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Studies on Characteristics and Biological Activities

of Propolis Collected on Jeju Island, Korea

AlZaistal z £ X
ANEws o= H
2 A= 3 AFECAA 3 E propolise] FRE A9¥E 543 3

Abst, @t 9o akgago]l &4 #ste] ZAbE ST

AFEo A ¥ propolis®] =4 83HE (polyphenol compounds)-
59.7~126.8 mg/g of EEPE EAF =38 (J2)lx +H%E propolis?} 7}
2 s vediden, 545 g-(5)l A 8% propolis7t 7HE
< qFe vede doem yeiwgy AFEodA FFHE propolis®] F

flavonoid &#& 42.1~108.8 mg/g of EEPE A5 ZAJ4A 4=
propolis7t 7} w2 S YegUdla, AT oNLJDAA =

propolis7} 7}4 =& % flavonoid %S eI}
High performance thin-layer chromatography(HPTLC) gel Aol A =
T=AF propolis®] FAIAE patterne 413 A3 GAF FA(J4) oA
H propolisE A &3k t}E A Fo A F=H=E propolis(J1~]J3, J5, J6)+=
st kel band patterns WEFSI S, A w7 eFS band7F &l 1o}
TR Zol= FHA Fdt} AT EA(J4) +=HH propolise= o
2 Ao +=F % propolis?t Aol band patterne YEFU ST}
B-Carotene ¥ A& o] &3 AF=olA =% propolise] 4t3 A4S

BA35 Ay BAF =¥ (J2) A =89 propolis7F 25.4% = 718 =& &

n
Y

E
Moo



AS Yet Sl a, 5A45 st (5N 3% propolis7F 8.6% = 71
antioxidant activityS YEFH St DPPH free radical &7 84S o]

8
4% AFEAN propolisel FAH FHL BAF wF(VeAH FPH
$4e

1} O

o
A
flo

propolis7b 26.7%= 4 IS A] BHTSF Hls2d =2 Ats)
vetles, gAE 24l =38 propolis7h 6.2%2 7 She
DPPH free radical-scavenging activityS WERHAT. ABTS radical
cation-scavenging activity 74 A3 F3 AT = (J2olA FHE
propolis7t 47.2% = BHT®} Hls=¢F =9 kst A4S YeEba, 54
F FHH)NA FH-E propolis7t 17.2% % 7} 2+S ABTS radical
cation-scavenging activity® UYWERHATE 283 AFE4E propolisfﬂ
FRAP activityE #4138 23 6 719 propolis &F BHTHTUT =2 FRAP
activity S YEFU LTt

A FE=AF propolis®] ZAAEo| wE antibacterial 2 antifunfal activity
£ HPTLC/bioautography ®H o2 #H7}sk A3} gram-positive bacteria®]
g B2 B. cereusoll X HAa 2 JlelA HW 8 7N, L. monocytogenes©l
A FH 2 MM Hd 7 N, S aureusollA HA 1 el A 3 Hg
antibacterial band”} &&= Attt 181} gram-negative bacteria¢l E. coli,
V. parahaemolyticus, S. typhimurium©| A= antibacterial bandE &<&
T glle™, mold?l A. niger, A. oryzae, P. chrysogenum®|* % antifungal

bandE 73] g13 = gl

T80 : Propolis, Total polyphenol, Flavonoid, Antioxidant activity,
Antibacterial activity, Antifungal activity, HPTLC
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Propolis@ #ule] fafa Aol vholel 2z e WHe nasn 4
@ BAE fAW Askel, Amel U % 5

Fo 9 g A wde) B 2 EuEE s 0E AAAS vt
A FAA Edolt?. B propolisE 4 Atolut W% <k HAle] e
A Fx2E BAsha, 53] ofgkRle] Akgksty] de w2 propolis
Z AW coating¥tozA nAEZHE L3} {FEFS HAFA BHIGE
dge @,

o2 propoliss ILTIFEH WA= ARgH o] gtow, o]FJE, o}l

agls 5 oo YA e AgEo] g an o PEdXE AMAE 1
ojgt®m w=+= A propolisE AHESIA AL, 7IAA 4417] 4 Aristotle®]
AX sEANAE BHE ARSAY RS ALY 7] 55 Q)
o, 71¥9A 1471 4 Pliny® A4 ‘Historia naturalis’®l /\15 =4 7'<]f1,
AAE i, 75 A 59 ABAR o]EsArtar Byl ¢ BNE
gk propolist= @A4ts}, t, dutolelx 5, Fudet H F¢ 5o ¢
G AegAdo]l BayEo] glow, A= W, AAEs o
I 2L AHe dWeiAu AdES FEATI] A AV - REAFES
2 gol o] gHa Ut

Propolist= T8 ¥+ Ao WE Aol= ot dwbA o= 50%9 4]
A, 30%9] wax, 10%9] AF 2 W3R, 5% s, 18 5% 7] E
st gRroz olFolx Ut Propolisl M HAR o]§HE HES
alcohol¥t #2 fF7]1&mjelA FEH= ARow, ofHf3 FEE=25FH B2
stetEo] £ - sAHEAL 1 FolA 7P T s dEol flavonoidet e
3 59 phenolics, 12]3 W ol oy JRELS UFEE
AR o FfEol du. o1 F propolisiE FREE A 7F, A
A, AR ol whEl AR A0 Aolrt e Aom A Jow,
HAo= A9 9 A5 w2 ‘Poplar typeﬁr ‘Baccahris type' 2.2 = A

FoEglos BREgY. 433 29 A9 419§ oFAlokit propolis
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a2 F98 TFAAMELS flavones¥ phenolic acid % esterso|t}. 1@ A
‘Baccharis type’ propolisi= E.g}ddA X%+ propolis®A, Baccharis
dracumculifolia’7} % 2] A o]lil p-coumaric acid F+=A7}F F2 AE A

o= gAY

AA propolisE ATsteE = A4 v dids] Ja vEd FFEL
2, At propolis®] At 75l thste] A B AL glot of A A
Agt AR, Aggd, A9 54 2 7|dAE 5 BEEES AMgel #
th. Ahn 57 U 6 7 AFe2REH propolisE FHete] TFALE 2
Fatksl A FAT A, =& A @45 A E AE Fels e
&2k propolis Poplar type?l o2 R udtdth m3k Choi P& =

A

o
W4 7 A el A F=HE propolis®] FAFsE FuAE G4 24
¥}, S 4E propolis7F 224 propolis .t -2 kst 9 dn A E 24
S e Aoz Rud v glow, 3 ST AFEE Aed I 18 7Y
A Ao A FF ¥ propolis7t FHA A wWE Zol= EAFA W E Yyt
2

propolisel] H|3le] thAh =2 3 2 AT dAEAHS 7HA
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= AL FAstgrh. Kumazawa 572 AFEolA 3% propolis7t 7] E}
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1. 438348
1.1. A

2 Agol AF&3 propolist 2010 F-E 2011 Afoleo] AskdE o=z A
TE 6 M9 dEes7tEEH TSI (Fig. 1). Propolis ¥ (crude
propolis)= & WF-9 B 97 "o JYdEAE AztE wEds
sto] A oH, FHe FFHe Yedd 24 A WA & A
propolis 94¥ & &+ kul
t}.

1.2. Propolis & & %A

Propolis® ¢4 - W5 (-20C) 2aH propolis A3 20 goll ethanol 80 ml
£ 7heto] A2olA 3 ARF wwkstHA FEepglon, ofRA R F&E o
gk oS FE7|(rotary vaccum evaporator, Buchi Rotavapor R-114,
Switzerland) & ©]&3lo] 7deS At T2 Z(Eyela, FD-5N, Japan)
&to] £ 3}e propolisE ethanolo] =9 2% 3 10% &<fo= ZA(EEP,

ethanol extract of propolis)dt A& X 23] ARSI

«

1.3. A%

B Ao AFE3F ferulic acid, o-coumaric acid, p-coumaric acid,
kaempferol, naringenin, diphenylboric acid Z2-aminoethyl ester, quercetin,
a-tocopherol(VE), chrysin, p-iodonitrotetrazolium violet, linoleic acid,
2,6—di-tert-butyl-4-methylphenol(BHT), B-carotene, caffeic acid,
2.4 6-tripyridyl-s—triazine(TPTZ), caffeic acid phenethyl ester(CAPE),



Fig. 1. Collection sites of Jeju island propolis. J1, Bukjeju Aewol; J2, Bukjeju
Nohyeung; J3, Namjeju Namwon; J4, Namjeju Pyoseon; J5, Bukjeju Hallim; J6,
Bukjeju Hallim.



linoleic acid, ascorbic acid, soybean o0il2 Sigma #|%<, cinnamic acid,
gallic acid, sodium carbonate, potassium acetate, phenol reagent, iron(Il)
chloride hexahydrate, potassium peroxodisulfate™= Junsei Chemical #|3% &
Tdstg . 18 ar 2,2-azino-bis 3-ethylbenz-thiazoline-6-sulfonic acid
(ABTS), galangin< Fluka-Garanite Chem. A%<, hesperidine Aldrich
Chem. A%<, rutin® Acros Organics. o] AEFS F+YstAth Tween 408
Shinyo pure chemical A% & T3 2, polyethylene glycol, aluminum
nitrate= Yakuri Pure Chemical A% &, HPTLC plate= MerkA}e] HPTLC
plates(10x10 cm, Silicagel 60 Fos) & T U8} AFEsIG L, 2 9] B A
oFe SHAIFE ARE ST

1.4. A48 5 2 ¥A

B Ago A AFE3E = Gram-positive bacteria®l  Staphylococcus
aureus(KCTC 3881), Listeria monocytogenes(KCTC 3710), Bacillus
cereus(KCTC 1012)9} Gram-negative bacteria?l Escherichia colitKCTC
1923), Vibro parahaemolyticus(KCTC 2471), Salmonella typhimurium
(KCTC 2054), =x8]a mold?l Aspergillus oryzae(KCTC  6095),
Aspergillus niger(KCTC 6196), Penicilium chrysogenum(KCTC 6052) %
9 Toz 3t AYFITATA FHAALY(KCTC, Korea Collection for
Type Cultures) & 2 5-E F-ofulol A}-8-3}3It}H(Table 1).

Ao ALg3 WA= S qureus(KCTC 3881), B. cereus(KCTC 1012),
E. coli KCTC 1923), S. typhimurium(KCTC 2054)2] 749 Tryptic Soy
broth(Difco, USA) BlA| S AFE-3} 2™, L. monocytogenes(KCTC 3710)+=
Brain Heart Infusion(Difco, USA) ®{A& A&kt 18, V.
parahaemolyticus(KCTC  2471)¢] 4% 24 3%E #7Fst  Nutrient
broth(Difco, USA) ®iAE A}&3tH o™, A oryzae(KCTC 60959 A.
niger(KCTC 6196), P. chrysogenum(KCTC 6052)2] 7% Potato Dextrin
Agar(Difio, USA)E A}-&3F4th



Table 1. List of strains and media used for antibacterial and antifungal

experiments
Temp.
Characters Strain Media .
(©)
Bacillus cereus (KCTC 1012) TSA/TSB 30
Gram (+)
Listeria monocytogenes (KCTC 3710) BHIA/BHIB 37
bacteria
Staphylococcus aureus (KCTC 3881) TSA/TSB 37
Escherichia coli (KCTC 1923) TSA/TSB 37
Gram (-) e
imuri KCTC 2054 NA/NB
bacteria Salmonella typhimurium (KCTC 2054) 37
Vibrio parahaemolyticus (KCTC 2471) NA/NB 30
Aspergillus niger (KCTC 6196) PDA 30
Molds Aspergillus oryzae (KCTC 6095) PDA 30
Penicillium chrysogenum (KCTC 6052) PDA 30




2. AgHy
2.1. H=A 33 E(polyphenol compound) &4

2.1.1 Total polyphenol &% &3

Total polyphenol®] &S Folin-Denis< Wasle] =439},
EEP €9 0.5 mlol 10% Folin—-Ciocalteu reagent 3]} 0.5 mlE * 7}s}o]
Ao 3 271 Wx35ta, 10% sodium carbonate(Na,COs) 0.5 mlE A7} -
st AR A 1 AIZF WAgE & 23335 A (Spectrophotometer,
OPTIMA)E AH&3ste] 760 nmol A F3 =5 A5 Gallic acidg £+
EHE R34S AAdste] A" stlen, s=v AdX¥ propolis

A & A #E total polyphenol FAZ 4+ o)

2.1.2. Total flavonoid &% 3

Total flavonoid e Woisky9l Salatino® ol wat Z4atcH?.
EEP 05 miell 2% AICl; 05 mlE #7Fate] AolA 1 Az A3
420 nmolAd &3 =E ZAH3A Querceting ¥FFEHAE E=34E ZA
sto] mAAE o, FEE HEY propolis FA & AHE  total

flavonoid Al = 3HAksEA T

2.2. High perfomance thin-layer chromatography (HPTLC) plate

A/l 2 FRARE &Y

HPTLC plate A7l= precoating® silical gel plate(10x10 cm, Silica gel
60 F254, MERCK)el Linomat V(CAMAG)E A}-&3t] propolisE A2 a4
om  A7fHE benzene: ethyl acetate: formic acidE 4: 1: 05 ¢ H &=
Eetsto] d7he sl

Propolis®] flavonoid % phenolic A& <12 HPTLC plated] 2z} A
2 FZ3 propolis 1 plE 3.0 mm band® #HZA o] HAMI F 1%
diphenylboric acid 2-aminoethyl ester®} 5% polyethylene glycolS =}d &2

Bty 29) 4 (365 nm)S 2AFaRe] #Helalit)h. Propolise] F8 FAAE



Lo

¥ = d(standard substance)< 7t A& 0.5 plE 25 mm bandZ 4

ato] A7HskA
2.3. Antioxidant activity

2.3.1. Antioxidant activity on linoleic acid oxidation
B-Carotene®] = M5 o] &3 &4ksts2 Emmons 59 WHE ©]&std
=439 Y. B-Carotene 0.3 mge 3 mle chloroformo® £318 5 40
mg? linoleic acid®} 750 mg® Tween 405 #H7}sta, AA 7MAE
o] chloroform< EF AAS & F/FF 100 mlE 7}ste] emulsion &S
ZA3EF ). B-Carotene/linoleic acid emulsion §< 3 mldl EEP 50 pl&
Egste] 50T F2FolA 1 AIZE &<k WHEAIZ1 £ 470 nmollA] F3E =
& F439 v dl=7% EEP 4l ethanols #H7Fsle] S48 on, o}
e AAbAle] ¢)ste] antioxidant activity(%)E Z=A st o] o, g4
H W E 9sle] stA 3akskA el 26-di-tert-butyl-4-methylphenol(BHT)
AF3EA Q1 vitamin E(VE)E EEP 1/10 &2 #H71sk & Fdgt

>,
ljr
M
4o
P‘L

O_i.,

b L

=)
o
r o
o

o
i)
o
f
NI\
2,
ol

2

Antioxidant activity(%)= (DRc — DRs)/DRc x 100

DRc: Control O.D. (=In (a/b)/60)
DRs: Sample O.D. (=in (a/b)/60)
a: 0 min O.D.
b: 60 min O.D.

2.3.2. Free radical-scavenging activity on DPPH

DPPH free radical 2=7&4 < EEP 1250 ulel 0.5 mM DPPH ethanol
solution 250 pl& F7bste] o7& FellAl 1 AlZF WAgk $ 517 nmell A
FHAEE SASATY x5 EEP W4l ethanols #H7bste] S439
o, gz dd  FFro] A #AE  o]&3ted DPPH free

o



radical-scavenging activity(%)& 2FE3stA . dA dAkstAIQl VE<F 34
haksl A ¢l BHTS DPPH free radical-scavenging activity(%)& =4 3}

propolis®] &4 & H]ul - B4t}

DPPH free radical-scavenging activity(%)= (Ac — As)/Ac x 100

Ac: Control O.D.
As: Sample O.D.

2.3.3. Scavenging activity of ABTS radical cation

ABTS® ZAL Fellegrini 59 WS wdste] A9, 7 mM
ABTS 5 ml¢} 140 mM potassium peroxodisulfate(K»S:0g) 88 pnl& £33}
o Ao A 12~16 AZF WA & 1 mlol ethanol 88 mlE 3 7}3shd
ABTS "&9& zAs o, ABTS © §99 %7} 734 nmollA] F3E&
0.70£0.027} ¥ =% ethanol® 3 A3 & A&tk ABTS €9 990 ul
of EEP 10 pl& #7kate]l 30 %3 2&stal 25 &3F A2oA g3 &
734 nmoll A FFEE SASIAT dlx+ = EEP 4l ethanolg 3 71sko]
S ow, ofgfet & AAA el elste] ABTS radical inhibition(%)<
SAsAo 249 HuEs FAkskAIQl VESF 4 &qtskA¢l

BHTE EEPS $9% $E2 7% ¥ 22 Ppoz S4sguh

4

Ll

il 4o
ol

R

£

=

e

ABTS radical inhibition(%)= (Ac — As)/Ac x 100

Ac: Control O.D.
As: Sample O.D.

2.3.4 Ferric reducing ability of plasma(FRAP) assay

FRAP assay< Benizie9} Strain® W¥& ol&sted ZAsAd. 40
mM HClY =< 10 mM 24,6-tripyridyl-s—triazine(TPTZ) 2.5 mlel 20
mM Iron(Ill) chloride hexahydrate(FeCls - 6H-0) 2.5 ml®t 0.3 M acetate

10



buffer(pH 3.6)2 &%3lo] FRAP reagentE =A) ‘E}ﬁiﬁ‘r. FRAP reagent 3
mldl EEP 100 plE& #H7bete] 3 &3 Ao Wxgk £ 593 nmol| A 3%
L5 FAsion, ot et 22 Al o5t FRAP activitys 735t
Atk o] w, Fgo] HwE 9t M FatkstAIQl VESF 34 FAkshA<
BHTE EEP% $d& s== H7ke & 22 Wyos SAsATh

Olr

FRAP activity= Ac/Aa x 100

Ac: Sample O.D.
Aat Ascorbic acid(100 pg/ml) O.D

2.3.5. Antioxidant activity on HPTLC plate
Propolis®] T4 #ol w& 43t 582 HPTLC plated] 7 A9z

FZ3% propolis 1 plE 3.0 mm band® A 3te] HANE F 3% soybean
oil& et A A (264 nm)S AREe] o ALsk oAl bandel A
SANE EAE

ook =3 propolisfﬂ T2 FAAAEY ®ETE4(standard
substance)9] 4%, Z+ A% 05 plE 3.0 mm band® FHA 3t AN
55 2kstol gk Al bandE 213t

11



2.4. Antibacterial activity on HPTLC plate

Propolis ZA A& wE antibacterial activity:= HPTLC/bioautography
W o w Wrhetsitth. HPTLC plateel 7 A j¥= &3 EEP 242t 05, 1
ulE 30 mm band®= F A skl AN 5, 18~24 AZF wjekst zF 5w
FA wiAE EFe 1~2 mm FAZ EFskth HPTLC plateg 37C
o 18 Azt v %k3lal p-iodonitrotetrazolium violets #Fato] 1~2 AJ7F 3

7} vl k3t ¥ antibacterial bandE 913}

2.5. Antifungal activity on HPTLC plate

HPTLC plated]l 7t A= FZ3 EEP 3 plE 50 mm band® 74 s}
of N 5, 2} wFolef wiGEASl HiAIE EFEY] 1~2 mm FAR
BEF3aL 30Co A 5 d7F wjkst & propolis® antifungal bandE <13}
AT

12



1. M =4 33 E (polyphenol compound) &4

1.1 Total polyphenol &% 2 flavonoid &%

Folin-Ciocalteu #2412 2 &3} o] polyphenol &#o] @ AES =
Astzle] Age YHor, dvtHo® F polyphenol S SAst=d @
g ARgE gtk AICK WHe =29 B e C agld EAskE
catecholic % E54H hydroxylation°ﬂ A9 flavonoid7} ESlE =z =
flavonoid ¥#& AgstA I + gle @4
flavonoid &
o0,

AFZo A =38 2 A gd
steke Table 29 2ol AF=4F propolis®] % polyphenol $Feke 33
794 mg/g of EEPol™, EAlF =3 (J2)lA X% propolis7t 126.8 mg/g
of EEP® 71 =& %= ‘%E]rlﬂ‘”ﬁ‘r. ey FAF FLJ3)HF EAF
s (J5)l A =H ¥ propolis® & polyphenol & #-2 70.0 mg/g of EEP ©]
stz ta UE gEFe deddew, 53 HAF FHHNA 3"
propolis®] 79 59.7 mg/g of EEPE 714 wrqtth

AFEoA =¥ propolis® % flavonoid %S Hi+ 584 mg/g of
EEPZ A5 ZAJHoNA =349 propolis’t 108.8 mg/g of EEPE 7173
=< gEe vgdsden, HAF ofdJDAAA +3¥E propolis7h 421
mg/g of EEPZ 7}4 & & flavonoid %S vEW It

Hamasaka 57& 9 ojg] Ao 3% propolisE #4138 43}, &
polyphenol % flavonoid 3&Fe] 77 53.3~431.2 mg/g of EEP, 21.0~113.1
mg/g of EEP 35 Q= o= E»Lo}}}\-——u:] Bonvehi 5%& 292l
HEE5olA =% propolisE #4118 A3 F polyphenol 2 flavonoid 3
o] Z+z} 210~340 mg/g of EEP, 86~161 mg/g of EEP® H 133w wu}
AT A =3 ¥ propolis® % polyphenol ¥ flavonoid &2 ©o|&¢ 2

propolis®] = polyphenol % % flavonoid

13



Table 2. Total polyphenol and flavonoid contents of Jeju island propolis

Total polyphenol” Total flavonoid”

Sample No. Collecting site

(mg/g of EEP) (mg/g of EEP)
J1 BuklJeju Aewol 78.4+3.9 42.1%1.1
2 BukJeju Nohyeung 126.8+3.4 48.7+1.1
B Namjeju Namwon 62.743.2 53.3+0.0
H Namjeju Pyoseon 75.5£1.9 108.8+4.5
J5 BukJeju Hallim 59.743.2 53.1£2.0
Jo BukJeju Hallim 73.1+£2.6 44.5+2.7

*Total polyphenol contents were determined by the Folin-Ciocalteu method. Each value is the
meanzstandard deviation.
"Flavonoid contents were determined by AICl;3 coloration. Each value is the mean+tstandard

deviation.
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ol

Fe

tlo

dof Hlusto] B ouwf thA wEe Hetdl= AS F99d = dv. =
3 Silva Y& 923 0]4F propolis] % polyphenol ¥ flavonoid 3H#S
A d¥ 7h7F 33.0~176.0 mg/g of EEP$} 4.0~54.0 mg/g of EEPZ 1
w3lg o, Isla 52 olzalE oA 3% propolis® Z flavonoid 3
Zol 133~62.0 mg/g of EEP® K1k v} Qlv}. 7|Eo] e A543t
B Ao ALgE AFEAF propolisE H| Lo & uwf, & polyphenol &
2o g2 ylo)al propohs7} A F==4F propolisE.th & S 7HA = Ao
F1E Ao, F flavonoid &S F=3ol4k B ol =&l ¥l U4l propolis
Bk AFEAF propolis7t =2 S 7HAE AS g1E S ATk

3l Kalogeropoulos =22 GreeceSt CyprusES X &dt ofg] xdozy
B 533 propolis®] ¥ polyphenol ¥ &Fs 43 Ay 80.2~3385 mg/g
of EEPZA, Alg ¥ 53] AT 715 Cyprusell A 3% propolis7t
& X9 A4 +=H3H propolisdl H|3}e] = polyphenol $F#Fo] 80.2, 85.7
mg/g of EEP=2 tha vv2 A& gl v, A5x4 58 propolis
o Al o]} HlS=gk 4= 9] polyphenol $ES YElW= AL " A9H
bl Bk ZF e e A9 propolis®] ¥ polyphenol 2
flavonoid %F2] x}o]+= propolis® #Z2S ZAAsI=dY a3 2422 F4
=™ o] propolis®] 7143 AitE T
ks FAS 2AJANM 5 propolis®] F  flavonoid el &
polyphenol FHgFH T =4 vetd Ade FAF FHAJDAA FHE
propolis7} Bh2 A SellA =58 propoliset dol3t TEAdES 7ML A
U SolH¢l Az AdEu, oo thgk FrFQ Al dad o=
AP E O

ol

HU

\

15



o

2. AF= A 43 € propolis¥ HPTLC pattern ¥ FAA

AFEA F=HE propolis® flavonoid 2 phenolic A% 3212 high
perfomance thin-layer chromatography(HPTLC)E o] &3}o] #2135t}
Fig. 2= propolis®] 8 T4 ZFEZ(standard substance)S 77
sk 2o 2 chrysin, galangin, kaempferol, quercetin 53 Z- flavonoid &
Ao A Age AME el or  caffeic acid, cinnamic acid,
coumaric acid, ferulic acid 53 22 phenolic acid =& HIA AZY
Al UER Sl

AFEo A =3 % propolis®] HPTLC pattern Asle] B A3 FHy
15 7R} phenolic acid®} flavonoid bandS &<ld 4= A tH(Fig. 3). &4
F NLJDH BAF =¥ (]2 F=FE propolise] 4§ tH¥3 phenolic
acid®} flavonoid Aol el de AS AT + Ao, & A
“ﬂﬁ 3% propolis(J3~J6)¢l ¢ © %

S YeErT EAT EEJ3), i EAF g J6)d
A ¥ propolis®] A, HAF ol =2l FE
propolisell H]ste] tha AL FAAES Frstal e AoE UeE oy
propolisE TSt dAlEA stgES Frols & Aol7F gle ez Kl
g 28]z AT GL03) FAST 5454 FH-E propolis9]
HPTLC band pattern©] 7| ¢FshAl et AL kAl 8Q1H & polyphenol
2 flavonoid®] $FFol v Aot dA = o Holw, 7} =S
polyphenol %3 WeEtd HAF =d(J2)oll4 5 € propolis7t 7H&
B bandE 7= Ao® yetwth v GAF FAJDNA "
propolist TF& A oA -9 propolis(J1~]3, J5, J6)¢F &8 A2 A
&%) band”7} wi-¢- ZstAl yvEbwtew A AlE ] bande M oFekSlaL, v
2 A9 F£H9 propolis®] HPTLC pattern® v nste] =2 uf A3k

Ao/t Yes HAT + 9

o
M
J

i
i
o,
e
)
O
o
lo
o
)
=)
o,
ko]
D
—t
—+
[0}
=
=)

Gregoris 5% wlvlxobol A ¥ propolis® FL& AR
pinocembrin, caffeic acid phenethyl ester®} galangin®l Z S &2l 3 on,

E£3] Poplar type propolis® 74 caffeic acid, p—coumaric acid, ferulic
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Fig. 2. High performance thin-layer chromatograms of major standard
substances of propolis. a, caffeic acid; b, chrysin; ¢, cinnamic acid; d, o
-coumaric acid; e, p-coumaric acid; f, ferulic acid; g, galangin; h, gallic
acid; i, hesperidin; j, kaempferol; k, naringenin; 1, quercetin; m, rutin; n,

vanillin.
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Fig. 3. HPTLC pattems of Jeju island propolis. J1; Bukjeju Aewol, J2;
Bukjeju Nohyeung, J3; Namjeju Namwon, J; Namjeju Pyoseon, J5;
Bukjeju Hallim, J6; Bukjeju Hallim.

18



acid, kaempferol % pinostrobin &°] 1 F& FAAGEolgL B sttt
AFAA A A Aol whE propolis A El i B ATTE 7
8 o]Folx gtom, 7 A Lima & o= dEUA propolis?] F &
T2 A o] pinocembrin, pinobanksin, chrysin 2 galangin¢! A& <1359

. Watson 7% Erlgle}, 2 2572 9 g2 A 5F%E propolisS

M

o

A3t A3} caffeic acid, pinocembrine, chrysine] 1 F8 FAAAREAS vt
Ut ¥k ol Sulaiman S8 o]t propolis?] T8 FAAE

o] caffeic acid, ferulic acid®} prenyl caffeate®} %22 phenolic acid®}

o

pinocembrin, luteolin, chrysin, galangin® #-& flavovnoids® X113+ ®} ¢)

om, B3 Ahn 57 @I FF-E propolis® FE caffeic acid,

p-coumaric acid, kaempferol 5 15 72| polyphenol % flavonoid 7-/37d &

o] Ffrrof e AS WHUAL AFZolA FHE propolis®] 7474 %

gRl& HPTLCE o] &3te] Al&eta tdstA H7te 4 dlew, 1 4

3 Eolz FAAMES F#3 Ao oy FAF FTAJHAAM FHE
7

o Atz g

i
=2
4
<
o
N
)
)
r o
r o
—
N
)
11}
ko
]
posy

propolis®] A &%
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3. Antioxidant activity

3.1 Effects of Jeju island propolis on linoleic acid oxidation

B-Carotene®] H & o] &3 43t B-carotene?} linoleic acid’b wh
tol B-carotene®] F&Ao] HAE = SA4S o] &% Ao=m Akt

7= AlREE H7Fgel whEl B-carotene E Aol A& EHQls)d]
= W olth o] #3k B-carotene-linoleic acid system= ©]-&

2 propolis®] @4tsks Al A= Fig. 494 2

AFEoA =% propolis® antioxidant activity(%)+= 8.6~254%% =
polyphenol &#&o] 714 =A Uetgd EA15 =g (J2)oA 4% propolis
7F 264%% M w2 24e WEhAaL, F polyphenol @EFel 7HE S
FAHAALD HAF FH(IHANM FHE propolis7t 86%= THE v
antioxidant activity(%)& WEFH AT AF=olA =3 ¥ propolis®] 3H4Fst
2497} total polyphenol ¥#rhe] A#AAE Ao Ay FAASF RS
07972 =A dstwtew, AF=olA FHE propolis®] FAFst &A=
polyphenol#¢] 717} & Ao 2 F=%}H(Fig. 5).

Kumazawa 5"& A7 2 2 ¥ 34 propolise] diksl &4
543 A3, ol=2dEyY, T, &7k SelA 3 € propolisi= 60% ]
o] kst @A e vl o, dotz et w3 2w 7| A FH
H propolis® 7% °F 30%, 18]a Ej=olA FHE propolisE dAkst &
Adol Aol yehbAl Fdtta ®Bagk vp AlFEolA % propolist HY
=4F propolisBth & F4kst 23S yYelon, dolizegtet v, ¢
zH 7] =gl Al 8% propolis®t=  Hl=d A4S YERATE g
Hamasaka %'7& 9o 13 7§ A eA =8 ¥ propolise] &itst &A1&
gtol3t Ay} B-carorene H A AT -F 10~60%% Haslgg o, O}ﬂE‘r,
SR At a8 ST Al - E propolise] A$ 10~20%

—

0

KeX
(3]

ME s

o,
tlo

0

o
2

H

=
T

>ﬁ
Ol

il

ox o

=

il

2 B39 v o]E propolise A FEA FHE propolis®t vl <=3 A
o] kst dA4S A= AHE EdFE 4 9l

20



J —
32 —
J3 —

14 [—

JG ]

BHT
] 20 40 60
Antioxidant activity (%)

Fig. 4. Antioxidant activity of Jeju island propolis in the [B-carotene-linoleic

acid system.
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Fig. 5. Relation between antioxidant activity of EEP and contents of

polyphenol.
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3.2 DPPH free radical-scavenging activity of Jeju island propolis

DPPH= A-2oA bF3 HHE, desd 59 3¢ s i 515
nm FolA 543 FAEE Holw S T = AR st 5
ol Al mepdo] dojAHA FFE7E grolA| Al #rh o]2]g DPPH
free radical 2A5 < {3 HAshA &dxkst S48 Hrks 4 9lov =z 3
Ahst G A BH o s A} b

AFE=A -9 propolis®] DPPH free radical-scavenging activity (%)
A3+ Fig. 64 2ok AlFXolA ¥ propolist 6.2~267%=2 AT
= (J2)l A =3 E propolis?t 26.7% = 71 =2 A4S YeEylony
AF BAJDANA =R propolis?7t 62% %= 7FE w2 DPPH free radical
a4 s Heuldda. 53], 5AF =2 ¥ propolis®] 78-F,
positive control® AR&¥ ¢ 4kstAIQl BHTS Bl =d =2 ditst &4
= 7HE Ads g = oAdMen, AF=dA 8% propolis®] DPPH
free radical-scavenging activity(%)%} total polyphenol &=Fz}te] AF33A
S AnE A3 A RS 06612 UEFTHFig. 7).

Kumazawa SV propolis®] 8 A4 R0 w2 DPPH free radical 2
AgAgS BAE A} caffeic acid, quercetin, kampferol, caffeate
phenethyl, cinnamyl caffeate, artepillin C¢ A% VES} v =3 A= =
ikt FAS THAE Zo® Baug bl AF oA F3E propolise v

2 o8 vl A 8% propolisdll Hlste] dAbst A4S vEr = A
ol Ffro] tha @S Ao oAHTh Lima 57& of2dlE e 6 )
A g =R E propolis7t 46.6~89.5%¢] &4zt FAS UElYE Ao=E
BaEteon da Silva 5%7< B A% propolise] DPPH free radical 27
@0l 42~71.9%= ®ad wh ¢ty 7183 Banskota 50V B,
"Er, TAA= 9 Fo|A F=HFH propolis®] DPPH free radical 24 &A &

1=

AN

i_,

I, A4k 2 T34k propolis®] 79~ methanol FE&E°] & F
e ks @45 vErd 3ol H]‘Cﬂ‘ﬂ ﬁﬂ*er*iﬂr TFAAEA
propolis®] 7 - methanol FE&EH T} &

UER QT B stk w8 Russo 5 2 # Ak propolis®] DPPH free

[e)
=
radical &7 @45 4% 2AH, sk JTHoR G Frtee

|
ZD T:]—

g
MN'
&
ANy
_l-[o
o)
<
o
e
Jou
il
oX,
o

rlo
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Fig. 6. DPPH free radical-scavenging activity of Jeju island propolis.
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w2 gl Alg¥ EEPSF Hdd sRolA oF 20%9 &S YEhd=
% a3k vp e} olef o] AFEolA F=HHE propolistE UE A Y
oA € propolisell H]Ete] Tha wre dals FAS JlAE= Ao w U}
Ebyk o) o] gk &/ e] zo]= propolis

T gl Aol /191 Ao Ane

A

26



3.3 Effects of Jeju island propolis on ABTS radical cation

AFEod R propolis®] ABTS radical cation—-scavenging
activity (%)= 17.2~472%%, & polyphenol 3t#o| 714 A Yelyd &
AT =G (J2)oNA 8= propolis7t 47.2% = 7F =2 EAS YEUI L,
% polyphenol 3ol 7HF WA yetwd HEAF FH(HANAM FHE
propolis7} 172% % 7Hd w& &4& Ueldn(Fig. 8). HAF =4 (]2
ol 1 =R propolis®] 7% positive control®Z A}&¥ BHTS H 223 A
o] ksl gAe yehdoen o E DPPH free radical scavenging
activity(%) 239t FAFEE #iH o] A3E el AFRdA FH
propolis®] ABTS radical cation-scavenging activity(%)2} % polyphenol
geato] AupAS AWE Ay F@AF R 07222 %A derg
(Fig. 9).

, 24 &
Bonvehi 5%& 29
_]

1

~

H

1290 HEFe 20 /| AGelA =¥ propolis?]
ABTS radical 2A&4S #4% 23 10.0~52.3%=A] DPPH free radical
28] A 82~405%ETt Fe A4S U FoE HistHon,
Yang S% Z3 ¢tFolo A ¥ propolis®] ABTS radical 27 &4 o]
DPPH free radical 224 ARt} v =4 Yebstvhal ®agk vp 9l

o= A F = A F=HH propolis® ABTS radical 2484 Axrp ok g
¢21¥l DPPH free radical &€/ Aol Hlste] 2 3ibst &S 714
+ A YA}t Radical A4 Aol digk o]est Aite] Aol=
DPPH free radical-scavenging activity?] 4% 2% 49 sitslzE 2z
H-S-3l= Aol ®]3le], ABTS radical cation-scavenging activityi %44

W Y Fakst =4 #Fr WEg-gholl uwhel Pabst &dAgde] HE = B
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Fig. 8. ABTS radical cation-scavenging activity of Jeju island propolis.
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3.4 FRAP activity of Jeju island propolis

Ferric reducing ability of plasma(FRAP) FA1¥2& colored ferrous
tripyridyl triazine complexoﬂ ol&] ferric tripyridyltrizaine(Fe® ~TPTZ)
A 7 2 pHol A #dAd 9)3te] ferrous tripyridyltriazine(Fe” ~TPTZ)
o= @%5101%]{— HAS BAFoEN A8 o F dikst 595 573
ahe o),

AFE=o A =5 % propolis®] FRAP activity:= 469~138.2 ng/mlz, &4
F =3 (J2)NA F3 ¥ propolis7t 138.2 ng/mlz 7Hg =2 3Akst @45
el R o A F BA(J4)NA =8 propolis’t 469 ng/mlz 713

2 FRAP activityE YEFHA 3, AlFZ=A F=HE 6 712 propolis
positive control?l BHTRE.t} %2 &4& Yetd A thFig. 10). =3k A
o A 4=H¥ propolis® FRAP activity$} total polyphenol &#Fa}eo] AF
AE AWE Ay FRAF Re 08102 AEd s i
polyphenol &3} wi-9- =& A#ABAT doS GlstAhFig. 11).

4 50 A ARE AF EAA =38 propolis®] o gh&

= B
e A3, AT EA propolis7h A A

=

ru1

§ AN
8o KoHr owe

g A&
propolis® T} w2 FRAP &4

oA By & Fhs @AdEs Ve Zle
Mohammadzadeh £°°<& o] @4t propolis®] FRAP activity S

% polyphenol $t#o] =& FRAP activity =3 A4 yeldtz B
stlom) olg gt A= B AFZAAet dAGE s AT F U &
& Ahn 52 propolis®] F9 FAA RS W2 FRAP activitys 23
A3} artepillin C, p—coumaric acid, galangin® BHTE.t} & A4S 717

=

r& g

1 caffeic acid phenethyl ester, kaempferol, quercetin < ¢l 3Hxl3}A)

d VERT =& EA4S 7= o2 HAustdd vl AFEdA ¢3¢
propolis®] T3l gk AAZQ A+7F 6L g ojof & Ao g A}
s¥oh

BHA (butylated hydroxyl anisole), BHT, a-tocopherol, propyl gallate &
< EAQ A FASIAR FPAH R Fo] o] & o, I+ EAol
U @5 A AT o] oy BAAC g5 VX = AoR HiEo] 9
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Fig. 10. FRAP activity of Jeju island propolis.
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3.5 Inhibiting ability of soybean oil on HPTLC

AlFZol A =¥ propolis® Aol wWE A A st v9S
SA4st7] flsted, 1 F8 RS FET=H(standard substance)=
HPTLC 4ol #7135t 3% soybean oilS #53 3 @x}e]4(254 nm)<
ZAbste] Absto Al bandE S8kt AAE 14 e 2FEEE T dFF
abgte] 9lo] oAl bandE YEMH AL F 9
kaempferol, quercetin, rutin, vanilline ¢}%+ 4] bandE YEFHA L o] =
1 A7 ojulell 2% A5 A ch(Fig. 12). 18]al 7S 7283 oA bandE

el A& caffeic acid, p—coumaric acid, ferulic acid, gallic acid= =}

N EdolR o, galangin,

o
o
k)
!
m
7

+ propolis”

A 2L F 3 Agke] A E Folw o4 band7h A 4 21Tk

Aol A =84 propolis®] - AF3H}Al bandi= AFeAdS AR
10 #A4 Y FHE YEgom 70 B4 FlA sHg e e Fakst g
d band® @18 4= AQT, AL 24 100 24T Fole A mE @
2Fe} band7l &AAH AT (Fig. 13). 5AF =¥ (2014 3% propolis ]
Be AL e 24 F 10 247 FRE st band7h dEbe 7}
& AT s @AE deddla, SAF dE (5 38 ¥ propolisel
A i oF# oAl band7b BRHAT ol A 2 g ARl F
st g4 Aol dAEH, AFEelA =¥ propolis®] A xF Fatst
T okdd 71 AF A JFH 54 we el Aol 7|
ks Ao Holh

A0 2 gfA astel ol@ propolise] FArst IS A A}, o
Mo g7 2as AdAse AL Fson, v 5L propolis
FE AFol e stFAFEe Hste] dRRFE 7Add JAHY HERSQ
bA Aty LRy qte] WA dEeR ohfEofA dvkal Badh np gl

R Hog
1]]o

}_
olt}, z %% sbsle] Wiztel %

e Zow 1 ER e R
53 e JREe AFHUAE 9F propolis T AehEl BEol AFAL
oA BEA FA L hgH HRE A% LP/ERA A7 dda wa
g o gtk AFEAF propolis®] F4bs &7k HEo) o] AfH oz
et gasART 4@ s muE dehis 4¢ % 6, propolist
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Fig. 12. Antioxidant activity of major standard substances of propolis on
HPTLC plate. Observed on HPTLC plate under UV light 20 min after spraying
soybean oil. a, caffeic acid; b, chrysin; ¢, cinnamic acid; d, o-coumaric acid; e,
p-coumaric acid; f, ferulic acid; g, galangin; h, gallic acid; i, hesperidin; j,

kaempferol; k, naringenin; 1, quercetin; m, rutin; n, vanillin.
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Fig. 13. Antioxidant activity of EEP on HPTLC. Observed on HPTLC
plate under UV light (a) 0 min, (b) 60 min, and (¢) 130 min after
spraying 3% soybean oil.
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4. Antibacterial activity on HPTLC plate

4.1. Gram-positive bacteria A58

AFE=A =79 propolis® FAAE wE antibacterial activity=
HPTLC/bioautography Wi o2 % 7}sle] H H}l gram-positive bacteria®l
S. aureus, L. monocytogenes, B. cereus®l| U3l antibacterial activity®= Th
S 29(Fig. 14).

A FEA4F propolis®] AL HAPrH o2 S qureus®t B. cereus®l| H]
3to] L. monocytogenes©l A antibacterial band zone®] U< =il t}43HA
vebg o, =8 A9 bacteria®l ROl wel tha thE G A
=2 ek B cereusol e HA 2 AlelAd AW 6 A, L
monocytogenes A= H& 2 RlA HD 7 7N, S. aureusl = FHA 1
Rl Hdl 3 7He] antibacterial bandE #<1& 4= AU oW, B cereusol
et g 49 AS dFAF ZHAJHHE SAF SH(HAA FHE
propolisell A1 7F m]ekebAl vetEtth. 28y o] F A (4, J5)S Al
g2 29 =% propolis(J1~]3, J6)2] 7% antibacterial band zone2]
e} Z7)7F vl A Bl AFEAF propolise] AR F & A
= Usds ARl diEd AGH Aol gle AoeE dAddEn. L
monocytogenes®| ™ha A3} LI B cereus® A} FAEHA vERREO
W, FAF 240403 FAF F-J5ANA FHE propolisell A 7 oF
antibacterial band’} &%, S aqureus® A B, cereus®t
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Fig. 14. Antibacterial component of propolis against (a) B. cereus, (b) L.

monocytogenes, and (c) S. aureus on HPTLC gel.
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4.2. Gram-negative bacteria ¥ A5 ¥

AFEoA == propolise] ZAAFO| uwlE antibacterial activity S
HPTLC/bioautography W o2 H7}st A3} gram-negative bacteriall E.
coli, V. parahaemolyticus, S. typhimuriumd| T3t antibacterial activity =
Fig. 15%} &t}

Gram-negative bacteria®l] W3+t A|F=4F propolis FEE9 A A
A3, oA E gram-positive bacteria A Hy dg] RE EEP|A

antibacterial band zoneo] A& &2l% A ¥k}

A
YolzZHE F 40 N9 propolisE FHste] @t S EAS A
gram*negative bacteria®. T} gram-positive bacteria®l A 73t s+ A&
el = AL el on, A<l gram-negative bacteria¢l E.coli®}
Ps. aeruginosa®l A= 11559 propolisE 713 Afox o A4S I
A gl Bk ol &gl bacteriaol Wigh At LA o] Aol=

10

gram-positive bacteria®] A¥X® 2 peptidoglycan®] W] w=ZF o It

il

g4 EHo FAS W] PAW gram-negative bacteriai=  lipopoly
o2 3 9 9ol peptidoglycand H 3 3= 2o 7]
A Ao AP walq AF=oM = E propolise] YA =A

o] @3+ gram-positive o] FeE = Ao g HOlT]

saccharideE F4

41



Fig. 15. Antibacterial component of propolis against (a) E. coli, (b) S
typhimurium, and (¢) V. parahaemolyticus on HPTLC gel.
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5. Antifungal activity on HPTLC plate

AFEo A ¥ propolisel ek o] &S FSlstr] flste] 7z}
A9 EEPE #70gk HPTLC gelel 3 &9 H3°l(A niger, A. oryzae,
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activityE &<l 2 A AF=dA F=FHE propolis(J1~]6)o A=
antifungal band7} 3 UERA @oktH(Fig. 16). ol BvF %] Zye]

18 7§ Aol 32 propolise] &F=Fo] A= Z4AY HF AF=
T Ao A F=F- = propoliso] AT antifungal bandE &<1g 4 ATY=
Avket dA e, o] HE FHtol= UE ofdUiA 71F A9 AT
2] 4 (botanical source)e] ¥&e] propolis MAtel= frelstA Xd o=
Belth, ey dAls EA(J4A 3= propolis?] o A el A

¥ propolis(J1~J3, J5, J6)ot= thE& 5ol A A4S Yehddd
v, olel theh F7hA]] e dgat A4 Foll Wi FrHAd A7 2
& Aow AtgE

= Aol = =l AFElA 3 E propolisell I ARl A&
e ugde st AU Iy vy 54 dERio]l ofd
HPTLC/bioautography %S o83t 7k 2 A, propolis 77343 &l
0E Addd eHS ASsan ddsA SAD ¢ Ao AFEdA
35k propolis®] R E A9 5L gldd 4 QoY I A AF=

2F propolis®] 7§ shatZol A 3% propolis®th T °Fstrl&= b &
bsl 2ogat dado] gk BoE FRlFlon, o= At propolisE
o]-&sto] 7]ed AF= MY H AFFT Ao VRARE AT AL

2 Al

o
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Fig. 16. Antifungal component of propolis against (a) A nmiger, (b) A
oryzae, and (c¢) P. chrysogenum on HPTLC gel.
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ABSTRACT

Studies on Characteristics and Biological Activities of

Propolis Collected on Jeju island, Korea

by
Choi, Su Jin

Dept. of Food Science
Graduate School, Dong-A University

Busan, Korea

This study examined the antioxidant, antibacterial and antifungal
activities of the ethanol extracts of propolis(EEP) from Jeju island,
Korea.

The amount of total polyphenol and flavonoid contents in Jeju propolis
varied widely, ranging from 59.7 to 126.8 mg/g of EEP and from 42.1 to
108.8 mg/g of EEP, respectively.

EEP samples were observed fifteen flavonoid and phenolic acid bands
on High performance thin-layer chromatography(HPTLC) plate. Propolis
samples, except EEP from Bukjeju Aewol(J1) and Bukjeju Nohyeung(J2),
were displayed dissimilar band pattern on HPTLC plate.

EEP were prepared and evaluated for their antioxidant activities by £
—carotene bleaching, 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) radical cation, 1,1-diphenyl-2-picrylhydrazyl(DPPH) free radical
scavenging, and ferric reducing ability of plasma(FRAP) assays.

EEP from Bukjeju Nohyeung(J2) had a stronger antioxidant activities

than those from other regions in the four antioxidant assays and had
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similar to BHT in DPPH free radical-scavenging activity and ABTS
radical cation-scavenging activity. However, that from Bukjeju Hallim
(J5) had weak antioxidant activities. All EEP samples had stronger
FRAP activity than BHT. Propolis from Bukjeju Nohyeung(J2) had
relatively strong antioxidant activity accompanied by high total
polyphenol, but propolis from Bukjeju Hallim(J5) had weak that.

The results of gram-positive bacterial inhibiting activity on HPTLC
plate, EEP samples displayed six strong antibacterial bands against B.
cereus, seven strong antibacterial bands against L. monocytogenes and
three strong antibacterial bands against S. aureus. However, all EEP
samples not reveal antibacterial activity in gram-negative bacteria and
molds.

EEP samples were more effective against gram-positive bacteria than
gram-negative ones and molds. Furthermore, all EEP samples except that
from Bukjeju Hallim(J5) had relatively strong antibacterial activities
distant from other sample areas. It reveals that components of propolis
are different with geographic origin and there are more important than

total contents of polyphenol and flavonoid.
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