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by varying different parts, harvest times, and extraction solvents
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Abstract

Dendropanax morbifera Leveille (Araliaceae) is an endemic species growing in the south-western part of South
Korea that has been used in folk medicine and health functional food. In this study, we investigated an extract
of quercetin in Jeju D. morbifera by varying different parts (fruit, sprouts, leaves, sprigs, and branches), harvest
times, and extraction solvents. In addition, we aimed to establish a simple and reliable HPLC/UV analytical method
to determination of quercetin for the quality control and base line data of the Jeju D. morbifera extract as a health
functional food ingredient. The amalytical specificity was
(PDA) spectrum by analyzing quercetin using HPLC and comparing the results to those of extracts. This analytical
method for quercetin was validated for its limit of detection (LOD), limit of quantitation (LOQ), precision, and
accuracy. A high linearity in the standard calibration curve was obtained, with a coefficient of determination (R?)
of 0.9996. Also, the LOD and LLOQ values were found to be 0.28 ng/mL and 0.85 pg/mL, respectively, and the
recoveries of quantified compounds ranged from 97.91% to 104.10%. Furthermore, the relative standard deviation
(RSD) values of data from the intra- and inter-day precision analyses were less than 1.36% and 3.65%, respectively.
As a result, the highest quercetin content among the extracts of Jeju D. morbifera leaves was found to be 20.14
mg/g, which was extracted at harvest in May (cultivation period 10 years) with 60% EtOH. All in all, we believe
that the results obtained would be helpful in the development of nutraceutics and natural medicines and for the

quality control of D. morbifera.
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U-(Dendropanax morbifera Leveille)= 545
e 45 g fevet AFE, 9%, 8,
Adalier A1 Bl d7 2oiR] Gol| A 2B
. gl Al Sieke ubel o] H-E(Dendro), %
E4E: panax)©|2h= 9n|7t flom, o] FAE
Fae] o] ZYUe e, dR2EE 19 E52
AREEI T AR E 15 m = Ak 27 544
Hu 22 7= FAS 9y 4 sAst Ga Rk
S BEP R odriA Y 4 358 E AebA sl
v g7s At o= weith 22 697 Nshen
+ B E 9= 10874 Aoz ofEA HrG). 3
Fhe] F9 HELS AT ZA sesquiterpene?] B
-selinene, [3-cubebene, B-elemene, germacrene D, y-cadinene
So] B35 om4,6,7), HTolE SAUYTE do gy
rutin, chlorogenic acid, (+)-catechin, ferulic acid, myricetin,
quercetin, resveratrol 52| &4 SIEEC] 2=
T Hu@®)s s JAT, GRS SRS F e
AT RE 88 F = 4t AEEe] B 7=
ol - wjm| gk Agolrt. Vo] 3 o] 23 flavonoid
9 polyacetylene 3}3H=-2 dH4ts}, &t &9, e
3}, @ 59 ok A7 Ea-1nEen, v
o A& 75 #dE AFEo] HI7HAE &9
&= 1 o) 53] quercetine WAl 112] 2] B4l -OH|
o} gbao] 29} 3Afo] 9] o] FAF, 49| B4 carbonyl”],
T2l3 Axe]st Barglell 2H o] 3l= -OH7 el oA
Dghtae] AsteE Ak AY Al A sk itk 24
o] ¢ F& BER deiA dvh12). 12y A5
o] A 2SRt A7 AFe Ao,
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HYEE Urlen, A5 9= g, A, A5, 271
A, 712 FEIth 2 Al 5= 2 om W= AES &
S0CelA 15413 QFAZE AASkaL 2 AlFol 108]5=<]
2802 I480C, 3 h), 30% FH(75C, 4 h) 2 60%
FA(70C, 4 he® F=3)3th
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FE O 2 quercetin(Sigma Chemical Co., St. Louis,
MO, USA)= MeOH= &3A17] F 1,000 pg/mLe] =7}
HEE EFdd oz Ak ©]F 50% MeOHZ 3]4]
3koq 5, 10, 25, 50, 2 100 pg/mL F=7) HE=S A Z3H
% 0.45 ym PVDF membrane filterMillipore, Milford, MA,
USA)Z o7t §| EF 8902 ALgatelth B899
azviEaddq de vae FEY UL o 3]
YT FEHFICZNH quercetin I FEIATH

F

o

Al ool =H|

YT FEE9| quercetin ¥4 A 85 4t 7[5
2] ste] 23519 o™, Crozier 5(13)2] WS W o]
AA BT A8 BT 0.1 g& FE3] Fslo] 5% HS0,0]
F3He 50% MeOH 3 mLE 7}8laL 90°Coll 4] 3087t A7t
e AAlEIT) Zrwslt T5E 89S 25 mL H 4
EFet2a=o 50% MeOH= %83k % 045 pm syringe
filter(Whatman Co., Morris, NJ, USA)& o] 7}3} &8 x|
FA o AT

HPLCE4H

FAYT FZ52] quercetin 4] Table 10 2.2Fg|o]
%1t} HPLC #H]+= 1525 Binary pump, column oven %
2998 photodiode array detector(Waters HPLC system,
Millford, MA, USA)E AH8-8151 L, HlolE] =5 3 A2 &
$13l Empower3 software program(Waters Corporation,
Milford, MA, USA)& AR8-8to] 2| A2 & F8lsith &4
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4 A2 PhenoSphere™ ODS(2) column(4.6x250 mm, 5
um, Phenomenex, Torrance, CA, USA)=< A&-3191 01, o]
542 2+ trifluoroacetic acid(TFA, Sigma Chemical Co.,
St. Louis, MO, USA)7} &+¥ &v|2 &l A0.1% TFA
SH-f- water), 27 B(0.1% TFA 3 acetonitrile) S AF-&-513
31, 1.0 myming] f&o2 45 AAI8Ith UVE 370
mm SN ST, AR FUFE 20 1LE A

o

Table 1. Analytical condition of HPLC for analysis of quercetin

Parameters Condition
HPLC model Waters 1500-series
Column PhenoSphere™ ODS(2) column (4.6x250 mm, 5 pim)
Detector UV 370 nm
Flow rate 1.0 mL/min
Column temperature 40T
Injection volume 20 uL
Time (min) % A" % B
2 80 20
Gradient 25 55 45
30 0 100
31 80 20

Y0.1% trifluoroacetic acid in water.
20.1% trifluoroacetic acid in acetonitrile.

H AT oUF T A

Wajeo] el tfgt 7to] =efR1(14,15)S <A
(specificity), 2414 (linearity), % 2Hd(accuracy), &
(precision) 5 & FPotA om, A FFOoR2FE Ao
2 A L] 71&7] 9 FFAAE o] &3l
5 A FIALOQE it FEA 4
TASE A 51094, 59 AH g FAUYT L] 60% T
AFEE)Z AT

£-0]7d (specificity) A% quercetin 842} A 2]
gt Al 58NS HPLCE A% & A=ZntE a3l v wa}
o] quercetin peak®] F-E|%= Z HFE AZHE ERls o
photo diode array(PDA) spectrums =% 3le] FLU3k
spectrum= YER =4 gl th

21474, A& 2 % =3l (linearity, LOD and LOQ)
= SAZ o2 343 quercetin F+8-9-2 HPLCE £
stod 33] WhE S 619 0™ peak HAH] o] Tt FEH]
WAE el = 5344 s stk A=dA 9 4
FIA = FT8do ARnEIRS o] §ate] dojxl 4
Fao] 71&719F EFAAb| 2ASI AlLtstai

LOD=3.3xstandard deviation of the response/slope of the
calibration curve

LOQ=10xstandard deviation of the response/slope of the
calibration curve

% &g (accuracy) = El3t7] 98] £TE9 10, 25, 2
50 pgmLE Al =ol H7iste gaes Fokth 24 A1d
< 33] ¥ HPLCE EA3te] AFgro] hakell 24 A
Aol od 3|He S NEER e
74 (precision)= &1317] 28] HA e He wel A
2ld A8 ) 4 (intra-day) 2} & 7HE-A (inter-day)
° 2 o] Hg3tth Intra-day= 19 371F 64170}t
(9:00 AM, 3:00 PM, 9:00 PM)F a3l o 7z 338]4] HiE
slod HPLC® ¥-413199 11, inter-day:= 1Y 177t 2 347t
APsA ek 7t Alge F3ivbd) 33 WHESte] B3]
AEAdE JeEh = Al 5 2 (relative standard deviation,
RSD)E 35}31
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Table 2. Intra- and inter-day precision and accuracy data of the

A FAES 2l AJggol o7 ZA|5te] HPLC £4] HPLC method for the determination of quercetin in Jeju
o ol&l 3FEe Fe IRIsISIt Table 20 YERT v} Dendropanax morbifera Lev. extracts
rdYe) Lo} 5] Z2=~9- O o) S L i - ¥
;_)4110 ;u;rscetm/] f—rg; 10 pg/mLe] 5 _;01] e Spﬂaelc;/ ElmL;Junt Ir(lgil/%y Ir(lg\rl %y Rei%ery
10%, 25 pg/mL FX=ol & 97.91%, 50 pg/mlL F=ol A
= 9837% W9le] 8482 B9lth Hu 5(16)S quercetin 10 2% 365 104101.50
A ZZ0A 97.1-1054%9] 2F&S Bgon, 3 197 25 91912089
Wang#} Helliwell(17)2 3}, §219, HaHE o)A ] il L% 2l il

1 (A)
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Fig. 1. HPLC chromatogram and PDA spectrum of (A) Blank, (B) quercetin standard and (C) Jeju Dendropanax morbifera Lev. extract
at 370 nm by a photodiode array detector.
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quercetin 415 &3l 12%9] 3FES Aol & A2 Table 3. The quercetin contents of Jeju Dendropanax morbifera
9} A8 A7 Yeho] E A dHe] gL ot Lev. extracts
— , —
RO sple TS Ciod o) soherts o ()
1 fruit Sept. 10 water -
HUN HE 2 Nov. 10 water -

BN o2 onats AU e FAE shte] A Ei; 3 May 8 water 163240817
B ofgd ukE g2 sle] A =7 wet =469 4 May 10 water 10224067
o ) SUUT Aolsl RS Srlel, Tabe 291 g M B e mmon
20| intra- day o} inter- day o} A 3 A} (RSD)E 6 Nov. 8 water 4.26i0.99m
%Xé'&]—?ﬂl’/} Intra- day A 01]7‘14 7< HT |36 98%01 7 Nov. 10 water 9.74+0.19

: ’ 8 Nov. 15 water 1.41£0.10

o, inter-dayi-Al ol A9 U EE 2.11-3.65%°] AT} 9 May 8 waler 540013
olFe] EAZAY, AT FEE2] U quercetin T 10 May 8 30% EOH 722022
4o A< A3t 11 May 10 water 5.89+0.10"
12 May 10 30% EtOH  18.061.81™
Crkst =714 %Ql—}—r FE&E29| quercetin & —E——1 13 May 10 60% EtOH ~ 20.14£0.19™

B AT ME AFA FAURLE B £5h7] @ 14 May 15 water 19.51t2.30::
ZgnEE ozl }\] o) tete] EF3sls BAH o i 15 May 15 30% EtOH 19.75i0.38w
quretn S vl AEel T 35 Aol eI R
duj 2 A 93 quercertm 322 0.31-20.14 mg/g® W= s o ] e
e zpol7F Hol wom, 7kx] B9 HT= < F9joA 19 Nov. 8 30% BOH  13.05:0.97"
E2 FEeR etk 74t Algse] diatele 47 B 2 Nov. 10 water 085027
HZ oA 7 FfjollA 7 Bl S 9 %‘%}%}—% 21 Nov. 10 30% EOH  661+1.04™
71Eo 2 BEA BAL A st FTAEMT 7 o e 2 Nov. 10 60% EtOH  9.99:020™
Nz AI71E, Y, FEEE S BAS A A9 23 Nov. 15 water 2.27+1.28
AR Bl 10d xg# A Qe 8d AT 159 48S 590 24 Nov. 15 30% EtOH 8.05i1.11*:
HZ e PR B9 E2ZBo] GojHoz o S BTt 25 May 8 water 0.45+0.00
(p<0.001). %9 912 FZ o e Fkjol2 g . ﬁaz oo
Az @FFEEEY 74 o] Zold 45 quercetin 3 g VB 8 water  081£0.05™
gol T/ = AL & F doH, 53] 5¢€d AAH S 29 Now. 10 water 0.4740.03"
1094 &l 49 @4 FE=°] 5.89 mgg, 30% T4 30 Nov. 15 water 053005
FZ=°| 18.06 mg/g, 60% T8 F=E°] 20.14 mg/gC = 3] May 8 water 0.45£0.00
27 gtgo] Eolx|e 2 ASE quercetindr o] & k7 May 8 30% EOH  037:0.00
,]ZJ o7 27]_5],_ 7—] =2 _/[: o] oip}(p<0 001). /\-1/\01 33 May 10 water 0.6120.00”
Ho2 Ay e ?51,317}0] 2 v w3t 23} 10383 15894 34 May 10 30% EtOH 0.55i0.01;
Agde] RE FEEA 590 AF T A5 quercetin iz xﬂy 12 60% ltEtOH (3)9;2)?;
%%Ol ;__.3_3_ AS = 5 allot 8dAe) Aol 114l 37 MZ 15 30;VaEetr0H 1.63;0.63***
ANH e FEEo] vkt quercetin$t o] S7FHE A= 8 Aug, 10 water 0382001
= Tk AselE AR S S vlud A e 10 30%EOH  031:000
595 7|Fo 2 vHlwsld 8d *ﬁ—"— Hhﬁ =& quercetin} 40 Nov. 8 water 074007
FE HYoY 1084 g FE2ES At 103483 41 Nov. 8 30% EtOH  1.16£0.09™
159Ae] RE 2250 A7 u];} $59] =L quercetin ) Nov. 10 water 0.97+0.01™
ks 2 2= 99tk 43 Nov. 10 30% EOH  1.06:0.06™

i Rele e B i Ao e o2 “ Now 0 G EOH L0900

H|wE= & ou)r oqt_r.,_/‘z 3}2ko 1 S| A g dAe
13 el ]— w /] trdel, A 8ol "Data are presented as the meantSD. The dat were statistically evaluated using

119l xF 3 FE5E0] 2 =& quercetin s B one-way analysis of variance (ANOVA) followed by Dunnett’s Multiple Comparison
- = test to compare significant differences between the groups (sprout, leaf, sprig and
T A THp<0.05). 37 ] -9l gk thE Fele] wis g branch) at. 'p<0. osgm b0l and p000L T e
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Ao g Bre 39 quercetin S Hola glom FE&
uje] ztelw Ax] ke Ao R S H A THp>0.05). Hyun
S8 AV quercetin S 4%% 0.0267 mg/g 2
2 ®Bysigon ole AuigHE, 2 2 JkeEeEl &
T T Atolo] o3k Ao w Az

ol el EAA, 10 oY A&e AT Slo]
quercetinS] shaFo] 71 wotom 599 AF st 4=

T F2E0NE A 71 2L quoretingFS 2
£ F2RE AZT 5 9 A% F3Uelet Aad
o 3 B APARE 8 AFY ARE AHEE
BAFEA 38 B9, $H7] 9 dYE AT £
e FAve 1FoR A% Jl5d oR ARY
t}

2 o

1%
g
Lo,
Jo
l:p{u
ox,
tlo

B Ao A= quercetin el
AR 19|, £3A)17] g FZE-gvlHquercetin &2
A5 B2 AR e RE A A
of tiste] SolAd, AA, F&d 2 FEAdS &<l

0.85 pg/mLAth 3F&2 98.37-
104.10%2] W= vpgkar, A3} A7 ol A
EFHAE 247} 2.11-3.65% ) 1.36-2.98% = vgit) 8-
W-9] quercetin 32 0.31-20.14 mg/ge] MY =2 7HA B
O dollA =2 %‘W’ vetiglen, 53] 10d o]

gsate] 5ol AHE Ao A 7 %"% shaS e
ATt oM ¥ YT quercetin T F-91, A7)
9 2240l met G Aot Uehkor, 154 4F

A2 At FAHEY Ve 2 5 ATt U
Ao 71222 8ol 7t Aoz Atmd
ZALe 2
= ChAIFAL A E A RIS AT gy
‘l‘-/] °JEﬁ$§‘r 2 715 AT ol o8l el Rl
o oo A=Y}
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