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Mass Production of Chaff-vinegar and Its Effect of Anti-Aging and Whitening. Hwang, Jaegyu!, Jong-
Kuk Yun', Suk-kyung Kim?, Sang-Han Lee®, and Kil-Hwan Han'*. 'Daegu Technopark Oriental Medicine
Industry Support Center, Daegu 706-828, Korea, “DaeWon GSI Co. LTD., Chilgok-Gun 718-802, Korea,
3Department of Food Science & Biotechnology, Food & Bio-Industry Research Institute, Kyungpook National
University, Daegu 702-701, Korea — Chaff-vinegar is known for having a variety of useful purposes in the fields
of health and lifestyles. In a previous study we isolated and identified the active fractions of the polyphenol com-
pound 7 species as a potential biomaterial for cosmeceuticals. To further test for its potential use as a functional
material, we carried out an MTT assay, collagenase inhibition assay, elastase inhibition assay, tyrosinase inhibi-
tion assay, DPPH free radical scavenging assay, SOD-like activity assay and a xanthine oxidase inhibition assay.
Chaff-vinegar exhibited potent collagenase and elastase inhibitory activities in a concentration dependent man-
ner, indicating that the agent has the potential to alleviate the skin wrinkling process. Chaff-vinegar also showed
80% tyrosinase inhibition at a concentration of 100 uL/mL. DPPH radical scavenging, xanthine oxidase inhibi-
tion, and SOD-like activity results for each activity were 80%, 80%, and 100%, respectively. Taken together, the
present study suggests that chaff-vinegar is a good candidate for use as an anti-wrinkling and/or whitening agent.
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Asl= &4 el FEHAIVA (collagenase)s HAIAA 53
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100% gradient)S ARE-3ted 9 [ mLe] $E3 10 mL¥
Hsle] SA3kAe. #53 AlRE Sep-pak C18% 533F
o] 0.45 mm membrane filter2 o3} 3+ F HPLC(Waters
2695, Waters, USA)E £-43}t. o] #] columne Atlantis
TM dC18(4.6x250nm, 5Smm, Waters, USA)S A}-4-3}l91 2
™, column oven X+ 35°C, o]-5AF2 Mobile phase A:
Formic acid(pH 2.8) %! Mobile phase B: 50% acetonitrile
(pH 2.8, with formic acid)® gradient® #X3}91.om], 24
Al $45& 0.8 mL/min, 3P 290 nmellq EA 515}
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B16F10= 792~ melanoma A ¥EF0|2, NIH3T3= =}
F20] AfrolEFE = A2 F 23l Y31
74138k A= Dulbecco’s modified Eagle medium (DMEM)
ol 5% heat-inactivated fetal bovine serum (FBS; GibcoBRL)
Z} gentamicin (50 mg/mL)S A7t Wiz S AR83}e] 37°C,
5%2] COHlF7]ol A wlFsld . Tyrosinase, collagenase,
elastase A]2F-> Sigma chemical Co.,o|A F$3}ked Aol
ARg-EFA

MNE MES &5

A ZZ 96-well platesl] 8x10* cells/mLE 53] 1A
SAZ F 2 S TR A dte] 24417 viekst v
A2 A A F MTT €Y (3-[4,5-dimethylthiazol -2-yl]-
2,5-diphenyltetrazolium bromide; 0.5 mg/mL)S % 7}3}o]
37°Cell A 2217F §<2t CO, wiF7 1A HESAITIH B84
AA o] AAHA =} o]FgA WA E844 AAES
dimethylsulfoxide(DMSO)Z. 2+413] =4l 2, microplate
readerg ©|-8-3te] 570 nme| A A FA3II . o] FA
SAE kS o83t M ESAS Rl

Collagenase XsH{&y =3

7 =3} oA BHE FIE] 9l3ke] collagenase 3l
2 SA201 effel 7ol SAF A F HHT+= 0.1
M Tris-HCI buffer (pH 7.5)91 4 mM CaClL,E 73}, 4-
phenylazobenzyloxycarbonyl-Pro-Leu-Gly-Pro-Arg(0.3 mg/
mL)E ¢l 712N 025 mL 2 A58 0.1 mLe] &3
ol collagenase (0.2 mg/mL) 0.15 mLE % 7}5}o] Al-L-oj|A]
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07t WA gE ¥ 6% citric acid 0.5 mL& o] ¥H-& A
A|A1Z] ¥, ethylacetate 1.5 mL& 3 7}3}e], AbsoS F 3+
% 320 nmellM F3=F 343 Collagenase #1324
2 AR gele] ol T FHE pad el
Wt

Elastase X5 &4 &3

I3 FE MAEHE Fels7] 913 porcine pancreas
elastase #]3l A AL 71H 2 A N-succinyl-(L-Ala)s-p-
nitroanilideZ AREdled 37°CellA 3087t p-nitroanilide®] A3
S FAAH6]. 4 AlPLA S A T2t HEF
ZA3ke] 0.1 mLA Al el FH3FZ 50mM Tris-HCI
buffer (pH 8.6)ll =<l elastase, pancreatic solution, type I
: porcine pancreas (0.6 units/mL)£-<} 0.05 mLE 7}3F ¥
7122 50 mM Tris-HCI buffer (pH 8.6)°l] =41 N-succinyl-
(L-Ala)s-p-nitroanilide(1 mg/mL)S 0.1 mL 3 7}3}e] 302
ZF WAl microplate readerE- ©] 83} 410 nmell A &
5% ZA319H. Elastase A3 E4-2 Al 5499 Hrl
o} FAH7E] FHE s E Jehgy.

Tyrosinase Xaff &4 &4

I v 235 2lslr] 91519 tyrosinase A3 EdS
23} o] ZA3IATH21]. F A1@ el pH 6.82] 67 mM
sodium phosphate buffer 0.5 mLol] 10 mM L-DOPAS =
el 714l 02 mL % A28 0.1 mLE ¥ &3l 110
Unit/mL mushroom tyrosinase 0.2 mLE- % 7}3}e] 25°Co]|
Al 287 BEEAIA HES Fofl A ¥ DOPA chromes
microplate readerE- ©]-8-3te 475 nmellA FREE =43}
%et. Tyrosinase 8| 842 A 88N A7\t F37=-
o] FEE FAaER VeI

MX}Z0{(DPPH) &4 =4

7} A|89] 1,1-diphenyl-2-picryl hydrazyl (DPPH)I &t
Az BHEHA AR AHE SAH3]. F &
Z2Z2B0 v W3 2|23 AlE [ mLel 0. 4mM DPPH &
A 0.5mLE 7}3}3, 10%7}F vortex mixing = 37°Cel| A
3087 HEs-A17] Bl o] HES-N-S microplate readerE- ©]
43l 517 nmol| A FR=F 34 3

SOD-like &M &H

Z+ A& 0.2mLel| pH 8.52 XA3t Tris-HCI buffer (50
mM tris[hydroxymethyl] aminomethane + 10 mM EDTA)
3mLe} 7.2 mM pyrogallol 0.2 mLE- 7}8}3L 25°Col| A 10
ZFHEA] F 1IN HCl 1 mLE HF-& AA] A|Z] F microplate
readers ©]-8-8ted 420 nm oA FHEE FAste] e
SAch14].

Xanthine oxidase Xsigtd =H

A58 0.1 mLe} pH 7.59] 0.1 M potassium phosphate
buffer 0.6 mLoll 2 mM xanthineS ¢l 712 02mLE
A 7}3FaL 0.2 unit/mL xanthine oxidase 0.1 mLE 7}38}o]
37°CelA 5EZF wESAIZ] F 1IN HCl | mLE 7}8ke] wk$-
< T8 o, BEEY Foll AAE uric acidE 292 nm
A FH=E =335t} Xanthin oxidase #13l] AL A
= N Al AR s s R vERIY
oH16].

A Xzl

H 7= E2H oz 33] o|Al HIE- AlA]le] A3t 2
Je 2E AYAIE BT + FFAAE B713l95, 5
A o)A Student’s t-testZ 3} 21, pghe] 0. 05 o)}
o o BAHoE folshrin Aetaict.
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i zolo| MK
A7l GAZNE AR 98] A oF 2,530 Ke F2)
g F Az QA2 (DCH-60001 4 29 AR A
Aslsich. SAZHE Az WAL 142 Tk o3
a7} o] Folxlnt. o] Bl E YAE Gl e DA
2 800°C HelollA FAS HA "3t Aol 23 &4A
o] wel} o] FolAict. A 2,530 Ke& 8217+ Bt whalA
R EE R P B EC S RER R ER T
0°Ce el £ BAZNE AN A 2oL
A "o, 23} whsh o] YAkgS PAR A9 2
o 15.8%7F AAkE I w3} 0] A§- 22.4%7F AAHE
Nk Az FE 2 2 vlF Ll o)
o] 5fozlom|, PTeyZe] AAE = YAZNEG /iYL oA}
=4 AA 54745‘?‘4 = AAZE B3l AR delFE A,
%, 3k AlFoE FeEH 50 B2 i AP
HSM ‘J}C’lﬂi IHE ﬂﬂ slodet. A==l %‘742"“3 X4
S Aol 27t 2 SRl e o F st o3
EVW—"* A AT SAZNE At A" YAz
o] 71 SAEA S el flE sl ks AdS F
Ao &Ado] -2 FE-5 Fsled HPLCo 23 #A4& st
o] ¥ A3} Polyphenol "é Ho] ¥3l% FHoA FALSL &
ol ¥ vebdeS &<l 310 (Datas VFEPA] 39k
&) °] &5l ¥ FE5 E3lsled HPLC 717] A3t 2
7} Table 13} %ol 73?‘1]% 9GAzN 100 mL caffeic acid
445.16 mg, phoridzin 52.25 mg, coumaric acid 12.2 mg,

ferulic acid 7.93 mg, pHPPA(p-hydrophenylpyruvic acid)
2.98 mg, epicatechin 2.77 mg 5°] Tl = A=

selsgic).
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Table 1. HPLC analysis of effective material for antioxidant
activity from chaff vinegar.

Materials Contents (mg/100mL)

Protocatecuic acid 0.37

Caffeic acid 445.16
Epicatechin 2.77

pHPPA 2.98
Coumeric acid 12.2

Ferulic acid 7.93
Phoridzin 52.25

Az A E *B Tof| PR F3FS UolR 7] 95}
9AZNE 001, 0.1, 0.5, 1 uL/mLe] FE2 wi=|e] X7}
g F A E AEES MTT assay2 =310t B16F102}
NIH3T3 Al Zol| it GAzN A E A4S A3 23
AE F 2F 1 ul/mLe] F=olA 100%el] 717 A E A
E85 vePlgle o9} o] MESA AFAAE vk
2 gAxN 9 E/Hoﬂ 3l o] A=E kAL zk 9]
T Ao ol A= Fxolof| digt gt
XVUr Hl dﬂl epdeh(Fig. 1).

Collagenase Mgt £H
I -o] A9 WA F F Al collagen 31952
90% oAy 2 23] Z9] collagen Hallol u}E 7HAE )3
< AR AgxA o] ] He] F53 ehEHA s 3
A3 dele] " 34 9] ]—%—"ﬂ *XHS}:: matrix-
metalloproteinases (MMPs)= 34 2 219X Sl 9
3 frdEe I)feste) *ﬁ‘*"} 135t 9471 olet
MMPsE- o] 7= F8 AR 92 collagenase, gelatinase 3
elastase 5°| alom, I|5-2] wtH3ka gl FEAA ] 3le]
Al collagenase®] A 7rae vl F83H. 189=2 9
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Fig. 1. Viability test of chaff-vinegar against cell line. l: NIH3T3
mouse fibroblast cell line, l: B16F10 mouse fibroblast cell line
The data were expressed as the mean + S.D (n=3). Results are rep-
resentatives of more than three independent experiments (p<0.05).

7AZzN9] collagenase Aol el Eelsl] Bdoh 7 2
2} 100 pL/mLe] F=olA 100%2] =2 collagenase #] 3
3 25 vepiglem, 50 ub/mLe] Eel e 50%2]
S5 2|EA collagenase A3l &4 &5 Hepisich 5
3| E2FLE AMEE H3 F2FE Y] @Y =3
epigallocatechin gallate(EGCG)ell 717h-¢- =2 A ZA S
vehfje] sbAZM] collagenase®] A3l&o] #7 vebd
< a1 & 4 U olEis A= B oo Az e
3} A 32]-01] &3} 9] caffeic acid, phoridzin, ferulic acid %
o] =2 FEZ FFF o] glo] collagenase Aol THoidl=
Aoz Z2Asp] E3) YAzN Yol &-7H caffeic acid,
phoridzin[7]2 collagen®] #3}5 o} =|Heo] 55 /A
gl W sk ZleE Alsddh(Fig. 2).

Elastase XMaligd &3

Elastin 3|3 M| 22]714 (ECM; Extracellular matrix}‘)—
TA3RE A Fol shteld, = w4 Astet F5
Adell collagen®] ZHAE ope} Z) et A o] A
elastin A3} odgte}. Elastases 29| W I)FeS
;(]—5],__13]] Q3 7]7<1 u]-anzlo] elastln _,_g]]g].l_t g Ao
™, UV =22 HAEE =3 A3 75 34 28 &
oJgtt}, 2B 22 elastase A A= -L]l"% FE25 JAsl=

or&o

—

A M Chaff-vinegar [ Ursolic acid
80
g -
g 60
<
St
S 4
=
)
=20
=
—
0 - R
1 10 50 100 0.1 mg/mL
Concentration(pL/mL)

B M Chaff-vinegar [] EGCG

120
<
é 100 _
2 80
<
St
= 60
g
-
;§ 40
T 2
L

0
1 100 1 mg/mL
Concentratlon(p.L/mL)

Fig. 2. Effect of anti-aging of collagenase (A), elastase (B) inhi-
bition activity for chaff-vinegar concentration. A: Chaff-vine-
gar (W), EGCG ([J) B: Chaff-vinegar (M), Ursolic acid (7). The
data were expressed as the mean + S.D (n=3). Results are repre-
sentatives of more than three independent experiments (p<0.05).
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z2hgo] 9l AR odEA v AAlE SAxA S o5
gt elastase #13l] 24 345 E)l sk 23} Fig. 20014 ve}
kel 7ol 100 uL/mLe] F=ell A 50% ©]AF2] elastase
Asl FAE el olelst AHE GAZN de ¥
% A% Z epicatechin, ferulic acid, caffeic acid 5°]
kst 9l i slol] foddls Al o2 ALREIH1].

Tyrosinase Mollgtd &3

Tyrosineel| A Wehd-& FAJsR= ALH]] T4 Aks) vk
5ol A tyrosinase:= *& tyrosine®] dopaZ AFS}E= 24
3} o5 2A1¢l dopa’} dopaquinone®E AbS}E|= 7 71X
A o] WS SAlshe Eavelnt. YAZRNL o] o] 3
3= tyrosinaseE A |22 A] nHo] B ow 2L
=7 #lslr] S8l 2Ae FA% 23} 100 uL/mLe] 5
ZoflA] 80% ©]/F2] tyrosinase AF S e o 5
= &M or Asg@o] #A Jelytt) o] Az A
ZN el FAERS] ferulic acid[15, 21]12] 7% Ake)A=}
ot &3 2 mjulA]o] FH tyrosinaseel] A&7 S-S 2=
7oz A= xIchFig. 3).

MXIZ0{(DPPH) &M =X

DPPH(1,1-diphenyl-2-picryl hydrazyl)= free radical®]
oA 3lEl EX= uks- & DPPH| A3l= free radical®] &
Aukge] APE A Q55 & = A frajakaet B
3AJAES (ROS; Reactive oxygen speciesy= Al 3E A A k2]
TR B3} AAES T4k A A Ak} uke-S
doA Aol Azt AAE -3t QA 752 A3
Jm AR, 5 9 e S8l ol A4 ABE F
oL akelA SeHs), Azl oleie P} 88
s}e157] 91) DPPHE ol Sale] A3t a8 245}l
ot ok 2oz Ak 2hEo] ol o= A4l

M Chaff-vinegar [J Vitamin C

100

80 -

60 -

40 |
20} I
1 10 50 1

Concentration(uL/mL)

Inhibition rate (%)

=]

00 0.1mg/mL

Fig. 3. Effect of tyrosinase inhibition activity for chaff-vinegar
concentration. M: Chaff-vinegar, []: Vitamin C. The data were
expressed as the mean £ S.D (n=3). Results are representatives of
more than three independent experiments (p<0.05).

BHA(Butylated hydroxyanisole)S ©]-8-3fe] 2474 %ele] &}
bzt wae vimage Az BE FE oEdon
DPPH radical 2712F-2 Vel 1l oFA W23} v)as)sd
= o BIssE A S epde. ol2ist AR caffeic
acid, phoridzin, coumaric acid, ferulic acid, pHPPA %!
epicatechin 52| S7AxNl| Tf3 - A3} =4
o) 7 vepdon] olzist AL Eaje] Sizale gn
oA &3] dofihs AR W3 X315 wRlEeT 2
3ol g Aoz AREH3](Fig. 4).

SOD fAl &M =3
Superoxide dismutase (SOD)= 3HAFEL 42 A] A Eo|

A M Chaff-vinegar [0 BHA
100
~ —
S 80
N’
)
N
® 60
-
=
S
= 40
x
=
=
= 20
- _I
0
1 10 50 100 0.1mg/mL
Concentration(uL/mL)
B M Chaff-vinegar O BHA [ Vitamin C
120
T 100
Q L
N’ —
& sof
<
-
= 60
S
=
s 40
=
= 20
—
oL N
1 10 50 100 0.1mg/mL 0.1mg/mL
Concentration(nL/mL)
C M Chaff-vinegar [J BHA
100
~ —
S s}
N’
o
~—
< 60
St
=
=5
= 40f
x
=
= 2
=
A |
0
1 10 50 100 0.1mg/mL

Concentration(uL/mL)

Fig. 4. Effect of antioxidant of DPPH (A), superoxide dismu-
tase (SOD)-like (B) and xanthine inhibition (C) activity for
chaff-vinegar concentration. A: Chaff-vinegar (W), BHA ((J), B:
Chaftf-vinegar (), BHA (M), Vitamin C ([J), C: Chaff-vinegar (H),
BHA (). The data were expressed as the mean £ S.D (n=3).
Results are representatives of more than three independent experi-
ments (p<0.05).
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38 oxygen radical S FAEFAZ A ZHA 7] 3 ThA]
catalaseol] 2|3le] F-allgt & EAle} AbA A2 AIAIA
AR A S Hedhe 7%S siokal deA ol
oH2]. AEpR|e)l =3} oAlel WAE ¥A)7) Sl SOD
AR EAE 918l Abs} 8490 pyrogallos}t 71 A=Y
< HHSAIA SABIE YAZY BF g oEHeR
SOD A 27288 el z, 100 pL/mLoi| A=
100%ell 717 A3l A velisleh(Fig. 5). ol23 2
# 2 caffeic acid, phoridzin, coumaric acid, ferulic acid,
pHPPA 4! epicatechin 52| 3ALEA| E4E5°] SOD A
< 371 AlFlE AR AlE Y8

Xanthine oxidase X3HEN =%

Xanthine oxidase™= xanthineS 7] & & 3}ed uric acidES
A= Ao A superoxide radicals A= EAo]t}
Xanthine/ xanthine oxidase®] &4l 2]t superoxide <]
£ A 2L superoxide ol A7 =243} xanthine
oxidase BA A &lol] o] Jepde[12]. A HEFo=E
BHAZ o]&3lo] &7%92] superoxide radical 27 &=
vlwsldet. 2 A3} &3 caffeic acid, phoridzin, coumaric
acid, ferulic acid, pHPPA 3! epicatechin 5] dHAtz}ol] &
Al EAE S| AR FE EHo=
superoxide radical 271285 vebdl Ao Al2 =W, oF
A A2 vl S o visst Al 248 vehle] ¢
=3} superoxide radical A &F{1015 eSS gl
& 4 9ddeh(Fig. 4).

kO
9

il
ot
i

P

B AT GAE o83 AL, st Bl
NE dFAAlsle] 7SS AF3aL FAZY e 7]
AeAE BHEk ARk ThsA S elskaat skl
Al GAZNS 2] 7]5Ade] ErlEl i HPLC
71715 o|-43led Elgt A} caffeic acid 2ol 752] poly-
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A AP 2= ME AEE SAHMIT assay), To0A
(collagenase inhibition assay, elastase inhibition assay), |
W (tyrosinase inhibition assay), ¥AtZ} A] 3 (DPPH free
radical scavenging assay, SOD-like activity, xanthine oxi-
dase inhibition assay)e] AIX|slsict. B BF234)L el
o] A} Fali7h Fodt dclo= 2ggivar el A
o, #HE B ATl dekaxle) g el =5 F
FHA 71A-dAM F83 28-S s AleE HAEa gl
PAZzNL 100 uL/mLe] F=ollA collagenase *] 3] &3}
100%, elastase A&7} 55% o]Akoz FEHAH A7}
Slodeh. 22 100 uL/mLe] F = A tyrosineel]
3} tyrosinase A E7} 80% ©|AFOZ m|w] F)7} =

By
o[t Py
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F

1A vrelydo}t. DPPH radical 42718, xanthine oxidase %]
315} SOD-like B2 ol fake] SALs} a2 Zgelaict.
A %N 100 uL/mLe] = A DPPH radical 78|
80%, xanthine oxidase *]3]&3}7} 80%, L&]31 SOD-like
540] 100%S epiolch. mheba 2 475 el A
GAZN S o83 ARG IE 3 7FeA S ERlEte] &3
7} 255 Feld 5 3isle) ole} e AR YAz S
o83 754 SPIES] Adz Bl oieh, AE W oo}
S1E9] FBsAAE Falel TR AESA R 7}
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