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SUMMARY

I. Title

Development of Skin Whitening Materials and Cosmetics Derived from Corn Bran

IT. Objective and Necessity

1. Objective

Recently, much attention has been focused on development of plant-derived biologically
active compounds which played important physiological roles in prevention of several
pathological disorders, such as cancer, atherosclerosis, diabetes, inflammation, and aging.
Particularly, corn bran as obtained by-product in the dry-milling process of corn has
recently received renewed interest as a functional phytochemical source due to its high
levels of hydroxycinnamic acid derivatives (HCAD), such as p-coumaric and ferulic acids
and their polyamine conjugates (PCs), such as N, /N -diferuloylputrescine (DFP) and
N-p-coumaroyl-N'—feruloylputrescine (CFP), and /N,N'-dicoumaroylputrescine (DCP) with
anti—diabetic, antimicrobial, antioxidant and anti-melanogenic activities. Thus, this fact
prompted us to search for skin anti-aging agents from corn bran and further develop
functional cosmetics.

The major objective of this study is to develop skin-whitening ingredients from corn
bran and their application to functional cosmetics. At first, five different HCAD were
isolated and identified from corn bran, and further evaluated their antioxidant, anti—aging,
skin—whitening and UV -protective effects by using several in wvitro and in vivo assays.
Finally, further research on application of skin-whitening ingredients derived from corn
bran to functional cosmetics was also performed through elucidating their skin-whitening
mechanism and evaluating safety and toxicity, and clinical trial on human skin.
Development of wvalue-added skin-whitening ingredients using unutilized corn bran and
their used skin-whitening functional cosmetics made a great contribution to increase of

farmer income, corn processing and cosmetic industry.
2. Necessity

As cosmetic industry is one of new representative fusion—technology industry, new
paradigm shift has recently been occurred in cosmetic industry from  passive concept

products of skin protection to active concept products of maximization of efficacy using
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transport system of nano-efficient resource and utilization of natural resources. The
most-talked-about—categories of the 21 century’s cosmetic industry is called as functional
cosmetic market which has greatly increased and received much attention. It is very
important that the development of cosmetics in the future is focused on functional cosmetic
which emphasized efficacy and effect through introducing active concept products with
anti-wrinkle, skin-whitening, and UV protecting effects in place of typical cosmetics
emphasized safety.

At present, corn bran obtained as by-product in the dry-milling process of corn starch
has been widely used as feed for livestock but not used as promising sources of valuable
phytochemicals because it contained large amounts of non-digestible polysaccharides and
ash. Therefore, study on isolation and identification of valuable phytochemicals in unutilized
corn bran is required to develop a new functional resource.

There are three types of cosmetics, including anti-wrinkle, skin-whitening and UV
protective products, in the category of functional cosmetics. Since most of approved
functional constituents in cosmetics were unstable, they could not be used in a variety of
cosmetics. Recently, development of new plant—derived functional components with higher
efficiency and safety toward human skin, and with more stable in formulation are required
to replace conventional functional constituents.

Development of new functional resources used in skin—-whitening cosmetics from corn
bran could be provided new opportunity with farmer in domestic who mostly depended on
foreign imports. Therefore, this study is needed to perform for activating corn industry in
domestic in the aspect of national politicals. In addition, HCAD (0.5~1.0%, dry base) in
corn bran have recently been reported to have anti—diabetic, anti-microbial, antioxidant, and
anti-melanogenic activity. In the future, HCAD are expecting to contribute in the cosmetic
industry and functional foods, as well as medicines as promising sources of anti-aging

therapeutic.

IM. Contents and Scope of the Study

1. Development and production of skin anti—aging ingredients from corn bran

- Isolation, purification, identification of HCAD from corn bran, and analysis of their
chemical properties

- Investigation of stability of HCAD isolated from corn bran against several
physiochemical factors

- Evaluation of antioxidant activity of HCAD isolated from corn bran

Quantitative changes of HCAD in corn according to cultivars, heat pretreatments and

milling processes
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Quantitative changes of HCAD in corn bran extract by enzymes and acid or alkali
treatments

Development of large scale isolation and purification procedure of HCAD from corn bran
by solvent fractionation and adsorption resin column chromatography

Preparation of partially purified corn bran extract (Corn BE) containing HCAD by large
scale ultrasonic extraction, solvent fractionation and Diaion HP-20 column
chromatography

Reporting on specification of Corn BE including purity and level of HCAD, and chemical

properties

. Efficacy evaluation, development of nano—materials and application to skin-—

whitening cosmetics

Evaluation of skin—-whitening effect, as compared to conventional skin—-whitening agents
Elucidation of action mechanism of skin—-whitening effect

Evaluation of cell toxicity against B16 melanoma cell

Evaluation of UV protective capacity, as compared to conventional UV protective agents
Development of nano—particle for efficient transport to skin, and rheology evaluation
Evaluation of safety and stability

Establishment of standardization, criteria and analysis methods

ICID (International Cosmetics Ingredient Dictionary) registration

Investigation of skin-whitening cosmetics formulation and evaluation of safety and
stability of products

Investigation of UV protective cosmetics formulation and evaluation of safety and
stahility of products

Clinical evaluation of utilization against skin—-whitening and UV protective cosmetics
Approval of KFDA skin—-whitening cosmetics against skin—whitening cosmetics
Establishment of formulation and production procedure for development of three kinds of
whitening cosmetic using differentiated unique skin—-whitening source

Development and preparation of pilot-products

. Evaluation of safety and efficient clinical test of applied skin—-whitening cosmetics

Evaluation of skin-whitening efficacy (in vitro)

Evaluation of safety and toxicity (in vivo)

Safety evaluation against human skin (human patch test)

Safety evaluation of skin-whitening cosmetics against human skin

Efficacy evaluation of skin—-whitening cosmetics against human skin
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IV. Results

1. Development and production of skin anti—aging resources from corn bran

This study was conducted to develop functional skin-whitening cosmetics using
antioxidant and anti-melanogenic HCAD in corn bran. At first, three polyamine conjugates,
DCP, CFP and DFP were isolated from corn bran via a combination procedure of solvent
fractionation, silica gel, ODS-A and Sephadex LH-20 column chromatography. Their
chemical structures were identified by UV, NMR and FABMS spectrometry, and their
antioxidant and anti-aging activity was also evaluated. In addition, Quantitative changes of
HCAD in corn and corn bran extracts was determined by HPLC according to cultivar,
milling processes and heat pretreatments, as well as enzyme and acid or alkali treatments.
A partially purified corn bran extract (Corn BE) was successfully prepared by a series of
extraction and purification procedures using ultrasonicator, solvent fractionation and Diaion
HP-20 column chromatography. A simple and efficient analysis method for quantification of
HCAD in Cormn BE was developed, and the stability of Corn BE against several
physiochemical factors was also determined. Finally, the results of specification of Corn BE

on purity, level and physiochemical properties are as follows.

A. Extraction, isolation, purification and identification of HCAD from corn bran

Corn bran powder was extracted with 80% EtOH under large scale ultrasonicator, filtered
and evaporated to EtOH extract. The EtOH extract was defatted with n-hexane and
fractionated with CH2Cl: and successively silica gel, ODS-A and Sephadex LH-20 column
chromatography to isolate three PCs [(DCP, 13.6 mg, recovery: 0.68 mg%), (CFP, 28.8 mg,
recovery: 1.44 mg%) & (DFP, 156.3 mg, recovery: 7.82 mg%). The chemical structures of
three PCs were identified by UV, NMR and FABMS spectrometry,

B. The stability of HCAD isolated from corn bran against several physiochemical
factors

Three PCs exhibited UV maximum absorption at 305~320 nm with molar extinction
coefficient of 4.28~4.60, and melting point of 130~230. Five HCAD showed high stability
against pH and heat, but exhibited unstable toward sunlight, UV and enzyme, especially at
long wavelength of 360 nm.

C. Evaluation of antioxidant activity of HCAD isolated from corn bran

Five HCAD, including three PCs and their parent moiety, p-coumaric acid (CA) and
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ferulic acid (FA), significantly scavenged DPPH, superoxide and hydroxyl radicals in a
dose-dependent manner. Particularly, DFP showed potent DPPH (ICs = 3846 pM) and
superoxide (ICs = 291.62 uM) radical scavenging activities, while DCP (ICs = 164.84 pM)
exhibited the strongest hydroxyl radical scavenging activity, comparable to that of a
—tocopherol (ICsp = 155.67 uM). CFP also exerted moderate DPPH, superoxide and hydroxyl

radical scavenging activities.

D. Quantitative changes of HCAD of corn according to cultivar, milling process,
extraction methods, and heat and enzyme pretreatments

Five HCAD in corn were quantified by HPLC according to cultivar, milling(dry- and
wet-milling) and thermal pretreatments including roasting, steaming. microwave, puffing,
and extruding. "P3394” and "Kwangpyeongok” dent corns had greater five HCAD content,
while "Daehak” and "Mibaek”, waxy corns had lesser amounts. “Gammichal” and
"Gammiok” sweet corns had intermediate levels of three PCs. Corn hull and corn bran
obtained as byproducts in the wet- and dry—milling process of corn had the highest levels
of two cinnamic acids and three PCs, respectively. Meanwhile, levels of CA and FA in
waxy corn considerably increased by five thermal pretreatments except the extruding
process, and especially the steaming and puffing processes significantly increased the levels
of CA and FA. However, levels of three PCs in waxy corn varied by thermal treatments.
Among four extraction methods examined, the ultrahigh-pressure extraction, ultrasonic and
ultrahigh-pressure extraction after extruding showed 1.2, 1.3 and 14 times higher
extraction efficiency than control. Among five different carbohydratase treated, the ethanol
extract of corn bran hydrolyzed by viscozyme L had the largest amount five HCAD. Acid
and alkali treatment for preparation of corn bran extracts exert no appreciable effects on
levels of five HCAD except below pH 2.0. A partially purified corn bran extract (Corn
BE), recovery 0.32%, 25% of DFP was prepared by 80% EtOH extraction under large scale
sonicator, followed by solvent fractionation and Diaion-HP column chromatography. Corn
BE showed considerable stability against temperature and pH, but unstable toward enzyme

and sunlight or ultraviolet radiation.

F. Preparation of quality specification of Corn BE

Corn BE showed considerable high stability against pH, heat, but low stability toward
sunlight and UV radiation. Specifications of finally produced Corn BE for use of whitening
agent in cosmetics were as follows; UVimax (317.3+0.5 nml], pH (5.15+0.07), heavy metal(<
10 ppm), Sn (< 2 ppm), moisture (6.71£0.40%), total microbe number (50.0t5.54 CFU/g),
DFP content (26.2£1.2%). These results suggest that the Corn BE powder containing 25%

of DFP could be useful as a promising agent for improving skin aging.
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2. Efficacy evaluation, development of nano—materials and application to
skin-whitening cosmetics

A. UV protective, antioxidant and skin-whitening activity, and evaluation of toxicity

From the results of determining optical density of HCAD and active fractions (CHoCl, fr. &
EtOAc fr.), most of all fractions showed the maximum absorption spectra at two wavelength,
and the order of OD was the highest at CA, followed by FA > EHMC (etylhexyl
methoxycinnamate) > DFP > CFP > CHxCl; fr. > EtOAc fr., in that descending order. UV
protective capacity of DFP was comparable to that of well-known UV protective agents,
EHMC. Antioxidant activity of HCAD was higher than that of BHT, an well-known synthetic
antioxidant.

Meanwhile, cell viability of Corn BE was determined by using B16F1 melanoma cell. Most
of sample showed a slight toxicity at 500 pg/mL, especially DFP exhibited some toxicity at
above 200 pg/mL. Meanwhile, DFP showed above 90% of cell viability at 1,000 pg/mL
against human dermal fibroblast cell.

The inhibitory effects of Corn BE in tyrosinase assay system was comparable to that of
L-ascorbic acid, while in Dopa oxidase assay system, CH:Cl, and EtOAc frs. exhibited
somewhat inhibitory activity. In the melanoma cell system, CH2Cly fr. showed considerable
inhibitory activity as much as arbutin at 100 pug/mL, especially the CH:Cl, fr. with 65%
DFP showed higher inhibitory activity than that of arbutin.

B. Selection of Corn BE

The CH:Cly fr. of Corn BE showed considerable tyrosinase and dopa oxidase inhibitory
activities, especially the CH2Cl: fr. containing 65% of DFP showed higher melanogenic
inhibitory activity than that of arbutin. In addition, CA, FA and CFP also showed
considerable tyrosinase and melanogenic inhibitory activity. Therefore, from control of DFP
concentration and the preparation of CH:Cly fr. containing CA, FA and CFP, the CH:Cl: fr.
containing 25% of DFP and 6% of CFP was selected as sample, and was called as SID
Corn BE.

C. Evaluation of skin-whitening capacity of SID Corn BE

Corn BE showed 16.3% of melanin inhibitory activity at 50 pg/mL, while Corn BE
exhibited similar inhibitory activity to arbutin in the melanoma cell. CFP and DFP
significantly inhibited expression of microphthalmia-associated transcription factor (MITF)
involved in the initial pathway of melanin synthesis. Especially, DFP inhibited greatly
expression of MITF, but did not show a decrease in quantity of tyrosinase, indicating

that the skin—-whitening effect of DFP was responsible for other factors including
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tyrosinase inhibitory activity. These results suggest that DFP and CFP of Corn BE may

be useful as potential sources of skin—whitening agents.

D. Preparation and evaluation methods of nano-capsules for efficient transport to skin

This study produced nano-materials containing SID Corn BE such as nanoemulsion,
niosome, liposome and dual-liposome. Particle size of nano—materials was established using
particle analyzer and TEM. The nano-materials containing SID Corn BE showed 100 to
200 nm of particle size. From the results of evaluating physical stability of nano-materials
to 50C for a month, niosome and dual-liposome stable better than nanoemulsion and
liposome. Physical stability of nano-materials decreased with increasing concentration of
SID Corn Be in nano—materials.

From the results of determining quantitative of DFP in SID Corn BE with a variation of
storage conditions for 90 days, stability of DFP depending on temperature. Nanoemulsion
and G-liposome stable better than niosome and dual-liposome at high temperature. The
potency of DFP was preserved 88~90% at 40C for 90 days. The lotion formulations
containing niosome had the highest level of stability of DFP.

Also, the nano-materials and the formulations containing nano-materials, kept at 40 T
for seven months, the yellow direction (b value, colorimeter) increased, respectively. Color
stability of the formulations containing SID Corn BE was good.

Transepidermal absorption test of niosome containing SID Corn BE were performed by
the OECD guidelines using micro pig skin. Transepidermal absorption total dosage of
niosome was 852% for 6 hours. However, transepidermal absorption total dosage of control
was D.65%. Transepidermal absorption of niosome was higher than the control, was not

superior

E. Standardization, Establishment of standards and test methods, Registration of ICID

This study had standardized SID Corn BE for a manufacturing process, appearance,
verification test, purity test, pH, moisture content, ignition residue, microbiological test and
quantitative analysis of active agent.

Also, corn bran extracts such as SID Corn BE (Zea mays (Corn) Bran Extract), SID Corn
CFP (Coumaramido Ferulamidobutane), SID Corn DCP (Bis-Coumaramidobutane) and SID
Corn DFP (Bis—-Ferulamidobutane) were registrated in International Cosmetic Ingredient
Dictionary (ICID).

F. Stability of Whitening cosmetics products & Sun screening cosmetics products
containing SID Corn BE

This study were prepared whitening cosmetics (skin, essence, lotion, cream) and sun
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screening cosmetics (O/W cream, W/O cream) containing 0.1% SID Corn BE. From the
results of determining quantitative of DFP in cosmetics, kept at 4°C, 40°C for 90 days, DFP
titer of skin formulation was about 80 to 90%.

Also, usability evaluation was conducted with a variation of active agents.

The UV screening effect of SID Corn BE has been estimated by in witro SPF method. /n
vitro SPF of SID Corn BE lower than EHMC (organic sun screening agent). However,
UV-A/UV-B ratio of SID Corn BE higher than EHMC because the blocking effect for a wide

ranges.
G. KFDA approval of skin-whitening cosmetics and preparation of pilot-products

SID Corn BE is the main ingredient of whitening cream, that is appling for approval as
whitening functional cosmetics using unique skin-whitening source. The pilot—products;
skin, lotion, and cream were prepared.
3. Evaluation of safety and clinical assesment of applied skin-whitening cosmetics
A. In vitro test of skin-whitening activity

SID Corn BE (DFP 25%) showed considerable cell viability with above 80% at 0.1
mg/mL concentration against B16 melanoma cell, and exhibited strong tyrosinase and
DOPA oxidase inhibitory activity equivalent to those of arbutin. In particular, SID Corn BE
exerted stronger melanogenesis inhibitory activity than that of arbutin.
B Animal test for safety and toxicity of SID Corn BE

To assess the safety and toxicity of SID Corn BE (DFP 25%), photosensitization,
phototoxic, single dose toxicity, eye mucous irritation, skin sensitization and skin irritation
test were performed. There 1s no irritation exception for the mild irritation in skin irritation

test; primary irritation index of SID Corn BE was calculated to be 0.71.

C. Human patch test for safety of SID Corn BE and SID Corn BE containing cream
on human skin

The result of human patch test of 2%, 5% SID Corn BE (DFP 25%) and 0.196 SID Corn

BE containing cream was on the low stimulus range, which meant not irritating.

D. Clinical assessment of skin-whitening cosmetics

To assess the skin-whitening efficacy, an 8 weeks double-blind control (without SID
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Corn BE)-test (with 0.1% SID Corn BE; DFP 25%) study was performed. After 8 weeks,
the test group had significantly improving whitening effect on visual, instrument and

self-assessment without irritation.

V. Research performance and plan of performance utilization

From this research project, four kinds of skin-whitening materials registered in ICID,
including SID Corn BE, were developed, and three skin—-whitening cosmetics, such as skin,
lotion, and cream, applied with SID Corn BE were also developed.

Five scientific papers including three SCI papers and two non-SCI papers were published,
and additional two papers are being published in progress. One patent was already
registered, five patents are being applied.

Three cosmetics(essence, lotion, cream) applied with skin-whitening resource as auxiliary
ingredient and major ingredient are planning to industrialize in 2010. In addition,
wrinkle-improving and UV protective cosmetics (essence, lotion, cream) applied with

skin—whitening resource as auxiliary ingredient are planning to industrialize in 2010.
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H 2E =2 7ls/ig o

Ald sd %

54 FAeA EAdE HCADS 2ol 2 A4 1edn 159 A BYE] B
AFE B AT A2 BE olgelE A9 gt AAelvh E, HCADY Hed 7%t
Hiel 1E ol &% JISAAE R FE AT A9 o]Folu YA @k,

2 }\zﬂyﬁtﬂ—
Mugge A sdt Sae] 94l Webdel A4l te we A7t 1an 9
E|ZAIUAY] @& At ¢FE, x5 FE5E, 9UFF T HEAUA BES
=] : 1

==
! H =4, Coenzyme Q103 A
H defFo] ZAAMER o5y = S AHAA T U5 Tol MdEo drh

[e)
nAE e m AR AFRstA 72 A kojic acid)o] WA EA7F A7) EHA LRE o)}
= 32
A

rl
o=

ascorbic acid 59 Y452 A FHJow @I wAlolE M EZF<l Mel-Ab A Eo] thate] %
sk el A Al A S Hol= Terreino] 7HEE A o™, o= kojic acidH.t} 108] o] %
o] A4S Hole Aoz iy uf )

4~

Alokxd wA] AR Qo] melanin switching agent$l MS-135, A9 4= 421 Melasolv, £
TAFEES TSR 3+ IJEF Y EL-1, dH AU (actigenin)s FAEOE 3t A
FEE, USFEE 5ol /Eyo] 7sAd AFd &= on, T35k v A 2 ellagic acid
2 flavonoid Al€e] 3}3E To] MR oW, #E(Atractylodis rhizoma) Z5FF Selina®
4ol FEEo] AREEI

T3 FIANERY FE fﬂﬁ AEGFAIEERZ 4 AZEJFEAZ FHEL B

o Aoy, A

v

SIMFESE(SID Carthamus SE)S 2 eFA ol v LA F=E/NA HAEo 2 57}
gk AAbsted S Rolm wWepd A A A
Z5E phenylpropanoid Al€el AE-S FAHEOZ 3
SE)-> 20091 ol ®]aLA] mjulAd o 2 &7k AR 7E Q)

npul kg o] 719 wEsto] Terrein 8Hgh=2 M AAlE
MITF &S AAlsts Aoz 1A=, 2t /EE = LA ts] AX Asdg 71dS
o]-§gt m W g3 Hr}rp o] FojA i gl},

[e)
d =

y

FENA, AL GA Ve ddEeR ERHe e viNEgEe] e we #
A A7k ATEEa o, FgF RRANE ofn 9| EHel Qe a4E
Y ool wA AH 7 ete] muA R &8sty %= &y, I A2 Ao o8] A= pe

=
o) a
Hoj mw AAA R FES= tha of B &0 U}?—i p=g
Htol= et AT Ao #AS= T2 &49 tyrosinase’t a-glucosidased] 2] gk
N-glycan processings &3l &4 39 tyrosinaseZ9 W3S Aotst= AAS E3F njaA 9

rlr G{O
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AT 7 T W& ATFNEAE e ELdS
LG Selina 7% gt 2 B oHE Sto]lE AlFd A&
o —
ggg;gﬁg‘]ﬁﬂ’ &= Terrein 7 WA 712
AbS) @ sk E MM ETFEE Y A58 AFol AL
At G sk & TN FEE AAZ AF A&
o XL & H Al Melasolv 7H% glet slolE AlFol % &
o} X & 3 A] 3 FE= A Astr 2g ) o Al ol A&
S A S AuFZE= M HIF7EQ1 712 Aol A&
A v £ H] 1
GHE Tyrosinase A4 A &l IA YR
FEAT2FEE Tyrosinase &4 #] 3 IADR, &g WIS
JurFEE Tyrosinase &7 A 3 IANYE, HHS
o) 2 o} 2 511 o] &) Q%CQ HAHAR FE, RS A
ot~ s EF Ao = HIEFRI-Co] <tg7d 34 IAYPE, dE F9dY=
v ot ATl E AT ol E HIEFRI-Co] Qb8 34 A AR
A% (Lucinol) Tyrosine?} Tyrosinase 23 3l Aui A, 4 Pola

A2A =9 AF
1B FAs 288 2402

A F7HA 442 EE HCADY e 2 AA agx AEEAY #ak A= v HaH
np7b glon}, oo thEk EAsla ¢lSo] ueE A7) H ol (Moreau ef al, Lipids,
36, 839-844, 2002), 53] &9 A& #HE A =(a—glucosidase A 32§ 14,
aflatoxin A A A& 13) v wjn) s 2 Aolu},

#H v FP AT A (USDA-ARS, ERRC, Philadelphia, USA)E =27

3l A
)
Sorfsh G BEEE FEAG AT Sshel ABE SANTES FDA

of AT

of 7eg vk Avt(Moreau, et al, J. Am. Oil Chem. Soc., 82: 809-815, 2005). o]+ 34t
& S5l Ao EA8A ge HCAD A¥e] dx83% 4500 wel Fisol 3l
7 woln, o] Ag MobE S44719 HCAD $84¢ 94¥ & Ark 2a} S5479

i
(03

= A
goprlf iAo e A ag 9 EAdd B A= A9 gle AAolth
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2. 2AME

N

frelu w=A A Ae= A e & fAE BolA Frrl Ho] oy 98
dgststal gk J&JAE WEteE transfer WoFE dFEtal 9lom, PAR-2E T A&
A FE3 soymilkE Akl AAHHE AT = A AFS TS vk o

[e)
PR =
& FE IAES 27 "Hadd A F 249 HEAUAY TRP-,

2!

Ao F
TRP-2¢] &A4& ARACRE xdete] nuAlE Jfdste] staloy HZole Hepd Aol
dtS F+= AT HAGEZ (cytokine, AFO|ETZIS T 2H)S ZASAY, WElAlolE F
A= FEAE st F Asdds Aoy dad FA4S AAete HFoew
=L Tt o]efd Aol EFIRIolY FE&AE 2AstY A& d AFES dFE Ad=ES
ot A& FEAFES ol&sta At

T3 AR g dybARl md wAYS el A Aol iy s VA e A
stof FAS AEE BZloz & v wWAYFo] FE7] A&t ddTadE e
U7 ~(Fv 2 Prunus lannesiana W. M.)w ZFe]Add] o gk Mzl 2] g A Z27]d
A Ao Aol o3t dF2 AAAEAA HepeAto]ES A5che AEEdY WES sl
w ol A e faEd Ao dElA Urk A% HdEFoTelA v EX ko w 4zl Y
F(Q1x= W& Melia azadirachta) AF=22 YHF g ZHFE:S 9528 9 Blo 2gd
At Aslaat ool Ato] S EEAIFAIS] A AHgo] A vk Ao ol ZhE A2
A fred el E AS5Ed zrauadd B9 A4S B8 ow dAsE o
A

A+ 7 AT W& AL 28HG

Pola Lucinol § AUHF A% dzaqges | oo JOTEAE Sels ot s
Hayashibara AA-2G (glucosyl ascorbic acid) TUle] d5 FEo o

J&]J Soybean Ext Soya Unifyell 2§
A3 A 7T AX

T sPEEAIES 2008 71 6F ooy, SHEE Aol AMEEE dEE oHT] =
QEFEY FYEETE Fom Sl A FoA A EtE FYFY HTS 30% ol o ® A
F IS e FdFc] AAsts Aom BusEa gty ol oA JidE dAF
W] e =4b sl AAE e TiostH, Ve TS Ao Tl
NS Sl At F77ER] A el A= &8 Ao

2000 o] % =i shEHel os A AR AokHAA HIHAFAR)E T VT8t
o] gAstl ow, dhka AR Mool srEd HAA R tE rItiel ot SUkskal Q)
of, odg] 7|FAA s AT 715 A AP =8-S FFsta ok 28y w9
2AE EZFtete] A AAAYE fFHl 7leA A Ee gA gor, JEd AArE A&
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SFFAZRE v5 &34 hydroxycinnamic acid derivatives (HCAD, 3}o] == A]Aln}d]

WA =FEA)S] g &8 R olE o83 N3} VT v sEES st

- ST AZFE I35 g3t HCAD (ferulic acid, coumaric acid, diferulate & triferulate %
polyamine conjugates)?] #2] 2 A A

- HCAD®| 3tz 3l 3hwestebd w7

- HCAD®| o= &2 3 A4t

- HCAD®] #® 9 zejdxta §34 H7

- HCAD®] mw7]d g7}

- HCAD®| +xd4d 9 =4 W7t

RS =
- HCADS &+t3 U= Wt ol& e vimehdae /e 3 obdA g7t
- HCAD &+ YaA o vMstgEe a5 4871

7t SFEFAZRE AR 24 AT L PR

- SEFAREE HCADO #4d, A4, &4 R 354 54 &4

- SFFAZREE 2EE HCADS &g - 33t kA ZA

- SFEFARRE F2® HCADY rtshsd =4

- &g FTHE, MEUHEEGES, A, fry 2 microwave AE]) 2 AEUH(dry milling 2

wet milling)oll w2 HCAD?| s+ W3} 24
- ZaAe B AR Be gy Ao wE HCADS o W3t &
- oy ZPagvtEagye o3 S5 AREEH HCADS ti@ 287 /e
- 2aAY, iRy 2 FHol2xARntE 18y 93 polyamine conjugates (PCs, &

ol Ao kel 2 A4k

gzl A, gy 9 FHolefxARutE T 93 ferulate oligomers

(diferulate % triferulate)o] o #F&z] 2 A2+

- HZF A" HCAD i AAEEY %, &%,

¥

1%

%

3}t 5o 3k spec 2HA

G FEAY, s AEH A A E A
- Al W MEy BIHCIE w WAl W)

X EI LR

- Aol WE webd Ay AEe] AEEA B}
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aAle] S| ARG BN E A9 A A S} ]
o] EvbHel Ag )
gy R A7t 4y Fo

[e]
BE, 1F LAY Y

ICID (A3 dE953) 5A
7 i=d]

R S i [ R e

o
Ho
o,
i
b
i)
i
i
=8
RS
D)
b=
=2
=
(02
SE,
(1
oX,
o,
L

s gE W A AAE SgEe F S A3F
vl sl gEe] ek KFDA (35450 bEeha %) vimsgE 9%
At FU9 7154 MIA 0 2AE BESel MMRFE 3F AL A% AW

CSTFTFAFESEY A, A48 v FEFY 2L dAAHIT
A vmgd fa84d B7Hin vitro A1g)
Aol ot 9 =44 HIMin vivo AE)

Ao AAIF b HIHJAAHEA D)

v s R ] Q1A S ok W7}
vl s ) Q1AW & 7}

ATHE HH

SFFARSH HCADS #2, AA, 54 % 33t4 54 &4

STTAZEEH 28 HCADS =2 - 834 bgA x4}

SFEFAZYH EelE HCADS itstda =4

S54 FEdE, hHES, A, fry € microwave H2]), ¥ AW (dry milling 2
wet milling)oll @& HCAD®] stk W¥3} 4

aade @ 2 mE 97 A wE HCADS) #% ws) 14

o ZUARTEI % SFEAZYE HCADS ol 22714 7w
axAe, 083 L FHo|eFamrtEad o] 9% PCsel tie L A
A

FoaE gAY, SujiEE 9 oA aRutE g 93k ferulate oligomers
(diferulate 2 triferulate)e] Wh=Ea 2 Ak
A% ANE HCAD 3% BA22e)

et

&

N

s}t 5o 3t spec 2HA

L
.

My

’ ’
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2. A= % By
7t AgAR
B oAgel AT ST BSES 3EZMARSSS, WD
<

), AHEE 7E F[silage, P3394, A A}

Fobs (JDO)] 2 A F 235 (3=,

1=
>
fr
s
i
X
Ach
K
o
=)
o\
(N
o
o\
rlo
o
Hr b

wj o} corn gluten, corn gluten meals 4F<F

2
A y 1 [<]
29 ANY S5F FERARY SEFAE FFFHANE

’

ST AZEE 37F4 PCs (DCP, CFP, DFP)¢] tl#5%, 28 2 AA+ Fig. 13 o] 4
Alstath 5, &% STETFAR kg)E =2E-ditow JtdFEete EX g ths Aozl g4
s 80% ol EhE-8H(40 L)S 7Fste] ultrasonicatorel A &Aoo m FE3 & o3 H F
Z5lo] |2 FEE(65.6 g)S AT

ts, degEFEES A 80% dEEsFE&dos gafst & WiioA stEik Wi = 3
Aot Ad=s dAEB000 rpm, 302)38te] AAT F dojxl Feds FEHY w55
o gt2S AASL 97| CHLLE 7F8te] ®E3le] CHLCL 85492 g)& A9l v
=, CHCly 8 &% silica gel 602 ©]-&3lo] Hx-EtOAc-MeOH-TFA (200:200: 100:0.1, v/v)

&34 2 flash column chromatography (6 x 40 cm)E dA&EAH o7 AAEe] FH o 5 mL
A 20071 S EH et 2 B8-S precoated silica gel TLC (1= 919 5U)E o] &3] &

@ g 2o 4R ol 167]e] R e

= =1 1_]_ =
5, 018 Y F 13RS 60% WESFEdoz =9 F 60% HEHS TSNS o]FAte
2 3}o] ODS-A column chromatography (25 x 30 cm)$} 80% WEr2F&H S o]Fo R

3lo] Sephadex LH-20 column chromatography (25 x 40 cm)E &x1#8 oz 7}
N,N —dicoumaroyl-putrescine (DCP 13.6 mg, 5&: 0.68 mg%)ES <34 8 3At. v
23 149 23 162 99 TAs WO R 2714 column chromatographyS 32 o2 2

3o N-p-coumaroyl-N -feruloylputrescine (CFP, 28.8 mg, T%: 144 mg%) % NN-
diferuloyl-putrescine (DFP, 156.3 mg, <=&: 7.82 mg%)< ztZ} =584 g 2 A A sk
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Corn bran (2 kg)

| defatted with n-hexane under reflux
Defatted corn bran

| extracted continuously with 40 L 80% aqg. EtOH in an ultrasonicator
| filtered and evaporated in vacuo

EtOH ext (655 g)

| solubilized in 80% ag. MeOH

| washed twice with n-hexane

Lower layer

| evaporated to small vol in vacuo

| partitioned with CH2Cl»

CH:Cl; fr. (492 g)

l

Silica gel C.C. (5 x 30 cm)

}  Hx-EtOAc-MeOH-TFA(200:200:100:0.1, v/v)

l

l ! l l

Fr. 1 Fr. 13 Fr. 14 Fr. 16
l ! l
ODS-A C.C. ODS-A C.C. ODS-A C.C.
| 60% MeOH | 60% MeOH | 60% MeOH
Sephadex LH-20 C.C. Sephadex LH-20 C.C. Sephadex LH-20 C.C.
l 80% EtOH | 80% EtOH | 80% MeOH
DCP (13.6 mg) CFP (28.8 mg) DFP (156.3 mg)

Fig. 1. Schematic procedure for isolation and purification of three polyamine conjugates,
including DCP, CFP and DFP from corn bran.

. SsxsAzRE R4 3 7kx PCs HTE B3

(1) UV absorption spectrophotometry

SFETFAZEE FEd 379 PCse stz 245 flste] dA A9 2 7pA g S
2~HEHS ZAEEY ZF AJEE HE o] £3] & Jasco 3334 UV-vis. spectrophotometer
(Osaka, Japan)E AF&3lo] 200~600 nm G oA FF3HS scanningsdte] H &334 (A

max) e EAFSERI oW, of& o|ZEH 7t dteEe] ZAFFAT(9E 44 A=A

(2) NMR spectrometry

SeEFARRY g 3709 PCsel 'H-NMR (400 MHz)¢ “C-NMR (100 MHz) #4]<&
Unity Plus 300 spectrometer (Varian Unity plus, USA)E A&3le] oA SAs o)
ol Al&i= dimethylsulfoxide—q¢ (DMSO)o Z}7} £33t 2™, tetramethylsilane (TMS)S
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Yi 2TELZ Hrtsto Al59 338h4 olsits § value (ppm)E UERYIA O, o}
coupling constant (/)& HzZ YEeERA ST

(3) FAB-MS spectrometry
S AZEYE E8d 37 PCse AHFEAS 9ste] FAB-MS (Fast atom bombardment
Mass, Jeol, JMS-700, Tokyo, Japan) spectrometryE ©¢]&3lo] =45t o, o|u glycerol

2 m-butyl alcohol¥ mounting matrix@ AF&3}o] spectras =43t}

g ST AZSE 2849 5717 HCADY| 34 §4 =74

)
2
4
N

< }A p-coumaric acid (CA) %
ferulic acid (FA)E A &3tar] 3 714 PCso] Hdl F-3949] A4S WA 72 Al5E5 MeOH=
gallgt & A3 sAete] AR FFE7F 05~
UV-vis spectrophotometerS AF-&3lo] 200~350 nm

g oA SA8E AdEFTFagelN FREE ST F tS A
F) x L(cell 4], 1 em) x C (A5 §%, M) 7 PCs® &

(2) A% (optical rotation) ¥ HE=H(mp.) A
Zt PCs9 A%+ Jasco P-1020 polarimeterS Abg3le], 18] mpE Buchi B-540
apparatus= Ab-g&3dte] 727t =A &9}

ot SeFARNE £849 5714 HCADY =7 - 884 acld Wd 43 =4

Zk PCs® &=2]-38k84 acldd gk kFAd S48
st & 4 255 30~100C ®HHeA 2z 30 FAAIR
| ol 303t &35t SAHACH, 2o dAHAZL UV lamps ol &3to] a4

(UVss5 am) N AT 3027 A4S & S A 51T

pH= 01 N HCI ® 01 N NaOH=Z #F8 49 pHE 2~10 Afel= 243 5 1023F WA
5 F743ksl

Eho o3 kAL 57Fx] FEs] & A (amylase, glucoamylase viscozyme, viscozyme,
cellulase, Novozyme, Denmark)E 40ColA 1A A8 & AW S53FdAe S3= T4
£ SA4sto] AbEskalh

v, SEFEAZRE B89 5 7HX HCADS 43834 =H

(1) DPPH radical scavenging activity =74
SEFAZRE e 5/ HCAD 3tsted 54S DPPH radicals  AHE-3He
Tagashira ¥ Ohtake®] Wwol| we} tfa3 o] A A3t}
A5 N7 3ES MeOHOl =9 100 mg/m

&
off
H
it

U= stock solutionS A 3] 3
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gk Z1) 200 pLel 100 uMe] DPPHE 3$Hrgh wleh& &< 4 mLS 7Fsll A E3] vortexsto

oA 107 A = 517 nmol A FF=E S8kl DPPHO ghelo] o3k F3%=9 FHa
£ S48tk o] W DPPH radical 27242 o= Ao web ZAlttstdtt. DPPH radical
scavenging activity (%) = (1-A/B) 100, A: absorbance of sample at 517 nm, B:
absorbance of control at 517 nm. ¢17]4 A|8& YA &< control ¥ 74 A3l A&
o] A<l DPPH radical 2A&AAS 5483 F 3734 o) =% ICx value (DPPH

drze 50% Adlats AR FE)E Jep.

Mo

ﬂJ

X
]
=
=

(2) Superoxide radical scavenging activity =74

57FA] HCAD®] superoxide anion &~A&4 S74-2 xanthine/xanthine oxidase &4
9] 3k superoxide anion A AE o] 83k Noro 52 HWHE o7t A3 Y] -3 7o)
ATt

Xathine/xanthine oxidase & RS-l ¢J3l] A/d¥ superoxide anion®o. = <Ugt NBTE 4hs)
o olst F3Ee WHalsE A3 s WA 0.05 M NaxCOs, 3 mM xanthine, 3 mM EDTA,
0.15% BSA, 0.75 M NBT % A85E &= test tube B3 & 33t 25Tl A 1077 |
S A1Z1 F-of xanthine oxidase (23 U/mL)E il ThA] 25ClA 20:&7F ¥H&A1Z1 o5 6 mM
CuChs ¥ s AAAIZL F 560 nmelMd FHEE SASATE olwl ZF AR 9
superoxide anion® AAEAHL v Ao wz} AT Superoxide anion scavenging
activity (%) = [1-{(A-B)/(C-B)}] x 100, A: absorbance of sample at 560 nm, B:
absorbance of blank at 560 nm; C: absorbance of control at 560 nm. %3t A5 §45 4
A ¢ control ¥ blank & A 72 A5 Az el AU A superoxide radical 47

BHE SAD E AARAD A6 BFR [y value (NBT HE 50% AR Amel
s

=2

o o[o

s
=
=

5

(3) Hydroxyl radical scavenging activity =74

57}A] HCAD®] hydroxyl radical A &4 2 Halliwell 52 #Ho wel Fenton WHg-o <2
 f E«‘ﬂ hydroxyl radical (- OH)oll ¢]%F 2-deoxyribose 3] R EA] AL o] &3le] =A
skt =, 0.1lmM FeSOs 0.1mM EDTA, 10mM 2-deoxyribose, 0.1M phosphate buffer (pH
7.4) ‘3% MeOH (HZFEsE 1% olsh= &3t A5E #d=E ¥& 93] 10 mMe] 30%
H:0:5 #7Fste] 37Tl A 4A12F 32171 & A H AsHE s =3 Ohkawa 59 Wil o
& TBAWH o2 =A 3T},

W3- &350 28% trichloroacetic acid (TCA)E % 7}ste] wk A7 % 1% TBAE
7kske] 100Col Al 151t 7hEste] S AIZ v, A=A 5 Wzt }Oﬂ 532 nmol|
A EFAEE A% 3 g Ao wel Z A 59 hydroxyl radical scavenging activityE =
8kt

Hydroxyl radical scavenging activity (%) = [1-(A/B)] x 100, A: absorbance of sample at
532 nm, B: absorbance of control at 532 nm. °o|W] A|5& YA & control &3 A A
sto] Alme] AtiA<Ql hydroxyl radical 2AZAA S F43 T 9o} FAd WHoZ ICs

KeR
value (2-deoxyribose AF3}E 50% Asste= A5 F%)5 AT

o

© e o]o
o
ol ofy
I
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7+ 8 fry pans AF&3Fe] 200 o A
& 95-100T oA 60%7 =233 th.
ap)o ¥il 5&%F microwave A& oW, WA= Ale W &
~230C, &8 15~20 kg/em A 583F AsA g, netdsE4des s
(retort, UAl, =) o] &3] 120C, 1~27]¢elA 607 A st e oz &4
A AEHGEAGNEX-60, D2, =S A& g 2HdAM dEAE A
I = dEAE7Y 23F FAAL 450 mm, 2 7E 3 Zole] H(L/D ratio)x= 20:10]H, wj=
2% 140/130/65C (M E A 1/2/3), 235 Sx4 = 400 rpm, 7FH+% 100 mL/min, 3%
20%, Y& AR 200 g/min, AFET A9 50 mmzZ 1G] FEAE Ik s ®

AleEs 931x71(COBP-15S Al57zx7], s=p)dl A 50T, 8AIZF Azt on, 1Az A

ksl

= =
g5 AL EH7IAHA, )R B4 3 35 mesh XA (Testing sieve, Chung-gye
)

Sanggong, Co., gt=)& &3 BL¢S FHAEE A8

g, S 78, AEEY 9 A mE S99 HCAD 52 tad 2ol
HPLCE ©]§3te] SAsATE 452100 g)ol 80% g4 1 Le 713 F 2413
&<t 23] whEslo] ultrasonicatoroll A FES tha o3 B AYEFste] e FEES A3
t g, dEEFEES 0%l TS 89 500 mLol| &aiAIzl F WAool Uof WA
71 T A5 A GAEB,000 rpm, 30)3te] doiF FF NS A ESeal thA] e
gHoz A7l ¥ 100 mL=E FEFATE o] A 50 mLE FHste] sFste] oebES AA
AlZl F of7]e CHoCl, (200 mL)E 23] REESIe] 7hste] w8 ste] at5s 42 § Udss

3l CHxCl, w88 A%t o] FEES 80% o&ES 10 mLE &381A1Z1 & Sep-pak Cis
cartridge(Waters, USA)E SHAA ETES AAS & A3 3|47 5 HPLC (Gilson
506B HPLC System coupled with Gilson 170 UV-vis detector, Gilson 231 XL autosampler
with a 10 uL loop)& #A18tgit}h. oluf HPLC A% o & YMC-Pack Pro Cigs column (46
x 250 mm, YMC Inc., Milford, MA), €w A (0.05%v/v H3POs in 20% MeOH<} £v B
(80% MeOH)E 60+%7F 788 =(0~5 min, 80% A, 20% B; 10~15 min, 60% A, 40% B; 20
~25 min, 40% A, 60% B; 30~35 min, 20% A, 80% B; 40~50 min, 0% A, 100% B)Z, A=
71+ UV 310 nmoll A, 28] %+ 0.8 mL/mine & AAsAt} ojul Ea¥ 571% HCAD
9] HPLC chromatogram< Fig. 29} #Z1, A|8¢ HCAD:E & ¥ ¥+ HCAD9 retention
time¥} W]aLsto] Sl om ) 7zt 3gE 9] calibration curvew 37w A 1Y EZE o] 851
2dgk (o714 A=h) Zhzbe] HCADS =S AlAtstdh. oW, Z HCAD®| linear

correlation coefficient= =5 0.999 o]/do] il Z HCADY] 3] 4&2 98% o]/do| At}
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Mrute:
Minutes

Fig 2. HPLC chromatograms of five different HCAD standards(A) and CH:Cl; fr.(B) from EtOH
extract of waxy corn.

1. p-Coumaric acid, 2. ferulic acid, 3, N-p-coumaroyl-N’-feruloylputrescine (CFP), 4, N,N'-
dicoumaroylputrescine (DCP), 5. N,N'-diferuloylputrescine (DFP).

oh BAEAY A EE 9BY Ao 9% S55AFFEY HCAD §F W3t 53

4570 EASE HCADE: Alfash gl 2ftdel glo] o2 adden %87
dal Ahael AT BAT S oot G2 P A EE ABYALd deh $5RAFERS
g3 ol Azaigivh

S55A100 98 FA71R 2RAT T ol LI Agsa o)rle] 574 FRE

Z~(viscozyme L, pectinex, celluclast, amylase % termamyl, Novozyme, Denmark) 10 mLE
7}abe] 45T (termamyl £4 % 7FE A 2]) water batholl A 1 A7 E438] & Wysta o 335}
of FALE AT A= vAl B == 23] A & 443,000 rpm, 30%)3ke] A2

AFS 80% ol gF2-8o) o 2 yltrasonicator (Branson, USA)ol A 2417t &<t 33] Ax F&3 &

of S55rA dVeFERS Axsdth T, A
[e)

At FLdsA AAsEAT

NS Austn AaE AN 1247 FE
o

T A7 A6 N NaOH £9) 2 st 4k 948 713t pHE 7247 80 2 2082 =4
st & 7)o dEolAHO|EE Jtete] TS| £E50] ST Este] AL odolMH TS
FESAUERSR Gt & o3 B AgEScte] oldolAHo|ER S AT oAS
80% ol&&&N o thr] &gk & WAaLolA s WAse] Hd=S AAT vE FF

Al &3t SFEFAFEES AUt o, SFFAFEE HCADY A o
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2 &Y 2 FFFA Z2Pa=EvtEad Y 93 HCAD &/ 1E2Y

S 45 E & (corn bran extract, Corn BE) A&

5 west o8 mwE g dE5E ARES7] s ST ARSE HCAD 3 %49
&4 AFEE(Corn BE)S Fig. 33 #o] Ax3A

S FFA10 kg)E 80% olEr28o o R large scale ultrasonicator (500 L, 3}2lE =, d+=r)
oA 12A1%F 23] RbE FE3 & o3 g ks Este] dEEFEE(3104 )% 4 5 oA

Al 80% ol g8 H(10 L)= &g ths WaLelA st A & AHdES dAE
23} (8,000 rpm, 304) AAEF F vhA] PG w5 vhs 7)o w=2E-dikE Theho
G238 g, o2 (10 L d9Arzl & fF229el(20 L x 23))& 78ty £33 & o

o7 2L sHee UIneABLEEE
o] BH-&— 5 (200:200:100:1, v/v) EF-Em2 43

e 3 FES FASY tA] 80% clEteE &A1l & 3A ) R
=2 Diaion HP-20 F2FA|(n]zu]A] dE) FFEZA(20 cm x 65 cm)”7} &&%  large

purification system (Biotage, USA)S o] &3t WA 40% oet-&2 FAlste] AExp=Fe] A
2% CA % FAE &&3t AAAZ = tA 80% olet&8ds /A 34 37}7<] PCs
(DCP, CFP, DFP)E &&A 14t £549 80% a2 3 S 7AdsFH3 & thA 80

2 ZAI F WAELeA stER WA et =S AAANZ v e 7&‘?}%‘%’5}04 3‘4
= 0 o

=}
T FTFTFAFEE TS AATB2 g, T 0.32%, T DPF(25%)].
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Corn bran (10 kg)

!

Milled (10-20 mesh)

!

Extracted (250 L 80% EtOH, large scale ultrasonicator, 60°C, 24 hr)

!
Filtered

l

Evaporated in vacuo

!
EtOH extract (3104 g)

l
Solubilized (10 L 80% EtOH)

l

Stand for overnight

!
Centrifuged (5,000 rpm, 30+)

l

Upper layer

Partially evaporated in vacuo (2.5 L)
!

Defatted with n—-hexane (5 L x 2)

| D-H,O (10 L)

Fractionated with CH>Cl, (5 L, twice)
!

Lower layer

l

Evaporated in vacuo

l
CH2C12 fr. (313 g)

!
Suspended with 40% EtOH (1 L)

!
Diaion HP-20 C.C. (8 cm x 40 cm, gradient elution from 40% to 100% EtOH)

l

!
l l l
40% EtOH fr. 80% EtOH fr. 100% EtOH fr.
l
Evaporated in vacuo
l
Solubilized (2 L 80% EtOH)
l
Stand for overnight
l
Centrifuged (5,000 rpm, 30 min)
l

Upper layer
Evapoprated in vacuo

Corn bran extract (32 g, recovery: 0.32%, DFP: 25%)

Fig. 3. Schematic procedure for preparation of corn bran extract (Corn BE) by ultrasonic

extraction, followed by CH2Cly fractionation, and Diaion HP-20 column chromatography.
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z}. HPLCO) 93 Corn BES HCAD A ZFEA

Sk A *3**% Corn BE9] 57[#] HCAD =, CA, FA, CFP, DCP ¥ DFPe A#HEAMLS F &
HES o7 st o& 2ol AAsEsth Corn BE 1.0 g& 100% ® &S 100
dstar WAl A 2417 B2 & JAES Whatman No. 2 A2 o735t A A
e guj= 1008 43 F 045 pym PVDF syringe filter (Whatman, Maidstone,
England)& &#AIZ o5 dHe sdstAl 5714 HCADO 3&S Table 19 Z7olA
HPLCZ EA3t ) olul 57}% HCAD ¥ +3% ¥ Corn BE® HPLC chromatogram= Fig. 4
o} Zom, 7z} BgtEe] HEFHMomNE Corn BES] HCAD®| §Hs AAbskadth
sk HPLCol 23 Corn BES] HCAD &3 =4 Al 24wl 135S 8] WA 4 %
ool tf sl ﬁ%% HPLC 7ol 9Jsto] 3719 5 %=(20, 50, 100 ug/mL)‘ﬁi = WAR S
T8t EE %E(X%)QP = JAH(YS)ol EHET_L AZFAE A4 = AZFHo=zRY 4
Aol ARAsE Fetel geld A} Fig. 59 o] 5 7b4 HCAD =% 244 ®R%)e] 0.999
o] &<l %‘L%ﬁ] "}EWVH 2440 AN, 18l HE dA= CA 2 FAE 01 ng/g
o|AL 3 7FA PCs+= 0.05 ng/gs YWt miA=o g2 xF9 37| w525 7 33 F<4st
of d& AI}E HFdol tidste] 4 Aol g LAF (3] FE, BEA AGES H
Fek A, 57}Zl HCAD E5F 99% o] & el th(Table 2).

e #N

)

N

Table 1. HPLC conditions for quantitative analysis of HCAD in corn bran extract

Item Operating condition

Waters €2690/5 HPLC system equipped with 2998 photodiode array

detector and autosampler

YMC-Pack Pro Cig

HPLC system

Column
(5 um, 4.6 x 250 mm, YMC Inc., USA)
Solvent Sol A; 0.05% HsPO4 in H:O, Sol B; 100% MeOH)
olven
a linear gradient elution from A to B for 50 min
Detector UV3ionm
Flow rate 0.8 mL/min
1 L3

00Ky “ | 014 |
0060 ly

i .08 ‘
004K

3 5 00
<o ‘
3

[ I 01
0024 1 4
a0fi] ‘ ‘ " I-? 3 |
e i) '.; o =y ; WO

R I " R " ™ P L " ™ I ™
Moes Wnutes

Fig. 4. HPLC chromatograms of five different HCAD standards (A) and EtOH extract (B) of Corn
BE. 1. CA, 2. FA, 3. CFP, 4. DCP, 5. DFP.
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Coumaric acid

L

500

Ferulic acid

-

200

"

T T
g 600 )
= Z 300
E woe 5 /
150
200 e -
y=9.6996x- 4.0016 y=5.6973x- 3.3152
R?=0.9997 =1
0 0
0 20 40 60 80 100 120 o 20 40 60 80 100 120
Concentration{pg/ml) Concentration{pg/mi)
CFP DCP
800 800
500 & 500 /

e bl
E] ]
X a00 X a00
[] []
Qo o
o o
=4 / <

/ y=6.3428x-13.871 . / y=7.4315x-10.902
R’=0.9997 Ri'=1
Concentration{pg/ml) Concentration{pg/mi)
DFP
450 /
T
o ./ y=5.089x- 2.3887
R*=0.9999
o 20 40 60 80 100 120
Concentration{pg/mi)
Fig. 5. Calibration curves for quantitative analysis of five HCAD in Corn BE.
Table 2. Data from calibration curves, limits of detection, and recovery of five HCAD
Regression Correlation Limits of o
BICAID) equation coefficient detection(ug/g) Bizgovary(%0)
CA ¥=9.6996.X-4.0016 0.9997 0.10 99
FA Y=5.6973.X-3.3152 1.0000 0.10 99
CFP Y=6.9428 X-13.871 0.9997 0.05 102
DCP Y=7.4915X-10.902 1.0000 0.05 102
DFP Y=5.089.X-2.3887 0.9999 0.05 101
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7b. Corn BE9| £72] - 3154 g d B A

(1) 4 B8 543

Corn BE®] dxgle] m& 571x] HCAD® A
FE=E b g8 100% of&&89 500 mL= &g &
¥l 20 mLA Hal @ o3, & do] F
0C, 90C % 100C® %49 water bathoﬂfﬂ 30 EXF @A & A A3 Wztete], ol&
100% o gr2-go oz 1008 3438 & 045 um PVDF syringe filterS %3471 t}S Table
19] 7oA HPLCZ 43}t

(2) pH H84d =4

Corn BE9Q] pHel w2 57}%] HCADS AL ooy AAFA=d, U4 AxE &454
AzzE g3 uAe] 20 mLA 25 =i 01 N HCl 2 01 N NaOH &40 pH 2, 4,
6, 8 X 1002 43 t}g &3]AS 100% g2 1008) 24 3Fe] PVDF syringe filterS
B A2l & Table 19 Z=HolA HPLCZ #4383t

(3) & 8 =4

Corn BE®] o w& 57} HCADS <HAAE th53 Zo] AAdtt. & SFTFAF=
E 0.1 g& 100% o &&589 100 mLZ &gt & 22 &= 108) A st SFFAF=
E &3l 1L (01 mg/mL)S 43, o] AE vialdl 5 mLA 3 ths, el Ak
0~60F 7HA= 108 FA S & SFal 1~TAZF Abol= 1AIZF 7bA 0% a4 ste] A8kl om,
A zpel i A el AR UV 25 o]&sto] 254 9 3650 nmell A ZH2f 1, 2417 A A 8FATh
s 3 A L4 AFEE £ HS 045 pm PVDF syringe filterE 34171 % Table

1¢] =74 A HPLCZ &A1 35+ t}
Et. 4 g d WE Corn BEY 3tsaA w3}

Corn BE<] % 117*’401] m2 gatstggd ol WMstE DPPH radicalS ©]-83te] oA Wiy &
AstA S8 stk ANz FxE AIZHE % A 2l$ Corn BE €9 100 pg/mLel o] &
% 2 mLE %%—’5‘}04 0.4 mLol| &33 55 500 ug/mLel F 7HA F=olA FAs
o] wjl DPPH radical 2~2A &AL <A AL Wi} 55,

=

3. Corn BE9 <X, % R =2-354 54 #& FZ spec &4

(1) 93¢tz 24 =4
Corn BE®] %ﬂ ety Exow Az UV E54adEey 9 pHe =L Sl o]
A ek At Az7reEe Aokt Az

5
AbEete] AxAFHe R SHQh |, UV S 2dE- 2 Comn BE 0.1
g5 100% oler=8& 100 mLol &3t 5 50u] 3A3gk t}s UV-vis spectrophotometer
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(Sinco S-3100, Korea)Z AF&3le] 200~350 nm AFe]= scanningste] Holg-34S =A 3
Atk o, pHe Corn BE 01 g& 50% ol&h2589 100 mLel &ast & o] o4& pH
meter (Seven Easy, Mettler Toledo, Switzerland) 2 7% &} 91 t}.
2) Tes50d % HA) §F 54
MAE A FFANE Alggoo Ao 2HESH, microwave 3lH 2 A2 3 EHS A
Alstal ok 2 Aol A Corn BES 5% & ¢ % YA 42 microwave TalH o= Al
I Stk =, Comn BE 05 g& HXEZE AHeo FH Y 3k @ik 10 mLE

15 o= Faliste] Wl & 19 w53, o]& 05 N A4 50 mLE &3t AlH&H
Table 39 X x4 A ICP-OES (Inductively coupled
plasma optical emission spectrometer; Varian 720-ES, Varian, Australia)Z ©|-&3}o] =43}
Gar, o] Wl FFNL ICP multi-element standard solution IV, 1000 mg/L (Merck, Germany)
= 05 N #ito] slAlste] A8t om, W H B &o HEFd o2 HE Corn BES & % H|
2

33

l

= XL
BN
o
8
O
Me
o
i,
>
o
ofo
12 d
fo m

i
ot
o
)
>

Table 3. ICP-OES operating conditions for quantitative analysis of lead (Pb) and arsenic (As) in
Corn BE

Parameter Value
RF power 1200 Watts
Nebulizer gas flow(Ar) 0.7 L/min
Plasma gas flow(Ar) 15 L/min
Auxiliary gas flow(Ar) 1.5 L/min
Number of replicates 3
Analytical elements Pb (283.3), As (74.92)

A
= =

N 5 mLE 3 M petrifilm aerobic count plate(3M, Mexico, USA)o| =3}

o] 37TColA 247 7F w3t b2, AAE colony F5 wo=2 435t & =2 YER AL

RE Ay AsES 33 vbE FA4ste] Har Ao xTdEAE YERen, ZF AHeld Pt
2 7ke] oA HAAHL SPSS 14.0(Statistical Package for Social Sciences, SPSS Inc.,
Chicago, IL, USA) softwareE ©o|&3dle] EAHEAS AAAT. HAF Fo4 Aol A=

gF& o] )& A= Duncan’s multiple range test® p<0.05 F=Fol A Folx AAES A A ).
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3. 29 2 3%

M

Fig. 13} Zo] &
2g-dito g Foste] gxstal dojil S i g EEd & CHZCIZE 7tste] i3
& CH:Cl, 52 silica gel, ODS-A, ¥ Sephadex LH-20 column chromatographyS <=2}

Ao g2 AAlste] 3714 PCs, =, DCP, CFP % DFPE 77t &stA 8 R AAsHd o

1=}

-
=]
=

g, $55

)

Z2EH 28349 3 7HA PCsY ds+x =4

SFTFAZREY 28 3719 PCsY setaxE w457 &l 24 33ES UV, NMR %
FAB-MS spectrag 727 AR o, of&e] ol KA BuH 7 3}3E2] spectral
data®t HluLste] F-x2E %"é AT
HA 3719 PCsel UV FF2dHE"S SA% A3 Fig. 67 #o] DCP& 294 2 310 nmol
A, CFP= 294 % 310 nmoﬂ A a8l3 DFP+= 294 % 320 nmolA 242 A S529EdHS
Helflom, o] 3H 3 7} PC $tgt=c¢] zt2F DCP, CFP 3 DFP <& 41 & + A
=3

Ot

DCP CFP DFP

(294, 310nm) _ (294, 310nm) | (294, 320nm)

Fig. 6. UV absorption spectra of three PCs(DCP, CFP & DFP) from corn bran. A: DCP, B: CFP,
C: DFP.

(1) N,N ~Dicoumaroylputrescine (DCP)
Ao FHzA ALd ~HERHS SA3S Ay} Fig., 63 2ol 294 ¢ 310 nmoll A 7sH

UV &4 spectrume YERYE Ao2 Hol AP HQ cinnamic acid F=AAS & = AT

B
e, Exgs 3elstr) 98l FAB (Fast atom bombardment) MS spectrums =43 23}
Fig. 7% #o] Ex}o]& peak [M+H] 7} m/z 38194 el on of&7 1779014 fragment

ion peaks #FE F YAV 2 s3ES DCPUS AT 4 AT

t}S, 'H-NMR spectrum< =43 Av+= Fig. 87 #Zth WA § 982 (2H, br s, OH) %
797 (2H, t, J=5.2 Hz, NH)ellA zZtzt % 71¢] OH, NH #5712 g<1ad £ gl § 7.38
(4H, d, J=84 Hz, H-2 & 2, H-6 & 6), 7.30 (2H, d, J=15.6 Hz, H-8, &), 6.78 (4H, d, J=8.8
Hz, H-3 & 3, H-5 & 5), 6.38 (2H, d, J=15.6 Hz, H-7, 7)Z%¢8 5 7/}¢ trans o|F 2>
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T+ 709 para *¥%¥ monophenol 3}FEUS & & Ao w3 § 316 (4H, m, H-9, 9)
2 146 (4H, m, H-10, 100l A % 782 methylene”] 2] proton signals &<ld = AT} o}
Al ol gk AR FE 2 s3ES DCPYS Rldd & Uitk

g9, "C-NMR spectrum (Fig. 8)& ®H § 165.25 (CO)elA ketone”| &, § 158.73 (C-4 &
44 OH7]9] carbon peakE, § 13846 (C-7 & C-7), 12910 (C-2 & 2, C-6 & 6), 12592
(C-1& 1), 11876 (C-8 & &), ¥ 11569 (C-3 & 3, C-5 & 5) FLAA + 709 trans ©lF

Agte] carbon peake} F 709 para *&¥ monophenol®] carbon peakES Z+z} &9l 4
AR E3E § 3832 (C-10 & 10), 26.79 (C-9 & 9)°l 4] methylene 7]«] carbon peakE 7t
Zb gle 4 QA oyt ARES TFE & o 2 sFgELS DCPY T AU

FAB-MS spectrum of DCP

warssn 2.1
-
%
0 s
HO. . H o
i lll 10 v o z
”» O NN
2 7 ] w 1) L
o H
68 ¢ o
5.3 {m.w_=380)
-
1%6.5,
84
3
5.0
]
1 2 - 1[M+H]
i | L/ 523 55 g2 854 7165 786
.J Ll I 1 s i r .
¥ ¥ f e T r T ? T T T )
19 1 2 2 3@ 0 W™ 4@ o8 sW S8 6@ 6% m %
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Fig. 7. FAB-MS spectrum of N,N'-dicoumaroylputrescine (DCP).

'H-NMR spectrum of DCP (A) 13C_NMR spectrum of DCP (B)
N O o ‘
\Q\,/.\(h\-/m\w/'\'.‘)%@ C68C6  G-54G-5' e !
I A
eFon
‘ " L s
| TR ”‘J\'?\.Qw
| f\ c-88C-8' :
ilE C78C-T" / | / 7c0ss.cg‘
s : o v

H-28H-2
HEBHS' aaria e

“H-5aHS o ke
” ' ‘—H a7 ‘ i

NH
s §a o)

Fig. 8. 'H(A)- & “C(B)-NMR spectra of N, N ~dicoumaroylputrescine (DCP).
(2) N-p-Coumaroyl-N ~feruloylputrescine (CFP)

sl Aol Bakz A Fig, 60149 2o] 294 nmolA Z3 UV &4 spectrumS UEE Ao

2 Hol A& A< cinnamic acid FEAUS & = IAT}

_47_



t}2, FAB-MS spectrum< =43 A3} Fig. 99 Zo] #xto]2 peak [M+H] 7} m/z 411
of Yeltom, OCHs 3+ #4171 olg® 381014, vol7F 177914 fragment ion peaksES H.o}

e CFPY S 4% o AT

—4_4

o

AN
1S '"H-NMR spectrad =743 Ax= Fig. 107 o] WA § 967 (2H, br s, OH) ¥
801 (2H, t, J=5.2 Hz, NH)olA Z+Zt % 71¢ OH, NH #5715 s 4= A, § 7.40

(2H, d, J=86 Hz, H-2, 6), 7.33 (2H, d, J=15.7 Hz, H-8 &), 7.14 (1H, d, J=1.7 Hz, H-2),
7.00 (1H, dd, J=1.7, 86 Hz, H-6), 6.81 (1H, d, J=85 Hz, H-5), 648 (1H, d, J=85 Hz, H-7,
7), 2 642 (1H, d, J=15.2 Hz, H-3, 54 3}}e] para %2 monophenolZ} 3d}142] meta
9 para A 2% diphenolE &<1& 4 vk 18] § 3.82 (3H, s, OCH3)oll Al 3Fu+2] OCHj
S FFolst 4 9 UYm A 'H-NMR spectra= 25 <kl DCP9 o}F FAFS spectras U
EfUi ek wEka 2 8EE 2 CFPY S g1t = T

g7, "C-NMR spectra (Fig. 10)& 2¥ § 165.63 (CO)9IA ketone?] Z, § 159.13 (C-4) 2
14855 (C-4)°ll A4 OH”]<¢] carbon peakE, § 148.14 (C-3"), 139.14 (C-7), 138.86 (C-7), 129.48
(C-2, 6), 126,76 (C-1"), 126.26 (C-1), 121.80 (C-6), 119.39 (C-8), 119.10 (C-8), 116.07
(C-5)), 11597 (C-3, 5), % 111.02 (C-2)N 4 3l}e] para *2H monophenol¥ 3dFt}e] meta
2 para *|3+E diphenol®] carbon peaks ZHZb &d& 4 ATt 283l § 558394 OCHs
9] carbon peakE 18 4 A, o]Z A9e Y= PC-NMR spectra= =5 kel DCP
o ofF FARSE spectraE WEHHATE webA 2 3EE2 CFP=A A4 €4 = AATh

FAB-MS spectrum of CFP

17.1

m-‘[
98
J o2
" " ¥ How v r % sew
= N N s
n '] w tli 3
- OH
wd
(m.w.=410)
——qpt [M+HT*
~0CH,
s = 8.3 50.2 519.2 5504 755.5 750.6
PR o A R A A n s

Fig. 9. FAB-MS spectrum of N-p-coumaroyl-/N ~feruloylputrescine (CFP).
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TH-NMR spectrum of CFP (A) 13C-NMR spectrum of CFP (B)

s
o L8 HO. N i o
. " o )
B W P A AOCH, 3 AN, A ANOCH,
PN N W Y Y VoW N
H H 3
L ZSoH
QCH3 H9&9

c=0

H-5 4’03” cr Dok
H-8&& C3&C5
C2&C6
H-2& H-6 =9 HJ‘—IFST H-10 & 10° i CS C5, C10 & {10 Cco&CY
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Fig. 10. 'H(A)- & “C(B)-NMR spectra of N-p-coumaroyl-N “feruloylputrescine (CFP).

(3) N,N ~Diferuloylputrescine (DFP)

SMELZA 2o AFEHS Fig. 69149 2ol 320 nmol A %3 UV &5 spectrum=
e+ Aoz Hol A¥H A cinnamic acid FEAYS & F AJY. 13, FAB-MS
spectrum< =43 A3} Fig. 113 o] x40l peak [M+H] 7} m/z 44114 ey ow,
OCHj 3k A7) olgtbsl 411 18] A7]olA tA] OCHz 3 71 olgw 381 peaks &<l
s = dloem, 1e]al 177914 fragment ion peaksES Z7Z Hol ¥ 3}¢ES DFPYS F4
& AATh

S '"H-NMR spectra® =743 Ay Fig. 129 o] WA 6§ 924 (2H, br s, OH) ¥
780 (2H, t, J=5.2 Hz, NH)°lA Z2 5 709 OH, NH #3571 & 4 A, § 7.18
(2H, d, J=15.7 Hz, H-8, H-8), 6.94 (2H, d, J=1.8 Hz, H-2, 2'), 6.81 (2H, dd, J=8.1, 1.8 Hz,
H-6, 6), 6.62 (2H, d, J=81 Hz, H-5, H-5), ¥ 6.26 (2H, d, J:157 Hz, H-7, 7)ol A + 7119
meta % para *¥H diphenolE A& 4 AR, § 363 oA F /el OCHsS &Qldd 4
gtk o= A9s UM x '"H-NMR spectra= BT 92l DCPS} o}F #AFe spectra® o
el mEl 2 8stE S DFPY S &elsh 4= it

1831 PC-NMR spectra(Fig. 12)5 2% § 165.60°14 ketone”] &, § 14852 (C-4 & 4
2] OH719] carbon peak¥E, § 148.13 (C-3, 3"), 139.12 (C-7, 7), 126.77 (C-1, 1), 121.79 (C-6,
6), 11941 (C-8, &), 11596 (C-5, 5), ¥ 111.01 (C-2, 2)A F+ 7§ meta % para *s¥
diphenol®] carbon peakE &<lgt 4= U3, § 558394 F+ 7He] OCH39 carbon peaks &
g = 9tk ol AeF YA PC-NMR spectrat X% o] DCP9} ol fA}g
spectra® UEFATE whebA 2 33ES DFPEA A4 4T = A

A7 &5 AZFEH 374 PCs, DCP, CFP ¥ DFP& #<+ LC-MS=Z &3 &9 v}
7F oy, SEFARTY 37HA] PCs7F e #eld A2 2 dTolA A ZolAth

_49_



FAB-MS spectrum of DFP
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Fig. 11. FAB-MS spectrum of N, N ~diferuloylputrescine (DFP).

1H-NMR spectrum of DFP (A) 13C-NMR spectrum of DFP (B)
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Fig. 12. 'H(A)- & “C(B)-NMR spectra of N,N “diferuloylputrescine (DFP).
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Table 4. Chemical characteristics of five different HCAD isolated from corn bran

Chemical characteristics
HEAD RT" Am¥$§9g [al™s mp(C)” M.W. Form
DFP 24.26 318 (4.60) +16.7 168 440 White powder
CFP 23.74 313 (4.46) +27.8 143 410 "
DCP 21.36 308 (4.40) +45.5 130 380 "
FA 19.21 316 (4.32) +73.3 230 194 "
CA 17.19 305 (4.28) +89.2 214 164 "

YRetention time at HPLC analysis
“Molar extinction coefficient expressed as log ¢

3>Melting point

rfo

5 T 9 pH (pH 2 olat Aleel tigh bdde] &2 wbd, 2 3 294
of et o] HojX ofgy Fho| st Aol "ot WA, FA % CASt %
free cinnamic acide= &34, &%, ¥ 2 ALHAERF ofYe} pH B Zhe] tisiA L 433
Akt olef o] 3 kA PCs 3t&=Eo] &AM Ao ik kAl oA = o]

m
= R4
T 2E°] AYi A= trans ol F AT amide A3 wtol dojd oz A7bE T

o

Table 5. Solubility and stability of five different HCAD isolated from corn bran again

Solubility and stability
HCAD o , 2 pH 3
Solubility Heat Sunlight uv Enzyme
2-3 4-7 8-10
DFP Good Good Poor Poor Poor Good Good Poor
CFP " " " " " " " "
DCP " " " " " " " "
FA " " Fair Fair " " " Good
CA " ” " " " " Z "

])Solubility against MeOH
UViss

3) . :
“Amylase, pectinase, cellulase, glucoamylase, viscozyme
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vh. $FFAZEE 229 5 7kX HCADY i3tz g

STETFARZRY 8% 37H4 PCs¢t 159 =l FA 9 CA9 5 7FA] HCAD®| DPPH,
superoxide 2 hydroxyl radical scavenging activityS =743+ ZA3}+= Table 63 Zt}.

HA 57} #H =335 9] DPPH radical scavenging activityS =743 A3 DFP (IC5=38.46
uM)Z7F 7 =ko O bggo® FA (ICs = 4527 uM) 2 CFP (IC5=70.37 uM) °]3l 2
M CA %2 DCPE w$ &2 4S8 yYeldr}l. =3 superoxide radical scavenging activity
T DFP (ICs = 291.62 uM)7F 7Fd =skew, I v&e= CFP (ICy = 48804 uM) 3 FA
(ICs = 5312.30 uM) Folien, CA % DCPE vl¢ & 248 Yetuideh ¢4, 5744 5
=315HE S DCP (ICs = 164.84 utM)+= a-tocopherol (ICs = 155.67 uM)3} F-AFstA 74 7+
gk hydroxyl radical scavenging activitys WERHA o™, 71 thg o= CFP (ICsx = 19245 n
M) > CA (ICs = 256.31 uM) > DFP (ICs = 351.87 uM) > FA (ICs = 502.11 uM) s+2o=
vebyttl o] 9F o] 37FA oxygen species radical L&A RUAA~d o g FAEEAS =
A3 Ayt DFP % CFP:= FA ¥ CAXRTF a4 o2 =& DPPH radical, superoxide anion
2 hydroxyl radical scavenging activityE WEFN AT ¢ PCse| &Abshztg 7] %o #gh
Hop AAg A7 sk, Vs FE 2 Vs vwstgE AEAY &8 77 U=
o2 Bz

Table 6. Radical scavenging activity (ICs) of five HCAD isolated from corn bran against DPPH,

superoxide and hydroxyl radicals induced by enzymatic and nonenzymatic reactions

Compound Radical scavenging activity (ICsy, uM)
DPPH radical Superoxide radical Hydroxyl radical

CA > 1,000 > 20,000 256.31+11.86°
FA 45.27+5.55° 5,312.30+260.02° 502.11£21.11%
CFP 70.37+0.52° 488.04+20.01” 192.45+13.99°
DFP 38.46%2.30° 291.62+4.76° 351.87+13.38"
DCP > 500 > 10,000 164.84+5.83°
a-"Tocopherol 52.34+0.36" > 10,000 155.67+4.27¢

ICs0 represents the concentration of a compound required for 509 inhibition of DPPH radical,
superoxide and hydroxyl radicals.

Data represent mean+S.D. of triplicate determination.

Values with the different superscript letter in each column are significantly different at p<0.05.

a-Tocopherol was used as a positive reference.

Wl 44 EFW 571X HCAD &% W@

L4 E5H HCAD %S Hvudt A3 Table 73 2ol &4 FF & A Zo=
ArEE 557 F5Y A 7HA PCs &&e] 7H =9koen, O o s A Ses W A5
T o7 ggko] vgkon T 7}A] cinnamic acids (p-coumaric ¥ ferulic acids) $F&& 2
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ol A2 $EE

=

© =
FFEES T NS FFol ‘AR FFRY A 7FA PCs gdo] mon, A F
2 7

=
Z “Fujmr T2 4 7}A PCs o

= o] vt HbH % 7}XA| cinnamic acids &#o] =4
el T mebd oA A2 SFE S5 “silage” ¥E< 1L HCAD & 7154 S+
FEoE MY D AAEte] Frle] Bad o) v AzEnh

Table 7. Levels of five HCAD of 12 different corn cultivars available in Korea

Cultivar Cultivar HCAD (ug/g, dry base)
CA FA CFP DCP DFP
P3394 0.98+0.02 1.96+0.05 | 4327+0.84 | 37.01:054 | 151.26+2.45
Silage 1.52+0.03 250006 | 2052+0.34 | 31.17:048 | 114.35+2.10
CSO 0.98+0.02 191+0.06 | 35.02+054 | 16.07+0.16 | 109.50+1.72
E(flf;t KPO Tr Tr 1971£0.13 | 442:010 | 31.48+0.49
CAO Tr Tr 7.40£0.10 | 467011 | 12.60+0.22
GDO Tr Tr 507+0.11 | 255£0.07 | 11.90£0.19
JDO Tr Tr 687020 | 447+0.10 | 12.49+0.17
Daehaek Tr Tr 1.96+0.05 | 0564005 | 4.98+0.11
chj‘r);y Mibaek Tr Tr 050002 | 021£0.04 | 051+0.02
Black Mibaek | 1.39+0.02 2.31+0.06 1.28+0.04 | 042:0.02 | 2.51+0.06
Sweet Gammiok Tr Tr 18.17+0.14 | 7.01:0.10 | 85.31+0.83
corn Gammichal Tr Tr 28.96+0.30 | 7.40+0.11 | 37.22+0.45

Values are mean+SD of triplicate determinations.
Statistical analysis is omitted for simplicity.
*Trace (< 1.0 ng/g)

A %49 (wet-milling) 2 A4 % (dry-milling)ol 93 AzY 55 AR
BAE 9| 57+A HCAD 3% wa

L2 (wet-milling) 2 A2\ (dry-milling)oll 98] AxH 55 AEFHAE F9
HCAD & =73to] Hlwe A= Table 83 2t} WA AW =2

hc)
>,
N
o
-z
e

RE J}ERAE F b =& HCAD %S veuden, 3 A 7}
Al PCs o] 7bd =2 wbd) F 7FA cinnamic acids &2 F2H AHg A 7t RAAER
dojAl= S97F M =tk @, FAY Ag A dojAl= Sujof ¥ SFHE thA B
HCAD %#S Jelldoy 447 2 Sy wt HCAD ko] tha voktt uebd S5
ZtERAbs F ks 2 9E sy PCs dd S SEFAE Ve E 2 SR
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AEAZ BT BLst Ak

Table 8. Levels of five HCAD in several corn by-products obtained by two different milling

processes, dry-milling and wet-milling

Milling| Co. Corn HCAD (ug/g, dry base)
product CA FA CFP DCP DFP
Hull | 30.65+050 | 46.82+0.73 23.32+0.23 | 109.01%1.62 570.74+5.03
SY | Germ | 17.35+0.22 | 30.87+0.39 23.99+0.19 64.46+0.73 257.14+2.01
Gluten | 17.79+0.18 | 35.28+0.30 35.54+0.29 42.45+0.45 243.94+1.94
Hull | 33.95+0.63 | 49.16+0.45 26.70£0.20 | 114.72+1.82 563.36+3.94
H‘fﬂﬁ%‘g DS | Germ | 18.06+0.12 | 24.67+0.18 22.01+0.21 57.34+0.39 239.68+2.30
Gluten | 15.21+0.11 | 21.39+0.12 25.86+0.18 28.26+0.28 110.62+1.24
Hull | 3892+0.48 | 9874+1.03 19.92+0.17 65.38+0.59 389.54+1.37
SDB | Germ | 16.30£0.24 | 41.40+0.34 13.03+0.10 16.40+0.12 84.94+0.74
Gluten | 16.34+0.26 | 13.01+0.12 25.16+0.23 20.74+0.19 111.08+1.02
H?iﬁiyr;g KGS | Bran | 1848+0.18 | 2554+0.20 6356072 | 36854+2.73 | 1,614.82+7.93

Values are mean+SD of triplicate determinations.

Statistical analysis is omitted for simplicity.

o &

O 2~

o,

A

=

R

F&A = (e,

A, wpelAZolH, s}
I}+= Table 99+ 2t} 57}# HCAD <+
5l 7F A A JEbyr o 5 7FA free cinnamic acid & #S EE g dtol A thik
Al TR oF 278 ¥ 52682 7MY w2 2UHE H A
= 7tEA st S

o A|swut

$4 7hEA Y & 5712 HCAD &% w3}

Al 7HA PCs &g

sl gElgdoR AdH o] Zrtas AL & 4 Ik
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Table 9. Quantitative change of five HCAD in Daehak waxy corn prepared by five different heat

pretreatments
Heat pretreatment HCAD (ug/g, dry base)
CA FA CFP DCP DFP
Control Tr Tr 14.1240.23 7.75+0.10 36.98+0.32
Roasting 2.07+0.03 4.27+0.10 10.44£0.18 13.95+0.21 85.52+1.02
Steaming 2.78+0.04 5.26+0.11 13.01+0.16 71.37+£0.17 34.92+0.28
Microwave 2.28+0.10 5.05+0.13 12.52+0.10 10.65+0.20 81.52+0.92
Puffing 2.27+0.05 5.12+0.09 12.32+0.09 8.11+0.13 45.96+0.39
Extruding 0.85+0.02 1.65+0.05 10.17+0.08 6.62+0.16 30.48+0.27

Values are mean+SD of triplicate determinations.
Statistical analysis is omitted for simplicity.

Daehak waxy corn used this experiment was stored about three month at room temperature after

harvested.
2 FEWH mE SesAY 57K HCAD &% Hl

SEFAREYH kst 9 95 g wsiyd HCAD 3 ¥4 s34 AAET AxE
e WA S FEUd w2l HCAD %2 SAste] nlug A3 Table 103 2
o 2zl o8 A= SFEFAFEES] F HCAD 2 2,090.94 ng/g ©l
Jov uFE g dzar v 8218 pg/gol oy xugFE A4 247032 ng/gE
B oh oF 128 Edom, dEA4dAY ¥ 2o3Ad 45 279804 ng/g=E tHEo o
of 1.3u) Esktom, 53] k=4I AY F 2u4F=E A 281353 pg/gw L E oF 144
Fol BE FEUNAA M 52 FEEIE UedAY o9 Zo] dEAFEAY B 2y
FE2 SFTA EASE I, FuEy, S, Akst 2 A F =34 cinnamic acids
% PCsél F=Fe5 7 5 s v ofiyel 1FH o SFEFFaEs AXE 7t §
o}
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Table 10. Comparison of yield and HCAD contents of corn bran according to extraction methods

iai HCAD (ug/g, dry base)
Extraction CH:Cl; fr. Dizion ug/g, dry base

HP-20 fr.

method (Yield, %) | vie1q 9)| CA FA | CFP | DCP | DFP | Total

18.48 25.54 63.596 | 368.54 | 1,614.82 | 2,090.94
+0.18 +0.20 +0.72 £2.73 17.93 £3.72

15.60 24.22 0040 | 382.87 | 1593.31 | 2,071.4
+0.10 +0.17 +0.43 12.84 5.4 +1.30

19.81 26.69 112.22 | 403.04 | 1,908.56 | 2,470.32
10.12 +0.20 +£1.20 1+2.63 +8.38 +2.87

Ultrasonicator 0.31+0.04 0.18+0.03

High pressure 0.28+0.03 0.15+0.01

Ultrahigh pressure 0.38+0.04 0.20+0.01

Ultrasonicator 3736 | 3519 | 8835 | 469.89 | 2.167.25 | 2.798.04
after extrusion | 00 TO00 | 0208002 Lyo0 1 030 | w073 | 4083 | 2302 | +1.93
Ultrahigh pressure 3707 | 3518 | 5799 | 472.76 | 221053 | 2.81353
after extrusion | 000r000 [ 0208003 1 yar 1 gar | 048 | 4801 | 2384 | #1927

Values are mean+SD of triplicate determinations.

Statistical analysis is omitted for simplicity.

F. 54 D A il oga Mo o 225 AR2E 571X HCAD a3 w3}

SFFAE oleFR AU F M4 GRAELE AT F T FF, §2 2
FH4AR e on AAse] A5 QojW £45AFEES] HCAD #%¢ Z4sto vl
5 D §Fe 1

st A¥t= Table 113 2t v A el txa ¢ HCA
CFP 63.56, DCP 36854 % DFP 1,614.82 pg/g ©loy viscozyme L A2 A5 F 74 &
& cinnamic acids (CA & FA) $t52 AA S7kgk ¥, 37F4] PCs (DCP CFP, DFP) &%
2 O4 Aastke 4SS YERYA Y. $H, Pectinex 2 Celluclast 2 A 729 viscozyme
L A& &2 F 7FA cinnamic acids 352 IA S7Fek b, 37F4] PCs &2 aA 7
Astglow, 1213 amylase 3 termamyl &2~ PHE] 49 + 7FA cinnamic acids & V]
Fow e 37HA] PCs &% thad AA AT ol9f Zo] SFaAE EiAE st
W SFTA gF & Ho}_ arabmoxylan E‘r 9} ﬁﬁLQ(ﬂ 9}11’: HCAD7} Zolx CA %

==

_CL
e EASE GERE AASAY 95 4T HCADE Reld: ¢
2 FAEHY HCAD =S S7HA171=d = E237F A9 gt
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Table 11. Comparison of

enzymatic treatments

five HCAD contents in corn bran extract prepared by five different

HCAD (ug/g, dry base)

Enzymatic treatment

CA FA CFP DCP DFP
Control 18.48+0.18 25.5410.20 63.56+0.72 368.54+2.73 | 1,614.82+7.93
Viscozyme L 92.34+1.25 76.34%0.65 60.73+0.58 330.53£2.63 | 1,520.02+6.83
Pectinex 138.60+1.45 99.61+0.74 24.45+0.11 72.26+0.68 260.45+1.62
Celluclast 103.49+1.62 84.28+0.64 39.73+0.28 118.88+1.29 358.85+1.92
Amylase Tr Tr 72.34+0.54 160.27+1.62 538.96+2.01
Termamyl Tr Tr 127.12+1.35 262.98+1.64 949.89+3.82

Values are mean+SD of triplicate determinations.

Statistical analysis is omitted for simplicity.

Tr: Trace(< 1.0 pg/g)

=)

8&_

&

, A

it
o

el A BE $55AFEE

A3 A= Table 129 #rh =

CFP 63.56, DCP 36854 % DFP 1,614.82 ug/g ©ld

cinnamic acid &S °F7F S7Fskl ot 3714 PCs
oA =

g Al 7
EfLpA] ek koh. vk
o} 37F4] PCs ¥

%’ﬂ
cinnamic acids— °F7h

E7F
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Table 12. Table 12. Comparison of five HCAD contents in corn bran extract prepared by acid and

alkali treatments

7}A] cinnamic acids 2] & &
, 0.1 N NaOH & 7
o 3
ofgl=dl wkal 37FA PCs
AFEE9 HCAD F%<
cinnamic acids© W4 %

53 < Xi gl A

/\]. h=d]

I S

9/]

o1t 0.1 N HCl AHg
steFs A

F7rsHe

Azt gEo 1o
T+o] HCAD a2

¥ 57FA HCAD

B CA 1848, FA 2554,

A5 F 7HA free
Ao 1.0 N HCl A
o} 37kA4 PCs &2 719 1

3% 5 7FA 8¥ cinnamic acids® 27F 7HAEHS

Zastgor, 10 N NaOH A el
gare Aol adHAT
B oA, b Aele) ool o

Ao 3714 PCs 3=
1

P
4 AU

AE F A 9

oo} o] 2H¥)

o e

@94 Hask gl F

HCAD (ng/g, dry base)
Acid & alkali treatment

CA FA CFP DCP DFP
Control 18.48+0.18 25.54+0.20 63.56+0.72 368.54+2.73 1,614.82+7.93
0.1 N HCI 20.23+0.20 27.35+0.17 60.43+0.68 348.29+2.43 1490.54+6.34

1.0 N HCI 34.74+0.23 56.45+0.35 Tr Tr Tr
0.1 N NaOH 15.87+0.12 20.76+0.13 25.76+0.14 129.76+1.32 764.56+3.52

1.0 N NaOH 5.43+0.08 7.49+0.08 Tr Tr Tr

Values are mean+SD of triplicate determinations.
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Statistical analysis is omitted for simplicity.
“Trace(< 1.0 ug/g).

7}, STFTAZFE 371A PCs &/ 1EZAY S+ AHF=E(corn bran extract, Corn
BE) A=

SEFARSH kst 5 vR sy 3704 PCs #
BE)& ¥]%=3t ol 7] sd

80% oler&goog x&uAe F dgFEeS 24T 5 &(CHLL) E—Qr‘ﬂ E}

+ Diaion F&FA o FHstal o thg 40% oS & NS Fasto] o]EHS AT F 80%

fetsgdon FA4E PCsE §53 7 W & w330 A% Comn BEE Az olwf A
o] o

= 5

hea
z¥ Corn BEY HF F&& 032%°lRem, 374 PCs @S XU, DFP (252+1.2%),
CFP (3.4£0.2%), 3 DCP (1.3£0.2%)°] 1 tH(Table 13).

Table 13. Yield and purity of partially purified corn bran extract prepared by ultrasonic extraction,
followed by solvent fractionation and Diaion HP-20 column chromatography

Sample Yield (%) PCs (% of Corn BE)
Partially purified
corn bran extract 0.32+0.10 DFP (25.2+1.2%), CFP (3.4+0.2%), DCP (1.3+0.2%)
(Corn BE)

Values are mean+SD of triplicate determinations.

El. Corn BE9| &£72]-334 a2 i AAHA

1) &4 44

2% A" Corn BEQ dAzel w2 57FA] HCADY e WHaE FAe dxes
Table 14} 2t WA ndA A thxe] HCAD ##eS 2 CA 1.45%, FA 2.42%,
CFP 1.08%, DCP 4.98% % DFP 24.87% ©°]l2om™, 30~100C |23 45 CA, FA, CFP,
DCP 9 DFP &% 7 dizxad frAabstdom fol Al Aol gldth o] ¢k #Zo] Corn BE
of dxjgle wel 5 7kA HCADS #32 A9 watA &1 tAs A 7d &% Corn BEE
o] &3t nFA sFFE el Tt fls AR AZH
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Table 14. Stability of heat treatment of five HCAD in Corn BE

Temperature HCAD (%, corn bran extract)

(T) CA FA CFP DCP DFP

Untreated 1.4520.02"° 2.42+0.01™° 1.08£0.04™° 4.98+0.06™° 24.87+0.06™°
30 1.48+0.01 2.56+0.03 1.22+0.04 4.95+0.03 24.95+0.02
40 1.44+0.05 2.57+0.02 1.19+0.03 4.98+0.03 25.26+0.04
50 1.50+0.02 2.48+0.05 1.130.05 5.00£0.01 25.32+0.07
60 1.46+0.05 2.49+0.05 0.99+0.04 4.98+0.08 25.04+0.04
70 1.46+0.03 2.43+0.02 1.18%0.05 4.990.01 25.030.06
80 1.45+0.02 2.43%0.05 1.05+0.04 4.98+0.01 24.97+0.02
90 1.47+0.02 2.42+0.07 1.11%0.04 5.02+0.05 25.0520.04
100 1.52+0.05 2.58+0.02 1.06+0.02 4.99+0.03 25.00£0.01

Data are mean+S.D. of triplicate determinations.
Not significant(p<0.05)

(2) pH 2t384
UM Az

Table 159 Zth WA vAHZT(pH 5.15)%]

2.42%, CFP 1.08%, DCP 4.98% % DFP 24.87%

st Corn BE9] pH ®Wsle| m& 57}x HCADE]

Fgol wste
gz HCAD #de

oo, A

A% Adh

2 CA 145%, FA
i%%g/] pHE 252 Zﬂsﬂ

45 HCAD®] 3= CA 1.03%, FA 1.80%, CFP 0.77%, DCP 351% % DFP 17.60% %

HCAD &#&

e K cS

oj¢} o] FFFAFEEY pHE 7\X4%L

tizatell Hls) oF 158 @ FqFS Yedien, 1 9 pH 4, 6, 8 % 1022 Z=AHIYS
_<’3_

o A= 7}%] HCADY] &=#e

o]

gz gasts 23S UEy
g e SN pHE

V7l SerAFEES o8

A
.g._ k= FARe) /] §1rx]—
0]

pH= & zbol 7t 9l shgEe s FA
g Aom AzE
Table 15. Stability of pH treatment of five HCAD in Corn BE
. HCAD(%, corn bran extract)
CA FA CFP DCP DFP
Untreated 1.45+0.02° 2.42+0.01° 1.08+0.04° 4.98+0.06" 24.87+0.06"
2 1.030.06" 1.800.01° 0.77+0.01° 3.51+0.02 17.60£0.02°
4 1.44%0.10 2.4020.06° 1.11+0.02° 4.79£0.07° 23.70+0.01°
6 1.50+0.04" 2.48+0.10° 1.09+0.02° 5.00£0.06° 24.74+0.02*
8 1.46+0.04° 2.49:0.05 1.03+0.03" 4.98+0.12° 24.68+0.08"
10 1.450.01° 2.40£0.04% 1.0620.03" 4.99+0.08" 23.02+0.05°

Data are mean+S.D. of triplicate determinations.
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Values with the different superscript letter in each column are significantly different at p<0.05.

(3) & <84

Corn BE®] & A g]o] w& 57kA HCAD®| $He] WstE A Z3t= Table 163 2t
WA wA Tl xzate] HCAD 8 ®d CA 145%, FA 242%, CFP 1.08%, DCP
498% % DFP 24.87% ©]Q o}, el 3-S5 10, 20, 30, 40, 50+ 2 7TAIM7hA] A ZbHE =2 ZA)SH
of we} F 7FA 83 cinnamic acids % thAh fgastd o, 37F4 PCs (DCP, CFP,
DFP) 5 DFP &2 ®l933 A} 108 wtol]l aA gasdon Az Ao wel o3k 24
sk Aol DCP §d& 20274 #HAdttt 308 ol Fole AEHA Uk 28 o]
Aol Fely#] gk EHo] 14F(RT) HFolA Mz v 3E  1(unknown
compound 1, UC-1)°] &% o™, o] peak® WA B&FF AL 3027HA =24 S7Fstth
7F ool % 2 W3} Qlo] Wi WAe fAs A =3 CFPe L3 172 RT) FollA
02 &4 spectrume YERH A2 vA]9 &3+E 2(unknown compound 2, UC-2)7} <1
o=, 2 3RS 202704 A FUFeA T 30 o] % A A S FhAste] 1AIZE o] % H]S:
st S YERSITE SHH) UV m(UV-C)E FAFSE 49 CA, FA, DCP % DFP9] &2
oF3t 7.%&6& i, UC-29 &2 oo S7iekdth viAHez UV s an(UV-A)E 2AMSE
b A2l A CA, FA, DCP % DFPe] &&o] A A% dbd UC-1 ¥ UC-29 &

A=, 2AF AP AlgtE vs=d RS JElen, ole BYE A A9t
AR Aol ol 9k o] Corn BEel H k%L 2 UVsesnm (UV-A)E 1A]7F o] FAFSHA
Corn BE®] F¥ PC?l DFP9] &2 AA A4 v, ol de] FRleA dd UC-19 |
AL F A WNZWAA Fobstd 7 oo % wor A=RNew, UC-29] 3aFe 3 AL 202744
A S7Fste7E o] F A A8 stk ol# g UC-1 % UC-29 44+ Corn BEO| =
A= transd o] DFP7} 3% ZAtel] 93 cisg oz s
gk AAE Wt 712 FE F oo =AY et v A

i=

X‘;‘

d Aoz FAT 4+ e d ol o
Z1

o},
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Table 16. Stability of light treatment of five HCAD in Corn BE

Lioh HCAD (%, corn bran extract)
1ght
treat t 4D CFP
reatmen CA FA UC-1 e DCP DFP
Untreated 1.45+0.02" | 2.42+0.01° 0+0 1.08+0.04" | 4.98+0.06" | 24.87+0.06
10 min | 1.27+0.02" | 1.89+0.05" 80438+521 8.29+0.07* | 2.91+0.02° | 9.60+0.04°
20 min | 1.15+0.01° | 1.83+0.05° | 173133+896° | 9.90+0.05" | 2.69+0.02" | 5.59+0.05
30 min | 0.96+0.05° | 1.86+0.03" | 311333+975" | 7.43+0.06" ND 1.90+0.07°
40 min | 0.94+0.02° | 1.88+0.08" | 320989+686" | 7.26+0.04 ND 1.75+0.03°
50 min | 0.95+0.05° | 1.88+0.02" | 318809+377" | 7.25+0.05" ND 1.87+0.07°
I 1h 0.81+0.06% | 1.94+0.01° | 341771+691" | 6.10+0.05° ND 1.51£0.04¢
1ght ) X X
2 h 0.80+0.08" | 1.94+0.06" | 337044+853" | 6.45+0.01° ND 1.51%0.05°
3 h 0.80+0.02¢ | 1.94+0.01° | 322795+89" | 6.27+0.02° ND 1.40+0.01°
4 h 0.80+0.01¢ | 1.94+0.03" | 320396+278" | 6.20+0.01° ND 1.48+0.02°
5h 0.79+0.01¢ | 1.93+0.02" | 316514+556" | 6.08+0.06° ND 1.43+0.03°
6 h 0.79+0.03% | 1.93+0.06" | 309769+733" | 5.95+0.06° ND 1.42+0.01°
7h 0.78+0.05% | 1.90+0.01" | 292423+670" | 5.64+0.05° ND 1.38+0.04°
uv 1h 1.40+0.07* | 2.35+0.02° 0 2.86+0.01° | 4.64+0.02* | 22.25+0.02°
254nm 2 h 1.37+0.03" | 2.25+0.04% 0 3.89+0.03% | 4.28+0.02* | 19.77+0.05
uv 1h 0.88+0.02° | 1.93+0.07° | 344308+258" | 6.82+0.02 ND 1.64+0.07°
365nm 2 h 0.83+0.04% | 1.94+0.03" | 349785+442" | 6.24+0.05° ND 1.55+0.01°

Data are mean+S.D. of triplicate determinations.
Values with the different superscript letter in each column are significantly different at p<0.05.
YUnknown compound-1, presented as area of HPLC peak.

N -p-coumaroyl- /N ~feruloylputrescine + Unknown compound-2
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Fig. 13. Changes of HPLC chromatograms of five different HCAD of Corn BE by solar irradiation.

3. Corn BE9] # Ao m& Fistady Hst

rE

Ll
AN

xg 3}

R84

Corn BE®] % A2] Al7te] wE DPPH et Za7 &4 s ZA3= Table 173
vl 5 % 25 ng/mLe FEelA DPPH #ttZd 2AS4S By
o

4 H, B, UVaeumm (UV-C) 2 UVssam (UV-A)E A F
G FrkstE el e ol Aelzb AT kA FAT B A A7l @& Corn BEY]
HCAD 3ol 2 W37t ddSdE B335t DCP 2 DFPo 749 UCL ¥ UC2¢ A4
of SFFAFEE A= A TS FA B FAHER SFEFEAFEES ©)
3 shdEe] Ve B S & 4SS FA 5 AoE A4Er
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Table 17. Changes of DPPH radical scavenging activity of corn bran extract by sunlight treatment

Light DPPH radical scavenging activity (%)
treatment 5 ng/mL 25 pg/mL
Untreated 8.64+0.98"° 44.62+2.02"°

10 min 10.25+1.05 45.26+3.45
20 min 9.96+0.92 45.83+3.02
30 min 10.50£1.12 44.43+3.71
40 min 9.85+0.88 46.16+2.62
50 min 10.55+1.21 44.23+3.01
1h 10.49+2.00 44.20+2.87
Light

2 h 9.78+0.12 43.04+3.10
3h 9.68+0.75 42.96+2.04
4 h 9.67+1.89 41.01£2.99
5h 9.34+1.02 41.33+3.85
6 h 9.50+0.42 41.79+3.00
7h 9.01+1.10 45.52+0.38
1h 10.54+0.97 42.39+1.96

UV 250m
2 h 9.50+1.28 45.97+0.07
1h 9.64+0.90 40.68+3.52

Uuv 365nm
2 h 9.58+1.08 44.44+1.73

Data are mean+S.D. of triplicate determinations.

Values with the different superscript letter in each column are significantly different at p<0.05.
8. Corn BE9 <%, &% R =27 334 54 #F spec &4

V5 west o i sEe] 8 ® ARRSHY] 9l Alxd aiFHE e Comn BES =, 3

= % o ’dst A3}= Table 187 #t} WA Corn BESY A
F A = BER ool SolFHrE glow, FRIHF 6.71+040%, HuEFTIE
¥ 2 H(Pb) ¥ H]A(As)9] $F2 77+ 10
= 50£5.54 CFU (colony forming unit)/g
At Gt gEel A A Corn BES &

+ —
—
R
X
o,
39
£
o,
S
i
o,

T, 3% 2 538 EAlC #B3F specol A3 Corn BEE A% & dqow o]zt
ARE Tt FFx3t oHE Corn BEQ %3t ¥ #4388 ol F 3don, &5 AT
sh#Fel A Corn BEE o838 7154 v sdES Aitsto] Aldstaiat ko
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Table 18. Certificate of physiochemical analysis of Corn BE

Test Specification Result
Properties Light. yvellow powder with Light~ vellow powder with
peculiar odor peculiar odor

Moisture(%) 4.0~8.0 6.71+0.40
Identification tests

UVimax (nm) 316.0+3.0 317.3£0.5

pH (0.1% in 50% EtOH) 3.5~55 5.15£0.07
Purity test

Lead(Pb) < 10 ppm 15.0£0.5 ppb

Arsenic(As) < 2 ppm 5.0+£0.0 ppb
Microbe limit (CFU/g) < 100 50+5.54
DFP content(%) > 25 26.2+1.2

Data are mean*S.D. of triplicate determinations.

Standard deviations are omitted for simplicity.
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2. SFEFAZEEY ARG, Fasgdy d vy P}
7F. H7F WH

(1) ALy XA HI7H(7] & 2] A 2 ekA] 9F 1))
UV-visible Spectrophotometers ©]&3to] UV 949 (280~400 nm)ol| A 9] SHF=E 7]& A
AxpA €} v st o)

(2) ikstgd A7t
(7}) DPPH radical scavenging activity =74 @ ¢t 2ttjZQl DPPH & Zs A &fist= A
L2 Fiksted s Hrtersith
A @Y : Tagashira 2 Ohtake®] Wl whe} HA] IC5< DPPH 2HH 25 50% A 8 b=
ANz Tk
(1}) Superoxide radical scavenging activity =74 : xanthine/xanthine oxidase &4 WHgof 9
3 AAE superoxide aniono = 213 YEZEFHEZZE S (nitroblue tetrazolim,
NBT)®] AtstE At ez itstadd & Hrketsih
Al g4 xanthine/xanthine oxidase &4 WHS-o 23t superoxide anion T AE o] &3k
Noro 59 ¥ <7t WE3le xanthine/xanthine oxidase &AWl 93] AAH
superoxide anion®. & 213k NBTY] Atslo] &3t E3 o H3E =4 ICyp & NBT 232

ol
50% AasHe ARe] %

(3) wmgd 7t
(7h) KFDA, 7'sd38¢Ee Fa84 H7Hs 913 7hol=gkel 32
(h @b gsd &

1>

(Melanogenesis) Melanosome
Transfer

Tyrosinase
Tyrosin ——————— DOPA

Tyrosinase DOP?Chrome

Dopagquinone ~

Melanosome

(th) H 7144
(D In vitro tyrosinase inhibition assay : =2 % [2]o]l A ¢} o] &4 EZ A YA o3&
240l 2 AlstE B R EZAUA g4 A4S AM(HEAY AstE A sl
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Az nigdAds FHrtsidt

@ In vitro DOPA oxidation inhibition assay : =2 % [3]ol A9} o] &4 E] Z AL A9 9
3f Eubt EaF=o® ASHER B EAIUA 40 2SS A (=gt 4hstE A
st A= nwadgd S Frlst oo

@ Melanogenesis inhibition assay : 22T A} o] W Alo]E o] Wl i=Fo A A
HE A s Adfstes dE2 g d s 3

Algard o dlabd AEE 10% 28 A (fetal bovine serum, FBS)¥ 1% 3HAAS H 713k
DMEM (Dulbecco’s Modified Eagle’s Medium)ol] 1x10° Ao WE2 HAZEsla 5% ot
5% CQOs, 37TColA wi%. HEd AEES AXE v]U%E 6 well microplateE AF-83Fo] 7} well
F1x10° Y BFeta, ole 22 A27t A2® 10% FBS/DMEM .2 1A 8lo] uj A&
2~34 Bk vl dEd dHS 4T AEE AXE trypsin-EDTAZ dojdl & 3,000
E 3|94, ME pelletS PBSZE Al&3a 1IN NaOH (10%
E5 50~60Ce WA, =9 depd s &3l & njo
dopbdel FAEE 54, dWad Fe Axrd dAgd

(4) At A HAEo AE=A F7HMTT assay)

MTT assayw M2 AEE dolr = WHO R yellow tetrazolium salt MTTE 2okl Al
Zo| A Eo =% &= formazan crystal® U713, o] A AEHE UFo DMSOR 50] A
AdE A ade] & B4 AR WHoeRE S ATh Aol AxY FU BE 5 o

Agade] Y= BopxEz o3 WS Fa Axe] S S48

I

ANELY  AZE 96 wellol 33 Foz BF v A3 FHE2(02~08)7F =S
M EFo| grA MEFET 2] 7)7He AA. A|EE PBSol| 59 ¥ sx=dEE 20 uLA ZF well
o] 78l 48A17F vl A5 E A AL wellol MTT solutiong 100 pL® A7} 4A]
b EeE WAl = MTT s|M A4S 242~ AA. 7+ welldl 100 uLe] DMSOE # 73}
o] 15~20+-%F shaking. ELISA readerE AF&3}o] 540 nmoll A §3% S (FdE+= MTT
7F AEe o) ¥ F& HEblH 2 welldl S48t AE AE49 Bl HE]), (Blanks Al
27 590+ welll MTT di4l PBS 20 uL& 92 Ao= 3

(4) nHgAd 71 AT
(7} KFDA, Alsde 714 o83 g o] a¢drt Bo] gk 7ho] =a4Ql(%h)
@O MITF expression inhibition assay : X2 %o 4 ¢} MITF (microphthalmia-associated
transcription factor)= A Weld JA g A d F3s st depbd Ay
d ARAA 7HE Fad SEAAGA HosteE & AlLA Y] BdS x4,
MITF 9] o] A HAFGA A EZA YA o] BAde] Az =
A=t webd MITF dARIARe] e S A3l sl = 3 .
@ TRP-1, TRP-2 expression inhibition assay : X2 =04 e} MITFe| s TRP-1,2
(tyrosinase related protein-1,2)7} &A= =2 TRP-1, TRP-2¢] wd<& Asjsle A=

B o
rO
_@F
ST
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2 uWeg S Hrkekslvh

@ p-ERK expression assay : ERK (extracellular signal-regulated kinase)®] <14tst&=
MITFE SIttsix ez MITFE EaiAA depd S JAst2z, p-ERKe] 2¢&
Qg nugdd S Hrlskalth

@ p-CREB expression inhibition assay : CREB (c-AMP responding element binding
protein)®] IAFst= AARQIARG] MITFO @S S7HAA EEZAIUAY s 224
sto] Aetd AAAS FXE 2R, p-CREB] Hd S oAete AE= v|WEdAd s H7tst
A,

Algd ”“E}‘/] A A EZE FBS7F 358 DMEM 1A 2 60 mm dish o dish 1x10° 7}
2 HF3 3 5% CO2, 37T st A AXE7F dish vl ¢F 80% o] A F-z2HE wj71=] nj &k
HjeF 5 WA & FBS7F E3H A & wi A= wA|she] 2443 wjgd 5, viAlE ﬂlﬂ skl
1 uMe] a-MSH®} Al57F 49 w52 3|4 E FBS7F X85 A &2 wix 2 wA g $ 5%
CO2, 37 C3}oll A 48A13F v <. iR & A A MEZE PBSZ + H A FHsIa, v MEE
AZZeE ool 52 F FuldS AFeto] g HE & 10 ugel ¢ E S SDS-PAGE
£ o] g3ty W7 E. Ar|dEsd @ HdES PVDF €40 &322 & MITF (TRP-1,2,
p~ERK, p-CREB= AFS Rl ez)d] Soldor wbgsh= S 12 A= A}}lo}oq
western blot analysisE& A A]ste] vl g 35 H7F TRP-1,2, p-ERK, p-CREB% #A}3H W
Mo dHAHEE AT

Forskoline,

IBMX
/ m Signals
cKit

Melanogenensis | ,

MITF promoter
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(1) Fig. 1¢] ‘$5FAF2E A= 3% HCAD B3¥H'S 7|£2= Axd thdd HCAD7}
g SsErEAFEE

A2 2puy sE Sdian | nha NEL
DFP 93% DFP001-0K702
CFP 92% CFP001-0K702

N Sigma FA001--0K702
CA Sigma CA001-0K702
S44 CHCl, 22 g MC001-0K702

sy | S EOAC 28 (L5g) gy EA-002-0K709
244 CH,Cl, £ (150) 2y MC002-0K709
#1 2= fr. © — Sephadex 80% MeOH fr. © 0.01g / 4ml 100% EtOH 17% CFP #1003-0L703
#2 244 fr. @ — Sephadex 80% MeOH fr. @ 0.02g /5 ml 100% EtOH 65% DFP | #2003-0L703
# 4 242 Sephadex (80% EtOH) fr. B (30-35) 0.01g / 5ml | 100% EtOH 70% UC #4003-0L703

3% | 47244 fr. @ — Sephadex 80% MeOH fr. @ 0.02g / 4ml 100% EtOH 76% UC #7003-0L703
#9 === CH,CL, fr. — SiO2 fr. @ — ODS-A 60% MeOH fr. © 0.24g / 7ml 100% EtOH 70% UC #9003-0L703
# 10 8= CH,CL, fr. — SiO2 fr. ® — ODS-A 60% MeOH fr. @ 0.04g / 2ml 100% EtOH 85% DF #10003-0L703
#11 242 fr. A-® 0.08g / 5ml 100% EtOH 55% TF #11003-0L703

DF : Diferulate, TF : Triferulate

10

0.8

" Absorbance

06

04

% 1 1.0x10 7% in DMSO, 2434 400~250 nm
EHMC : ethylhexyl methoxycinnamate
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sy

SFTFAFEER] CFP, DFP, CHCl, #8+& % EtOAc #8& EF F dHeolA HdgF
B3-S B 2 sEoA Amax)® &A= CA > FA > EHMC > DFP > CFP >
> EtOAc &8 =0lH, 71& 94 Al dabdalql EHMCsF 7HE /A A=

=
FEAFEES DFPZ 45t

SHrAZFERY FAHEY F7

*

DPPH Radical Scavenging Activity

40
30
3
3
2 2
2
)
10
0
CA001- CFP001- DFPOO01- FA001- MCO001- L-Ascorbic
0K702FA 0K702CFP 0K702 0K702DFP 0K702 Tocopherol Acid
sAL3 e Al 724 DPPH radical scavenging activitys= FA > a-Tocopherol > DFP9] <

o2 g3t o, HCAD T4l CAel a37F 7Hg wks. T3 HCAD diF-i& &4 Aks)
A A ¢l BHTR T <353t}

of

Superoxide Radical Scavenging Activity

50

40 |

20

X8 8(% @ 1 mg/mL)

10 -

CA001-0K702 CFP001-0K702 DFP001-0K702 FA001-0K702 MCO001-0K702

kel skAd 72 A superoxide radical scavenging activity:® CHoCl, ¥3%& > DFP9 <+
o7 ¢gsstden, CAx E37F YEYUA] T
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140 50
4 45
120 ¢ B DPPH A
ssa
y 140 o
100 | —@— SOD-like Assay 35 E
£
)
£ 80 | 30 =
> ®
= > 2
g 60 B
. -
&=
40 | 15 8
C
10 =
20
5
0 - 0
EAO02- MCO002- #2003-  #4003- #7003- #9003- #10003- #11003-
0K709  0K709  OL703  O0L703  OL703  OL703  0L703  0L703
DPPH assayoll Al ICsoe H7FtSATE o9 A5 Zhgk aabstad S 7o Ao
o

SOD-like assayollA+ 1 mg/mL T=lA A& H713e vl CHCl #3E# EA002-
0K709)2 EtOAc 3 E&E(# MC002-0K709) % Sephadex Column® = DFPe 3d3FHS 65%7
A Z7FA1Z1 # 2003-0L703 A 57} <353 A S B

., SFEFAFEEY 2HIBZ A E(B16F1 Cel)oll ik AEx=4 B7t

F 4= 29| B16F1 Celloj Chet MEZ=d H7}

Bt £ = = i
I o to o fu

ZE (@540 nm)

o
fa

0.0

CAD01-0K702 FAD01-0K702 DFP001-0K702  CFPO01-0K702 MC001-0K702

Bopg/m B1p0 pg/ml 0200 pg/ml 0300 pg/ml W400 pg/ml

a1

= A2l ti3l] 500 pg/mLe] sXolA =S HITH100 pg/mLe 5% or 500 pg/mL
olal HEolA S40) gl Ao BIHU),
CA 400 pg/mL, FA 500 pg/mL, DFP 200 ng/mL, CFP 200 pg/mL % CH:Cl, & &<2 500
pg/mL 5% oA 548 BT
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FFEAFESEY ALEAFoFH £ (Human Dermal Fibroblast Cell)d] tfdt A=A

7}

o Jo

2£27{ZE E 2| Human Dermal Fibroblast Cell0j| st M| Z =M

120

110

100

0

80

Cell Viability (% of control)

—@— CA001-0K702 —©— FA001-0K702

70
——- DFP001-0K702 —=— CFP001-0K702

60 1 1 1 1 1
0 pg/mL 10 pg/mL 100 pg/mL 200 pg/mL 500 pg/mL 1000 pg/mL

AfrobAl e disiA+= 1000 pg/mL FX7kA] 4714 Alm5e dis] AlZAAEES 90% ol o

% 3 (in vitro tyrosinase inhibition assay) %7}

>,
do
-
al
i
o
e
o
Lo
g,
=

2x£7{FE = E9| Tyrosinase Activity Inhibition Assay

12 20
o I [C50 (mg/mL)
' 116
——1C50 (uM)
_ 08
-
g 12 %:
£06 [ =
g {08 =
04
§ ] |

CAO001- CFPOO01- DFP0OO1- FAOO1- MCO001- L-AS
0K702FA O0K702CFP 0K702 0K702DFP 0K702

CH:Cl; 3 E&E(MC001-0K702) o] AWAH o2 ascorbic acid (L-AS)o| ¥ F7l+= w
MEFE Holy, BEFE SHoAN+= CHCl; ¥3E(MC001-0K702)3 DFP+= L-ASETY
g Aol Y55
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of, LFFAZEE 9 v W FH(jn vitro DOPA oxidation inhibition assay) %7}

S+$+7{FEE2| DOPA Activity Inhibition Assay

-+

IC5o (mg/mL)

# 9003-0L703 CA001-0K702 EA002-0K709 FA001-0K702 MC001-0K702

CH:Cl #+8&=3 EtOAc #¥=29 mWgadde v
10.791 + 0.751% (@ 10 mg/mL)= v &Ado] oo

oA oy CA9 A& ICy =
FA+ 335 Holx gttt

o

S44AREEC| 0[WEA, IC;, (mg/mL)

I Tyrosinase Assay
—@— DOPA Assay
] 1 I 1 I 1 I 1 1

EA002-  #2003-  #9003- MC002- #10003- #11003-
0K709 0L703 0L703 0K709 0L703 0L703

o
o

N
wn1
T

N
o
T

=
o
DOPA Activity Inhibition Assay

Tyrosinase Activity Inhibition Assay
o -
(9] (9]

o
o

T,

Lo

22k, 32 ST AFEE WXL /n witro tyrosinase inhibition assayolA CH.Cl, ¥
2(# MC002-0K709)¢] 4zt Ho =z ICxh = 1.0 mg/mL °lH, in vitro DOPA inhibition
assay°l A= SA] CHCly #8E# MC002-0K709)¢] 4% st HoZ ICs = 1.7 mg/mL=E H7}
= At

EtOAc #3%= 3 DFP9 TFF3S 65%7H4 F7HA1Z

# 2003-0L703 A &% in vitro
tyrosinase inhibition assay©ll4] ICs = 1.0 mg/mL F°] At}
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2}, SFEFEAFEE v 9 F I (melanogenesis inhibition assay) 37}

Melanogenesis Inhibition Assay

120

100

80

60

40

20

Melanin Content (% of control)

0

CA001-0K702 FA001-0K702  CFP001-0K702  DFP001-0K702

| moug/mt B 10 pg/mL 050 pg/mL |

CFPO] 4% 79 wroEx o dehd gao

A ek gheo] 43% a/kAl HAashy, 50 ug/mLe] sEolAM = 3] Wehd ofgo
3

ZF a3k, DFPe 49 10 pg/mLel & =9l
5 |

Melanogenesis Inhibition Assay (@ 100 pg/mL)

120

100 |

80

60

40

20 |

Melanin Content (% of control)

1111

Control #2003-0L703  EA002-

A& 100 pg/mLe] FrolA Webd g k=

0K70¢  MCO001-0K702 Arbutin

CHCl, #+8=9 45 488 55 HXo

1 Sephadex Column®. 2 DFPY & FE& 656%7tx Z71A1 71 p# 2003-0L703 A5 43

g Bt ¢339
2, &FEFEAFEE(MC003-0D821)9) XA

(D AFZAH} H A5 AA
(7H A& FlA CHLlL #£8E A E7F v
o] 65% o< # 2003-0L703 Al&< 7
arbutin®.t} 3 3} o}

2
o
<
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(1}) CA, FA ¥ CFP9 749 tyrosinase inhibition assay % melanogenesis inhibition assay %
Zhell A vlad st AdE H T
(th) wetA DFP &3S & o] :o]al, CA9t FA 2 CFP7} g9 A 89 F=1]7F 2 -5 Aok

(2) A= A4

(7H) MCO001-0K702¢F MCO002-0K709 Al &9} vpz7bA 2 o] SFFAE o
T2 CHLCL &M= #£98. #8385 U MESTE&dE o] 54 2= column &
glste] B AR 24 MCO01-0K702 ¥ MC002-0K709%.t} DFP & #e] =omw DFP
£ HCADE g7 xg3 A8
(th ek 4 : Table 1314 ¢k 2

3. $F5AREE AAETY wABY 7}
7. A

(1 A=
(7b 457 BAE%Z : Corn BE (DFP~25%, Table 13), CFP, DFP

(1} Ferulic acid (FA, Wako), p—coumaric acid (CA, Alfa Aesar)
(t}) Arbutin (Sigma)

(2) MEF, A1 2 7]7]
(7}) B16F1 (ATCC, USA)

(\}) MTT (3-(4,5-dimethythiazol-2-y1)-2,5-diphenytetrazolium bromide, Sigma)
(t}) FBS (fetal bovine serum, Hyclone)

(2}) DMEM (Dulbecco’s modified Eagle’s medium, Hyclone)
(v}) Forskolin (Sigma), DMSO (dimethyl sulfoxide, Sigma)

(\h) Micro)plate reader (EL800, BIO-TEK Instruments, USA), CO- incubator (Sanyo,
Japan

U 372 %

(1) &rksted @7t

(7}) DPPH radical scavenging activity
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35

30 4
25 4
20 A
15
10
= -
o -

IG5y (pg/mL)

ol

fx

Corn BE m—tﬂ-cnphe rol
gakstsAl HrlE 4 DPPH A&7 &4 a-Tocopherol > Corn BE > DFPY o & %43
}2 o™ Corn BES DPPH A&7 &4-& a-Tocopherol HUth= o) fAsE Aro] A e
A, A Abs A ARl BHTR U= S5 3kSth

(1}) Superoxide radical scavenging activity

ap
35
I 30
£
E
=
£ 35 -
o
@ 20
&
= 55
o
g 10
5 -
o : :
CornBE CFP DFP

Azl E A HrtE A A A A7 48 Corn BE > DFP > CFPY o0& 43

_O|L
%0
o

=0 B 10 uM forskolin
H 10 uM forskolin + 10 ug/mL 10 uM forskolin + 50 pg/mL

[ 10 puM forskolin +100 pg/mL
120

100

B0 -—

60

Cell Viability (%)

20

Corn BE CFP DFP FA CA Arbutin
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FA, CA, arbutine 100 ng/mLe] FX=7FA 80% ©o]2] A3 = C
CFP, DFP9] 7% 66%, 27%, 62%2] AEE&S HAY. o]F e AdLe Hog 525 50
ug/mL= A A 3T

!
o

(3) Wehd A As)mat

oo 10 pM forskolin
B 10 pM forskolin + 0.1 pg/mL =10 uM forskolin + 1 pg/mL
010 puM forskolin + 10 pg/mL 10 puM forskolin + 50 pg/mL

140

120

100 -

B0

60 -

Melanin Content (%)

40

20

Corn BE CFP DFP FA CA Arbutin

Corn BE+ 50 pg/mLellA 16.332% @etd A4 A a3E Btk CFP, DFP, CAE %
oEHo = Hgd A A aAE BIow, CFP, DFPE= ZH7F 50 pg/mLol Al 44.7 + 6.0%,
585 £ 31%¢ HWatd A A EHE YERHA AL, 582 = 10.8% A& E YA &FE )
SAFSHSATE W FAS) 49 Wehd A4 AN ERE welx) et

(4) ME W tyrosinase &4 A & &3}

120

& 100
S
oy
2
+ 80
<L
2
s 60
£
"
Q
=
240
i
-
E'I__ 20
=

0 =

Corn BE Arbutin
10 uM forskolin

CFP 50 pg/mLolA ¢F 25.6%2] A3 W tyrosinase &4 A3z 3E HAth Corn BE=
arbutin®} A3 Ao A gdES H Y}
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6) vzl s Eebd A dnd Bl

(7h) AleF 5 717]

D Protein assay reagent (Bio-rad), Triza base (Sigma), Glycine (Sigma), PVDF
membrane (Bio-rad), ECL solution (Bio-rad), Primary antibody, HRP-conjugated
secondary antibody (Santacruz), Electorphoresis & transfer kit (Bio-rad, USA),

Image analysis system (Chemi XRS, Bio-rad, USA)
(b 2@

@ BI6FI cellS % €7] & 5 x 10° cells7t 57 &4l ¥, 24 h 59 37C, CO, &
71l A g & A5G0 pg/mL)E Aeste] 2~3Y9 &< MH(YAE gExzrozes dF
ISR A}%)

@ wjoF & wjokol S A7 &tal PBS (Phosphate Buffered Saline)® 13] A% &to] cellsZ
2

@ Pro-Pre solutions 7}ste] @l dS F%3}9] bradford WHES o] &3te] dhild F%
s A

@ o wwAS 10% SDS-polyacrylamide gelel 71995 A7l & PVDF membrane 2.
2 gelo] w1 AL blot
® 5% skim milk® 3% ¥} &< blockingdt ¥ primary antibody & 3A|7F &9 Aol A
HES-A17]l 3 TBS (25 mM Tris-HCI, 150 mM NaCl, 3 mM KCI, 0.05% Tween 20)%
10% tAo = 33 A%
@ 1:1000¢] ®]&=2 33X 3 secondary antibodyE 1A17F 30% F<9F A2
TBS-T=Z 10 td o= 33 Aol £ ECL solution®.z= &4 & F
(th A=

[o

oA Whg-. ThA]

- | 10 pM forskolin
Non |NDn CA CFP DFP Arbutin

W . S SRS s | Tyrosinase

e N SR SRR game | TRP-1

MITF

o-CREB

p-ERK
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=50 Forskolin ®CA ®=CFP ®DFFP = Arbutin

140

120

100

80

g (%)

&0

40

20

Tyrosinase TRP-1 TRP-2 MITF p-CREB p-ERK

D Tyrosinase : CA (36%), CFP (62%), DFP (54%), arbutin (656%) & A 3}

@ TRP-1 : CFP (19%) T =o] 74, 71 9] A+E5S TRP-19] ¥ddl+ 93 8l

@ TRP-2 : Zdd 98 gl

@ MITF : CA (12%), CFP (26%), DFP (38%), arbutin (14%) & #3j

® p-CREB: CFP (23%), DFP (31%), arbutin (7%) %@ A3, 3% @4 CFP, DFP¢]
MITFS] @& % 7ZHas MITF 28-S §538tE p-CREBS #AE 3 A0z oAs
o] 7

® p-ERK: MITF®] #3& %3t p-ERK &d 3= Aol glo] ®Sl

AFEw & CA, CFP, DFP ¥ txA <2l arbutin®l A tyrosinase?d] W& S A
o}
- TRP1 @9 d vty A g o)A CFPYte] TRP1 W& S A 3) st
- TRP2¢] %%, CA, DFP % arbutinoll 4 2&d AsjasE wich
- datd A AZo|A 27)o| #e]s= MITF, CREB, ERK 59 %7]¢1zte] st
d&elA CFP2t DFPOJAM MITFS| L3 0| FEHX[A ZAES =T
DFPe] 7%, MITF 2@d=e] dAgk 7hAad v tyrosinase & 7HA7F
Ho} tyrosinase &7 Al ¢ thE 8oz Qlsf wmgde] HErEk=
t. ST AFEE T CFPY DFP+= P 7S st H A=A &8 7}
S Aow Atz dr)

o o
o )
2

mJ

=

_78_




84 37t

2t

g o
=

4. =i A 24

37

=4l
=

Uree(Ux=9gda) &4 Az

(1) Yx=7]%(Nano Technology)o] &?

el

0

ol

—_—

0
"
2!

<

],

o). v w2 947}

=X

0] =
AA L

bl 72 @7s

17 915

S

48

(W) &A s okl

= (liposome) 5

ey
O

- Y=o ¥ A (nanoemulsion), €]

2~ €l
— A

R

o8
)
< 2
ny
o )
B o
XN
—_
T =
=
3
x W
Caas
o]
"
E .
Cay
~
i
~ N
sz No
—_
my ™
. W
o %o
N o
—_
vz
iy
o W
T
No ™
N o
zH NE
_ O#O
o
X o
ot X
- T
B om
X
0 -
xH

|

—_
o

ol
4

3
i
—_

|

)

i

.EH
il
w

~—
fils)
zel

o

=y

W, 4erlEs o

1o

o

IS

FE3A A

ole] 7HA =

ke
T

() sHE ZoklA vYerls

)

el

H

1 AFA

-
1

4 vhesize] 271714

el

Bl

ol

(2) YAt A=

7hH &+ AFEE(Corn BEZ SID Corn BEZ

¥ % (dual-liposome) A

Z(liposome), +< -2

-
X

(nanoemulsion), Y 2. (niosome), €]

(hydrogeneted lecithin, Lipoid Co. Ltd., USA)¥}

2

24 39 U

A (sorbitan stearate) S A&

=
i

o F4 9

(¢}

(th) Hr=A)

FAem fFspal, AMDEA 3 YA

S

o
dlo
ol
Hlo
A
s
B
oy

BK

|(High pressure homogenizer)©

S5
bl ek,

S

-

do

| Z o)

YA
MiracleA}(Japan) 2] Nano Maker

(th

&

A}

=
=
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() H=olEd Az

Lecithin Water Active Ingredients

Mixing / Stirring at RT

High Presure
Homogenizing

Nanoemulsions

(mh Y E=F A=

Water

Lecithin (+ Water Soluble Actives)

l

(1) Mixing / Stirring at RT
(2) Mixing / Stirring / Heating (> 55 C)

l

Liposomes

Large Particles,
Broad Size Distribution

High Pressure
Homogenization

l

Liposomes

Small Particles,
Narrow Size Distribution
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=

=

(vh U<

Non-lonic SAA Wa

ter Active Ingredients

rring at RT

Mixing / Sti

H

Homog

igh Presure
enizing

Niosomes

(b ¥

Lecithin

Water
(+ Water Soluble Actives)

l

(1) Mixing / Stirring at RT
(2) Mixing / Stirring / Heating (> 55 C)

|

Liposomes

Large Particles,
Broad Size Distribution

Niosomes

(Active Ingredients)

v

High Pressure

H

omogenization

|

Liposomes

Small Particles,
Narrow Size Distribution
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I
e ?
, ®
¥ omet Fe "' “r" u.
L ;..&:.". ).).- "
¢ / !.r, “."":—0‘-1 I
i Ad - - (’ (
/i <
(3) SID Corn BEE T &3l= VA8 AXx
Lot No. W& Lot No. &
# CB-NE 1-1 1% S Yo d A # CB-GL 1 1% &+ 2l x2&
# CB-NE 2-1 1% Shf Yo dA # CB-NS 1 1% & HeEF
# CB-GL 3-1 1% 3+ 2l E2F # CB-DL 1 1% &+ wEelxsF
# CB-NS 4-1 1% i Y& # CB-DL 25 25% 3 T EE
# CB-DL 5-1 1% & wda2s # CB-DL 5.0 50% 3 T EE

(4) Y=g=te] F7t

(7 SID Corn BEE &3t Udx=date] &4
£ 7247 skl

(U Axs HAEAE AHEste] Aristdem, 9zl @7] 2 # ¥ & Particle analyzer
(Microtrac  S3000, Microtrac Co. Ltd., USA)E A}&3te] Hrlstdon, yw=dAke]
Morphology = TEMS A}-&3Fo] 371313

(th g9 kA" == 14 #AsH7F F, AEE 7] (Micro high speed centrifuge, MICRO
17TR, Hanil science industrial Co. Ltd.)& ©]-83}o] 10,000 RPMoll A 1047+ ¥4 #2] 3}

of HA w e Rk deluA mu Fra

od,

M AR, pH, AR A7) W RE, R

[}
(7h Y=iApe) b4 Hrbe i b 3 WA b e 42 Wotskadth

QA o] 1t
(W) 9% tAAde Az Yedxs ¥ © 50°ColA 3043 ot 3 dro] WHEls
Hrletd o, WA S SID Corn BE 95 AA, Y=Ad, yeAd S L3Hst=

AFEA el wiste] W, A2, F2A0°0)0A 77 H
(JP7100F, Juki Co. Ltd., Japan)& °l-&3te WA tYdE 7tssi.

e =7
o
| offt
S
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o yxad Az, 24 2 AA8AN 3 29

(1) Y29 A=

(7h v=elE A

Part 9= B
# CB-NE 1-1 # CB-NE 2-1

Polysorbate 60 1.0 1.0
BHT - -
Hydrocarbon Type Ol - 12.0

A Ester Type Oil 1.0 8.0
Triglyceride Type Oil 1.0 6.0
Silicone Oil - 0.4
Tocopheryl Acetate 04 0.6
Butylene Glycol 8.0 8.0
Glycerin 4.0 4.0

B Lecithin 1.0 3.0
Ceramide 0.4 0.4
DI-Water to 100 to 100
Ethanol 12.0 3.0

¢ SID Corn BE 1.0 1.0

- # CB-NE 1-1<2 skin type? YxoldAd Aol # CB-NE 2-1< lotion type?] Y=ol

24 A,

(W) G- x2F

a3k 1,000 barell A 23] FHAIZ £

w7z}

shsiet.

Part 9w # CB-GL 3-1

(%)
Polysorbate 60 1.0
A Triglyceride Type Oil 8.0
Tocopheryl Acetate 0.4
Cholesterol 0.7
Glycerin 35.0
Methylparaben 0.04

B DI-Water to 100
Lecithin 3.0
Ceramide 0.4
K-Cetyl Phosphate 0.4
C Silicone Oil 0.8
SID Corn BE 1.0
D Butylene Glycol 20.0
Ethanol 5.0

- # CB-GL 3-1& polyol¢! glycering ©]-&3F g

8 BapA7l 5 Wzhekgith,

B
i
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(th Ue%

Part 459 # CB7RS 471
(%)
A Sorbitan Stearate 4.0
Cholesterol 3.3
K-Cetyl Phosphate 0.4
B Glycerin 4.0
DI-Water to 100
Propylene Glycol 20.0
C Butylene Glycol 4.0
SID Corn BE 1.0
D Triglyceride Type Oil 18.0
Disodium EDTA 0.01
E Methylparaben (10% in Butylene Glycol) 2.0
Water 7.8

- # CB-NS 4-1& #]o] 24 AW ARl Sorbitan stearates ©|-&
f3k= 1,000 barel A 23] E3A 71

F W7

() FE-dExF
Part P # CB-DL 5-1
(%)

Sorbitan Stearate 1.5

A Cholesterol 1.25
K-Cetyl Phosphate 0.2
Triglyceride Type Oil 9.0
Glycerin 2.5

B Disodium EDTA 0.01
DI-Water 25.0
Propylene Glycol 10.0

C SID Corn BE 1.0
Tocopheryl Acetate 0.5
PEG Rapeseed Sterol 35

D Triglyceride Type Oil 18.0
Lecithin 3.0
Glycerin 4.0

B K-Cetyl Phosphate 04
Disodium EDTA 0.01
DI-Water to 100

F Methylparaben 0.02

# CB-DL 5-1&

At

nlo] =4

A g g A<l
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(2) Y=Agd EAH7t

7hH YAy dutEd Hot

@ SID Corn BEE &t U4xAdS Ados e HAxsE B

@ ol¥ g A¥= SID Corn BES] 3o =w Holw, 53] FA4%< DPFe #2 amide 4
Tl FERHeE {FAF O=C-NH- I5& EFgFo=zA Yo H micelleo] Lt
2 2 F 9] bilayer TxoIA AAFYES Holm = AoE HATH
A% A% (1\5 /(‘f\rd‘;)) e A=

# CB-NE 1-1 187 2238 / 849 Sy o] whEr o4t sk A3 A

# CB-NE 2-1 1872 142 / 123 AsFy o] nhEw oA} F=

# CB-GL 3-1 1872 130 / 103 Frgh Azt A e

# CB-NS 4-1 1872 193 / 136 Fra o] R ol 4 *>3

# CB-DL 5-1 2340 147 / 121 n) g o] HhET ol At R

(h) YA 23 A=z

O HwoldAe] A7 4] &gof YmolHAS Afsta, SID Corn BEE *X3st= v
E=AE YUyeF# SID NS 1), g]¥%# SID GL 1), 749-8]¥%%# SID DL 1, # SID

DL 25, # SID DL 5.0)& A %3}

@ YreAge PuEE Qe 49,

Fo] A9+ 100~150 nm A=

P FA s,
150~250 nm A= Fdd=

i JEE ug

o]
H

Ll

Helow, =gt

Mean diameters (nm)

SAM Mv Mn
# SID GL 1 (1%) 167 + 36 124 + 28
# SID NS 1 (1%) 190 + 43 129 + 39
# SID DL 1 (1%) 163 + 39 118 + 26
# SID DL 25 (2.5%) 164 + 37 123 + 28
# SID DL 5.0 (5.0%) 259 + 128 126 + 22
(th) Yx=#13 ¢ Morphology
@ SID Corn BES ¥ 83l YwAld T fiEE, Uesd -2 2F Ag dd TEM
imageE RW °F 200 nm F9 73 e BHYYS YAES AT 5 AJT
- - .
- IR R
DL 00 ° P
’. .... -
K e
’ \ 2
o ®
). R et ’
T.a e .
# SID DL 1




@ Hi=Age] dre 2z

HB-GL(1)1 HFB-GLNA Dits: G0 Hess & 8 HB-GL() FCB-GLN)
ia Vol% Width itt
my = 0.167 0676 4% 0.288 my = 0.167 [ 10% =0.092 60% 0.134 68% 0.046
mn = 0.124 0.144 91% 0.061 mn = 0.124 | 20% =0.097 70% 0.095 32% 0.010
ma = 0.142 0.091 5% 0.005 ma = 0.142 | 30% =0.101 80% KO 146
cs = 4215 cs 42.15 | 40% =0.110 90% =
sd =0.036 sd = 0.028 [50% =0.122 95% x0 175
PASS_ TeCHAN TPASS FCHAN
100.0 r 200 00.0 r 200
2.0 L 180 I 18.0
2.0 I 160 I 16.0
700 L 140 I 140
60.0 L 120 I 120
500 I 100 I 100
400 L 80 I 80
300 I 50 I 60
200 I 40 I 40
100 20 F 20
0.0 T T T - 0.0 - 00
100.0 1000 10000 . X X 10.00 1 10000
- Size (microns) - - Size (microns) -

# SID GL 1_F93EH d= #SID GL 13817 9=

HBNS() FENS( DSt DTS e E 4 HBNS()T FCENS( oSS e
0177 27% 0.043
0.122 42% 0.028
0095 31% 0.010
TPASS VPASS TeCHAN
100.0 1000 - r 200
%0 4 L 180 200 4 L 180
800 - L 160 200 - L 160
700 L 140 700 L 140
600 + k120 600 L 120
500 F 100 500 I 100
200 4 L so 00 4 80
300 4 6o 300 I 60
200 - 4o 200 4 40
100 b 20 100 F 20
00 4 —rT —r T TTTm- 00 00 o L o0
0010 0.100 1.000 10.00 1000 10000 0010 0.100 1.000 10.00 100.0 1000 10000
- Size (microns) - - Size (microns) -
3 o] 2oy 5 ol
# SID NS 1_F93¢ Y% # SID NS 1_F734 9%
FCEDLTT BT Meas & 5| ST
#CB-DL(1)-1 19 Pres# 1 #CB-DL(1)-1 iR
Summary Percentiles ia Vi Width St P tile
091 8% 0.005 e B 0034 43%
. % cs = 44.07
sd = 0.039 . =0 sd =0.026 50“/u 0 105 95“/-:
%PASS %CHAN %PASS %CHAN
100.0 r 200 1000 = - 50.0
2.0 L 180 9.0 L 450
800 L 160 80.0 I 400
700 L 140 700 =
600 | 120 60.0 I 300
500 I 100 500 L 250
400 I s0 400 I 200
300 I 60 300 L 150
200 L 40 200 I 100
100 L 20 10.0 I s0
L oo L o0
00 pros . - 00 T T T
- Size (microns) - = SR ITREROTR) =

# SID DL 1_%¥9#H+# d% # SID DL 1_ %+ 9%
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Summary
2

ToPAS!
100.0

90.0
80.0
70.0
60.0
500
400
300

200

- Size (microns) -

Summary

my
mn =0.126
ma = 0.154
cs =38.93
sd =0022

Percentiles
96 607

500k 20.128 9%

#CB-DL(Z8)-T Date: DMQIOSM!”" 15 #CB-DL(2.5)-1 # 16
#CB-DL(2.8)-1 Tine; 1245 #0B-DL(2.9)1 # 1
Summary Percentiles Vol% Wd(h Summary Percentiles Nuj Width
mv = 0.164 099 60% =0 161 | O.¢ 525 4% 0.563 % 0.092 60% 0134 66% 0.046
mn =0.123 0.143 90% UOSU 0.085 34% 0.010
ma = 0.141 0.091 6% 0.00!
= 4259
sd = 0.037
TPASS TCHAN VGPASS TeCHAN
1000 - - 200 00.0 200
%00 - L 180 %00 L 180
800 - L 160 800 L 160
700 - L 140 700 L 120
600 - L 120 600 I 120
500 - L 100 500 I 100
400 I eo 400 o r 8o
300 - L 6o 300 o I 60
200 - L a0 200 - L 40
100 L 20 100 A 20
0o 00 L o0
0.010 0:100 100 T e T o0lo 0100 T ek 8o ok T ioko
- Size (microns) - - Size (microns) -
3 ot o]l S 5 L ol =
# SID DL 25_% 39 R # SID DL 25 %+ 4%
#CB_DL(5.0)-1 FCEEDEEORE R #CB_DLE.0-1 FE DGO TS E 29

%CHAN
- 20.0

- Size (microns) -

# SID DL 5.0_%3

(3) Yx=Ad

(7hH YA

Mv (nm)

3,500

3,000

2,500

2,000

1,500

1,000

500

of!

At

inss

H

# SID DL 5.0_+%

o L

o]
=

LH
2

rto

(50°C)

E
‘.

SIDGL1 SIDNS1 SiDDL1
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(50°C)

=

T A& kAHAFE0Y, 50T B

|

8

=
T

SIDDL1 SIDDLZ.5 SiDDL5.O

SIDNS 1

O

SIDGL1

800
700

1,000

800
500
400

(wu) A

300
200

100 |z
0

SID Corn BEEZ

w} 2}

%

0

¢+
ol
0

Ji=o] Aol & &

OF%

i

HW 1% SID Corn BEE

=
=

=o] W3}
[e]
o

o]
H

It

ﬁo

1=
T

50C Bzl A
B g oz 50Tl A9

ol
=

Agol Yo

s
&

/\O]—
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A}
B

3

3
o

il

—

oj
)
B

</

X
ot

_88_



(5) Y=AF e ArietgAd Bt
(7h) 7 Y= AES 4T, 40Tl 90Uzt Bt & A xR DFPY S A #ste] 7t
Eiava=y
(L} 4Ce] Bae] A9 27 ol ®lal 10%, 40Col| H#asls A9 oF 20% AL 971
a7t ddem, # CB-GL-3-19 Aol 1 & vz kgt ch

#CB-NE1-1 #CB-NE2-1 #CB-GL3-1 #CB-NS4-1 #CBDL51

nLERERR]
il
5| | i
3 |
X
L LI
I
20
4%
|40

-25

(6) Al g el mAerdd 7t
(7h Aoz mw)

(4}) SID Com BEe] waotd Ao W AHM(a: red direction), 34 (b: yellow direction) 7
o] WstE Hlus it

(th A% &240TC) 7oy UV =ZdA % 27|A 89 A9 FASHA UEv = s 9
AdstAem, A Fe] AMgHstE B oA okzke] WSyt IR dnkAQl W

N
o
>
bt
=
ofo
o
i
BN
o

0.19 SID Corn BE in Propylene glycol R
0.1% SID Corn BE &+ =4 base

# CB_GL 3-1 10%3%+(0.1% SID Corn BE) 241 base
# CB_NS 4-1 10%3%(0.1% SID Corn BE) 241 base
# CB_DL 5-1 10%&(0.1% SID Corn BE) &4 base
# CB_GL 3-1(1% SID Corn BE)

# CB_NS 3-1(1% SID Corn BE) W=
# CB_DL 5-1(1% SID Corn BE)

i
o
ot
o

T|IQIT|Im|gQ|w| =
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@ 0.1% SID Corn BE in Propylene glycol 9 &2 W Aot A o7}
R#AxA L(E%) a b H A7 7k
Z7] 95.21 -2.28 5.07
Y2 95.13 -1.67 418
7704
A 94.78 -1.82 472
F2(40C %) 94.80 -2.21 6.05
UV == 94.93 -1.75 5.92 6h UV XA}
- SID Corn BEE= W& B3 Alg tv] &3} FZ2AF Al b gto] ¢k S71819] yellow =9
Z7Vsht, A 2m9f Fof <kt
@ SID Corn BE (Y= Ad) 24 base2] HAoHdA A7)
ZG4N = B2z LM% a b R 4
%7] 89.02 -1.41 3.87
B Y2 88.76 -1.38 4.16
2-(40C) 86.65 -1.29 8.07
=7] 88.45 -1.68 4.21
C e 87.78 -1.52 4.90
2-(40C) 85.99 -1.41 8.44
. h 4
%7] 88.43 -1.67 4.09
D - 87.93 -1.55 4.36
2-(40C) 86.74 -1.38 7.02
% 7] 89.18 -1.54 453
E Y 88.40 -1.46 4.80
2-(40C) 87.26 -1.39 6.93
@ SID Corn BE 8 vwe=Ad o] wAerAdAl 37}
Z=ANE RazxA L(E % a b A7
%7] 76.98 -3.42 12.19
F Y2 75.74 -2.92 14.34
A2 65.88 -3.07 12.35
32(407) 65.71 -1.76 16.08
%7] 49.96 -4.21 17.59
G Y2 50.89 -4.02 18.04 712
A2 57.19 -2.78 18.09
-2-(40C) 54.37 -0.86 24.73
=7] 73.28 -2.08 14.86
e 74.91 -1.94 15.56
H A2 72.78 -1.18 15.16
32(407C) 75.74 -0.01 17.41
- SID Corn BE &+ Yx=Agd 3 YAy 3 249 45, W& B3 A5 thy] 3ol A

b #kol F7tate] yellow Eol S 7ty H a4

2w ergatgin



(7) SID Corn BE St (U4w=Ad) 24 base d7}etAdA H7}

(7}H) Formulation

A #1-1 #1-2 # 1-3 #1-4
SID Corn BE 0.1 - - -
EtOH 1.0 - - -
#CB_GL 3-1 (Glycerin liposome A4¥) - 10.0 -
#CB_NS 4-1 (Niosome #%) - - 10.0 -
#CB_DL 5-1 (Dual-liposome #|3) - - - 10.0
Lotion base To 100 - - -

- YEAEE 1% SeEeAFEE S AF

~ A} 918 MC003-0D821

(Wh) Az 0 J&4°C) 2 F240°C)oll Al 90e7hA] 13, 30 H4 9rrest 54
(th 23t

=

#11 #1-2 #1-3 #1-4

A7tz (%)
8 8 o
| |
=
|_|
-

=40

Reference (# 1-1)o W8] YAl oA HAx oz d7ietAdAgdo] dsstgoy, Yo FH
P A 7+ AT

. Micro pig€ °l8&% Yx=AF F9F3 H7}

(1) AlE<EH]
(7}) SID Corn BE : DFP 25% 3+ <774 F%=(MC003-0D821, Table 13)
h) Al
@O A@AE @ SID Corn BE 0.4% 3+ U2 Ald (# CB-NS 8-2)
@O "lz=Al= : SID Corn BE 0.4% 3 1,3-Butylene Glycol (# CB-REF)
(th A8 71¥ @ 4 =nfo] o 3
(2h) #H7MH @ OECD % KFDA guide line
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(h) AF@EA g Ay T F7EA 28l (Franz Cell Type)

qa4as 20

HIE i-L_

-

P === gilg/ |
az? *ZEX-HJ\E ' w/l
’é' g é 'é 1“& )

9 &5 & (Model : GLMS-26, World corporation, Korea )2 receptor -+
Zk 9 o] HEH o7 50% 1,3-butylene glycol F&HS 5 mlLo| A &
i, ey AIgT FAe AHE BHBTE FEokA 30 < 7H=skath

A ¥ Micro pig sking &#¥i AHIZE o]&sto] Tws] Q1 o
receptor =¥ I Afolo] Futo] A7|A| FEE S
A&E A=E# CB-REF, # CB-NS 8-2)& AYstA dol 1 g& FHoto] A=A 7}

6702 donor F-+ol Z+z} =¥ 3t

dlo

21\1)&;],':4] ] S|

4
i

@ =33 % 1h 2h 3h 4h 5h 6h A3gst AJHAA Z+2+2] Cell receptorel A 100
uL A& 2 FH 8

© Z47ke] Alge dAe 5 HPLCE ©]-§3ke] 320 nmol A ¢ DFPE 4 sttt

® d&F¥ s%=ol Dilution factor 105 #3akel AFe HAFT AYFF =5 248U
(Ah) A= 24 2 5%

Y X (nm)
A5 pH N Mo DFP (ppm)

# CB-NS 8-2 6.19 177 122 1,030
# CB-REF - - - 709
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% of #CB-REF

mn B

4 hr

6 hr

2.50

5hr

1.80

1.42

3hr

0.00

2hr

0.00

1hr

10.00

8.00

6.00

%

4.00

2.00

0.00

H#CB-REF  0.00

% of #CB-NS 8-2

6 hr

852

5hr

0.00

4 hr

0.00

3hr

0.00

2hr

0.00

1hr

10.00

8.00

6.00

%

4.00

2.00

0.00

B#CB-REF 0.00

¢+
_Eﬂ
T

_&0

7F HRoem, 6A17F A &

565%™, A]

& At

&
=

< 852% = A

oy

5. 23, 712 2 AdWd &4, ICID 54

7hANE R AN

Wi #- SID Corn BES]

2 A9

(1) 71

(7}) SID Corn BE9] 2%

E

bol %

S

el o

g]

22!

AT

5

=z O
=& A4

N

_93_



(W) 7l 2 AFHH g7t AF-8-¥ SID Corn BE

Lot No. Azd H] 3L
MCO003-0D821 2008. 04. 21 DFP 25% 7|
SCB001-0I807 2008. 11. 07 DFP 20% 7]
SCB003-0K807 2008. 11. 07 DFP 20% 7]
SCB004-0A916 2009. 01. 16 DFP 50% 7]

(th) EIAH
O Y959 FAAF2 IR spectrometers |83+ 54 peak <13} UV spectrophotometer
(UV-1800, Shimadzu, Japan)E o] &3 ) 3= 3 (Max \) 23t

@ IR spectrum w412 SID Corn BEE o &h&of 5l 5 cell W] Hojmy 3y
A2 E 800~4000 cm ™' H el A spectrum 22413814t}
@ UV spectrum #4418 SID Corn BEZ 20 mg/Le =2 e o A3 600
~250 nm HH oA UV spectrumS 43t}
(2h) =AY
, U s spFEdsrIs(gsdEFg 3o A

DO 989 pHE SID Corn BE 0.1 g2 50% o&248 100 mLol %<2 3 pH meter
(Orion 420A+, Thermo electron Co., USA)E o]-&3le] 97} t).

Q@ A2 (%) FE=47](Infrared moisture determination balance, FD240, Japan)Z
o]-§sto] dx 1 g5 105TColA 3AIZF &2t 7Fste] H7batdd

@ a4z vAEdEE SFAdsTIT(SSFEFFT3)olA AFE ol ot 3
7}k ot
(v} BEFAH
DO 98 AHEAFE A FAES DPFo 3l J#EAd o724 HPLC system (Agilent, 1200
series, German)< AF-8-3fo] 3 7}8} AT},

=

=

@ A#=AIEHS SID Corn BE 995 ¢F 75 mgS FUsHA EoF vgh2 50 mLE ¥
S92 FA v e Yol A3 100 mL= 3tar o] o 10 mLE 3 H
825 Yol A&8aA 100 mLE 3 F 045 pm o] HS o] & o¥ste] HHow 3}
Aot W2 DPF ¥+% ¢F 15 mgs AEsHA o eSS Yol %o 100 mLE 3}
o] 4 10 mLE A&l WS ¥ AZsA 100 mLZ g % 045 pm o s
o]-g, ste] FEAor g Ao W FF 10 pLA S 7HA I T 2oz o

=7

AAazvtEa Rl meh Aldste] DPFe] v AW A Ar, Ass a9},

o
o

ol

N, N “Diferuloylputrescine®] & #(mg) = N, N -Diferuloylputrescine ¥%3%9] & #(mg) x —
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=
A= 7 AYFEFFBE=A(GA I 330 nm)
z+ 2 :C" Luna column
e 30T
@ 08 mL/&
o] & A :&v A (100% ™€)
£l B (0.05% <14H100% =)o 7]1&7] &%

* gul A (100% ™ &)

L] B (0.06% <14H100% &) @ 85% <A4HHsPOs) 05 mLol FAAFE Ee] 1 L= &

Az £l A 4l B
0 20 80
5 20 80
10 40 60
20 40 60
25 60 40
30 80 20
35 20 80
40 20 80

o =48 R Y A3

(7h) SID Corn BE®] dwr&E/d& pH, A7 (%), D HE(%), 3&(%) thstel H7tst
o Azl wel 1 7]ES A9 pHE 470 Lot7b oF 45 F-+9] pHE YERSL
1.0)E 183l 40~6.09 71+=& A3
1l HAew 50% olstEA 7lEs AT
(%) R 3E(%)S °oF 2~4% Arw I on 77 40% olHE TES

() A

“
(th) ZEx
J

SR pH Ax7EH%) 73 E AR (%) 3] 2 (%)
MCO003-0D821 450 £ 0.12 5.07 £ 0.25 3.52 3.36
SCB001-01807 449 £ 0.03 4.00 £ 0.62 2.98 2.85
SCB003-0K807 4.48 + 0.06 457 £ 0.21 3.23 3.05
SCB004-0A916 481 = 0.04 3.83 £ 0.31 3.42 2.99

(2) SID Corn BE9] #2lAlg
(7h) IR spectrum
@ SID Corn BE®?] IR spectrum® Z5-E SID Corn BE?] =4 %<l DFPe F+x9 u&
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54 peaks AA St A VEow HAGsAT

@ Secondary amide®] T%ZE 2z DFPi= SID Corn BEO A 20% o]4te] drgko =z &4
sto 24 IR spectrumo®l A EA44 peak’} WEST 5A peaki= secondary
amide N-H stretch peak % DFP#+%o| ¥3t% OH- stretch peak”} 3500~3200 cm *
oA vEFUH, NH-bend peak’} 1570~1515 cm ' F-:2oA] vEFYH, C-N stretch
peak”7} 1310~1230 cm ‘ol M ZatA velds AL Fesd o IR spectrume ©&
sk SIAE Vo2 AAsHth

Tranamittance (%)
Tranamittance (%)

/|

T T T T T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 4000 3500 3000 2500 2000 1500 1000

Wavenumber(cm™) Wavenumber(cm™)

MC003-0Ds21 SCB001-0I807

Tranamittance (%)
Tranamittance (%)

T T T T T T T T T T
4000 3500 3000 2500 2000 1500 1000 4000

T T
3500 3000 2500 2000 1500 1000

Wavenumber(cm™) Wavenumber(cm™)

SCB003-0K807 SCB004-0A916

(4}) UV spectrum
@ SID Corn BE®] UV spectrum< SCB001-0I807S o] &3le] AAF=(HHy =2 3

g
T7F 1 Fo] He wxR)E AAsd e Zbzb 30, 26 , 17 mg/Le FElA UV
spectrum= #4]3} th

@ o] A¥%5 ngo® IAANY FAHFEE 20 mg/LE A3t 717te] SID Corn BE
Lot & UV spectrum=

@ SCB001-0I807¢] %% UV spectrumol Al o374 4

[ B =)
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Max A (nm)
316.00
316.00
316.00

I~

oy -

o == =

o

@ SCB001-0I807¢]

111011
l-ﬂ

UV spectrumol A & &3

>{E

1.500

1.000

Abs.

0.500

0000
200,00

200,00 00,00

nm.

S00.00 SO0.00

® SID Corn BE®] Lot ® UV spectrumZ & HW
o] dgellA A FHE @& e Ao Fely
7155 Max A = 3160 + 4002 A A3}
® Lot ¥ SID Corn BE®] UV spectrum®l| 4] | tj
|
MC003-0D821
SCB001-0I807

SCB003-0K807

SCB004-0A916

ztzbe]l 9871 3160 =& 318.0 nm
om olo] UV spectrum HelA| ¥

Zi

3}

L
o -

=

S

BT

Max A\ (nm)
318.00
316.00
316.00
316.00

1435

1.642

1.500

1.000 -

1.000F

Ahs
Abs.

0.500 -
0.500

0.000 = 0,000

0130
200,00

400.00
nm.

SCB001-01807

1
500,00

0148
20000

I L
400.00 600.00

nm.

30000 B00.00

300.00 600.00

MC003-0D821
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1842 T T 0867 T T T

1500 0.800

0500
1.000

Abs

Ab
=
&
2

0500
0200

0.000 - 0.000

-0.143 L L L 0078
200.00 300.00 400.00 500.00 600.00 200.00 300.00 400.00 500.00 600.00

SCB003-0K807 SCB004-0A916

(3) SID Corn BE®9] ==A1g 9 H|A
(7} SID Corn BE9] XA 8-S
A5 FEEHG) ® vadH VE
d odRE SHFFAETIEY] B ok F4
1kt
(44) SID Corn BE®S] H|A
cfu/mL ©]3&}e] 7]&xo] Aas Aoz 3Folsldr)

flo

(4) SID Corn BE®] &A1
(7h) SID Corn BE®] AZFAIHH2 1dAF A7AlelA e np sl

(1t}) SID Corn BE®] F4+<! DFP9| %S SID Corn BE AZA ol wel F4s9 2
H AlE 4% E5F DFP2l Retention time®] ¥ A|ZFchol A &35} T}
(t}) SID Corn BE9] Lot ¥ DFP (%)
ZARAN " DFP 3= (%)
MC003-0D821 25.109 £ 0.805
SCB001-01I807 17.933 + 0.805
SCB003-0K&807 17.006 = 0.007
SCB004-0A916 50.265 * 0.186
o ICID (FA183EFL54) A
o =} & ICID Name Fcilel‘\IAo. M(i)rll'l‘(IjAID
08-06-12 SID Corn BE Zea Mays (Corn) Bran Extract 18626 23190
08-06-18 SID Corn CFP Coumaramido Ferulamidobutane 18631 23305
08-06-18 SID Corn DCP Bis-Coumaramidobutane 18632 23306
08-06-18 SID Corn DFP Bis-Ferulamidobutane 18633 23307
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CTFA On-Line: Ingredient Information - Ingredient Satety — Ingredient ... HOIXl 1/ 1

SE =

Ingredient Database (Dictionary/Handbook)

Zea Mays (Corn) Bran Extract

INCI Name: Zea Mays (Com) Bran Extract
CTFA Monograph id: 23180
Definition:Monograph development in progress.
Trade Name(s):

= SID Com BE (Saimdang)

= Translstions:
= CTFA Intemational Buyers' Guide
Ingredient Datahase Questians/comments/concerns? E-mail the Science Department
sid corn be

INo INCI names mstch your query.

PNo Technical/Other Nomes match your query.
thst metch your quary:
orn BE (Saimdang)

INo Trada Neme Mixtures match your query

SID Corn BE

CTFA On-Line: Ingredient Information - Ingredient Safety — Ingredient ... HOIXI 1 /1

Ingredient Database (Dictionary/Handbook)

PP Gniine
CTFA
On-line

NFOBASE =

Bis-Coumaramidobutane

INCI Name: Bis-Coumaramidobutane

= CTFA Monograph (d: 23306 .
( T F A = Definition:Monograph development in progress
) « Trade Name(s):
R i = SID Com DCP (Saimdang)

Tranelations:
CTFA International Buyers' Guide

Questions/comments/concerns? E-mail the Science Department

\ngredient Database
sid corn dep
Search | Pqueny

[Trade Names that ry
e SID Com DCP (Saimdang)

[No Trade Name Mixtures match your query.

SID Corn DCP

CTFA On-Line: Ingredient Information - Ingredient Safety — Ingredient ... HOIX 1 /1

Database (Dictionarylt = m

Coumaramido Ferulamidobutane

CTFA On-ine INFOBASE

(@] 7N
On-l.irne

CTFAN

Covess, Wiy s

INCI Name: Coumaramido Ferulamidobutane
CTFA Monograph Id: 23305
Definition:Monograph development in progress.
Trade Name(s):

= SID Comn CFP (Salmdang)
Translations:
w CTFA International Buyers' Guide

Ouestions/comments/concerns? E-mail the Sience Deperiment

Ingredi
sid corn cfp

255

/o INCI names maich your query.

No TechnicallOther Names: match your query.

ITrado Namet that match your query:
e SID Corn CFP (Saimdana)

0 Trade Name Mixtures metch your query.

SID Corn CFP

CTFA On-Line: Ingredient Information - Ingredient Safety - Ingredient ... HIOIXI 1/ 1

P STy P " rediont Database (Dictionary/Handbook) 78|
bl st e (Diction :

Bis-Ferulamidobutane

INCI Name: Bis-Ferulamidobutane
CTFA Monograph kd: 23307
Definition:Monograph development in progress
Trade Name(s):

® SID Com DFP (Saimdang)
Transtations:
CTFA International Buyers' Guide

Ingredient Database Questions/commants/concarns? E-mail the Sclence Department

sid corn dfp

e

INo TuchnicatlOther Names match your query.

[Trade Namee that match your query:
o SID Comn DEP (Saimdang)

INO Trade Name Mixtures match your query.

SID Corn DFP

6. S5FAFEE 4§ vINRFE L A9AAT FFES 444 E 971 B
7. w954 E

(1) A& <EH]

- SID Corn BE : DFP 50% 3%t &A% = (SCB005-0G920)

A= A a3

SID Corn BE % 4

vl o] 2 SID Corn BE 0.2% @ theold

# Ywno] 2~

# SCB-5-3 shg SID Corn BE &+ Yo" d 50% e s

o | &

€}
# SCB-E-3 of Al ~ E} SID Corn BE 0.1% &5

# SCB-L-3 4 €< SID Corn BE 0.1% &%
# SCB-C-3 2 ggl SID Corn BE 0.1% &+
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F2(40°C)oll A 0L 7HA] B

ol
=

7}

2

D

(3) 47k

#5CB-E-3 #5CB-L-3 #5CB-C-3

#5CB-5-3

c)

2 "z2uo

a2

“c)

S

-5

=] 3]
= A

(%) Fizdcko

-20

-25

10~20%

2 KBt}

W2 23 M = 3~5%

el

iraskelh. DFPe] 717}

7}7}

= o

g

A

ol

o

o]/

o wol

& h

7}

A ke, oAl

o] eloju

7

3

b2

(5) A4

Ho
X

A

7hH A=
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- SID Corn BE : DFP 25% & &34 75F% % (MC003-0D821)
@ m® 3144 1 P (arbutin), Q (control - H7}etA ¥<), R (SID Corn BE)

@ w9 A2 P (arbutin), Q (control), R (SID Corn BE)
@ w9 J (control), K (SID Corn BE), Q (arbutin)
@ wv¥l =39 : Q (arbutin), R (SID Corn BE), T (control)
(\h) F7HH
O H7FHd @ A A4 DL (10%)
@ B s HIA, BEA, 7Y, 249, 3, A & =4
@ B7HHe 15 AHoew Hrt / WeF30), F24), EEQ), WHE(Q2), (D)
@ 71717k 2 2704
(th) F 743
- 3 5E 0 70%, 10 T 7Y AT 3|
n] w3} 5= ]l of] Al 2 n| u 5- of L LE
Ry
1P Q R P Q R J K Q Q R T
HHA 4.0 4.0 39 39 4.1 4.0 4.1 4.3 3.9 4.3 4.3 4.3
A 4.0 4.0 39 39 4.3 4.1 4.1 4.3 3.8 4.1 4.0 4.1
Ty 39 39 3.9
3¢ 3.3 3.5 3.0 3.4 3.1 29 3.8 39 3.6 3.6 3.6 3.8
3+ 3.1 3.0 2.8 3.1 3.1 2.7 3.1 2.9 3.3 29 25 3.5
AbE & =7 35 3.8 3.4 3.4 3.6 34 3.8 3.9 35 3.6 34 3.8
HA 3.6 3.7 3.5 3.5 3.6 3.8 3.8 3.9 3.6 3.7 3.6 3.9

L B B Bl i

(1) A=)

- SID Corn BE @ DFP 25% & <545 %5(MC003-0D821)

- AAF O/W B W/S =29 B Ao A AlEol 48

(2) AE2A  PYL4°C) 2 F2(40°C)ell A 9074 B, 309 7+4 H7pA 3L
(3) 947147}

Ao

g

- Aol Ak ASE Aol A el DFPO] 97F b4 O/W EFSiolv W/S ERglel A 2 Ao

= AR, mal sl HlE] ) kAol F o ekt
- DFPY 9717} 40C B3t 27X 80% AE A7F7 A EHo], &% 2 Ao o
= Aoz YERTh

=

-

A
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#CS4-1(0/W)

#CS4-2 (W/s)

0 —.
PRI LU E
ﬁ T
.‘H
i
™
Er -20
Tdeec) Tz "
-30

3

4) A8 B}
(7h A5

- SID Corn BE & O/W EFY 2 W/S EFY

2] M AFet A=

- SID Corn BE : DFP 25% 3%Hy &4 5%+ (MC003-0D821)
O O/W B4} : L (control - H7FstA e+), K (SID Corn BE)
@ W/S EY] : M (control - ¥ 7}8kA] 285), N (SID Corn BE)
(th) F7HEH
O F7A A Ag-A RQl(89)
@ #Hr7ieksE - B, G A, £44d, &3, A =4
@ H7HHT 5 AYew Pt/ We-EF306), Fo@), BE(3), HE(Q2), W)
@ HF7H712r 2 2704
(th) E 7143
— O/W type Cream W/S type Cream
L K M N
HA4 3.8 39 4.2 4.3
A 3.8 39 4.0 4.0
44 3.2 3.3 3.0 3.1
a3 3.3 3.0 3.3 3.0
AbE & =74 3.7 3.6 3.4 3.4
b | 3.6 3.5 3.6 3.6
AFERE SHolM = AR 2 o7t gle Aow yetwow FFH oM SFEFEAF
e Al57F 558 A< SolH 7 UEy
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(65) SFFAFEE

Ao A %7}

A==
STETATFEES

7hH W&
in vitro SPF assayS 3

() A=

- SID Corn BE : DFP 25% &+

SERET

s

= (MC003-0D821)

H7rsl7] 9ske] SPF Analyzers

o1 3

B/ & W&
5% STTFAFEE TF AF 5% S+ 713F %% in patrolatum base
# CS 3-1 5% STTAFEE & O/W cream base
# CS 3-2 5% EHMC ¥ O/W cream base
# CS 3-3 5% S A5FEE 9 EHMC 3% O/W cream base

(ch) 371

= P =1 SPF UV-A/UV-B ratio Critical wavelenth(nm)
5% in Patrolatum 6.24 + 1.03 0.464 356.0
# CS 3-1 771 + 1.06 0.410 355.0
# CS 3-2 970 + 1.15 0.165 331.3
# CS 3-3 209 + 1.81 0.297 3474
SrEFAFEEE 71 UV-B AQAdxaA¢ EHMCREY SPF (A2 d At ths =) vt

UV-A/UV-B ratio’} 714 & ¢ 4

7. v sgE o gk KFDA 135

7}. KFDA 37} A

(1) A= AT HolZad

(2) &=k 1 2010. 02

(3) 7154 : U] LR S

4) = ‘r74 %= (SID Corn BE,
(5) 715 *éﬂ = AR E A

=
T

ol oX, OIF

o gee) Reae Adatint

MC003-0D821, Table 13)
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8. W sFFE AAF 3F A=

7h &3 =

(1 A=
(2) &
(3) &= 11,5, 10%
(4) A3 :

HENE U W
BaEn
§ Ll
CLEr N VR mER NEMEEN FH NN n "
- L)
- v
& it 1
T
=
4 Kin
o n
L] Ein
L] (i
-
¥ L]
" -
L] 1
LEE]
"
T
o) o
nd aan L a
L] L]
CE] 1 ]
3 o =
" T X
]
]
1 ) 1
g

SID Corn BE (DFP 25% %+ S A4F%&, MC003-0D821, Table 13)
: =, EtOH, BG, PG, DPG

L3 =

5%

=1

& A & - -

EtOH &3 (Z8 o) &3l (F8 o) &35 (F8)

1,3-BG &3 (F8 ) &3 (F8 ) &3 (F8 ) Butylene Glycol
PG &3] (F3°) &3] (7o) <3 (F89) Propylene Glycol

&

&l (F9°))

Dipropylene Glycol

- g &2 AgHlm A @ EtOH >> PG > DPG > 1,3-BGY] &3]% <A
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. W E o Al

SID Corn BE (DFP 25%
MC003-0D821)

5 e} = O~ =
St STETFAFEE,

I

0.1%

3% v sk 247
pH 7.2

IR 6,500 cps

o (O/W) 3.0%
A

o w o

SID Corn BE (DFP 25%
MC003-0D821)

=1 O PPN >
S STETFAFEE,

i

0.1%

3% v| gFA 29 %%
pH 6.4

A=) 4,800 cps

o (O/W) 17.0%
A
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2. W =29

T EEE
SID Corn BE (DFP 25% &4 S55A%EE, 0.1
MC003-0D821) e
A2 v A 3 -y
pH 7.0
IR 45,000 cps
d (O/W) 20.0%
A
222 = = 5 3 o =
A 4A SEFAFEE WA, A8 ARLFS FEA
%149 7}
1. a7 E 39
- e vwEA FE3A H7lun vitro A1)
- 29 Y R B FIHERAE)
- el AN HHA HIHQIAHEAY)
S EEEEEIOE BRI b
S EEE ST IE RS b

2. LAz E nWlady S&EA HIin vitro A 3)

7} L

(1) SID Corn BE : DFP 25% 3% <945 %&(MC003-0D821, Table 13)
(2) AlE71a - ARt oshd Lot Ak st

(3) AEWH  KFDA, 7| sdsdFe Fad H7tE 93 7tol =<l
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A8 "H-Pi—‘ SID Corn BE ¢] ul®} &5 7} Ag

o] = 2008 44
| 1
L ABE | NSRS RE dEelr 2HA A=
244 | FAEE IBT JFS AN 805-5

uch

o] 2] 7] & - 5
e R
i FZ 2 G55 AAtEl 805-5
| Ag -
2 A
ol A
a2
E-mail : sogukOO@hanmail.net
‘ vl @ ARstm ostdRetel Eapestmal
@ g | zus R4 E
1 -
A7) T T FAEA FT sdE 27F 10194
A3} 1 053-420-4946 |
_fﬁ'lﬂ 7] ol A - E2_A9R—-AC |
| @2 1 053-426-4944
1 E-mail : ychoo@knu.ac.kr
| | -
kR DR L
AT Qe |
m oA | BE 2 T

ARF7IZE 20089 49 29 ~200849 59 314

(1) Cell viability

= 100

B

c

=]

o

5 90 ¢

2

=

e

=

>

3 0
60 U

SID Com BE SID Com BE Arbutin (-)  Arbutin (+) Kojic Acid (-) Kojic Acid (+)
) (+)

| Bomg/m.  M00p0i mg/m.  Booimg/mt 001 mg/mt  M1mg/mL |

(=) : without a-MSH, (+) : with a-MSH
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SID Corn BE 0.1 mg/mL s=°A 0% o]l Al¥xA

N

o
¥
o

[e)
=

(2) Tyrosinase inhibition assay

=
2
) £ 100 |
- a
- G %
6 2 -
g z
Z 2 6
2 g
=
< e
5 L
- &
,E,, 4 0
(=%
s o
a
0
L+ 0.001 0.003 1 0.03 01 03 1 L] 0001 0.003 1 003 01 o3 1.
5= (mg/mL) &k (mg/mL)
| _# SID Corn BE & Arbutin _m- Kojic Acid | | _#—SID Com B —& Arbutin _m Kojic Acid |

Tyrosinase activity inhibition assay®ll4] SID Corn BE 0.1 mg/mL ®%°l|4] arbutin®} A}
st o™, DOPA oxidase activity inhibition assayollAl+= AW S 2 arbutin®} A}t

(3) Melanogenesis inhibition assay

05 020 r
3 04 3
£ _ 3o _
£ ) £ i
c i c |
0.3 H
: I 3 |
= | = 010 |
= ; 5 B
3 02 L = 5
E - 3
£ 3 § oaos | i
2 o & = Il
| i
. |
0 fi 000 i
SIDCom BE SIDCom BE Arbuting-) Arbutin(+) Kojic Acid (-) Kojic Acid (+) SID Com BE SID Com BE  Arbutin(-)  Arbutin (+) KoficAdd (-} Kojic Add
) (+) (] [+} [+
I Bomgm. Moooimgimi Booimgimt Dolmgmi  W1mgmi | | Oomg/m. Moooimgm.  Booimgmt Ooimgmi Mimgml |

- (=) : without a-MSH, (+) : with a-MSH

AE ¥ wehd WE ANAFAA SID Com BEE mAnth sstgor), drvnd 7
S, AZ Ul Webd 8 A APl s 2AAn fAsE GRend G5

3. $55AFER Y 2 B4 YrHn vivo A 3)

(1) SID Corn BE : DFP 25% 3%+ <5575 <& (MC003-0D821, Table 13)



(2) A7) gh=rstsiAl g o

(3) Al
(7h) Aekd 1A A2005-795(2005. 12. 21) v AAA A2 7] F=
(L) 2 oF%

HEE DA HEsSHE M
TRC-00046 (KG-2008-132)

TBC-000048 (KG-2008-133)

SID Com BE

SID Com BE

Hartley 8 JILIZI0) TH#! SID Com BES] S2%aAlel Hartley | JILIZ 0§ CI8 SID Com BES| =AY

..................................................................................................................................................................................

HE2 DN P AEE DA
TBC-044 (KG-2008-131) : : TBC-43 {KG-2008-13:4)
SID Com BE

SID Com BE

SD S0 UE SID Com BES| BES0AT)SHAR
New Zealand White D101 FEt SID Com BES] ZEULSAIE

..................................................................................................................................................................................
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2E2 DA H HE% DN
TBOA4T (KG-2008-135) S TBCAMS (KG-2008-130)
SID Com BE i SID Com BE

Harttey JILIBIG CHEF SID Com BEZ Guinea-Pig Maximization

Tes{GPMME S OISE NS AT HAE New Zealand White S0 CHE SID Com BEZ LN A=AE
SIIASISAEHE PR E
‘ SI2SStAIEH AR E
9. A%
AlgE = Zaut H| 1

W IEREAM A S Zly= PAIL = 0 (non irritant) gt Jtodd 8l 25 59 A=4d
= HAE ZI4= | PTI = 0 (non irritant) st 7" d 8 2F 59| A5d
S| EN(E IS HA S i K| AFZF = 2,000 mg/kg A AL = 2,000 mg/kg

ACI = 2.00, 1.33
OFESEA =7 O nto|

(non irritant)
iy 5 = ZHZHR| e, BIER|$= =0 e
LR gAl U8 | o J;n L ey

B B =

EAFAIE =7 PIl= 071 (mild iritant) | B8, 7HOEYE 4 8F 52 A=54

SID Corn BE&= I F-A=A]go| A A3 F-2 5247 0712 mild irritant (2F3F 2F54) <

of AF=e] AR

=5

wa

4. 57 SEFAFEE T 29 AT AAAY FIHRJQAHEZAA)

W

7 L
(1) SID Corn BE : DFP 25% 3% <4735 5 (MC003-0D821, Table 13)

(2) AlA71% gz e

(3) Al
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(7}) CTFA Guide Line
() grtzz 2F=A 99U H(SOP)

A E & AE T
“ IR/ RgAdTaEs EARIBEEEAA =g SD EunT2/g sl TAaE AL FENA o e
Corn BE (2% in 1,3-BG) & 2 ¥ 33F 989 AANF Iz} “ gz (SID Corn BE) §H4 289 5% dzaz
A AW A% R, CTFA o= 2l R @dehze ¥E NE” & 9wk, CTFA 7lol= 2el 2 eyrnlzz §2 AlY
Al B (SOP)e wet AYE st o AnE Ba W (SOP)l W AYS Sdstel 1 ASE BT
LRLN i
20094 59
2008 74
\ e
R EEETVEPECEE
\ Hrjze o)
197 B tju} Yl F oA} I b
N3 Jepura), 33t Age) ) o) ‘ ‘ ! ! 7
o vl g (@D e (&
FATE w2 & (] 3]
] (%Y 3 3 /2D
G o FARY ) AR
. 23
(1) SID Corn BE ¥ =0l st AAFHEAH
(7h) A& : SID Corn BE 2%, 5%
(th) A A o] 318 £ 9.74
(th 23
Hf=
. N&LGF 48hr 72hr Hfo o
e 1+ 2+ 3+ 1+ 2+ 3+ 48hr 72hr Mean
SID Corn BE (2% in 1,3-BG) 1 1 - - - - - 0.8 0.0 0.4
SID Corn BE (5% in 1,3-BG) 1 il - - - - - 0.8 0.0 0.4
Squalane - - - - - - - 0.0 0.0 0.0

SID Corn BE 2%, 5% AlE°l|A l+grade®] I|HF-wES-o] 1HAAA BEEHAQoY, 7247+ 4
I Al B Ao AR 2% AA I F AR FHAA AXH WTFY EXE Huy

ATt

(2) SID Corn BE &+ Z el tigh AAHEA S
(7h) A% : ID Corn BE 0.1% 3 =9
(W) A& o] @ 352 + 854



(vh) 23

48h 72h HES
“=3 i ’ : =
] 1+ 2+ 3+ 1+ 2+ 3+ 48hr 72hr Mean

== 0 - E = = 2 = 0.0 0.0 0.0

Sk

g v 0 : . - 0.0 | 00 0.0

Squalane (negative control) 0 = & = - = = 0.0 0.0 0.0

SID Corn BE 0.1% 3t A "AA & olbfdd I F % A& HA] skt & Alsve AA
9% AAAT SWelA AxT Wre B4R YRt
5. vl a3 ES AAPR 1% Pt
7. e
(1) SID Corn BE : DFP 25% 3% <945 %% (MC003-0D821, Table 13)
(2) A& @ SID Corn BE 0.1% & A A ET), vgF (=)
3) Alg71#  gupz=z
(3) A

7hH grz 2 #2480 (SOP)

() A7

O A7 - 219 / FEY  AAGY), A44806Y), s4(7H), sA44Y)
@ Hyrdw 394 + 47A
. H 1A
AR AR AYAT 284

FentEss @aE B3Ee A e "5 FARF RSO

uj R

Corn BE) #§ =¥9 g F HAAEE A dm,
FleantE Fo el #3749 Fcivi /eyt
Fan) FEyewwEoRd el Add sl o ddE

chga ghol Margiheh

200941 B4

L AR : G
4 NP Mok S I8N - 200N T ad
d Mg

oA

L, b4

Eakel BbE A o8 @ S54SR 850 Corm BE) w4
2yl Al olMEs g7l A ¥ ARAEE A% v =

AF o @y

& 74




gotEzH1) ' goHE7H2)
7.5 7.5
i Control Group 70 l__ —— _ u Control Group
m Test Group | [ | Test Group
65
6.0 |——
§ g 5.0 | :
S 45 e e ——
40 | ! | B
) = 35 I
—— — 30 4 —— —
wa w6 ws WO w2 wa W6 w8
FR 7= w3 vl Al AJE o] tixtel] vl AlF AR 65, 8F F AR ClA ¥ Ewm W
TEH7F YAl = th(p<0.05). 2t Al AEFARE A vlal A Al gj2a B 7

G A AA el gk v AN 'S B vHp<0.09).

2) 717137}

Mexameter MX 18 & 7} SpectrophotometerE 0|25t o] £ ZH
260 35
240 -+ :  Control Groug 5 L # Control Group
m Test Group = Test Group
220 — =
25
%X 200
L3
2 % 20 |—
£ 180 =
c
k] E 15 L)
s 160 -
10 i
140
120 5
100 - r 0
wo w2 wa W6 ws . wo w2 wa w6 ws

Mexameterg ©]&3%t A|&o A SID Corn BE 3 =¥ SID Corn BE Vg tix=a =
ol ¥]3Fe] melanin index (b x]4=)7} sEokt)

W2l 2] 4= (melanin index)= w7F Hl L Al A EALE 45 65, 8F F Al HoA Algto] of
Zarol Hla] Fog g my A E s ®Bv(p<0.05). EE 2 A FE AFARE A H|
A Al AR = B 2 FIRA Ol A ol gk v st E 1B oH(p<0.05).

ITA® value™ w3F HlL A AFARE 8F 5 Aol A Algato] thxtol Hs] o3k v 5
nu R EAE EATHP<0.05). B3k 2 A AFARE A3 val Al AT diRa B2
T 72 HIPAAE A el v A 2 aE B AT (p<0.05).
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wa

W Test Group

w2
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4.0

(L~T) Joe2s

2.0

15

1.0

we
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AR el A A
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Al1Ad d=2d F394E

1 1xpd =
A2 A =¥ B 7h kA G &= (%)
SFFARREH HCADS dgds] 2 A
A, e ea kst 24 7k
- S AREE HCADS 23, ¢4 ® | - S+54=258 HCAD
shebA 54w e B R
AT 2| - SEFARRY Eed HCADS =2 | - 29554 97} 100
SA4EA - 3h3HA Q1 b x4 - Fakstdd Ht
- SFFARYE € HCADS $4F | - HCAD 5 E#olnlf =
shady 54 Aol Fte

- maAe, guE 2 FHolesA 2
2ol e o
el 2 Y

i3
ch
o
£
rg
Jo
k
2
o

- STETFAREEH FEd

HCAD % &4:4:7%
z=°] g kst

A7 4 5 >
- 8 ] o B . B A g muleg o) 100
&N - FakstgA gL v @b 9om - UTHHP;] 2] ;;7}0 )
Mmslx 712 o .
ned g Ay - AEEA 2 A9t
- dmgdaAg Ml AxsA Hrt 7 7}
- Al Aater Gt ;
X S gA @ olzxA H7y
_8— 1= - = = o)
R fFaAd 2 d 7t - SFEFAFEE g3t
s Roba A 1 i o in vitro ¥ &y H 7}
“ — Aol mwslA © S = -
SRR P PPREA RS W vie | s sz zgel gu | 10

5 7}) . o
: e 54971
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AdeE = 5 oo A FEE FolE AT AR Am)e] AmE nlth aey A
aAe e FE obolrolzk Qojok sul, okolriolst alk Slelx, HE A& 2 ASIEE
Ao BEE eyl 44 o
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gy} QPE g} : o

>
{ e
b

3. 7|&dAd 9 Jd =

¥ ahAlel o9 $45715%8S HCAD, 53 DFP 2 CFPe| Eelopnzfisoles 24
i 5

Ao R s HAFEZE 75 HAFE=E Mo S++715F=5(SID Corn BE) 71
of @ HAEY F=-wT97|=, @ a4 AY7lsE, @ H7F7I&(n vitro efficacy evaluation
Ast-tA s 7ol QFEHH, o] © FHAAAY, ® FEAE 2L @

technology), @ 1}
AE3}7Ee] &

(1)

N o1t
@ =l 715 EE RS 20089 110330 ow AAl A% dul 178% AA s, 54
WA Aol Agrct 36 of ;
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A =}
Z o SCI
2 . ey | volvoy | AT | ST
FAR | DAAR | TEAR N
Antioxidant and
Antimelanogenic Lee SK,
Activities of Kim EO, I. of
Polyamine . . Oh JH, .
2007 | Conjugates Chot - Choi 1 ¢ on ks, | Aericultural 556y | 2g | sar
SW SW . and Food
Isolated from Corn Parris N., Chermist
Bran and Related Hicks KB, ry
Hydroxycinnamic Moreau RA
Acids
$55A f9 5 J. of the
o] EE Al 4l L] of Kim Yoon Im KR, Society of
2009 | A= Ao 4 M] KS Jung TK, Cosmetic 35(2) et
Zd A A3 = Choi SW | Scientists of
=} Korea
Effect of Thermal
Plff?iti?olﬁf Kim Choi | Yu MH, | Food Science
2009 : Lee KT, and 18(6) =4 | SCI
Constituents of EO SW Yoon KS | Biotechnolo
Waxy Corn (Zea 8y
mays L.)
S EEW Y
3
hydroxycinnamic Yu Choi . J. Korean Soc
20101 cid A w MH SW Kin EO |k ood Sci Nute| S0® | =H
anthocyanin 24 9]
stk W)
Effect of
Hydroxycinnamic The Korean
Acid Derivatives . . Society for
2010 | from Comn (Zea | Sm | Yoon | Kim SM, Applied 53(4) | =ul | scI
M] KS Im KR . .
may L.) Bran on Biological
Melanogenic Chemistry
Protein Expression

\]
5

v &

M

Fa
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2009 International
Symposium and
Annual Meeting

2. Sty
_ . . gz Poster :
R = & = Shab =
} A S ws) eyl I WER

Kim M], 2009

Im KR, Skin anti-aging effect of corn Asian Societies of 2000. 4 919 a
Yoon KS, (Zea may L.) bran extracts . L. 03. 04 2 F35}m}

. Cosmetic Scientists

Choi SW
Kim M], The inhibitory effect of

Im KR, hydroxycinnamic acid 2009 tjetshdEeks] | 2009. R
Yoon KS, | derivatives from corn (Zea FA8tE e % 3 04. 10 off &}
Choi SW | may L.) bran on melanogenesis
Yu MH, QuantitatiYe cha.nges. of Sh 2 5} 8} 5]

Seo IH, hydroxycinnamic acid 2009 A
Kim EQO, derwatwes in com bran 2009 Bt @ 05. 98 P01-014 219 A Al E]
Yoon KS, according to extraction and 7% 3
Choi SW processing methods erte

. B F

Kim EO, Effect of thermal pretreatment 7}k 3)

Yu MH, . : 2000. Kl

on the functional constituents P01-019

Lee KT, e = 05. 28 79 Al

) of waxy corn (Zea mays L.) 2009 st&=tis] 2

Choi SW PEES

<} 7] 7‘5‘§]
b= A
o oF 318} 3]

Kim EO, | Antiminflammatory activity of g ¢ geaith and| 2000, 24
Yu MH, polyamine conjugates isolated Longevit 1105 OP-02 2190 A Al €]
Choi SW from corn (Zea mays L.) BEVILY ' I
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H 6 & A/E aPE0lM +HT sHelatstr|a8

- BAE Hoke A4S Mg & 4 e g3+ IFSCC (The International Federation of
Societies of Cosmetic Chemists, = Al 8}74%238k21 3] )2 & dol= Congress, = F¢l
+ Conference’} @21, 95 B§3 =+ IN-COSMETICS7F 9+

- 2007 IFSCC Congressel Al @iy ddsts AFAES W& Udds spgEAd =
A UES 2NE

- 2009 IN-COSMETICS ASTA°l= 1309] dAle] 7154 &gl A4 Hney, of F

e g ARE 2ol

1. Water Distribution and Natural Moisturizer Factor Content in Human Skin
Equivalents is Regulated by Environmental Relative Humidity

- Division of Drug Delivery Technology, Leiden/Amsterdam Center for Drug Research,

Leiden University, Leiden

- Human Skin Equivalents (HSEs)= AF&e] 35 =pA| 9} uf
(in vitro)d] ZZ7o|A] my ot =8 HFAHZF9 sl
ole] ¥z I & ¥t

- 95 ZtFo] ubgle] #st gaho d4de FEEHF T T2 Z A wAEE 84
geks w "ol S HA R G5AA(Natural Moisturizing Factor, NMF)2] 5o o<+
3= Zlog Heltt

- AFdA e, FF AL HSEAA 3% NMFO F8 A& 3kl Pyrrolidone

s o ApA ol A Btk
u] & virh HSEolA F23 PCA &3S Z7HA71=d AuEE7F ¢S 704 HSEZ}
A S wgEzde] AEAFHAJAT. 40%7HA] HastA =W 95 ZA 9
AbgE o] PCA g Ay 240w A Hd89s ¢ F Atk
- aguy A BhE 2FoA g R o] Yo s S &
3tA1 A swelling A 7]+ Ao|tt.
- o]} e A= HSEoNA ZrdZoAe] 4

So obx LeAA e BE agle] dd =YL ANFS & F vk

M
1%
ot
9
o
o
o
—~ ‘lN
Ir
ko
r O
rlo
2
re
=
o)
r o
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2. Novel Design of a Peptide Mixture with Unique Features for Anti-wrinkle

Treatment

- DSM R&D Food Specialities, Delft
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o,
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ool g
ml
O:

::4

Mz 7les idesin. Jidd 3

=

doll e A A &S proline-specific endopeptide=

-{11
Ho
k1
it}

Aspergillus niger=
7] etk
®AeFo] 500 Dalton ol3te] #2 2o Melol=2 THE Aetol= B4
AEHT, AT HAEelE EFEe e faEE Agd WAzl
o AAsk v wske] delr) b

- flEbel= 24 st F4

ol | o Lo K
BN
i)
(it
)
N
¥ HE
ol
E o
[
fr
e,
Au)
o,
SR
M g
o=
>

_0|L
[
fin) r1r s

H
=
o

] wj$- vt DSMol A= WA 2 9

]

g

EEH%E} ]‘: (rmlk tripeptide, MTP)

]_
2 Wyt HAetol== 53 2z 7t=54 odo]l  prolineo|th.  ETHAN,

extracellular matrlx-J T8 Fx4 AE prolineo] F5F3sft}.

- MTPeo] 3% fibroblastell Al Ze}al A& A=Fsth= M-S SHe7] 98l in vitro A3
S Agstg o, 1 A3 MTP= cell proliferation, cell viability % collagen 1 %=l
5 eI ol Az o]o] JAAAHES HAA ST

- AE2 05% MTP g+ Adoz 6689 oS uide= 3/ ot JFnsg, &9
Fazolel] s Hrtstdrt. A3 R w=ste] dis] A aHE HAL 3
AZ 7] getuEQl RzE A TAA A

3. Bio—-Switch : Release on Command of Active Ingredients

- TNO Quality of Life, Zeist

W = d7d 4,
ol A=E At

- SRS UEL AR F2 vdRE Y 22 9F ASUeRiH s T
A< 5] 91T

4. What Makes Sprayable Production Spray?

- CP Kelco R&D, Nijmegen
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- BgE ReplM B /AR @ ~zdel @ 5 Ut AFE deA Aok 2 ~xd
1% F G AHAUA, upr] 2Teo] BA, upr] 2zdo] wrol, wehyle] Fig
o], =] €y AFWRF ot} dof fixative, 74 £ do], I ~xyolet 4

- 2xgo] AF M oy FR3 QJERETY] AFSA, A A, HE B)UAA
o B E=RoME b 2EHoR T3 Axyo] FE 2HS wERIL & o AF
sHAl, & AEste™ olE Xy o] AFELS &1t atomization AES Hofof gl

- =& atomization= A|3F 2 %554 (rtheological properties)ol]l ZshAl o]&3gttt, FA3] A
L7} wropopdttla Ai=th ey B =R A9l o] shear viscosity® W olygl ALy
of mZollA A WY I Ta3 TS S Aok A HEs 2zdort & 2E

7] $1eA v T o g Aot
- e TEabdal sxge) o

A2t 7 (Gellatin Gum), 7} 2

Atk olE Ay AZg oy A= &nf

M
A
Lo
r ol
)
i

g AE5A 2 o+ 3tA], Abehd (Xantan Gum),
2 2~ (Carboxymethyl Cellulose)oll ™3] e
Aol Ao F&atA 4&=E Aol

O Uez= 3335 A 5F
1 AA SEE
oAA BH3E NG 5

o005 AASHEE RS & 253701% FEEA Adon 82% ARaen, 20014 o
F old FEE FAAE melw gk,

- 20056 AANGE] A AgTHREE, dEBEst T8 Afgel 76501 HR AAA G
30.2% 5 A gkt

- A AASFE AFTEES 1098

T 2000 2001 2002 2003 2004 2005
R 476 477 51.8 62.9 71.3 76.5
R 8.6 95 10.7 125 14.8 171
Solv 2] 7} 46.0 475 486 495 50.3 53.4
g}l ob | 2] 7} 20.2 19.9 17.7 18.7 23.2 29.0
o} Al o} Efj 3 ¥ 424 40.4 41.7 45.6 58.2 63.1
35 2.0 1.9 2.1 2.6 3.1 35
olzl7l 94 F& 75 75 76 9.0 10.1 11.1
Al A EAD 174.3 174.4 180.1 200.7 230.9 253.7

- UEdeEEE T3S T A TR S 2005 W wro] 4809 & PR E HAIAEe] 189%
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Ao by 2 AGE ol Fu vk
- e BHPE AFTEES 198
T 2001 2002 2003 2004 2005
v = 442.2 458.7 461.6 468.5 480.5
R el 87.2 97.5 122.4 137.9 140.8
EIR=A0 At 18.4 20.7 26.2 29.7 31.0
= 38.6 45.1 46.9 474 54.4

7}

A%d HYE
A%d SHPE NY B

20061 d A (EU-156+ 29 2+ =29 0] 9f)9] 3743 (cosmeticttoiletry +perfumery) A7 i
=dL2 6279 =, 20051 tiH] 4.2% F7Fsl 2005W(2.0%)9] s oA ThA] ARk
o8 Ast o}, olef e A T AFH F8 uAl 5, Zeks ojehg] o}
AR A GEE gk Ao R Heln,

200613 =91 =(-0.4%)2F Wvla(-0.7%)5 At FE A9 T7F A&l A= 2005
dodiH] E9 s AR aFdAE 59(55%), 9709.0%), =29001(14.6%), A
(56%)7F 5% ol/e 1dFES 7IEPL, 1 9 ZEA 32%, olgg ol 3.6%,
4.6%, YE&= 01%, W/ 1.8%, =9l 1.6%, 18] 2.3%, L2E7 o} 3.4%,

2 05%, otd M= 38% = AR v AFdES B

o

9, %

.

[
o
i o d

Pl
i

AR EY F8 37

< AA 34 (natural/organic cosmetics)®] #ul 7} Al s 78W A7EA N Sl &
A AFoIAT Aol olAl= FEAE AFoZ FAdsta . ol 17424 E 3 v Eo
AnkA o2 Ay ~(wellness)E F7s8he A tEo] sPF EofllAe Hid &zt
S AFE SPF AR gig A4l nxEHI A AR SRS e AEFol
Ao x 3L gl7] wfjiEolth

zZapro s 20050 AAsHEE Al 40% 2 HE S EY o] B FAE ALE
Aoz AEch (20051 d 3€ TVollA adFe] g-f¥ Iehdl ~(parabens)9} 22 22 o]
Agsd ¢ s ouHEHE s 9 EHa ad9AE "R, HAR 7| HEe] SE
Eoj9 &= gt o]l 1S E & doe AuEAS Hup AujAEe] sgEAA R U
gk Fol9 Aol xHI 9lF)

zeps AAsAE Fo AFPGAQ SanofloreAlsE 23 o] 3AF wjEFo] 2w SIS AS
At el mEw 1d Abolol A7 F3 A AR wjEo] 5715% F 7t
girhal 3}
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[

O AE E

() H4E HFE Fa 37

- o FAAE SFE 8t AA Fvkska Tk

- 2002720043 3 AA ALY F7FES 14%4re] H A FdAw 5710 T A A
FRE 23% TRl FAAE SEEY 8T FA FUrstal o] kel A9 dA
Hd SHgE Aol Al sdE A 10% oS A skar gt

- g8 FEeREE AE A AEg F2 dE Ad do, & 2 I A", Ayutg
& ntaa, dE9iE @ e A9, 75 e 29 Be w 798 29 79 3%
Fol Yo ed olF &7t A9 60%= xAstal Toiletries7F 30%. 4=8§& AY 5

beauty care’} A9 8%, 1}

=)

A+ hair careg&=o|t},

(2) =3} HA & s} EF T8 =
fFHol A= 22 A 3 ‘baby boom” A& Ejoj A7} o]A] AA Koz <HAHH

seniorA| 7} HHA] A74star @A Kol &% ¢ E°] anti-ageing sHFEo] S ]
Fal A
- Anti-ageing 3% 5 3AE(skin care)o] FEdt A= o] FAANE FEAY

A FAEo] FHE o]F 1 9t} Euromonitor International(PFAI® FA}G Ao w=w
Anti-ageing 3} %8 skin care 3F% JToAM= AFEol 7 wWE A3E(2002703d 7+
114%57He 2 55 A% ﬂ“jb 709 & o]l gote= Aowm FAHHA

- o] & el A Hl Al 18 B QA S anti-ageing woFoll A AlEE SEEH L 4
AFS THFol Al WE ‘il‘jr.

- 200539 Garnier= F(soja)¥ F3E 3t Garnier's Skin NaturalsE& H| %35},

Beiersdorf'™= new Nivea Vital facial cream= Scwarzkopf & Henkel Diadermine

r

ReactivanceE Lancome< Platineum sun protection cream &< W=

- F o= seniorg anti—ageing 3FEEE ofygl FEAo] 7] AlZFsk= el 30740
AZolet TUANE dom & FE4 BAE FES W F7] AFEsH

- Oenobiol 304 ©]/de] 48 F=F WA AHE, Avone "Anew’gt= BHEZ HI|A %
of 2005l A]¥sl7] AlZSFal Biotherm™ 40t 4 Wt S=Z Biotherm Homme
products& Z=H A el Aufstr] Al AFakSd

- FredAAE wrbetes A wj Aol BrEAL FE whAledl gk WMt gt 72 {5 Ad ol
X = vlFo]l Ad3d tt2rh A YWk wpAl(mass market), 7739 (hairdresser), 347
F A f(selective distribution) 22 F&-H T},

- kiAo A= 90d Y] % 7FA|TF % toiletries Al¥S T2 FHFoIL 7]
2 FHFsA Zdk=v 90d ) SHE o] F skin care A&
XE %

% h =
$E Aol @ujslm glo] WENFOR ¥ /MY Fod £E AUR 2R
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AT oFAAAE hFF AFol BHD U1 I BAS AFS AE FolA B
1 9. AE %9 54 wAcA ABW DA= Holge AHHL £AL ATHE
A% Aol 97 WEe] TAAE T mAL ARHL AEsm At

- AR B Folw Zrhvitk Y Aolst . WIN/HAT =G PR, 2
Q, olgkelotol A AR BojulFo]l Frhstn i WA orEolsh T %
295, SN E gastn o

o}, A A}A

- F49 FFE THAAE F2 TP ~(L'Oreal, Sephora, Geurlain, Lancome %),
(Nivea, Benkshire, Henkel %), %= (Lancaster), U¥ @ =(Elisabeth Arden< Unilever 1
Zo] 43}), " =(RH, Estee Lauder, Avon, Revelon 5)% ¢ A7 A So]t}

of = 17} d¥(Shiseido, Anayake, Ganabo 5)At #|&% Al#E L Qo] sh=r4F 314+

T8 FVHE Kol e AAZEFE Fokst 22 sAAESE AYE

AEste™ %40 AlsFo] EU s Aol oA AdAd<S Bl st =

Mg do ¥o o v
e o o e 1o ry

o

o

=

% FH

[-'O

:L

(7h) AzAF = Y94 == EU 54 o534 F
(h) W&Ee 24 A A == F3(volume)

(th) A& (shelf life)o] 30719 vjwtd A9 F327]
(2H) Me & Farizt

(Mh) AFE FA (A A ])

(¥}) Batch " &

(AD) v 27 B oo Qo] AMEE =X £ 6] Fhefslr] oy AlFe] Afde AE] 7

b

Y

(b 4

- TEAYS dFA R SAHY FEAYC] F5o] & Aedde sEAES o5ty Y
S 3] ®AS|oF st}
5 A= I §5 A9 (Carrefour, Makro 5)3 o9} 72 3ha-83% AQlo] A7 o]
t}.

- AAAsEE ] A= 53] A oA health/fitness AE 7F Zo] A7]
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3. Megx= 3FF
Mg @E g3F ANY 5%

- Uded=olA sEe shEEE obdelr AFF B8 8 AoF 55 TEIH SAES
A, #HeA, A5ty &5 FesE 2 2
35S FAE dAmE L Qv
- ygd= g A= HE  Nederlandse Cosmetica Vereniging (NVC, Dutch
Association for Cosmetlcs) sldALE vEddte A4 sbgE &9 80% 7t NVC 34
AbEol ZFASEAL itk NCV7ZF s < gl w2, yidds s4F A 1R e
°oF 109 F25 A3ty 1909 shgFo 3t A& FHt 120F- 2 Gt Aoz e
Wk g NVCel W=, H 7bg A4 Adsta e foke 23A, 348§ ﬂ%%,
| SpEFE GRAL A4S sEE A2 AT 10% ol AFAE Holu
3% A

ow, g saEE %00l ARES A= 1)
 %g 49 c HSREGI0A0DA S3He BAES FR FUAARE meaar), W]
o (15%), A3(14%), =A(13%) 5 A7 48 ZrtSo o)=7l Fole wo] 6%

2 SN AHe wola Atk ohAlol wobe] Wl S mulaA out Qi
u]—o] °F 0.3% A=o AF&S Kol & Holv

- A vg@ e stES =37 YsiA= EU # 3 Cosmetics Directive (76/768/EEG)
Oﬂ wel obAA, AR 59 z7o] H Aok k. o] A Ho| wet W= BAAEEx

~
woh AEAEL GOl S 9 A4S AR H9, T WEe ok E0014

http://Www.ncv-cosmetica.nl/import/wettelijk

http://www.europa.eu.int/comm/dgs/health_consumer/index_en.htm

http://europa.eu.int/comm/food/fs/sc/sccp/index_en.html.

- UE&=d fEHe 79 IF sEE

Vichy (L'Oreal) - www.vichy.com

Dermolin (Tramedico) - www.dermolin.com

Ahava - www.ahava.nl

Biotherm (L'Oreal) - www.biotherm.com

Unicura - www.unicura.nl
Nivea - www.nivea.com
Sanex (Sara Lee/ DE) - www.sanex.nl

Laboratoires Garnier (L'Oreal) - www.synergiel23.nl

Oil of Olaz - www.olaz.nl

La Prairie - www.laprairie.com

Clinique - www.clinique.com

Clarins - www.clarins.com

Dr. van der Hoog - www.dr-vanderhoog.nl

Estée Lauder - www.elcompanies.com
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- www.diadermine.com

dad2 A=

Estetika, Brussels, Belgium Drophar Beauty International - www.beauty—international.de

Beauty Trade Special, Utrecht, Netherlands - www.jaarbeursutrecht.nl

Dove (Unilever) - www.dove.com

L'Oreal - www.loreal.com

Yves Rocher - www.yvesrocher.nl

Santé Gezondheidsbeurs - www.gezondheidsbeurs.nl
Huishoudbeurs, Amsterdam, Netherlands - www.rai.nl

Diadermine (Henkel)
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B

A=

THel HE=

O]_‘

o]

% °F 80% o©]
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7 5F 29 9 ¥ (Homeopathy Medicine)

il

So} g

- 20001 o

5

A oA A7bEY HS 19 ARE =

)

(7h)

FE Ax

1

H A. Vogel<
() dd=t= ofokdEx]Ql wtjtiol Al ~E(Medi Digest)7F #| el

(7h

o= vy

Y. 71595 (Organic Beer)

!

N
23!

2001
|5 =2l 'Gulper Bier’

-
o

3] AFQl Gulpener Bier

B

N

Al

=
=

7

[e]
IT

EEY
dEes 20019 ‘A zte] Fa

=

-
T

(7} GulpnerA}t

Gl

]

B} 7k o] of 20%

M v 10% o]l W& s 7

(th 20043 Gulpener ™

3T
™

(\}) Gulpener 15+ T2 A

ox

=
fite)

wr
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il

==

HH
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(sustainable award)’
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o A7 S5 (Healthy Tea)

- AR, Bag
a7 Nzs 3

- 73 ]:HJ o] °

H|wHHkZ] 2 clo]ojE Ei}, W23E 9

g ] oLaX] H wEA A S st

- ddgd=o 71 thE Al FyeAl A1l Albert Heijnoll A A wal] dnf AlgGEo] =&
T 209 Yo EEo] Zonnaturail< 5—"774, SlEA 5 AASEYES B u vEdE= ol
A A7eE A FF A A" M =2 AFY stuE HrkE S k.

2. 7738 4¥F (Herbalife)
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