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SUMMARY

I. Title

Development of Processed Yuja(Citrus junos) Seed Products

II. Objectives and Significance

Citrus junos SIEB ex TANAKA, which is commonly called as
"Yuja” in Korea, belongs to a citrus fruit that is mainly cultivated in
northeast Asia. The fruit looks a bit like a very small grapefruit with
an uneven skin, and can be either yellow or green depending on the
degree of ripeness. Because of its peculiar tart flavor, closely
resembling that of grapefruit, with overtones of Mandarin orange, yuja
is mostly consumed in Korea being thinly sliced and combined with
sugar or honey to make thick marmalade-like syrup containing pieces
of chopped rinds. A table spoon of this syrup (which can be either
made at home or purchased in a glass jar) stirred into a cup of hot
water makes a beverage called "yuja cha” (“cha” meaning tea in
Korea), which is used as a herbal remedy for the common cold and
similar winter illness. Yuja seed takes about 15% of total weight of
whole yuja fruit, and is abandoned during most of yuja processes.
Health-beneficial phytochemicals such as flavonoids tend to concentrate
in seeds rather than fresh or peels. There is few study, however,
investigated on functional as well as physico-chemical properties of
yuja seeds as a food material. Therefore, its meaningful to investigate
on such properties of yuja seeds and, furthermore, develop certain

types of processed yuja seed products.



ITII. Contents and Scope

1. Physico-chemical properties of yuja seeds
- Proximate analysis of yuja seeds

- Fatty acids composition of yuja seed oil
- Fractionation of yuja seeds

- Processing properties of yuja seeds

2. Bio—functionalities of yuja seeds

- Anti-oxidant activities of polyphenol fractions

- Immuno-stimulating activities of polyphenol fractions
- Anti-carcinogenic activities of polyphenol fractions

- Anti—-microbial activities of polyphenol fractions

- Immuno-stimulating activities of triterpenoids extracts
- Anti-carcinogenic activities of triterpenoids extracts

- Whitening activities of triterpenoids extracts

- Optimal germinating condition for yuja seeds

- Anti-oxidant activities of germinated yuja

- Anti-obese activities of germinated yuja

3. Development of processed yuja seed products
- Debitterization of yuja seed oil and yuja seed extract
- Development of spray-dried yuza seed extract

- Development of various processed yuja seed products



IV. Major Results and Conclusion

1. Properties of yuja seeds as food

According to proximate analysis of yuja seeds, they were composed
of 10.54% water, 2.5% ash, 31,43% crude lipid, 15.29% crude protein and
40.25% carbohydrates. When fatty acid composition of yuja oil was
examined, 76% of all fatty acids were composed of unsaturated fatty
acids with majority in oleic and linoleic acids. Yuja oil was too bitter to
consume whole of it, but when it was added up to 2% in corn oil, it

could properly delay peroxide formation.

2. Polyphenol compounds extracts

To obtain polyphenol compounds-rich fractions, yuja seeds were
extracted with methanol, 70% ethanol and hot water. Methanol extract
contained the highest amounts of polyphenolic compounds. Anti-oxidant
activities, which were measured by DPPH radical scavenging, ABTS
anion scavenging and [B-carotene bleaching activities, of the fractions
tended to positively correlate with amounts of polyphenolic compounds
in each fraction.

Methanol fraction was successively fractionated to water, buthanol,
ethyl acetate and ether. Buthanol fraction that contained the highest
amounts of phenolic compounds exhibited the best anti-oxidant
activities.

Addition of yuja seed extract enhanced viabilities of macrophages.
The compounds such as H»O;, NO and, TNF-a that are released by
macrophages to destroy foreign agents were more actively released by
addition of yuja seed extract. Viabilities of human T lymphoblast were
also significantly increased by addition of yuja seed extarct. When yuja

seed extract was orally administered to C57BL/6 mouse for 15 day,



cytotoxic activities of peritoneal macrophages against B16 tumor cells
were significantly increased.

Among vyuja seed methanol extracts, ethyl acetate and ether
fractions effectively suppressed growth of such tumor cells as MCF-7
and HT-29. ddition of yuja seed extract also inhibit the growth of

pathogenic Staphylococcus aureus.

3. Triterpenoid extracts

Methanol extract of yuja seeds contained the highest amounts of
limonin and nomilin. Methylene chloride was applied to extract more
triterpenoids from methanol fraction. This fraction was composed of
37% of nomilin and 23% of nomilin. This triterpenoid fraction effectively
suppressed differentiation of melanocytes from pre-melanocytes, which
resulted in less melanin formation. Therefore, this triterpenoids extract

can be applied as a whitening agent.

4, Yuja seed sprouts

Yuja seeds were germinated for 21 days with proper germinating
environment. Sprout hypocotyls of germintaed yuja seed was extracted
with methanol and its composition and concentrations of phenolic
compounds were compared with those of methanol yuja seed extract.
Concentrations of phenolic compounds in hypocotyls were increased
during germination, and their compositions were different from yuja
seeds. Flavonones, which are specific in citrus, such as neohesperidin,
naringenin and hesperitin, were newly produced during germination.
When anti-oxidant activities of yuja sprouts and seeds extracts were
compared, extract of yuja sprouts had stronger activities.

Yuja sprouts extracts were examined for anti-obese activities.

Addition of yuja sprouts extracts to 3T3-L1 cells significantly



suppressed differentiation to adipocytes. Oral administration of yuja
sprout extract to SD rats also inhibited excessive fat absorption into a
body, which indicated that specific flavonones in yuja sprouts play
lipase inhibiting activities. Conclusively, germinated yuja can be a

potent anti-obesity agent.

5. Development of processed yuja seed products

To produce debitterized yuja seed extract, ethanol extract of yuja
seed was treated with toluzyme 3.0L with the presence of maltodextrin.
Hydrophobic flavonoids that are considered as major bittering
compounds in yuja seeds were effectively glucosylated and became
hydrophylized. These changes reduced bitterness of yuja seed extract
effectively. Then, debittered yuja seed extract was subjected to spray
drying process to produce soluble yuja seed extract powder. This
powder was added up to 0.2% to produce yuja seed added lemon juice
that was considered as palatable in sensory analysis. Yuja seed extract
powder also added to process whitening cream. Yuja solid soap and

foam cleansing were processed by adding yuja seed oil.

_‘IO_
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H2d=de Zlsld

ot
0k

A1A sHe d7+EF

, F714, A, 1o
4 5 ol okl 4A We AT TueelA o
Fold fort fael @ AFE vk @A %n AT hrrel §

A E(flavanon, flavnol 3= 5)9 4 5 dH A Ao X T T o]

—

e 53 fAMd Ba AANE ATE o] FolH wr} A9 gle A
ol th,

19874 5B FETA A3 FFYFATANN AP FARE A7
A3e AN, AL ATFE 2-M%EA Ex FAF AP

2F#2d 2 Palmitic, Palmitoleic, Stearic, Oleic, linoleic ¥ linolenic acid &
oz FAFNA 9o}t o]F oleic ¥ linoleic acid 59 BX3}A|Wato
FEE olFa Slo] T2 FAAL] Aew AdHdoH, o AUtz
A FELA = AR zolE Bloy A7 g Wt YELUA
orortl, w3t TLCS HPLCE AM£3le] 7HaEH wu|A i EAld gotz)

—

£o] 95ttt ¢e2 limonin ¥ nomiling #£& A3 A7 ols A
e T g Y Jdovt 353 o= avR @A ol

=

d a2z FR7MAH S AAHFL A

1993 el A i E FAEA sterol’e] AFAT] ostH fA
TAVEY EAIEGS VE 1g9 192mgl 24 1.9%°] 9 & 3E ]
3 patterne less polar compounds”’} 20.3%, 4,4-dimeth-ylsterol®]
9.6%, 4-desmethylsterol®] 47.1% % wANEZ] 229% ] 2™ sterol
Z4L cholesterol®] 0.3%, campesterol®] 11.9%, stigmasterol®] 9.3%,
beta-sitosterol®] 72.2% % #|A] sterol®] 6.3%°]R1 EHI}EF =73}
59 &9 pattern ¥ sterol&2Ad-2 B AEFTARFY A9 22 AEFS Y

gtk waskelc
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AN dugE

1) FAA

2 AFdAM AgE FANE A ZEAel A 20061 11€ 3} 2006

9 11 AdtE fAERY 2dsidier £eE Ae 5= o 2~33]

A Fol AlH sl o] EAS Al AGL 50TCNA overnight T ZAIA A3}
] J

olgatel AL AAT T 7tz AY AEe

=

rr
il

gk Az Ae Gy
AH-8-51 9k,
v 7h st %%%%ﬁl%%@ﬂ%&gﬂlMEBQWM%%ﬁﬂ.

& 30 WY A7Ia oA FAE SAT tE vAl dxTel ¥a 2

=3
AR B Azea vhA 3087 PystE 2AL wEdh ARs Eol
=
w

FR(%) = H x 100

Wo @ A F(g)
A AugAeh Arel Al
F AR Aol Fol(g)
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3) A
AN B 5gs WFE] FHIMIEF 5g8 sbete] FR3] whi sl
3105Te x| EAA AT AEAFT AFAA ] @
a1 Yo AxRARE H =
Z7 Yt AWgr)e] oo d 150mlE st
4 Al

al

s

=
=AA W H o

r“.l ik
N

Wi FE2dx 59 dA FA(Ge)
Wo A 719 FA(g)
S AEe ¥ (g)

4) vz
ANBE 2g8 FHato] vl Rajde] Yu Eade A 20mlet =
A S Yo a7 2 %

¥
<
71914 35%°] NaOHE ¥t 7hdel oste] w3715 skl wAst
q

= R UolZE 4% horic acid 100mlZ ¥ 3 S 0.1N HCIZ A A3}
ZF A& SES Absta dilE A AR(6.25)S AFEEte] oA shaEks
Tk ATk
(V= V) XfXN
Z oA (%) =0.0014 X 100
S

Vo = & Al&9 0.IN HCl 24| #(ml)
Vi = 2 A59] 0.IN HCl 24 #(ml)
f = 0.IN HCI®] Factor

N = A<

0.0014 : 0.IN HCI 1mlell A23at= 4 (o)
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5 3%
kg A5 5ge 3| 8tg 7)o FHsla 3| E oA dnrtd A e th
550Ce =gt A7) Fsfzo] @i A HFto] A uj7bA 3| sA| A
337 g 3387 E Aol o 2000 AXE 23 v bA Ao

Y oF 3087 A3 o 387 Swvt Ao wuddd FAES
N3] =43l 3587 [ 852 Al B the g =t
W 7hA] ThA] B shAl 7] L ek 2 ARS whR o

3% = 5 <100

Wi @ s 23 378719 F FA(g)

W, : Rl 2]5}87]¢] FAl(g)

FARRYH FANE E2 T APEES A7st R oA #
AN 7IEs FESIAT FEF AWAE of 02gS 3] FHskol 50mle]
SZghaAo FHskal 05N NaOH/methanol§ 9 5mlE 7}k o2 & 4
o] F i 157 80T Bl whgZxolA FFWAATIHA FAE HSIA A
th of7]ell 10% BFs/Methanol§ % 5ml 7}ste] 80Tl Al 1587 77}
A7) A A8 methylester3t &2 WSS Y. Methylester3t &8 %
al7] 918kl Smle] akS 7hste] 183F 80T A FA18 & EaA g4

&

s 7tste]l S-S wEA7IL AASS FHste FESAIIVES 5
A A A& AAE methylesterst gt 1pls B3l 23 E7](FID) 2
BEA# ZEHP-FFAP, 0.32mm id. x 30m x 0.25um film thickness, HP.
USA)o] #AZd 7t~=zznlE 189 (Hewlett packard, USA)o] F 3}
wAsEA T ojdl #4947 2 A&7 2k 77 260C 2 280TCE SH

om oBEEE 120TA 283k AT F BY 4TH 2600744 454

(nt
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2 AN AT
7}. Polyphenols & £3

D8 330

50C dry ovenoll A overnightA|#A 7% ® FAXR e AZEAS AAZ 3

w715 o] 83l W ste] kel 24ATF ARAAA AW ES AASI A

gatdeh dxE FAY 208 (wiv)9] 100%methanol, 70% ethanol 3 &4~

2 3N w7 FRFESAT. FE= F od3ste]  rotary  vacuum

evaporatorE ©]&3lo] AT T T2AESS 52 AZRSI] FEES
k3 x

AU dx A FAS sAdx

L

T3 FZ9 methanolE S A=A E8317] 918t AZH methanol F
S Eo g3fA7 &, %9 etherE A7}3le] 247t

A ethyl acetete, butanolS <=x}4 o

2) HPLCZ ©] &3} polyphenol®4 #4
Z} Sv|FEE2] polyphenol3t$HE2] AL ¥ 13 2 HPLC E4zxA

of olsf A3t

1. A4 &u3=EE9 flavonoids HPLC #41%4A

Jasco PU-990 Pump/Jasco 851-AS sampler
Instrument Jasco 807-1IT Integrator (Japan)
Sedex 55 Light Scattering Detector (France)
Column Waters y Bondapak Cig
Flow rate 0.7 ml/min
UV detecter | 280nm
A ; 50mM phosphoric acid
B ; Methanol
0710min, 275% solvent B; 10750min, 5735% solvent B;
Gradient 50760min, 35740% solvent B ; 60770min 40760%
solvent B ; 70790min 60% isocratic with solvent B

Solvent
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3) Total polyphenol &2k
TR Fhj"E AR 0.125mle F=FFE 05mlet folin—ciocalteu’s

o - =
Aok WkS & 7% sodium

l

phenol reagent 0.125ml #7}sle] 687F v-&
carbonate solution 1.25ml¥ FF4 3ml F7Fste] 90#7F HkgA|Zl & &
BREAS AHE3te] 760nm°ﬂ*1 OD#& =738tk Ruting o] &3}

273 standard curve©. 2 H-El % polyphenol &< AAed

. Polyphenols = £39 AIEA

1) &2zt &4

7}) DPPH radical &4 %

FAHA FEE9 DPPH radical 27 % Williams 5(1971)¢] WH S
HYPsle] ZAHSAL. F=¥ FEE 1.0mlol 0.1mM DPPH solution(in
EtOH) 0.2mlS ¥ il 10%7F vortexingdt & 2087F 9+$A171 & 525nmol]
AN FRAEE SA }Oi‘ﬂr DPPH radical &752 th53 #Zo] ALlstal e

z ICs #& Fkol & FM2 ] oz AFEsrh.

£
5
e
ﬂHNf
19

DPPH radical scavenging activity(%) = [(Ao - A1)/Aol x 100

(Ao : Absorbance of control / A; : Absorbance of sample)

) ABTS anion &7%

FAMNFEES ABTS anion radical 24%< Van der Berg %
(1999)°] W3} FAsHA SAstAh A 12~16A1ZF Hell Az =
7mM ABTS solution(containing of 245mM potassium persulfate)<
734nmel A 0.7£0.02¢] FF=E YEHES 5mM PBSel 34 g % 10ul

o F=E FEAo 990ule] A ABTS solutione 3 7}3sle] vortexing
gk & 10% WbS Fo THEEE SA 3}033} ABTS radical &7 %<2 U
7} o]l Axtstdon, 7t FEE ICy #e wxel mE A o3
AhEsEA o
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ABTS radical scavenging activity(%) = [(A¢ - A1)/Aq] x 100
(Ap : Absorbance of control / A; : Absorbance of sample)

t}) B-carotene bleaching assay

B-carotene bleaching assay+ Jayaprakasha 59 WS wWEsie] =
A3kl 1.0ml B-carotene solution(1.67mg/ml chloroform)el linoleic acid
40mg¥} Tween 20 400mge YL vortexingd $ nitrogen gas®
chloroform®&  #A|A&tdth.  Zuk2  DW  5-10ml& ¥ E5o|F¢]
emulsiong FAAIZl & 0.0IM hydrogen peroxide(H:O2)%E volumn<
100ml= St 2ml¥ ypo] @il w2 sample 100p¥ o] &= F 50C
water bathol] 2ol FHA A|IZFE R 470nmel A 0.D#S A3

32

2) "o 24
7} Cell line
FAA FEEY AGF3AHS =487 98 murine macrophage cell
line?l RAW 26475 KCLBolA ZgrESkt). Culture flaskol  cellS
seedingdr ¥ DMEM mediume] 10% fetal bovine serum(FBS) % 1%
penicillin- streptomycin(10,000U/ml)S %718l 37T, 5% COs, 95% #%=
z70o] #FA %= incubatorol A vl Fstdnt. WA= F 23] WAL F

1~23] A wj skt

il

W) HO: B =4

Macrophage’t A3 HoO: 2 H0:
3400~1060.25ng/ml = Al 96 well platedl &3}
b wjekd & AL gyupernatant 50ulE FH71E
100uls #H7bebar 1027 & &8s F 42004 30

A 2 A A ELISA reader® 550nmel A &3 52

=]

%2 serial dilutionC &
% RAW 26475 244
A

7+ wellol] 221 A

HEEH

%9t incubationd}H

?é sttt

A\

thH NO A5 =4
NO Aol AEZA macrophage %! o 29 nitrite ¥
AstA . RAW 264.72 96 well platee] seedingslo] 24A)17F wjek &= oA

fo
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sulfanilamide in 5%
1% N-napthylamine-2HCI in water = 1 : 1 (v/v)<
oA 1537 RES A7l % ELISA reader® 540nmoll A &3

supernatant 100ul®} 100ul Griess reagent(1%

phosphoric acid :
Eahatol

=
=

S5k

_1[}1

=7

ﬂl

2}) TNF-a A4 & 54
Macrophage”} A4 3l+= TNF-a& F 3o
golxtz g vk, RAW 264.7 macrophage”}
necrosis factor)-a2] TNF-a standard

2000731.25pg/mle] = Al 96 well platee] EF3H 1, 33 cellS

=
=

spok

=

ol

3 s

KeX
= <r

OSL‘

= T8

TNF (tumor

el

—(N

ki3

873

ok

=]
O AR

=24& serial dilution®. =

2411 7F

KN
=

ik & A& supernatant 50uls 3 7}3F U8 mixing$t}. Plate shaker©l
A 500rpme. 2 A Lo A 2A 75t incubationdt & ZF welle] W EES

AAse] 2E wello]l wash solution 400uls 7}sle] 33] washing 391t}
plate shakerel 4] 500rpm®. &
Y3 A 33 washing3st$
plate shakerol] 4 500rpm-2.
&9t incubation ¥, ThA] 33] washing 3t Z} wellel
substrate solution 50ul® ol A 30+
3l Stop solution 50uls o] WSS FA| Al F ELISA reader®

450nmel A FFE=E AT

wellel yellow antibody 50uls ¥& %
2o A 2A17F &<t incubation ¥, A
7} welloll blue conjugate 50ul® 7}3k
\

ol A 30+

Z1
PAN-S

3 K

. £
= %,
Bt

Y A 2of A incubation

Al 71

1l

v}l) Machrophage?] B169] t$t cytotoxicity(F &2 ¢)
A5 7FH C5TBL/6E S mouses TS & AFY 5 7]E2 o2
st Azl T AT 25gulfle] RS Aol ARGt AP 100
mg/kg® G2 70% ethanol & atFo] A3H AFFS &g, Al
a4l sY T salines AT FA% 5 controlTt®E AT AALG 7
w1597 ARSEblaL, AMSA Y] SR 20-22TE FA8H A7
oot =3 Aol AFEA AHSHA stk Mouse®FH
macrophageE 3| F3}l7] 935t mouseE etherz 3 AA|Zl & E7}o] 8ml
o] RPMIIG40 IR & F93lo] el walz|sla B23ALE 538351
. Fgs HAAEE wAE 23] AHI F 10% FBSE e
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rulo

RPMII640 WA & Ab&3te] 5x10° cel/mlz 3|48ttt Az 0.
9%6well plateo] #FF3tx 37C, 5% CO: incubatoro]A 2A]7F wj

FAAAEHE  H AL A AsFA . Macrophage®]
cytotoxicity: #2]3F macrophage°] AdAEE ALE3H Bl6 AlEZE target
cell(1x10" cell/mD& 7kske] 37°C, 5% CO. incubatorell A 2441t ujj &k
= 50p1(1mg/m1)94 MTTE 7}t 2417 © v %3stsitt. supernantE A
73 & 150ule] DMSOZE 718 formazan 24 S £33t ELISAZS o] &
sto 540nmoll A #hs S-S * thF Al 93l cytotoxicityE AlLteFS
o}

2m
&3t

monolayer=

Macrophage®] Cytotoxicity(%) =

O.D(Macrophage+B16)-O.D(Macrophage) x 100

100 - { 0.D(B16)

1) T-cell €4

A FEES T-cell €4%S 34371 9sted human T
lymphoblast?] MOLT-4 (KCLB)E A}&3t3th. Culture flaskol AXE
% RPMI 1640 Medium®l 10% fetal bovine serum(FBS) 12
I, 1% penicillin- sterptomycin(10000U/ml)S A 7}3F v WA= A&
sto] wEtATh wldRELE 5% CO.9F 9B% w= o]l FAHE
Incubatorg ©|-&3ake] 37 ColA wjefatar, wiAl= 5 23] wAs] Fi, F
1~23] A vkt Atk 96-well plateo] A EZ seedingdtil 3FFF <t Hl
Fetaow, gixad oAy o SYads A oS 2443, 48417
Ad wgFst & MTT £do0 =2 3087F w-S-A1# k. 0.04M HCL/isopropyl
alcohol® MTT &S dissolve A7l & microplate reader® 570 nmol A
absorbance® 73Stk Total cellular RNA+ Trizol solution(Gibco
BRL)S o] &3te] &3 & 1mle Trizol solutiong = g]dte] cells &

SAIA ME FEEL 15ml microtubed] XFoFA  chloroform = &8l
4ColA 12,000rpme.2 10%3F AR E Fdlo] AFdS
FAEATE o] A=) isopropanolS mixdte] 5~15% AE Ao F

ATH7E 4Tl A 12,000rpmell A 158 &<t A4l #elste] 4S5 As AAS

seeding 3t

—

vortex3dk 3
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3 RNA pellet o] 1.5ml 75% ethanol® A &3}l 4CoA 12,000rpm e =
5% &<t 44 FEskA Tk 5~10%7F A=olA ks Ax=AZ - 100u0
9] DEPC(diethylpyrocabonate) wateroll RNAE =9l oS
spectrophotometer®  AF&3Fo] At #2]3k RNAE  reverse
transcriptase® cDNA templateS W51 cDNA templateS gene-specific
3t oligonucleotide (primer)& A}&3le] PCRE %3k ¥ band intensity &
gel documentation system© 2 A #3dle] mRNA ZHHAAHEE AU
Primer= MITeo| A #|-&3}= Web program (Primer-3 primer pickup)&

o] &-3}o] designdl At

FAA FEE Fd 24 SAHS] A AT TE AE T
B2 M E9 HepG2(human liver cancer cell), HT-29(human colon cancer
cell)), MCF-7(estrogen receptor- positive breast cancer cell), 2%
WiDr(human colon cancer cell) cell lines= KCLB (Korean Cell Line
Bank) ol A Eokukolty,  Culture  flaskoll  cell®  seeding?d %
DMEM (HepG2, WiDr) Hi= RPMI(HT29, MCF-7) mediume®l] 10% fetal
bovine serum(FBS) % 1% penicillin—streptomycin(10,000 U/ml)<S % 7}38}
o] 37T, 5% COq, 5% wEZ70] 4A %= incubatorol Al vl %&tdth, uj
Ae F 23] WAt F 1~23] Al wjdstdot. AR FEE9 3
SaEH= AMAAE ol&ste]l FAeATh 2t cancer cell lines 96-well
plate®] 7} welld] 25 x 10'7} QJ_ﬁ seedingdtE= Al FEES %
HE Aelste] wigstaAth 20413 % 50ul(lmg/mDe] MTTE 7tate] 44]
2t F7F wl%ksla  supernatant® A A 5 150ule] DMSOZE 7t
formazan ZA7%4& &3t h ELISA readers ©]-&3lo] 540nmolA &34

= =243 & sampleg A EdA &L control® W nEte] A FA S

TAA FE=0 FdaAE FAS] A AR FF AE T F
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f AlE2 L1210(mouse leukemia tumor cell)®} P388DI1(mouse lymphoid
neoplasm) cell lines= KCLBolA E&wrkth Culture flaskol] cell&
seedingdt & RPMI medium®] 10% FBS % 1% penicillin-streptomycin<
H7kstel 91 FARAE} o] AduF  sto] ARESIAT B AES
seeding™ sample & 24A13F ¥ 20ul®] WST-1(2-(4-iodophenyl)-3-
(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium monosodium salt)&
7}ekal ELISA readerE ©]€3le] 450 nmoll A 3 =5 =43 $ sample

S AP stA] 22 control¥} vlaste] A LS AFEEHA

4) s 24
St Al A Yo BENOS Sraphylococcus aureus, Escherichia
coli, Listeria monocytogenes, Salmonella typhimurium,

Propionibacterium acnes< AW S+S 3 PAES A4S =< o

o

AR st AN FEES FEEE HIE8E] petrifilmell 37°Ce]
A A8AZE Ml & T s SA A
t}. Triterpenoid £ ¥
1) F&44

A & hexaneol 24A17F HAAA ARG ES AAs L AxRAZ
< methanols X 7}8le] FE313 . 5% methanol % &< filteration
S AzxAF o o] F&E A methylene chlorideE #7}ste] 3%}
At

2) HPLCE ©] €3t triterpenoid®4 2 ek 4]
G2 9] triterpenoids A& ¥ 29 HPLCEA 27| 9)dte] w3}
Atk
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X 2. FAHA 1FEE 9 triterphenoids HPLC £41%7

Jasco PU-990 Pump/ Jasco 851-AS sampler
Instrument Jasco 807-1IT Integrator (Japan)
Sedex 55 Light Scattering Detector (France)

Column Water n Bondapak Cig

Flow rate 1.0ml/min
UV detecter 210nm
A; Acetonitrile

Solvent B; Methanol
C; H0
Isocratic A:B:C=10:41":49

2}. Triterpenoiddf &3 9 A7 A

DIERRE

FAN  FEEel wMEnE 4] 8 AEH  AEFQ
B16/F1(murine melanoma) cell line KCLBOA] &Fwto), F+48 Al
= 5% FBS, 1% penicillin streptomycin, 200ul a-MSH(a-Melanocyte
stimulating hormone)Z #7}3te] 37C, 5% CO, vj&E7]ol A wfeks}sict.
A3 WEbd s Agety] 98 6-well plateol 3 x 10° cell/welle] &&=
AEE JETF & A8 FFEE v=¥a Asta 484305t 37T,
5% COg wjF7Ioll A wiekalairt. 5&3F A4 Eeste] 42 Ax e
Iml¢] PBSE &A1 7|4 42 pelletdl 1 N NaOH(+10% DMSO)

$o2 20002 BHskel SN F 405 nmel A FHEE ZAHAh

2) Tyrosinase #] 3] &3}

Kubo®] HFol 3o 96 well plated] 8.3mM 3,4-Dihydroxy-L-
phenylalanine(in 67 mM phosphate buffer pH 6.8) 120 ul¥ Z+ A]& 40ul
E &3] 490nm FTH=(S, )E =H(UV-Visible Spectrophotomater)
3l % tyrosinase(125unit/mg solid) 40ulE #7}sle] A Lo A 10827 w-&

(FM: 37T, 20%7F incubationdt $ 4%3F AA])A1#A 490nm &3 %=(S, )=
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shei e,

w, ol g%

A 9] ol 34
oh At 2719

g WobAl A AHgsgt

o

5 PR N

N aAEE fste] a™1e] g Al oste] FAA

=

Seed washing and peeling

&
Germination at 252 Cdark

&
Change of water supply system

4

Water spray for 1-2min. every 3hrs

&
Harvest 20-21 days after seeding

=]

a9 1 A e ol A

vh, wolf-ake] A&

U

1) w7t &3}
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7h A A EE s Al 23 54 (3T3-L1 cell)
3T3-L1& #3tA1 712 A% 4 (adipogenesis) S %3}
o] H77F NS nAE S A= W O 2 A pre-adipocyte
el 9] 3T3-L1 cell linedl dexamethason, isobuthylmethylxanthine Z12] L
insulin® 2 A8 ste] celle] #3}(differentiation) S F=3H PPARYy
AR 3 JAAES Hio] dojya FTEH o8 AW Al E
o] o]Fo]Ht} A A o & 3T3-L1 cell line®] pre-adipocyte 7]7+S
gko] 9 <bell Awke] 2 o] dojuyr HAH AWE Oil Red O
o8 FZFotal 520nmelA FFEE FAHToEAM AEY ANHA A
At Wyolth B Ao = FAA 70% ethanol, ¥4, triterpenoid,

2 ol {2 FEE anti-adipogenic activityE =437 935k

3T3-L1 pre-adipocyteol] ¢l&# 53 22 adipocyte inducer® 3 7}sl¢]

&

Jlm
r&'ﬂ
H
:N:

o[n
ﬁ

J{Nl
n?L'.lZi

MI
OFOH:K
ﬂllﬂl_l%

ll

0
o
]-ﬂ

J[Nv

adipogenesisE& frxE3t¥om, 2t §FAH4 FEFES inducergd &7 H7b

3Fo] adipogenesis® HAE AN = AEE A9

_I

1}) Lipase inhibition & 3}

Lipase @4 A3 &3 F4 9 29 2ottt & 39 ¥k
reaction mixtureE WEo] 37CeolA 153+ ¥3AZl ¥ 405nmel A

absorbance=74 39t} BlankE enzymetdl SHF+E A& on iz
7= Al g &S ARSSEITE Lipase activity(%)= ofgfe] o=
A FsE A
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10mM p-Nitrophenylpalmitate(PNP) in Acetonitril

&
Add EtOH(EtOH : Acetonitril = 1 : 2)
{
Porcine pancreatic lipase(5mg/ml) in water
&
200ul reaction mixture
{
Incubated for 25min at 37C
&
OD 405nm

19 2. Lipase activity =74 WH

# 3. Reaction mixture® =43

Total reaction mixture — 200ul

Enzyme(porcine pancreatic lipase) — 0.30mg/ml
Sample - 1.0mg/ml,

PNP - 0.167mM

Tris—HCI buffer - 0.061M (pH 8.5)

Lipase activity(%) = (Al&9] OD%k - blank® OD%t) / tix&=7< OD3%t
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3. FAA AFLA R bEAF AT

7h FAA T A FLA g

1) gan =4

AR FEE(70% EtOH)] &ubs Al A7) flste] 50gel A
FZE3 F#9 maltodextrin(DE 9~12)& #H7lsta o 7)o 05, 1.0mle
cyclodextrin  glucose  transferase(CGT)¢ adZol  toluzyme(3.0L;
Novozymes)S #7713t & ZH42 1154 st & £33 80T A 48
AZF incubation A7 $ 121TColA 1583 HHAIA FAA &8k /A
295 9x e e QA o 22t 53 HiE At 03] ofF 2
thE Fstol A

FEES cyclodextring FFAZ st 26brix7} HEE
1:1, 1:2, 1:3, L:dw/w)ZE &3+ homogenizer(T25 Basic, IKA,
Germany)® A NS A Z3IT FARY &HE Fo|7] Yt i
FE=HE Bbrix7t HEE EFHE 15(16.7%), 1:3(25%) = <33t
of #ANS AxsAt +E YL BEFEAZ7](B-191, Buchi, Swiss)E ©]
= Z7 2 inlet temperature® 160-170TC =
0-

0CE HAYT, g Taseis

N

)
O
-/
2
@]
o
=
[}
—
—+
€}
=)
fo)
€}
=
o
jomt
=
@
i
x

6ml/min®. 2 3} %t}

4. F AN J1E A=

D FAAK 7159 gam =4
AR 71Fe] ZukE AAG] fste]l BeeAd bRl oa ¥
A4 718 50mlddl & Fe] activated charcoal(Samchun chemicals)E& #
7beta s FHAA 242 HAF F, gLt FAX 7 FS FHdt
3

At} Activated charcoal?] A&E 7teAdS golR7] 23| activated
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FAA TR S 1054% R e, B2 25%, AW 31.43%,

ZehE 2 15.29%, @rstE 2 40.25%F5 AHA 0} Aok ol g 22 Adke

g fAA 7189 54

) FAA 71F ] A A 24

FAR ZHFE hexanes o]&3ste] 7V|E& FEoIAL JtaAmviE LY
2 G ARASE A Ad BEXSA AR A WA sk 76%
E AAS L ZEATAES oF 24%¢% Ao ® UBHTHE 4). XA
2F& oleic acid, linoleic acid, linolenic acid?}  Zt7} 39%, 34.9% % 1.5%

ind

2 EES xA39 e palmitoleic acid, cis—10-heptadecanoic acid,
cis-11-eicosenoic acid % erucic acide 1%m7]7el Aoz el 3}
A WFALS palmitic acid7} 7FE ®& 18.7%, stearic acidE 4.6%2}A] )L
o myristic acid, heptadecanoic acid, arachidic acid, behenic acid
9 lignoceric acid’} 2% EA3= Aoz yelyth dubd o2 citrus 3
Aol EAete A A FAEHAOH FA AW 2 HE
AEIE g EF0 wE 2 Zole Holx fom F=E oleic, palmitic,
linoleic acids® F/d=oldol 3 7I5xde] d AA7F e A=

deA 9l
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Injection Date : 2/2/2006 1:09:41 EM Seq. Line : 1

Sample Name 1 3Tmix Location : Vial 1

Acqg. Operator : D.W Seo Inj s 1
Inj Volume : 1 B

Acg. Method : C:\HPCHEM\2\METHODS\FAT.M

Last changed 1 2/2/2006 1:07:25 PM by D.W Seo

Analysis Method : C:\HPCHEM\2\METHODS\FAT.M

Last changed + 2/3/2006 9:54:31 AM by D.W Seo

{modified after loading)

FD1 B, (FAGGOZ02ZFADT D]
2
w_
5 ¢
8] = o -
3 - o
03 :%? 2 o b ) "E o L
L N ' o e = . ] '
ol oF - % g bzad &0 Bg uB
P58 5 8 & 2 3FD TS ORE af g ©
= = e B R i, 0D 9 IS 1 a2 | Is
NGN'Q .1129 |2 50 -Ql ' O "\‘Pgl\-? "_g gg g
40- | |§0 ﬁ_u‘:‘o (:" an | ﬁ.cg @‘ﬁ é | & a
1 | Il:) L u|> 96 :Q?‘ . — -
o lI[B76 TegR |¥ 82 || )| (i § -
il | = o =~ a = | |
4 1 | | | ]
2y M| |
104
0 T T T T T
5 ) 10 15 2 .
a9 3, AR TR GC chromatogram
Injection Date : 2/2/2006 7:34:42 PM Seq. Line : 1
Sample Name Tl Location : Vial 2
Acg. Operator : D.W Seo Inj @ 1
Inj Volume : 1 Bt
Acg. Method : C:\HPCHEM\2\METHODS\FAT.M
Last changed : 2/2/2006 7:33:09 PM by D.W Seo
Analysis Method : C:\HPCHEM\2\METHODS\FAT.M
Last changed 1 2/3/2006 9:25:43 AM by D.W Seo
(modified after loading)
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a9 4. A 71 Ee " AWake] GC chromatogram
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T4 FAA 71Ee] A 24

_44_

A Ak Common Name Bt
C14 Myristic Acid 0.03
C16 Palmitic Acid 18.68
Cl6:1 Palmitoleic Acid 0.43
C17 Heptadecanoic Acid 0.12
C17:1 cis—10-Heptadecanoic Acid 0.06
C18 Stearic Acid 4.50
C181 Oleic Acid 38.95
C18:2 Linoleic Acid 34.92
C18:3(3) Linolenic Acid 1.49
C20 Arachidic Acid 0.37
C20:1 cis—11-Eicosenoic Acid 0.16
C22 Behenic Acid 0.11
C221 Erucic Acid 0.05
C24 Lignoceric Acid 0.13
A 100.00
IR IMEE I E LS
GAH F1Eel olsetHQl B4 2AE A% ¥ 59 2o ANz
. S8 BatatEolk vad we WololA §E717 H A
s AgHoR YusEn AAREAE REE AR g
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ZVZAo Rk il okt obae] Sl wEE mpep o] {Ao A
HE AAA7I= 37t ol FAA VEe &% HUMS SRR &6
7beAdel 2 Ao® 7lgHEc

FAA 7150 anE AAS7] Aste] HEeAddt bl o A
AR 718 T o] activated charcoalE H7}sle] mujA R AAES
Almsklnh. el o3 FAH 71Ee 2% A s o
ato] 98 HE=E ol&3sto] ¥ }E AAs . B HAAF 23 ddd
Aol A 458 o2 2ub = AAE Aoz YEpyth 3 2
Ao AZE AxE dotr7| %’43}04 e 23], 337HA4 A 2§38k
AbgE A 23 ARG A 68%, 3% ABE A 8370 e} @&
Al ZBHAIA ke A7 EoiA= AS & 7 AT o9k 2ol FAA
7159 skl 7 dd=Eel He avE AsA77] fF o s
activated charcoals ©]-&3% WHS Al%=dto] Hekou F¥wolyt AAAY
ol A 593 &aaprt glo] ko A ZIEe] davlel Wik F7h4H <l

o

A7} Qe E ook 3 7

rlo
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2. FAA S ZF AEYEA
7}. Polyphenols % £ 3

A O A dukd oz AY Aol Zstttar 4R flavonoidsES X

ER
g polyphenol 3}¢t&0] 5% £9& 471 fsl, Ago] AA" FAHA

5
£ 100% methanol, 70% ethanol ¥ 5 o] &3le] F=35le] EX4S 4]
ko] Bokth WA, FAME 100% methanol S ©] &3t FE3AS 4
- FF FEL o 114%R% e 70% ethanol &5 4% 131%, 945

FEE9 A 9.7%9
ztzbol Sw F-AH FEE9 total polyphenol $FEFL oz ¥ 5
9} 7+o] methanol F&E1A 349mg/g dry weight® 7} Ekom™ 70%

ethanol F&EL 24.7mg/g dry weight, €5FEE52 149mg/g dry

4000

w
o
o
S
‘

2000 r

mg/g dry weight

1000 |

0.00
MeOH Ex. 70% EtOH Ex. Water Ex.

I 5. FA FEE 9] total polyphenol 3

T3 polyphenol 33HE 9o &= nomilin¥ limonin¥ Z& citrus &9

triterpenoid®] & #=S 7} fraction ¥ & HPLCE o] &3lo] XAt 1H
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6).

uw
1.4 E+05

1.ZE+05—] .
1.0E-05— imonin Omllll’l
H.0E+04]
E.OE.04]
4.0E+0a]
Z.OE.04-]

OLOE+OD =T WaTe]

e
14 E.05]

1.EE+05 MGOH Ex.
1.OE+D5—
S.0E+04—
E.0E+D4—
4. 0E+04
Z2.0E+D4—

OOE+OD =T

uw
1.4 E+05

wmos| 70% EtOH Ex.

.0 E+0d—]
4 0E+04—
S.0E-04— /w'/\\ /\\

O.OE+O- TS W=

uw
1.4 E+05

erosd  Water Ex.
1.OE~+05—
S.0E+D4—
E.OE+O4—
4. 0E+03—
20E-O4—

OLOE+OD =T WaTe]

2% 6. HPLC chromatogram= ©]&3F 2% F&E 2] triterpenoid 43
84 triterpenoid % B4 A3, 29 73 o] methanol F&E &l

4] limonin< 23.5mg/g dry weight, nomiling 14.2mg/g dry weighto =
b B Ao w Uehytith
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25.000 r
Elimonin

20000 - O nomilin

15.000

10.000

triterpenoid(mg/g dry weight)

5.000

0.000

MeOH Ex. 70% EtOH Ex. Water Ex.

9 7. HPLC chromatograms ©]-83% §2% FEE9] triterpenoid &%

Y. Polyphenols & 39 AIY&A

1) @akst &4
7} DPPH radical &7 %5

DPPH radical 274% Z4%44He ¥2l= DPPHE radicalS 2 &
EAZA ethanol &HollA = Hepyor AL =1 itst S4S 2t

2 EA43%dAE DPPHY radicale] &2AFHe] gMEE HS =AHs =
Aolty. FAA methanol FEE2] 49 DPPHO radical 24w W3k
ICso%kol °F 0.28mg/mlol A &AHE Qo 70% ethanol 223 d4F=
29 AL 274 03lmg/ml # 0.83mg/mlE YENY methanol F&E 9
DPPH®]| radical 22750l 7Hd =& o2 eyt
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o] b Egkom FAHo=m FilstHo]  §sithar dEzl o
polyphenol 3}¢t&9] 33 DPPH radical &27% 3 #& Ak 39

FHAATE AN FEEAdME B E A

il

t}S @Al methanol & %S ether, ethyl acetate, butanol, waterss
o2 gwlel =Ael uw} fractionationst® Z}zhe]  fraction®] total
polyphenol®] 3# 2 DPPH AA%S XAstdt. WA HPLC=E
polyphenold}&&9 ZAS AHE Az guje] Al uwlgl hydrophylic
¥} hydrophobic? polyphenoldt§ &9 x4go] tEs & + AUAHZH

9).
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HAT

wn MeOH Ex.
30004
20804
o0E W00 [ B0 3000 fran]
w
14205
e FEther
10200 f t
el raction
60E4
0B
- MKL/MN\._A_A
oot i
W 3000 w00 000 [rin]
w
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w
142005
1230
" Butanol
10200 .
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W00 400 5000 000 Tl
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0.0EH
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2% 9. A MeOH fraction® polyphenol 33%E 4
A4 methanol F+&52] Z}7}9] fraction® total polyphenol & =
A A3} butanol fractiono A 80.60mg/g dry weight &2 7} = total
polyphenol %S YEFW o™ butanol > ethyl acetate > water > ether
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9000
8000
7000
6000
5000
4000 r
3000

mg/g dry weight

2000 r
1000 r -
000 L ‘ ‘ ‘

Ether Fr. EA Fr. BuOH Fr. W ater Fr.

19 10. AR MeOH fraction® total polyphenol %

Z+7+e]  fraction®® 9 DPPH radical AA%S =#H3 Az =
polyphenold#o] 7} =9td butanol fractiono] 7} =1 tlgo=®
ethyl acetate fraction®lA] =4 YeEY o™, Zb fraction &3] % Fs|
© % radical &7%°] A= A= yetwn ®=3 ZF fraction®] DPPH
radical 227157 polyphenol &%= S 5= H9(500ppm ©]3}) el
A AlEshs BAS Bole Aow yeEu(Ld 11).

100
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E Ether Fr.
OEA Fr.

EBuOH Fr.
HWater Fr.

60
50
40
30 -

20

mj
0

DPPH scavenging activity(%)

0.25 0.5
mg/ml

a9 11. 24X F=E fraction® DPPH A7 %
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}) ABTS anion 27%

100 -

80

—— MeOH Ex.

—— 70% EtOH Ex.

—&— Water Ex.

0.00 0.05 0.10 0.15 0.20 0.25 0.30
mg/ml

ABTS scavenging activity(%)

a9 12, AR FEE2 ABTS anion &A%

FAAR Q] ZF fraction® ABTS anion 275 54 A4 % DPPH
radical &7159] A¥olA B 5 9l%o] Z} fraction &3] TEJEHOR
ABTS anion 24%< E29 butanol fractiono A 0.05mg/mle| &%=
A= oF 588%E 7FH A UElwten S o2 ethyl acetate fraction
0.05g/mlol Al °F 34.5%¢<] ABTS &A%& HAth(1d 13).
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E Ether Fr.
50 CIEA Fr.

40 OBuOH Fr.
30t OWater Fr.
20 1
10

ABTS scavenging activity(%)
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a9 13. A4 MeOH fraction® ABTS &A%

Tt} B-carotene bleaching assay

B-carotene bleaching assay 23} 1A17F AIAA] z2FAA= 9
470nmel A OD%kol oF 047hA] "old ot 24 methanolFE 52 7
AN Zko]l A Ee] ODghol oF 1.3 HE=E Hro] "olxx] g2 HS
T AAJTHZE 14). B-carotene bleaching®] ™7} =L linoeic acid”}
seEozn AMAF free radicalE©] PB-carotened At3tA|Zl o2 X e
= FgAaow 3R Q% B-carotened Q@AM AA  FAS
spectrophotometer® ZA3sle] eEbRTH FA4 =
linoleic acid®] 4Fs}7b A= o] free radical®d] FAHE Walgo=zsn

—carotene®] L A:A Mol AAH= AS IAS Aoz Ao

1o
o =

e

2

e
il
o
el
X
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a8 14 FAHA FEE 9 B-carotene bleaching & 3}

F A4 methanol =559 Z2+9] fraction® B-carotene bleaching
assay A¥ o)A butanol fraction} ethyl acetate fractioneo] 7} A3}
Hol 2 Aoz Yel} 9A polyphenoldt#o] E&4= aksle o]

= Ao JNFHAHLE 15).

Hir
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) A Al  (macrophage) = 9| FZ2HE 9 YT T o] EZ H[E9]
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A 7}7F macrophage viabilityol] "X+ 9&S A#HE A3} macrophages
9] viabilityE® Z7}417]%= lipopolysaccharide(LPS)* 2] 7-¢F vl w3t S o,
gAHes oE FEES 250ppm  EiE 500ppm F7F O A
macrophage?] A&o] LPSH7IRY 238 v 322 Hoz eyt
ow w3 FREoEHQ AEgS HEtlATHZE 16).

160
140
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— 100

80

60

40

viability(%

20

o 1
LPS MeOH Fr.  Ether Fr. EA Fr. BuOH Fr. Water Fr.

250ppm O 500ppm

a9 16. AR MeOH fraction® % 7}7F macrophage®] viability©l

EEERCE:
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A4 MeOH fraction® #7}7}F macrophage’} A3l HoOs NO,
TNF-a ‘& macrophage activity®] A&7} ¥= EQE9 A5 Wl
et Agskdth HiO00 A2 A FE2=8 7o s LPS A
g v 23 FEoR Frbske A¥S BATH(E 17).

2000

1600

1200

ng/ml

800

400

o

Blank LPS MeOH Fr. Ether Fr. EA Fr. BuOH Water
Fr. Fr.
W 250ppm O500ppm
a8 17. 524 MeOH fraction 3 7}7} macrophage?] Hx0:44 5o 13|

SRR

Ho009] A3eb= &g F234 MeOH FEE9 NO A Sl mx=
e 8] AR Yo ether FEES 250ppm3 7FeE 4-9-2} butanolF&
o] Afowt F92 o2 macrophageZ2FE NO9 =712 FEsguk( 1

18).

o e o2
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a9 18, A MeOH fraction® % 7}7F macrophage?] NOA Al ol

stA FA4 MeOH FE59 H717F macrophageZ -8 TNF-a2 A

H
B Wbl obd uS s i Ao PFUHTY 19).
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250ppm [ 500ppm

a9 19, FAA MeOH fraction®] % 7}7} macrophage TNF-a4dAd 5ol

EEECE

o3} ol FAM FHES H/F BAHALY B A&l 3



W) AR AN FEEY dAE A 2
A7 AR AEA A mA=

o
m

A 70% ethanol F&E <
d@dFs A7 A8 AN FEES C57BL/6 micedl 15
AA 7| B oA FE% macrophageE melanoma cell?l B16J+ o]
incubation A]# macrophage®] 93 A EIN}E AT AT Bl6 celle
macrophage’} AA3t= NOYW TNF-ao| sensitivedr Aoz d& A %
A FE=9 ATF97F macrophages] e WA= JFS FAT F
UTH ¥ 200014 Kozl wpel 3ol AGgE wjd A FFoI3 controlit
(1)9) E7 W macrophage= B16 cello] tiste] 19% ASAH|adE
Bl © ™| macrophage?] A ZA 2 42 LPSE macrophage celldl
T ¥, B16 celle] ASFAA AEE ZASE FolA = oF 35%2 A5G A
37 eSS HQ). FAA FEES A AR o (3)l A= control
o] vl3] Y53 =2 macrophage® B16 cello] W3k A8 A(31%)7F &
ZFHAFoR2 FAA FEES AT FAToZA AW dAES TS o

aelo] Qe Aoz slysol it
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= =2 T
MTT assay
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a9 20, A AT-F] 2] BI6 cellol W3k cytotoxicity
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) FAH FEE9 T-cell A4
FAH FZEE2] human T lymphoblasté! MOLT-4 cellol w3
activity & 3\—43}7] ke 2 FEES 500ppm #7FeFal 24A17F B 48

AZE wGA Ao ZF FEE FTFOR 24ANI HMYoZE Tcelld
viabilityol] &S W XA Fkow 48A7F wjUEAS WE B FEE,
butanol F% &, methanol FE29 #H7I7F T-cell?] viabilityE S 7FA]7]
v Aoz yetutr (29 21). 53] methanol FEE04 F% JEH S
2 Hold T-cell TAEHE YERHJATH LI 22).
250
180,78
200 | .
147.73
£ 150
E 100.25
= 100.00
= 100
s0
0
Contraol AeaeOH BuOH H,O

a9 21, A FEE0] T-cell viabilityell 1]x|= 93k
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19 22, A methanol FEE 9] T—cell viabilityol] "X+ Ak

o

FAR FEE H7M7F T-cell?] interleukin-2(IL-2)2] FZoj ] x| =
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L3 & EHE B2 methanold:EE9 7t fraction® S. aureus
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= citrus  fruits 329 flavononesE ¢!
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flavonones ¥3o] S7FgS & & (2™ 37).
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flavonoes®] el 43 Frbste Aow @AHNoH o5 wolitd
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triterpenoidsoll A Eo] W T welA] ol AES Husk wo] 53
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70% EtOH extract of yuja seed(50g) in water (11)

Maltodextrin 50 g + Toluzyme 3.0L 1.0 ml

Incubated for 48 h at 80T

Sterilization for 15 min at 121°C

Cyclodextrin addition(100g)

Spray drying

Debitterized yuja seed extract powder
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%
2%74A H7bekle W, avlel &3 713k Asks AA o

e ekake.
TAA S R FdE
ujj 2+
SiEA
=4, 74 (hot filling, 75T °])
AT (90°C, 20%)
WzH40C o] &})
¥ 47 A 5 AR A
® 7 A o5 A
Ingridient Contents (%)
gan @ §A4 BRdx B2 0.2
g 59 9.11
= 82.88
Vitamin C 0.1
Vitamin B; 0.001
Xylitol 1.28
23 46
Sugar 1.83
3+ 100.00
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homogenization(50C)
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tubing
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sealing
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°13h)

9 49, A v =38 Ax TA

E 8 FAK v =Y R

Ingredient Contents (%)
AN FEE 2 4
T 15.8
AL} 3F 0.2
Ointment base 80
A 100.00
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9. A L PuF A

A

H]

Ingredients Contents(%)
H S A4 (BT 93.1
FAA 71 2.0
o 05
E3vE 0.3
oo 0.3
=g A 1.0
ALY 0.3
o R | 0.3
TREY 0.4
A= 0.6
s opF &4k 0.2
Eis 1
Total 100.0
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#10. FA#H foam clenasing Ad £H]

Ingredients Contents(%)
Sodium lauroyl glutamate 31.00
Propylene glycol 10.00
PEG-32 10.00
Myristic acid 3.00
Stearic acid 1.00
Cocamide DEA(C.D.E.) 2.50
Lauramide DEA(L.D.E.) 2.50
Water 2714
Processed salt 2.50
Sodium hyaluronate 2.00
Tocopherol 2.00
Retinol 1.96
TAA 71 2.00
Squalane 1.00
Perfume 0.50
Greentea extract 0.30
Algae 0.30
Germanium 0.20
Bio-ceramic 0.10
Total 100.00
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a9 53, AN HE7F 188+ 2 foam cleansing
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