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Abstract: Fractional solvent extraction by organic solvents
such as hexane, chloroform, ethylacetate, and butanol was
carried out using 70% ethanol extract of apple flower leaves.
Biological activities including antioxidant, whitening,
antimicrobial and anti-wrinkle activities were investigated
and bio-active materials of the extracts were identified using
GC/MSD. Among the tested solvent fractions, ethylacetate
fraction showed the highest total polyphenol content
(1218.94 pg/mL), and flavonoid (140 pg/mL). The DPPH
radical scavenging activities was over 80% at a dry matter-
based concentration of 200 pg/uL and SOD-like activity was
over 90% at 50 pg/mL concentration in ethylacetate fraction
that was slightly lower than of ascorbic aicd. Tyrosinase
inhibition activity related to skin-whitening was over 60%
by ethylacetate fraction of 100 pg/mL. As an anti-aging effect,
elastase inhibitory activity was about 45% in ethylacetate
fraction. Also, it showed a significantly antimicrobial activity
against P, acenes. From GC/MSD analysis, a characteristic peak
of high content in ethylacetate fraction was identified as
kaempferol, which has been reported as a bioactive compound.
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0] o1& ARgo] AFHR0)7] witel] [10], FIAS 2+
HA g} ot Ml S tigt ¥lo] F5E A Q).

)t A5 kel [11], 3995 [12], tyrosinase 2] AJ3H
A 11319 M 1418 TP adE 7Rtk 2
a1 Qlek. Aguatel] Soh= AREES: 4~5ge] ] S
Zo] 9l 3| 7H] & SIATEoelA Hel Ao R Y
At AA AlpHel ¥ Ge o2 ksl Gy [15]7)
WA Qs W TR sl 3 A vin)sh Agolt)

At FulQl Aftel] ol $ha-gl taEAQl Eehk o]
= B4 kaempferol ¥} quercetin © 2 H1&1#4] 3o [16] Al
2 5 ARl FAKSE 75 ZIdiEl & 4 Qlok

mebA] 2 AqtelME AREES] Y AdRs FESle] AW
= SRkl A A5 B3l sFE AR 9 Vs A
2AEAe 3-87FsdE AESISIH
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2. A% R ¥y

2.1. A& 9 7)7]

2 Aol AREE AREECLE 2010 5 T oAbl
A A AbRels Festo] AR R ARSI
A& FEol ARgE 852 Burdick & Jackson (MI, USA)
ARe] A& AREsE o, ARG A2 1-1-diphenly-2-
picrylhydrazyl (DPPH), pyrogallol, mushroom tyrosinase,
L-3,4-dihydroxtphenyl-alanine (L-DOPA), kojic aicd, ursolic
acid 52 SigmaAl (MO, USA)lA FJ3I3iet. AlESAe]
A}85 AJok2- RPMI 1640 medium, fetal bovine serum (FBS),
penicillin Gibco (NY, USA)oIA Fl&tslom 1 uho
TNek Aok S Aok AHESICH

2.2 AR 40 £8d &

AFAZT APl £0.117 mm 7|2 38k
Al 100 g= 208 FZ2] Sl AEste] 60 Collx] 64]
7FEeF 353 & 452 (3200 rpm, 20min) 3t 5 A o2}
(filter paper: Whatman No. 1)}l %52 rotary evaporator
(SB-1000, EYELA, Japan)® 553to] 54713 (ED 8518,

Apple flower leaf (1000 g)
7% Ethanol extract

[1] EtOH ext. (2198)

Hexane : Ho0 (1:1)
[2] Hexane layer (11.45 ) H;0 layer
Add CHCy
[3] CHClzlayer (1.5m) H;0layer
Add EtQAc
[4] EtOAc layer (4 g) H;0layer
Add BuOH

[5] BuOH layer (10.35 2} [6] HyOlayer

Fig. 1. Extraction and fraction procedure of apple flower.

IIShin, Seoul, Korea)AZt}. gk 252 4 1x A=
1 kgell 208 Z52] 70% olleteS 7kt 9ok 53t

=
Pgor F2ES Alxst] I AR FE258 54
o] 2 o] galA AE thE fullE H7isto] dAF R
TSI 70% oflghE FE=oll 57} hexane YO =
THsto] Eofl 71873 2 ¥ hexaneol] 7HEAIQ! -
o =7 #2313 2™, chloroform, ethylacetate, butanols
A o7 Thste] Z17te] FEES ATt (Fig. 1). °l&
THES IREESISaL 5 Xt SulE AlASE &

EEERE

23. F =T

% ZlE 32 Cho 5 [17]9] W2 Folin-DenisH-<
o &8to] EAsITE =9 0.1 mLel Folin-Ciocalteu
phenol reagent 0.05 mLE =35t 43 9 20% Na,CO;3
1.5 mLE 7Fshe] E3Fetal A2ellA 2831 WA 7,
760 nmelX FFEE S BFEEEE o]85to]
AFAE st T ZPlvs &9 Akl

2.4. % ZetR -0l 35F
F ZZHolE =S Nieva Moreno 5 [18]2] WS
S-&sto] A8t FF9 0.1 mLel 10% aluminium
nitrate nonahydrate 0.1 mL, 1 M potassium acetate 0.1 mL
9 95% oll&hE 4.7 mL& 2] S 7hste] 25°C water
bath (SWB-10, Jeio Tech, Korea)ollA] 404 ‘<t W]t &
415 nmeM FFEE S8I0iT. T EetE o= SRk
FEeds ol gste] e ARt

2.5. DPPH radical £2A4% &%

DPPH radical 227152 Hlgh&ol 0.4 mMe] F5=% 83fish
DPPH £ 160 pL2} A& 40 pLE 3715107 Laelld 304
ZF BA]$F ThS microplate reader (VERSAmax, Molecular
Device, CA, USA)E ©]€-3}9] 515 nmold] S4=E =4
3}3It}. DPPH radical 2752 U3} o] Al5-8919]
A7Htel 7R s agR JERSIcH

AExperimfznt

Inhibition(%) = [1— ] < 100

ABZn,n,k
2.6. SOD (superoxide dismutase) S-AF24H &3
SOD AR 5742 3l 2kl AHA~E-5 hydrogen peroxide
(H00) % H3A7]= HE-5 Fullsk= pyrogallo ] A&
S73ISItE. Tris-HCl $H5-8-91 (pH 8.5) 120 pLell 40 pLo]
AlF2} 7.2 mM pyrogallol 40 uLE 71510 25°CellA] 1043F
Hke- - 420 nmelld FEE SS9l

A

Experiment

SOD — likeactivity(%) = [1— ] < 100

AB](m k

2.7. u]¥l&-A) (Tyrosinase inhibition assay)
Tyrosianse #]3]18d-> L-tyrosine © Z4-E] e A7}
o] tyrosinase &4 2o 23] A E= DOPA AHES
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S5k W o® SASIITE [19]. Tyrosinase A& 5 F53ISITE (Fig. 1). & Aollxs 2] Alapte] g
0.5 M QAFEE8-91 (pH 6.5) 0.5 mLo] 10 mM L-DOPA  E3E-S | 7} 9 f-a4% 4ol ARE-3ISit).
£ 52 718N 02 mL 2 AlEEY 0.1 mLe] E3tfol

mushroom tyrosinase (110 U/mL) 0.2 mL< 37}510 25C  3.2. & Eav¥:

of| A 287F HESAIA HE-g-o Fof] A4 ¥ dopachromes & Ao B3 AL 559 F ZEdE &
475 nmellA] =4skck &2 5793171 213k chlorogenic acidE 7|wE4E =

2.8. Elastase A 3|84

Elastase A13llEd 5792 0.25 M Tris-HCl (pH 8)°] elastase
71721 N-succinyl-Ala-Ala-Ala-p-nitroanilide 2 mM©] 2-3]
# buffer 20 pLofl SYAIEEH 20 pL o} buffer 140 uLE
H7kstod 25 Cef|A] 102 &< pre-incubation $+ %] ©17]¢]]
elastase 292 20 uL 7} (= 0.18 U/mL)3}1o] 37 CellA
10 min F REES1] 410 nmollr] F3== F7gsioich

2.9. ¥+HEA
713 223591 Escheichia coli (ATCC 9633)2} Z138 o+t
Q1 Bacillus subtilis (ATCC 51189)+= nutrient broth (Difco,
USA)E ARE3ISI O™, o =512 Propionibacterium acenes
(KCTC 5012)< gifu anaerobic medium (GAM)< A3}
At P. acenest-2 CO2 incubatorolA] 37 CE wioksliar
1 99 5= 37°C viTellA wljekstick

Ste] 5792 paper diskE ©]83l] 51510 A3
of] A3} filter paper disk (@8 mm, Whatman, Japan)$}
aANA, 9 T B EarA g sto] AREsIih B3
Hjz|of] 24A17F vljFE 5= 100 uLE F 3] spreader®
LA St § Axsk 559 tZaE filter paper
disk$lell =43t 24413 F3F wljoFst £ clear zone sizes
S48kt

2.10. GC/MSDD &4

FAAZSE A 55 methanolol] 5?1 - 0.2 um filter= ©]
It & AlF 1 uLE gas chromatography/mass selective
detector (GC/MSDD)®]l €J8}¢] 24313t GCi= HP 6890
(Agilent CA, USA)Z column®- DB-5MS (30 m x 0.25 mm,
0.25 um, Agilent CA, USA)S ARESISIth 79 A=
719] &%+= 250Co]H, carrier gasi= helium= AR&-51o]
F42 1.0 mL/min® 3}l A2+ splitless mode® 1 uLE
Ttk s 7l A8t ion source temperature™
280°C, electron multiplier (EM) voltage 1905.9 voln, £
g 2AkEe] W9l (m/z) 50~650 amu 3l A8k

3. 8% 9 2%
31 BYE ABEL 32 58

Azsk AR 25 o7 53] 3HE de
H, o] w F5E&L 29%°13itk 28] 22 Azdste]
AFHEER) 1 kgS 70% ethanolol] FZ38Fa1 &3} - 55307
31.9%5 45315121, hexane 3% 3.8%, chloroform i
315 0.5%, ethylacetate 3% 1.4%, butanol 3% 3.5%

gtaich
AFHELSl DW FEE-2 513.13 mg/g®]™, 70% ethanol
FEE A= 542.5 mg/g, hexnae TEE2 602.64 mg/g,

chloroform #3&-2 721.9 mg/g, ethylacetate 2] &>

809.9 mg/g, butanol &2 564.8 mg/g, DW +3E2
627.64 mg/g®] EjulE shEe] g Zow FAES
o™ (Fig. 2), AHEEle] S Brk= vlSA) Suljellx] =+
3R #lEd SkEe] Hol FEHE As gRIT U
ol AEAlel g FEE] e EFulEA e AE
o] 313t A5 H-of3kar, phenolic hydroxyl”7]E 2kl Q)
7] wel] w5 Adlels AddE 7 [20], AN
5|4 alkyl radical®]t} alkylperoxy radical®ll 45 &
slo] 71 radicals AAZIOZA] AbslE AAlek= A8 e}
itk [21]. B3t Hlis slste S kst @47k A
2ol g W A=A & ¢ Sl5o] A=A AY
3 Qe vhE SRS EEe AR EA AERE dA
FE=EY st S Hehs dARI Asrt E
l& Ao® A7HEr 22].
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| &
ol | el | \0\\\.
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Total phenolic compound contents(mg/g)

Solvent fractions of apple flower leaf

Fig. 2. Contents of total phenolic compounds in apple flower extract.

33, % ZalRio|= g

S FE ARl e] HEA EekE AR 58 skl
ZohR o) B &S S5H] 918l querceting ET
AR sto] APE eiglck S93s Aok Fig. 29} o]
ARES] B F2E, 70% ethanol 5=, hexane =2 =,
chloroform %], ehtylacetate 3, butanol =3&,
5 B35S 717} 26.33 mg/g, 43.39 mg/g, 60.89 mg/g,
45.94 mg/g, 135 mg/g, 68.89 mg/g, 2 14.83 mg/g®] E&}
Holt si3HEE shaldlct ol Xe 289 T &
oz g F oF 1~20%9] SR o|=g et
Rom Zejulis T Ao} A ethylacetate 2]
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o 71 e Feholrk FHslel Gl AL & 5 9
oIk Q% kg Fehaols 3RS P 574
g

gl 1.02 mg/g?] ZEtH o) =5 shiala QI o, Alat
229 FEEL 10~500] B ZEfHcolt glgkEe] S
H Bow FAEQI

3.4. DPPH radical £2A% &
DPPH AMpet]Z s kst &d& S7dsh=t 71
BHA o7 AMH T Q= W © 24 DPPHE 241 2]
ZHS- gslal 9lom EFHE, ascorbic acid, polyhydroxy
Yok shehs, Wk ofvlol oJal %A radical
| 2A%]o] A2 2pdo] GE] =t o] Y& itk
9] Fayolso® SAshz W oE QAUelx] 24 e
rol| oJgt =3l5 Alsh= HERE o83 4 QT

2 AFeAE AbEEele] gl EEef e ksl G4
S dolny] e FLEEE DPPH Atz 2452
Z7J3It} (Fig. 3). 71 A7} ethylacetate 2] > butanol -
&) > chloroform #& > 70% ethanol 3 -0 7 & g4k
3} FAS B30, 71 Fethylacetate 2] 200 pL/mL
of| Al 71 322 80% o)/de] kst €4S vrERISITE. ZF
7}e] FPEOAM FE =R o R kst EAS YERI
i1, ol % 7l mjet ghlHo] St Aow F5y]
™ ehtylacetate &-F=ollA 7Y 52 23S HERAIT
Tt 22 et ARl APV [24]9) Blask A
AHIRS] 73] AFFEES 50 ppm o] FEOlA 59%
ol gitksl aals UehIGlaL, olekeFEE2] 745 92%
oPFe] & ket avE e Avechs WS gkl
I Ivi=
FHFolli= @RS Ak &S Al sk WRoR

Azl kst gt =& RSP ELS F=- FA
sto] o] &5]aL Q17| witell AR 252 sl A
AERO] o]go] TfeE Zow gz,

Tl

o O

m\u
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B N [}
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Fig. 3. DPPH free radical scavenging activities of solvent fractions

of'apple flower (—@—, dw extract; =O—, 70% ethanol fraction; —¥—,

hexane fraction, =4, chloroform fraction, -, cthylacetate

fraction; -3, butnaol fraction; —4—, dw fraction).

3.5. SOD (superoxide dismutase) S-AF&4 &34

2 23S pyrogallol &] AFs4ks) WES-S o]-8-31] Fig. 49}
o] SOD fAF IS 5748 Ao A ethylacetate
%] 50 ppm =04 97%2] Ee-S HERAS.CH, butanol
-3 70% ethanol ¥3 =22 50 ppm F5LoA 30% ©]
73] SOD frAF & UERASITE Anlat 215 5¢f el
2HsuuH-2] SOD FAFEd A7 500 pg/mLe] “sEollA
A T3 ollebE FE=lA A7 31%8) 37%2] 24 [25]
I vt} AbEEel FEE0 Al B 55
GRIeE 4= QI3 o] - H vliA -3 superoxide 427
28 B3l 12 DPPH radical A~AE] A3y} -2 A3}
2 Rojxm guff F2E ARES) FEEo] kst A-gof
Al 0% AbRETh B3R Kwon 5 [26]2 &7
=9 o] =555 SOD AR o] $rettial Hal
siglom, & Ao Aol M e ZejulEe o] w&
AFHES] ethylacetate -2%0] 7Hg 32 SOD AR

Yepgiey.

100

B [=2) fes}
(=] (=] (=]
T T T

SOD-like activitiy (%)

[5%3
(=}
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Fig. 4. SOD-like activity of solvent fractions of apple flower (—@-,
dw extract; -O—, 70% ethanol fraction; —%—, hexane fraction; =57,
chloroform fraction; —l—, ethylacetate fraction; -}, butnaol
fraction; —4—, dw fraction).

3.6. m) @A (Tyrosinase inhibition assay)

R} 2] el w=EEW dehd Al ZU S tyrosine©]
tyrosinase 2] A Z-g o7 AlT WSS oA WehdS
At Tl Aake W 3] i) 7n], 2 52
A4 JAE dog|Al A [27].

AFES) FEFo] dHepbd M40 Fo s TS S
sk 549 tyrosinase €42 Al adE AR 18]
71&2] I wulAR] kojic acide} £vl] =2 AlapLiel
FE=9 7t 550 W tyrosinase A EIE ¥ w3l
t}. Fig. 59149} #0] ethylacetate +3& 100 ppm 5=l
A 60% oo E5S Hom, DW FEEME= A8t
Al =2 20%2] tyrosinase Al3lle- BT o= FEECl
Hlglo] gujd 78 24 vdlgsel ¥ TS &
AR CeH, o|Ho]A] Fi= BwmlE] Fo Sle FE vE
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17} %E}L X gk Avfe}
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2sRteS FA e Aol gt 74_i = O]”’-ﬂ |

Y2 Golpd Afzie] 559 tyrosinase A3lle> F &

A ek} ﬂ*]@} g Ajolr el o] ethylacetate 2

ol 7F 38 A3 JepIItE 53] arbutin®]4 kojic

acid®]| W3} /\}"’ 29l FEE2- HAAEEH o] W wle

off 3Fgsael nmAlzA el ggo] v 7t
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o
=}
T

Tyrosinase inhibition rate (%)
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Fig. 5. Inhibition rate of solvent fractions of apple flower leaf
extract on tyrosinase (—@—, dw extract; —O—, 70% ethanol fraction;
—¥—, hexane fraction; =<7, chloroform fraction; —ll—, ethylacetate
fraction; -, butnaol fraction; —4—, dw fraction).

3.7. Elastase A3 &4

o] 2 ARl FEE0] 5 T '] Hojst
I Sli= elastine 7mallels G421 elastase Edel| m]X]
= &S Lol 3it) Ethylacetate %)%} chloroform 2]
500 pL/mL -E5olA 212} 45% %} 34%-/] elastase HJS-
Aol B35 Below thE 852 20% olake] v
A S HERSITE (Fig. 6). BEZEE EHJZ_—T" ursolic aicd 2}
H| A 22 559 ethylacetate -3=ollA AR &4
Uedls SRISIIE elastaser= 37 X3 5of] EAfsh=
matrix metalloproteinases (MMPs)2] =Q A+0 2 T+
el dAiet #AVE Sl =dEA [30] A3 A 22
A2 elastase A3l @5 SRRl 3 4= QIQIT}. HESH Kwak
T [31]19] 2 k8 A=EHH elastase A3l Tl thgh
HalolA F 6452 A=AE ARl ves)t A9 &
A4 elastse A3l =22 SAls Ay}, wgke 'zr%%«l %]
- elaastase Aol =%4kO™, 1 ug/mLo] s=olA <l
EG%A’ Azl 40% P59 &J%E ApEel ethylacetate
2 FY elastase A do] F2 0= A=l &=
sk Kwak 5 [31]% #©] ’\}J’B%%lﬂ F= 8 4 F=
AIZHS HAskehd O 52 elastase A3&/dS HERE A
O% 7ldd.

100

2
3

2

2
3

2
8
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o 3

—e— Ursolic acid

25 100 200
Concentratlon (mg/mL)

Elastase activity inhibition (%)
8

40

DW  70%Ethanol ~ Hexane Chloroform Ethylacetate ~ Butanol ~ DW fraction

Elastase activity inhibition (%)

Fig. 6. Elastase inhibition activity of solvent fraction of apple
flower leaf.

38. w84
A= ”“4 el e dsy B gt 9o
W [32), Eehuiol= gho] w855 AT A} vt

Table 1. Antimicrobial activity of solvent fractions from apple
flower leaf extracts on several microorganisms (a: grapefruit seed
extract, b: penicillin, c: blank (70% ethanol), d: sample)

Sample E-coli B. Subtilis P acenes

DW extraction

e

70% Ethanol
fraction [

Hexane
fraction [2]

Chloroform
fraction [3]

Ethylacetate
fraction [4]

Butanol
fraction [5]

DW fraction [6]
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Table 2. Phenolic compounds identified from ethylacetae fraction

Compounds Retention time (min) Identified ions (m/z) Area (%)
Benzoic acid 6.102 51,717,105, 122 0.54
Xanthosine 7.507 43,57,73, 86 0.67
2-Methoxy-4-vinylphenol 8.272 77,107,135, 150 1.11
p-Hydroxybenzoic acid 10.759 93,121, 138 0.84
3-Hydroxy-4-methoxybenzoic aicd 11.365 97, 153, 168 0.41
2-Propenoic acid 13.996 65,91, 107, 147, 164 0.57
3-(4-hydroxy-3-methoxyphenyl) 14.775 51, 63,77, 89, 133, 194 1.66
Kaempferol 23.379 51, 69,93, 121, 143, 161, 184, 229, 286 47.88

+ [30] ¥ ar Qlok. the] HmA S1EES s & kaempferol®] R 47.78%0°]%1.0.H, 3-(4-hydroxy-3-

%HH 3 Aol 550 It B HES] 91 methoxyphenyl) 1.66%, 2-Methoxy-4-vinylphenol> 1.11%

s, I 5 AN E coli, P. acenesS}t B. subtilis®l] T3t
Shravls s 4y Table 17} o] veRiglc. A3 4

3} E. coli®} B. subtilis®] 73 ﬂ]zl?i AHE-3t pen1c1111n
I} A5F2F FEEAM clear zoneS QOJ sk 4= Qllor,
Sl 2 ApERe] FEEME “ 5 ‘/}EM]X]
o teE S R 1 Oﬂcéi‘oi OLEV] P. caenesOﬂ tfjsted
Suj B3 A}aparelo] A 1% oA ethylacetate
REEOIN 15 mme] A5 AL Delsion] T B
8 FEEoME 10 mm2] A AsEs 21 5= 3l
ols} o] ML) FEE| A% oltge] e A 3

SE el o887k el & o Sivk

3.9. GC/MSD 8.4

eie) s shilgo] BElo] glonl Aeiehge] ol
AFHEEQ) ethylacetate w22 F=QAW-S Lol 7] 9J5)
] GC/MSDE ©]g3o] F41al3itt. Fig 7 GCMSDO]
FRlsle] G2 Fol2 ELEU}E 1oln], I RnbE e AF
of] LRt v)=19] Agiid] ~RERS sklsle] HiEA 3ket
E-5 FRIBISIT} (Fig. 9). 90%01 Ax|hi= ARES 27t
o] et %% (F 92 Ao digk WA o5)3) 7 A
7 AR AdEY vehd 7 Erto] 2.9 AHtA7]
£ Table 201 WEFSITE AFHES) ethylacetae 22

183

Fig. 7. GC chromatogram of ethylacetate fraction of apple flower leaf.

O % Fig. 8%} o] 2FE2R] kaempferol 2} Ap}2Ee)
ethylacetae -2%-2] mass spectrum®] UX|3h= 7S &l
e A8l

Kaempferol:> T4 |7} 5-A g stAA &atst 24,
222 = 2kg lolzkg Ul lol=xlg T Mg S Ur
Bl Aow Busy Qs 754 11015} [33-35].
ATZHE ARl # 6‘0 ¥ Rl F2 Zajvis %;d
%X kaempferol©] 2} JE] 94,\3“4, AF}EE9L 9] kaempferol
e A S T ATE Bk 715 aAlEA ] e
7FsAe AES Fert rta duEch

el (@)
1210 1 mn

.o B g J_ 00, . 18 e :
L N e (24 L ul | | HE1_3uan%00 480

o 0 1o 1% a & o o

(b)

g 8§ 8 8

170 a e
100 a0 W o 80
P e N PN (21 DAL ) et W N
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Fig. 8. Mass spectral fragmentation pattern of kaempferol (a) and
peak at the same retention time from ethylacetae fraction of apple
flower leaf (b).
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