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Isolation and Identification of Two Flavonoids from
Pear (Pyrus pyrifolia Nakai cv. Chuhwangbae) Fruit Peel

Sang Won Lee', Yu Geon Lee', Jeong-Yong Cho', Young Chool Kim', Sang-Hyun Le¢?,
Wol-Soo Kim??, and Jae-Hak Moon'**
'Department of Food Science & Technology, and Functional Food Research Center, Chonnam National University
2Asian Pear Research Institute, Chonnam National University
3Department of Horiticulture, Chonnam National University

Abstract The methanol extract of Asian pear (Pyrus pyrifolia N. cv. Chuhwangbae) fruit peel was purified using solvent
fractionation, Sephadex LH-20 column chromatography, and octadecylsilane high performance liquid chromatography.
Based on the electrospray ionization mass spectrometry and nuclear magnetic resonance data, the two isolated compounds
were identified as quercetin 3-O-B-D-glucopyranoside (1) and 3,5,6,7,8,3',4-heptahydroxyflavan [(-)-dulcisflavan, 2].
Compounds 1 and 2 were isolated and identified for the first time from Asian pears and pears, respectively.
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% &9 1 F8u(Pyrus pyrifolia Nakai cv. Chuh-
wangbae)E UIFO2 AAA A+E Asidich Fu= T4
Tow gFto] §elal, FHFo] FhHekH, 9= I =S B
oftg} #A717ke] 71 5L AU Utk FHE o=
thazke] A= 3Ysle] 759 hydroxycinnamoyl malic acid 2
methyl ester(19), 859 = gE e 2 WA (20), 145
9] cinnamoyl quinic acid =4 2 flavonoidF(21), 62| triter-
penoidAl F-=AE(22), 45<] phenyl propanoid f+=HE(23), 1%
9] sterol ¥ 3F9] wFAEQRA)F 1 9 359 AEA} REE
(5% &g - FEI|A e Bk vk Qv ey S4hee] gt
frdwel] Fe AAH ATE FskE ol Ao o T
TR SRFES] AT AALEY FUHHR] A7E gk A W)
2HE] 599 H fle siRIEEC] ERIFo] ol Rarslara} gt
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FZ 2 Sl AFE-E methanol (MeOH)3} ethyl acetate
(EtOAc)= Duksan Pure Chemical Co., Ltd. (Ansan, Korea) |
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=5 AREEIe, 1,1-diphenyl-2-picrylhydrazyl (DPPH)S Wako
(Osaka, Japan)ZFE F3t5th. 28]31 NMR #2jol o]8-H
methanol-d,= Merck (Darmstadt, Germany)Z5-H F+Y3}3om,
2 9]9] Ayl ARgE BE Al9F B 8= HPLC 535 AR

St

A o2& Ee =N

Ago) o] 83 F=3(P pyrifolia Nakai cv. Chuhwangbae)

<
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9] MeOHFZEL AYAT(19EFE Ao A& o] &35}
Atk & A UM e e AEs aeEgtiEta,
Ao gtahel 28] 2 FFo] 5HNo. INU PE 20050831-2) 21
on, 3 5] AMF Aeols AAE oF 3mm FAZ B
gstsith olo] A4 F3wl 3] 15kgol MeOH 243 LE 713}
3L homogenizer (HG-92G Taitec, Koshigaya, Japan)Z 23}t
T, T (No. 2, Whatman, Maidstone, England)ale] o 3} 3}
ZIAE 283 @A) A= MeOH 10515 71k 23t
o o}E RHESt] dojxl el S gt & At FFskdnh
Aoj7 MeOH FEE(3708.67 gy WML R g o83 &
28-S 2 et & MeOH FEE(3708.67 2y pH 3.09
buffer £2(02M glycine-02 M HCHO 2 HEFN (6 L)S A 51
EtOAc (6L)= 33] &vliEg sl EtOAcTS AUt Lozl
EtOAcE2 pH 8.09] buffer £4(0.2M Na,HPO,-02M Nall,PO,,
6 Ly 3 &ulEgsle] H,0%53 EtOASOE Helsidit). o
7114 delx H,05S 1.0N HCl 89S o]&3dl] pH 3008
2% F, 6L EtOAcE 33] WHiste] Sujiggto =y H,0
=% EtOAc- M S &S AATH(19).
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MeOH FE59] &viEE & Aol 7+ &S thin layer
chromatography (TLC) plate (aluminium sheets, silica gel 60
F,s,» Merck)ell spottinggt Th, DPPH ethanol -8-<4(200 uMyS &
Tae WS olgstel R B AP & 8
YE YA FS TLC plate®l] spottingdF] BuOH/acetic acid/H,0
(@:1:1, vy &Ho = FRE &, 7124171 TLC plate] DPPH
cthanol §-¢1& ¥7-3le] metso] Balgolxl B} 24
tsled o E AAH ST TLC plateo] DPPH 84S
wate] Fust 24
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DPPHY o2} A 3l3itt.

EtOActHd &EREo=RE SiEE 11t 29 k2|

o 72 MeOH FZ&2 &vl&dsto] dojxl EtOAcAHd &
&2 Sephadex LH-20 (70-230 mesh, Pharmacia, Uppsala, Swe-
den) column chromatographyS §sted A3t &, EtOAcA
Al E(5.17 gy& Sephadex LH-20°] 229 column (3.3x82 cm)
o chargerZl %, 80% MeOHS ©|5do=Z sl &= - B35
mL/fr.)3}3Th. Sephadex LH-20 column chromatography®l]~] o]
A FE ] (602me)et K (78 mg)E Shim-pack prep-ODS (H)
KIT column (20x250 mm, Shimadzu, Kyoto, Japan)o] *2+&
HPLC systeme ©]-&sto] F7124¢1 2] st & J9F K
o] Al o] AREE o]F ¢ H,0 (pH 2.65 by trifluoroacetic
acid, A)9} H,0/MeOH=40:60 (v/v, B)S o]-&3l9lon, AgS
2 §E 8= sl 40% ¥ B7F 100%7t H=5 o TR, 60
7] B7F 100%7}F =5 st A& 280 nm (SPD-M20A,
Shimadzu)2] 4o, %€ 9.9 mL/min (LC-6AD, Shimadzu),
23 column &= H29 ZdA EFHE A ol

Table 1. 'H-(500 MHz) and “C-NMR (125 MHz) data of
compound 2 in CD,;OD

. Compound 2
Position
6 ; (int., mult., J in Hz) 8¢

2 4.82 (1H, brs) 80.0
3 4.17 (1H, m) 67.6
4a 2.86 (1H, dd, 16.5, 4.8) 294
4b 2.73 (1H, dd, 16.5, 3.0)

5 - 157.5
6 - 132.4"
7 - 157.7
8 - 158.1
9 - 146.1%
10 - 100.2
I' - 132.4"
2' 6.97 (1H, br s) 115.5
3 - 1459
4 - 146.1%
5' 6.75 (1H, d, 8.5) 116.0
6 6.79 (1H, br d, 8.5) 119.5

DC-6 and C-1' carbon signals overlapped.
2C-9 and C-4' carbon signals overlapped.

o] v} #3] MeOHFZE9] EtOAcAHIEEo 2H 33E 13 2
o] gt - AAFHAL Fig. 19] AAsHITh

NMR & MS 24

Nuclear magnetic resonance (NMR) spectras= "“INOVA 500
2 600 spectrometer (Varian Walnut Creek, CA, USA) 4]
93] AUt} #A8ul= CD,0DE AH-3taeH, Y £5Ed
= tetramethylsilane (TMS, §=0)°] T2 |v& o] &3I3th E
3l electrospray ionization mass spectrometry (ESI-MS) #4412 2
ZRELA 7] (LCMS-8030, Shimadzu)’} %328 LC Solution 5.53 SP3
Software (Shimadzu)E AH8-8ted F~3 3} Th.

3}3= 1. pale yellowish powder; 'H-NMR (CD,0OD, 600
MHz) ¢ 7.71 (1H, d, /~1.8 Hz, H-2), 7.59 (1H, dd, J=84, 1.8
Hz, H-6"), 6.87 (1H, d, /=84 Hz H-5'), 641 (1H, br s, H-8),
621 (1H, br s, H-6), 527 (1H, d, /~7.8Hz, H-1"), 3.72 (1H,
dd, ~12.0, 24 Hz H-6"b), 3.58 (1H, dd, /~12.0, 5.0Hz H-
6'a), 322351 (4H, m, H-2"~H-5"), ESL-MS (negative) m/z
463.15 [M-HJ".

s}9t= 2: brownish powder; 'H- (CD,OD, 500 MHz) % “C-
NMR (CD;OD, 125MHz) data, Table 1. ESI-MS (negative) m/z
321.10 [M-HJ".
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EtOAc-AM &R o=gE| &itst &M 5iEH20| E2|

w A7ase] AAATAs, ) A9]9] EtOAcAMgRo R
FE 22%9] kst &4 sigtEe] T - RN E HaE
HE 91vH(19,20,23-25). L2t B 3] MeOH FZE°] EtOAcAt
d EOZHE oMH: vsd FES TR FE EAL
FRlse] F7H4 &) - AAE AsiATh Aol oo wj
3] MeOH FEE9] EtOAcAHd FES UFS = Sephadex
LH-20 column chromatographyE 3§t & TLC-DPPHW <3l



172 =2 Z 388 X] A 47 WA 2 & (2015)

Fruit peel of Pyrus pyrifolia N. (15 kg, fresh wt.)

|<— extracted with MeOH (34.8 L)
concentrate (3708.67 g)

L— suspended with buffer soln. (0.2 M glycine-0.2 M HCI, pH 3.0)
— partitioned with EtOAc (6 L x 3)

Aq. Lhase EtOAc phase

— partitioned with buffer soln.
(0.2 M NayHPO,4-0.2 M NaH,POy, pH 8.0, 6 L x 3)

EtOAc phase Aq. phase
— adjusted to pH 3.0 with 1.0 N HCI and
| partitioned with EtOAc (6 L x 3)
H.Ol EtOAc acidic layer
2bfayer (.17 g)

— Sephadex LH-20 column chromatography

J (Ve/Vt 1.68-1.84)
(60.2 mg)

— ODS-HPLC

A-E

J1-J5 J6

1
(1.6 mg)

Fig. 1. Isolation procedure of compounds 1 and 2 from MeOH

chromatography; Aq., aqueous; fr., fraction.

grouping® 18709] EE(A-R) & IS YERH &
[elution volume/total volume (Ve/Vt) 1.68-1.84, 60.2 mg)]¢t K
(Ve/vt 1.85-2.11, 8mg)s 422 54 =7 3lolA prep-
HPLC (ODS)E 33tk =L A3}, F4& JZHE retention time
(ty 410 ¥o 829 3EGEIRHE 1, Lomg, & K2HEH
£, 32350 §&9 I9E @FHE 2, 64 mg) 7S T2

i=]
A°E
= flavonoid A ringoll A& == 239 proton signalE[8 6.41
(IH, br s, H-8), 621 (1H, br s, H-6)]% B ringdll #AL%EE 3%
3] benzenedt 2l 3F2] proton signalE[8 7.71 (1H, d, /1.8
Hz, H-2), 687 (IH, d, J84Hz, H-5), 123 7.59 (IH, dd,
84, 1.8 Hz, H-6)]o] #2&=o] 3= 19] aglycone quercetin?!
Ao Z AAEATE ESE F2] anomeric proton signal [§ 527 (1H,
d, J=78Hz, H-1"Z L £ 6H¥2] proton signalE[5 4.18-3.39,
6H, H-2"~6"]¢] &Al, 282 259 #<¢ )" 2 coupling con-
stant %4(J=7.0-9.0 H2)© =¥ B-glucopyranose®] EA17} 120
o). o]2HE o] 3FELS quercetin®ll B-glucopyranose”t A EHE
A sHEQde] AstAl AAbEATE g SRR 19] ESI-MS
(negative) spectrum . ZF-E] pseudomolecular ion peak m/z 463.15
[M-H] ] AZHo] o] 3= FAFS 4642 IIHUCH,
o= NMRO 93 M sgE9 EAFH dAsiqdnt. gt
3}HE 19 'H-NMR spectrum-e &3 (Salicornia herbacea 1., &

K (Ve/Vt 1.85-2.11)

(78 mg) LR
— ODS-HPLC
| |
K1-K3 K4 K5-K10
2
(6.4 mg)

extract of pear (Pyrus pyrifolia N.) fruit peel. C.C, Column

FPEDGOERE 5 E quercetin 3-O-B-D-glucopyranoside]
A dxgre] AT g 3HE 12 E-GIE quercetin
3-O-B-D-glucopyranoside (Fig. 2)Z &7 =T}

3}3HE 29] ESI-MS (negative) spectrum® Z-E{ pseudomolec-
ular ion peak m/z 321.10 [M-HJ©] H&H o] o] 35HE2] B}k
< 302Ys ¢ F U SFE 29 'HNMR spectrum
(CD,0D, TMS, 500 MHz, Table 1) ZFE] 3F2] sp* carbon
proton signal=[8 6.97 (1H, br s, H-2"), 6.75 (1H, d, J=8.5 Hz,
H-5), 283 679 (1H, br d, J~8.5Hz, H-¢]°] #Z o] fla-
vonoid®] B-ringdll dEet= 3X|3HA| wWlAIZke] EAY7F AAFESL
t}. 53] flavonoid C-ring®ll #&%¥= 2Hw2] methylene proton
signal S5 2.86 (IH, dd, J=16.5, 48 Hz, H4a), 273 (1H, dd,
J=16.5, 3.0Hz, H-4b)]E3 25 <] oxygenated proton signalE[d
482 (1H, br s, H-2), 417 (IH, m, H-3)]o] &&= wa} 39
& 2% flavanol 49| sHHEY 7Fs/do] AXEATE 2t
2 33E 29 'H-NMR spectrum= EAQ] flavanolA] 3}5H&E
Z9] 3l}¢l (-)-epicatechin® RSN Hlwd A, 3=
29] A-ring 6919} 8910l &= = 2%2] sp® proton signalEe] ¥
ZE ] g9ttt o)l MS % 'H-NMR spectrum© 2 5-E 319}t
& 2= Axingoll AHHoZ AFE protonS 7RI YA &=
3IHE, & Aqringdll QJIFHE 4] 7 AR SRHEY s
do] wig ZFsHAl AAFEAT ol 3jHE 29] “C-NMR spec-
trum (CD,0D, TMS, 125 MHz, Table 1)2.2%E FlE 1259]
sp* carbon signalE (8 158.1-100.2)3} 3%2] sp° carbon signalE (s
80.0-29.4yS XEE3H F 1559 carbon signalEZFE MS ¥ 'H-
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Fig. 2. Structure of the isolated compounds and important correlations (arrows) observed in the HMBC spectrum of compound 2.

NMR 410 o) Hojzl AFEo] AxF =AUt

ojof, 315HE 29 B HIgt L2E AR f1ste] 'H-'H
COSY, HSQC, 18132 HMBC?] 2D-NMR 418 AAJsI3th &,
HSQCZH-¥ direct proton-carbon 7+9] “3##AE, 'H-'H COSY
ZHE] long-range proton-proton 7Fe] FAAAE RIS &
3] HMBC spectrum®Z3-E| long-range proton-carbon 7+2] A4z
BAE[(H2C-9), (H-3->C-10), (H-4—>C-5), Fig. 2]0] B25]0]
sl3HE 2= 3,5,6,7,8,3',4-heptahydroxyflavan (dulcisflavan)?! 712
2 AR ATt s3HE 29] 'H-NMR spectrume Garcinia
dulcisZ5E @2]® (-)-dulcisflavan2] spectrum (31)2} ¥l g 2
7, 21 spectra’t & A8 XS WEA BRHE 2= ()
dulcisflavan® 2 5 At}

2 Arzriy dgd 33E 13 2= 25 flavonoid{ 35
EZA flavonoid®] B-ring®ll ortho-dihydroxyl group (catechol)S
T&ALe® AYIL Utk Flavonoid®o] 243 ikstad e o
B-ring®] catechol &l 71Q1sk= A-97F Wrhe dAF-E°] O
sHAl A vk 9lvh(22,23,32,33).

iRt 12 e de] E2Ho e WdASEREA 5
(14), ¥4, 282 B2E2(34) 5ol B o] At
Ze FNERE 2 EA7F E@R1E A E A77F 250
ol 3FE 19 aglycone?l quercetin® &413}1(35), FAZF(36), T
&(37), F5W7E5H37,38) 5= LHEC] in vitro B in vivo'del
A AAF SR BaEo] HA AIsHAIEA dE] o] §FHL A=
s}stEolth ESH quercetine Aol tiFEo] S @ &
2 ojifo] AgtH wFA FENE EAST(1,2). ZL2]3L quercetin
3-O-B-D-glucopyranosideE Z3et quercetin®] T HIGAE-2
H T oiFEo] 2%l FEM, intact form (MR OR
FEA] ST aglyconeS Z RS E F, A ST M oA
Z%o] glucuronic acid == sulfuric acid® EA8tE 2,
% 9dRE 740l methylation®lo] B o] =gge] B
vl ATh(38,39). Tk HA Wjol] EASk= quercetin IARAIES
gyoz EASHA] Eo= EFstar Y oA Fitsls
WEgto] BA(3840)= ATt wEbA wio] FHrd sigtE 12 2
ol Ao o't FHrEo JA FEAE wE AHFHTe

ul

o o X

]

=
tlo do ft mn =

A T2 §8ARET W /154 Bl AsEAE U35

sete 2 & A7l o8] MERH AE 4" SRtEE
A-ring®] Q1% ©haol /o] 4717 AgEo] AZE flavanol
TZXE °|FA Ut 53] e 2= TWHEE A o
SHrEo] o] BarE v SlthA4l). SiHE 201 gk A
o &3t AF= thFaHll AAAT 2R, in viro A
w9 -3 sl s el BE v Jv3l). &, 5
32 25 U4 E DPPH radical-scavenging 42 H7|et A3}

25E 35 29 s8] (scavenging activity: 87%)yS TR
TA FL FZA0uM)2] (-)-epicatechin (scavenging activity:
82%)Eth o H& st 2HS Uepllon, & T el
ascorbic acid (scavenging activity: 77%) 2 BHT (scavenging
activity: 43%)Ht ¥ =2 &4 vepdo] 23 hE v dth
ol 33E 29 A-ringoll EASI= tetra-hydroxyl group®] DA
F-5 free radical scavenging®l] &3 #sHe HAFE 9n)
NE A} FerEch v, 7F AlZjolA TNF-o f&=9 o
S9HE 29 NF«B9] &49AI5S BRI A2 Al 3o
A thEF2 (-)-epicatechin (IC,,: 11.9£0.6 pM)oll ¥]&te] 315t
B 25 AAS ¥ FAHIC,: >100 uM)yS YERde] B E uf
AT = 25 Avingell A5KE AP MNE Ze B
et Stk M 2 F2F SHoRRE ksl

3 stEd 7ol w2 AR dAdHH, oY
o] MEFFe] AN WFEJUS 7hsde] Ak w
2hA BigHE 20 Aol dig Bk A9 HrkE lsixe
AelM o] T - A1l A A+E Pt s5E 29 A
A el A T % A ol8ES WE Zavt s AolH,

[¢)

o 7 2
oo} 2 F4 - UG e A7k SRS Wl A
o QoHel Fge]

oL

=
=
=i

1

RS

Ei oftt

g =
oX o N

o
3L

)

o o

£/d0] S Wesld o= dAdH.
2 ATE Fok A SRR E 2%F9 flavonoiddl 3HE
Eo] AN dElE ¥E F I5E 12 FERE, 2
22 3itE 2= WIERE 2 EAVF ASoE ERIHATE gt
2O =2 flavonoidd] SFFEES 7FEHe JitstsS LT o] &
GHA Utk 2 Ao s dEE SEE 19 28 deE &
71 AEEd HI7HE dsR= Zdoy B9 7xF 54
4 MagArEe] A4E FasidS uf, kst &4 SHq
oA Hl9- 2 F5S vEd ZoF dddE
Zel =akol ek RS Aol AR FEI= Sk
O} BRpFoA 9] AEd dataE
AT2Fe] thdzbel A%l 8 AR F AFES T3
ATE EFst] oF 509 Fo] SFE .
I Wt B A7AHE EFsie] XF71A] BaE 6] g
Eel #3 ABEL FF ] A1E TPl o] FHA ol
€2 ZoZ 7|En). &, wje] Al - §F8HH SHS E8, v
2EF7ETH A S5 v - FIFeAY vl T
o] FAEA WUt FEAEEAS] &84 Egt ZoiEh

oy 1o

o (o] 3
pl =

>

B AFoMe ke 7)1 ¢4
2HE A siES el sk
FE2ES $jRE5le] A EtOAcAMIZ RS O 2 Sephadex

d S8 Slsh =k
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LH-20 column chromatography$} ODS-HPLCE ©]&3le] =213
o2 HAE sl 2%F9] FFES dsNth dEE sE
17 2= MS 2 NMR #4428 53t 27 quercetin 3-O-B-D-
glucopyranoside(3FsH& 1)¢} 3,5,6,7,8,3',4"-heptahydroxyflavan [(-)-
dulcisflavan, 313HE 2)|02 FAHAG. d2E = 12 5
W 25E, 287 3ljtE 2« WERH As 589 siEolth
2 AFAHATT FLhe 75T A FHE A VIR

2 &85 7t
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