J Appl Biol Chem (2021) 64(2), 113-119
https://doi.org/10.3839/jabc.2021.017

Online ISSN 2234-7941
Print ISSN 1976-0442

BN\
)

Article: Bioactive Materials

Characterization of compounds and quantitative analysis of oleuropein in

commercial olive leaf extracts

Mi Hyeon Park' - Doo-Young Kim' - Alfan Danny Arbianto' - Jung-Hee Kim' -

Seong Mi Lee' - Hyung Won Ryu' ® - Sei-Ryang Oh'

Y-S SEH A FE2EY I}E EAH ol=9 oleuropein TF

H]ZEA

S - AEG - GB gy k2 AR PR

o -

734 2AF

Received: 18 February 2021 / Accepted: 12 March 2021 / Published Online: 30 June 2021

© The Korean Society for Applied Biological Chemistry 2021

Abstract Olive (Olea europaea L.) leaves, a raw material for
health functional foods and cosmetics have abundant polyphenols
including oleuropein (major bioactive compound) with various
biological activities: antioxidant, antibacterial, antiviral, anticancer
activity, and inhibit platelet activation. Oleuropein has been
reported as skin protectant, antioxidant, anti-ageing, anti-cancer,
anti-inflammation, anti-atherogenic, anti-viral, and anti-microbial
activity. Despite oleuropein is the important compound in olive
leaves, there is still no quantitative approach to reveal oleuropein
content in commercial products. Therefore, a validated method of
analysis has to develop for oleuropein. In this study, the
components and oleuropein content in 10 types of products were
analyzed using a developed method with ultra-performance liquid
chromatography to quadrupole time-of-flight mass spectrometry,
charge of aerosol detector, and photodiode array. The total of 18
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compounds including iridoids (1, 3, 4, 14, and 16-18), coumarin
(2), phenylethanoids (5, 9, and 11), flavonoids (6-8, 10, 12, and
13), lignan (15), were tentatively identified in the leaves extract
based high resolution mass spectrometry data, and the content of
oleuropein in each product was almost identical between two
detection methods. The oleuropein in three commercial product
(A, G H) was contained more over the suggested content, and it
of five products (B, E, H, I, J) were analyzed within 5-10% error
range. However, the two products (C, D) were found far lower
than suggested contents. This study provides that analytical results
of oleuropein could be a potential information for the quality
control of leaf extract for a manufactured functional food.

Keywords Oleuropein content - Olive leaves - Quality control
Ultra-performance liquid chromatography to quadrupole time-of-
flight mass spectrometry

A B

28 H YFH(Olea europaea LY== EFUF-2H(Oleaceae)ll 4
s AujE do] HAY gEHE sl 7IE0R vhEo] AMgSt
= o2 & 4EA Aot LB dule FE AFE] A9
A ol aF] HA o FHAAFCRERE 1920 LM
°F 3,234,000=202 HdoM] 58%7F s R, A 4
H|go] sofuk= FAlolti1]. olgh AAARl AR <l
Zh oF 3ulNlE o)ide] EE|H gujrt wu =], I 1.25kg


http://crossmark.crossref.org/dialog/?doi=10.3839/jabc.2021.017&domain=pdf&date_stamp=2021-06-30
http://orcid.org/0000-0001-5291-3942
http://orcid.org/0000-0002-9769-4779

114

J Appl Biol Chem (2021) 64(2), 113-119

7} 8 HE 713208 oF 25keo] LulH Qo] FAER Ak
HoH1,2]. 2E d& FE9| 754 A8 YEZ AREHI
Aowm Hxste] zpo] FE|R o] &Fa Urh2]. I STE
o] T4 FEEL FIFe YEE 2ojn A|FAFEeR
T HEE 3] Huledld 2B 9 4 FEE dis)
A N1SAHFVIES oleuropein®® XS = gt 1A
o E5S Fv dIsAFE 718 9EE AAsIAH
3 A2006-25%, #2014-9%) LA S TH4]. Michel S[11]2]
AePAo] mEW SEjH 9 ek SjH dufjelx 7ERAL 9l
+ secoiridoid, flavonoid, coumarins, triterpenic acids, caffeoyl
phenyl ethanoid derivatives, phenylethanol derivatives 7| & 2]
e eds E3etal low st IndE, Fhtoles,
ot 2, vt 243t oA 5o Agdol Bal Hoidl
th5-10]. 2B Slo] XFAdER] oleuropein 3 FEEF
Abg gkl dhest, g, A, VAL, dntolE s &4y
4 F=FeNES, A At a3} I Aot g, IF B
3 &) BHago] Arh2,11,12]. SEol| et thre] A
PATE aGnf FAHoE odsh Ba Hol Qlar o #g
Ae 4 FEE] ALl gk d57F Bol BarEi 9l
A9 FAE HE EFESh] gk A Fatol ARl mEsi
. 2 dFddMe AR PRI 22 SEE o 3ES
£ 93l ultra-performance liquid chromatography to quadrupole
time-of-flight mass spectrometry (UPLC-QTof/MS)E ©]-8-3}<
ZHE o FEE Ui ZESd"a AFE SEE Sl
ultra-performance liquid chromatography to photodiode array
(UPLC-PDA)$} charge of aerosol detector (CAD) AE7]E
ol g2l Al&star Al EAHOR FIAdS Fstaat &
ok =3 =" EAHS ulECZ oleuropein o] A
H AYE B o FEE BT 10T s ARAAE
ate] FAAHE AAEAT

>0
—

-

o

o Y
O]

oleuropein 7 -4

A= 2 9y

A1k & 7171

2B 9 FEE9 g Z297e ACQUITY UPLC™
system (Waters Co., Milford, MA, USA)3} Micromass QTof
premier™ mass spectrometer (Waters Co.) AZ&715 AMg-g
UPLC-QTof/MSE ©] &35t A FEA A= ACQUITY
UPLC™ system (Waters Co.)Z} Corona™ veo™ charged
aerosol detector (CAD, Thermo Fisher Scientific Inc., Waltham,
MA, USA) A&715 AMgaisich. 84 242 oleuropein (o=
>98%) Sigma-Aldrich Co. (St. Louis, MO, USA)IA ¢
ate] ARgEtAT EAAIE A A4 ARE € methanol
(Honeywell International Inc., Charlotte, NC, USA)2 HPLC
572 AFESY. A4 ALEE acetonitrile> Merck
KGaA (Darmstadt, Germany)?] HPLC SH2 A3}
water purification system (Milli-Q Academic, Merck Millipore,

Burlington, MA, USA)E ©]&-3f] Qofxl S/TE ARSI

2ANE AN
Agow Axd 2H A FEE B 10F5(A-NS 47 20
mgell 80% methanol (v/v)e] H]&9] EFgNoa 1585 =
uEEe Adeel RUE7)A500 pm)E SHE A
A FEdE o8&t FAEUTE Oleuropein®] #7441
< 913N oleuropeine methanolell o] 709 F= =7 (156.2
312.5, 625, 1,250, 2,500 ppm)S-2 FFgA-S Fu]&r).

off
rO
2 -
2]
>

O

UPLC-QTof/MS ¥4=A
$2H 9 FE2E9 il ZEuddy B4& UPLC-QTOF/
MSE o] &3y E4ZE ACQUITY BEH CI8 column (2.1
mmx100 mm, 1.7mm, Waters Co.)2] JAAHE AR5t
o5 ZE SHT(A)} acetonitrile (ByS ¢85l BEulE
0.0-2.0% 2-2%, 2.0-2.5% 2-10%, 2.5-13.5% 10-20%, 13.5-
18.0% 20-100%, 18.0-19.0% 100-100%, 19.0-19.1% 100-2%,
19.1-20.02 2-2%0% F 202 &<t 52 0.4 mL/min®E ©]
A 71€71E Fo s #4EE 082 35°CE
AR AEFYEFE 2 uL FY3AT Q-TofMSE %17] #
% (Electrospray Ionization: ESIyS ©]-8-3}] negative mode
oA A& 3IATE lon source9} desolvation?] &=+ 77
100 °CS} 350°CE AG3FA 3L capillary?} cone 2 727
23kVel 50VE EA43HT F% 400 pg/mLe]  leucine-
enkephalin (Sigma-Aldrich, MO, USA) [m/z 5542615 (-)]<
- FEgoF AR FY A5 2 pL/min= A4S}
ot et dEga MSMS 2 A4 2AL 7719 S5
MassLynx software (Waters Co.yS ARE-5lo] 331 Th

-

Oleuropein X EAAE FaFEa

Oleuropein®] A 9t B4 2B 9] FEEA9]
oleuropein®] ¥=HEA-2 UPLC-PDA-CADE ©]&3I3al £4]
A¥ ACQUITY BEH Cl18 column (2.1 mmx100 mm, 1.7
mm, Waters Co.)®] ’3EHE ARSI ol 8de2es 57/
Z(A)SH acetonitrile (B)S ©]85o] BEUIE 0.0-2.0% 2-2%,
2.0-2.5% 2-10%, 2.5-13.5% 10-20%, 13.5-18.0% 20-100%,
18.0-19.0:= 100-100%, 19.0-19.1% 100-2%, 19.1-20.0% 2-2%
F 208 ¢ 52 04 mL/mineE U] Z2uldF

o

3 e oSl TRTIzdeR EMsit #4EE &
& 35°CE A S AMEFUFS 2uL FHSHH

CADE gas requlation modei= analytical £ filter= 1.0, ©lo]
B 43 8]&-& 20Hz control evaporator =& 35°CE
AT Oleuropein®] 57 F&= H$1(156.25-2,500 mg/mL)Qt
oA 33| ¥Hgsled UV 230 nm g2k CADONA9] 9|3 4
#3} oleuropein®] FEE Bl AATF 2 Fhol 0.99 o]l
AFAE ZAAIATE AE (limit of detection, LOD)9} 7
Z3HA (limit of quantification, LOQ)= W39 ®FHRIe} 4
gxo] 7187 2Asks WL E LOD=3.3xs/S2} LOQ=10
xs/SQ] o7 AHSALE oJ7|A s wH-gol XFHA|TL S
Ao 718718 =3tk olEg SeolA, HA, HEI,
A, Ao R BAHE ASsaat skt



J Appl Biol Chem (2021) 64(2), 113-119

115

43 42 3%
S8 § dA T=39F

Oleuropein &3] ¥AlE 22H
% peak’l @ol Hole E¥|H ¢
o2 gxpA Z=2adgg AAIBIATHFig 1).
Eol Z} peakS2] MS Z~FEFHO] retention time, UV, m/z,
HRMS, error ppm, MS/MS, #AH21S &3l Oleadre] 3

1 ==
3T

] =

FAE vlsle] 7709 iridoids (1, 3, 4, 14, and 16-18), 1
N2l coumarin (2), 37§¢] phenylethanoids (5, 9, and 11), 6
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Fig. 1 UPLC-QTof/MS base peak intensity (BPI) (A) and PDA chromatograms (B) of tentatively identified eighteen compounds from Olea europaea

leaves extract

Table 1 Tentative identification of secondary metabolites (1-18) by UPLC—

QTof/MS in Olea europaea leaves

MS Rt uv Detected ion  Calculated ion  Error

Peak (min) (nm) (m/7) (m/2) (ppm) MS/MS Molecular formula Compounds
1 366 279,222 389.1064 389.1084 5.1 227,183,165 CigH»0n, oleoside
2 397 334,222 339.0697 339.0716 5.6 177 CisHi60o aesculin
3 421 324,217 505.1543 505.1557 2.8 389, 341 Co1H3Ow oleoside deoxyriboside
4 458 232 389.1089 389.1084 13 165 CiHx0n, oleoside isomer
5 4.84 310, 220 489.1586 489.1608 -39 163 Cy1H30043 caffeic acid diglucoside
6 5.54 274 457.0809 457.0830  -46 305, 169 CyH 50y g;)( _g;‘légf;‘;?ﬁ:;‘t eg:}?ifegauate
7 892 340,217  593.1509 593.1506 0.5 447, 285 CarHsoOns luteolin 7-O-rutinoside
8 916 348,269  447.0948 447.0927 47 285 CaiHyO luteolin 7-O-glucoside
9 1016 330,219  623.1976 623.1976 00 461,315,179 CagHisgO1s verbascoside
10 10.94 338, 267 577.1534 577.1557 -4.0 269 Cy7H30014 apigenin 7-O-rutinoside
1 1118 326,219  623.1967 623.1976 1.4 461,315 CagHisgO1s isoverbascoside
12 1132 345,268  447.0922 447.0927 -1.1 285 Ca1HaoOn luteolin-O-hexoside
13 1210 343,211 607.1644 607.1663 3.1 299, 284 CagHsx015 diosmin
14 12.16 335,218  701.2283 701.2293 14 539,307,275 C31HipOs oleuricines A or B
15 1232 278,230  577.1902 5771921 33 415 CosHyyOn gf_gf;f‘;ﬁg’ég’gg‘““""l
16 1258 335,217 701.2277 701.2293 23 539,307,275 C31HyOrg gﬁ)‘gfz‘;;:;?e or B or
17 1406 280,231 539.1766 539.1765 02 377,307,275 CosHix013 oleuropein
18 1503 280,222  539.1761 539.1765 0.7 403,377,307,275  CaxsHynOus oleuroside
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Fig. 2 Oleuropein and 10 type of commercial O. europaea leaves extract powder (A-J) of chromatograms on UPLC-CAD (A) and UPLC-PDA at UV

230 nm (B)
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M= Fg] BIH secoiridoids AlEe] AZHEAHE 7}
E= oleuropein o] FAIE E2H o FEE] 1A
FozA A#|EIT o} B AFNA= oleuropein FHo]
AlE 1059 &ElE ¢ FEE EZoA9 oleuropein®]
A 9 AR st HRE 98] uvel CAD AE717F 4
ZHEl UPLCE ARg3te] 418t #4204 HZ o] Eg
S #elay] 8] ol5AE acetonitrile® 2 A8} gradient

elution Z7A& A3l o™, X FEAE oleuropein®] UV

e

g 2o
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Ee > o of
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¢
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spectrum N T4 (e 230, 280 nmZ UVEAS RIS}
P AE7] A=e} vlw 271E $l3] CADE FUiste A
7] MR E 53 28lE o FE2E 2% 1059 TS IS
St} UV 230nm, CADS] 27FA] A&7 ZZrtE2#oA %
FEZ oleuropeins} 1059 LT|E ¢ FE2E ¥ vwsls
o 2 A3 g8 Y FEEA oleuropein retention time
14.063014 FE259 FoAdFo= ERIFIL oleuropein I
Ao A BLdd o] gl AL Rt T4
retention timedl|A] I3 7o) Qe HA Y &) 71L7] %7
< FHeAth(Fig. 2). AFAE 230nmellA 2R AT

0.99492 CADelA 2 099012F HH7]& 0.99 oAl 7
o] A=A HEFA (LOD) A H3HA (LOQ)= 13.24,
40.12mg/mL (230 nm), 24.84, 7526 mg/mL (CAD)Z Z4F
o] BAolx HEV] 2L AEe oz A ti(Table
2). KA AE7|9 ARAE ol&3t] A oleuropein®] T
G AlFel FAE T LK %)E stk (Table 3). CAD
A&7 F25 B, E, = 98.60, 98.84, 95.30%= 5%° U
9] APt HYoH, FZE JE 9329%0F 10%cHe] X}
7F YEbsth 3 UV 230nmelA %% B, E, H, [&
101.50, 98.28, 98.30, 98.60%= 5% °Jje] 932 HoH,
ZZE = 9191%Z 10% ©JUe] 927} vehdth 2714 A
Z715 ol&3s EAMWo U Ha# 3= FEFE Bt
100.05%22 7§ 22 95 Y F&= B9 = 2
o2 98569 96.95%= 5% oW Fe oxE wth
ZZ25 HY = 10527 92.60%E 10% oY ox1= B
YA 22E 5F(A, C, D, F, GPl d&Ed 10%2 234l
27} YRS RIS FFH oz Zzke] A&7 wigh

[T

o 3,

Table 2 The standard calibration curve based on 5 concentrations of oleuropein on CAD and UV 230 nm chromatograms

Compound Detector Calibration equation® P20 Li(l‘rlflg;lail;ge (n%g?rr]?L) (rr];g(/)rSL)
Oleuropein CAD y=286,808.2001x+88,431,787.0417 0.9901 156.25-2500 24.84 75.26
UV230nm  y=5972.2x+601778 0.9949 156.25-2500 13.24 40.12
*y=peak area, x=comcentration of standard (mg/mL)
®Coefficient of determination (+?) is the square of the correlation coefficient
Table 3 The oleuropein content of O. europaea leaf extracts in 10 types of commercial powder (A-J)
UPLC-CAD UPLC-PDA (UV 230 nm) Average
NO. Sample oleuropein® Contents oleuropein Contents oleuropein Contents
(mg/100 mg) (%) (mg/100 mg) (%) (mg/100 mg) (%)
1 Sample A (10% oleuropein) 11.74£0.26 117.40% 11.65+0.12 116.50% 11.69£0.19 116.9%
2 Sample B (20% oleuropein) 19.721+0.24 98.60% 20.30+0.19 101.50% 20.01£0.22 100.05%
3 Sample C (30% oleuropein) 19.96+0.19 66.53% 20.7610.08 69.20% 20.36£0.13 67.87%
4 Sample D (20% oleuropein) 14.86%+0.21 74.30% 15.2410.11 76.20% 15.05+0.16 75.25%
5 Sample E (32% oleuropein) 31.63%+0.11 98.84% 31.45%+0.12 98.28% 31.54%0.12 98.56%
6 Sample F (20% oleuropein) 17.28+0.17 86.40% 17.85%0.11 89.25% 17.57£0.14 87.85%
7 Sample G (20% oleuropein) 22.35+0.16 111.75% 23.09%0.19 115.45% 22.7240.18 113.60%
8 Sample H (40% oleuropein) 44.88+0.17 112.20% 39.32+2.82 98.30% 42.10£1.50 105.25%
9 Sample I (20% oleuropein) 19.06+0.15 95.30% 19.721+0.16 98.60% 19.391+0.16 96.95%
10 Sample J (35% oleuropein) 32.65+0.17 93.29% 32.171£0.21 91.91% 32.41%0.19 92.60%

“Each sample was analyzed in triplicate
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