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Abstract |

Bee pollen is collected from flowers by honeybees. And it has been reported to have excellent
antioxidant capacity due to its various polyphenolic and flavonoid components. The aim of this
study is to examine the amount of the total polyphenol flavonoid contents, and the antioxidant and
antiangiogenic activities of the ethanol extracts of bee pollen (EEBP) collected from various regions
of Korea. To evaluate the EEBP, antioxidant activities by 1,1-diphenyl-2-picylhydrazyl (DPPH) free
radical-scavenging, 2,2'-azino bis (3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) radical cation
decolorization, and ferric reducing ability of plasma (FRAP) assays were performed. In addition,
the in vitro angiogenesis experimental model, tube formation with growth of human umbilical vein
endothelial cells (HUVECSs), was used to test the antianiogenic effects of the EEBP. As a result, our
data showed that the amount of total polyphenol and flavonoid contents in Korean bee pollens
ranged from 25.61x3.75 to 145.39+2.71 mg/g of EEBP and from 11.68+£0.47 to 56.40+0.01 mg/
g of EEBP, respectively. The results of our antioxidant experiments showed that Korean bee pollens
(B1~B12) have excellent antioxidant activities as compared to those from Spain (B13), Vietnam (B14),
and China (B15). Especially, Korean bee pollens from Gyeongnam Sancheong (B9) and Gyeongbuk
Uiseong (B10) had strong antioxidant activities. Also, Korean bee pollens collected from Jeju 1, 2
(B5, B6) and Gyeongnam Sancheong (B9) showed inhibitory effects in the tube formation assay.
Thus, we concluded that Korean bee pollens have the antioxidant and anti-angiogenic effects
as compared to the control groups. Based on our study, these effects of Korean bee pollens are
expected to be useful to reduce the risk of developing lifestyle-related chronic diseases.
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ol A A E A3} AEF A (oxidative stress)2t
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tochemicals)& A3} AEHAES Zo|11 Ex}o] At
32 oAFenn HY4 e YL BaA]
= AL 2 BT gt}(Silva et al., 2004; Morais
et al., 2011). | EA N AL AlERo|| g A5t
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T (carotenoids), &7 = 0] = (alkaloids), Bt (tannins)
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NER ohe} FEORE YA ALE o] Luly
U+ FAllelth (Kroyer and Hegedus, 2001). &<
ST AR SHEo] ARBEAFOR o

27 A& 0= Frhska glovt @A el
F% 39 e g SY4e 425 9
onl, £ F4 20 FHLE % 15 5o
g A7 obx FRakA B Aot Hehy &
A7 2O B89 5 2 BRI o4 TS
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Table1. Collecting cities, province, sources of bee pollens

Bee pollen City Province Source
Bl Namyangju 1 Gyeonggi Darae
B2 Namyangju 2 Gyeonggi Acorn
B3 Gochang Jeonbuk Baby brier
B4 Hampyeong Jeonnam Mixed
B5 - Jeju 1 Acorn
B6 - Jeju 2 Mixed
B7 Yangyang Gangwon Acorn
B8 Wonju Gangwon Darae
B9 Sancheon Gyeongnam Chestnut
B10 Uiseong Gyeongbuk Acorn
B11 Yeongdong Gyeongbuk Acorn
B12 Geumsan Chungnam Mixed
B13 - Spain Mixed
B14 - Vietnam Coffee
BI15 - China Mixed

o A 20189 %=, o4k 3HE (37N H$ 2017¢
To AtE AR keI ZRE AlFor &
A3t (Table 1). = WHAHB1~B12) 322 = ot
¥t Ao 2 RE LN, 2UY4HB13~B15)
S22 29, HEY, 34 SHES ARSI
o 2 AdoA AR Al BF EERIER 2
gotgom AFLe FES BF UHH AHE
—20°CollA] ¥5 Hstqich.

Bee pollen =& XA

WA 259 o5 olnA|z 23t FE ofz)
3t ojHE H=7] (rotary vacuum evaporator, Buchi
Rotavapor R-114, Switzerland)E ©]-&3}o] AU¢E=
st 183 S A AR (Eyela, FD-5N, Japan)3}o]
EI318E MRS ethanolof] 59 10% §P02 A
(EEBP, ethanol extracts of bee pollen)gt & E A¢

off AHE-3FAT.

& Ed|Hi= & (total polyphenol contents)

: Zd9 % RS Folin-Ciocalteu H]AH-S AR
sto] B3} Tt (Singleton et al., 1999). EEBP
g 0.5mLol| 10% Folin-Ciocalteu reagent 3|42}
0.5mLe &35}, 32 & 10% sodium carbonate

(Na:C03) 0.5 mLE 47}ttt ALol A 147k w8
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e
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A7l & 387 3000 ppm e & YA BT T Bagag
ZA(UV spectrophotometer, OPTIMA)E ©|-&3}
760 nmo| A EF=E 438} T} Gallic acid (Junsei
Chemical, Japan)E EFE4 2 ZTFIAS A5t
HIAATE st o, F= AXE bee pollen F+AIG
A= E total polyphenol A 2 &4k} T)
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% Z9E o]t §F2 Zhishen (1999) 52 W
Hol wet 453tk EEBP &9 0.5 mLo| 2%
aluminum chloride (AICl;) €9 0.5 mLE #7}s}9
A2 A 1AIZE BRI & BFFEAE 0|85}
420 nmol| A EF =5 =43}t Quercetin (Sigma,
USA)& EEEAE BEJAS 25| vlAA
stgon, = AZH bee pollen LAY AFEH
total flavonoid FA| 2 FHAFs9 T
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DPPH radical 2715 H7t

DPPH 47842 Okada and Okada(1998)2]
He Wyste] &A3tth. EEBP 1250 pLof 0.5
mM DPPH ethanol solution 250 uLE 3 7}3te] o] &
& ZoA 1IAZE A F 517 nmoA SBEE S
A5t} Control2 EEBP 4] ethanolS AHE-35HS
o, controlo] et FFE=Y A AE 0] &5}
DPPH radical 24 % (%) AF&3t4th o|d &4
HE 95t g4 FAISHAI 2,6-di-ters-butyl-4-
methylphenol (BHT)$} A &H4k3HA| Q1 a-tocopherol
(VE)E H7lste] 543 UHer SAs5150H,
DPPH radical £7%52 t=2 A4S o]-&sho] 4
Zsteidh

DPPH free radical-scavenging activity (%) =

(Control O.D—Sample O.D) o
Control 0.D

100

ABTS radical 2715 &7}
ABTS radical 27 &4-& Erel (2004)°] &J&) 7]
<4 Yo et SAHUY. 7mM ABTS 5 mL
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2} 140 mM potasium persulphate (K»S:05)E &%
sto] Ao 12~16A12t Fet FASHAH. o] %,
ethanol 88 mLE #7}slo] ABTS -+ £H2 ZA|5}+
o0, ABTS + §4] 58 734nmelH &%
=7} 0.70+£0.027F E=Z ethanolZ 3]A35}o] AL
sttt 314" ABTS -+ €9 990 uLoll EEBP €<
10 uLE 7Fsto] Regshar, 527 Ao g &
734 nmo| A EF =S =AY th. Control-& EEBP
Al ethanole 7St om o322 AA4k4of o5t
o] ABTS radical 27% (%) AH&3I3th Z419] v
WE fJsto] HA FAEHAIQl VESL I FHAFSHAIQL
6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic
acid (Trolox) @ BHTS AH7}ste] e Wyozg =
Ashgict.

ABTS radical-scavenging activity (%) =

(Control O.D —Sample O.D)
Control O.D

X 100

FRAP 2t 7}

FRAP (Ferric reducing antioxidant power)®] <]t
A EA-2 Benzie and Strain (1996)°] 2J3) 7]
H e dF WFste] B8k 40 mM HCL
o %<1 10 mM 2 4 ,6-tripyridyl-s-triazine (TPTZ) 2.5
mLo]| 20 mM Iron (IIT) chloride hexahydrate (FeCls -
6H>0) 2.5 mL2} 0.3 M acetate buffer (pH 3.6)5 &
3+5te] FRAP reagentS XA|3}$ . FRAP reagent
3mLo| EEBP 100 uyLE 37}5to] 387F W23 &
593nmol A FFEE ZH5HA R, FRAP 242 of
o] ALbA o SJaf AFEEH AT A&7 E4E H]
W3t7] fste] A FASHAIl VESF e FAteHA|
?l BHT % TroloxE A7}t & 22 o=z 54
shsict.

FRAP activity =

Sample O.D y
Ascorbic acid (100 pg/mL) O.D

i

100

A RN
Q14 $ehel AhA® )7 A (human umbilical
vein endothelial cells, HUVECs)+= collagen gel (Cell-

gen)= ©]-§3to] BA|T 2O FEF (tube forma-
tion)S FASEE =351t (Kondo et al., 2002;
Ahn et al., 2007). 200 uL2] collagen &4 (0.21%
in M199)2 24 well plate] H7}sta 37°ColA 30
27t HA5to] gel& 2Rt 00| A, collagen gel®]l
HUVECs (1.2 x 10° cells/well)S AZE3to] 1A7F &
ok wij ¥t 3 (37°C, 5% CO») collagen £ 150 uL
A7yskaL 307 s sttt 12]al EEBP €9
A 7}3t MCDB-104(0.5% FBS, 10 ng/mL bFGF,
8 nM PMA, 25 pg/mL ascorbic acid) HjA| 650 uL&
7} wellofl F7FskaL 2447 <t vt & W34
(tube formation)?] A= S dn|7F o2 Bastch

o

Zi ¢ o%
E EdliE X EdA201E 2

ZUYAHB1~B12) 3H2 12712} $=4HB13~B15)
SHE 370 tigt & EYulEs 92 F St olE 7
2o BEA% A Table 29 2t} AA 32 (B1~
BI5) Al&9 & E9HE FFE 22.51+1.46~
145.39+2.71 mg/g of EEBP W92 WA EZslu
dom, B FFL 51.63+1.25mg/g of EEBPE =
BE A, E3] I HAH(B1~B12) 329 F ¥
= FFS FF 57.67+1.56 mg/g of EEBPOE, 4=
YAH(B13~B15) 3] FHot o (27.48+£0.28 mg/
g of EEBP)Et} oF 2uff A ¢ £& $AE Y
ek BE 94 B10)olA = 3o F £
= 3RS 14539+2.71 mg/g of EEBPZ ThE 3}E
A=l B8 453] wkeH, AT 1(B5), B A3
BYNA +-E 2 £ ZF 80.03+2.64 mg/g of
EEBP, 75.09+2.26 mg/g of EEBPZ &7 YElG
HHH AlS= 2 (B6), HIEH (B14), = (B15)o|A 4
H 3HE 9] 4 30 mg/g of EEBP 1|Rte 2 W &7
HE = Yt Al 1,2 (B5, Bo)olA 3
H 3RO AL T2 A oA Sy F £
H= gl 2A Aolg Uetlisl=d, ol 3=
A& F, AL SOl ZHel7t Ae= Hob A E9

2 Ao 719" Aoz A7 H}. Ulusoy2}t Kolayli
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Table 2. Total polyphenol and flavonoid contents of EEBP

Bee pollen Total polyphenol® Total flavonoid®
(mg/g of EEBP) (mg/g of EEBP)
B1 32.13+1.74 11.68+0.47
B2 52.82+347 38.72+1.26
B3 52.65+2.37 5221+2.31
B4 51.73+2.83 49.09+£2.59
B5 80.03+2.64 33.33+0.57
B6 25.61+3.75 13.68£0.21
B7 44.62+£1.25 40.92+£0.76
B8 44.02+£2.04 13.63+£0.05
B9 75.19+£2.26 56.40+0.01
B10 14539+2.71 32.34+1.27
B11 32.79+2.23 24.55+1.56
B12 55.17+£1.25 26.73+2.82
B13 36.75+£2.03 27.04+0091
B14 22.51+1.46 19.69+2.29
B15 2329+1.03 9.14+0.44
Average (mg/g of EEBP)
Korean (B1~12) 57.67£1.56 32.77£0.67
Others (B13~15) 2748+0.28 18.62+0.68

“Total polyphenol contents were determined by the Folin-Ciocalteu method.
Each value is the mean * standard deviation.

"Flavonoid contents were determined by AICl; coloration. Each value is the
mean = standard deviation.

(2013)7} B3t €74 9] & ZE|vE TqF2
44.07~124.10 mg/g pollen Y2 £ AFA7e}
ARSHA e en, #2423 sy o Y F
H= T2 26.027 mgGAE/1000 mLE E 1% d}
1:‘r(o 5,2015).

£ AR 157000 tigt & St ol S &
At A3t 9.14+0.44~56.40+0.01 mg/g of EEBP |
ol2, B FFL 29.94+0.67 mg/g of EEBPE &
AE AT A (BI~BI12) 329 Bt ETHE 0]
T =2 32.77+0.67 mg/g of EEBPE ¥4 &3
g ZYds Y nRE7IAE $44H(B13~BIS5,
18.62+0.68 mg/g of EEBP) St HT} &2 Zate
o|E e YER T 283 AlF 1(BS5), A A
4 (B9), BE 24 (B10), T=(B15)°A € 32
= At 2 FEL STtERo|ET} HE
Fo QRES AASh= Aoz YEbgt 55| A9
428 (BYYIA R E 3H2 o STtE kot
56.40+£0.01 mg/g of EEBPO.2 7} &2 TS
ehfled, A8 13 (B3), Ad FHB4), Zd &
% B7)0lAl #78% 3H2 9] %= 40 mg/g of EEBP
e 2 SHExE FEFS Ut

ru
—T- FIO

S BIIA +HE B2 B9 e o
of vlaf mma e Bepuiol=r} G4
A2 BAsHch 2 BEY F Belss 2

wolS Fape Aol sl FAL 2H
o %—af& felos gz, 2 g AT Fhi
(BI~B12) SHE& & Belsis @ Sehuteol= F
FE tehln gong ol qIa thpdt ey
So| Jltheich. £ h2 1 Bl Hrel gk
7h Behuolseln el Qo AR s AR
o A% uBetuiolS HEo] gol FREY =
OB A THAE B et F7HA AT
7 Bag Ao ARH

_Hm
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0 ol oy
rlr o

I.Li;o

roak 2 ok =2

st 2y )

DPPH radical 275 "7}

DPPH (2, 2-dipheny1—2-picry1hydrazy1 hydrate)
radical £7452 ABPYAA Y] F£LFA5S SAT
o 2A FiesS Brkske dEFQ AR e
o] 8537 th(Ancerewicz et al., 1998; Miliauskas
et al.,2004). % %% 200 uyg/mLZ 37|53t EEBP
9] DPPH radical £&7% ZA3I}+= Fig. 13 oo, &
Aol HnE $3 AM-E BHTS VE+= EEBP 1/10
FroA SAEUT 2 I Al mof| iRt Ak &
AL 281+0.67~89.02+1.62%F EFTH 24
AFH(B1~B12) 3H29] DPPH free radical 2AS < ¥
o+ 57.58+1.42%, T=UAH(B13~B15) 39 radical
AAGE B 1191£1.39%2 oA Hriet £
Hs FF(Table 1)9] 3 FAFSHA Uetsth A
T 2(B6), 7+¥ 9 (BY), HIEH (B14), = (B15)7]
A eAE RS AL BE S
control2 AME-%E BHT (19.71+2.13%)2t} &2 &
B Eisis. Ten 4% 263, A
B (B4), BH 4 (BY), BE 24 (B10), v‘a* A
(B12)o| A 3= ﬁ}f«l 3% 80% 12 E2 free
radical 24 5& E9oH, 53] F& 94 (B10)o 4]
47138t 3l2.2] DPPH free radical £7%-& 89.02+
1.62%%2 controlZ AFREH AHA HASHAQl VE
(88.61+1.94%)Et} &2 4L YeY . vHd
HEH B14)Z S (BI5)NA =HE 29 free

E AZE positive
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Bl —% DPPH free radical £2A%& 4% 23} 8.6~91.3%
B2 B 2 FUYAHBI~B12) & A8} ul%d B4E et
i i W gich. 0]9} o] FjollA 44 FFRUAA|}E 47
" HH A, B O e A AR T 9T AR E
B 83— 5ol wpet ZAof| xfo] S YEtE Ao R AlRH
B7 L B—
z — N ABTS radical 4745 7}
o E g A 157) 3HE A5 HE F= 100 pg/mLY]
BII [ i EEBPE H7}5t5oH o|of o3t z EEBP2| ABTS
B2 B— radical 24 %5& E3) A3t F4HL BA59
B3 ———— B I A3} EEBPY ABTS radical 275 28.19+
:: ]j; 3.66~93.34+0.07%0|H, ZUWAHB1~BI12) L 2=
BHT | AH(B13~B15) 3}29] BFS 7+7t 61.86+1.10%,
VE . : : : 35.75+4.53%= ZA =9t (Fig. 2). A9 A (BY),
0 20 40 60 80 100

DPPH free radical-scavenging activity (%)

Fig. 1. DPPH free radial-scavenging activity of EEBP (B1~B15).
B1, Gyeonggi Namyangju 1; B2, Gyeonggi Namyangju 2;
B3, Jeonbuk Gochang; B4, Jeonnam Hampyeong; B5, Jeju
1; B6, Jeju 2; B7, Gangwon Yangyang; B8, Gangwon Won-
ju; B9, Gyeongnam Sancheong; B10, Gyeongbuk Uiseong;
B11, Gyeongbuk Youngdong; B12, Chungnam Geumsan;
B13, Spain; B14, Vietnam; B15, China; BHT, butylated hyd-
roxytoluene; VE, a-tocopherol. Measurements were carried
out in triplicate. Means and standard deviations are indicat-

ed.
radical 2A4%5& 22 2.81+0.67%, 420+ 1.46%=
e 22 S UEtllY. sliAbs Z3R 2E

3} (B1~B15) A| 22| DPPH free radical 2751}
329 ¥ EYus FEH AuEAE A 2
I @A R 0480202 UERG o H, = °ﬂ/\‘] T
Z = 329 DPPH free radical 2452 Z 9=
9] 7147} Q= AL =E AR H Tt (data not shown).

T 50142 FY4 =& e o s
9] DPPH free radical &2A&AS &A% 43, 52
A2 Y B & FEEEY EHE F %%"ﬂ
A FHitskso] B #okAM radical &7 &
Z} 81.01+2.93%, 23.25+0.97%% R 1135t H]’ 9,;11:]'

aga sy wd SR ¥ SRR gaEkeS 27t
8.10%, 36.09% %11 RIUSIFATHE 5 2016; & 5,
2017). Leja 5(2007)% Ze=o] Faps x| o)A
E7NE (Trifolium sp.)& EZJT 12F9] SHEo tigt

_>.:
N

L.

35 9 B10)A 3 E 2] ABTS radical &
71 & 247} 90.63+0.56%, 93.34+0.07% =2 A B
7}gt DPPH free radical &7 Z3}(Fig. 1)+ #o]
¢4=3k ABTS radical 27%2 YeIt}. o]&
% &X 50 pg/mLe] positive control (BHT, Trolox &
VE)o| tjgt ABTS radical 27453} FASE A&
Uehigich. 7 heom A% 13 B3). $d A
(B12), A% 1(BS), A 38 (B4l A 408 3ol
ZVZr 72.12+8.94%, 67.64+2.76%, 66.07+3.91%,
64.12+2.49%2] ABTS radical 27 84& LFER]S]
ot ¥, & ZEelE T (Table 1)o] 2ot HE
H(B14), T=(B15)I4 3= 3HE9 B5 ABTS
radical 2A% E3F X 2AHE L} B AT A=

ZUYAHB1~B12) 3822 ABTS radical &#4%0] $
QJAL(BI3~BIS) SR 28 o4 £ kS et
Hom o S43t e g Frie it

I 5(2013)0] Higk g4k JUFEF EY
ABTS radical 2AZAL 90% olAto|gom, B Al
A 4T FE A (BY), BE A (B10)AA
JE 2 ol¢F fARE 45 UEhlgith ABTS
radical 2752 DPPH free radical &7 (Fig. 1)
3 §A1 SR e] FnE Uehfglon, BHTS 2
35t positive control?} tRE SHEQ| A +A=
DPPH radical £2A4% %71y A3 2 o4 =4 Y
EFA . ©]& radical ¥4 & ) DPPHE 783
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Bl B
B2 B

B3 B—
B4 H

B5 B
L —
B7 B—
BS B
B9 i
B10 B

BI1 B
B12 B+

B13 B—
B4 —————®H
Bls ———®H
Trolox B
BHT
VE

1 1 i 1

0 20 40 60 80 100

ABTS radical cation-scavenging activity (%)

Fig. 2. ABTS radial-scavenging activity of EEBP (B1~B15). B1,
Gyeonggi Namyangju 1; B2, Gyeonggi Namyangju 2; B3,
Jeonbuk Gochang; B4, Jeonnam Hampyeong; BS, Jeju 1;
B6, Jeju 2; B7, Gangwon Yangyang; B8, Gangwon Wonju;
B9, Gyeongnam Sancheong; B10, Gyeongbuk Uiseong; B11,
Gyeongbuk Youngdong; B12, Chungnam Geumsan; B13,
Spain; B14, Vietnam; B15, China; Trolox, 6-hydroxy-
2.5,7 8-tetramethylchroman-2-carboxylic acid; BHT, butyl-
ated hydroxytoluene; VE, a-tocopherol. Measurements were
carried out in triplicate. Means and standard deviations are
indicated.

free radical®|t} ABTSE Fo]& radical®]|gh= #}9]
7} 9leH, £3 DPPHE $2 A84 49 g4t
5= £X4dl=d W] ABTS= 843 X84 &
Qo) AL BE 24T 4 Yok A 5ol g
o4 zpolE YEHl= RS2 Al= H o} (Baltrusaityte,
2007).

FRAP & 7}

Ferric reducing ability of plasma (FRAP) £4]%
2 colored ferrous tripyridyl triazine complex]] 2]
8l ferric tripyridyltrizaine (Fe’*-TPTZ) E&A|7} &
2 pHOAA ZLAA &J3) ferrous tripyridyltriazine
(Fe’*-TPTZ) 2.2 AZE X Y& BT 2N
A= W] 3itst 58S S4sh= Wilolth (Benzie
and Strain, 1996).
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Fig. 3. FRAP activity of EEBP (B1~B15). B1, Gyeonggi Nam-
yangju 1; B2, Gyeonggi Namyangju 2; B3, Jeonbuk Go-
chang; B4, Jeonnam Hampyeong; BS, Jeju 1; B6, Jeju 2;
B7, Gangwon Yangyang; B8, Gangwon Wonju; B9, Gyeo-
ngnam Sancheong; B10, Gyeongbuk Uiseong; B11, Gyeo-
ngbuk Youngdong; B12, Chungnam Geumsan; B13, Spain;
B14, Vietnam; B15, China; BHT, butylated hydroxytolu-
ene; VE, a-tocopherol. Measurements were carried out in
triplicate. Means and standard deviations are indicated.

B o] AMg-H FE(BI~B15) A|EE= 5mg/mL
5529 EEBPE ©]&35t312H, o|o] i3t FRAP &4
2 BHT ¥ VE 1/10 5 %%} vt B7}stglch(Fig.
3). FRAP 42 HA| B+ 78.49+3.85 ug/mL=E, =
WAHBI1~B12) ¥ +UX(B13~B15) &2 F
FRAP 48 7}7} 85.60+4.37 pg/mL, 31.99+3 31
ng/mLE S E Y E3] A& 94 B10)A 3
% 3}2o] FRAP 4L 172.554+9.66 pg/mLE A
FASIA] VE(130.38+7.53 pg/mL) 2t} 6L =2 3
As B4S UEt St o]oA ZBd 4HY (BY), AE
& (B4), A& 13 (B3), T F4HBI12), B FF
(B7) +2& %2 FRAP Z4& Uehygle
S+ gHAESEA| 91 BHT (80.72+7.25 ug/mL) 2t} &
A 244E Ul B3 ol AR F E1
& 4 ZekH -o|& &5, DPPH radical scavenging

activity, ABTS radical cation-scavenging activity Z

ol
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Fig. 4. Tube formation assay with EEBP (B1~B15) on HUVECs. HUVECs were sandwiched between two layers of collagen gel and in-
duced to form blood vessel-like tubes. The final concentration of EEBP was 400 pg/mL. Ctrl, Control; B1, Gyeonggi Namyangju 1;
B2, Gyeonggi Namyangju 2; B3, Jeonbuk Gochang; B4, Jeonnam Hampyeong; BS, Jeju 1; B6, Jeju 2; B7, Gangwon Yangyang; B8,
Gangwon Wonju; B9, Gyeongnam Sancheong; B10, Gyeongbuk Uiseong; B11, Gyeongbuk Youngdong; B12, Chungnam Geumsan;

B13, Spain; B14, Vietnam; B15, China. Scale bar, 100 pm.

o M= B &2 B/d5 YE It (Table 1, Figs.
1,2).

2 AFoA A% M2 A R9] FRAP activity$}
% ZvE 0y AudAE AYE 29 A
A R 06712 A2 TiH & ZdE &
I =& AHBATE 9SS &QIsH3T) (data not
shown). ¥FH $¢4H(B13~B15) 322 T E9 9
B TS ZPR BE 4E Frbol A S AR B
(B1~B12)Ht} Z& &/ el it

T 50142 32X Y =B E E o
? 39 FRAP 84<& 4% 21, & FE8RE0
qetE FE=0l4 840l o &4 vebgen I g
2 747} 3.89+0.04%, 2.37+0.03%2 213t 8} Q)

ol i

o} T3 FeAHEQ] propolis®] 8 TR w2
FRAP activityS 43+ 23} artepillin C, p-coumaric
acid, galangin> BHTH T} -3 A3 4
7}A] ™, caffeic acid phenethyl ester, kaempferol,
quercetin 5= HA FASAQl VERTH 43 &4
S A Aoz B1s vl Qth(Ahn ef al., 2009).
53] A& 94 B10)oA +HE HES Z IR
FUAE SHE2 A FAEHAQl BHTET =& 34k
3t e YeEh gl e o= HA ARBPEA| A=A 9
7Fs/dol Mif w2 Aoz Bt waha Sk
(B1~B12) 3H2 9] DA &, F44=0 gt AA A
Q1 &Alo] dastH oo et xX[&AQl A7t XY
Eojof & o= AR H
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SHEY B JAIEA Hrh= 2 dFHol &
A 0.2 7§3t in vitro tube formation assay B Q1
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