09mLS &3k & <A
A 3087F A ASkaL 593 nmoll Al UV/Vis spectrophotometer2 o] &3] &3

T2 =A% Fe(lll) o] dYHL Ascorbic acid equivalent (mM)E e,

®
Nl

T ZYd=
7t F& AR 025 mLlel 75 4 mLY ST 111 (vv)eE sAgh
Folin-DenisA] ¢F 0.25 mLE #H7}slo] 30%37F &33 & 587 AXE. 9 &
oo x3}¥ sodium carbonate 0.5 mLE X 7lste] 30&3F AA|sk H, 725
nmol Al UV/Vis spectrophotometerg ©|-&3te] F3 =85 54 F &4
= %2 tannic acid equivalent (gmol) = YER.

oot

e

® F TR =olE 3

ZF Alm 05 mLol 79 28 mL, ole= 15 mL, 10% aluminum chloride
0.1 mL¥} 1M potassium acetate 0.1 mLS 30x7F £33 & 3087 A 3k
H 415 nmell4l UV/Vis spectrophotometerE ©]-&3to] 3 =5 4% F
Z g H w-ol= S quercetin equivalent (ymol) 2 W EFW.

e

2 32 &7l 10000ppm FE== Fo] ALESH %
S 217l Y&l AF&3F coumaric acid®} ferulic acid<> methanolll
1000ppm-4 FERE o] 273417 ot stirringS 3 EE AEF HPLCE &4
3F7] Aol 045um syringe filterE A A vialdtoll T,

RYA FEFEZ9 FolEAvZ FAHol= HPLC-UV HE7] (Model L-2400,
Hitachi, Tokyo, Japan) ¢} 5um Waters Symmetry® C18 column (150 x 3.9
mm)o] AFEH. o]FA o7 3% FF4, acetonitrile?} acetic acidE  88:10:2
(v/v/v)e] vl&=2 &35t AFE3E 22 0.75 mL/min, 3% 342 250nm, T
olegFe  0woln, EAAZFIE 23R o=m 3 AHA HEAo|E peak areast

L
coumaric acid®} ferulic acide.® 1¥ T & A4S AL&3H

X
7t NaE 544dx% © A
o

N
|
2

A1RETIRoR Y AT VAR L 2 3 4 5 4T AAFE AL
@ 5 FRF wo AR AL

BN

@O DPPH =#H# 2A% €4



@ ABTS &z s
@ Fe(Ill) o] %‘r%%ﬂ, =4
@ F E94E &

® F ZgRxol= 3

TAARY in vitro 4FsE AWML flolM AW EHASE.

m\U
_\AL

Agel F9 vo]lEA N Ze coumaric acid®} ferulic acid®] TS EA59 o
o B 2 QoA AYEAS

(7hH Al 5FH]|

A 713 Fote AR WEE Ay A v R AR 1, 2, 3, 49
AAFS 20 mL vialel 5 mL AAFHS F 25ColA FF5 1330 lux 2= %
= WAl A 0, 2, 49 Bt FAEE WA,

(1}) Headspace volatile ¥4

g A4S 98] headspace®] volatiles 73 A=+ 30T incubatordl
A 5 e HYFAI F 301 F<F 50/30 um DVB/Carboxen/PDMS SPME
fiber= o] &3te] FHWAAHES ¥ H3I. Gas Chromatograph-MS  detector
(GC/MS) (6890, Agilent Technologies, Inc., Palo Alto, CA, USA)d] T3}
SRS =A% uAFNoETE HP-5 column (30 mx0.32-mm id., 0.25-um
film thickness)S AM&3t9om, o542 AFS AFES 52 1.0 mL/min©]
™ injector®} detector =%+ ZHZ} 2509F 300C= A3} splitless mode®
—f—é L8 OEJ Q‘:—‘:— B 40T A3 F 18] 10T 160TC7HA 5

(4) Food matrixol] W& B A FEE9 23 obAA vl
(7F) Bulk oil o)lA1¢] 2ts} @xd R FEE A3} obAA

D Al=mFH]

HYAE Z2®7]E o]&3te] 210TCAA 2023 €48 & 0C F/HT
1:29] vl & (w/v)2 &35t 30+5e F=3%F 5 Whatman ©]7A] No2Z o3} &
sAAZE A AlRR AFES ARE HEZ mo Sulfe £ FH AAE 9
&t W& AlAsta, 0, 0.1, 05, 0.75, 19 = 3]Aste] ME= AR

(2@ Headspace oxygen content

Az st EE F9lst7] 918 headspace®l oxygen =& A

-9l gasE air-tight syringe® ©]l&3%t4 30ul AHIT F, Ga

ot

AR

0



Chromatograph-Thermal Conductivity Detector (GC/TCD)

(Hewlett-Packard 7890A, Agilent Technologies, Inc., Palo Alto, CA, USA)
of Fsle] Axo HEE A3 uAANOEZE 60/30 packed column (1.8

o

x 032 cm)S Alg3t o, o]ls a2 dFS AFESH F5S 20 mL/min®|H,

T

oven, injector®} detector ==+ 77k 40, 1209} 180C= 4.

@ Conjugated dienoic acid value (CDA value)

B Adoa AlEH CDAY S American oil chemists’ society (AOCS)

Ti-la-64°1 <A3%e =AHF (AOCS, 1980). A& 100mge 25 mLe
—o‘ o2 =

isooctane®] A-&3}o] UV/Vis spectrophotometer® 233 nmol 4] =

4

Aoea X 3 A 1l
x CDA value (%) = 0.84 x (—2 bl HT—[(M
Ko : acid®] Abs. A4, 0.03
Aoz ¢ 233 nmoﬂ /H-O/] Abs.
b : Cell®) Zo] (cm), lcm
c: LY ARY g F

@ p-Anisidine value (p—AV)

p-AV SHHLS AOCSH Cd 18-90° <3 =43 (AOCS, 1990). A=

100mgS 25 mLe] isooctaneo] A83}i, UV/ Vis spectrophotometer =

3H0nmol A FFE= =43 o] &4 1.0 mLel 0.25% (w/v) p-anisidine £ <}
=]

02 mL& &gstal 16&3F WAl 5, Fd Aol FF=S F4sta
U Aol o8 p-AV gt Alabeh

25 % (1.2A4bs, — Abs,)

# p—Anisidine value =

w
Abss @ anisidine A2k} #H&-3E Fo] Alg fHol Fgn
Absy : anisidine A ¢f3} WFS-3}7] Aol Alm &4 (13}
AN FF=
W Hg A5 FA ()
(1}) O/W emulsion olH ¢ BelA =55 A3t kA

O Al&5EH]

HE A= Z2"7]E ol&ste] 210TCAA 2023 @4 8d & NC T7TF
1:22¢9 Hl&(w/v)Z E33ste] 30 &< %3 ¥ Whatman o244 No2= o] 7 &
FAAZE AmE AFESE Oil-in-water (O/W) emulsion <2 97.5%2] D.W., 25%
o St 0.25%9] tween 202 &35} homogenizer® 3%3F 12} A 3}sk &
nano disperser (ISA-NLM100, Ilshinautoclave Co., LTD., Daejeon, Korea) = %



A3 ete] Abgst F2AZ © AJ8E O/W emulsiono] 0, 0.1, 05, 0.75, 1%°] &
L2 gAste] A3

(2 Headspace oxygen content

A 5o AAEE selst7] ¢l headspace?] oxygen FEE AT A8
W52 gasE air-tight syringeE ©o]&3to] 30ul AMHAS F, GC/TCD
(Hewlett-Packard 7890A, Agilent Technologies, Inc., Palo Alto, CA, USA)
of Fsle] Axo HEE =A% uAANOTZE 60/80 packed column (1.8
x 0.32 cm)& ARESl o, ol st dAES AFESE 52 20 mL/min°o] ™,

[e)
oven, injector®} detector =%+ 217} 40, 1209} 180C= 4 A4.

@ Lipid hydroperoxide

BoAg oA AFE¥ lipid hydroperoxide &2 Mei et al. (1998)e] <]3gk
methodE AH&%F A& 0.3 mLol isooctane / 2-propanol (3:1, v/v) &&-&nj
5 15 mL ¥ vortexing & ¥4 ®g8t9 A5 02 mLS FHI v
MeOH/1-Butanol (2:1, v/v) &&&m] 28 mLS Y1 &3 &9 1 mLS
0.072M Fe*" solution A1¢F 10 uL Z7}ste] ol 208 7+ WHg-AlA UV/

Vis spectrophotometer® 510nmolA E3% =AHIT FF= HA31E9
Cumene hydroperoxide®Z ¥ +I4S ZASAl slope # S T3
* Lipid hydroperoxide (mmole/kg oil)
_ 1.23 100
= (AS )/std curve_ slope><—03 X DX _S

@ Conjugated diene value
B Ao AFE% Conjugated diene-S Mei et al. (1998)ol] <] wFH
ALgsE AR 012 mLo] 2.7 mL9 MeOH/lfButanol (21, v/v) &

Y 1 vortexing & UV/Vis spectrophotometer® 233 nmoll A &3 %= =43

A XD .12
* CDA value (g/kg oil) =1.0769 x o X =< 1000
E
s - =A% sampled 3%

—

A
AR AR 9%



2. A+43
7h 19 %
(1) "7, 2A, BEAY g 74

=
g, 9A, nelAe] dvdE B4 Ade i 3ol v,

F 3, 2, BElA] dubdE

Sample ZTE 3% e 2]
23 v 7 14.86+0.9a 7.56+0.0b 146 18.93+0.1b
n 7 120C 12.32+0.2b 7.85%0.1a 15.1 20.50+0.3a
A A 13.72%0.3a 4.95%0.1a 149 4.58+0.6a
a7 120C 10.65+0.3b 5.11+0.0a 15.0 461+0.5a
A B2 A 11.07%0.2a 1.90+0.1a 114 3.18%0.3a
Bl 150C 6.18+0.2b 1.93+0.0a 115 1.82+0.6a
»g]A 210C 4.13%0.3c 1.99+0.0a 12.0 3.89%1.1a
B A 250C 2.23+0.0d 2.061£0.0a 12.3 2.28+0.6a
T FFE BRE AR AT A ¥ ARERT dAHHETE AR Fd
Fol fFeJHom it on, FESES MA>IA>RYA Tl
| S AR 120C E€A-8e vl E=torn, & AlmolAes 194
Q1 Aol 7k gl B EFS MA>EA>KREA o7 Uoks
Zo 2 dAHYE Fol wet sojus A4S Ko, DASHA>RE A
o 2345 vEy
A S 120C EA8Ed A7 ArAdel Hls =%on, uE ARoA=
oAl 2ol 7b gl =AW S nA>IA>HEEA FolAS

2) M7, E1A, v AL in vitro 33Es
w7 AA BEAY in vitro 343 s 2

Y
o
iy
K
rr
=5
&>
=2
T
.
i)

DPPH &tz A2ASE Aud d&F550] 7ME £33 ANAE 120C €A
g WAL dFEFEEol HyAdAME 250C 22Y3 B deFEEo] 7}t
FERS. AAHeRE MASEUASHYA £o2 Fokow 120C EAF "AE
At A Fo A 70% olets FEERTE d5F3E59 a%50° ¢ =34



A WA, BA, BYA in vitro 343k 54
DPPH assay ABTS assay TPC FRAP

Sample ECso(ug ECso(ng (mg QE/g (mg AE/g
sample/ml) sample/ml) sample) sample)
DW A= 7 0.02+0.0a 0.04+0.0a 1.80+0.1b 4.18+0.2b
EtOH A7 7% 0.05£0.0a 0.04+0.0a 1.71+0.0b 3.80£0.2b
DW #7120 0.04+0.0a 0.04+0.0a 0.90+0.0c 1.80+0.1c
EtOH w7 120C 0.03+0.0a 0.03+0.0a 2.56+0.0a 5.04+0.5a
DW A7 0.06+0.0b 0.11+£0.0b 0.65+0.0a 1.08+0.1a
EtOH A7 0.19£0.0a 0.17+£0.0a 0.20£0.0c 0.39£0.0b
DW ¥ A 120C 0.05+£0.0b 0.09£0.0b 0.56£0.0b 1.18%0.1a
EtOH A 120 0.17+0.0a 0.15+0.0a 0.23+0.0c 0.44%0.0b
DW A XA 0.23+0.0d 0.08+0.0h 0.01+0.0e 0.28+0.0a
EtOH A ®.2] 7 0.67+0.0c 1.05+0.0b 0.04+0.0cde 0.08+0.0a
DW ®e 7 150T 0.73£0.0b 0.60£0.0e 0.09+0.0bcd 0.18+0.0a
EtOH A 150C 1.61+0.0a 0.50£0.0f 0.04£0.0bcde 0.09£0.0a
DW ®eg A 210T 0.65%0.0c 0.78+0.0d 0.12+0.0b 0.26%0.0a
EtOH ® A 210T 0.69£0.0bc 2.78+0.0a 0.04+0.0de 0.08£0.0a
DW ®a]7A 250C 0.10+0.0e 0.35+0.0g 0.24+0.0a 0.48+0.0a
EtOH " A 250 0.23+0.0d 0.84%0.0c 0.12%0.0bc 0.28+0.0a

ABTS 292 27%& 120C €38 w7 70% ol

A= 120C EA g "AL 70% &E FEEo], B
FEFEEC M e AAHoRE mA>EASRYA Fo
Aol AR 70% e FEERUE Ad5-FEE9 a%5° U S

Zyds FHS 120C 948 v 70% o ee FEEo] 7 woka WAgAE

120C EAg v 70% e FE55o] 71 &5 =g W
TFEE0], HEANAE 250C €48 HaA 4
o7 uA>UA>HIA ol 120 EA 23t

1 2
ASNG BE ARAA A5FERY B0l U £ AR FAW(E 4),

4 X @ rlo do

o



(3) 217, 2A, BelA vEuBL, B, ¥
MEIBL, B, EEFAE o 19 20 e,

50

3L v = 74.302x + 0.894
2 = 0.9906 s

Peak area of thiamine (1 X 10°pA)

0 T T T T
O 0.1 0.2 0.3 0.4 0.5

Concentration of thiamine(mMhI)

a9 1. ¥ ENIB;, =49 F%=¥ HPLC peak area.

30

X 10°pA)

=20

Peak areaof riboflavin
]

0 T T
8] 0.1 0.2 0.3
Concentration of riboflavin(mM©T)
a9 2. EYIB, ¥53d9 FE¥ HPLC peak area.



e 19 38 7 olue FE2Awel HE B, HPLC Z2ntE1as),

a9 3 A 0% ee FEE] HEuB, AR0EH

3 5. WA, 9A, BelAe wE B B, %

Sample H) E}F B (mM) H] EFY Boy(mM)
DW An| 7k 0.02+0.0a
EtOH A7) 7% 0.03+0.0a
DW #|7 120T 0.03+0.0a
EtOH w7 120C 0.04+0.0a
DW A 0.03+0.0a
EtOH A A 0.01+0.0a
DW 27 120C 0.01+£0.0a
EtOH 24 120C Not detected 0.01+£0.0a
DW A x 27 '

EtOH A ¥.2] 7
DW 24 150T
EtOH ¥ A 150T
DW ®=2]A 210T
EtOH A 210T
DW x2A 250CT
EtOH ¥ A 250C

Not detected.

HE ARolA HIERIBS AEHA &skow HElAdAE HEYB, E3 HEE
A kS, MY HEHB, dEe 120C dAw v 70% oleEFE>120C 4
A v dFEFE>ANG 0% daeFE>AnG deFE o2 o] =gk
. 1S 120C @A AsddA o e s UEY. WA REEB, %
S AUA EFFE>120C 248 U9A EFFE>A8YA 70% AEEFE>120T
dAg WA 70% w2 =S v 120C EA g HErh 2AE X8y
A e AHoA 9 Be FEFS YEAL v 70% oletEFEEo], UAE
drFEEel 4 B TS HEUAS(GE 5H).



a9 4. 120 A8 v &
ZulEH

AAZx 70% ol

ey

=
T

=
=

=
=

TAAZ derE FE5E9 YEY] B, HPLC A ZvpE 139,

o] WEB, 2

X6 M, 2A, weYA FAUx AR HEY B, B,
Sample H €} 71 B, (mM) H] B} 71 Bo(mM)
DW Au] 7t 0.02+0.0b
EtOH A=) 7% 0.05+0.0b
DW "7 120C 0.22
EtOH w7 120C 0.19£0.0a
DW A&7 0.05+0.0a
EtOH A2 A 0.06+0.0b
DW ¥ A 120C 0.04+0.0a
EtI?VI:I] %7;311273 ¢ Not detected. 0.04+0.0b
EtOH A 2.2 A
DW ® g7 150C
EE??HE;_;Z 1251(())% Not detected.
EtOH ¥ A 210TC
DW ®= g7 250C
EtOH ¥ A 250C
EE A RA RIER B2 A4 Fkoen neA sA41%2F AlgdAs HE
HB, w8 HEHA Fde. S AA 0% e=F=>120C 448 =%
0% ANGFEFE>120C A v dFF>A0L 535 co=2 FqFol =
. LA 120C @A E2A dFFE>8EA dFFE>8EA 0% o eeF
=>120C €48 BA 70% deF5 T2z dafo] =5, g2 70% o gh&
FEEO, HAE dFFEEo] o B2 IES HEGE 6).



o5 2 5 v Ak Ad S Ads 23 5 headspace oxygen HE Y.

21

= REL
—— RED
—— REBT

Headspace oxygen content (%)

O Il Il Il
O 2.5 5 7.5 10
Time (day)

29 5. RBL, RBD, RBT®] Headspace oxygen $F=

Yol =F A7 v dFujg 292 4 v 40C gl A3 v 78 RBL
RBD, RBT<%. Headspace oxygen content 23} RBL2| Atsletd o] 7} o
o™, RBD$ RBTE] AFsitA S frolxk7t gle AS glsh(14 5).

2.0

1.5
S
z
| 1.0
-
=
]

0.5

—=— RBT
0.0
0 215 5 ¥ 10

Time {(day)
19 6. RBL, RBD, RBT2] CDA”}
Conjugated dienoic acid value®] Z¥}% headspace oxygen content 239} &<

Al RBLS] 4817} g wol Q@ ov] RBDSE RBTS] Ashebg e 7947k
= A2 FAF(H 6).

ol
el

g



1 - Oryzanol content (g/100g oil)

1
-5 RBL
—— RED
—&— RET
0
O ZB 5 7.5 10

Time {day)
19 7. RBL, RBD, RBT9] y-Oryzanol &%
y-Oryzanol ¥ RBLe| 7}g w24 A7 e, RBDe RBTE 4Aksirh 13
o= y-oryzanol SrEe] Aol W3yl gle A gol3st o] &M headspace

o
oxygen content®} conjugated dienoic acid value®] Z3}oll4] RBLY AF3}¢kA A o]

7 w2 ol f7F y-oryzanol®] A& EI o] = AS FRAM(ZH 7).

A% A}E Y 8ol et
=]

o,
o
I
X

600
b
500 !
=
8
&
S 400
2
g L
= 300
—+—+ REL
—=— RED
—— REBT
200
0 2.5 5 7.5 10

Time (day)

7% 8 RBL, RBD, RBTY 374 %

237 A Hoe wel RBLS Fz a3 o] 7hastsE 2S

J,
o
ek
ol
30,
By
)



RBL¥ RBD+=

AR} Qi A 2
Wt Ao FREd FPIE delo

3 7. RBL, RBD, RBT¢] AH7H9]: mg-KOH/g oil)

ok, o]=X RBLE| Atsbrt 7hd wb=A
Aoz A 2H 8).

Time (day) RBL RBD RBT

0 0.30+0.1e 0.33£0.0e 0.26+0.1d

2.5 0.71+0.1d 0.68+0.0d 0.62£0.1c

5.0 0.84+0.1cd 0.87£0.0c 0.86=0.0b

75 1.01£0.1bc 1.06+0.0b 1.08+0.1a

10.0 1.13£0.0a 1.22+0.0a 1.21£0.1a
A7kl WekE Fa He & An AskE ARD FOH Aol UAS(E T
ol arstel ofs) AWatsts HWHY SRS duEol 9 FelA
F7he 9o wEst A

U 23d =

(1) 44 &AJ BHEA FE2E9 FJol|EANZ 54

by

°

A
9

jaic)

).

=11}

A=A A3 B Ae] Al o] EA ]
om oty ARRMEIHS FF p-coumaric acid®} ferulic acid FA124 3}l (1

Time: 0 hnutes - Amplitude: 0 mALl

Z+e p-coumaric acid®} ferulic acid

e}

LTS

140113 _Cournaric_E2.5

p-coumarnc acid

!

oo

145 50 Th oo

125 15.0 17.5

200

bt 250



Time: 249694 Minutes - Amplitude: 023225 mal

=11}

0

U

140143 _Ferulic_62.5

ferulic acid

|

oo

%0 Tirme: 24,0804 Mnutes - Ampltede: 10855 mall

245 50

75 0.0 128 15.0 1745 200 225 250

gy 9-1. 7 ¢ =4de HPLC ARvETH

HPLC AZntEa#S Yebd A2 p-coumaric acidyE 14585 <]
, ferulic acid= 19.82%°] HE=E. o|& &3t ZF E29 &34

(a) raw

proveec kg ferulic acid

|

0o 25 50 7.5 100 125 150 175 0.0 215 5.0
80 Time: 249604 Mrutes - Amplitede: 0438 mall
n
140203 _170_2 o
(b) 170C
“a
p-coumaric acid
) ‘L
o —

R ]

15 50 15 0.0 25 5.0 1745 .0 ns o



80 Time: 249063 Mnutes - Amplitude: 106226 mal)

4 %# 0000_1 (c) 210°C

a0 p-coumaric acid

0

p_j

00 15 50 15 10.0 12.8 150 175 w0 s %0

gy Time: 24.0608 Mrges - Ampltude: 138475 mAll

(d) 250°C

=
==

p-coumaric acid

!

ferulic acid

!

o]

00 5 50 75 10.0 125 150 175 wo 15 30

Iy 9-2. HElAe #e 2% HPLC A2vfE 1
BeEjAe He 2% HPLC ¥4 A& vl azvEagior ¢ 9-23 3
o] Yey. = EE] Aol EE 2527 5718 5 p-coumaric acid®} ferulic acid

peak7} 5 7}+&k.

(2) BeA FEEA Hae golEAVZ FFS 2t 5 24

o

&+

BEAY HS 2%, FEAZ, dFEFH)YE p-coumaric acid®} ferulic acid$h
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To 2 Ve (™ 10-1).
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No.1 No.2 No.3 No.4 No.5 No.6 No.7

(3 A4% N8 M4} wA
2.6 A

No.8 No0.9 No.10

DPPH ]z

=
T

mlof

e

2 No.6 > No.l > No.2 > No.& = No.9

=

(p<0.05). DPPH &}tz

No.10

-1).

To=2 Yebd(ad 11

> No.b5 = No4 > No.3 > No.7

No.l1 No.2 No.3 No4d4 No.5 No.6 No.7 No.8 No0.9 No.10

a9 11-2. WA ®me A g

24 A

(Turgordures ur) o5

(=)



sEUAE Wolxg g WA HElAY 45 FEE vl W& DPPH #
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Z3gn)o] w2 Fe(lll) o]
. . od oz 7H A YERE
(p<0.05). Fe([l]) o] & %‘r%e—j.% No6 > No.dl > No2 = No8 > No5 = No9
No.10 > No.4 > No.3 > No.7 o= Vel (a9 11-7).
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AeR 4% YA Ee didt ABTS #©toZ &A% &42 1h oA 71 =
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], 10hell A 7Fd 9A YJeEpd(2d 13-2-b). F4AF F A58 4% 9
ABTS @oZ 27% &AL 0h > 20h > 1h > 2h £ & UEhd



© Fe(Ill) o] Ay =54

0.9
(a)
%0.8 .
% g
M
E 0.7 A
L=
%
2 0.6 A
<
3
1h 10]:1 20h
18
(b)
—
Els 1
e
o
g 12~
2
2
-
2 8 q
&
6 -
10h 20]1
% 13-3. Ale & 459 Fe(ll) ol #9499 (a) AR (b) T20% F AR
Mg 450 dA R dE Fe(I) o2 =2 1h oA 7H4 2™, 10h

ol A A YEbH (I 13-3-a). AlSR 459 QAR oﬂ g+ Fe(Ill) o] %
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& 8. AAE TR 45 SR
x10’ Sample #1 Sample #2 Sample #3 Sample #4
(day) 0 2 4 0 2 4 0 2 4 0 2 4
2-Furancarboxaldehyde 832 710 877 98 99 10.00 10.82 1025 927 1020 997 10.20
5-Methyl-2-Furancarboxaldehyde 1.87 1.87 1.73 - - - 1.33 - - 2.10 2.07 -
Isooctane 166 160 271 1.81 2.67 - 282 224 19 182 231 -
2-Methylpyrazine 1.63 141 190 19 196 198 210 216 225 207 216 220
2-Ethylpyrazine 089 077 115 099 1.14 120 113 1.17 127 129 136 143
2-Methylfuran 0.68 - - 1.39 - - 1.09 - - 1.12 - -
Chloroform 047 052 08 050 055 057 075 055 045 052 073 041
2,6-Dimethylpyrazine 045 039 054 051 055 058 059 059 045 062 067 069
n-Hexane 039 108 0.88 1.06 092 079 102 08 064 162 094
Pyrimidine 065 045 080 072 083 077 08 081 08 081 08 091
2-Ethyl-6-Methylpyrazine 033 023 054 038 036 034 039 043 047 041 042 044
2-Methylbutanal 005 012 047 010 - 011 052 010 009 010 048 012
Butanoic Acid, Ethyl Ester - - - 6.38 - - - 720 727 018 022 035
Benzenemethanol - - - - 329 325 344 0.07 008 0.08 - -
Benzaldehyde - - - 506 313 323 190 510 496 - - -
(37)-3-Hexenyl Acetate - - - 2.53 - - - 266 272 - - -
B-Linalool - - - 1.79 - - - 1.64 1.64 - 0.40 -
1-Methyl-4-(1-Methylethenyl)Cyc
- - 027 130 - - - 1.33 126 2141 1957 18.82

lohexene

2-Methoxy—-3-Methyl Pyrazine 0.22 - - - 241 2.36 2.69 - - 1.93 - -
4-Methyl-2-Propyl-1,3-Dioxolane - - - - 0.68 - - - - - - -
2-Oxazolidinone - - - - - - 0.99 - - - - 0.07
1-Pentyl Butyrate - - - 1.06 - - - 1.14 1.08 - - 0.00
1-Isopropyl-2-Methylbenzene - - - 0.17 - - - 0.21 023 066 064 064
2-Formyl-5-Methylfuran 1.87 1.87 1.73 - - - 1.33 - - 193 207 212
2,2-Dimethylhexane - - - - - 2.42 - - - - - 1.95
Methoxymethane - 0.00 - - - 0.61 - 0.99

Total Volatile

2047 1743 2379 4702 34.43

33.55 3840 50.07 33.55

53.72  51.10 49.81




AlE 1

2-Furancarboxaldehyde>5-Methyl-2-Furancarboxaldehyde = 2-Formyl-5-
Methylfuran>Isooctane =2 .2 YEsEO ™ A&7 2= 2-Furancarboxaldehyde>
(3Z2)-3-Hexenyl Acetate>2-Methylpyrazine>Isooctane 2 % YEH. A& 3
2-Furancarboxaldehyde>Benzenemethanol>Isooctane>2-Methylpyrazine 2 =,
N =m4E
2-Furancarboxaldehyde>1-Methyl-4-(1-Methylethenyl)Cyclohexene>5-Methyl—-
2-Furancarboxaldehyde>2-Methylpyrazine <=2 & UEE. A AE 45 A
2-Furancarboxaldehyde®] 3]WkA] o] 714 wo] YEF O total volatileol A =
AN E AN B2>AEI>AE] 02 Yelgor 3akslzl Waige] whel total

volatileo] 7FA3ste A S e,

(4) Food matrix®e] W& B A FEE9 43 A v

(7F) Bulk oil a4 9] 2ts} =¥ BYA F&

il
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o
r (3
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o,

(D Headspace oxygen content
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Headspace oxygen content (%)

19 18-1. k3 &

a9 181 & HYA FEFEo] T
3} A7l & headspace oxygen contentE =
1%¢] BelA FEE0] g AEo] Abst
YA FEEo] T

Headspace oxygen content (%)
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(b) 100 C

18 27

=-0%
——0.10 %
(.50 %
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—-1.00 %

Time (min)

=9 60T (a), 100C (b), 180T (c)

nyA FE=0] IF49

<-w)-f- 9] headspace oxygen content.
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FhE S

fr& 60, 100, 180C Al zHzt 4t
g

g A3E yehdl. 60T A+,

Aol 7MY o, 05%9] H
AEoN M= Absk kAol 7HE WA dERd
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A g



9] headspace oxygen content= 1% > 0.75% > 0% > 0.1% > 05% <o =2
el 100Tol A=, 1%9 BElA FE5E0] rd MEo] Akt kg ol
7MY wom, 0.75%9 BElA FEEC] E MEFoAe 4k kel v
2 $HA vk, 7 A1E 9] headspace oxygen contenti 1% > 0.1% > 0.5%
> 0% > 0.75% o2 YEE. 180T M=, 01%9 HElA FE=Eo] 749
A Zo] 2k3l ok Aol 7 o 05%2 HElA FEEo] FHE AZoA
= Absk Qb Ado]l 7 wrA vERE. ZF A1E 9] headspace oxygen contenti=

0.1% > 0.75% > 1% > 0% > 05% =22 e

@ Conjugated dienoic acid value
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a9 18-2. 4kst =% 60T (a), 100T (b), 180T (¢c) HEA FE=Eo| TiHd =
vl -f-2] CDA value.
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FERol FiE ATel Ash bgAo] HE wow, 05%0] BIA FEEo|

FaE AFelAE s kgl b A ek 7 A1Ee] CDA value

= 1% > 0.75% > 0% = 0.1% > 05% o= Yeld. 100ColA =, 1%9]

welA FE%ol BaE ABol 4d Al g Eorl 0 ¥ 075%9) W

UA FEEol FiE AFolAE A5 gl g wA dehd 2 AE

o] CDA value + 1% > 05% > 0.1% > 0% = 0.75% o2 e, 180T
).

oAM=, 013 0.75%9 BeA FE=o] e MIol A3t kg gde] 7H
=0, 05%9 BElA FEEol I AZM= A3t kel "‘741
e, ZF A1E9] CDA value + 0.1% = 0.75% > 1% > 0% > 05% <

= e,

@ p-Anisidine value
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a9 18-3. Akst 2= ¥ 60T (a), 100C (b), 180T (¢c) HYA FE==°] g+

2 u-%¢] p-anisidine value.

9 18-3 & BEA FEE0] i SHlFE 60, 100, 180CANA 2zt 4

37171 ¥ p-anisidine value & A3 A4S Jeld. 60Col A=, 1%
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27
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SEo] T ASo] Akt kAol M o, 05%9 KHEA F
S AZddAE Abst bl THE w9 dEhd. 7 Sl
p-anisidine value = 1% > 0.75% > 0% = 0.1% > 05% +°% YE.
100CollM =, 1% BeA F=&o] grd AlEo] 43t Ao M =2
H, 0 ¥ 0.75%2] ®BelA FE=0°] e MEFolAs Abst b o] 71t @
A YebE. 2+ =9 p-anisidine value & 1% > 05% > 0.1% > 0% =
0.75% o2 e, 180Tl A+, 0.13 0.75%9 HEA FE=Eo] si4d
AZo] 23} kg Aol g =on 05%9 HEA FEEo| THE AZdA
= ARst A Aol 7 wEA vERE. ZF A1E 9] pranisidine value & 0.1% =
0.75% > 1% > 0% > 0.5% wOo =2 e,

(W) O/W emulsion oAl Be|A F=& FAiHsHA

(D Headspace oxygen content
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¥ 19-1. ®¥A FEEC FHE O/W emulsion?]
headspace oxygen content

BeA FEEo dFH O/W emulsion®] headspace oxygen contentE =4
g A, 1% BEA FEEC] TE AEo] A4St kAol 7MY =on,
0%¢] ®elA F=&o ME = AFst kA o] 7 Al dERd.
Z} A Z o] headspace oxygen contenti= 1% > 0.75% > 05% > 0.1% > 0%
To 2 4ksl kAol A YERE (™ 19-1).
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@ Lipid hydroperoxide
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ad 19-2. BEA FEEo] drE O/W emulsion®] lipid
hydroperoxide.

BYA FEEo] IdHH O/W emulsion?] lipid hydroperoxideE =43t 23}

1%9] ®He]A FEEo] ¥ AMEFo] A3t kAol M oM, 0% B

YA FEE] T AFoAAE 4bE gl M A vER. 7 AE

9] lipid hydroperoxide:x= 1% > 0.75% > 05% > 01% > 0% <o =2 4k3}

b ol =A vEbd (L 19-2).



@ Conjugated dienes
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g 19-3. ®HYyA FFZo] HE O/W emulsiond
conjugated dienes.

o

BeA FEE0] ¥ O/W emulsion®] conjugated dienes valueE =%
A, 1%°] ®elA FEE0] rd AEo] A3t kAol 7 w=ow, 0
0.1, 0.5%¢] ®eA FE=&o°] g8 AMEAM= Abs b8 o] 71 A
Bl ZF A Z 9] conjugated dienes valuew= 1% > 0.75% > 05% = 0.1% =
0% =22 4kst bg/do] =4 vebd (9 19-3).
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Al 2 A 24 F-3A

L 798 R
7h 1A E
(D) -2 2A, BaA, v EeFa=9 A% Ax 23 94 239 dF

b A= = Aok

7%, By, 94 FEE2 dFFEERA AlATA Algitol Aol AR&st
Fal FAALAS 13 realtime PCRoﬂ 423 ¢cDNA ¥4 Promega ©lA
cybergreen< Applied Biosystemoll 4] Fujsle] AL&319 S, AXE ajgFS §3
10cm plate®} 6-well platex= Falcon Aol A F+<43st9 o™, GW7845+= UCLAZ2]

Dr. Tontonoz 72 A A& gL

(b AlE v

A WA -4 £ 3T3-L1(American Type Culture Collection, Rockville. MD, USA)
9] A Aloll= Dulbecco’s Modified Eagle’s Medium(DMEM)(Hyclone, Logan,
UT, USA)¥} calf serum(CS)(Hyclone, Logan, UT, USA), 1%
penicillin-streptomycin(Hyclone, Logan, UT, USA)E &3%s3sle] AF&3a 1
9o  3T3-L19] #3}e} C3HI10T1/2(American Type Culture Collection,
Rockville. MD, USA)e] Alxujdyt 3= 93] Dulbecco’s Modified Eagle’s
Medium(DMEM) ¥} 10% fetal bovine serum(FBS)(Hyclone, Logan, UT, USA),
1% penicillin-streptomycins &3%3te] AF-&3t3s. ME FAE S84 ol & =)
o vgoE WA FRI, oF 80% confluent@ ol  Altfu] S HAAlste] 2| Hk

AL B3 5HE FAAAS

(th) AWM xE 23 F =
A A E B3 AEZF 100% confluent3] A2 &FF7F o] Ayt $of] Al 2H&
St s, 35 9%k adipogenic cocktails AF&3l=dHl ©o]&= DMEMel 10%
FBS ¢} DMIE *¥%3F mediag AF&83F3 <. DMIi= 1uM Dexamethason(Sigma,
St Louis, MO, USA), 0.5 mM
isobutyl-1-Methylxanthine(IBMX)(Sigma—-Aldrich, St Louis, MO, USA), 5 u
g/mL Insulin(Sigma-Aldrich, St Louis, MO, USA)S ¥3&3}o] ZH$9
C3HI10T1/2A412°] #3t5& $8i4E PPARgamma #3F=<2l GW7845(kindly
provided by Tontonoz Lab)E 33t AFE3%+s. 37C, 5% CO2 incubatorel
Ao Fste] A AIETE confluent’d Bi7F HWH A AIEZESE FE8H7]9 Sl

U?L‘ roh rfr



adipogenic cocktailS 333t adipogenic media® w35 FE3F oM, 29
o] DMEM,10%FBS ¢} insulin (&2 GW7845% ¥ 3¢3t 4%+ H7hE £
W oz ZolFial, o]Fd= 3 HASE FE wgds AolFle. HE

ALAE ZSpRpol7F A7t = 4~T7Y FF B3 E

(2}) Oil Red O dA W

Wikl A AR 3P EE AlZEststr] a3t eksd A9 X]HJ‘TL

of Seolfor whEst= Oil Red O(Sigma)E AH&ste] Mg 347 ¢

M EEL Phosphate buffer saline(PBS)Z 13] AlH3 3 4% formaldehyde

solution®. 2 1A 7Hsot DAL, Folds nAH NS A AL 02% Oil Red

O solution®l A 1AIZFEE AEE AME AMAIFY ARS AASIL THRT=
X kil

ok
o
AR e wraate] daolo] plated] WolA FES sta AEAY,

(mh) Fr gl A By

TRIzol A|¢k(Invitrogen, Carlsbad, CA, USA)S& o]&3sto] C3HI0T1/2 Alx=Z 5
B % RNAE F+& %2 &3 3 05 ug RNAE AMV Reverse Transcription
System Kit(Promega. Madison, WI, USA)¢} random primerES ©]-&3}%]
complementary DNA(cDNA) £ %A%t Thermal Cycler Dice(Takara, Shiga,
Japan)E ©]&3}9] Power SYBR Green PCR Master Mix(Applied Biosystems,
Foster City, CA, USA)®} primer’} ¥3td $Z &£3E 25 L 3 cDNAZ
polymerase chain reation(PCR) %3 2Z& 4032 . ddAFS 36B4o] <3|
A9ts Ha EE real-time PCRS FH4A& 23 43893, PCRo A&4
oligonucleotide primer(Integrated DNA Technologies, San Diego, CA, USA)9|
A3 ACT#H= 2 ME9 CTaH control(36B4)3+e] zkole disle] A4l &
ACT=CT (target)-CT(control). A THAFFEE 2-ACT 2.2 A4S &,

(4 MTT A&
MAESH AR E ol H 7] <] &l MTT(3-(4,5-Dimethylthiazol-2-y1)-2,5-
diphenyltetrazolium bromide)ES ©]-&3sle] HHH oz AMEAIEFE ol
24well plateol ] A E7} confluentdt Ael7} = 91S 5=

Z 24, 48A17 Aol Z+ZF 5 mg/mL MTTA oS H7Fek & Ax7-sor uj kst
? Al & Al A8t DMSO 5944 540 nmoll A F3 =5 =

U 23d =

(1) BalA FZE9] in vivo LA Ao] &% Hgto A9 754 A+



(7)) ZAMW HolZ o] §§ MY fI

DA Aolo] o FEEE nvtelA HelA FEE s FAsr] 9
3le] 8589 C57BL/6 miceE T3te] 1577 AS A71 & w20} 3
BHgA FHFELE B} Fo39e. AW AolE =Hel gz (HFD) 1&3
TAE Aels wolwA HiFe] 210T A 2023 ALY RYgA FEES F
o]3 HFD+R 7] 1202 UXyolx] 837F AA %, nut a31=2 g 9

a) 15mg/kg ¥ 50mg/kgS F ol Hol g

@O dWZ=+": Normal chow diet (ND)& w3 153} High fat diet (HFD, 1.%]

WAo)E 857 53 Iva w4 HEL (N=H)

@ Ad3 HFD Holl B8]l A F%+& 15mg/kg 4 50mg/kgFolst 15 (N=4)
Normal diet fed High fat diet High fat diet fed group High fat diet fed group
group (ND, N=5) fed group (HFD, N=5) with 15mg/kg 22| with 50mg/kg 22|AH

(HFD, N=4) (HFD, N=4)
hedintion GTT Sacrifice
[ | | |
| | | |
Mice == § g 11 13 15 17 weeks old
Aol ND  HFD 2 4 6 & HFD

(1}) 2ol A #(food intake) R A1 H & & (food efficiency rate) 574

AR Aol FostHA] BHYA FEFES 393 259 %7] body weight2}
3o 1:HA 8F H<¢F =4 3 Body weightE A& o, JolglE foodES =
A3l food intakes HEH Al4Fsh

HAEE2 o533 2ol Aitd.

(D FER(food efficiency rate) = Total body weight gain/ Total food intake

7
@ Serum © ZYH-H glucose, Triglycerides, cholesterol, Fatty acids, LDL, HDL



p=2
[}

A

&

® T4 AL FAEo " v BAZFS FA67]98 mRNA (aP2,
PPARgamma &)& Real-time PCR2=Z 37%: TRIzol 2] (Invitrogen,
Carlshbad, CA, USA)S o] &3l #2ld AWz o=ZRE F RNAE F5 ¥
=gk & 05 pg RNAE AMV Reverse Transcription System Kit(Promega.
Madison, WI, USA)®} random primerE ©]83}4] complementary DNA(cDNA)
2 3§43k Thermal Cycler Dice(Takara, Shiga, Japan)E ©]&3}lo] Power
SYBR Green PCR Master Mix(Applied Biosystems, Foster City, CA, USA)<}
primer’} X3¥ FE EFIE 25 pL I cDNAE polymerase chain
reation(PCR) S% 325 4032 & A FS 36B4o o& Aifst A1 BE
real-time PCR< 4 23 F33395. PCRA AF&%¥  oligonucleotide
primer(Integrated DNA Technologies, San Diego, CA, USA) A& o}z =
Aleleal, ACT#2 zF &9 CT#H control(36B4)7te] =ole tjste] Al4ks)
iR ACT CT(target)-CT(control). Atz ¢l W& 2-ACT o2 Aty
o

Gene Forward primer Reverse primer
PPARy CCATTCTGGCCCACCAAC AATGCGAGTGGTCTTCCATCA
abP2 CACCGCAGACGACAGGAAG  GCACCTGCACCAGGGC
C/EBPa GCGGGCAAAGCCAAGAA GCGTTCCCGCCGTACC
Adiponectin  CCGGAACCCCTGGCAG CTGAACGCTGAGCGATACACA
36B4 AGATGCAGCAGATCCGCAT  GTTCTTGCCCATCAGCACC

PCRoll A}-&% oligonucleotide primers

(2h) BEA FE=E 1 ARl wXe= JF F7t
vk Az z2AEAH  AAE 9 HAEE zAe AdHE 10%

araffin &2 embedste] 10 uM ¢ FAZ
ematoxylin & esoin® = A3 5.
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(2) FA2AAAOVX) #A(Rat) N9 BEA FEE9 in vivo v AF

» Flow chart of experimental protocol
Intact female
rats (8 weeks)
il
Ovariectomy OVXrats week
Age: 9 weeks
1week
Start of the OVXrats oA ==o
experiment Age: 10 weeks — HelAE+ F=2
Oral gavage
8
weeks
End of the OVXrats Assessment of body
experfment Age: 18 weeks weight other outcome
b G2AAE S ARt FRA YA FEE E4 Bt

ol
2

of Hrat)ol AAA = &
°] SD rat(2 gl Emn}o 9.) /‘1 = X“ﬂ“} Algsar A
) 2 (sham) 283, Y22 AAS OVX 28, 281 va A4 = 0
gk AlZtell 210CelA 2027 dA-E e BElA FE2ES

YA IFOE oA 8F Ft AAF dAAA" (OVX) HelA HEgA F
E=E5S 9% 259 %7] body weighte} 3] 1% 8752t S574%. Body
weightE =4 v, Yol foodE =A 3t food intakeE T3+ A AT
& Sham 1wS S WET, G4 AAE w2 (OVX) (N=5H)

At OVXel B A FEE 1omg/kgs T3 15 (N=5H)

A4 el F=2d - 2}{— H]”&Oﬂ*ﬁ EEU% FE=Ee a9E &4
S St
I

ok 3AE =

(1) M= 8k

A WA M 3 3T3-L1(American Type Culture Collection, Rockville. MD, USA)<]
A Alol= Dulbecco’s Modified Eagle’s Medium(DMEM)(Hyclone, Logan, UT,
USA)¥} calf serum(CS)(Hyclone, Logan, UT, USA), 1% penicillin-streptomycin
(Hyclone, Logan, UT, USA)& &3%tste] AREstHa I 99 3T3-L1¢Y 3¢}



C3H10T1/2(American Type Culture Collection, Rockville. MD, USA)2] | ¥Enjj<F
7} E31E 93] Dulbecco’s Modified Eagle’s Medium(DMEM) ¥ 10% fetal bovine
serum(FBS)(Hyclone, Logan, UT, USA), 1% penicillin-streptomycins & 35} ¢]
AR S, AIEZ FAE f8iA ol mio Yo E WA FJAaL, oF 80%

confluentd ol  AujFs HAAlste] AWAEZ 3} 5HS FA59 =

o= MEZF 100% confluents| X a1 871 ] X o] Al 2}FS &)
3}&5 9I3t adipogenic cocktails AF&3tslEd o]= DMEMe 10% FBS
S X33 mediaE AFE3SFe. DMI= 1uM Dexamethason(Sigma, St
Louis, MO, USA), 05 mM isobutyl-1-Methylxanthine(IBMX)(Sigma-Aldrich, St
Louis, MO, USA), 5 pg/mL Insulin(Sigma-Aldrich, St Louis, MO, USA)S ¥3%+
skl A S C3HI0T1/2A412¢ &35 984+ PPARgamma #1H=<l
GW7845(kindly provided by Tontonoz Lab)E &3t Al&3S. 37C, 5%
CO2 incubatoroll A #jkate] A WA 3E7}F confluent’ Bl 7F W A A LR E

(3) Oil Red O 94 =¥

gl ABAEZe FAEE A Zststr] fal Eshrt ghsd MEe Ao
Eold oz Hg3t= Oil Red O(Sigma)E AFEste] A Z37F ¢45d AX s
<2 Phosphate buffer saline(PBS)= 13] A #3d % 4% formaldehyde solution®. =
IANZFs S A S, Folds - NS AASIAL 0.2% Oil Red O solution®l A]
A ZEs?E A2E A8 Ak &S AAS L SHTE AFHS W5

ol Al
“w 1

;

2

o] plateo] HolAA ZEsE a1 AERAIZ.



2. 47T 2%

7F 1AE =

[e} Eat N = N A= & 1
(1) 8lEA, BgA, nd 455259 A M2 &3 9A a9 o
o (o= NN = I =1} 3 B F ol
hH FEEA, BEA, v EFFEEEY AW HAE 23 1
red O staining & 213}
Cerl CLAS0 CLA100 (uM) Ctrl CLASO CLA100 (uM)
125 25 50 (ug/ml) 125 25 50 (ug/ml)
A DW Z=g|
210°C
Dwdzdg| DW g
250 °C
Mo m m B
170 °C
Carl CLAS0 CLA100 (uM) Cul CLAS0 CLA100 (M)
12.5 25 50 (ng/ml) 12.5 25 30 (pg/ml)
EtOH Z &3 DW A7
170 °C
DW 2
EtOH Z=2| EtOH M2 A
250 °C
Ctrl CLAS0  CLA100 (M) Ctrl CLAS0  CLA100 (M)
12.5 25 50 (pg/ml) 125 25 50 (ug/ml)
EtOH 27 EtOH 0|2
120 °C
e m m o
120 °C
bw o|z FH2
120 °C

i)

J

-

ro
e}



a9 2. FEE] ANAlE B3 vA= 23 @4 (C3HI0T1/2 cells). Oil
red O staining®. & T4 AW 4 A% g9l

Ctrl CLAS0 CLA 100 (uM) Ctrl CLAS0 CLA100 (uM)

EtOH Z 22|

DW #40]ZF
170 °C

EtOH Zma]

bw njz
210 °C

120 °C

EtOH Zea|| |

EtOH A o| 2zt
250 °C

Curl CLAS0 CLA 100 (uM) Curl CLASD CLA100 (uDD)

125 25 50(ug/ml)

DW Zua|
210 °C
DW iz 1 o) ESVE\: %EEI
DW =g EtOH 241 3]

170 °C




Ctrl CLA S0 CLA 100 (uM) Crl CLASO CLA100 (uM)

125 25 50 (pg/ml)

EtOH 0]} \ | EtOH A

120 °C

EtOH 1A
120 °C

N | 222

(t}) Oil Red O 2o 2 C3HIOT1/2 ¢ 3T3-L1 clAle] =& Hlus|
WAE AelE A vige Fulw G L@ Aow Wy, WA,
FF ATE wYg gl 4% T A9,

(th) adipocyte marker?]l PPARgamma®} EFAlF-Z2FQ] aP2, CD36, adiponectin,

LPL 53 adipsins 2 @dF+% 58S realtime PCRS |83t 53k

() FAA 2L realtime PCRE o] &3}

e

3

ot

(v}) realtime PCRE ¢33l total RNAE TriZols o] &3] &8 %, lugS reverse
transcriptaseE AF-&3tod cDNAE A4 ¥ cDNAE PCR machine
(TP800 Thermal Cycler Dice Real-Time System, Takara Bio Inc, Otsu, Shiga,

Japan)< °ol&3to] izt FHE SAHT



C3H10T1/2 DW ZH3Z|210°C
— C/EBPa 10.0000 | Adiponectin
| 80000
03000 - |
0.2000 | 20000 |
0.1000 I I l I 2.0000 I I
0.0000 -+ —.—D—.— e ooooo -
DMSQ CLA 125 25 50 Dmsa da 138 B =
oo 100uM
40000 ‘ T 12000 4 PPARg
30000 - 1.0000 |
‘ 0.8000
2.0000 ‘ - |
10000 — 0.4000 %
T R— eI N . B
DMSO  CLA 125 25 50 T T ST T =
100uM o
250000 - ap2
20,0000 ‘
15.0000 -‘
10.0000 ‘
5.0000 | H I I
0.0000 L—.———. - .
DMSO CLA 125 25 50
100uM

a9 22, R ALY AWAME B3 vA By 2d A4 CLAE HWERToE A}
4.
A A E B3 #dE A ES 4d A =S realtime PCRE 7 A3,



C3H10T1/2 DWDO|ZF120 °C
20000 Adiponectin
03200 - C/EBPa
60000 -
0.2400 -
40000 -
01600 -
20000 -
0.0800 -
0.0000 -s———--- . R
i ' DMSO CLA 125
< 2
DMSO ClA 125 ——
100uM
3.2000 - 12000 - PPARg
D36
2.4000 0.9000 -
16000 - 06000 -
0.8000 - I 03000 -| |—‘ I .
po000 L EL,, l 00000 +—— =L -
DMSO  Cla 12 DMSO  CLA 125
100uM 100uM
24,0000 | ap2
18.0000 |
12,0000 |
60000 ‘ l .
0.0000 R
DMSO  CLA : 5 50
100uM

a9 230 vje] AWAME 23} np] 2 2d A CLAE YERToR ALE

AAME B3 #dE vpAES] Fd HEE realtime PCR=E 723t

o] AWM E E3}e} PPARgamma?d] &

(eh) Aed ByA, vAFE=5 ol&ste] AWAE E3stol di VAT S
TastE g

@ real time PCRES o] &3 A& 5ol FAFAA 23 g3 o]z iH
oAl =

@ Luminometer & ©]-§& AHl® Z=E 5Sol#Ql g x| wdo=w A=
Aste] gt sk, ofE o] Aol Ao} o] HF=E(Wnt, BMP, TGF &) 5°|4

A FAA EHoll FFo] HolH o} A= SolH i Td A= o

it



(4 Az G 9% FA4 BES 4@ 23 Wn, BMP, TGF, Notchs ]
AEshe 2 gyel gl Ao o PPARgammadl WA oAE 5
AYAE B3] A} o] Fol A

-1 L
Aell gk 71H A FF A7 2adh

0.0000 .
Q\}‘?o oor Qc,O KO @g’o &P

00800 Hes1 00600 pait 00300 - wisp2

il 1 1 il =l

00100 -

0:0000" = pooop L ﬂ,_IAI_‘ PO00Y T s noemT =
& e K e S

01500 - Cycdl

01600 -

0.0500 ﬂ I l I

oocop. . W .

a9 24 ®HeYA AMAE 23 v 2d AR A AAE 23

A2 ¥l A EE realtime PCRZ A%

C3H10T1/2 DWO|Z120 °C

06000 Id1 b i co100 smad?
0.4000 - 0.2000 -
00050 -
02000 - [I 01000 - l I
00000 - - . 00000 L L . 00000 - Ly
O B B ; & o o P P
S Q¥ v o9 H 42 P4 "
& PO o
0.0600 - Hesl 0.0600 - Pail 0.0600 wisp2
0.0400 - 00400 -
00300
0:0200 - l l I l 00200 - D l .
0.0000 + - 5 . 00000 ! § l 00000 —— T Ty
G b &
Q o P @ o o g P & Ky v
g W U &

WA E B3 #E A5 Wd A EE realtime PCRE 74 A&t



> = 5 3 Z 5 =2 =35 5 koA
(Z) MTT assays &3 MESA G S0 #A3t A4E 4T A, Axs
AL MTT assay® C3HIOT1/24| Eof| A &l &
]
eul 31230213 30 100(pg'ml) el 5 125 25 50 100 (ugmly el 3 123 25 30 100(ug'ml)
g =0 DWZ 2| 210°C w0 DWZEEE| 250°C o DWASD| 2
el
= 1007 100 100
=
= 504 50 1 50
>
S g o] o]
el 5125 25 50 100 (ugml) el 5125 23 30 100(ugml) el 5123525 50 100(pgaml)
150 150
DWI|Z 120°C DWEZH DWZZH 120°¢€C
= 100 100 A
4 50 50
| o 0
el 5125 25 S0 100 (ugml) cd 5125 25 50 100 (ughml) el 31235 25 S0 100 (ugml)
= == 1 [e) S =] o] =] = o) Ay A [e]
1H 26, FE= 54 Gelelsls) 2440 s Ay Ax s4s MTT
2 gk
& 150 - 150 = 150
= A DWEZEEE| DWZIHE|170°C
& 100 100 100
g
= soq 50| 50
TJ
[
c- o- 0-
el 3 125 25 30 100 (ugml) 5125 25 50 100 (ugmlb el 3125 25 30 100 (ugmb
i B 150 150
= DWZ B 3|210°C DWZ & 2|250°C DWET|Zr
2 1001 1007 100
E 501 507 50
- c- 0- o4
cul 5 125 25 S0 100 (pgml el 5125 25 50 100 (ugmb ol 30125 25 50 100 (ugmD
g 150 DWE|Z 120°C 2l DWE A 159
= DWZ 7 120°C
) Il il
= 100 o0
E 507 507
i
i)
- 0
el 3125 25 50 100 (ugmD enl 3 125 25 50 100 (ugmby e
el & 123 25 50 100(ugml)
= = O B = o] = > S 3T )
21. =59 45 dstr]9s] 48417 st HEls AxE 545 MTT

uit)
-1 U
l-‘%

b M



U 2ad e

(1) ®xelA FE=9 in vivo AW Ao fF= vyt o] 7|5 AT

}
o
d HIREF QD HFD 2ol wlsl] 2e2jA FEas 54T

(7)) A Aol 2 f &
HFD+® 8 A I3 & FY9AE Heoly AlFx A4 a3E A9 5 (p<O.
05).
43
—=——ND (N=3)
—H=— HFD (N=5)

40 || —@—HFD+AHB 15 (N=4)
—a— HFD-AHB 50 (N=4)

0 2 4 6 8 (weeks)
a9 28-1. RYAFEFE Folo] o3 BRA i g3t nAWAolE Fojste
v uk S %% C57BL/6 micedl| Al A HA o9} A 210°Col A 20%-7F A3
HEA F55 (AHB210) 7o %9 A5 (body weight)¥ & UEW 1z
ND; Normal chow diet (ND)& Hol3 18 (N=5), HFD; 12x%2]¢] (high fa
diet)& FeIg 1§ (N=5), HFD +AHB 15 2A"#4¢] (high fat diet)E T;Loq
s E‘“J A 15mg/kg/day® Tl 1% (N=4), HFD +AHB 50; 1% % 2 o]}
B2l 50mg/kg/days 8F3F T IF  (N=4).x=p<0.05; **=p<0.005;
#%%=p<(0.0005

(AUC)
200
TOO A b
600 - :
300 4
400 4
300 4
200 A
100 4

ND HFD HFD+-AHEBISHFD+AHBS0

a9 282, BEA FE= Fold 9%

i

EA 74 &3E area under the



curve (AUC)Z AAFste] 4 223 ND; Normal chow diet (ND)& H9¢]3%t
% (N=5), HFD; aA%4o] (high fat diet)E HoI3 ZH (N=5), HFD
+AHB 15; 224]%-2} o] (high fat diet)& FoIstal 22 A 15mg/kg/day= s
1% (N=4), HFD +AHB 50; a2x|%2jel¢t WA 50mg/kg/dayE 853+ &
g 1% (N=4).

(\h) HFD 2l |3 v 2ol & &(FER)S Holw HA TS 157k F94

Apoli= HolA k=

0.16
Il HFD (N=5)
B HFD <AHB 15(N=4)
~ 0.12 4 [ |HFD+ AHB 50 (N=4)
_gi &
&
5008
=
0.04 -
04
19 28-3. A HFA o] S Fo]dte] MW F=% C57BL/6 miceol A Alo]& & H]

HFD; 3142l o] (high fat diet)E 33 1% (N=5), HFD +AHB 15; 32A|%
2lo] (high fat diet)& wolstal R4 1omg/kg/dayz F3 I (N=4),
HFD +AHB 50; 12X "2jo]¢} B a7 50mg/kg/dayS 8F7F T3 15 (N=4).
uA Aol aFe vE BElA FEE I1FC] 2 Aojas&s EY(ANOVA).



Bl HFD (N=3)
[ HFD +AHB 15 (N=1)
[ HED+AHB 50 (N=1)

a

Total food intake(g)

FE=% C57BL/6 miceol A &
A o) A2 v,

HFD; 1A% o] (high fat diet)& w8 1% (N=5), HFD +AHB 15 *|%
2lo] (high fat diet)& wolstal R4 1omg/kg/dayz F3 I (N=4),
HFD +AHB 50; 2A|"%2jol¢} ®W a7 50mg/kg/daysS 8F3F Fo3 15 (N=4).
uAgAolet HElA FEES T e foAHQl Aol HolA %

(ANOVA).

Msi H% AEAS FAT A DARAl] S ABEAG] Bap
e el
(g)as
a
5 | Il HFD (N=3)
) B HFD +AHB 15 (N=4)
B | [ ] HFD+AHB 350 (N=4)
2 4 d
135 -
i a d
e a a a
o - E—— -_—‘
FAT Liver Spleen Kidney
9 28-5. Z1w3Fe] A7) FA Ao]. HFD; 1A W2 o] (high fat diet)& 3k

1% (N=5), HFD +AHB 15, 2A|%2]o] (high fat diet)& woIstaL Eﬂﬁ



15mg/kg/day= Fo3t 1& (N=4), HFD +AHB 50; ax|w2jo]e} H e
50mg/kg/day S 8F%F Foldk 1F (N=4). iAW o]S Folste] Hwk 59
C57BL/6 miceol A -3 A W(fat pad)®} 7H(liver), ¥](spleen), A7 (kidney)¥}t
A7 FAE vagk agzel. SAFoR aFI F9Hd Aot 1k

2e
B o] A woluh u g WG At Holx gk (ANOVA).

Liver = °

% 28-6 By A Fole ofg At 1h
o Hlyvk fx¥ C57BL/6  miceel A

Hematoxylin and eosin %< &}o] v
diet) & w8 1% (N=5), HFD +AHB 5

£ 87 5o d 15 (N=4).

A¥tel. HFD; aA"%2lo] (high fat

; X Alol e} HEl A 50mg/kg/day

e

() g8y Ao = H7tz} ##E cholesterol, glucose, triglyceride, FFA
T T2 AAE] BF gidte AS A9 e, F Glucoses =7 HE
FEE AP TRl wat oA oR Ao, & Fd 2~ E3 HDL, LDL
o] BF AU, o]y HEl FEEo] HRte] o FEH= Qled A
MBS Hol & 5 IS Jez ydyEy, Ze2HE T4 L A Akl
T o HAE o] gz For dud, ZE2HE i U3 VAL F &
71 A7t 8 Ao R Ay



Groups HED HB 15 (mg/'kg) HB 50 (mg/kg)

Glucose (mg/dL) 230.9245.54° 227.27+15.59° 176.85+15.56°
Cholesterol (mg/dL) 217.48+10.88° 213.38+21.93° 162.23+8.02°
Triglveeride (mg/dL) 111.08+9.18* 98.65+6.52° 103.77+5.06°
FFA (VEQ/L) 3847.35+203.02° 3625.354180.60° 3320.62+117.06°
LDL (mg/dL) 41.98+5.08° 32.81+5.79% 21.99+1.70°
HDL(mg/dL) 168.31+8.34° 166.54+16.54° 125.9846.99"

Dista el snalyvedby one-way ANOVA tising SPSS (Diicsw's sibiiple fafge te)
& 9. HFD®} HFD+H A Fo] Fol dish dof £4. uxwols Fosto
vk § =% C57BL/6 miceol Al HFD+RE2]A 79 A glucosee] W3}
A AW, AAE LDL, cholesterol 59 W3lE yeldl %<, ND; HFD; 1AW
Aol (high fat diehE FoI& 1§ (N=5), HFD +AHB 15 1A% 0] (high
fat diet)—EL :Loq &1 ®g7 15mg/kg/day® Fol3 1% (N=4), HFD +AHB
50; aA| 2} olel WA 50mg/kg/day S 8F3%F F3 1HF (N=4)

(mh) AEAS HAE:sto AWAE Estet AW A F83 wpAQ
PPARgamma®}t aP2%5 2 mRNA realtime PCRZ =43 HFD 1Y HFD+XE g
7 AFZY & Abole HolA| ghe

E 4 5 PPARy : o aP? 4 C/EBPa

EY o 5l ¢ * " g

E‘g Q ¢ | o 3 @ * :

- . 2 0 ¢ 2 & +

g § g ¢ . o ¢ ’ o

15 . 14 ? 1 '

E o2

Zo 0 0 0

HFD  AHBIS  AHBSO(mgkg) HFD  AHBIS  AHB30(mgkg) HFD  AHBIS  AHBS0(mgkg)

¥ 28-7. HFD$ HFD+R & A Fo 259 AHxAd g3t Fxxdd 24,
FA A o] S Foldte] BYF =¥ C57BL/6 miceol ] HFD+H. 2] A 1859 A
W 22S HEelo] AWAERESTAH A2l PPARgammas} 19 EFA-f-H 221

aP2, C/EBPa o W& 2 & 2829, ND; HFD; aA"%2o] (high fat
diet) 2 Fo3 Z1HF (N=5), HFD +AHB 15; 22A%2]o] (high fat diet)=

st ®ElA 15mg/kg/day® FoIgk 15 (N=4), HFD +AHB 50; 124]%2 o] 2}
B A 50mg/kg/day s 83 5% 17 (N=4)



(v}) HFD®} HFD+XE.#] A Fol 1Fd] thale] glucsoe tolerance testZ %3 3F
Ay, HFD 2wl dl&l] BeA w0 FYHoz dedd vizkst A& g9l

&)
I .

600

500

400

3004

Blood glucose (mg/dL)

200

100

0 15 30 60 90 120 (min)

13 28-8. HFD¢} HFD+X.2 A To# T g 23 UEA HAaE 18
. AR o] & Folste] H|RE f-2H C57BL/6 micedl 4] HFD+X 27 15

FFEIA NS Eﬂi_EﬁP A3 HFD; aAW2]o] (high fat diet)E &
gt 1% (N=5), HFD +AHB 15; nx|%2lo] (high fat diet)& st K
7] 15mg/kg/day® T3 18 (N=5H).

(2) BeA FEEo daAAd o3k vl e YT AT

b S5 AA Agsta daE AASA e Ez(sham) 1FH, dAE
AAS OVX L, 28 i T g A3 AJZbe] 210TolA 20%37H
A HeA FEES AT F 5
oF A% dAaAA" (OVX) #©
body weightZ 3% 1HA 8FFe =A3 4 %

A a2Fo] FoH9 AsHAr 545 Qfodé‘}‘iﬂ FH Nz i Tls
Joz A odelH Isoflavone (100mg/kg/day)E F 40}04 AF-&



(g) 450

=smms Sham (n=5)
== OVX (n=5)
400| ==t OVX + AHB 15 (n=5)
= OV + [SO (n=5)

3504

Body weight

* ? -
3001 A T e tmeamempt

2507

200

0 2 4 6 8 (weeks)

a9 28-9 BeAY daAA" HAe 5 A &3 Sham; S5 AANE
Aldetal das AlASHA &2 gz (N=5H), OVX;, d4&E AAS 17 (N=H),
OVX+ ISO; ¥A&Z A A 3skaL isoflavone 100mg/kg/day = oral gavage® o] 3t
% (N=5), OVX +AHB 15, ¥4E #|lAst 2eA 15mg/kg/day= oral

gavage= T3 T1F (N=5). x=P<0.05; #x=P<0.005; #*x=P<0.0005

(AUC)
3500
a
be ab
3000 o T .
c

2300 A

2000

1500

Sham OVX OVE+AHBIS OVESISO

a9 28-10. HElA FEE Foo 93 55 A #FA &35 area under curve
(AUC)Z Alrtsto] A4 A3t



Z_X
=

() & Holdd&Fe ki3
. kA Aol F Wzt o]

AtsE.
1800
_ a
5 19001 a "
% 1200 1 T
E
E 000
;‘; 600
300
’ oVX OVX+AHBI5S  OVX:ISO
a9 28-11. daAAE HeAe F AolFHH. Sham; SH AANE A]&dstar
HAE AAGA &S ERT (N=H), OVX; 4425 AAS 25 (N=H), OVX+
ISO; W45 A ASL isoflavone 100mg/kg/day® oral gavage® Fol3t 1&

(N=5), OVX +AHB 15; 44 = A A% B A 15mg/kg/day® oral gavage=
Folst 2% (N=H). 1539 Fo A2l Aol Holx &5 (ANOVA).

AAH g2 ®BElA F5E 1omg/kg/dayollAl LA WA o]l& Fosto] H|wt
® C57BL/6 micew ¥ F2AAE Ao Adez Aol Fujnbso] &<l
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A FFEE 01%9% 1% = ABAEZES} AAEH}E HolA Aot v

THAL AR B 5%l A A AlEE S A g dE BY.

B gmeon 159 2wz 1h
1 1
) l I I
o+—1 1 | . 7.7 — 1 m— (N— —
control control 5
25ug/ml 25ug/ml
LS
Z ZEE| 20h

ZE2| 10h

15

1

) . - . I

oo . - .‘

control AHB 5% control AHEB
25ug/ml 25ug/ml

a9 20-2. BHElA FEFREE A o3 ARAMEES AdAZIHE e
Oil-Red-O staining® A =3}, ZFZte] Oil-Red-O stainingS  isopropanol®ll
o] 520nme] #FelA FIEE S 219 30-LelAet mzbA R B
A FFEE L%A FYAA AolE B x=P<0.05 **x=P<0.005;
w=P<(0.0005

- 5%9] s AGAFE Ad ¥ e ®BeA FFREE v
mjekgt A AF o E vEbtAIRE, S 1l ol allb% A el A fel Al A
7F el e ORO AA e AFolMe sd3 o 237 veg (29

29-3 & 29-4).

==



Control

¥ 20-3. AAlE BEA FREE Adel 9% AAlERst Azt A
WA A ES] C3HIOTL/2 Ao AlAl%E HElA 352 47 0.1%, 1%,
5% A5t #3AZ1 FH  Oil-Red-O  staininge = A W+E  GAE
C3HI0T1/2 AZol AAZES fresddt g7 neA s32E5E85 Ad86
of 543 E3AIF. Ul 7HA AAlE BYA s EEE BT 01%, 1% A3

) AAEAE HolA kil 5%l A oFire] AAEES} AAEAE B

o o
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rult|
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. 15
038 - ‘
1
056 - ‘ *
04 05
02 A ‘
gL [ g1 - | i 5 z i

contral control AHB 0.5% 1% 5%

25ug/ml 25ug/ml

)\

15 14
i2
4 1
08 &
o]
0.5 i
I 02 I
0 F——— —— 0 . .

control  AHB 25ug/ml 0.5% control AHE 0.5% 1% 5%

IU\LI

H

o
mi
Hr
n
0=
L]
ES

¥ 29-4 AASE BeA FREE Agd o3 ApTAEEst dAESE U
B}l Oil-Red-O  staining®] A %3t Z1729]  Oil-Red-O  staining <
isopropanol®l] =¢] 520nme] H}HFolA TFE=E =AHs 19 30-3.9 49 nvf
A= AAFE BeA 555 A ¢l zpolE Kol
A& 29 AR 32 oA Aol gloy AEk=
ox=P<0.005; s*xx=pP<0.0005

ol
—
lo
1
X
=2
>

o 0 @

Lo

2

(2) BeA FEeo I 714 RS A
(7h BElA dFFEEdA FEdE A4

O RYA FFEEdA vk 7S e s FEAES g5t
Hel Ao A &4HZ p
acid (PCA), 4-hydroxybenzoic acid (HA), vanillic acid (VA) & & 659

Gt e Blagh

—coumaric acid (CA), ferulic acid (FA), protocatechuic

/\

@ 715/d< e
Aoz vk AHB250R U ¢hFo] =5 Aoz ddd.

L& 71540 gYs AHB210o A 715A o] A

rlr
o

1:01'

Hie



@ AHB250°] #H]& sH|gk 7]5Ao] gH3t AHB210914 p-coumaric acid2}
ferulic acid7} dld o=z @ol 3F¥ Ao=Z Yely FaAdwd 7HsAdol

A2 (28 30-5).

E
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7 E4FFEE; CA, p-coumaric acid; FA, ferulic acid; PCA, protocatechuic

acid; HA, 4-hydroxybenzoic acid, VA, vanillic acid.
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@ Coumaric acid®} ferulic acid®] A A&+ AWFHE S JAAL
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F AL ol#1d A= coumaric acid®} ferulic acids HEl7 FFEE9 F

83 P FEAAEYS Hols (¥ 29-98).
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1 %3 &vis Xa wuzE wygkelw A3 FEE%s. FE 5
Whatman No 2. oA 2 of 33t T3 AAZ purgingst™ Kuderna-Danish &
712 FF5to] £ AFEE =
(\}) SDE %

Simultaneous distillation extraction®9] Al&Z et~ Z+Ze] A5 & 50g3
ZH4 200 mLA Wil F&8v 7)o etherd} n-pentane 1 : 1 £33 =
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GERSTEL GmbH & Co. (Ruhr, Germany) AFe] TDS system= A}b-&3Fo] #4]
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desorption tube
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sample dry ice
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GCeoll 93t HEw  Fr|HdEe  F$AHLE  Gas Chromatograph-Mass
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TICS A¥E #156 ~ %17, 1 1~ 29 33

w
<

-3
FH E#L& hexanal, pentanal, acetone, 2-methylpropanal, toluene %
3-methyl-butanalo] 1 0., M A Lol thek o5 Hie Area % ZH2F 39.7%,
18.6%, 7.1%, 49% 4.6% % 46%= o592 o] dAe] 795%5 A8+
=¥ AdEel gFELS aldehyde AlE5<2 3}&+=<l butanal, pentanal, hexanal

9 nonanal 5 o& AU Atufof o] HAE EFR FAHE., K3 ol AE
2 Sk HA), E2 & A, EES EWA, & olE= YA 2 g3k & 5
9] 7] EAS 74 AAH R AMHENA TS FE WA= AU He.

- g EAANA 71 ZA UeERd EF S hexanal, pentanal, 3-methylbutanal,
heptanal, % toluene® = YEFE O™ A hexanal®| &aFo] 71 Eol 61.3%=
AA QI ololq A AREo] 27t 102%, 3.9%, 26% B 25%% A3}

Fa. o5 B2 7] 542 FEHL 29A, 52 2 A, #d F,
i 51 B3

EOA, 2 ClEE WA, A, 9EE ¢ FEE WA 5o BT
%

FE 23

[}

ro
o

[UO

- ®BEA olFHeo F2a AEEL hexanal, acetone, toluene, 3-methylbutanal 2
2-methylbutanal ©]$1 2™ 53] hexanal® &THS oA ZHZHoJojx FY
436%% AA TGO oloA 77k 74%, 7.0%, 6.6% B 4.0%9] =o = o]ojH]

o
e el 2Roz & W @ S48 MgRTe g ARGl 4

Kol
= .

- A7HA AR5 WAl SA4S EdE AEeE FAHI & W FE ddsio=
A“&<] butanal, pentanal, hexanal, heptanal, octanal ¥ nonanal ¢ Fi1F =
dE AL A7 g AR F Al=wE AztEY vty Hel A A
O =3y AHEEZO Ao] vH|EEH wZAHRTE WAl FEVF Au ARZEo]
1



¥ 15 W7e) FHE o]HAE

No RT Name Area/10,000 % Quality Remark
01 6.036 Acetone 218 0.1 86

02 6.205 Pentane 116 3.8 86

03 6.651 2-methylpropanal 67 2.2 90

04 6.793 2-methylpropenal 149 49 91 EH HA
05 6.994 ? 32 1.0 9

06 7.078 Butanal 43 14 91

07 8.132 3-methyl-butanal, 140 4.6 95

08 8.346 2-methyl-butanal, 54 1.8 86

09 8.960 Pentanal 570 186 90 H2 % @A
10 10.726 Isopropenyl ethyl ketone 34 1.1 86

11 10810 Toluene 140 4.6 94

12 11.321 Hexanal 1215 39.7 94  EET WA
13 11.839 Octane 60 2.0 91

14 12.984 Ethylbenzene 20 0.7 87

15 13171 1,3-dimethyl-benzene, 23 0.8 81

16 14724 Benzaldehyde 24 0.8 78 2 ofEm WAl
17 15616 2-Pentylfuran 22 0.7 86

18  16.703 Acetophenone 65 2.1 94 EF3 &

19  17.441 Nonanal 28 0.9 50 EEe WA

20 18.249 Ammonium benzoate 38 1.2 91




File
Operator

Miec Info

hem', 2\ DATAN YOUNG- 130529 ang.D

D13 22:43 using AcgMethod YOUMG.M

Vial Mumber: 2

OErdance
70000

E50000-

EO0I00:

S50400-

450000

400000

250400

200400

250000

V50000

13000

50000

TIC: Me-kang.Choata ms

395

£ 10,508
B3 3135 ‘

\;'IIE%'{ 5

s o)

ner ¢ e 1 tram
| 12138163 w25 TET 5 16.247
L A i L |L | il

[me—

5
T T 7 T T T T
00 10.00 11.00 1200 1300 1400 1500  16.00

e

6
T T T T
4.00 5.00 5.00 T.00 a.

T T T T
17.00 18.00 100  30.00

T
21.00

a9 32-1.

w7} o] FH A E 9] chromatogram




I 16, REYAY

Fa o4 4

Sl

peak R.T. Name Area/10,000 % Quality Remark
01 5506 Acetaldehyde 46 0.8 9

02 6.017 Acetone 426 7.4 78

03 6.198 Pentane 112 19 59

04 6.308 Dimethyl sulfide 82 14 96

05 6.638 Isobutanal 226 3.9 91

06 6.994 Methyl propylketone 25 04 9

07 7.071 Butanal 44 0.8 90 =AY

08 7.181 Methyl ethyl ketone 35 0.6 56

09 7.466 Hexane 14 0.2 83

10 8.126 3-methyl-Butanal 382 6.6 90

11 8.333 2-methyl-Butanal 233 40 91

12 8773 Ethyl vinyl ketone 11 0.2 9

13 8.954 Pentanal 378 6.5 91 H2 & A
14 9.284 2-Ethylfuran 33 0.6 86

15 10.804 Toluene 402 7.0 95

16 11.315 Hexanal 2516 43.6 97 EEFT WA
17 11.832 Octane 43 0.7 96

18 12977 Ethylbenzene 20 0.4 86

19 13.385 Methyl amyl ketone 67 1.2 91

20 13611 Heptanal 82 14 91 HlHY

21 13702 7 28 0.5 9

22 14.717 Benzaldehyde 72 1.2 95 & ofEE= A
23 15.144 Hexanoic acid 35 0.6 86

24 15610 2-Pentylfuran 178 3.1 94

25 16.192 2-Hydroxypyridine 70 1.2 64

26 16.703 Phenyl methyl ketone 100 1.7 97  o}7}Alo} WA
27 17441 Nonanal 69 1.2 90 FET WA
28 18.249 Ammonium benzoate 22 0.4 91

29 20.358 Phthalic anhydride 23 0.4 90




rile

YOUM3-130529%La .o

hod YOUNG

Ao

M

[pbungance
1200000

1100000

100000

SO0

E£Q0000-

S00003

400000-

200900

10305
8956

6015 agas

a.641 ﬁm
o Mmoo |

TIC: Large Odaa me
13

| 11833
:

4D0  Eb0  sD0 70O 800 afg  ipeo  itop

T
12.00

a9 32-2. By A olFHAE S chromatogram




X 17, SEEAY T8 olHHE

Nc RT Name Area/10,000 Quality remark
01 6.024 Acetone 256 2.2 80
02 6.192 Pentane 120 1.0 78
03 6.638 Isobutyl aldehyde 128 1.1 90
04 6987 2 39 0.3 7
05 7.059 Dbutanal 72 0.6 90
06 17162 Methyl ethyl ketone 43 0.4 56
07 8119 3-methyl-Butanal 460 39 B T
08 8.326 2-Methylbutyraldehyde 262 2.2 78
09 8.443 Benzene 22 0.2 86
10 8.824 Methyl propyl ketone 25 0.2 53
11 8941 Pentanal 1191 102 90 e 4 WA
12 9.277 2-ethyl-Furan 37 0.3 72
13 10.713 Isopropenyl ethyl ketone 37 0.3 78 7 g
14 10.797 Toluene 291 2.5 91
15 11.315 Hexanal 7177 61.3 12 EE3 EWAY
16 11.826 Octane 41 0.3 86
17 12.259 ? 18 0.2 12
18 12.473 ?2-Hexenal, 34 0.3 90
19 12977 Benzene, ethyl- 23 0.2 87
20 13.165 1,4-dimethyl-Benzene 56 0.5 94
21 13.385 Methyl amyl ketone 75 0.6 91
22 13.605 Heptanal 302 2.6 97
23 14.627 3-Dimethyl-2-butene 15 0.1 38
24 14.672 2-Heptenal 22 0.2 53
e o=
25 14.717 Benzaldehyde 69 0.6 94 ) X
26 15144 Hexanoic acid 70 0.6 36
27 15.222 n-Butyl hexanoate 25 0.2 16
28 15,636 Octanal 156 1.3 91 R
29 157701 1,2,3-trimethyl-Benzene, 16 0.1 31
30 16186 o Ctvl 2mmethyl=1.37H 4 06 93
31 16.276 o-Isopropyltoluene 173 15 97
32 16.457 dl-Limonene 113 1.0 98
33 16.697 Acetophenone 75 0.6 91 @33k 3
34 16.930 alpha.-Pinene 29 0.2 74
35 17.441 Nonanal 113 1.0 91 =23 HA
36 18.243 Ammonium benzoate 32 0.3 64
37 18.928 Naphthalene 19 0.2 90




File
Operator
Acguired

Tnstrument

Sample Mama:

Misc

-130529\ 5 D

using AcgMethod YOUNG.M

poUnsancs

B0OTO00:

2EO0000

2600000

2400000

2200000

2000000

1 Q000

VEQNODD-

1400000

1200000

10000

B0,

EO0A0:

400000

20000

TIC; Small.oRdata ms
7

2843

5 10,799 13502

[Cme—

1 Ly =
SRl 17.438
‘?E‘??Ff.ﬁ%m_g_ 1524318230

|0.j15 11 ams&ma?ﬁi*

T T T T
£.00 7.00 &.00 200 10.00 11.00 12.00 13.00 1400

1500

T
16.00

T
17.00

T
1E00

T
15.00

T
20.00

T
21.00

a9 32-3. $8EA ol HAE Y chromatogram




(2) WAL 23}

- A, 2l AL A Ao BF deFEaet AdeRre] £9vlec] 10 190
A As Azxeh damelMs 105 WM i 64 olakiler 65 od& dzst

o,

- el ASE e B2k AFE 7540l Helelols mhew HeliEl Rt

7350, F2E HEE i 687CE AT H(E 18).

- BEAY A9 FojolE nheEl HetAEVL Hit 663 0], lipton ©Fo]2~E]7}F
6270 % ATFGE 19).

- FEEAY A e #97F B 8230l = HEE 693 clH, ¥t 29
EF 66702 AE3HIE 20).



F 18 v EFFEaet AReRe deH A
A7 P Z4Hl s
5 25 T 59" n3" a4 g5
1 VeRld = 559t 2.0 1.9 2.2 2.7 3.3
2 HEF A 1.3 1.4 1.8 2.0 2.4
3 st xg 4.0 3.7 4.1 4.2 4.2
4 wol 7H A= AIE 173 2.2 2.5 2.6 3.3 3.6
5) FE AzkebT sl 2.5 2.3 2.7 3.3 35
6 T A=A 1.5 2.4 2.9 2.8 3.3
7 s IdE S5 3.6 3.8 3.4 4.0 3.5
3 Lipton ©}o]2~¥] 56 51 5.2 5.2 5.8
9 T2 4.8 5.0 54 6.4 6.8
10 AEEH Y& 3.3 3.6 4.0 5.3 5.2
11 o}l el 4t 2.3 2.4 3.0 4.0 51
12 gt9jofo]l= nle®l BHEAE 49 5.2 5.3 59 7.3
13 LY Y E 3.1 3.5 4.2 5.3 6.0
14 AEH EFEE 2.4 2.6 3.1 4.0 54
15 AEH e dEvAE 1.6 1.9 2.7 3.7 4.3
16 A E o] 2.2 2.7 3.1 5.0 5.7
17 &4t 3.1 3.1 35 3.8 4.2
18 H] B} 3} ¢ 5.1 56 6.2 6.5 75
19 &9 1.8 2.0 2.1 2.5 2.6
20 OLHEE WK 3.1 3.4 4.0 49 55
n-1"F%F 1 AWSE = 50 1 50, n27FEF 1 AWEE = 50 60, n-3TFEF ¢ Al
70



£19. nelA] d5Fase Anguste £gene weUsdm
. g

e ey TR nhg‘f: & JE——
1 veRld s 35S a94 45 45 4.8 47 3.7
2 Aez 29 26 26 29 238
3 SRS 32 34 37 42 39
4 Bol AWPAE A 17 28 30 29 24 26
5 BT YAAT ALK 30 29 30 32 29
6 29 WA= 17 22 26 28 33
7 REde age $544%4 32 33 30 36 38
8 Lipton oFo] 2] 45 46 51 57 6.2
9 F2E e 37 37 38 50 58
10 AeE e 39 38 44 47 52
1 ob 3 3 Ak 35 35 39 46 55
12 S9elo]= wleE BebrE 38 37 50 61 66
13 7 o}a) 29 = 31 34 37 46 50
14 Awdo] BiEE 24 26 37 41 53
15 Agdo] gesre 22 24 28 34 39
16 A5 4o 30 32 35 41 5.1
17 23} 23 30 33 33 38
18 H] e 5} 9] 32 38 46 52 55
19 & ¥ 15 15 21 18 18
20 SFAEE AL 36 40 44 52 49

n-1"3&5F  AFEEHE =50 50, n2"FEF  AFEEHE = 50 60, n-37FET - A%

o8 =50: 70

N4 RES  NGR - 501 80, n-5TRES  ARSE - 500 90



e . &
o5 275 L I L a——
1 vVeldE FsSFaTda 46 4.3 5.0 4.3 4.7
2 HeF A 29 3.1 3.3 3.2 3.1
3 I R=guR=) 3.1 3.8 4.1 4.1 4.1
4 =ol 7 A= AZE 173 2.7 2.9 2.9 3.3 3.5
5) Bs AzbskF SN 4.2 3.7 2.8 3.6 3.9
6 Y BHA=AE 16 2.0 2.8 29 3.3
7 Feogg 2z S553 2.2 2.6 2.3 2.3 2.4
Lipton ©}o]Z~¥] 4.6 4.7 4.8 7.6 5.1

9 F2EH 4 4.2 4.7 52 6.1 6.9
10 HAEH 3.2 3.7 3.9 4.5 5.5
11 o}l a4k 2.6 2.8 3.1 3.5 4.3
12 Yo ol= mled BHEAE 3.5 3.8 4.5 5.7 6.3
13 A E 3.6 3.6 4.2 5.5 6.6
14 AEH EFEE 2.9 3.0 3.3 3.9 4.1
15 AR dEAE 2.5 2.8 3.2 3.8 4.3
16 A Ed o] 3.2 3.4 4.0 4.7 19
17 w34t 3.2 2.8 3.0 3.3 2.9
18 H| B} 3} & 4.8 4.5 5.7 6.9 8.2
19 &9 3.1 2.2 2.2 2.3 2.4
20 ofHEE K 2.8 3.2 3.9 4.8 59

n-1" #=5  ARFE =50 :50, n-2" FEF  AlFWEE =50 60, -3 FEF 1 A

a5 =50 : 70

n—-4"" FEF AR =501 80, n5T FEF AFEE =501 0

soh 2 ANEYE WA, wA, SYRA FE49 EgAS W A dsehs &
2% ) A48 dAE Fedols rhed HelaEs) e, 1A
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23 A4 AP Auee P, 2o wol, FA5e] Mo Wl /% Wyl
A% A

A Am o QA5 A WE A nA oy

;71 12 ol(m ol R s R
Tl 2 3 1 2 3 1 2 3 1 2 3 )
0 180 180 180 250 249 249 - - - - - - 0
1 190 184 184 250 249 249 - - - - - - 11
2 191 189 187 250 246 246 - - - - - - 16
3 191 190 189 248 246 246 - - - - - - 18
4 191 192 190 248 246 246 - - - - - - 19
5 192 192 190 248 246 246 - - - - - - 20
6 192 193 190 248 246 246 - - - - - - 20
7 194 194 190 248 246 246 - - - - - - 22
8 194 194 190 248 246 246 - - - - - - 22
9 195 196 191 250 246 247 - - - - - - 25
10 196 197 193 250 246 248 - - - - - - 27
11 197 198 194 250 248 248 - - - - - - 29
12 200 198 196 252 248 248 - - - © - - 32
13 200 200 196 252 249 249 A - - - - - 33
14 202 201 196 253 250 250 A - - © ©) © 34
15 202 201 197 254 252 252 A - A © © © 35
16 205 202 201 256 253 253 A - A @) © © 40
17 206 202 200 258 255 253 A - A © ©) © 40
18 206 203 202 258 256 254 O A A O © © 41
19 207 205 206 258 257 254 O A O @) ©) © 46
20 209 208 207 259 257 254 O O O © © © 49
21 212 209 208 259 257 295 O O ©) @) © © 52
22 214 212 208 259 258 256 O O O © ©) © 55
23 214 212 208 259 258 256 O O O @) © © 55
24 214 212 209 260 258 257 O O O © ©) © 55
25 214 212 209 260 258 257 O O O @) © © 55
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Black chocolate
Caramel

Green Apple
Vanilla

Mojito

Black currant
Hazelnut
Strawberry
Elder Flower
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328 % W7 8l Belem vl

o v 2 (A) (%)
B A-1 A-2 A-3
F=9 100 100 100
HI BRI C 0.01 0.02 0.03
pH 4.97 4.66 4.35
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B-4~B-6< do]=yl 3Fo] AHwglort Euzp ¢kslo] fructooligosaccharide
A7Ve F7ksE A3 B-97F 7M=& 3o E UEY S

# 29 doleld H7F ®eSs v
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dlol =yl &F v E M) (%)

B-1| B2 | B3| B4 | B5 | B6 | B7 | B8 | B9
= 100 100 100 100 100 100 100 100 100

HEpYl C | 002 | 002 | 002 | 002 | 002 | 002 | 002 | 0.02 | 0.02
T 0.004 | 0.005 | 0.006 | 0.004 | 0.005 | 0.006 | 0.004 | 0.005 | 0.006

gol =yl
5 0.02 | 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03
fructooligo
) 2 2 2 2 2 2 3 3 3
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= B-1 | B2 | B3| B4 | B5 | B6 | B7 | B-8| B-9
F=9d 100 100 100 10 100 100 100 100 100
HER C 0.02 | 0.02 | 002 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02 | 0.02
A= 0.004 | 0.005 | 0.006 | 0.004 | 0.005 | 0.006 | 0.004 | 0.005 | 0.006
Hsolgk 0.02 | 002 | 002 | 003 | 0.03 | 0.03 | 0.03 | 0.03 | 0.03
fructooligosa

) 2 2 2 2 2 2 3 3 3
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2 gk v B2(D) (%)
= B-1 | B-2 B-3 B-4 B-5 B-6 B-7 | B-8 | B-9
F=dA 100 100 100 100 100 100 100 100 100
vl el C 0.02 | 0.02 0.02 0.02 0.02 0.02 0.02 | 0.02 | 0.02
0.00
A= 4 0.005 | 0.006 | 0.004 | 0.005 | 0.006 | 0.004 | 0.005 | 0.006
A48 3 0.02 | 0.02 0.02 0.03 0.03 0.03 0.03 | 0.03 | 0.03
fructooligos
] 2 2 2 2 2 2 3 3.5 4
accharide
(4) B A28 2§ 29
(7h) 12 di=F AAF Al 2=d A8
= ALk Al AE 123 A48S a9 38y 2ol S FETY WES
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« 4 A 5 oH (& 98%) = 241.78 A/kg
3. Z3H] ALk
A 500 mL 7
« 3 A A A S5kg * 6ea / Box
~ o 2EF, v 9 16.00 A/kg
4. 78] A& 97t
1.9 A 5 ¥ @ 24178 Y/kg
2. X & A ¥ 16.00 Y/kg
P G7HEEA) | 2F5E | KGEAd”
Skg * 6ea / Box 16 1 16.00
3. A FelAH| : 108.33 A/kg
— 1200kg, lbatch 98%, 1176kg Ak
10 v \7,500/h
24 2 Al gE 2 Al (ea)
Al &/ A 2 3 6.00
Hl & 1 3 3.00
vk~ 32t 2 2 4.00
37 13.00
4, »= - n : 65.00 A/kg
5. A =& 74 4 : 170.00 HA/kg
O g : 15 kg
Q@ FE=34dy] 35 /kg
@ ZF7H 7] 50 /kg
@ X ] 35 A/kg
© #HAgA 2] 35 4/kg
6. = H] 66.71 A/kg
7. 4xkgE] b 60.11 U /kg
727.93
8 F mf o] < 36.40 A/kg
9. % 1 7} A 764.33 A/kg
AFEE wp R EFol
1. &5 wgy)
NO d 5 (%) LS R |
1 HEFZ&F 100.000 150 150.00
2 HIE}Y ¢ 0.020 34,000 6.80
3 IEE Sy 2.500 1400 35.00
4 T 5F 0.000 30,000 0.00
5 A A 3k 0.005 25,000 1.25
6 so]&yl o 0.000 60,000 0.00
7 &zol & 0.040 30000 12.00




8 | A8 3 0.000 30,000 0.00
3 A 102.57 210,550 205.05
AN K g A7)
« A A 8 M (& 98%) = 227.83 A/kg
E7H] ALk
« £ &4 9 8 500ml 7
« X A H S5kg * 6ea / Box
- 7, 2~E A, g g 16.00 A/kg
v A8 7}
1.9 A 5 ¥ 22783 Y/kg
2. X # A H]: 16.00 A/kg
3= SG7HREA) | ZF T | KGEATET}
b5kg * 6ea / Box 16 1 16.00
3. A0 : 108.33 A/kg
— 1200kg, 1batch 98%, 1176kg AJ4t,
191 Hatw¢o] \7,500/h
BRIk A g Al gE 2t Al (ea)
Al /A A 2 3 6.00
uj) & 1 3 3.00
E 2 2 4.00
Sl 13.00
4. = F oy : 65.00 Y/kg
5 A % 7 ¥ : 170.00 /kg
O A=y : 15 /kg
@ F=34m] 35 A/kg
@ F7Hd7 50 A/kg
@ R 35 A/kg
® HAFA ] 35 A/kg
6. =FH] 66.71 A/kg
7. LHkEE]n] 58.72 H/kg
712.59
8 I uj o] 9 35.63 A/kg
9. % 1 7} A 748.22 A/kg
AT M EE] A4E
S5
NO A8 (%) g &
1 HYFES 100.000 150 150.00
2 ] B}l c 0.020 34,000 6.80




3 IHE Sy 2.500 1400 35.00
4 T 3F 0.000 30,000 0.00
5 A=k 0.005 25,000 1.25
6 o] =yl o 0.000 60,000 0.00
7 &zol & 0.000 30000 0.00
8 A&k 0.040 30,000 12.00
3 A 102.57 210,550 205.05
2. AirE A8 47
* 4 Al =5 oH] (& 98%) = 227.83 /kg
3. XM AL
« ¥ 78 8 500ml 7
* 3 2 A H] Skg * 6ea / Box
~ A, ~EA, w9 16.00 2 /kg
4. 78] A& 97t
1.9 A 5 9] @ 22783 Y/kg
2. & & A 1) 16.00 d/kg
XgF
3= G7HEEA) . KGEHa 7t
[e]
bkg * 6ea / Box 16 1 16.00
3. Aol An| : 108.33 A /kg
— 1200kg, 1batch 98%, 1176kg A4k
191 F+ w9 \7,500/h
gaaa | 2T e
7k
Al &/ 7 A 2 2 3 6.00
e 1 3 3.00
kA~ 32 7t 2 2 4.00
A 13.00
4, = F M : 65.00 A/kg
5. A = 74 A : 170.00 /kg
O A=y : 15 A/kg
Q@ FTEFgy] 35 A/kg
@ ZH7}Hd7hn] 50 A/kg
@ By 35 9 /kg
® #A5A 2] 35 H/kg
6. = FH] 66.71 /kg
7. LxkE]n] 58.72 /kg
712.59
8. I ] o] ¢ 35.63 H/kg
9 3 w 7} 4 748.22 A/kg
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Az e ask|ak(es| B gy TR S AATE A A o

Pl [250°Y 458 | 3.88%| 8.08" | 6.46™ | 7.42* | 6.83° | 7.79™ 750°| 4.46° | 3.38 | 8.12°
P2 638 | 542 4.12°| 696" | 6.75° | 7.17° | 7.83" | 7.92® 6,757 550° | 533 6.96
P3 [6.04° | 525" 3.96%| 6.08™| 6.12"| 6.67 | 7.08" | 7.29™| 6.38°| 4.58 | 7.21" | 6.50°
P4 [6.00° | 554™| 4.007| 579 | 6.12%| 6.79" | 6.79° | 7.21"| 592 471" | 7.38%| 6.38"
S1 [2.88 | 5.00™| 3.83%| 575° | 558" 6.12° | 7.75® | 850* | 5.08°| 546> | 3.71° | 5.46°
S2 (5757 5.08™| 3.67%| 4797 | 529 | 592 | 8.42% | 850" | 5.04°| 6.71* | 4.29%| 4.92¢
S3  [5.00° | 575" | 358%| 3.62°| 5.17¢ | 542° | 596¢ | 6.04% | 3.629| 4.33° | 8.38" | 5.46°
S4  [5.12°| 4.92™| 3.38%| 3.96%| 3.88° | 425 | 646 | 6929 3759 500> | 6.08 | 4.58¢
U 5d3 Bas AR 2 937 f1eS 91 EH(p<0.05)
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Td71E = S1, S4, S3, S2, S4-1, S3-1 T£o 2 =2 oz HIFHEAS. S, S4,
7

S3 A& %, S4, S3, S2, S4-1, S3-1 A5 1 TRV e Abole FElshA Fsha.

Fn7iz= Al 7 V]S Apol7k FElEhA] &k
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S1 5.10° 5.08° 5.56° 5.29°
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S3 473 4.65% 4.81" 4.29°
S4 477 463 5.08% 4.81%
S3-1 4.37° 4.65% 471> 4.66™
S4-1 447 4.37° 4.42° 4.29¢
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flo d

HEdr = diH o= Sl, S2, S4, S4-1, S3, S3-1 £o=2 gk AL

7ol g = *JEH@P_E S3-1, S3, S4, S4-1, S2, S1, w2
2k, S3, S4, S4-1 As5 7F g

ojv] Fr= AR b A7t FElsHA F2 Aom HIHE S
Haoke AA o= Sl S2, S4-1, S3, S3-1, S4 =
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S1, S2, S4-1, S3 %F, S4-1, S3, S3-1, S4 A= 2F West A= A

ey

HEE2 A5 P AApol7h FElekA] @S Aor FUHEAS

F 74 NE M B HA dAZE - 1A ¥R Ve gt

g | aw | en | TR¥| &Y | Ay | oW |men | www
S1 |3.68Y | 4.85" | 5.27° | 5.97* | 6.21* | 3.77% | 4.50° | 5.08" | 4.85
S2 | 4.97% | 5.44* | 4.74* | 5.81° | 5.82% | 4.73° | 5.03* | 4.95* | 4.73¢
S3 | 4.77* | 5.53" | 4.08" | 4.16° | 4.26° | 6.10" | 4.98* | 4.77" | 4.63°
S4 | 4.69* | 5.02% | 4.03" | 4.77" | 4.82" | 5.69" | 4.73* | 4.37" | 4.48"
S3-1 | 4.55" | 5.19% | 3.94* | 4.16° | 4.06° | 6.21* | 5.06° | 4.37° | 4.45
S4-1 | 4.55° | 5.45% | 4.26° | 4.23° | 4.50™ | 5.61° | 5.34* | 4.90" | 4.68"
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