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SUMMARY
(FE Q)

The objectives of this study were to evaluate the antioxidant and anti-obesity
functionality of mugwort extracts /n vitro and in vivo system, to encapsulate mugwort
extracts for powderforms, to produce beverage containing mugwort extracts, and to

evaluate the sensory properties of mugwort extracts and beverages.

For the first year of research following results were obtained.

O

In

Three kinds of mugworts from Ganghwa island including sajuarissuk, sajabalssuk, and
chamssuk were selected and tested for their antioxidant and anti-obesity functionality.
Antioxidant activity were in the order of sajuarissuk, sajabalssuk, and chamssuk based
on their radical scavenging ability and total phenolic contents. Results of 7/n witro assay
showed that chamssuk had less cell toxicity and good anti—obesity activity using gene
expression results of PPARYy, aP2, ACC, and GPDH.

Volatile analysis showed that 1,8-cineole, 1-octen—3-o0l, terpineol, thujone, camphor,

and artemisia ketone from essential oil of mugwort.

W/O/W emulsion system was adapted to produce microencapsulation for mugwort
extracts and the encapsulation yield was 92.26% and the moisture content of dried

microcapsules was 0.86%

Five hundred females ranging 20~30s were recruited and sensory analysis for mugwort
and beverages were tested. Beauty on skin and female disease were major interest from

mugwort beverages and "cleanness” and "sweetness” were expected attributes.

the second year of research

In wvivo study using animal model showed that mugwort extract had significantly
reduced the weight gain and amount of diet. Also, weight of liver and adipose tissue
was also significantly reduced in model samples with mugwort diet. Glucose level in
blood was also improved in model with mugwort diet. The size of adipose tissue in
mugwort fed models was smaller and markers for triacylglycerol level were improved.
The results strongly suggested that mugwort had anti—obesity physiological functionality

and enhance.

Optimum condition for the microencapsulation using response surface methodology
(RSM) follows like this : 184.4umol of the amount of second emulsifier, 0.6 of
([Cm2]l/[Wm2l), and 5,696.9rpm homogenization agitation. The microcapsules



were stable upto 95% at whole pH for 30 days and stable at 4T, 20T, and
40 Cfor 10 days upto 95% while the stability at 60C decreased to 78.3+0.3%

Released volatiles from encapsulated mugwort extract were limonene, aldehydes, and

furans.

In vitro bioavailability test showed that less than 109 of core materials were released
in gastric model systems while more than 709 of core materials were released in
intestine models within 2 hours, which indicate the double layers of microcapsules were

relatively stable at stomach but dissolved quickly at intestine.

Sensory evaluation showed that chamssuk had better preference than sajabalssuk at
80% significant level. Two food beverages using mugwort extracts were produced.
Beverage with lower mugwort extract had higher preference than those with higher
mugwort extract. Flavor attributes expected in mugwort beverages were "sweetness”>

"mouthfeel” >"color”>"sourness”>"mugwort taste”>"mugwort odor”

The results of this study clearly showed that chamssuk extract and chamssuk had
antioxidant and anti-obesity activity. Volatile analysis showed that profiles of volatiles
were affected by the treatment. Double layer microencapsulation was conducted using
RSM and bioavailability of the encapsulated mugwort extract was also tested. Two
kinds of beverages were produced and lower contents of mugwort extract was preferred

by young females.

This study can provoke the usage of mugwort in the industrial level and help to

increase the harvest mugwort as one of profitable plants.

Food industry can have chance to expand the functional beverage markets with

anti-obesity functional mugwort extracts.
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A obfe} & WIHS AREES T
@b 2,2-Diphenyl-1-picrylhydrazyl(DPPH) #t]Z A7 %

0.ImM DPPH(methanol solution) 3.8mL¥} T}oF3E 22(mFole] s Apxpube: 2

oetE FE=ES 100, 500, 1000mg/Le] sE= 3|4t ZH7ts 02mL A

ol Ao A 3087+ Wk3-A] 7] a1, UV-spectrophotometerE ©]-&3to] 517nmol 4] —E—

}ﬂ o 1o

2 =A39c. dud A2A% A= ECs(Effective Concentration)®} vitamin C
15, 30, 60mM= A Z23le] EF=rAS 23 5 H]udle] vitamin C equivalent®

YERY AT}
W 2,2’ -Azinobis-3-ethyl-benzothiazoline-6-sulfonic acid(ABTS) o]l A~A%

ABTS %ol AL ¢sf TmM ABTS 8437 245mM potassium persulfate

& et ¢
734nmel A9 &
bt FAT &=
A7bete] A2
734nmell A &
Concentration)®} vitamin C equivalent® e ST}
@ F HA=gF 24 (Total Phenolic Content)
opel FUI & FEE AR 0256mLet =+
Folin-Denis A] ¢f 25mL—°— 2 7]— o}oi 30x7h
v

) °¥4~ m

=
=

J
mM 59 tannic acid ¥+ ZAlSke] v u s

& B

F AXA I UV- Spectrophotometer

1ol A 16A17F wF& A1Z1 5], UV-spectrophotometerE ©] 83} o]
%7} 0.700+0.050°] ¥ =5 ethanolol] 3|43t A&l AL-&35}% T
E A8 005mLS ABTS %ol &4% Al°F 1.9mLel z+7}

Az F R Eeb W& AA  UV-spectrophotometerE ©] 83}

_]
o
F=E =AY, A= DPPHYE I 5L3stA  ECs(Effective

]

iy r°1'

%— =A% 5 ECao(Effectlve Concentration) ¢} 6, 29, 59

HoAqro] AR E meantSDE FEA SR L, SPSS programs ©]-&3lo] 1E 7+
A1 O

FAA  fF994d2> ANOVA #Ao= A5 HFS  Duncan multiple
AAstdom folAdo] 0.05 ol RS 793 gtoz AAH AT

J

il

@ A2 3
@b DPPH =z A~AH%
O Y43t 79 & F=E9 DPPH gz A2AFS
A= ]

Aol %, A%, AARE £om DPPH #uz 27

M

o]

test=

d 3ol dERi AT

o
gHoT =9k

l—é_:
o (p<0.05), DPPH F3#%=7F 0500] 2 we] £ $=5 deull= ECsoe

ArolE ol 676mg/L,  ARARESEol  2031mg/L, FH&¥Eeo]l  202lmg/L<
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O &9 FHddZd &AT F AAFTE vitamin C&F vlug Ayp= 3 59
UER AT 1000mg/L  F%e] AFolE s, A s 77t 84, 25
36mMe] vitamin C &5 HERle] A ForE R, AALE, FE Fo=
DPPH &tz &A% & AS & 5 AUAATH

¥ 5. Aol & ARREEE: 4 0] vitamin C equivalent

1000mg/L 5%=9 A& Vitamin C equivalent (mM)
Aol 2] & 84
by %5
zhes 36

W ABTS %ol &A%

O D}"k & =ZEol ABTS %ol& a7% A8 Ay a9 5¢ Jehuedoh
MFole &, F& AAEE Fo7 ABTS Uz A7%e] fodHoz =%
°m(p<0.05), ABTS F3%=7F 0357 = oo 29 »x=2 yUguls ECohs
AolEl &, ApAbEE ) FERo] 717 52, 1064, 1036mg/L<S eI LT

0.60
0.50 4
g 0.40
=
; 0.30
g
2
é 4
fﬁ 0.20
—— =
010 | MF0tE|
Bl
—ﬁ—jélp
U.UU T T T T
0 200 400 600 800 1000

Sample (ng'L)

Y 5. AFele %, AR, B4 ABTS
Fol e Hriz 2A%e] EET4

O ABTS &o]23} vitamin C& o]&3ste] #AAdd meAde 29 69 eIt
5

Vitamin C¢ ABTS %ol 2A% X349 regression equation< y=-0.010x
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+0.621 (R®=0.991) o] it}

0.60
y=-0.010x + 0.621
R2=0.991
&
E 040 -
=T
&
b~
s
z
=]
g
=
< 0.20
“.[H] T T T
0 20 40 60 80

Concentration of vitamin C (mM)

a9 6. Vitamin C2] ABTS %ol &z
A ToETA
O %9 ABTS %ol A4~A%<S vitamin Coﬂ sk Ay 3% 69 YERH ST
1000mg/L %9 Aol e] & ARAbEE 42 Zh2b 45, 21, 23mMe] vitamin C
a3E Yeh AT

¥ 6. Aol &, APAPEE 2 9] vitamin C equivalent

1000mg/L s%2] A& Vitamin C equivalent (mM)
Aot 2] & 45
A} A} k2 21
e 23

& ¥l=g &4 (Total Phenolic Content)
O AFotels, &, AAE FEE9 T dE
HFolE &, &, AALE Foz HEAN AHAE FFo FIHez 2
o2 e TH(p<0.05).
=S tannic acidE ol&ste] e AT Ayk= 29 83
O 0. o] 9}

F 532419 regression equation< y=0.006x-

@)
ofj >
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Absorbance at 725 nm

0.02

0.00
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0.3

Absorbance at 725nm

0.1

0.0

M=otz AtRbE

Sample (1000 mgT)

7. ke &, AR, el &

Ay e T

= O

v=0.006x - 0.031

R?2=0.990

_31_

//
4 4
/7
ﬁ
/
¥

0 20 40 60

Concentration of tannic acid (mM)

. Tannic acid®] % & IF LTI



O MFobgl s, Apxpbe: o] F dleEd AR IS vlusted x 79 yE
Wtk 1000mg/L sEe] AFFole]d: Apabuk
42mM9] tannic acidell dFst= HE LS 3

X 7. Aot &) AR 42 9] tannic acid equivalent

1000mg/L 5% Alm Tannic acid equivalent (mM)
Aol & 79
A} A}k 34
e 42
O DPPH #tHZ A&75, ABTS ol gtz 275 2 & dAsdd SHZ24E
el AFol s, /\}Z}HLM FEe £o2 FYFHor =X AAFTAT,
gz £2A% ¢ dA=s8 AE FFE HeEuslth
O webA FHvk ANEF APS 9 3T A5 T AAPESY A8 ARE &8

712 A4

(th AZFE ol &8 Fulwd gl
D AP
D MIT BHE o83 % 2259 =444

3T3-L1 HAALAHEFE 96well plated] EF3Fe] 24A17F wfFst 5 Apzpak&s)
s FEW, 10, 25, 50, 100, 150, 200ng/mL)= A 2lsle] 24A)3F ) sl ST,
3-(4,5-methylthiazol-2-yl)-2,5-diphenyltetrazolium bromide(MTT) A]2FS 10ul * 2]
sto] 4A1ZF viFE $ v A eF MTT A|°F& Al71stal, DMSO Al°F 100uLE 7hste]
570nmoll A1 ELISA readerE ©]&3ld AXL5AHS 43T
W o] AAFAMEFBTI-L1) &3t A EH-AxzF Jef B2

HAA A ES 3T3-L1 AlEFE American Type Culture Collection(ATCC)ol A <]
3ol 10% fetal bovine serum(FBS), 1% penicillin/streptomycin®] % 7}¥ Dulbecco’s
modified Eagle’s medium(DMEM)H] <o 2x10°cells/ml. =2 F-A1#H 484 7F
EobF wjgste] confluent AEl7F = A 37C d7]o A wigslAdct w3hu)=](10%
FBS, 1% penicillin/ streptomycin. bug/mL insulin, 1pM dexamethasone, 0.5mM
3-isobutyl-1-methylxanthine) & X.A|slo] 2U7F v & AWAXze] H3s =
371 918 Spg/mL insuline] ¥3¥ DMEM wlX| 2 33+ wj st & Aot
Z¥z} 25, 50, 100ug/mLe] sx== A gste] &3k Aol 2ol Aty =3 ¥
o g Hgte] a37F thE k&<l theophylline 1mM<S @]t gdlar Al 32

oL

Z44%5 FAF PO Aelstel FHAL E
St AMAZBE AT 5 9= Ol Red O FARE o gee] ANF F
Aol &
=

FZ3lo] 510nm oAl ELISA readerE ©o]83to] X WAl¥E
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e ALY B=E & .
@ RT-PCRY & ]%'J o] AWEAad A2 dvs 54
A ENA F RNAY F%S 938, TRI-reagentE o]&3to] EElsigon e 29
= RNase*freefE} ZAs} A o] Folxttt. & RNA 1lpgel oligo dT primer, dNTP
(0.5uM), lunit RNase inhibitor Z1#]3l reverse transcriptase(1Unit)® 70C 5min,
25C bBmin, 42TColA 60min R®FS-A|Z T Polymerase chain reaction(PCR)S 2uL
cDNA, 4uMe] 5‘TJr 3’ primer 10X buffer, 250uM dNTP, 1Unit tag polymerase
(Promega, USA)E 413 PCR water2 HZ 252 23 3 72171 F#42 PCRE
At 7zt PPAR\g, ACC, aP2, GPDH %9 AW=#x## FHxE2 PCR
AN ELS 15% agarose geldlA A7|95 S A AStal, ethidium bromide=Z 92-&
st 54 bandE g<lstth &9 F densitometerE 01&3}01 ol FHAAES
AR =S SASAT. 47 Fd29 PCR =4 t9 i 83 2t

EH

8 & AT AHE¥E 29| Primer Sequence

Anneal S Cycle

Gene Name Primer Sequence ize
temperature Number

) senese primer:5’-aggtatcctgaccctgaagtaccec—3’
B-actin 63 571 25

antisense primer:5’'—gttgccaatagtgatgacctggecg—3’

senese primer:5’-gggctacctctaatggtctt-3’
ACC . . 57 439 35
antisense primer:5’—ctacctgatggtaaatggga—3’

senese primer : 5'-aaagacccag ctctacaaca—3’
PPARY i ) 59 493 40
antisense primer @ 5'-tcgtagatga caaatggtga—3’

senese primer :5’'-cctcgaaggtttacaaaatgtgtga -3’
aP? . . 60 402 35
antisense primer:5’—aaactcttgtggaagtcacgccttt—-3’

senese primer:5’'-gaactaaggagcagctcaaaggttc—-3’
GPD 1 57 596 30

antisense primer:5’-cagttgactgactgagcaaacatag-3’

e

X

T9 A A= mean+SEM=E 3 AI8FS L, SPSS programs ©]-83to] 179
1 fFelde ANOVA #A4oz A% HFLS  Duncan multiple test®
Alstdom feolide] 0.05 o3kel AS fFeolst gtoz A3ttt

@ A+23
) MTT "Rl& ol &3 AbAbEeyt 3h4po] 3T3-L1 A9 S04
O Apabdrsa} e FE29 SAAES Qs MTTHE 2= 1
10 o 727} JEpdideh. 3T3-L1 Aol gt Az 3 =
7] $1ste] 10, 25, 50, 100, 150, 200ug/mLe] &%= AH#g A3 Al é?-%
A5, ZH7te] wmelAl AlZAEEC] 104.0+0.6, 95.2+2.9, 7281170, 29.9+15.0,

H&
l&
B[ty
ZL

[e] =
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229120, 4.7£102% YEY}, 50pug/mLe]l F% o]AolA 70%0] 39 AEEZAE
A& 4= A 9).

120
®
o 100
ki
=0
K- 80
5]
< 60
T
40
ol
;'i.E 20
20

0 , N

(@ S S
N 02%\ 02;/\\ ’r\\ ’Y\\ %\Q/
5 5 5 5
AR 2% (= =) microgram/mL
1Y 9. ARRPREEES)] 2] 3l 3T3-1L1 Al XS0 tisk A=
O oo ksl & A Zh7be] koA AMEZ AEEo] 101.4+1.8, 107.4+1.3,

111.3+1.7, 105.2+3.3, 986+15, 81.3+05% vEY, 3T3-L1 AXEF] ojsk
MEEZAo] 2 Aog Yyt olo E AdoA= 3T3-L1 A EF9
EQe Uguyx 9= A2 Ao HA wmw A EE7F 90%o] 4
AEs= T2 25, 50, 100ug/mLE AF&3sFtH( L d 10).
120
§
%ﬂj 100
=
K- 80
5]
X 60
o
R’ 20
%0
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@ Fao v g 7b A AE Bl nx= gk

T1
©)

02,
2
)
N
U
>
w5 %
ol
=
kd
e

a7 112 3T3-L1 AAE7E ARAER Zstste JAAA AGAZE7E 57
¢ HAAEAEL, ABAER E3d APAEESIE, FAAELQ AGAE
3} Alell theophylline ImM A 2], A WAEZS; Alol zhzbe]l #2550, 100
ug/mL Ao A YPejo] WstE HolFa 9
AAGAESQ 3T3-LI(2® 11A)°] #3F wixE At =d AAx= #3}
HHA SAA] EA FA o B dPRGY FAALTIA AFHA
(19 11B). o]o] wtall FAduz (1™ 1100y & 747 g2 sk
Aelgt Mgt (19 11D, 11E, 11F)°] A9, dAAHA AAEU e F4 AW
Aol Zrasto] AEe] EFo] APTAEo] B AP RFo] HATHE wEd
T AT olek o] Mxe] Y #HEE FIAE FE AHFrt 3T3-L1
AAGAZS AWMAEREY £35 JASE Aoz AHFHA

bl

W3} +Theophylline 1mM=* 2]
25 pg/mLA 2w, Er A A EZE s+ 34
St +34% 100ug/mLA 2]+, Scale bar=50pm

AL o e
M
+
20

@ Oil Red O QAL o] &3 @%e] FAAW oA B2
B}

O 18 12& AxH

WA, A e

—phylline ImMA 2], AAEZEspt+2hzke] 34 25, 50, 100ug/mL ] 2]+ <]
Oil Red O AU o] &3 FAANY dNB=E

stls wf, ZH7he] A AN EE 543 4
A o7 AAWAFELE 51.2%, Theophylline ImM #g]+8 36.6%, &
25ng/mL A 36.7%, F% S0ug/mL A2 329%, F&  100ug/mL
At 29.0%= UEhd, #FéE AT AS 4R v&E BT AHAE
Tt H& 70%013e FAAY F3 dAlTE FYHLE Hole Fo=R
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#Z2H AT (p<0.05).

a
. b
o} 120
T
w100
= s ¢ ¢ c c
z
II 60
2 L
40
8l %5
O— 20
8 0 1 1 1 1 1
o
S & X & ad P 2
= R WX @ Jo N £5
° N4 7 » x x A
R & o © 5 B el
-~ v N4 R % % 8
Ny ¥ <® & 2 s
<0 x D R ‘}\\’5/
y\a‘/ <>0 \00 %
%7 o N
g/«/
0\9\
ﬁ)ﬂ

X 2l (microgram/mL)

% 12. Oil Red O AR o3t Hno] FAAYSA IA 5
P E 9o trE FAE ANOVASA A A Mz #9420 299
(p<0.05)

R A F ANs4ad Fd2< PPARy
(peroxisome proliferator activated receptor gamma), aP2, ACC(acetyl CoA
carboxylase), GPDH(glycerol-3-phosphate dehydrogenase) 59 F+dA59 w3l
WEts RT-PCRYE o2 ASd Ay 29 13 3 21 140 Yehli

_36_



a8 14, & Ao 9k A=A G
gz 9o & A= ANOVAEA 49

@)

@)

a a a a

120
b
100 T c b Py be .
be d  |mPPARr
80 1 ca d ¢ —d ¢
60 T e q DaP2
Pt o ¢ e ACC
20 % GPDH
0 : - . , . .
/’5’//& 7\% \<§ %ri’-? %@Q F\QQ
» 4 & 2 # N
& & N o ! K
ﬁ§0 ?\& K\A’ y\% XY %
B &% N o7 2 X
v /‘XU @ //& //& %
//YX/\ \‘Xy \»\% \}\/’}’
il NS X &
o‘*\
90
ds

Axtel o)
A A el

e
ro

==

A9 (p<0.05)

A o2 PPARy 32 wd A5, AXWAET 389, Theophylline 1mM
et 495%, 4 25ng/mL A wt 76.8%, & S50ug/mL A Elwt 31.5%, FH&E
100pg/mL A elat 257%= A oA WA EZSatol| Zhzhe] e 25 50,
100pg/mL A2l wela] 232, 685, 743%< Wdo] FolHdor A= S
S AATF(p<0.05). &+ ATAH AWAEESIA ] dFAHow I
A AR &elxl PPARy 3 2@ F&o|l JFE mAH, A F
wat FoskAl 70% ol e AAEE S| HoshE HARIX e
Ao 2 e, ZF&E FEE AWAHNEES Ao Jde FAoE A5HT
T e AARIARS aP2 AR Ed e A9, AA AT 50.2%, Theophyl
line ImM A&l 77.2%, %% 25nug/mL A2l 81.9%, & 50ug/mL * 2
79.0%, #2% 100ug/mL A&+t 77.1% =2 F3A o], AWM Eishatol zhzheo] e
25, 50, 100pug/mL A &lol] weba] 181, 21, 22.9%<2] Wdo] FolHoz A ¥H+=
dEE F AAF(p<0.05). o9t o] aP2 #FHAe] A9+ PPARy
Zpe] e AAFE ofyu, FAHoR FfHA 20% o]F FHAA
do #AE F&Ho] YU AS 3FE + AdATh
ACC A wde A5, AAWAET 324%, Theophylline 1mM &+
545%, & 25pg/mL AT 67.2%, F& S50ug/mL AT 65.7%, F&E
100ug/mL A2t 564%= T F o}, APAZ sl ko] A& 25 50,
100ug/mL A 2ol uwpeba] 328, 34.3, 43.6%<] Wdo] fFodor TUaxHe= FHES
AANTHP<0.05). A o2 ACC Eahe AW Ao #Hofsdte=
ZH dA Qi ACC 49 #Fxx &4
kAl el 30% olde 2
&o]l A AT F YA+
TAAYe] FHUAEFES LAY +

Lo,

i o
s VRO

e
-

e @ fob i
B Bt
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AAAE 29.0%, Theophylline 1mM A&t 36.9%, % 25ug/ml #] 2]+
83.9%, % S0ug/mL At 63.0%, F2 100ug/mL At 55.3% = = o,
A FR ST Zhzke] #2250 50, 100pg/mL A2l wEbA 111, 37,
447%9) Fdo] FoHo R rHe AS BET 5 AATH(p<0.05). o]k o],
4 100pg/mL A 279 45 40%°]4<] GPDH & A #@7AE Ve o,
FTA ALE /T F d' SYAE FAHAE F&Ho] #A3 Y, YA EY

FAE FaATIE Ao AFHA

) & 2 & FEZ9 FEH 2 3 AR A
@O A
p & %W & FE=E2 FEUY Y
o] 3wk gu] AR BEAS 98] 19 159 & steam distillation(SD) ] 9
steam distillation extraction(SDE) & X|& o]&3le] 42 & FE=9 304 v
s FAETe A& vluskd o
I
vent 1o sink
mixture 1o be
19 15. Steam distillation =] 9} steam distillation extraction 3]
W & FE29 WA FrdE 24
thefst  S(AFRpEEE . ZHE) el AT kel A& AxES SDE] I
‘%‘EE o

=59 I Fgu ARES a9 168 #o]  headspace-solid phase
microextraction(HS-SPME) W™ o & -5=3}9] gas chromatography mass spectro

metry (GC-MS) = 2439
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1% 16. SPME %% GC-MS

o

a, SDA2jwt, SDE A ]9

4 2

22 9]

’

2A
=

=13
=

2 (AFAE
S vwst azvEaRe a9 179 2} SDE A3 7}

RS UE AW, SDESH SD 2% A el h )

;01_
50

iz

3

SD

A
LN

SDE %Wy Et

el A=

=
6

A o & ZF 7t

—_
o

)
L

I

o

B

{dllp

i

TIIIInin}

(el

| —

[

P

-

EERRRNINNND A RERA RN NNRNAE.

= (N

-
W

SRERNRLANA

SDE AHgl+-¢] 3

’

A e
o, (¢) AbAPEE: SDE A ¢

-

of A€, SD

7_11- Z_}-

2
-

-, (b) ARARE S SD

&

23}

-
(a) AAEZ T 2]

a9 17. ARRF

) A% A

T, (d

2

]

A ]

<4 SDE

e, (f)

2+, (e) & SD

i)
i)
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Z2ZEo] 3w dn BEAs GC-MS AzRviEa® Ax:= a9 187 7).
A& FFNEHESD), §4A%E F FE7EFHFEDSDOl o3 Aparze] §w
RS 747y 24, 26, 387FA 7 A EJ oW, o Zb7F 59 41, 4471A) 9] 3 HEA
AESo] T4 HAY
| @ @
= I = 5 e
i) - ie)
= - [
ich B in B - o B

LR siid
LR siid

a9 18 AR} 3k Zbzhe]l A Elwt, A4 SD, A F4SD A el WA gnl AR
(a) ARARPEEES FA 2]t (b) ARAREYE 324 SD A2, (o) AP AL SD A, (d)
2 TS, (o) F A%% SD Ay, () 3 A% SD A8+

O HAzofFo wE ARz A& =L F g E 2 19 199 2ok
A& FF7157(SD), s41dx F F37ISH(FDSD)Cl od Ao F
Fubgroe 7b7b 78+0.14, 2.01+0.06, 3.19+0.21(x10” ion counts)® A2=e] 3]t
Aol 7HE gew #£57 TRE AlsT 7P Ao A%, 757157 (SD),
T4 A% ¥ FZ7)SFEFEDSDOl 93 F&o & AR zhz 3.96+0.29,
1.89+0.45, 2.82+0.01(x10° ion counts)® AZe] 3IwgRo] spF wolon
T/l TwE AE7F 7P AT Ak 34 A4S xSkl SD A ek
FEEo LS SD AHgste 42 FE=0 v 63%, 67% =2 ILA
S YERAT S Ao g ie] 7bd W Al ol A
gl Ro] st oy AE&EE agE SDAHEI AXRYE AZX F SD
Agste Aol FAAE FHFE FX 8= v =20 HATh
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@)

5.00 |
- 400 - % -
£ 300 :
% 7
T 200 :
3 4
{
1.00
0.00 M%’imr/
AAAUE AAAZSD ARWsD  WHE  FEAZD  HAED
Sample
a9 19, AR &Rl F AR B
Az Fo wmE A e 2259 3UAd R 54 9 aroma description
< 77y 3 99F X 109 “ERU ST
Az F37157F(SD), s40x & -’F%‘ﬂze(FDSD)Oﬂ ot ApAp&ro] F
gt Wk 32 9o UERSlTh ARGl F8 U S 2—hexenal,

1,8- cineole, 1-octen—-3-ol, hexanal % hexan-1-ol °]%1t}. 2-Hexenal, hexanal,
hexan-1-ol% 1-octen-3-o0l& @21 A WAtst Al AAE = JRARECR F2
linoleic acid®} #Z2 E3¥E3}X|HHAbo] lipoxygenase 52 &4 Ao o& Ay
i Ao waxa uH1K]

FAAZR & 37 Y AR e AR o %= 1,8-cineole, 1-octen-3-0l,
4-terpineol a-terpineole] 1L, A2S aE SD AHg 3 A|ZNANE A3
AR Eol FE AEHIJT F57I5F @A AsTdAE FA T vE beta-
selinene®] A&7 HE%3 4-terpineol 9 alpha-terpineol 52 H-FAE
(essential oil)o] 3@ A3 2w 2-hexenal, hexanal, hexan-1-ol ¢ &4
675 Zte dasoly dulstol =9 e HastAY HEHA Ut SD =
o i Aol oz FAdol A 2-hexenal Tol FE Fit 3
Aoz do| AT FFdEo] S v gtH(E 9).

g8k AxpErezo] AZS SD @ sk A|ERUT}  2-hexenal ko)
S

o X
o ® =
oo o, N

= o.|>L :lﬂl
A

4 2l 1,8-cineole, a-terpineol®] SD%F
ANRRY Aoz b HEHJGY ole 54 Ax A o] 3

o
o7 B¢ 3% 2-hexenal, hexanal, hexan-1-ol ZlE9¢] 3o 7+4T &

do off M 1o B 32 o\

o X o X

5 < 5715 HEDSD)A ok o] Fao 3
vebdet. AEEE Ao A e 1-hexanolo] 7FF o]
. o]l= F2 9] linoleic acid

ook ox ¥ X Jo i ok )
ol
ol\
N,
ol\
=il
w
S

M ML
i3
b

T
FH
S
o

i)
3e
\_
o
ot
o
=
D
M
Q
=)
D
o
=
(@)
>
D
=)
=N
L
o
m{)«
i)
32
g
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Abstel] ofaf vhEFe] Aol BAEASS o n e8]

AzeS a2 SD 3 AR A% AFRdAM= HEHA F%d  thujone,
artemisia ketone, borneol, 1-octen-3-ol, camphor, 1,8-cineole 5°] A&% o™
l-octen-3-ol= HE=HJT #F&ES 7x F SD 3 4% A& SD A
FA L profileo] HEEHI oW AR FAddtA AAAoEm AR
stako]  F7}ste] A A E<l  thujone, 1,8-cineolee] © F7} 3= AEFS
UEFATE BEHO] limonene ¥ 1-hexanol®] &2 SD *gef < o]

AEHA e,

o,
o
B
)

Az mE F YA S 2 747 AR 24 ES T FEE Ax
% SD A5t ZHol f71gme IEVTAS Folal & 579 AR HAES
FAFFHEA BeAHS FAA )= leaf, fat, rancid FS Ad A EES H 43}
AN F e ez dudr
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F 9. ApAERe] Fa 9

Fr] 7o) peak area

Peak area (1x10% ion counts)

RI Volatile compound Aroma descriptions Raw FDSD D D

601 n-Hexane ethereal, kerosene-like 0.27+0.14 0.55+0.16 0.41+0.08 MS/RI
804 Hexanal green, fruity, fishy, grassy, herbal, leafy 3.06£1.76 nd” 0.27+0.00 MS/RI
865 2-Hexenal apple, green, leaf, fat, rancid 20.77+4.42 0.08+0.11 2.23+0.17 MS/RI
896 Hexan-1-ol resin, flower, green 1.53+1.78 nd nd MS/RI
924 alpha—-Thujene woody, herbal, green 0.38+0.09 0.31+0.02 0.04+0.06 MS/RI
933 alpha-Pinene fruity, sweet, woody, pine, citrus, lime, camphoraceous 0.48+0.04 nd 0.05+0.07 MS/RI
976 Sabinene fresh, citrus note, spicy, sweet, woody 0.77+0.09 0.26+0.00 0.10+0.01 MS/RI
995 beta-Myrcene metallic, musty, fruity, soapy, lemon, spicy, woody 0.51+0.33 nd nd MS/RI
1007 1-Octen-3-ol mushroom, soap, plastic 1.07+0.45 451+0.57 2.49+0.10 MS/RI
1024 alpha-Terpinene gasoline-like, ethereal, fruity, lemon 0.48+0.26 1.01+0.03 0.40+0.01 MS/RI
1043 1,8-Cineole mint, sweet 13.00+1.03 10.61+0.93 7.78+0.75 MS/RI
1070 gamma-Terpinene citrus-like, terpeny, herbaceous, fruity, sweet 0.67+0.20 0.99+0.13 0.21+0.03 MS/RI
1095 trans—Sabinene hydrate warm, balsamic-woody, mild 0.92+0.13 1.51+0.75 0.88+0.21 MS/RI
1210 4-Terpineol pungent, woody, earthy 0.80£0.20 4.13+1.43 2.85%0.14 MS/RI
1233 alpha—Terpineol oil, anise, mint 0.42+0.09 2.31+£0.58 1.32+0.02 MS

1303 Borneol camphoraceous, musty 0.21+0.21 0.51+0.25 0.07£0.00 MS

1450 trans—Caryophyllene musty, green, spicy, woody, terpene-like, fruity, sweet 1.79+0.53 0.27+0.11 0.05+0.07 MS/RI
1513 trans-beta-Farnesene oily, fruity, citrus-like, woody nd 0.32+0.02 nd MS/RI
1526 beta-Selinene herbaceous nd 0.73+0.05 0.04+0.06 MS/RI
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=5

—
e
e

%9 Fa

Lot

w g

o
M
1o

peak area

Area (1x10% ion counts)

RI Volitile compound Aroma descriptions ID
Raw FDSD SD

600 n-Hexane ethereal, kerosene-like 2.01+0.34 1.36x0.77 2.59+0.06 MS/RI
864 2-Hexenal apple, green, leaf, fat, rancid 3.07+2.07 0.18+0.01 0.01+0.12 MS/RI
901 n-Hexan-1-ol resin, flower, green 6.83£5.93 nd nd MS/RI
901 Hexanal green, fruity, fishy, grassy, herbal, leafy 2.96£5.13 nd nd MS/RI
925 alpha-Pinene fruity, sweet, woody, pine, citrus, lime, camphoraceous 2.01+0.79 0.03£0.04 0.01+0.09 MS/RI
979 beta—Pinene - 1.37+0.30 nd nd MS
994 beta—Myrcene metallic, musty, fruity, soapy, lemon, spicy, woody 5.36£1.14 0.13£0.18 0.18+0.26 MS/RI
1005 1-Octen-3-ol mushroom, soap, plastic nd 1.83£0.43 0.92+0.09 MS/RI
1039 1,8-Cineole mint, sweet nd 1.52+0.18 1.28+0.60 MS/RI
1039 dl-Limonene licorice, green, citrus-like, ethereal, fruity 471£1.72 nd 0.90+0.19 MS/RI
1070 Artemisia ketone green, Herbal 0.50+0.30 3.36+0.03 4.78+0.07 MS/RI
1127 beta-Thujone - nd 6.67+0.72 1.21+0.16 MS
1137 alpha-Thujone - 0.12£0.13 2.03+0.31 1.58+0.29 MS/RI
1168 Camphor camphor, green, dry, leaf 0.37+0.47 1.45+0.43 0.34+0.11 MS/RI
1185 Pinocarvone - nd 0.30+0.04 1.22+0.56 MS/RI
1205 borneol camphoraceous, musty nd 1.45+0.03 0.50+0.40 MS/RI
1208 4-Terpineol peach-like, anise, oily, fruity, floral, minty, toothpaste 0.11+0.19 nd 0.07+0.09 MS/RI
1276 Chrysanthenyl acetate - nd 0.47+0.10 0.27£0.20 MS/RI
1302 Neryl acetate floral, rose, fruity, raspberry 0.11£0.18 0.50£0.05 nd MS
1413 Beta-Elemene waxy, herbaceous nd 0.29+0.40 nd MS/RI
1449 trans-Caryophyllene musty, green, spicy, woody, terpene-like, fruity, sweet 2.60£1.00 0.52+0.22 0.05+0.08 MS/RI
1480 Germacrene woody, spicy 0.03+0.06 0.49+0.05 nd MS
1490 beta-Selinene herbaceous 0.41+0.37 0.26+0.00 nd MS/RI
1552 delta-Cadinene herbaceous 0.25+0.06 0.13£0.19 0.19+0.04 MS/RI
>1575 Caryophyllene oxide sweet, fruity, sawdust, herbaceous nd 0.61£0.15 0.12+0.07 MS/RI
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lipophilic balance) valueZ} 2Fth#
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Mixing mugwort extract (core) with 1% emulsifier

Adding 1% wall material 1)

EJ Homogenizing by Ultra turrax (8,000 rpm, 50°C, 60 sec)
E} Sampling W/0 emulsion

Adding 2" emulsifier (high HLB value

ing 2™ wall material?! with W/O emulsion

Homogenizing by Ultra turrax (8,000 rpm, 50'C, 60 sec)

E:J Sampling W/O/W emulsion ]
EU Adding n-haxane Freeze drying for 18 hr

E-'—' Stirring gently for 5 min Microcapsule power

Ef Measuring the absorbance at 510 nm

UHydrogenated corn oil colored by oil red O

2 Mixture of sugar alcohol and sweet potato starch
dissolved in distilled water

#10.025%(w/w) Polyoxyethylene sorbitan monostearate
dissolved in distilled water

Spray-chilling W/O/W emulsion into dispersion fluid3)

a9 27 % FEE I olevAfe AN

A =
O TZ2A#AZ A3 & FE=E 3 AN E YA (microencapsulated particles) 2]
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14.0%
& 5% = 7
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a9 34 & FE g80A M vieke 5S40 did LvAEe] A

29 Agddes g, FAd 2FAX

2 £ F859 FH FHlolfEE ‘AAS AYS v go] VY Eola AnkAl
/ol 2 &5 okE TrEA e =] % Aot Q12 o] Aekgith LA o
o IZFQ AtAe wta ZRIE, AGAHS A s, 30-384 FHRE
NFe F ol fE WAk oA 354, 2 d 26%, F5 23%7F FH -0
olfr= nwty} wEE ZrE A9tk

£S5 952 ¥ & FEEH $5 FHY o2 =T HT 549EA ‘HE
oltf et QS ZHAI AT AR 1Eo] A Adoly FR HE tha
-4 A o] At

& F& 2294 71F JidEE VS5/E L ‘JAHMAEES) T ‘I Ru g
gk Z1di7F b o, oA 22%, A%l 129%, - 18%7F HIRksl el o g
71 & ERH AT

& FZ& S84 713 ngte EAL Z2FEE) NF woW, 1 o=
‘G TAolH, Yoyt AYHoE B2 FH AFAAE ‘FIXol 7
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M S402 ey

¢ IANE AT59AT 29

A ARRPEE AlbFolgldsy, eSS AlRE HAAste & oEE FEER
oAy, T Asdd SAHAS A 43 AFolgl s, AL R, JAREo
= s R AEAE AL FFS BActar Ak
54 9 in vitro ¥¥|W AFHEI F&E FZ
AL ZFodA AWMEES ATl e AL
AW H AT, T AESABA FHAA 450 PPARy, aP2, ACC, GPDHe &
E=o] AMMEES A5 oS FAsAH.
=] A
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o
IS
job)
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g
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wn
2.

cineole, 1-octen—-3-0l, terpineol®
ketone, 1,8-cineole, 1-octen-3-ol ©]%lt}.
& FE=9 AAE A ATE
(TAEAIEER), 15 FaAe F 2
emulsion)®] ZAH], 2273 A S T/ A HAF, H 23 FIFAY vE HAAS 55
AR 3 HHx2ANA & FEEY HARES FE2 92.26% olRoH
FEdEe]l 086%< AAFEHIZE Tdsta PGAE] ol e WAFHEe EEo|

A 2 5 A ek

20~30t) o4 5008 S HFOR EAG Zol thE AN LA AWA A 5 SRo
Agels A, FFlY AFAAE F13 o3 Ful wge] Ekom A
o FH pojol gt ARe A W&ol /bg Evh
& 922 @ % 3229 2 I o¢Y ARE Y7 54924 ‘BEo|He
=

[e]

=5

L=
A4 AAm gdgen 2 F2E A% LRAA AR dHE J5/Eso

A
& F= wRAA M wele 542 “2ERol M Eow, O Heow FIXH
T ol AT
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AAEA o] JAMES BT AA T permount® B Y sFe] FEE v 7 slol A
7 R A sty 548 #Esk o 24l

g AA(FAAE, =924, LDL, HDL,VLDL)
A EEZREH 498 d& T 3000rpmoll A 1557 YA E st S de &
g4 ol T4 A A (Triglyceride: TG), %@ 2H & (Total Cholesterol: TC), HDL,
VLDLS ®AHS o]&ste A3, @3R3 F LDLS v Aik oz
Alxkale] A TH25].

LDLcholesterol= TC— HDL— (TG/5)
g% GOT, GPT &4 =4

©)

7t 7l Axe A A glutamic oxaloacetic transaminase(GOT)$} glutamate
pyruvate transaminase(GPT) &4 &4& GOT, GPT 54§ kitg A&3std
=R

g7 GOTS GPT 4L Reitman-FrankelH S $83F 2102 aspartic acidet
a-ketoglutaric acid 71&l GOT, GPT7} #&3}o] oxaloacetate % pyruvate”}
B of7]e] DNPH ZA 45 #-§A]A hydrazones Adst= 2ol NaOH
|he 7hsl eaMom WA v WstE SAske= Aotk GOT, GPT #+2
714N 1.0mLE Aol 7hste] 37ColA 53 WA v, dA 02mlLE

=]

Qo @ T F 37CAA 6027 WAL 5 FAA] 10mLE Hrhshe] @
Eqete] Aol A 2083 WAshe] WS FRATIAL 04 NaOH £ 10mL<
bR ek 608 oltfel 505nm

7bete] & =3 oS Ao oF 1083t
o 4 ELISA reader® &3x=¢ HWH3IE =AHsqdvt. €3 = GOT A==
25t R HEFAAqA AbE d¥oen, A ImLY karmen unito =

LFER 2ATH 261

@) mRNA =4 (RT-PCR)

©)

% RNA #3
o] guwk @37 mRNA FFoAxE Wslste=A] dolrr] 8] Fadk
AR FHeoh F sk x W] TRIzol (Invitrogen Corporation, CA, USA)
reagent ImLE  H7}ste] A3 A7l F o] 7] chloroformS 200uL 3 7}3he]
1527 &3 Ao Fo 3&7F WXstar 4T 12,000rpmell Al 157 A2
E FEHE AFdS 27 Hal isopropanol 500puL
A7vste] Aol Al 103t WA|skal thA] 4T 1,000rpmel Al 15387 A4
slo] =S A7 sttt Diethylpyrocarbonate(DEPC) water® 3|43 75%
ethanol& 1mlL #H7}ste] <kslA &% 3 4T 1,000rpmol A F2] Al A
AZzdS B pelletg H%th ©]= RNase-free dH20/0.1mM EDTA&H o &
1:1000. 2 &A3te]  260nmelA  FHE=E =H3t] ODsx ratio® RNAC]
TEE(1.7-20) YobR il ODwy #* S = RNA F=E 7A4FeEih
o A PCR(Reverse transcription polymerase chain reaction, RT-PCR)
RNAZ #H]% sample o] 2ugoe] HEZ tubed] +H]8FaL oligo DT(0.5ug/ul-
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Invitrogen Corporation) 1pLS 3¥3%Fste] Fo] 10uL7} | %=%  autoclave
waterE 7l Th o] AL 65TA 5&7F incubation kil o] 7] reaction
buffer (56X first standard buffer 4uL, 0.IM DTT 2uL, 10mM NTP 1uL) 5uL&
H7Fshe] 42T A 5%7F incubation 3Fal superscript II reverse transcriptase
05uLE #H7}ste] 42T oA 1A17F 458, 70TColA 15587t incubation 3}%)
o]7]e RNAsin 05uLE Y3 37ColA 1A%t incubationdte] 80uLe] DEPC
waterE 9ol -20CoA H#AsHY sample® A&} T}

AEAATE FHAA TFEAA S (Polymerase chain reaction, PCR)

1] E sampled] 25pL mix buffer®} sense, antisense primer, taq polymeraseZ
E§stel GPDH, ACC, aP2, PPARr ¢ AWdH4#d #F325 PCR dhof,
ethidium bromide® {3t & 1% argarose gel® H7|9&S AASe] ZH7h9]
aFe] AR MEE gla 271

Aol A A A& SPSS 140 for windows program= ©]-&3Fo] 7} dEo
G s A& A 7F HirAk H5S One-way ANOVAS

Bl = o

&3tk 7z 7ol Ha Ao ek FAA FoA4d HALS Duncan's testE A&
fex]

AN

7 AF T, AT dste nARHE HAT AYFEY A, 4EAS)
7% AFF/hE0l 489%Ad M, A% 1% THE uA ol
AHE IF 35.0%, & 3% = 2716% ATFTHE e,

S
TAHeE FAF AFF7E FLE YHEHAATE<0.05). F&E A 97

A%Z7 Fa 255E vebs,
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W W b~ B~ O
o o O o O
T T T T 1

——STD
—&— HFD
—— HFD+&H51 %
—e— HFD+&H43%

N
(@]
T

Boby weight (g)
N
(@)]
T

.
S o1 O O
T

i
STD:E%*—IOW%HL HFD: 1L 1 ﬂolﬁ%%, STD:#% 2] o] 4 # +*, HFD:1LA|

Walo] A Ft, HFD+341%: a x| Wh2] o] + k& 2295 HFED+3H4:39%: a2 A W24
o+ T 3%
JHEZ 99 g2 SA= ANOVAEA B4 A M2 F2942 A (p<0.05)

O 19 362 774 AoldA=FS Ued o=z gFdols HAS A4y 4

3.9g/day/animals LAEA o] AH o] ¢ 6.8g/day/animalS A F 5k M,
2= 1% AFH TS 4.4g/day/animal, &% 3% AFH S 4.0g/day/animal= YEFS
aA Aol A vs FE 1%, 3% ATl weEt 77t 35.3%, 41.2% 7
aste] Y% Ao HAF AAE BFL F AAMH(p<0.05).

ot

N
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T E S5
=
-84t
° 3
=2 3
32
= 2 r
<
‘l-
0

HFD+&%1% HFD+&%3%
Groups

& AHel e A7) FA Wt

Ao HF o mE nntddsEe 3 AWzl FA wstE #Es Adys
gy 370 YRt AWAelE 7F AFAANZ F, AZY aF9 HH
Fu8 s HE3Y olgy FAE vHlud A, 1+ FAY ASE AT
Aol FH TS 36.6mg/body weight, AW o] 3T 452mg/body weight,
A 1% A FHTES 39.0mg/body  weight, 32 3% AH S 38.1mg/body

weight® el ZALGA o] FH o] HF FEe AL #ALATS AFZE
T ARy, BAZHSE FY3F oA &dTH(p>0.05).

FadAw FAY ASE AN oHHATES 459mg/body  weight,
A A o] H TS 51.7mg/body  weight, F%1% AFHTS 49.6mg/body
weight, #%:3% A# 2 46.3mg/body weight® e, x| HE2] o] A F 7ol
3 HE AgATo ZHAZ FAIFE AFESE HILY, TFTAFHLE
fro] d ol A & *H(p>0.05).
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=
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@ Farol mivbsER oA XA EAT o v A=
0

=
O FuskAure Zq%é]-oq A}z A o] AL

500 r

400 r

——STD
—a— HFD
—— HFD+E#%1%
—o— HFD+&%3%

300 r

200

100

Bood glucose
concentration (mg/dL)1

0 30 60 90 120
Time(min)

a4 e A e Wds Wt

STD:sx=4 o], HFD:aA A o] 3k, HFD+3419%: a2 W2 o] + 325
1%, HFD+34:3%: a2 W2 o] + 314 -2 3%

TP 914 vE S A= ANOVAGSA E4 A4 M2 o490 45 (p<0.05)

ME

6&:

Ad= 27 40 ERY AT
AA Aol AHA A7 AWVAEY FU(ZE 40B)= FHEF 1%(2 ¥ 400),
3%(2¥ 40D) AMFAT wWt ALAE Fdrzt dAES &9 & F

A A THI301.

r o,

A B B

C - D
) & <A '
a7 40, FEgel oSt vt sE R Ao A WM A ES oA
WA o] HF i, CiaA A o]+ Ry D

A o B
A A o]+ 2= Buk 390 Scale bar = 50pum
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e Hal(FA A2, EZd~H=, LDL, HDL,VLDL)
O F& HH wE v AeFE dF FTAAZAE, =Zd2HE, HDL, LDL
5 = % 8%

STD HFD HFD+#4:1%  HFD+%%:3%
TG 135.4+3.8b" 183.7 1.6 126.2+2.5¢ 123.4+2.0°
TC 126.2£4.2"¢ 199.3+2.5" 136.3+2.6 119.1+3.3°
LDL 55.7+4.2 125.7£2.5% 62.842.6" 43.1£33°
HDL 43.4£1.9" 36.8£1.0° 48.2+1.5* 51.3£0.9°

STD: %724 ol F+, HFD: A WA o] A F o, HFD+#2:19%: 2] w4 o] + 72 ot
1%, HFD+%34:3%: L X /-2 o] + 248 H-2k 395
a9 g2 A= ANOVAFA B4dM M2 799420 -4 (p<0.05)

O A AATGRE 45, nAEAolE HAT 1w 1837 +1.6mg/dLel L,
= Al

A& 1% S XS 2olE HFHSE 52 126.2+25mg/dLE VeI, 34 3%E
Egst AolE AHHI 7S 1234+20mg/dL= YERY FAIHoZ f{olsh
Fror e AFHC wgt FoAd FAAXAY HaAE #AFFE o+
AATHp<0.05).

O FZUzEE(TO)Y A, ATAolE AHAS 1F2 199.3+2.5mg/dLe] a1,
A& 1% S ESHsE 2olE HFHSE 152 136.3£2.6mg/dLE YEFY L, 34 3%E
X3kt AolE AFHe IFS 1191+33mg/dL=E  YERY, TAFHoR  F9%h
FroE FE A wdt vx FoFQ FFEEEY] AAE #FY F
A TH(p<0.05)

O &% LDLY 745, nARAoE AHAZL 1u5& 1257+25mg/dL°]9?\ =i
1%E 2% 2AolE AAg 1w 628+26mg/dLE ERS ;:]!‘% 3%E
E3kal AolE AHI aFS 431+3.3mg/dLE UER Eﬁlxﬂ.oi 9] 3t
Fror FH HH wg vx= FoHoE dF LDLY #HAE #EE
A A THp<0.05).

O ¥% HDLO 45, A2 ol& A% 15 36.8+1.0mg/dLol L, 3% 1%E
xgst Aols AHS 27 482+15mg/dlLE YENGa, HE 3%E EESH
2olE HHS 1FS 51.3t09mg/dL=E UElY EAHOR Fot FFo=
A% JHo we FE fodow dF HDLY 2712 #2d & 9olu
(p<0.05)

O o] o EX1HJ/51°] fre HRtEERAg A Fe] A mE FAAZ,
FZd2HE, LDL 8% & #ZadUi, F3 ZdZHE=2 <53

g
HDL 9] @%‘——’F%—S— FroFezs FIATIE AI¥FS Hol FH dIAA



o] mAWA ] HHol @ 175 o4 A
=

Mo 483 vty NE7F He ALY ALAS 32T 5 AAT

ol 775 AEE A GOTS GPTEA HHL 4% Ade 19
om, ol A% ARl HA Aol e 5

HAolZ HHE aFolME 82.2Karmen unit, &

|
1% AFSE ZFoMd= 589Karmen unit, 2 3% AFHI 594+ 56.0

Karmen unit® YERGT XA o]l dF o] A9 FoAoldF o Hl S|
14912l GOT A5S B, F&E 1% AFHATS mA 2ol 3Tl Hls] 1.44)
AAE How & 3% HITS A Ao FFH T vlE] 15w HAE
Bgrh F%9 YA nAPYe] HAZ A BF GOT 45¢ 9=
A gGS #ET F AAJTHp<0.05).

100 ¢ a

g
E 20 F
=2 J0 b b
%% 60 b
[T = S
S
5 E 40 t
o2 30 ¢
] o0
G

10 +

|:| 1 1

STD HFD HFD+E&r=1%  HFD+&Er=3%
Groups

T 41 Fel og "5 GOTel W3l
T 919 ThE FAHs ANOVAEA BAolA A= f2 4l 299 (p<0.05)

O GPTY A$(1¥ 42), axA o= HH3 1Fd e 244Karmen unit, %

1% AHF 2FolA+= 134Karmen unit, 3% 3% AFAT 7oA+ 112
Karmen unitz Webstth Aol Aol A9, xEAeldFAwrel ws
2309 GPT oS B, % 1% AT aAA o443 sl 1.84)
AAs BHon, H&E 3% AFHATLE mAWAo|AHFHFA Bl 228 #AES
Hol F&He] AH7E nAHC] HHZE AT T GPT Fo& FoHo=
AATS FFZL 5 UAAH(p<0.05).
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(@)

Aol frie HvbEE o] Fug AW EA oA AEA A Fdxte] Wt
I 448 Aol I HRksEdA &S sREE AAAN 5, AW
S

1 5
ZAo| e A=A FHAAe] ACC(acetyl CoA carboxylase), GPDH
(glycerol-3-phosphate dehydrogenase), PPARY(peroxisome proliferator activated
receptor gamma), aP2 ¢ FHAE[31]19] HAWSE RT-PCRYS &3l
w3 Aol

ARAHoZ ACC fFxA wrde] 9, nA iAol F o] Bracting 7|To=
ShS Wi, 1.24v) A, T 1% AFAT A AT 1.268], 32 3% HFH
A= 068 wEste], & 3% HFAwto] nAFA o)A HE FolHoE
aagts #EE F 0 AU (p<0.05). GPDH A wdel A=
aA A o] H o] Bracting 7|Fo®E S W, 1.35W s, e 1%
AATAME 036W, F% 3% AFAFAAME 0399 Haste], & 1%, 3%
AFAL B Aol AFH el wBlE  fFolHor pAaIs #ARFY 5
AATHp<0.05). gk AFAEAA HHEstE Fxgvtar el xEA <l
AARQIZRQD PPARy Az @& A= A RA ATl B-acting
7o ® s w, 139 &AL, < 1% AHATTolA = 0.39u, e
3%  AFATAAE 0299 Hdske], & 1%, 3% AHAT BT
aA A el FH ol HlE] Fejdoem ads #FET F o AATHp<0.05).
npA et o 2 aP2 F A Lde] A9w nAWA o FH o] Bracting VEoR
SHE S wl, 111w 2dstsar, 34 1% A ETol A= 0.729), & 3% A3+
A= 0978 TE3te], HE 1%, 3% I ZF aAWA o)A FH it v &

fFolHow TAasts #Ed /\ME]'([?<OO5)
oo ol & AN 9@ AzAdAe AWIHAA F
GPDH, PPARy, aP2 39 #{FdAEY 2wIHRLE AFT

-
o

1 ACC,

PN
T AR
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olFoNE 7HE Bol FAT FAAEZE A AwE wt==dH F8%
A5S 3= GPDHY 50%°]d9 ZA7 HFE FE2Ed 3 o]FoF <
A= AL AZE = A (2™ 45).
1.6 .
a
t1.4 b a a
g1.2 b 4 .
10 | WACC
b a b BGPOH
ﬁo'8 - DPPAR
506 | b c g
C 4aP?2
0.4 (
oo
0.0
STD HFD HFD+EH51 % HFD+EM43 %
Groups

5. @2 A e Az AuEAnd a4 29
o) [e]
ar

2]
I 9o tE ZFAE ANOVAEA EAA A=

o

7
Z(W/O/W type) "M 74&E AZxE 9% spray-chilling &%
Abml o] A =
ool 0.025%(w/w)s =%  polyoxyethylene sorbitan monostearate(HHLB 9.6,
PSS)E #H7tstel &alr7l & oleF vAAE IS g SAbE ARESHS T
@ Spray-chilling &%
li@¥wﬁﬁv4550ixkﬁ1vﬂﬂ2%m%4c
spray-gune AR&3Fe] EARAIZL $[22, 32] WAlA &
o= 19 469 YER ST

FAE 2k 200mL W e
[e)

Ao A g5hg o,
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Spray gun

WIOIW type
emulsion
Dispersion fluid
% 46, P Al E st A 9 st
@ WH3% = d(Internal standard) S ©]&3 A HES & 4]
v A &3 A[33-36]9] AT WERTEZZ ol red OF AAsFow, AdiAQl
NAEE =ol7] {8 12 IAEEHe 16mM Fx=2 #Hristo vAfEs 345
TR vAEst ®@ EAAe=RE 20mLE AFHS HIFAE F7]E&ud
nhexane 10mLol Z&3%slar A unNb7|E o] £38}o] 300rpmo.= 57 37F nwkelSith
wykol kg TS 10wXF BAG F, e 2mLe FHEe! 510nm ol A
ZA4E FHEE gS9 2o gYdste] n A& & (vield of microencapsulation,
%)= $HrtelTh.

B—A
B
A: Absorbance of oil red O isolated from non-encapsulated layer

Yield of microencapsulation (%) = > 100

B: Absorbance of oil red O added in hydrogenated corn oil

ol

() FEd s Wy A 2 FoF W i AAS g oHAd
O A7
eb 12} Trﬁ}xﬂ(ISt emulsifier) 9] A M7t A4
12 FrsbAe] HA H7rF AABES s 23 st o] xAdu|eh 23 kAl
7S 47 05([Chel/[Wiel), 200umol® A% & oujadsd ZAys Eg=2
polyglycerol polyricinoleate(PGPR)E 12} f+3tAl= A3t AFS FalstAth 14
frebAle] "7 10-50umol®] WMl Al 10umol T = @A
F3AE FAAIZ F spray-chilling &4E AH vARE3} —’F%% ‘:‘.“?‘3’5}91‘3}.
@ 12 73R (W/O type)ol HA =AU ([Corl/[Wimi]) HH
12} frapoe] =A4HE AAstr] S8 23 FIAE @bek 2ol AT ol A
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FAES WelA 0.1-09

A8 Ao
Ad A3=E EglE PGPRE 20umol & 7}é}e]
= AA "AZEs & SAMS ol
E=

4
SRR EEE
4 2

=

Patgich. 13 Saholel
2 AAsa @Be

A
<[Cm1]/[wml]) B]%
HX A7l & spray-chilling &
O; AA .
A A7t
22F kAol HA HrbEs sty AE op, e A A¥E EUE JA4dE 15
e
2 Abgetel 23
A3l FZHA AEL

AN
o

fretAE A
shel 214 =A% B4sn
@ 224 Fr3hA (2" emulsifier)®] 2 H7beg A A
frahAl el A = 24T
T3AE 23 SAEECwE AMESAT. 22 F3kAl=
polyoxyethylene sorbitan monostearate(HLB 14.9, PSMS)E
AW Hl&S 0.5([Cral/[Wim2)) =
skt 22 F3A49 H 7 RS 40-200pmol B 9ol A 40umol T2 TAH o=
TAE AA mAMAEs FES
278
Adss BUR argae] A9
EOlZ PSMSE
<& s}

&
=

543 22k ¥
Tt Art. 27 o
7N 71 73 AIE ¥ skal spray-chilling
skelt.
€ 22 3t (W/O/W type)el A 248 ([Cral/[Wi2l) AH
22k et el xA4gulE AAstr] 98 Au AT A=
ol A 0.1-0.9([Co2l/[Wr2]) Hl&E AAsta, @9 A3 AdE
200pmol  F7Fete] FEAIE FAEAZ F spray-chilling 78S AA VA
T& SANUS ol&ste] HH =AduE AU
1t A 3} (homogenization) &4 A%
T2zt 349 HAA rpmeS A7) 918 rpm HE 1,000-10,000rpmell A 2,250
rpm B9 E GAA R FIHA7IH @7tA o] AP AANE EdE F3AE A
% spray-chilling 34 AA vARfHEs & SAUES ol&std HA rmpme
A8l 22k A AR ef 23}
nAg A 12 F3hA
=

47 393 o}
@ A4
b 12F 534 (1% emulsifier)e] HA H7bek A=A
O 12 #3tA= 4" PGPRe H7l=F A
2+ 2E 0.5([Crol/ITWm2l), 200pmol = 12
10-50pmole] ®H A 10umol @Y= dAH o=z F7f
86.226+0.6, 87.8%+1.1, 84.2%+1.4, 84.6%+2.2

’

Al H7hEE
(PGPR)®]  H7tH&<=
A7, mAE Az - aes A
H7begel wep Zhzt %+0.6, 87.
| A=, o= 29 470 YERAT

O 1 +r3hA
86.6%*2.12] F&o°
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100 ¢

90 |

80 |

70 |

60

Yield of microencapsulation (%)

50 |

1

0

20 30 40 50

Content of PGPR (umol, HLB 0.6)

18 47. PGPR #7211 emulsifier, pmol)©l
2 v A AES FE(%)

O ol dx= 27 73
He T&d  I9FS
ARG FIA DA

A4 F WE9 1x F3A HIMHY ®wI=E uA
A et Adsigoew, 13 Wk Hagk i

ju
J@ A947E ==, PGPRY A71EE 20umol2
S

O 1z frstoe] =AnlE AAsr] 98] 23 fshdel xAgdu|of 23 {344 <]
A7bS 242 05([Co2l/[WieD), 200 pmol® A3 5 F3tdAdel sAEY
ol 12k #3t) 2A4HE 0.1(Chul/IWmDHFH 097k4] 02 HA =2 7}
AN FE3AE FA s

W L.

nAE Ax T Fes SASe] 2" 48] uE

O 1% frateje]l zdulel wheh 2tz 820%+2.4, 91.8%+0.65, 90.3%+0.7, 92.8%+1.8,
86.7%+0.2%2 4= glon, @ Zo| 22 3 A F HF9 13 73

Z74H 9 ¥at= vAA

Ea

Fgol 2 YL vAA Fedn Fast,
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100 ¢

w
=]

80 |

70 |

60 |

Yield of microencapsulation (%)

50

0.I1 0:3 0:5 0:7 0:9

The ratio of [C..1] to [Wr1]
a9 48 12 sAEA Y 12 9554
Hl&of digt | Afest &%) &

@& 27+ F3A(2" emulsifier)©] H7bg A A

@)

2= AFS 98 1A fFetds 2 SAEACwE AREstal ouAd AnE
Edqz 22 FAEHACw¥ 224 I5Ed (W9 HlE&S 05([Cuml/[Wm) =
1% oA 22 f3kA o] b mE vAfEs &S SHSA

% 499 Zo], PSMS #H7F#e] 40umolF-¥ 160umol7tA] F71& S v A

Aest &= vHHOE F7lste], 160umole H7I8t A& W 98.3%+1.49
TES BAT 1 ol sroME vAAes F8o] = S e
W A
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100 |

90 |

80 ¢

70 |

60

Yield of microencapsulation (%)

50

40 80 120 160 200
Content of PSMS (umol. HLB 14.9)

19 49, PGPR 72" emulsifier,
umol)oll W& v A MES F=8(%)

@ 22 -3 H(W/O/W type) Z73H] HY XA
O 1& Fads 22 TAHELCwE AHEsta Andddrs EQE 23 39
A7FFS 160 ymol= a1 GAZl % 22 3k 24dv] 9] v]&S 0.1[Chal/[Wmel
ol 4 0.97hA] st mAfEst &S 45kl 19 500 YERATH

>

100 ¢

90

80 |

70

60 |

Yield of microencapsulation (%)

50 |

0.1 0.3 0.5 0.7 09

The ratio of [C.z] to [W:]
29 50, 2 A EE 3 229 HE A 9
ol ek MAIREE F8(%)9] 9T
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@

86.1%+1.7% =ZA=gomw v Lol 0.19A4 0.77tA ZF71E5E u MNP <s

O 2%} frsfae] xAdujof we} ZH7} 99.3%+0.0, 95.3%+0.7, 85.9%+1.9, 81.9%+0.4,
Fge wAHOR gas

Ao =2 FAH AT

A 3} (homogenization) &4 AA
O Homogenization rpm ¢ ol
1.

& T 247 90.1%+2.0, 91.7%+1.0,
89.1%6+2.3, 88%+0.8, 88.6%=* A

6o = %—gﬂMguﬂ, o= 19 519 YERY AT

100
80 |
70 |

60 |

Yield of microencapsulation (%)

50

1000 3250 5500 7750 10000
Degree of homogenization (rpm)
a9 51 A3 B = (rpm)ol] wWE
u| A W& s 8(%)

O Homogenization rpm ™o o vFAfHsE F&& FA3FHA A7t
oy wARE T4 A FLE AFLdEL ndys
HAE glatr] flste] HEEHEEAHY SHHFTE

ESEHEA RS o] &3t olxF vAAEHW/O/W type) 72 4 3}H37]
T
HES I HEAIH S 918 234
HES- FHE A1 S 9]3Fe] MINITAB  statistical software(version 15, Minitab Inc.,

State college, PA, USA)E Ab&stdor, AFdATL F4A T A& H (central
composite design, CCD)ol w2} AASAT. vARfEst FAHe HAS)E —?Ja
SHHTE dudd A3dE EUE 22 F3kAl HUbE, 23 koo A,

degree of homogenization(rpm)< A4 stAch. AA = ‘ﬂ%%-’?«] el 4l %i}
HAAE -168, -1, 0, +1, +1.689 vA TAZ Fagstof(x 14) FAFGA ol
wa F 20709 Adgtow HASITHE 15). o & H =
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MAREE FER AR, Aze Sgusd U@ Addoe
Q.
[e)

ato] A5k tH38-401.

Coded level

iabl X7 AX
Variables Coded X7 Ry =) 0 1 163

Content of 2™ emulsifier
X1 40 80 120 160 200 40

(umol)
The ratio of [Cuzl to [Wmel X2 0.1 0.3 05 0.7 0.9 0.2

Degree of homogenization
X3 1,000 3,250 5500 7,750 10,000 2,250

(rpm)

2 olg® x4 HA3
Wel wek AT APl odstel w=EF Al viAAE
A ¥ 4

=

RSREG(response surface regression)S ©]-8-3}]

- ) Ris -1 =
Eahe] AAEs £& FUAE AW $4 A4HE At % F2E F6
A Est T HAstl ddd S 22 FEAe] H7bF(umol, X7), 23F

3]l 2 ([Chol/[Wiel, X2, degree of homogenization(rpm, X3 <4<l
A HEs & (YM, %) gt TE23ARGANS v 2o 7|4 Y= 5

qﬂ%a Xi, Xﬁf 5??§?ﬂ?ﬂ ﬁ%%f %i?i,[%,/%p ﬂﬁ%f §1?17ﬂ4:§% 91D1§}t+

3 3 2 3
Y=4,+ _Zlﬁixi + ZﬁiiXiQ +X7 20 By

1=1 i=1j=i+1

€ 20709 A9 =HstelA wAe FES
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3# 15, 1A

Aesh AAEE 9 FAGAADY

Coded variables

Process variables

Observed Predicted

Run No- e xr xy x¢ X! X{ YMd (%) YM (%)
1 -1 -1 -1 &80 0.3 3,250 88.67 88.65
2 1 -1 -1 160 0.3 3,250 98.21 96.95
3 -1 1 -1 &0 0.7 3,250 77.97 5.77
4 1 1 -1 160 0.7 3,250 95.11 97.16
5 -1 -1 1 &0 0.3 7,750 97.47 93.82
6 1 -1 1 160 0.3 7,750 99.11 99.70
7 -1 1 1 &0 0.7 7,750 73.97 73.63
8 1 1 1 160 0.7 7,750 94.18 92.60
9 -1.68 0 0 40 05 5,500 68.99 71.30

10 1.68 0 0 200 05 5,500 99.28 08.58
11 0 -1.68 0 120 0.1 5,500 99.63 100.99
12 0 1.68 0 120 09 5,500 80.77 81.01
13 0 0 -1.68 120 05 1,000 88.64 88.56
14 0 0 1.68 120 05 10,000 &7.47 &9.16
15 0 0 0 120 05 5,500 92.79 94.34
16 0 0 0 120 05 5,500 96.09 94.34
17 0 0 0 120 05 5,500 93.82 94.34
18 0 0 0 120 05 5,500 93.30 94.34
19 0 0 0 120 05 5,500 93.46 94.34
20 0 0 0 120 05 5,500 95.00 94.34

athe ratio of [Cm2] to [Wm2]

bcontent of 2nd emulsifier (umol)

cdegree of homogenization (rpm)

dyield of microencapsulation

O X 155 v®oz RSREG &4 AH#lste] el 2=
AEstel

A A PRt 47 wate] mE w4

g 2ol

X7, 283 WATHX X, XX XoXp)Fol Al

ol x+d X7, X’4p<0.05),

F9940 Y= Ao FAHT

Y=160.3433+0.3557X, —

30.7926 X, + 0.0059.X; — 0.0015 X — 20.8991 X, + 0.4089.X, X,
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[e]
=

A= (p<0.001),
WAE X X3

160 YERS oM,
Yo g 34
ZHEAT. FEWS A5 AN, Xy X, ol XX, X
-

AdA3 X, Xs
X2XAp<0.05) 0]



F 16 d5¥ o 2l 39 A

Parameter Estimate Standard error p value

Intercept 60.3433 11.0220 0.000
X, 0.3557 0.0927 0.003
X, -30.7926 18.2573 0.123
X, 0.0059 0.0016 0.005

X 12 -0.0015 0.0003 0.000

X 22 -20.8991 10.6380 0.078

X 32 -0.0000 0.0000 0.009

X, X, 0.4089 0.0943 0.001
X, X5 -0.0000 0.0000 0.441
X9 X5 -0.0041 0.0017 0.036

O WAREAS] Ades e, dAF, oAy, 231 wAFE [FoAel U=
AoZ YeHa(p<0.05) ZAAAS(coefficient of determination, R*)T
0.9689%2 ool 5% oW fFeFEoA AdAHALH, o= ® 179
Uebdel. ®=3 lack of fitgtol 0.0512A4 HFAo] AAHX gom=z
(p>0.05) 2do] RIZEHE AF A AR AT AT

31727 whg EW EES 93 SHHS o] ANOVAREHY

Source DF?* Sum of square Mean square F value p value
Total model 9 1418.66 157.629 34.62 0.000
Linear 3 1143.60 595.826 12.26 0.001
Square 3 159.78 53.259 11.70 0.001
Interaction 3 115.28 38.427 8.44 0.004
Total error 10 4553 4.553
Lack of fit 5 37.93 7.585 4.99 0.0051
Pure error 5 7.60 1.520
R? 0.9689

“degree of freedom

SHETd 02 vAfRE & ¥Wste] wgaw B4 Aye 19 529
Het ot (a)= 2&% F3A H7bEFS 2x fE g A8 B4 aHEE
low, 247k 160umol B 0.7([Cr2ll/[Wmel) F 2 A Hl A &0
M =gt b= 22 34 H7FEF3F homogenization rpme] #HA 1=
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= vt e, 4z 120umol 2 7,750rpm HZo A mlAHE F&o 7MF

EAd. (0= 23 #3992 ZAH) 9 homogenization rpme] A 1
et e, 2tz 0.1([Cm2ll/[Wmel) 2 5,500rpm FZol A v Al &

7 we Aoz FAHu)

CE2
T&0]

(a) (b) (c)
i F H
i i
100
g g g 5
.g ; % 5.500_{&\
E Content of ﬁ & 1,000 ﬁsg"‘
2* enmulsifier (umol)
(-] ‘a" u{ f n;, 10000 ‘L r .L 10000 ] _]ﬂ |‘ .,h T ‘T \\
osi/f f } - 000 \ J ) W t ‘II
g o7 / ,/ f E P"‘:'"\ A — 4 | \| E’ i 'l‘ | ll ll‘ ‘ll\ \'
i |/ / Eam\ el |\ )
2et) | e [ /| £ ™ | J | ||
g ol /. ‘\ E: 000 ] < / _;'f i § som / ,."‘ J || .l\
é ,d‘r :% = ,\'“\ T e z/ z oy /J ,f / IJI J
W . wof*\ S~ = /)4
ﬂ' %0 E3 e 1S -] s ’:'.'IJ b ..-0 ; 100 1% 180 % ':U:I IlI\:’CI‘ 'E\L n‘i a1 os /56 |':T. 08 08
Content of Content of The ratio of [C] to [Wal
2™ enulsifier (ymol) 2™ emulsifier (umol)
% 52, ZF kg W] mE HAIglE FE(%)Y] EuE 2 AR
(a) 22F Fr3kAl(umol) & 22k 3k o] 1], (b): 224 f+3kA] (umol) ¢k A3 4 %= (rpm),
(c): 2xbfrst o] zgdu| ot 23t A= (rpm)
NS EREA @ viANss T4 A 27 Y
BgEARA S % mARss FA HY 2AL -] 8 FAY 2
A AEE As FAYS /A= gz HAHom wIIPoH, o=
2% 53¢ YERUdt "AfHE & SUSE 9 HAF IFERALEZ 23
fr3tAl o] H7FFS 184.4umol, 22+ &R AU = 0.6([Crzll/[Wmel), L8 3L
homogenization rpm< 5,696.9rpmeo] Ztzt AR ¥ 3t}
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e Content of 2=¢ emulsifier {(pmol) The ratio of [C,;] to [W_ Dezree of homozenization (rpm)
== 200.0 0.9 100000
D Cur [154.3920] [0.5950] [F696.5304]

1000.0

090037 HE 40.0 01

ShA
- oo
U=

0.99937

M (%)
SHELN99.0
v =96,9975
d =0.99937
a9 53 % g M AAEs Az HA 20 S e kg
Z9 9y
(2) A E] pH B AAd2Edd wE kA H7t
7h % FE=5 - WAAE] pH 2 A% 2% W& A% kA H7t
O A+4H
@b pHoll w2 wAlHEe] A3 kA 3l
& FE5 f vAAEY pHol WE A4 kg AS Hrrsly] &) vAfAEe] pH
WS 20-12.000A4 25 @& WA R ZFIIAIH AT SL2(20T) X3
G271 At A7)kl e AFYE SAH3 AT
G A xo wE vAHE] AF kA gl
A 2w wE PR Hrketrl 98 mAReS 247 4T 20T, 40T, 60CE
AAe Fer)o AAst] ARV wE FAAS FASAT. 77 AR
P MAHES F& SAYPS o) &ste A

Q@ A4
eh pHell W& vjA W& A4 kA &l

A 24 Az vAREe] pHel wha A b8 21 540 Rl It
EE pHEHAAM A% 5 3047HA 9% oldox Slvo], pHl m©E A%
AL A TN AT Aoz At
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1004:
%

20 +

80

Stability (%)

T0

60 |

o 1 2 3 4 5 “10 20 30
Storage time (day)
O¥ 54 & FE2E 3 rAfESY p
2.0, O, pH 45, ¥, pH 7.0;
pH 9.5; W, pH 12.0)

O A ewol wE wARa] 4% A el
% F5F @% AR A exe mE e 19 5600 tehyglon,
4T, 20T, 0TAAE A% F 109704 95% q@q T RS ngAw

)
o,
9
l
b
oy
I~>

60CoAA AZd wAfHesd 3¢ ¢ Hol 783%+0.30%

UERsh
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(D) % 2% a4 vARes] 4% exo A% 7)ol ©

100

95

90

85

Stability (%)

80 |

75

o 1 2 3 4 s 10
Storage time (day)
% 55 & FEw e vAIAEe] 2=
sk < FAH(@, 4T; O, 20TC; ¥, 40C; A,
60C)

#4

M
g
S
M
1%

il

s}
stel S5 A EHdd 1g AHAG "Este] dxaddt dALs wHEATh
= A2l Ao, a2 14 2 E(Sanyo, Japan)e AR&3ste] 60°C

oM AFstAT. dxzatat dPTS Az 2z sl 0, 1, 3, 8d &<

W " AHEstE S WA T 54
O "AZEstdE s A o wep AAstaA 1 IS headspace-solid
phase microextraction(HS-SPME) W o 2 F3:3}o] gas chromatography mass
spectrometry(GC-MS) = 43¢ th. olu, SPME fiber= 75um carboxen/PDMS
= AH&sHS

O CAR/PDMS SPME fiberel| &% 34 522 GC(Agilent 6890, Agilent
Technology, Palo alto, CA, USA)-MS(Agilent 5973, Agilent technology)ell <3}

e 2 FAENY. 22+ HP-530m x 0.32mm 1D, 0.25um  film)
AdE, olsdormes FAFES AMESReH, F52 06mL/iE ol GC
S22 00oAM 287HA 40°CE #FAA F, 6°C/&2e] HEE 160°C7HA]
S7EAIZ1AL 160°Coll A 220°C7hA] 10°C/ 9] HE2 F7RAATE MS 24
Z7L 70eVel 150°C quadrupole, 230°C ion source %5 ARSI, =Y

(injector)?] &%+ 250°C ©]2lt}. SPME fiber= F4 7oA 2837F = A A}

@ AWRE 5
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GC-MS® A3 3B S NIST Mass spectra library S ©]-83to] F A4}

w3k pparaffin®} Kovat indexZ ©]83F retention indices(RDat 5= H uldlo]

Ao AIA = meantSDE XA AL, SPSS programS ©] &3t 1&7H9
A

=
EAA 94L& ANOVA FHAHo=, /\}—?7&%% Duncan multiple test®
o

Jo
10
ot
2y
1 o
rA;

ettt

@ 7423

©)

@)

oh mAEstE &Ko) F 3
§4

il
] A 78 3kE 222 3EAELS xylene, limonene, camphor 5 2] terpenoid Al A&
453 m el 71E At 8F°] AEH A

A3 60°Cell A 0, 1, 3, 84 &<k AFT wAestE &Ko F LA
sheFe 19 560 e STk

Lot

A

8.00

6.00

8

Total of volatiles (x10 ion counts)

4.00

2.00

0.00

Time (Day)

' 56, ¥ 60°Cell AR viA et o] $A
=}

ol
A

WO 4244, @ 1 60°CA )

AgaA e vAfAEstE %o & IWAE T 0.09+0.01(x10% ion counts)

oA A= 60°CeollAl 8zt AFET Ame F LT FEFe 77

6.58+0.79, 0.40+0.06(x10° ion counts)e]th. AL AF AL = AR

gF WEIt gl ey 60°ColA A AEE AF 7|zl F7hge wat
AR FqFol TY93<Q F71E HAHPp<0.05). =& 8UIF 60°Coll A A&

ANRE F2dA4 AZSF A5ERY ¢F 1665MAE =2 AR FFS e
0 .

4

gtk ol MAAEHE £ FedA AFHE A wmA IR
Aoz TN, £d 60°C AR FWHE Gl Feudh ke AL Dol
Jaf mAAEe] © HAse] MAAEHT £ HPyR] YEH Ao=
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gt 4 51918 27182 A& stol 3rCIA 3UZ AT 7, Ay
Frlgre] HEFES 24 A% 3742%9 AL PIARE naHn
pags Qok oAl wa AgIzel Al mek Asst =YD A
G714l 58-63% WEFNSS Tk o] B ATSE fAF 4g At
%9

D v A 7=t %94 T8 R Wt
O A3 60°CollA A %sk mAHastd 9
& 3% 18 YE ST
O <3 60°CAAlA AF vAf=sdE &9 F8 ARES [Adre A3&e
T8 AE T U= 54d%¥ limonene ©]% 2™, limonene & A oA =
T3 Wstrt Holx &gkoy 60°C AFEZA A E limonenedo] 94
o2 F7he A (p<0.05).
nAEstd S8 A2 AFste A AFsr] AY ALHAEF FAFsH
HhE o 60°Col A A ZsE A9, AF7|ZEe] AFel Wl hexanal, pentanal,
octanal, heptanal, nonanal % aldehyded® A¥o| Z7}stdth. o= AW
AbsA A Eo] 7]91% Ao g Alg@UH18]. I 60°Col A A I A ZE o Aut
furan® ¢l 2-butylfuran, 2-pentylfuran®] AZEHJow, 60°Cels oF7h9
Al o &3l AtstEeo] YEd o= AZErT Pentylfuran®] A9+
Ak A EE A 9u41].

o
T
L
%

M

offt
)

3

Y aroma description

©)
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N
ko
ok
i

A gkn] A E-9] peak area

Peak area (x10" ion counts)

RIV Volatile compound Aroma descriptionsm 5 D"
Control R-1 R-3 R-8 60-1 60-3 60-8

< 646 Ethanol ethanol-like, pungent, sweet ~ ND” ND ND ND 14726036 1531012 20.12+015  MS
646 3-Methylbutanal [TtV almond, herbaceous, ND ND 033004 051006 059:000 236:005 MS/RI
699 Pentanal pungent, almond, herbal, ND ND ND ND  218:027 241:030 410£028 MS/RI
796 Hexanal green, tallowy, fishy, ND ND ND ND 1262048 177:036 438:050 MS/RI
869 Xylene cold meat fat, olly, fat. 0201004  012:003  010£002  ND 055014 0392006 051£001 MS/RI
885  2-Butylfuran : ND ND ND ND ND 030004 070005 ~ MS
899 Heptanal dry fish, sol¥ent, rancid, ND ND ND ND  156£038  158:002 314002 MS/RI
o45 A4 Dimethyl=2-pe : ND ND ND ND  097+0.12  144:002 2924013  MS
987 2-Pentylfuran buttery, green bean-like ND ND ND ND 0.95+0.20 1.64+£0.17  3.06£0.05 MS/RI
1003 Octanal stew, boiled meat, rancid, ND ND ND ND ND 1642003 321007  MS
1027 Limonene licorice, green, cilrus, — 024:002 037008  046:0.03 0.92:028 258032 306:0.01 622021 MS/RI
1114 Nonanal green, [ruity, waxy, soapy. — Np ND ND ND  072£027 0.82:014 218047 MS/RI
1157 Camphor camphor, green, dry, leaf 0.04+0.00 0.04+0.01 0.04+0.01 0.08+0.00 ND ND ND MS/RI
1173 Massioalactone : 005£0.02  010£000 008011 043001 137:020 267:003 733+0.17  MS

Y Retention indices (RI) were determined using n—paraffin(C5,6,7,8,10,12,14,16) as external references.

2 Aroma description adapted from website of was accessed at May 20, 2010.

& Micro-encapsulation using Artemisia princeps pampan. storaged at 60°C for 1day was designated as 60-1.

Y Volatile identification was performed through a combination of NIST Mass spectra library(MS) and retention index(RI) from website of

accessed at May 20, 2010.

® Not detected.
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(3) MAAEe] ANEAd &<l

hH & FE= T ARHEY FAHEE dEAY 2 AdEdE 24

O A
2 AFdAE in vitro &3t BRES ol&ete] & FEE I WAAEY FAH=H
HWEAo] W ANELDES H7FsEvH42-44]. 217 9 (gastric stage) %7, #(intestinal
stage) o2 3% 199 o] HASIAeH, 2 e AWERAES Blustr] 9
o2 FHF(distilled water, DW.)E A&t 9 319 pHE 04N HClS
AREsel pH 204012 Ao, & 239 pHE 04N NaOHE AF§3te] pH
754012 ZAsIATHLS] 7t 2o wE FAEE HEES S48 f8 AHE
10mLE ®F35ta, S/, 9 d(gastric juice), &M (intestinal juice)S Z+7ZF 10mL*A
=g 5 vAfEe FeEEAES 98 ¥4 #7189l nhexane  10mL=
A7bskder. Eds 37C+01= AAE FeFxolA 200rpmO = AA wyksi,
180 B9t 30+ Aoz ANEJES SAHsAT)

3 19. In vitro 28} EHllo| A ALEE A AstR ] A0t T

Gastric Juice

Duodenal Juice

15.7mL NaCl 175.3g/L
3.0mL NaH:PO4 88.8g/L
9.2mL KCI 89.6g/L
18.0mL CaCly * 2H-0O 22.2g/L
10.0mL NH4CI 30.6g/L

Inorganic solution

10.0mL glucose 65g/L
10.0mL glucuronic acid 2g/L
3.4mL urea 25g/L
10.0mL 33g/L glucoseamine

Organic solution

hydrochloride

1.0g pepsin
Add to mixture & beb ]
3.0g mucin

40.0mL NaCl 175.3g/L

40.0mL NaHCO; 84.7¢/L
10.0mL KH>PO, 8g/L
6.0mL KCI 89.6g/L
10.0mL MgCl; 5g/L

4.0mL urea 25g/L

9.0mL CaCls * 2H-0 22.2g/L
3.0g pancreatin
0.5g lipase

The inorganic and organic solutions are augmented to 500mL with distilled water.

After mixing of the inorganic and organic solution

s, some further constituent are

added and dissolved.

@ A4
B odAFgoNA in vitro A3 RE4EE o]&3 & F
FEA 2 ANELES Prd Ao o

== 9 vAlAeed TH=EZ

2 579 YelAet. Y (gastric stage)



Zz7A 9 dExTe 1808 FoF 10% o3ty FAEZR WEES HYOHW FH
(intestinal stage) 2742 FAEZR WEEo HAIFHoE F7l5 o] ¥rE A7 243
o FAEAR & Eo] 70%° =23t AL FQs14r).
80 |
70 |
60|
=
250t
o
(&)
e
© 40 |
@
L'
o
@ 30!
@
o
20 |
10|
0 I i " " n i
0 30 60 % 120 150 180
Time (min)
1% 57. in vitro A3} E 2o A
THEA(E FE5) UE2(@: 4, O
91, WOl =)
o & 259 B A E AEAY
(1) #2255, AR =250 3 A5 dsA #HAF
(7h) Z=AFEA
S5 e A8 & FEES AAHSH] A8 F E S 200 A4S didew &
FEE AL & FE2E & A5 HEgS votstaial s
(W) A5
@ 2MA did o] A EH46]
A A 9 H AHCentral Location Test)® 9o tfel gdogio] A 2009 9€9 54 &F
FoF Mgt o FHE 3E o 2 S5 Tl dde] = 200 A4 hEd 22
e 7S 5 o5 34 A e AFE FF5 AA ol SFsA g 213 Ak
g ool A & HAE s WEes AHAE ggoer vk uSuke
HHAo] HAFRA 21 F3 oFE Al 3 & F 21099 Au|AF #dS XA}
HAFel FFo] Al F T
@ HA3
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b @7 W& 4 Hak
ZAE ozt T e ] el wheh ojAfel] FHAG $ HUF X &4 H
Folatarel] s kiRt thg W&o AEe] gk SEs WSttt
O F 74 b& & ol g Ms
O 71E&d Ae & AF 7hed ol 7MY =9dd AE
O 71& AFH AAT & o =
@ AN
S 2+ Zo] o= R-package (R Development Core Team (2006). R: A

language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. ISBN 3-900051-07-0, URL http://www.R-
project.org.) & AF&3te] ol HAS AAISHA T

(th) A2
O F 7 v & el dg A=
< W 5UMEAM HEAEolu, Fuets SHEd 7H W

=7 vEhgti (2 58(a)). AbAREe] o] Ik =4S ‘oif 56524 HE
ojuf, H&ol Ml E thh Uty 58(h). F AEFD HFEol HAASH
t-Test) 2% FoF+F 20%HAA FY93 2ol E B A H(p-value=0.1870).

(a) T%-108% (b) NAIE-102%

%i" :5.94 Eciil - 565

03 04
L ]

Density

0.2

i

Density
000 005 010 015 020 025 030 035
L . L \ . . L ;

[iA]
L

oo
L

7
A9 % we AF bed, Fol Y TAY AFoRE Luoldn $H AY
2A, 4 we WEE Bgor, 1 ggoR HA, HuFou

1}-

59). %9 F7 BAG YA Ao @, A, Wy ol
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s ELEH
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I
|
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=
1
1
1
1
1
1
1
|
1
1
1
1
1
1
1
|
1
1
1
|
e el el el B A AT Y e | A B

a9 59 & AE T Fol M EFUE AF &

2 3}

@ 71 A E AAZ & o wEn
/V~
‘:q‘

o] Agol Aol uls) Rryel &yl AAF wue] AT ¥ w7 b
Hlgo] =odth AR Aol woll HA =2 HE&S YEE A2 glon
A AED wa f9e w Wk Foletes % FE Asete wgo] w3k T
AEDL wAEA HJAAAT FoFEE 20%HolA  AEE vgo ol gl
(p—value=0.4143).
m 2
B wgfed
H &Efg
& = HACrEME
O AP =R
B-
E
2
a [
H_
: AbRFE are
19 60, AbRpEER) o] MEE
W20, AL} e AFLL] mAEA
#rh eI e ot AAEAE AAZGEE 7
AR}k 14 35 23 16 14
B 24 29 22 14 19
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FaE4 94 Z= Bt
FO54 Y Bw Bt
7%

W &

S 7+ Aol o= R-package (R Development Core Team (2006). R: A
language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. ISBN 3-900051-07-0, URL http/www.R-

project.org.) & AR&3sto] o)A HAS A

(th A A
D F¢H % Bt
nEE AEN AFE AFY NEELL A7t goou FEE AER WnG o

A 7137 A JEFE (p=0.05).

<

=5 57
AT %= 571 0.19 1.44
% 526 0.21 158

O

7123+ 5992 AA (Analysis of Variance: ANOVA)

Df Sum Sq Mean Sq F value Pr(>F)
F.Sample 2 808 4.04 2.8445 0.0623 .
B.Panel 57 238.81 419 2.9497 4.652e-07
Residuals 114 161.92 1.42

Signif. codes: 0O =% 0.001 *+ 0.01 = 0.05. 0.1 1

O tHl L 74 (Multiple Comparison Test)

Alpha 0.05

Duncans Minimum Significant Difference
range—1 range-2

MSD 0.44 0.46

Means with the same letter are not significantly different.
1% Ak Tk - gl g2
- ns * a
ns - * a
% * - b

off 2 Kl
off off of
HOORTH
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O O = (Mean plot): T2 =

Mean score

==

4
ot
(@))
RS
o\
i
)
~
fols
o,
)
1o,
o,
Al
&
)
[

@ A+ 715 B2t
AsE ATl dAVIEE= FoAAY Frd HRAV|zE §5F Aoz F
dg#e A = AF FA FTEE AFA HAXME Fu, A7V
B ez 43 Jow dddn

Qs FrrE ATE
AFE 5.34 5.64 5.71
As % 5.09 5.72 6.10
TEE 5.69 5.00 5.43
* FEA2}

Qe FrrE AV e
1EE 1.31 1.61 1.43

A= 155 1.47 1.39
T &

1.29 1.24 1.51

O AF N 7E% Fx HA
(Vtest: vt ztole] =7] @ W3F / P-value: +9743)

Vtest P-value

gr) 715 2705425 0.003410854

21771% 2.636897 0.004183417
#7715 2.092224 0.018209263
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O /M AFE F2 713 [p-value < 0.05]
(Coeff: 3= / P-value: #2l4 / Vtest: it folo] =7] W Wk
$uFs=
[1] Coeff Adjust mean P-value Vtest
<0 rows> (or O-length row.names)
$AFE
Coeff Adjust mean P-value Vtest

0.3563218
0.2701149
-0.2873563

Coeff Adjust mean

91715 0.3160920
217+71 5 -0.3160920
@715 -0.4540230

6.103448 0.002472567 3.026679
0.724138 0.043245576  2.021330
5.086207 0.019561706 -2.334650

P-value Vitest
5.689655 0.0104136823 2.561781
5.431034 0.0070116826 -2.696289
5.000000 0.0008249022 -3.344301

FoE4 Ax 2% 77}
A= AFS AN, g, v dS=4Y Z=r A
AsE AFL 92 Zstn £F74 AYe oFF Aoz Hrhg.
e Fshy gge g3 Aoz Priu.
O 544% 2ot Holg
x o
A Aok ok vk &g g)ekey
TIE 645 422 607 476 490 484
A% 357 416 6.00 443 429 441
F5 = 6.36 393 4.81 455 472 441
* Y|zt
A Alst ek &l 83k ]let=A
L 111145123 1.34 1.37  1.24
A= 086 1.30 1.24 146 158  1.27
F¥E 099 1.24 119 1.35 142 146

O AF 3+ 5= Fo2 H2A
(Vtest: ¥t xfele] =7] 9 W& / P-value: f+94)

Vtest P-value

A 12.048676 9.854505e-34

ok 6.431350 6.323787e-11

Atz 2.189690 1.427338e-02

%3 1.868120 3.087266e-02
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A [p-value < 0.05]

O M AFE Fo 5
2/ P-value: 594 / Vtest: Bt z}ole] =7] 2 Hl&k)

(Coeff: gk
$as=
Coeff Adjust mean P-value Vtest
& 0.9885057 6.448276 1.030117e-15 8.023216
[ ls 0.4425287 6.068966 6.965789e-05 3.977451
Ar=7 0.2873563 4.844828 3.626914e-03 2.908910

z
o

Coeff Adjust mean P-value Vtest
ub 0.3735632 6.000000 6.980275e-04  3.390353
&eF -(.3448276 4.293103 1.136400e-02 -2.531302
AR -1.8908046 3.568966 8.789144e-35 -12.302428
$TExE

Coeff Adjust mean P-value Vtest
A2 0.9022989 6.362069 7.767815e-14 7.474195
b -0.8160920 4.810345 8.363457e-12 -6.832179

a5k 645 4.22 6.07 4.76 4.90 4.84
Ideal 5.72 4.27 538 5.54 5.45 4.66
A A ek &k %3 ek
A% 357 416 6.00 443 429 441
Ideal 5.24 4.27 5.38 5.54 5.45 4.66
Mg AT & %3 etz

&% 6.36 3.93 4.81 455 4.72 441
Ideal 5.69 4.27 5.38 5.54 545 4.66
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R: A

package (R Development Core Team (2006).
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language and environment for statistical computing. R Foundation for Statistical
Computing, Vienna, Austria. ISBN 3-900051-07-0, URL http://www.R-project.

org)E AHEete] o4 PR AN

(th) 9+ 43
@D 713 % (Acceptability) #4]
O F7|E BENAY Ak £& Hit 52302 YEgow aFE &S Wi 466
o8 ey AsEHRo AFE &K v FTHFVE ¥ =A YEYH,
ol 5% A FAIASRE Fod ApolE HAT

c 71a T 793 #174 (Analysis of Variance: ANOVA)

Df Sum Sq Mean Sq F value Pr(>F)
F.Sample 1 1608 16.08 6.3469 0.01334 =
B.Panel 100 400.90 4,01 1.5820 0.01137 =
Residuals 100 253.42 2.53

Signif. codes: 0 *x 0.001 ** 0.01 = 0.05 .01 1

[ Cutoff score: CAI > 09 ]
e 15 E®

0.9987  0.6546

[ Cutoff score: CPI > 09 |

2A 2A
AL sy

0.5788  0.0000
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64.7 27.6
(phobia)
e 15 E®
0.1 0.0

[ Category: Not positive, 30750 / Not Negative, 50770 / positive, 70790 / Absolutely
Positive, =90 ]

O 8% MA3F% CCI Ao 3t a4

Z2H| 2} &% A (Consumer Acceptability Index: CAI) = F%7 7] 33 7}ol A

FAE QAR e WEFFEGR) o4l W mel auAst 184 ge aHF

noh s wedel e Py foRES 14 W g (- fddB)olh Al

@ol 1-Fe 520D M 7 09 ool S 90% NHAFFANA “BEFE ool
] o)

o]
Agny Eges woeln @ 4+ Ao =

A4} Ak & 09987 Elua, sk 4 0604602 YENY Ak &
FEE7F A B ¢ AT sk &£ FE&RE AT T|FoR 09050l nE
“FEE7F Ao ekal 3 4 Qv

- A¥x A5 % A4 (Consumer Preference Index: CPI) & 9% 7]Z & XA
6HFHE 4nv[Ae] SRS OR Attt SARS(6, 7, 8 9ol HES 2T
FAWNE(1-57) ®Hop FElaiA #z@d 45 #sAd F4o| dssirtn dAdd
ATH FEFAAETE lojghe= AL FANREo] FAHNEHT Eoe S 100%
A F S Yrlsty 09+ 90%41E, 0.8 80%A1EE 9w &t 182 s CPI
09 o2 #sFEo 433 FFo=z T 5 Ak

ARAY A% 22 05788% UEUI, 5% 22 0.00000.2 YE} T AE 2T
09Kt} vrol AEFE 90%olA AHjAtEe] A5 ¢ flvkes WEs Bty dad

- 2HARF % A4 (Consumer Satisfaction Index: CSI) = A&B[AF 48
A (CADSE &M A3= AS(CPD #ts Edz A4td gte=, A8z o=
A4= [ WS 0 Not positive, 30750 / Not Negative, 50770 / positive, 70790
Absolutely Positive, =90 | & S &3} st w= x50l

- AAAYN ABE £ 6472 YEY ‘A3 BAHOAE ¥EotolH, AFE &S
27622 Yety “A3s FAHI ek YEHTH L 67).
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Chun & Cho Index

CCl (phobia} :©  B47 (0.1)

Absolutely Megative

MNegative Positive

Ahsolutely Paositive

Mat Megative

T T T T
-100 -50 1] 50

Prabability (%)

1 3 5 T

Preference Score
[ mean= 523 ]

Chun & Cho Index

CCl (phobial @ 276 (0)

Absolutely Negative
Pasitive

Mot Megative

Absolutely Positive

100

Probability (%)

1 3 5 T

Freference Score
[ mean= 4.66 ]

As de &4
TR FAEAYN F SHA 1018 7l A % AEo] 614
AP ozA Awsk Lo digt HdIWE7F =gkom {FgFE
AFE & o g AHR=7} & H3 FHR3A B A
- £%4 3% (Overall Preference) +%
Ao o)z #24 (Exact Binomial Test)

[ As=s ][ 1s= ][ Al

[ 21 60 41 101

- 2343 (Overall Preference) o7 &4

LS|
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UEFATH LR 68).

Al EH O
MEH Ol
AR, A
H=5=]-813 H=5=1-11=
=sH)| EEiC) 23| [Eroro) Saict 5
=] HEEI 17| |25l 2 12
FEEET: 17| [Z=0 25 T
O] HACF 15| [Zw0l 250 o g
0| FEICF e
=T 1
29 68 % gRe 4d o)

36924 UElton A4 mEn
& oAe cyAR FAA |8l
Aoz YEHTHLE 69).

- A4 WS At
3.69

- 241 w5% CCI (Chun & Cho Index: CCI)

80(phobia:0)

[ Category: Not positive, 30750 / Not Negative, 50770 / positive, 70790 / Absolutely

Positive, >90 ]

- RE (UE)
12 3 4 5
(A=) 2 8 22 56 13
- X (ME) 1 2 3 4 5)

79 21.8 554 129
- A W Tﬂfi ez A4 (p value)
0.0001479801
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o

B8.3% (5993

21.8% (229

2% 7.9% 21.8% 55.4% 12.9%

- Ak & Aol “go] e dnpy ofFEle Ao digh
B7hA Ht 3.03e.=A yvEwow uta d4 ofgy vEE CCIL 7|+ 401=
et shap “ge] 3R] o] g Rl thE 42 “Ai FABAAE FeTeR
e TE B3 g ubgo] FAREGol & FEst A BA ekt 70).
gtk A Aol &9 F ot

3.03

c kA Aol & CCI (Chun & Cho Index: CCI)

40.1(phobia:0)

[ Category: Not positive, 30750 / Not Negative, 50770 / positive, 70790 / Absolutely

Positive, >90 ]

DEE (F]E) 1 2 3 45
b 29.7 31.7 32.7 3

3
D5 WSl oist felx HA (p value)
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st o2k HA (p value)

1 2 3 45

[stabaAlol& =] 5 20 34 38 4

o]€9] 5 19.8 33.7 376 4
of tj

o

]—O

=]
gl

al

8

[ Category: Not positive, 30750 / Not Negative, 50770 / positive, 70790 / Absolutely
0.9636215

41.8(phobia:0)
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AE e 5.50 5.32 5.15 5.23
aE = 474 498 4.84 4.95

NS4 A R S e R
(Vtest: 3 Aole] 7] 2 W / Pvalue: #9]4)
Vtest P-value
2] #7] % 3533919 0.0002047236

N AE FQ 7|35 [pvalue < 0.05]
(Coeff: k& / P-value: 794 / Vtest: 1+ zFolo] z=w7] 2 Hlgk)

$X1 (<] J—'-'T

Coeff Adjust mean P-value Vtest
2]#71 5 03762376 5.49505 0.0002047236 3.713115
LS

Coeff Adjust mean P-value Vtest

#7115 -0.3762376 4742574 0.0002047236 -3.713115

( ) ASEBINEE R CCLASES (b) ASERINEE R CCLIAEES
a
PIEE B2 PIEE B2
16.0 16.0
e R g
e v SEoEE BT 5 L vamaranns PR )
5.2 Sl 5% 52 P g it
age T 4.4 484

[Chun & Cho Index] [Chun & Cho Index]

Positive Positive

il h-3 AAE

X
foi
k1

d

a9 72 Ak K@ Lk &b deEi % CCI
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® FTg7|zd tigt MEF7]E FTLE FA: Multivariate Adaptive Regression Splines
(MARS) [48, 49]

O Ar=s

- Ak & dEiA TV FFS VAE MAFVIEE FAAT A>3

Au> U o &2 yEgen, TS dFS 7 A A Kot
- TV M F IdIEFES T 82 A2 YEY T
% A °.

- YWr)set Frrlszt ag= dHEH FnTsr & = A7zt
dagleol FR7IETE =A vEbd, AzErlsel Fn 7 g Ee A= A3t s et
Fu7s BEF Fs oW FRVIECF P =4 dewn Furiaet sinbr]agt
T EZol A Rut7|art A Y dE it 5 we e =5 Alede
TH7157F =A JERyoh
CREHE7IE 0 =

5.731

- 1617 * pmax(0, 4 - RAZ715.a)

+ 0.5766 * pmax(0, R.&1| 7] 5 .a - 5)

- 0.8064 * pmax(0, 4 - R3l9t7]%.a)

- 0.6138 * pmax(0, 5 - R.9#7]Z.a) * pmax(0, 5 - R.3gn7]3.a)

+ 0.6904 * pmax(0, R4 775 .a - 4) * pmax(0, R.&"] 7|5 .a - 7)

- 0.3784 * pmax(0, 5 - RA#7]%.a) * pmax(0, R.&v] 7|5 .a - 5)

- 04716 * pmax(0, R.A 7715 .a - 5) * pmax/(0, 5 - R.&m"|7]3.a)

- 0.8022 * pmax(0, R.&"| 7|5 .a - 7) * pmax(0, R.¥l%7|5.a - 4)

Selected 9 of 21 terms, and 4 of 4 predictors
Importance: R. A 77 5.a, R.&1| 7| S .a, Re#A7]5.a, RIU7]3.a
GCV 1.421 RSS 90.01 GRSq 0.5656 RSq 0.722

. Estimate variable importances

col used nsubsets gcv rss
RAA7S.a 2 1 8 100.00000 1 100.00000 1
R3v7|5a 3 1 7 4517076 1 52.32951 1
RE#A7Ta 1 1 6 28.80659 1 37.52034 1
RAB7Sa 4 1 5 1141354 1 20.62469 1
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R.2|ZAV F.a:REONE.a

RAZVE.a:REONE.a

RZO2NS.a:RAUDINT.a
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CREHZ 0 =

5.973

- 0.3691 * pmax(0, 7 - Re#A7]Z.a)

+ 3.187 * pmax(0, R.3I97] & .a - 7)

- 0.1332 * pmax(0, 6 - RA7715.a) * pmax(0, 7 - R3]S )

Selected 4 of 21 terms, and 3 of 4 predictors
Importance: R.A1 771 %5.a, R3 97|35 .a, R #7]3.a, R3] 7|5 a-unused
GCV 2.495 RSS 211.3 GRSq 0.2528 RSq 0.3607

. Estimate variable importances

col used nsubsets gcv rss
RA#R7|EZa 2 1 3 100.00000 1 100.00000 1
RAU7|Sa 4 1 3 100.00000 1 100.00000 1
Re#A7|Ta 1 1 2 2460564 1 36.07559 1
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- S99 AA 1019 7Fe-d 17%7F 5 2 oAl E
S 14%7HA E3IS SHAe] 32%7)

Agatt. & Ao B sy

P 71E A AEFR v 1

VNEAFLS vl HUHAEAS
172k 37 6 6
SFTFTAAt 17 2 4
SRR 4 2 1
a5 &7 2 1 1
HA =4t 1 0 3
E 9 H etE 2 0 1
A EE] 1 2 0
ARlds 2 0 0
=Yt 2 0 0
e FE2; 0 1 0
A=) 1 0 0
ES AR L 0 0
S 0 0 1

D H7MAIE Ao WE §ox AA (p value)
VNEAFAT vz HIMAFAS [2A]
[ E]] 70 14 17 101

p value: 1
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AE G SALE FA A
(Vtest: S+t xfole =7] 2 W3 / P-value: +943)
Vtest P-value

615922 1.309076e-14

054164 2.515698e-05

066328 1.083528e-03

937057 1.656718e-03

556510 5.286403e-03

et
N DN W s

N AE 8 54 [p-value < 0.05]

(Coeff: Q3= / P-value: 794 / Vtest: H1F zfo]o] =7] 2 H+3f)

Coeff Adjust mean P-value Vtest
wak 0.3069307 7.059406 1.083528e-03 3.267889
23 -0.2970297 5.158416 5.286403e-03 —2.789043
&b -0.2772277 5178218 1.656718e-03 -3.145732
Ak -0.3762376 3.207921 2.515698e-05 -4.213387
A4k ~0.6534653 5.504950 1.309076e-14 —7.704937
EIA U

Coeff Adjust mean P-value Vtest
0.6534653 6.811881 1.309076e-14 7.704937
0.3762376 3.960396 2.515698e-05 4.213387
0.2772277 5.732673 1.656718e-03 3.145732
0.2970297 5.752475 5.286403e-03  2.789043
-0.3069307 6.445545 1.083528e-03 -3.267889

o

SR T A )
PRECL I ST

2o SACRE AT
A duke dAAle] FarT thA @ol ok Aok

»
v, &% &9 dAAe FEnd ta okaAch

S SlugEst Al AR ste] @Ale] ol durhn Frbsrevk

A A S b
A& =4 550 5.18 5.16 5.18 7.06 3.21

Ideal 4.24 3.95 479 4.80 4.00 3.88

- 120 -



=

<

=
[y
=

A

AL

&
~
]
0

o
N_.o
=

0.15 5.75 5.73 6.45 3.96
3.95 479 4.80 4.00 3.88

A1FEE 6.81
4.24

Ideal

i
Ho

Ui

~l

-

=

oJ

2
ur

KE

— R=E4

— ldeal

al -

Tl =

o)
[l

ot

ki

il

L

— I=k=x

= ldeal

o4
|

il

i

ol
mK

wjr

- 121 -



21 (Ideal Profile Method: IPM)
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{=0.31 , Cumulative Proportion of Wariance:
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55 AAFE SI, S28 727 AlsWel 50mL AFska HEste] iz

A zstPh 2ot A2olA 0, 1, 2, 4, 8F sk AFsR oy, A A

AREshe] 60°Cell A 0, 1, 2, 4, 8Y & A3+

(b mAEstE S AR SA

O "AAEstd &S A o wet AAstHA U ES headspace-solid phase
microextraction(HS-SPME) #¥H o2 =39 gas chromatography mass spectro
metry(GC-MS)Z #2493}t olw], SPME fiberi= 75um carboxen/PDMSE  A}l-&
skt

O CAR/PDMS SPME fiberdl s=¥ 32U EZE GC(Agilent 6890, Agilent
Technology, Palo alto, CA, USA)-MS(Agilent 5973, Agilent technology)el 2]3l] &<
2 FAEAY. 2o 2= HP-5(30mx0.32mm ID, 0.25pm film) AHS, ol
o2+ dAES ALY e §5L 06mL/E oAtk GC L8 004 287HA
40°CE2 FAIAZ 3 6°C/H £E2 160°C7HA] 52A1 7128 160°Coll Al 220°C7HA]
10°C/2 9] £x 8 ZF7HA AT MS 84 =748 70eVe 150°C quadrupole, 230°C ion

A8 AL, F Y T (injector) 9] &%= 250°C ©]9lth. SPME fiber=
=E AT

o

¢

il

source <+%
FATNA 2
(th) A& 5
GC-MS#® 43 3o NIST Mass spectra librarys o] &3] A&k =3t

[e}
n-paraffin¥} Kovat indexZ ©] &3} retention indices(RD#t 52 Hlu3dlo] 54 &t}

s

i

o

(2) A4
(7h & &5 AAREQ] S
O & 5 F AW oF
O &M 85 &< A

ool FURS 19 9ol Lehiiom, 60°C

& 29 79()el YER AT

O AAstA &2 &S5 AAF Sl, S29 T AT TR 7 1.52+0.04,
3.13+0.08(x10” ion counts)Z, S27} S1eo] H]3] °F 2058 =9t} o= 297 S2

FEE 064% FH)7F SI(FEE 0.32% FH)E & FE&0] 28 § H7bse] £

ol Fa Aol ¢ B2 4ol HE " Adom AlmdHY. S1 525 A2olA

T AGF Fo F AR Fuke zhzh 0.3940.03, 0.58+£0.00(x107 ion counts) &

N HAE BT (p<0.05). ERHEAIR S13 S25 60°Cell A 8UxE A A3t

Z+7F0.41+0.10, 0.92+0.08(x10” ion counts)®] IR TS e O]

°F fadte AFES HEATHP<0.05). F, AF7Ite] ol whe}
s

=
e FFEe gashs 43S dede,

&K do o Fo
o

o
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O

4.0

—~
o8]
-

Total of volatiles (x109 ion counts)

Time (Week)

4.0

S

Total of volatiles (x109 ion counts)

<>
]
'S
N
=)

Time (Day)

a7 79, (@) 60°C(b)ell A3 a5
A AIF] FEAE HSH@ 1 S1, O S2)

59 F2 FATAHE 4

A2 60°Col Al At & S5 AAFS AT 54 % aroma description<
Zv7F 7 23, % 2401 YERHAG

g W 60°ColA AR &% 285 S1, S29 F2 JUAHRES FAEE oL, &8
Az A & FE229 Aold wign= Qs 2 $F Aolwto] yeus Zow
Bl

S1 ¥ S29] F9 3IUAE O E= cymeneo] 7MY =A HAEHJ oW, S27F Sl9
Hlal] 238 =2 S YErdglth o= A Fdl ko] S2(FEE 064% ol
SI(FE= 032% FmEo & FE5E el =7 HEd] Aoz dddn

Cymene ©]9]¢] AJE o2+ thujone, B-myrcene, bornyl acetate, y-terpinene,
a-terpinolene, t-B-ocimene, a-caryophyllene, t-caryophyllene,  a-terpineol,
a-pipene, camphene 52| terpenoidd =Z&o] FAFNCH, I stake 99 &
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SR =)
TerpenoidZl 3% o] <]l
A7FE A7 Ed o8 @

hexenyl caproate, ionone?] &2 w5 Ax A

rf
i

o
i, o
Py
o
fru
S
>
il
)

23 60°Col A At & 59 T8 AT AF7|Te] Al wet F&
Aoz HAEH terpenoiditd A& 2 H7EE ¢al TA ¥ hexenyl caproate,

ionone s°] FAdhs AEdS HAH 53] 60°ColA AFe &#FE7F Aol A
A Sesrt > A7l s EFetal 1 AaEo] o, o= gl
kg ito] doll ofa EQbAger Aom e T

A 270 60°C1 A9, S13 S2 + &5 AFT EF ethylfuran, vinylfuran,

_I___[:__
2-fufural®] furan’d&ol A=A oW, AqG7]7ko] Aol me} 1 g% F7FsE T
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¥ 23 A2 AP E &35 AAE(S], S2)° T2 3w dFn] A E 9] peak area
RIV Volatile compound Aroma descriptionsm ) Pealsarea (x10" fon counts) m?
S1-0 S1-1° S1-2 S1-4 S1-8 S2-0 S2-1 S2-2 S2-4 S2-8
862 2-Hexenal fruity, green, almond, herbal 3.3£0.1 ND ND ND ND 6.0+0.1 ND ND ND ND MS/RI
923 a-Pipene fruit, green, camphoraceous 1.0£0.1 0.9+0.1 0.1+0.0 ND ND 6.1+0.2 2.4+0.3 0.6£0.0 0.4+0.1 0.5+0.0 MS/RI
940 Camphene fruity, camphoraceous, oily 1.0£0.1 1.2£0.1 0.2+0.1 0.2+0.1 2.4+0.0 5.8+0.2 2.2+0.3 0.5+0.0 0.4+0.1 0.6+0.0 MS/RI
934 B-Myrcene L sy 70404 7419  16+05 14401 13204 161417 10031 41:12 15805 21202  MS/RI
1000 a-Phellandrene - 1.5+0.1 1.3+0.2 0.4+0.2 0.6+0.1 ND 3.0+0.1 1.6+0.2 0.8+0.2 0.5+0.1 ND MS
1013 a-Terpinene gasoline, ethereal, fruity 1.0+0.1 0.8+0.1 0.3+0.0 0.3+0.1 1.0+0.3 1.7+0.1 0.9+0.1 0.4+0.0 0.3+0.0 0.5+0.1 MS/RI
1028 Cymene fruity, fuel-like, herbal, spicy 33.4%1.0 32.8+2.7 9.5+0.0 9.0£0.1 8.7£0.6 78.0£5.8  39.7+25 177402 105%1.1 14.5+0.5 MS/RI
1046 t-B-Ocimene herbaceous, mild, fruity 3.9+0.2 2.6%0.2 0.7+0.1 0.6+0.3 0.8+0.1 7.5+0.5 3.3+0.5 1.5+0.5 0.9+0.2 1.2+0.0 MS/RI
1059 y-Terpinene terpeny, herbaceous, fruity 4.0+0.1 2.7+0.2 0.6+0.1 ND 0.6+0.2 7.9+0.7 3.0+0.1 1.4+0.1 0.3+0.4 0.8+0.2 MS/RI
1090 a-Terpinolene woody, fruity, slightly anisic 3.7£0.2 2.1+0.1 0.3£0.0 0.3£0.0 0.5£0.1 6.4+0.4 2.4+0.0 0.8+0.1 0.4£0.1 0.6£0.1 MS/RI
1105 p-Isopropenyl toluene - 1.8+0.1 1.2+0.2 ND ND ND 2.9+0.1 1.4+0.2 0.6£0.1 ND 0.3£0.0 MS
1115 Thujone - 23805 237+04  8.0+0.4 79+1.2 9.7+0.5  50.8+04 249+11 159+09 17.1+15 213+02  MS/RI
1157 Camphor camphor, green, dry, leaf 2.6+0.0 2.8+0.0 1.3+0.0 2.4+0.2 2.5%0.2 49+0.2 2.5+0.2 2.1£0.2 1.8£0.3 3.0+0.0 MS/RI
1223 a-Terpineol anise, oily, fruity, minty 1.9+0.1 3.5+0.6 1.3+0.5 1.6+0.1 4.1+0.3 7.6+0.3 4.840.2 2.8+0.3 24%0.7 3.8+0.1 MS/RI
1291 Bornyl acetate camphor, herbal, balsamic 4.2+0.0 2.9+0.0 1.0+0.1 1.3+0.1 0.9+0.1 8.7+0.0 3.2+0.1 1.9+0.1 0.6+0.2 0.9+0.0 MS/RI
1381 B-Hexenyl caproate - 194402  1.7+0.2 ND ND ND 29.3+0.1  57+0.7 1.5+0.0 ND ND MS
1434 t-Caryophyllene green, spicy, terpene, fruity 2.6+0.0 0.7£0.0 0.1£0.0 0.2£0.0 0.1£0.0 7.7%0.1 2.1+0.1 0.8+£0.1 0.6=0.1 0.2+0.0 MS/RI
1459 ST Dimetl 20 ocradi - 55:01 35800  ND ND ND 6803 2002  ND ND ND MS
1475 a-Caryophyllene oily, fruity, woody 3.2+0.0  1.3+01  0.6+0.2 0.8+0.1 ND 5.9+0.0 1.6+0.1 0.7+0.1 0.5+0.1 0.3+0.0 MS/RI
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323 ASCEE A%

Peak area (x10” ion counts)

RI Volatile compound Aroma descriptions D
S1-0 S1-1 S1-2 S1-4 S1-8 S2-0 S2-1 S2-2 S2-4 S2-8

1482 3,7-Dimethyl-2,6-octa

dienyl acetate - 9.240.1 1.2+0.0 ND ND ND 16.4£0.6  4.4£0.7 1.0£0.2 ND ND MS

1512 B-Ionone - 7.7+0.1 0.7+0.0 0.5+0.0 ND ND 9.5+0.3 4.6+0.5 1.3+0.0 ND ND MS

Y Retention indices (RI) were determined using n—paraffin(C5,6,7,8,10,12,14,16) as external references.
2 Aroma description adapted from website of was accessed at May 20, 2010.
3y S1, drink using Artemisia princeps pampan., storaged at room temperature for lday was designated as S1-1.

Y Volatile identification was performed through a combination of NIST Mass spectra library(MS) and retention index(RI) from website of
accessed at May 20, 2010.

¥ Not detected.
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¥ 24. 60°C A Ao w2 258 AlA|E(S], S2)9 F2 3w¥A kv AE2] peak area
RI” Volatile compound Aroma descriptions” ) . . Peak area (x10' io‘n counts) . JIoK
S1-0 S1-1° S1-2 S1-4 S1-8 S2-0 S2-1 S2-2 S2-4 S2-8
701 2-Ethylfuran rubber, pungent, acid, sweet ND ND 0.1£0.2 1.4+0.2 0.8+£0.03 ND 0.2£0.0 0.5£0.1 0.5+0.1 0.3+0.1 MS/RI
726 2-Vinylfuran - ND ND 1.9+0.2 1.3£0.6 0.6+0.0 ND 1.1£0.1 1.7£0.6 0.8+0.3 ND MS
862 2-Hexenal fruity, green, almond, herbal 3.3+0.1 1.8+0.1 ND ND ND 6.0+0.1 0.7£1.0 0.4+0.5 ND ND MS/RI
871  2-Furancarboxaldehyde woody, almond, fruity ND ND ND ND 0.2+0.0 ND ND ND ND 6.9+0.4 MS/RI
915 Artemesia triene - ND ND 1.0£0.3 0.9+0.3 0.6+0.1 ND 0.7+0.2 1.5+0.1 3.4+0.3 3.0£0.0 MS/RI
923 a-Pipene fruit, green, camphoraceous 1.0£0.1 ND 0.6+0.3 0.5+0.3 ND 6.1+0.2 1.7+0.2 1.6+0.0 2.2%0.1 1.3+0.0 MS/RI
940 Camphene fruity, camphoraceous, oily 1.0£0.1 1.7+0.0 2.6+0.6 1.7£0.5 0.4+0.1 5.8+0.2 2.5%0.2 3.5+0.0 4.0+0.2 1.9+0.1 MS/RI
984 B-Myrcene L e 7004 71:19 7025  84:67  ND  161+17 94209 155:73 12853 59t17  MS/RI
1000 a-Phellandrene - 15+0.1 1.5+0.3 2.0£0.6 1.9+1.0 ND 3.0+0.1 2.0£0.3 1.5+2.1 3.2+0.5 ND MS
1013 a-Terpinene gasoline, ethereal, fruity 1.0£0.1 1.2£0.1 1.7£0.5 1.7+0.7 0.7+0.0 1.7+0.1 1.4+0.2 2.1+0.2 2.3£04 1.4+0.1 MS/RI
1028 Cymene fruity, fuel-like, herbal, spicy 33.4%1.0 257+16 356452 263+12.0 11.2+27 780458 336+7.0 491484 423+75 21.1£29 MS/RI
1046 t-B-Ocimene herbaceous, mild, fruity 3.9+0.2 2.9+0.2 3.8+0.9 3.2+1.7 0.4+0.6 7.5+0.5 3.5+0.5 5.1+1.6 47+1.3 2.1+0.3 MS/RI
1059 y—Terpinene terpeny, herbaceous, fruity 4.0+0.1 2.7+0.2 3.5+0.9 24+1.1 0.5+0.1 7.9+0.7 3.2£04 4.0£0.5 3.6+0.7 1.7£0.0 MS/RI
1090 a-"Terpinolene woody, fruity, slightly anisic ~ 3.7+0.2 2.4%0.0 3.9+0.8 29+1.4 0.7+0.1 6.4+0.4 2.5%05 3.9+0.8 3.8+0.8 1.9+0.2 MS/RI
1105  p-Isopropenyl toluene - 1.8+0.1 0.8+1.2 2.4+0.3 2.0£1.0 1.0+£0.2 2.9+0.1 1.9+0.3 3.1+0.7 2.7£0.5 1.6+0.3 MS
1115 Thujone - 23.8+0.5 126+1.2 183#27 128+08  7.1+1.1 50.8+04 12.8+48 154#0.3 183+1.0 14.0+0.1  MS/RI
1157 Camphor camphor, green, dry, leaf 2.6%0.0 2.5+0.0 3.50.0 2.8%0.6 1.5+0.3 4.9+0.2 24%0.0 3.1+0.3 3.6+0.2 2.7+0.0 MS/RI
1220 a-Ionene - ND 3.0+0.1 6.2+0.1 5.7+2.0 2.7+0.5 ND 3.9+1.6 9.72.3  10.8t1.6  7.6x04 MS
1223 a-Terpineol anise, oily, fruity, minty 1.9+0.1 ND ND ND ND 7.6x0.3 ND ND ND ND MS/RI
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3 24, AE60°C A7)

Peak area (x10” ion counts)

RI Volatile compound Aroma descriptions D
S1-0 S1-1 S1-2 S1-4 S1-8 S2-0 S2-1 S2-2 S2-4 S2-8

1291 Bornyl acetate camphor, herbal, balsamic 4.2£0.0 1.6+0.1 1.9+0.1 ND 0.6£0.1 8.7+0.0 2.0£0.7 2.4+0.1 2.2%0.1 1.8+£0.1 MS/RI

1381 B-Hexenyl caproate - 19.4+0.2 5.7+0.7 ND ND ND 29.3£0.1 7.1+£0.8 3.2+46 ND ND MS

1434 t-Caryophyllene green, spicy, terpene, fruity 2.6%0.0 0.3+£0.0 0.3£0.1 ND ND 7.7+0.1 1.2+0.5 ND ND ND MS/RI
3,7-Dimethyl-2,6-ocra B .

1459 dienyl propionate 3.7+0.0 0.4+0.0 ND ND ND 6.8+0.3 ND ND ND ND MS

1475 a-Caryophyllene oily, fruity, woody 3.2£0.0 0.7£0.0 ND ND ND 5.9+0.0 3.6£0.6 3.9£0.2 0.4+0.0 0.8+0.2 MS/RI

1482 37 Dimethyl-2.6-octa - 92401 13401  ND ND ND 16406  ND ND ND ND MS

dienyl acetate
1512 B-Tonone - 7.7+0.1 2.6+0.0 2.6+0.1 1.4+0.3 0.8+£0.0 9.5+0.3 3.6+1.0 3.6+0.2 1.7+0.0 1.0+0.1 MS

Y Retention indices (RI) were determined using n—paraffin(C5,6,7,8,10,12,14,16) as external references.
2 Aroma description adapted from website of was accessed at May 20, 2010.
¥ S1, drink using Artemisia princeps pampan., storaged at 60°C for lday was designated as S1-1.

Y Volatile identification was performed through a combination of NIST Mass spectra library(MS) and retention index(RI) from website of
accessed at May 20, 2010.

® Not detected.
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