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Antioxidative and antimelanogenic effects of ethyl acetate fractions of
Korean domestic honeys from different floral sources

Ha-Ram Jeong'?, Youngsu Baek'?, Dae-Ok Kim'?, and Hyungjae Lee**
'Department of Food Science and Biotechnology, Kyung Hee University
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Abstract Honey is known to have a variety of health-promoting effects. Ethyl acetate fractions (EAFs) of four Korean
domestic honeys from basswood, Korean raisin, chestnut, and acacia as well as a New Zealand manuka honey were
analyzed comparatively to evaluate their antioxidative and antimelanogenic effects. The EAFs of basswood, Korean raisin,
and chestnut honey had higher antioxidant capacities and tyrosinase inhibition activities than those of manuka honey.
Pretreatment of B16F1 melanoma cells with EAFs at 100 pg/mL resulted in relative retention of melanin contents as
follows: acacia honey (141.0%)>basswood honey (134.3%)>manuka honey (131.5%)>Korean raisin honey (107.3%)>
chestnut honey (88.0%). Intracellular tyrosinase activities of B16F1 melanoma cells were significantly (p<0.05) lowered
by EAFs of Korean raisin and chestnut honey than by EAF of manuka honey. Consequently, these results suggest that
Korean domestic honeys from different floral sources serve as good sources of antioxidative and antimelanogenic agents.
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depd e A7e] 7]1AZ = WEPd A E(melanocyte)dl] ©]
3 2HlEH, ol EfFe Wz, &, e AaE AAs)
A B B RE WARE AN Addtel HEE B
S8 &S Sl (Brenner®t Hearing, 2008). 12y} 7|7+ A}
A ol o5 Fwd Wehd FAe sln, a7, ey
A 5 el AR fu Wy oh)ekBreathnachs}
Wyllie, 1964; Rigopoulos &, 2007; Unver 5, 2006), DNA <=4+
o 93t S A (melanoma) A L HIALE F2o7 213 1

ks

= 1
s fastar deix ok(Pfeiferel Besaratinia, 2012). ElFO]
Z A o] 2 (tyrosinasey= oFH| =41 EFO] 241 (L-tyrosine)S 71&
2 AR3le] L-DOPA, =3+ =(dopaquinone)S A ete Wahd
A 271 AR 7F A Aksi-gol| ke ghoh(Sanchez-Ferrer
%, 1995). = Blo]2AM|e]~E E2)9lE 218k (polyphenol
oxidase)?] 4Fo=2 A} Aiol| EUe FE 3FFE (phenolic
compounds)S ZHSIAA FH Asts 2 sIE FThKimt
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Uyama, 2005). ©]¥1 o]f+& Efe]ZAd|o]2

21F, PR 5 the RokolA = 9
o8] WA EE B4 kA (reactive oxygen species)E
SPIAIAE o5k mu] A7} o] FoA| AL Ut}

B EH(pis mellifera L)°] €A 2] &2 oA Q-3 &
A& ol &4 FFste] Aikske A4 &1%015} =o] gt

2 A, 2=, A", Qg e ol 710 st (Bogdanov &,
2008; Eteraf-Oskouei®} Najafi, 2013; Ullah 5, 2018). &2 o2
HE A =9, oY ESQ], ZE2Rl, 2RI, oprE]elglE o]
Wadss Xsshed AMgske 5 A AAIF SR QaEet A
450 grhZumla®}t Lulat, 1989). Zof= =4k (phenolic acid),
F&}H 0] = (flavonoids), =T 48} & Ax(glucose oxidase), 7FE
o] 2~ (catalase), 7714 F(organic acids), ©}7]=AHamino acids) 5

o] Sh=o] UTh(Eteraf-Oskouei®} Najafi, 2013). &2 FFol u}
g 54 A gkl o7t 9lor, o= 2zt gE T/ 3}
3 YA Aoz g %735—501] o3} 7]] ¥ thAnklam,
1998). Ul = ol 7194 37de)A 199 Atolofl A Zhe]
o] HA7A A=l YA THJung, 2014), 2013 71F I F
FZFo] 77,000 kge! Ao HlE] E UL 689,000 kgl E 5

THOW

p

Q] o=x 7} ¥ o =UtH(Kohsaka 5, 2017). =] FEA
2 A AVledT B 2KIEE fg =go] wRlale] E o
st F7PA o] uig- @ Aol

=2 AT, 3+, v, PR R, 3dE 29 5 Al

A4S vepdtty B EHA S (El-Kased &, 2017; JantakeeS}
Tragoolpua, 2015; Kassim 5, 2010), FaH = AatEE vy



shEol mhE b ol e opAlE| o] B 8] &0 AFshUA]

7} T TEgA o g v 9 RAZ ] i a3 21 g
o B E 9 tK(Visavadia 5, 2008). HZole ol Atz
= F 2YEY AT da8A0] s 2 A wEt
g2ty B uEATHBack 5, 2015; Lee2} Lee, 2016). 1&gk
AFEC] HAFI JFol= Bt it & B2 E oigt
gy A= vl

B Ao B fold AitE 474 3 fE EEd
&, U &, vhuF &, oMol ) mRATA A
2k mlEgl Ee] ofld olAE|o] E(ethyl acetate) w3 E2] Aks}
WA, Eo|ZAIo]2 JAF, rR-2 SAEQ] Bl6F1 A2
Azid 34 AT EfelZA| 0] AlTS vl HrIsiiTh

TE o

AE=
B AT AHgd EFEL 201190 FUBIIE Wy (bass-
wood) %, Sl7fU-(Korean raisin) &, ¥Hi-(chestnut) &, o}7}
AloH(acacia) -2 ZFUE FGA AAE AL, vHF7H(manuka)
2 FAHADNA AAEATE B AT A7k "o 2HE
A2 A HASA T

Al
vloJEFYl C (vitamin C), ZF L dM¢l A~F (fluorescein sodium
salt), 2,2-o}Fulo]22-H € Z 2 3] 2olulo]d]) tlo|slo| =2 F R
2}0] =(2,2'-azobis(2-methylpropionamidine)dihydrochloride, AAPH),
T A AHkojic  acid), @] 2.-=3KL-3,4-dihydroxyphenylalanine, L-
DOPA), HA Elo] ZAH]o]2~(mushroom tyrosinase), 3-(4,5-CFo]H]
datolo}E2-2)0 5-tho| H HH EBfEF B2 o] =(3-(4,5-dime-
thylthiazol-2-yl)-2,5-diphenyltetrazolium bromide, MTT), #2}dA|
¥ A= ZEF(a-melanocyte-stimulating hormone, a-MSH), E2]
£ X-100 (Triton X-100), HdwWetdxd FFQ glo] = (phenylm-
ethylsulfonyl fluoride, PMSF), Tho]H|g AZAlo]=(dimethyl sul-
foxide, DMSO)E  Sigma-Aldrich Co., Ltd. (St. Louis, MO, USA)
23Y FYstAdnt IAF 4 tho] e (potassium  phosphate
dibasic), ¢I14F ©]4=4& X E}F(potassium phosphate monobasic)<
Duksan Pure Chemicals Co., Ltd. (Ansan, Korea)oll4] *43I3ith
=& A 9 (n-hexane, 95%), E 2 & (chloroform, 99.5%), o€
oFMIE| o] E(ethyl acetate, 99%), ="T-FHE-E(n-butanol, 99%), F~2F
3} A (sodium hydroxide)e Daejung Chemicals & Metals Co.,
Ltd. (Siheung, Korea)ollX] TU3ITh AEllo} &3 (fetal bovine
serum, FBS), Dulbecco’s modified Eagle’s medium (DMEM), =
W Ze] Atk 2 A <4(Dulbecco’s phosphate buffered saline,
DPBS), 3|14 #(penicillin), 2~E3] Er}o]2](streptomyciny> Wel-
gene Inc. (Gyeongsan, Korea)ollA 913}
FE 4
E 40 g7} F<= €& (absolute methanol) 300 mLS &35},
287 & 7](Polytron RT-2100; Kinematica AG, Littau-Luzern,
Switzerland)Z 15,000 rpme.2 #2d3} & Whatman No. 1 A&
Z-o](Whatman International Limited, Kent, UK)E ©]&3}] o3}
sith A3k FEES TS EE71(N-1000, Eyela, Tokyo,
Japan)& B3l T2 40°CAA FH3IAH. w5H FEE0
FRT 1LE 71 &, 111 vIEE =E-AR], S22F, 949 o}
AEOlE, =d-RersE, & $o2 4o dA-AA FZ(liquid-
liquid extraction)H< o]-&3le] HEES AT} o] HIYE Fof

HI
Jo

2 A A &34 661

olr
e
=)

A e ofAH|o|E F-EE(ethyl acetate fraction, EAF)S & 4
Aol o]&3tArt

LElExs £F

2RSS (peroxyl) B2 AT &F H8E
d v P 7AES FYshe AU 95 (oxygen
radical absorbance capacity, ORAC)H S AF&3}% th(Huang 5,
2002). ORACH ] ©]-&H Aok QI 4 tho|XElEH A
o]¢Aa FEHFS £t wHE 75 mM At 98N (pH 748
2 3|3t} EAF 25 ulet ZF 2840 4F(81.6nM) 150 uL
5SSk 37°ColA 1087 wnksiginh. o] £ AAPH
(153mM) 25 uLE 92 &, ¥4 vlo|AZEYolE #A57]
(microplate reader, Infinite M200; Tecan Austria GmbH, Grodig,
Austria)s ©]-831312H, S5 (excitationy> 485 nm, %= (emission)
& 520nm= AA3le] 90% Bt v 1% 7HHoR ZAEA
Akl W ZFuMIQl &Fe ¥ Ao s A (area
under curve)® 2 AR, AP TE FFEEAR Hlo[ER C
& |83t mg vRoJERR] C T (mg VCE)/g fraction® 2 e}
Wit

B4 EIO|ZAH|O[A Mls &H

Efo]2AJUjo] 2 AAlF H7l= L-DOPAE 7|AE o] &3l
™ Masamoto 5-(2003)¢] *HE FA st AHsIATE WA EAF
40 Lot SF5ol &s)E 83 mM L-DOPA 120 uLE 35313t
oo} QIat A& tho e b o]FAh XElFS EFS] v
E 100mM ¢4t 98N (pH 6.5 Elo]ZA||0]2(125 U/mL)
40 pLE H7¥ske] 37°ColA 308 E9F wESAIZl ¥ mlo|aRE
dlo]E #=7](Infinite M200)S ©]-8-5k¢] 475 nmollA Z79313th.
IAES FHU RO R o] &3 o, Elo|ZAo]l& AT
2 o A& ol&ate ALtEA

F28 A (%)-{(A-B)~(C-D)(A-B)Jx100

# AelA, A= AR FR7E 84 3 71E A7E Be NS,
aa st 71 RAE CE A8, 32 371 A7) DE AR
S I = i

M e

A7) oA SAIE M|EFQ] BI6F1 HWEkon} M¥E American
Type Culture Collection (Manassas, VA, USA)S.ZHE| ¢35}
ARESIATE M wjdS $15ke] DMEM wiA]ell 10% FBS, #HUY
A21(100 units/mL), 2=EZErFO]21(100 png/mL)yS A7H5tRoH,
37°C, 5% CO,& A st= wlY7I(CO, incubator, BB 15;
Thermo Electron LED GmbH, Langenselbold, Germany)E ©]-&
ste] vt

"olo MZ MEE 53

B16F1 A|3zo tgt EAFS] Ho] 754 w55 gRlsh] 23l
Heo 5(2001)9] "ol A3t MTITHS A5kt BI6F1
AEZE 96-well plateel] 1x10* cells/well2 FF3Fo] 2441 7F wlj <
3l91om, EAFR AMXE AT $ A 24417 B3t vl daid
ok #F 7 wellel MTT €948 H7iste] 3A12F B3t w8
A7l & 50 uL®] DMSOE #7}ste] HepAle] FEwuhzk(formazan)
S gajA7)ar, mlo]|ARZHo)E W=7 (Infinite M200)E ©]-8-3
570 nmollA EF=S =AU
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watd &Y 53
Az W b $F 342 Chung 5(2009)°] HHS 7

Hsle] 23310tk BI6F1 MEE 6-well platecl] 1x10° cells/
well2 EF31aL 24417F viFsliTt. o] 5 wiAE A|AStaL EAF
¢t FBS7F 29H¥ DMEM HiA|E 33t 24A%F 53t F71=
wjFstsitt. Al WiAIE AlA F FBS7F EHEA] 2 DMEM
HiR|E o]-&3le] 7} wellel EAFS} 1 uM o-MSHE A 2]3+ < 48
AlZE FE F7T vt v kRl = 4°C DPBSE 23] Al
) & 80°C] 1 N 74k} &FS o]83le] 308 &3 &alr
th. mlelA R Z g o] E 57| (Infinite M200)E ©]-8-51¢ 405 nm
oA &g deide] FFEE AT Wehd e dix
(control) THH] WE-E(%)= JERNAT

M= LW Ejo|2AHIO|A &Y &H
AZ W go]ZA o]~ 4L Kim 520152 WS 7t
st ZA431% Tt BI6F1 AIZE 6-well plateel] 1x10° cells/
wellZ F538}aL 24A17F vl oFalgiTt, o] BRI E A AL EAF
9} FBS7} X3r¥ DMEM HIA & FH3te] 2447 5 F71=
Hi kst oAl wiAE A A F FBS7F 23EA] %2 DMEM
HiR|E o]-&3le] 7} wellel EAFS} 1 pM o-MSHE A 2]3+ & 48
AIZE B F7F vtk vl vkl & 4°C DPBSZE 23] Al
X3t 1% EFE X-1003+ 2mM PMSF7/F X3E 100mM ¢l
b SgdoZ AxE g3 SelES YRS 7] (Smart
R17; Hanil Science Industrial Co., Ltd., Incheon, Korea)= 4°C
AN 108 B9 15814xg AR QAR slo] A= A9t}
96-well plateo] 45H 70 uLE EF313L 8.3 mM L-DOPA 30 uL
S 7Kt 37°ColA 308 Bot widst & mlo|aZE ol
F=7](Infinite M200)S o] &3l 475 nmollH] E3EE =43}
CAZ ) Elol2Ao] 2 L gz ] MEE(%)E
LER] AT

SHXNE

2 AFE BT 33 NiEgt A9E Wi+ UAE ERS
o}, SAS =21 (version 9.3; SAS Institute Inc., Cary, NC,
USA)S o]83l] AYUELHEAH (one-way ANOVA)YS 53l S7
A BAS AAIEAY. ZF HFaake] §94 Aol |7l o
%7347 (Duncan’s multiple range testyS 53 95%2] 21&]G-7FolA]
ARE At

nE

EERE]
LEtEX|s

ORACH S ©]8-3 5714 3558 EAFS] AksPiAs2 Fig 13}
2ot 7+ 55 EAFS] ARshiA] 52 vy E(335.5mg VCE/g)
>SN =(326.2 mg VCE/g)>¥| U (296.8 mg VCE/g)>
vlRE7} E(174.6 mg VCE/g)>ol Ao} #(67.3 mg VCE/g) &2
2 SOtk Baek (201552 o] #E= FoM FoE 4F
g 2shA TS EAF/E 7P =%oH, o8 TR & FelA
SN oA Aol EAF7F ABTSH3 DPPHE S ©]4-3}]
24 AshiAFe P =A Ugthr Basidoh 2 A
Al ORACHE ol&ste] S 2shiA e =94t w7t
= B A olFkAol B3 folFRl AolE Holm, whih
9] EAFIX 7H8 A Usith o|9} o] 7t 7o Aol
AT AR TE AR SRS 2ol 711 A
o2 AziEr

500
=
2
‘g a
= 400 a
2o T a
o w o
¥
§ g 300
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o o
£ 5 1
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< g 100 g
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Basswood Korean raisin Chestnut Acacia Manuka

Honey ethyl acetate fractions

Fig. 1. Antioxidant capacities of the ethyl acetate fractions from
five different varieties of honey using oxygen radical absorbance
capacity assay. Different letters on the bars mean significant
differences by Duncan’s multiple range test at p<0.05.
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Fig. 2. Tyrosinase inhibition of the ethyl acetate fractions from
five different varieties of honey. Different letters on the bars mean
significant differences by Duncan’s multiple range test at p<0.05.

B EIO|ZAH|0[A XS

L-DOPAE 7|A=E o|&3 714 358 EAFS] Elo|2AY|o]
2 AT 54 2= Fig 29 2k 7F 315 EAF9] Elol=2
Aldlo] 2 YA TS B v& oEF oz Ul ddu=
9 ZAAH100 pg/mL)S 73.3%2] Efo]ZAM|0)2 A TS
now, 3E F EAFY 100 ug/mL FXo4] Elo] ZAJu o]
AT T EH(67.7%)> SN E(64.9%)> U5 E(56.6%)
SURETE #H(22.2%)>0l A oF E(154%) o2 Solxth M=
31922 Elo]22 9 1-DOPAY} 727} fAlsl] 71 {AM
o] e st Epe|@AN|O| 2 EAE JAISAY, 27] Wapd
A 719 AbshkgolM HE 3lghEo] AEPIRIAR 2
|3l dEhd S Adlshs 20=E Ui AUTHChang, 2009).
Aol x 9] Ele]ZAUlo]2 AAlF ESH EAFl EAlske A
YA HE 2 QA 71 Lsiakg L] #
= G408 oA S o3 e s HAdtE

WAt MY R

Hebenl S24% A2 BI6F1 Al ¥E o]-8-3le] EAF gt
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1 1 pg/mL
B 10 pg/mL
Bl 100 pg/mL
a EE 1000 pg/mL
s 9 e abe _T_abc o abc
‘E a-_t[)c l abc ]_ab%bc abc l abe
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Control Kojic acid Basswood Korean raisin Chestnut Acacia Manuka

Honey ethyl acetate fractions

Fig. 3. Cytotoxic effects of the ethyl acetate fractions from five
different varieties of honey on B16F1 melanoma cells. Different
letters on the bars mean significant differences by Duncan’s multiple
range test at p<0.05.

sttt 5714 3 EAF 2% 100 pg/mL SE714] 80% ©|
ol NE AEES BYoH, o|F HFLS 7} EAFY] Hd =
4 FE 100 pgmLE Hd FE2 st Pt

o-MSHZ B16F1 AlZoA Hahd A4S F=stds o, 2
Zhd e gI2H(100%) WP <F 157.7%5 EATHFig 4). &
Aoz 2A2H100 pg/mLyS A28 B16F1 AlZolA] F-
2+(100%) thu] F 73.0%2] debd 33 23tk Bl6eFl Al
X2 557 E9 EAF 100 pgml F52 Axg) 319 o, @t
U g olFRAlo} E(141.0%)> U E(134.3%)>vHr7 &
(131.5%)> SN E(107.3%)>Th - H(88.0%) w22 7HAs)
At WU E EAF 100 pg/mL 552 A2 3 B16F1 Al Eo
A dEid A Al FEuERE] 2ALE 100 pg/mL A2
o] Ao} fo& Aol Holx| UTHFig. 4).

Han 52010y =ik Bhb7 &3 SR Eo] of7tAok
TR 22 dWaiid 3 A §9E RAva RAsion,
Sapkota 52010y WhiF 2 FEEo] Wepd P4 JAsS 2
Aok RIS TE Andrade 5(1997) Eoll= ZAkgallic acid),
v}g}-5}o] =2 A wll Z2Hp-hydroxybenzoic acid), ¥ 4H(vanillic
acid), 227 K(chlorogenic acid), 7}#AH(caffeic acid), A1HAF
(syringic acid), I}E-FrFE4Hp-coumaric acid), ¥ E4H(ferulic
acid), det12Hellagic acid) 53 22 ThE #E shghEo] &
AgHtal BAstt. Yoshioka 52011y 24, dgkzike] Bl6
Aepen Axe] depd 34 Asie gfolZA ol & oA
o} T=uF= A4 Aol ZIdEti B8t Nithitanakool
52009y Z4 22 dlE sbEo] ER|RAMo]AY A
AH-9I(binding pocket)ol]l Aol Fujakgo] Fag FEE
ZAe|o] " (chelating)FHO. M Efe|2AJY|o]20] S A g AL

S g 2o A 2o d sgrEs ge Al
PEas0 o8 Aoz Yz

MZE W E|ZAHIO|A 2Nls
5714 35 EAFQ| BIGF1 AIE U EBlo]ZAolx A5 2
1= Fig. 59 2t} o-MSHE A 81| 92 thZEH(100%) thyl,

- - -
o] AbshiAls 9 dehd A oA 2t 663
Bl 10 pg/mL
200} B 50 pg/mL
§ [ 100 pg/mL
b= a a a
c a a a
o a " a a
o
w150 g abc | ab al ]_ ababd
(<]
°
'i\, bcd cd
[} d
2
S 100} .
c e
o
3]
=
= -
& %
)
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Control Control Kojic acid Basswoo_d Korean raisin  Chestnut Acacia_ Mannka_-
a-MSH (1 pM) - + + + + + + +

Honey ethyl acetate fractions

Fig. 4. Antimelanogenic effects of the ethyl acetate fractions
from five different varieties of honey on B16F1 melanoma cells.
Different letters on the bars mean significant differences by
Duncan’s multiple range test at p<0.05.

Bl 10 pg/mL
B3 50 pg/mL
3 100 pg/mL
%‘ 150 H9
3 H 7 b a a abc
al
< bedg abe d cd d
b= d d de
g [ e e = il e
‘® € 100 = L at
o9 f
; o
—
£ 2
s
s5<
E 50|
o
o
-]
£
Control Control Kojical:; Basswoo_d Korean raisin  Chestnut Acacia_ Mannka_-
o-MSH (1uM) - + + + + + . .

Honey ethyl acetate fractions

Fig. 5. Effects of the ethyl acetate fractions from five different
varieties of honey on intracellular tyrosinase activity in B16F1
melanoma cells. Different letters on the bars mean significant
differences by Duncan’s multiple range test at p<0.05.

a-MSHTHS A28+ B16F1 Al XA Elo]2Adlo]2 B4 o
1343%% Bt} 7FA] 85 EAFS X2)5ide w Al ] g}
o|ZAYle]A L FE OEXHOE THAEITHFIg 5). EAF
100 pg/mL F=00A WU E(72.9%)2 SNV H(87.0%)°) %
Az Y 59 IAAH99.6%) T B =2 AE W e
o|ZAo]2 A TS HATE LRI R AX yle] daid A
e go|ZAol el oFk Z7] A4 o] F ol %, tyrosinase
related-1 (TRP-1) &4:9} tyrosinase related-2 (TRP-2) &4~7} #o]
St} (Bertolotto 5, 1998). )28t @452 microphthalmia-associ-
ated transcription factor (MITF)| & ol upg} 2 =™, MITF
d 7R Qldl] Efe]ZAM|o]2, TRP-1, TRP-22] AAE =
sto] Wzhd S SRATE AeE R tHLevy 5, 2006).
Kim 5004y Mel-Ab @ahd Ao 7228 A23lNS o
MITF & A a3h= ATtz RIS 2 Aola] 314
Aro] MR B3 SI7fUNTE B9 EAFETE Al U Elo]2AJY0]
2= Aol W ol a-MSH Az o]F BIGFI AlEoiA
MITF & 5ol tist JA 371 §I7] dEe= o AXIT
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G5 Bo| NPy RS B
of A 8 A BIBAES] JFH o] a7ET ®
& AZ Ueld 7 Ael@aBase vy Tl ua ®
AREIE WAUZE F9 477§ WL Ao welrh

o (o] 3
pl =

B AFA o] &S VR &, UV &, ST F9 EAF
= "FF7 ¥ EAF BT} & AP 9 Elo]ZAY|o]2 o
ﬂ-:—g Bk 53] whiF #o| EAFE PAUZRT Ix)4t)
F7he BolZAMol= AT S Btk 7] s fd =
©] EAF (100 pg/mL) A 24 B16F1 AlZollA dahd 44 <)
T2 W E>SUNIHE E>Pegt U E>ohAlof &
o] At E Yotk BI6F1 Al Ul Blo]2AY|o]2e] §4d
4 JAle] - 5%F ¥ EAF TolA B ¥ EAF (100 pg/
mL) H2A 7HE otk 2 dAeMe ohdet skee] Fuiat
ol the AeEALA BAE Fste] AshiRls 2 dehd A
A oA B3E E9lsiglon, ol Fall nuEd 24 7]
A AE H EE YR A8 TS ASHATH

E

HAlel =
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