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ABSTRACT

The aims of this study were to evaluate and compare the antioxidant activities and melanin suppression capabilities of red
and yellow colored paprika extracts (WRP and WYP) and to explore their potential as functional natural ingredients. The
antioxidant activity was evaluated using the DPPH radical scavenging assay. WRP demonstrated dose-dependent increases in
DPPH radical scavenging activity of 5.46%, 9.92%, 24.23%, and 36.11%, while WYP exhibited concentration-dependent
increases of 6.33%, 13.40%, 28.71%, and 40.41%. Furthermore, both WRP and WYP were assessed for tyrosinase inhibition.
At a final concentration of 4 mg/mL, WRP and WYP showed inhibitory activities of 46.54% and 47.52%, respectively. Cell
viability of B16F10 cells was determined using the MTT assay after treatment with WRP and WYP, revealing melanin inhibi-
tion in B16F10 cells at concentrations of 100 and 200 pg/mL without inducing cytotoxicity. Although no significant differences
were observed between WRP and WYP in terms of antioxidant activity and tyrosinase inhibition, both WRP and WYP were
expected to be used as functional food ingredients exhibiting antioxidant and anti-melanogenic properties.
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S22 7K Capsicum annuum L) 7FA2, 13F2] 3
o] 2] &o|r yglol| whE} paprika, sweet pepper, pimento
18] 31 bell pepper 522 E]3 -t =5
gsle] gojyo wEt duFz EFEArKHwang JH &
Jang MS 2001). ZZ2]7h= thefst Aoz st 1
= AA gz g7t AA ABrre] oF 40%S 2R|5HY, o &
o] ol ©uto] w1 HEN], JFRE o] =, ZEH rolE
9 ESE9 2 AEfY A EL S det] 4
Z Yol AdAA A diske Aoz dEA 9
(Deli J 5 2001; Jeong CH 5 2006; Park YJ 5 2017). T}
g7l gfEol JE BIIRES T 1 2 & ol &
A o]W(Craft NE 5 1993), FE|ClT} Ao}lel e w14
P ZI 27] TS o] 271 9lth(Seddon IM
S 1994; Dwyer JH & 2001). T3+ 74212 Fal s}l 2 4
Ao 9d 74 T3V} Y i(Aizawa K & Inakuma T
2009; Aizawa K 5 2009) 3}Z2]7}9] a3} 3Hakal 10l
HIEH C¢} Evx= B-7128d 3 E4d4kae] ofgh AlE o
DNA /5 "Hetla 2 0% @) cHHunter DI & Willett WC
1994). olvtol= vZe]7h= pH, & 2 Yol ok A&
7 AL e gEE AEe R ueute] dta 553 &F
o] lewJung JY & 2004), Lyt 9 H T} 2~3u) 31 A
2E, Ae g wrjeele] RAE o8 d8wrt =
(Ko WH 2005). &A) v}Z2|7}E o] &3 Fo2e FH
AR (Aguirrezabal MM 5 2000), &22~(Lee KY 5 2022),
A==y 4(Choi SN & Chung NY 2015) 2 =
(Francisco José Delgado 5 2011) 5°] 3 o= 1t
Z2)715 H7F AW (Hwang JH & Jang MS 2001)°]4 5-H
(Jung JY 5 2004) 28|31 n37}F thEEo g gIas=
0]-g-3F Z1X|(Kim HJ & Jhon DY 2001) 5] 7R At} o
2% g7 o] &3 A Fe] 7 2 ] #e AT =
B e ARy, ghzelzke] nlg- 7]/l ek AAA] A
T AR AFo|th
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(DPPH), HJE}Y C, L-tyrosine, mushroom tyrosinase, arbutin,
thiazolul blue tetrazolium bromide(MTT) 2 3-isobutyl-1-
methylxanthine(IBMX) & Sigma-Aldrich(St. Louis, MO, USA)
ANA] T8I BI6F10 A EE w37 91 fetal bovine
serum(FBS), Dulbecco’s modified Eagle’s medium(DMEM),
penicillin-streptomycin 2 phosphate-buffered saline(PBS)=
Welgene Inc.(Daegu, Korea)ol ] A3k Dimethyl
sulfoxide(DMSO)+ Junsei chemical Co., Ltd.(Tokyo, Japan)
oA FFullalR L, 94.5% oleh-E2 Daejung(Seoul, Korea)©l
A Fufste] ARgSATh S BIGF10 Al Xe Al 25
£-3J(KCLB, Korea Cell Line Bank, Seoul, Korea)ol|A] <%k
ket

i

2. MMop M m=Zp|7t FEE MXE H FE TS

A3 g gz 7l= 7AZ7|(LD-918BT, LEQUIP,
Hwaseong, Korea)E ©|-83l] 60Tl A3 Az
3t Ay gl w2yl E3E(HMP-3260S, HANIL
ELECTRIC, Seoul, Korea)E AH8-3te] T@3}atgion 1
T ZFF 4 10812 7Fske]  autoclave(HB-506-4,
HANBAEK SCIENTIFIC CO., Bucheon, Korea)E ©]-&3
121ColA 20 min EF 5 F=3F%th L § Whatman
No.l1 AZA| 2 A7l & FZHAZAZ(PVTD-10R, Ilshinbioase,
Dongducheon, Korea)sted —20Col|A] AH& 719 wf71%]
sttt SRl 53 A3 4 9] 7= WRP
(water extract from red colored paprika)2} WYP(water extract
from yellow colored paprika)® WA 1 F& F=&2 W
E8(%)Z2 FAI3ItHTable 1).

3. DPPH 202t &7 g4d

WRPS} WYP| @418t &S Ejlehs W o2 DPPH
< 450t 84l DPPH &2 517
nmel A H) FFE=E YR Alge] skl <JeiA A
2 37k 7 3= 34 THOh JH F 2004). olghE

o] €388 200 yM DPPH £ 190 Lo} 7} 558 WRP &=
£ WYP 10 uLE 96-well platec]] Eol5 & 37°C incubator©]]

Table 1. The extraction yield of WRP and WYP

Extraction yield

Name Extraction solvent (%, wiw-dry weight)
‘WRP Water 48.87
WYP Water 4543

WRP: Water extract from red colored paprika.
WYP: Water extract from yellow colored paprika.
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2] 30 min F<F ¥H3-A17 microplate reader(VersaMax; Mole-
cular Devices, Sunnyvale, CA, USA)E AF&-3}0] 517 nmollA]
FAEE S5 oW tHET-S AR tiildd Alge] &
i E 10 uL ¥Rtk AR A= 39kE S0 Hi ik
o % FAJSF3IaL DPPH 2tt]Zt &7 &4d&

v o 11—

AxrEglon oy grrors el CE AMEskth

DPPH 2}t]Z  WRPS WYP Hgw9 3% o
X

a7 BH%) ozl F4%
4. Tyrosinase X3aff &M
WRP} WYP2| ©
Aal G FA3S ‘ﬂr Hhg-ol o] Z l‘i‘ﬂ‘{‘ 300 LLLO]‘:‘%,
0.1 M sodium phosphate buffer 220 pL, Z}
WYP 20 pL, 1.5 mM L-tyrosine 40 pl, Z12]iL 1,500U
tyrosinase 20 pLE 3 7}8}aL 37T incubatoro| A 15 min &<t
HESAIZIT ow] tixwe AR tiile] Al5e] &ulE 20 uL
HojF9lt) 3=+ microplate reader(VersaMax; Molecular
Devices, Sunnyvale, CA, USA)E AF8-3l4] 490 nme| I}7go]]
A ZAslg e FYNERTOZE arbuting AFESFS T
APAIE 3 S| Fdge R FASHAL tyrosi-
nase A3l 4 AR E AUk A2ate] 3= HUtst
Al e Y] F3 daeE Uehidoh

Tyrosinase
Al A%

= x 100

B16F10 A 9] AEEo] gt Al5e] Ja2 1] ¢
3l MTT Al2FS ©]&3te] AlE54S A tHMosmann
T 1983). B16F10 A|3E 24-well plated] =53+ & A EZ7}
100% ©]7F 2t = AE7F 2 wW7kA] 37TAA 5% CO, &
Astel] vjFstlon sk 5w FA S A AL v E Bl

Aol WRPSF WYPE w=HE A2k & & 235t
THAl & ¥ 24 hr F<F vl 24 hro] AW AR S
223k WA & A At MTTE PBSYl| 0.2 mg/mL ===
=91 &AS vz 4lolE ¥ ZF wellrttt MTT-DMEM2
0.5 mLA EF3F thg 22 2713} 30 min 59+ THS-AI A
o} 2 & ujAE AASE 2+ wellvitt DMSOE 300 plA
wol A HoIF T 96-well plateel] 100 uL2
E-F5}F] microplate reader(VersaMax; Molecular Devices,
Sunnyvale, CA, USA)E ©|83] 570 nmo|4 S3=5 =%
siith A2 e 3uke S X9 HFF o R FASIC

3% formazan<

=
ot
i

g © waphd A dA &9 101
w AE YEES olgle] 212 AMESle] Alatetodt
A WRPS WYP A g#9 3%
AZEL(%) el 4= * 100

6. B1I6F10 A|ZOlA{2] 2}l AHstA of X

BI6F10 A| == A}-g-a] WRPSF wWYPe] Hlzhd Asha o
Al 35 57431 0.5 mM IBMXE A g]ste] Haphd A

d& frEstal WRPS WYPE X =R 96 hr &<t A2la}
Aok depd sheE S 37] flste] viAE Al A3l PBS
2 AlHT T, trypsin-EDTAE 200 uL¥ A 2l5te] AEE &
AIA 5 min Bt YA FEEIALE A AAS &
400 pL 1IN NaOH$} 10% DMSO®l| €3]+ heating block
(Dry thermo unit-2BN, TAITEC, Tokyo, Japan)°|4] 100T =
10 min &<+ 37838}l 450 nme| 3FellA FFEE S35t
o] WRP} WYPe| Wapd A oA 535 Rl
3 Fn7de ARRSHe] B16F10 A4 WRP2H WYPS]
sohd AFY oA YT VS

o 1= \__E

= 3} 7)4\011:1:] o= /\154 A=
BrrEEUAE eIt A= SPSS software
(Ver. 18, Statistical Package for the Social Sciences Inc.,
Chicago, IL, USA)Z o|&3lo] EAsI o 7 aF 7He
914 %7t AR 2424 (one-way ANOVA)= ©]&-
3Rt AL 52 Duncan’s 2 Student’s r-test WH-S A}
gato] A1F FF 7 p<0.05, 7 p<0.01 2T p<0.001F H]
EREXEE IR
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1. DPPH 2}C|Zf

DPPH itz 47 42 A8 Y gitst B4=RY &
of b2 At A At ol =W HepAol A =gt
Ao 7 HAEE 912] Z(Fukumoto LR & Mazza G 2000) ©]
21k A go] Wist A= e AMS-ste] gt A2 S5
w 2ol iAoz Ao] golsta skl de] AMEE]
31 THChoi JS & 2003; Musialik M & Litwinienko G
2005). AApFe] Dol =S5 guZe] FRAHe] St
sk Alol7] Wi kst B4l Hxge] &) 25
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|

= 94 L*}—fﬂ] % £ ERHoE AUt ¥
SItkPark MJ 5 2022). SHZelzbol vkt grsle] sl 7
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el 2] £d¥e AL HudlEthe A7 Ao A

3l (Bendich A 1989; Aizawa K & 2009), 734kl 2 2hh2
H& &4 AAE AASTE sE T A2 Hilstol o &
A2k 2, superoxide 2 nitric oxide 2] WA iAol €
dettty B ¥ rtHMurakami A 5 2000). 3 T}xa]7L
o] FH AE F sl HE Cc= tEHQl rlskA =2 Al
x| 545 UehiA] @3 ¢ oW 2HE T YRR
AA ol A A== A geze] 93 A7 3
2k} A8 7R Yok HaE 9t Shon MY & Park
SK 2006).

Fatel g &4
gsten 12
IH= Fig. 13 2t WRPS WYPES 22} 100, 200, 500 2
1,000 pg/mLe] FEE R Hse o, =7t S7F] o
2} WRP2| DPPH t|Z &7 /32 5.46%, 9.92%, 24.23%
2 36.11%% T EHoz FUtstien WYP Ed
6.33%, 13.40%, 28.71% = 40.41%= DPPH z}tjZt &4 &
Jol Tx oJEHor Frkte AL I & Utk
1,000 pg/mLe] F=ol|A WRPS WYPL] DPPH 2Ht]Z 47
A4S HuyS Wl WRPE 36.11%, WYPE 4041%=
WYP7} o4 © & DPPH itz &7 &4o] o] & A2
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Fig. 1. The antioxidant activities of WRP and WYP
against DPPH radical scavenging.
Vit. C was used as a positive control. The between 100 and
1,000 pg/mL of WRP and WYP treatment dose-dependently
scavenged DPPH radicals. Values represent the meantS.D. of
three independent measurements. Means with different letters (a
~h) above the bars are significantly different by Duncan’s
multiple range test (p<0.05).
WRP: Water extract from red colored paprika.
WYP: Water extract from yellow colored paprika.
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o] gJoj(Marin A 5 2004; Jeong CH %5 2006; Kim JS
2011) FAkskE S AAE 4 slom vwA H3l9
S=7] wiiel g 24 23E o Z2A Jerd 5 9
o] £& gasl EAr Hud ul thMatsufuji H 5
1998). o]zt A¥= WRPe} WYP/l % oJEFo=
DPPH 2}tz 27t 24 WRPS WYPE 2tz &A
£ B3 Aty ~EHAE A e AD kst

2R AHEE F e 7Fs S BolErh

ML oft o

2. Tyrosinase A3l &M

njy} FAE Ao tyrosinase B4 A L A3,
dihydroxyphenylalanine(DOPA) 4+&} A, 2t % vkg] 71
2 2] 2t So] 9dtiJeong SH 2018). Tyrosinase= 2
2id el 7 ARl 9 st il 24 dapd
e A 71do] 7 Hol ¥slA UtHAndo H 5 2007;
Chang TS 2009). Tyrosinase= Hzhd A3 2] key
enzyme 2 2 melanocyte H2] melanosomeol| x| &2 Q1 4t
3} ¥hg-2 d oA Wepd S A4St Wang KH 5 2006). &
gido] HwstAl AAE A5 71v), F24, AW, I3 =
st g IR i 5] FAE o1E o AEe &
W3S d oy Yolo] E 4= Q1L tyrosinase EA4 FAS
AatAY FAEL] Absl vEg-S AsgozA] Wahd
A7) ZHaE] 7] o] of B T WH O =R tyrosinase &
’d Aell A7t 3= JTthWang KH 5 2006; Lee YS
S 2007; Chang MI 2013). &4} tyrosinase A3l A7} v]d o]
HAE sPEFolu oJokE AAke] St Fagh 98 o
a3tk LA 9lem(Kang HS & 2004), A 57kA] &2
% tyrosinase A 3| Al= BIEF C, arbutin, WA 28] 11 o}
Aoit So] Q. aFAE B A Ax 2291 arbutine
|9 82 de] 2xola AR 35 b, Al <k
g 9 AAA T HAIR AT R AREE S S17]ell(Lee
HJ & 2006) HAE F2i9] tyrosinase A3 #] &rAol thgt
AF7F ositta AZTE WRPSF WYPS] w9 g3E
gRlst7] #sted 1, 2 2 4 mg/mLe] theFg FE= 71490
L-tyrosineS ©|83) tyrosinase A3 S =43 A=
Fig. 29} 2t} 20 2 AHE-Sh arbutin® 1 mg/mLe] T&
A1 99.78%% =2 tyrosinase A3l &4 HTE WRP=
17.11%, 1727% 3 46.54%°] A 245 Uehislom,
WYPE 17.29%, 28.32% 2 47.52%= ]z ]3] H]w 2]
9o A S-S YA T /& 0 Z tyrosinase
£ AdlsteE Ae AT F UATE 4 mg/mLe] sl
WRP2} WYP2| tyrosinase A3l &44-& ¥ wdl-S o] WRP=
46.54%, WYP= 47.52%= WRP9} WYPE frold o o]
7F itk Fzejtee AEsgEe] qxd 549 W=

N

d

>
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Fig. 2. The tyrosinase inhibitory effects of WRP and
WYP in vitro.
Arbutin was used as a positive control. Tyrosinase inhibition
activity was determined in a cell-free, in vitro assay using
L-tyrosine as a substrate. Values represent the meantS.D. of
three independent measurements. Means with different letters (a
~d) above the bars are significantly different by Duncan’s
multiple range test (p<0.05).
WRP: Water extract from red colored paprika.
WYP: Water extract from yellow colored paprika.

&, 7h2Exo|= ag)x vER C So] v et

A4 I TthMarin A 5 2004; Deepa N & 2006; Kim JS &
2011; Chavez-Mendoza C 5 2015). #|i55-2] 3dko] = °$
= tyrosinase Al EITF wow A& oY HERFIt

tyrosinase A3l &/do] vt H ¥ u} SltkStirpe F &
Corte ED 1969; Boissy RE & Manga P 2004). ©|& HlI®to.&
B AT A= WRPS WYPO| = tyrosinase #13ll ZAdell &
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3. Mz M=g
BI6F10 AlxA A X 5L FRlslr] Y3l MTT assay
£ Adgste] A X AEES 533 A= Fig 3¢ UeR
ATk MTT assaye Al E A —%Xo sh= R WY
o2 MTT A2ke] Al Y2 E5d F nEZ=gole]
succinate dehydrogenase©ll 2]&ll formazanS A3t o| &2
94 AZ U F4& nEZ=gole] &4 HAE Axe] &4
< ot} 3 MTT assays AlXE 523 A= iy
vitro Ao ]$ {83514 AFEEH I AtHMosmann T
1983). WRPS} WYP 5.5 0.01, 0.1 2 0.2 mg/mLZ 2|3}
A o AE YEES 98% oo R x| MEYEE
= 100%= ¥ wshe ek o] 21 zfo]7} Ko|z] kARt
0.5 1 mgmLE F=2 X3 23}, A S0z 3|
FEE BT 70%7HA] 348 A AEEC] AdtE =
2}01?;_} & Ak WA 02 mgmL F= olskE A%
wsto] 5 Adolle F9AQ1 A7t A 2=
7}%] 0.1} 0.2 mg/mLyF Aejste] Mahd 4 A s

Z1eY 3T

N

nS’L‘
FUO o

4. B16F10 M|zzofA{e| 2t AMEhA x|

Wahd AYd-2 tyrosinaseol| ]33t 2FsRE-E-EETE ol g} o
2 7Y AlEFIRI, 4% Ak a-melanocyte-stimulating
v A== 59 z=EY

hormone, =, B-endorphin

®)

ln

Control 0.01

Cell viability (% of Control)
= & =) ;
=} =] = =]

T T T T

[
=]
T

=

WYP concentration (mg/mL)

Fig. 3. Effects of WRP (A) and WYP (B) treatment on the cell viability of B16F10 cells using the MTT assay.
B16F10 cells were incubated with 0.01, 0.1, 0.2, 0.5, and 1 mg/mL for 24 h. Subsequent experiments were progressed within the
concentration range of cell viability higher than 80%. Different corresponding letters indicate significant differences by ttest (* p<0.05,

™ p<0.01).

Control: 0.5 mM IBMX treatment only.

WRP: Water extract from red colored paprika.
WYP: Water extract from yellow colored paprika.
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oy F AZANSHAD B2 dofabe B34 At
<5 ﬂﬂ’ﬂ AETa I Ath(Gaggioli C 5 2003).
g 7]el sjFnee] F3bAQ1 njH)] i melanocyte W
Ao Wahd A4 oA, melanocyte A B2 24 2 W
ghd wjde FATIE A oA 37kA] WEFe R o] Fo

A THMo JH & Oh SJ 2013). A& A&7+ IBMXE
phosphodiesteraseE A 3}e] cyclic adenosine monophos-
phate(cAMP) 245 S7HA171M o2 243t | cAMPE
extracellular-signal-regulated kinase(ERK)<} phosphoinositide
3-kinase/protein kinase B(PI3K/PKB) A& AZE <14Fs}A|
7] microphthalmia-associated transcription factor(MITF)2] &
32 GEgta Baslo] JrByun EB S 2017). MITF
= daid 3 Zgel A4 E A9 tyrosinase, tyrosinase-
related protein 1(TRP1) 2 dopachrome tautomerase(DCT)®l|
Ha AR Fgele olsel B 34E fEaT
(Kameyama K 5 1995). °o]|& EUZ MITF @ d E3)|&
FEAT MITF 240] Asisel Behd 44 B T8
459 B L D F ke A & 5 A
DYaF T O B 99 F
% spel=fasiel e 3 +2H6}~ @fazea 43
collagen¥} elastin 2
2 wjP Al wxk 4

o rko s ltol'

A3 o3t & "3"44 ‘%ﬂ"d
S IF =315 7IEA17]7]9 o o]
of gt gHitsl &gt nw 7S Al 3’_‘1 7

A
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e

lL
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It
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A sHobAl o} frkima S
BHKim SH % 2011). 3% whze)7he] Qejdy 43

EQZ g vl g3o} A#gt A4E nlH|sk]
A7t Besttta AT
IBMX H cﬂlp)rﬂ /\g/ﬂ o

WRP%} WYPJ Aehd g4 OWH
of Jehideh Hepd g4 A B3E Bk & 1=
= Al veri o depd g 52 o|nA] 2R
2708 Aol dAnF o2 EA% Aae 22t (B)< (O)el
YeERITE WRPSF WYP =5 1002 200 pg/mLellA] zHzt
14.17%SF —1.24% 1831 12.69%} —221% R & o|FF
oz dad S dAske e AT F UdAeH
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Fig. 4. Inhibitory effects of WRP and WYP treatment on the IBMX-induced B16F10 melanogenic.
Intracellular melanin contents of B16F10 cells were quantified at 450 nm (A). Extracellular melanin levels were obtained using image
scanner (B). The levels of melanin content of B16F10 in the of WRP and WYP treatment were analyzed by photomicrographed method

(C). Different corresponding letters indicate significant differences by #-test (™

Control: 0.5 mM IBMX.
WRP: Water extract from red colored paprika.
WYP: Water extract from yellow colored paprika.

p<0.001).



34(2): 99~107 (2024) 2 9 gl mTa)g) 258 g

S WRPS WYP B5F
A= gRlstsinh
“‘:ﬁ WRPQr WYP-J o g315 31013} 314} tyrosinase A]
g G gRlIgh A7k, WRPS WYPS] F=71 1, 2 B 4
mg/mLZ T} S7IESFE BF 5 oEX O tyrosi-
naseE Adsla oS Folssl o WRPS wWYprl @
2hd A3 AR B16F10 Al ZoM % Al =4d0] fle F
o %9 02 mgmLolA txETH vlwsta S o 2zt
—1.24%9} 2.21%2 Wepd AL JA st ke A
RISttt fjo] 235 Kol gxelvhe A LAEA 2
Ozt &A, tyrosinase A3 48 2 Wehd A AAE 5
sto] gatkst g3 md g9 VA= A oE AlsEH o
o7} o] & uiRte 2 gk gikst &4 3 nd) g3} ol

@ AA A EA Y] 28 Thedel ZIdiEnh

J

REFERENCES

Aguirrezabal MM, Mateo J, Dominguez MC, Zumalacarregui
IJM (2000) The effect of paprika, garlic and salt on ranci-
dity in dry sausages. Meat Sci 54(1): 77-81.

Aizawa K, Inakuma T (2009) Dietary capsanthin, the main
carotenoid in paprika (Capsicum annuum), alters plasma
high-density lipoprotein-cholesterol levels and hepatic gene
expression in rats. Br J Nutr 102(12): 1760-1766.

Aizawa K, Matsumoto T, Inakuma T, Ishijima T, Nakai Y,
Abe K, Amano F (2009) Administration of tomato and
paprika beverages modifies hepatic glucose and lipid meta-
bolism in mice: A DNA microarray analysis. J Agric Food
Chem 57(22): 10964-10971.

Ando H, Kondoh H, Ichihashi M, Hearing VH (2007)
Approaches to identify inhibitors of melanin biosynthesis
via the quality control of tyrosinase. J Invest Dermatol
127(4): 751-761.

Bendich A (1989) Symposium conclusions: Biological actions
of carotenoids. J Nutr 119(1): 135-136.

Boissy RE, Manga P (2004) On the etiology of contact/
occupational vitiligo. Pigment Cell Res 17(3): 208-214.
Byun EB, Song HT, Mushtaq S, Kim HM, Kang JA, Yang
MS, Sung NY, Jang BS, Byun EH (2017) Gamma-irra-
diated luteolin inhibits 3-isobutyl-1-methylxanthine-induced
melanogenesis through the regulation of CREB/MITF,
PI3K/Akt, and ERK pathways in BI6BL6 melanoma cells.
J Med Food 20(8): 812-819.

Chang MI, Kim JY, Kim US, Back SH (2013) Antioxidant,

=
ot
i

2

ME

ebd A oA 23 105

tyrosinase inhibitory, and anti-proliferative activities of
Gochujang added with Chenoggukjang powder made from
sword bean. Korean J Food Sci Technol 45(2): 221-226.

Chang TS (2009) An updated review of tyrosinase inhibitors.
Int J Mol Sci 10(6): 2440-2475.

Chavez-Mendoza C,
Sida-Arreola JP, Flores-Cordova MA (2015) Bioactive
compounds and antioxidant activity in different grafted
varieties of bell pepper. Antioxidants 4(2): 427-446.

Choi JS, Oh JI, Hwang IT, Kim SE, Chun JC, Lee BH, Kim
JS, Kim TJ, Cho KY (2003) Application and high through-
put screening of DPPH free radical scavenging activity by
using 96-well plate. Korean J Pestic Sci 7(2): 92-99.

Choi SN, Chung NY (2015) Quality and sensory characteris-
tics of cashew dressing added with paprika juice. J Korean
Diet Assoc 21(1): 1-10.

Craft NE, Wise SA, Soares JH (1993) Individual carotenoid
content of SRM 1548 total diet and influence of storage

Sanchez E, Mufioz-Marquez E,

temperatur,
carotenoids. J Agric Food Chem 41(2): 208-213.

Deepa N, Kaur C, Singh B, Kapoor HC (2006) Antioxidant
activity in some red sweet pepper cultivars. J Food
Compost Anal 19(6-7): 572-578.

Deli J, Molnar P, Matus Z, Toth G (2001) Carotenoid com-

position in the fruits of red paprika (Capsicum annuum

lyophilization, and irradiation on dietary

var. lycopersiciforme rubrum) during ripening: Biosynthesis
of carotenoids in red paprika. J Agric Food Chem 49(3):
1517-1523.

Dwyer JH, Navab M, Dwyer KM, Hassan K, Sun P, Shircore
A, Hema-Levy S, Hough G, Wang X, Drake T, Merz CN,
Fogelman AM (2001) Oxygenated carotenoid lutein and
progression of early atherosclerosis: The Los Angeles
atherosclerosis study. Circulation 103(24): 2922-2927.

Eberlein-Konig B, Placzek M, Przybilla B (1998) Protective
effect against sunburn of combined systemic ascorbic acid
(vitamin C) and d-alpha-tocopherol (vitamin E). J Am
Acad Dermatol 38(1): 45-48.

Eriksson CE, Na A (1996) Antioxidant agents in raw mate-
rials and processed foods. Biochem Soc Symp 61: 221-
234.

Fernandez-Sevilla JM, Acién Fernandez FG, Molina Grima E
(2010) Biotechnological production of lutein and its appli-
cations. Appl Microbiol Biotechnol 86(1): 27-40.

Francisco José Delgado, José Gonzalez-Crespo, Ramén Cava,



106 ul=g .

Rosario Ramirez (2011) Effect of high-pressure treatment
on the volatile profile of a mature raw goat milk cheese
with paprika on rind. Innov Food Sci Emerg Technol
12(2): 98-103.

Fukumoto LR, Mazza G (2000) Assessing antioxidant and
prooxidant activities of phenolic compounds. J Agric Food
Chem 48(8): 3597-3604.

Gaggioli C, Busca R, Abbe P, Ortonne JP, Ballotti R (2003)
Microphthalmia-associated transcription factor (MITF) is
required but is not sufficient to induce the expression of
melanogenic genes. Pigment Cell Res 16(4): 374-382.

Han YS, Jung ES (2003) A study of correlation between
antioxidant activity and whitening effect of plant extracts.
Asian J Beauty Cosmetol 1(1): 11-22.

Hunter DJ, Willett WC (1994) Diet, body build, and breast
cancer. Annu Rev Nutr 14: 393-418.

Hwang JH, Jang MS (2001) Effect of paprika (Capsicum
annuum L.) juice on the acceptability and quality of wet
noodle(I). Korean J Food Cook Sci 17(4): 373-379.

Jeong CH, Ko WH, Cho JR, Ahn CG, Shim KH (2006)
Chemical components of Korean paprika according to
cultivars. Food Sci Preserv 13(1): 43-49.

Jeong SH (2018) A review of current research on natural skin
whitening products. Asian J Beauty Cosmetol 16(4): 599-
607.

Joshipura KJ, Hu FB, Manson JE, Stampfer MJ, Rimm EB,
Speizer FE, Colditz G, Ascherio A, Rosner B, Spiegelman
D, Willett WC (2001) The effect of fruit and vegetable
intake on risk for coronary heart disease. Ann Intern Med
134(12): 1106-1114.

Jung JY, Choi MH, Hwang JH, Chung HJ (2004) Quality
characteristics of Jeung-pyun prepared with paprika juice.
J Korean Soc Food Sci Nutr 33(5): 869-874.

Kameyama K, Sakai C, Kuge S, Nishiyama S, Tomita Y, Ito
S, Wakamatsu K, Hearing VJ (1995) The expression of
tyrosinase, tyrosinae-related proteins 1 and 2 (TRP1 and
TRP2), the silver protein, and a melanogenic inhibitor in
human melanoma cells of differing melanogenic activities.
Pigment Cell Res 8(2): 97-104.

Kander MC, Cui Y, Liu Z (2017) Gender difference in oxida-
tive stress: A new look at the mechanisms for cardiovas-
cular diseases. J Cell Mol Med 21(5): 1024-1032.

Kang HS, Kim HR, Byun DS, Park HJ, Choi JS (2004)

Rosmarinic acid as a tyrosinase inhibitors from Salvia

e

oA oF BAETREAERS

miltiorrhiza. Nat Prod Sci 10(2): 80-84.

Kim HJ, Jhon DY (2001) Characteristics of Kimchi containing
paprika instead of hot pepper. Food Sci Biotechnol 10(3):
241-245.

Kim JS, Ahn JY, Lee SJ, Moon BK, Ha TY, Kim SN (2011)
Phytochemicals and antioxidant activity of fruits and
leaves of paprika (Capsicum annuum L., var. Special)
cultivated in Korea. J Food Sci 76(2): 193-198.

Kim SH, Lee SY, Hong CY, Gwak KS, Yeo HM, Lee JJ,
Choi IG (2011) Whitening and antioxidant activities of
essential oils from Cryptomeria japonica and Chamaecy-
paris obtusa. J Korean Wood Sci Technol 39(4): 291-302.

Ko WH (2005) Physicochemical properties and application of
different Korean paprika varieties. MS Thesis Gyeongsang
National University, Jinju. pp 1-2.

Lee HJ, Lee MK, Park IS (2006) Characterization of mush-
room tyrosinase inhibitor in sweet potato. J Life Sci 16(3):
396-399.

Lee KY, Han CY, Pyo MJ, Choi SG (2022) Effect of red
paprika powder on quality and oxidative stability of
mayonnaise prepared with perilla oil. Food Sci Preserv
29(6): 932-942.

Lee YS, Choi JB, Joo EY, Kim NW (2007) Antioxidative
activities and tyrosinase inhibition of water extracts from
Ailanthus altissima. ] Korean Soc Food Sci Nutr 36(9):
1113-1119.

Liu RH (2003) Health benefits of fruit and vegetables are
from additive and synergistic combinations of phytoche-
micals. Am J Clin Nutr 78(3): 517S-520S.

Loft S, Astrup A, Buemann B, Poulsen HE (1994) Oxidative
DNA damage correlates with oxygen consumption in
humans. FASEB J 8(8): 534-537.

Marin A, Ferreres F, Tomas-Barberan FA, Gil MI (2004)
Characterization and quantitation of antioxidant consti-
tuents of sweet pepper (Capsicum annuum L.). J Agric
Food Chem 52(12): 3861-3869.

Matsufuji H, Nakamura H, Chino M, Takeda M (1998)
Antioxidant activity of capsanthin and the fatty acid esters
in paprika (Capsicum annuum). J Agric Food Chem 46(9):
3468-3472.

Mo JH, Oh SJ (2013) Tyrosinase inhibitory activity and
melanin production inhibitory activity of the methanol
extract and fractions from Dendropanax morbifera Lev.
Korean J Aesthet Cosmetol 11(2): 275-280.



34(2): 99~107 (2024)

Mosmann T (1983) Rapid colorimetric assay for cellular
growth and survival: Application to proliferation and
cytotoxicity assays. J Immunol Methods 65(1-2): 55-63.

Murakami A, Nakashima M, Koshiba T, Maoka T, Nishino H,
Yano M, Sumida T, Kim OK, Koshimizu K, Ohigashi H
(2000) Modifying effects of carotenoids on superoxide and
nitric oxide generation from stimulated leukocytes. Cancer
Lett 149(1-2): 115-123.

Musialik M, Litwinienko G (2005) Scavenging of DPPH
radicals by vitamin E is accelerated by its partial ioniza-
tion: The role of sequential proton loss electron transfer.
Org Lett 7(22): 4951-4954.

Oh JH, Kim EH, Kim JL, Moon YI, Kang YH, Kang JS
(2004) Study on antioxidant potency of green tea by
DPPH Method. J Korean Soc Food Sci Nutr 33(7):
1079-1084.

Park MJ, Kim HS, Kim HB, Lee SG, Cho SJ (2022)
Antioxidant and antibacterial activities of extracts from
different parts of Sophora japonica L. J Life Sci 32(10):
792-802.

Park YJ, Jo YH, Kwon JH (2017) Effects of quarantine doses
of e-beam irradiation on the physicochemical and sensory
characteristics of paprika. Korean J Food Sci Technol
49(2): 117-122.

Pitchumoni SS, Doraiswamy PM (1998) Current status of
antioxidant therapy for Alzheimer’s disease. ] Am Geriatr
Soc 46(12): 1566-1572.

Poojary MM, Barba FJ, Aliakbarian B, Donsi F, Pataro G,
Dias DA, Juliano P (2016) Innovative alternative technolo-
gies to extract carotenoids from microalgae and seaweeds.
Mar Drugs 14(11): 214.

Poprac P, Jomova K, Simunkova M, Kollar V, Rhodes CIJ,
Valko M (2017) Targeting free radicals in oxidative

g

A4 9 g shelsh 228 st 84 2 Behd 44 oAl & 107

i
!

stress-related human diseases. Trends Pharmacol Sci 38(7):
592-607.

Seddon JM, Ajani UA, Sperduto RD, Hiller R, Blair N,
Burton TC, Farber MD, Gragoudas ES, Haller J, Miller
DT, Yannuzi LA, Willet W (1994) Dietary carotenoids,
vitamins A, C, and E, and advanced age-related macular
degeneration. J Am Med Assoc 272(18): 1413-1420.

Shon MY, Park SK (2006) Synergistic effect of Yuza (Citrus
Jjunos) extracts and ascorbic acid on antiproliferation of
human cancer cells and antioxidant activity. Food Sci
Preserv 13(5): 649-654.

Sliveria ER, Moreno FS (1998) Natural retinoids and (-
carotene: From food to their actions on gene expression. J
Nutr Biochem 9(8): 446-456.

Steinmetz KA, Poter JD (1996) Vegetables, fruit and cancer
prevention: A review. J Am Diet Assoc 96(10): 1027-1039.

Stirpe F, Corte ED (1969) The regulation of rat liver xanthine
oxidase: Conversion in vitro of the enzyme activity from
dehydrogenase (Type D) to oxidase (Type O). J Biol
Chem 244(14): 3855-3861.

Tobin D, Thody AJ (1994) The superoxide anion may
mediate short but not long term effects of ultraviolet
radiation on melanogenesis. Exp Dermatol 3(3): 99-105.

Vatassery GT (1998) Vitamin E and other endogenous
antioxidants in the central nervous system. Geriatrics
53(1): S25-S27.

Wang KH, Lin RD, Hsu FL, Huang YH, Chang HC, Huang
CY (2006) Cosmetic applications of selected traditional
Chinese herbal medicines. J Ethnopharmacol 106(3): 353-
359.

Date Received Mar. 8, 2024
Date Revised  Mar. 22, 2024
Date Accepted Mar. 28, 2024



	적색 및 황색 파프리카 추출물의 항산화 활성 및 멜라닌 생성 억제 효과
	ABSTRACT
	서론
	재료 및 방법
	결과 및 고찰
	요약 
	REFERENCES


