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Physicochemical Properties and Physiological Activities of Olive Leaf
(Olea europaea L. var. Kalamata) Fractions
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Abstract

Antioxidant activity and nitrite scavenging ability of olive leaf fractions cultivated in Greece(Olea euro-
paea L. var. Kalamata) was evaluated. Oleuropein in olive leaf was found as the major phenolic com-
pound and showed a high contents in butanol fractions. Superoxide dismutase(SOD)-like activity, 1,1-
diphenyl-2-picryl hydroxyl (DPPH) radical scavenging activity and inhibitory activity on the auto-oxida-
tion rate of the linoleic acid were investigated for antioxidant activity of olive leaf. SOD-like activity
of olive leaf extract was ranged from 0 to 24.71%. DPPH radical scavenging activity was increased with
ethanol extract of olive leaf cultivated in Greece. Inhibitory activity on auto-oxidation rate of linoleic
acid and nitrite scavenging ability were also observed from acetate fraction of olive leaf extracts.
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AIDS(Acquired Immune Deficiency Syndrome)ol =
5ol e Ae® 4=A AUch (Campeol et al,
2003; Flamini et al., 2003; Garcia-Gomez et al,,
2003; Ryan et al., 2003).
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oleuroside,  verbascoside, ligstroside,

glycosides including luteolin 7-rutinoside,
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AL FoRr QA WollA A% &49& Uehlie
IR EEE g2 R f88 2&ela 9l
UHBianco et al, 2000; Ryan et al, 2002).

Oleuropein® 8|2 g} ol TFE F2 3
SIFERA A, vlelal, A F3 o] A
o =& =] i AgHE I, 18
5}, st #A 29, g9 =24 7
e AR - BxE 7ol e EEAE WA
o] SZH YOoRRE FEHG A
olgig AHl U AF=E ol
(Raffaella & Patumi, 2002).
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18 2x(Olea europaea L. var. Kalamata) 4t &%
B Q& FHlete] & o] ol8FE AASL A4
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R 22390 o) AFe & 24A7F B} 4°C
oA BRAFIZL A A8 o] §H-E 70°CellA
rotary vaccum evaporator(R-124, BUCHI, Switzerland)
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% flavonoid #HS 22E ¢ 0% EE FF
= 4 &ul B8E& dF8%F 3Hd 50% methanol
4 5 mLE mass-up3t ¥ o] Al £ 1 mL}
diethylene glycol 10 mL, IN-NaOHE< | mL 7}
dto] T F, o] SHE 37°CelA 1A 7F ukS-
AlZl & UV/VIS spectrophotometer(Optizen 2120
UV, Mecasys, Korea)s AME&3ta] 420 nmol|A] 3%
L& Ao, oy EFAFIAHL naringin
(Sigma, Saint Louis, USA,)& ©|-&3l 23t

ANES He TFHE desA 2] phosphomo-
lybdic acid®} W&t FA-E Yepe A& ol &
8l Folin-Dennis® (Teresa et al., 1995)2 ©]-&3}
A8

A #o] Dimethylsulfoxide (DMSO)! =21 A&
1 mL, %% 7 mL, Folin-Dennis A1¢F 0.5 mL&
A7yt AEE 382 Fo sodium carbonate
anhydrous X389 1 mL, SFF 0.5 mLE ¥
% 725 nmol|Al UV/VIS spectrophotometerS AR
o] FREE A ow BEAFIFHLE
tannic acid(Fluka, Buchs, Switzerland)E ©]-& 3}
24314, Folin-Dennis*|2F2 sodium tungstate 10
g, phosphomolybdic acid 2 g, phosphoric acid 5 mL
o FHFFE /M FRE7 H& UE FE3]) 80

'C FaAelN BFWZEA AL

S

HPLCO| 2/$t s stgh

Hed SEE 22 HPLC(UVD340U,
DIONEX, Munich, Germany)Z o}-&3le] £4)8 3}
Atk 80% &E o FEEH 7z &0 Y
£ degdd 52 F 045 uL membrane filter=
73t AHEEHT

o] uwl A48 ZH-& p-Bondapak C,(300x 3.9
mm, Waters, USA), €& 0.2% KH,PO,(pH3) /
acetonitrile (85:15), °1% 5% 1.5 mL/min, A&
712 UV detector(A< 37 280 nm), A5 FYHF
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2 20 pLo)Ath. HEF AlE+  Catechin(Tokyo
Chemical Industry, Tokyo, Japan), Caffeic acid
(Sigma, Saint Lous, USA), Vanillin(Junsei, Tokyo,
Japan), Rutin(Acros, New Jersey, USA), Oleuropein
(Chromadex, California, USA)S AM&3dt o,
Oleuropein®] £4 271& 919 T4 3¢+t &
= water(pH2.5, H,PO,) / acetonitrile(77.5:22.5), %
£7]¥ UV detector(FAZ3- 240 nm), o]l E&E 9}
ANE FYFE A9 213 FLsA

SOD $AHEMA  (Superoxide dismutase-like
activity) 53

Marklund et al(1975)°] W o2 4350 o
AE=e AR 02 mL, Tris-HCl buffer(50 mM
Tris(hydroxymethyl) aminomethane + 10 mM EDTA
(pH8.5% X&) 3 mL, 7.2 mM pyrogallol 0.2 mL
& ARl 25°CelA 1087 ¥EAIIAL 1 N HCL
1 mLE 7Iste wh&-& AAAZIG. §hgo F 4
349 pyrogallo®] 4 420 nmellA] UV/VIS spectro-
photometer® AME-3l FFEE FA3N L™ SOD
FAMRAEE AR G H7breh FHIEE Aold
T4z Aols WESE YeRUT

SOD FAMHIE (%) = (1IA1E A7Hre] F3=
ARA7H F3E)x100

DPPH(1,1-Diphenyl-2-picrylhydrazyl)
NAHs

Chu et al.(2000)%] W] we} dBFFEe &
B 02 mLol 4x10* M DPPHEY 0.8 mLE 7}3}
3L 10E7F &35 § AA2olA 1087 WA F 525
nmel| 4] UV/VIS spectrophotometers ARE-5le] &3
=5 2439t DPPH radical AASS A8 &
Heo] Hrbprop FHIFF Abele] F3Ee zolE
olzfe} o] WEEE VERAUT.

DPPH radicals scavenging activity(%) =

(INE #F7HEe) FF%/FH7ME F35)x100

radical

Linoleic acid AFSAts} ofX||&HA

Kiharu et al.(1990)2] W& Wy sled A3
o AT s AT AR 99.5% olehE
2 mL, ANEHSE FH4 3 25% linoleic acid 2.05
mL, 1A]7F ©]%¢ aeration A1Z] 0.05 M phosphate
bufferpH 7.0) 4 mLE 713t ¥ SFFS Arsiy
FZo] 10 m7t H=5 2% &, o] &4 70°C
hanellA] 24A17F B9F WES A)FIEA 347 7HE L

2 gkged 0.1 mLE FHsk 75% g 9.7 mL,
30% ammonium thiocyanate 0.1 mL, 3.5% HCI=}
0.02 M ferrous chloride®] €384 0.1 mLE =}
2 sl deelA 387 ¥k A7l F UV/VIS
spectrophotometerE AHE-314 500 nmollA F-F=E
=4 sk

Nitrite 2l

Gray & Dungan(1975) ¥l wat 44 Fx9
A& 1 mLel 1 mM NaNO, €% 1 mLE 7}&
% 0.1 N HCIZ ¥h&- &9¢] pHYE 127} HA =
A3 & FH¥o] 10 mL7t IEE A 1X2HE
QF 37°ColA BEE AIZ1 o] A 1 mL FH3 2%
acetic acid 5 mL, Griess*] 2F(30% acetic acid Z
ZASt 1% sulfanilic acid®} 1% naphtylamine®} 1:
1 H& Aoz AL Ao 2AIT) 04 mLE
7tete] & EFEAGY. o] EFAE 2ol 158
7+ QE8-A17]Z UV/VIS spectrophotometerS AR2-3]
Al 520 nmollA FHEE 45t dolsle ofd
2FE 7k tlRTE Griess Al Fthdl F3k
FHTE 7Isk] Hob B3 e s st

N(%) = (1- A-C/B )x100

N: nitrite scavenging ability, A: A EH/M 4=

B: 1 mM NaNO, 8 §4%, C: 2719 §3%

SAXzE|
BE S Hag £ EFEMeantSD)E
FABIRL 7 A2 SAY £42 Windows
4 Sigma-Stat 2.0(Jandel Corp. San Rafael, CA,
USAYE o83ttt 7+ #7k] &4 X H]3E one-
way analysis of variance(ANOVA)E A|8]3}3.0m

o3& A7 p<0.0594 s T
A ]1_|, al

&
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e

A

22 H A 80% oerE FE2E3 I FEEX
g, ddolEeolE, REe 2 B EIE o3t
ZF EfHxol=g & HE IS vwd A4

Fig. 1, 29} Zt}.
T SHEoIE FHFL JotHEHE 2 E)
47%E 7V w2 §ES UL HAs &
FelMe 2 Il BT F dAxu dF
& ClEOMHCIE RHEC] 17.6%= 7MY &
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Total flavonoids content (%)
o

80% Cc H E B w
EtOH
EWUH

Fig. 1. Total flavonoid contents of olive leaf fractions
raised in Greece.

80% EtOH : 80% ethanol extract, C : Chloroform fraction,
H: Hexane fraction, E : Ethyl acetate fraction, B : Butanol
fraction, W : Water fraction

*Means in the same column not sharing a common letter
are significantly different (p<0.05) by Student-Newman-Keuls
Method.

All values are expressed as MeantSD of triplicate
determinations.

ol FetEro]=9) Hd e vERi

Y A 28E I BIE ZgtHo|=9}
HE S B3 Ao ST olze] ek
2 1.5~7.13%, HA=THE 3.4~17.5%2] T2 1}
B 2 d3HoA Eo ¥ IS B A
v ek BEIE, oEolMHolE EYE 2B
A 80%°EHE FEES] ZelHol=e} HE ko)
AAeR ¥ e Uehy E, 4 2359
o] iAoz we e Yehliths Hoxe
AR 235 JEhih

HPLCH| 2|5t SO0 2&|=2| Hi=M SIEf2 &t
£2H ¢ 80% JEe FZ2EN HIE

20

5 >

Total phenols content (%)
o

80% Cc H E B w
EtOH

Fig. 2. Total phenol contents of olive leaf fractions raised
in Greece.

80% EtOH : 80% ethanol extract, C : Chloroform fraction,
H: Hexane fraction, E : Ethyl acetate fraction, B : Butanol
fraction, W : Water fraction

“*Means in the same column not sharing a common letter
are significantly different (»p<0.05) by Student-Newman-
Keuls Method.

All values are expressed as MeantSD of triplicate
determinations.

HesA 33EY §FE vwd 23S Table 19
VERAT HPLCO] 2§ oleuropein®] chromatogram
< Fig. 39 YeRdth S2E o EYE9 F2 ¥
B4 S22 oleuropein®| . FEHE EFEA
ol FHoR wglom B BYEME HE
3 3heHEe] A9 AFHA ¥UTh. Oleuropeine
Alolut vteld 2z, 2 F3 o] AA¢ sz
gl theh AaE S 3 A1A 38t ¢l 4t
3t A 53, ¥9 2 7% T USS Z4e] R
E-BZE 7% e BEE #HEA Jded &
B o] FHEA FES AT =4 22
B Qo] 9 sEA 4L oleuropein®lEtsl B
st 2 AY# ¥sd AFAE VJERT (Ryan et
al, 2002; Silva et al., 2006).

Table 1. Phenolic compound contents of olive leaf fractions raised in Greece (mg/100g)>”

Samples Catechin Caffeic acid Vanillin Rutin Oleuropein
80% EtOH 0.07£0.02? ND 0.002:-0.0006° 0.13+0.03¢ 4.2140.57°
Hexane fr. ND" 0.03£0.04° 0.003+0.002° 0.0240.004*° 3.9240.43°
Chloroform ft. ND 0.0310.04° 0.003+0.002° 0.06£0.007° 0.32+0.03%
Ethyl acetate fr. ND 0.10£0.001* 0.002+0.001° 0.17+0.009¢ 5.76+0.32°
Butanol fr. 0.1440.01° 0.02+0.01* 0.02+0.0* 0.008+0.005* 32.4740.25¢

Water fr. ND ND 0.002+0.0008° 0.04+0,02°¢ ND

UND=Not detected

DAl values are expressed as Meant+SD of triplicate determinated.

YMeans in the same column not sharing a common letter are significantly different (p<0.05) by Student-Newman-Keuls Method.
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Fig. 3. HPLC chromatogram of Oleuropein standard
(300 pg/mL).

=22 o 2&=2| SOD FAEY

L22H o EFE9 SOD FAFRAELS 0~24.71%
o] Helolglom Ze|B 80% e FEENA
P B 248 JEE TR JEFHoE FUt
3} tH(Table 2). & H¥ AFE 2719(13.5%), T+
712} (2127%), HEF(11.7%), B2 (13.2%), &=
(17.13%), 739.03%), AE]FEE(20~44.08%) 5
a4t FEAE 82F9 SOD FAMEAS Zold
ATGENY AH9} v wEEH 34F9 FEAES
A3t 1,000 ppm FZoA SOD AR 0]
H AV v A3E Uitk SODe AR
TEY A719 A Yo EAlee AR 4
2R3l AMaE AAS= 9F8E A4 =W SoD
AR EZS phytochemicall] £31= &32o] SOD
o} A} A2 3] superoxide radical®] WA
S JAst AAE B3It HIE o}
(Murakami et al., 2003).

LB S BIEEANA sHE4 sFgE o3

Table 2. Superoxide dismutase-like activity (SOD like

phytochemical EE9] FFS=Z SOD AR
Ago] FRIHAL ol#d SOD FAHEAES Z=
E4E dFsl= RAe AN superoxideS A7
Ao zH =adA| et AsE G F e W
Helgt & ¢ JAloh

2|2 ¢ E&8/E2| DPPH radical MHs

ST H o %S FE2E3 S2ENXE 19
BoflA HlmA T 84S JUelon, Afsx
7t Z718el wet &2 ¢ &2 DPPH radical
AAZA ] 590~56.86%E ZF7HHS BFAdd <+ 3l
A THTable 3).

298 ¢ E3)E9] DPPH radical AAEAL oF
S22 FWA FFH 43%, dBER 60.0%<]
radical A FABHA YeERET, catechinfoll
ofs WiEZ<l Fgitsl Ed= 47 =219 DPPH
radical A|AZAI0] 5056%% HiHo] LaH Y
BEE aitst a3t oA & R S
215 vl FAA geve AL 3 & 5 9
T} (Hassan & Fan, 2005; Sanchez et al, 2007).

M E7F At AePEA] 2R EE free radical
off ofs] ME7} AtsE o] EA4HEY HE %
B2 dAlo] aA free radicald) HxE TS}
o AEE dAEke datel s8ol Aok dEHA
2ot DPPHE= AFA71 93} free radical2 XU
AE HER FastEAd s FALe] s}
T8g gelsted de AHHe= EZolt. S
e Axz g8 § BB AT free radicaloll

Table 3. DPPH radical scavenging activity of olive leaf
fractions raised in Greece

DPPH radical scavenging activity (%o)'

activity)of olive leaf fractions raised in Greece Samples 100 ppm 500 ppm 1,000 ppm
SOD like activity (%)) Chloroform fr.  18.1140.07° 27.45+0.10° 51.48%0.10°

Samples 100 ppm 500 ppm 1,000 ppm Butanol fr. 8.64£0.06°  16.4+0.03° 27.0840.10°
Chloroform fr.  2.25+0.61°  2.8310.83" 4.99+0.88" Ethyl acetate fr.  5.90£0.42° 15.11+£0.06° 29.55+0.39°
Butanol fr. 1.9610.17*  324+029° 4.31+0.61° 80% EtOH 13.38£0.00° 38.91+0.07° 56.8620.08"
Ethyl acetate fr. NDV 0.88+0.00°  3.33+0.17° Hexane fr. 15.93+0.12° 31.51+0.08° 41.3620.11°
80% EtOH 8.73+0.74°  16.8610.61° 24.71+0.59° Water fr. 10.0540.03° 16.38+0.00° 21.31%0.56°
Hexane fr. 3.33£0.17° ND ND Vit. C 26.05£0.10¢ 50.4310.10" 71.50+0.60'
Water fr. ND ND 0.78+0.17% Vit. E 27.26£0.07" 45.84+0.07% 67.04+0.10"
UND=Not detected BHT 25.9010.165 41.86+0.07° 66.60+0.138

D All values are expressed as Mean=SD of triplicate determinated.
*Means in the same column not sharing a common letter are
significantly different (p<0.05) by Student-Newman-Keuls
Method.

DAl values are expressed as Mean+SD of triplicate determinated.
“Means in the same column not sharing a common letter are
significantly different (p<0.05) by Student-Newman-Keuls
Method.
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—— 0 .E.f 1000 ppm
—a—H.f 1000 ppm
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—=—BHT 1000 ppm
—— control
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18 21 24

incubation time (hr)

Fig. 4. Antioxidant effects of olive leaf fractions (concentration of 1,000 ppm) raised in Greece on the autoxidation rate

of the linoleic acid store at 70°C.

MeantSD are significantly different (p<0.05) by Student-Newman-Keuls Method. All values are expressed as MeantSD of

triplicate determinations.

g Foste] Azt JAEe Yol o
AN en o= STE <l HAsA I
Ago= wddd.

—

Linoleic acid XrsASI{MiEH

AsAakst AL F 9| radicalo]l T 3t
S AAToEN o] F45HE A o] #
ZolA free radicaldl HAME FAsI] Ak8lE A
s st U] At 228 /= A Hoh
PABAIE o|# 3 free radicale A|ASE ITE
A Hed F2 Hsdd S5Ee] odg Jvs
Zky Qo gglB Yo Fa HeEA IeE
oleuropein} hydroxytyrosol®] linoleic acid A}&A
85 JAlsts T Uty EIHJT (Park,
2005).

Linoleic acid®} g A8 A 2|3l AA3Hits)
£ JAlsHe HE= Fig 49 2tk A7F Aol o
2} T oEHog vwd dFsA sl e
S Jepith 8B 9l 80%ollee FEE] A
Azv Aol Wt Vit C, Vit E, BHTS} 59
Fo2 A3 E UEon 222FF £
, B RBEEY soz A3dAEES T
N3 oA GA] FE2E ol EA)3= phenolF
2202 linoleic acidd] AFEAHE JAEHL B
2l Aeolet AzhEt

1 30 gfg 4

o

ORRlMY AHSH ot

9HEE<] Nitrosamine A3/3¢] YUEEQ) nitrite
AAEEE As Z7E Table 49 et &
A3 B EYES AYstae S2E o E3EY
olANY AAFHE ¥k oEHoF ZylEle A
S BIow 1,000 ppm FE FOE FL 2
e YeHlth SRR 2ole FEHE FEE
9] olANE AATS AHE AT BEWR FY
204 BH35%, 5E42%, FHE33%, Bd I

gk

Table 4. Nitrite scavenging activity of olive leaf fractions
raised in Greece

Nitrite scavenging activity(%)™
Samples 100 ppm 500 ppm 1,000 ppm
Chloroform ft. NDY 9.80+0.87*  70.60+0.00*
Butanol fr. ND 26.50+0.00°  74.00+0.87°

Ethyl acetate fr. 28.90+0.87° 65.70£0.87°  83.80+0.00°

80% EtOH ND 9.33+1.67°  75.00%1.50°
Hexane fr. ND ND ND
Water ft. ND ND ND
Vit. C 3454049 6324045  91.540.62°
Vit. E 28.740.46°  55440.97¢  83.8+0.90°
BHT 26.6+0.70°  47.810.40° 79.5+0.87°

PND=Not detected

DAl values are expressed as MeantSD of triplicate determinated.
IMeans in the same column not sharing a common letter are
significantly different (p<0.05) by Student-Newman-Keuls
Method.



3
>4
=
@
[
71
Hr
ot
e

AAl64%e] AASE vERith £ =sd @S
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3} % FEES S 47 77.85%, 37%2] oFEAM
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2F Fo &= U= nirate A= AFA
RA| T nitrate reductasedl| 2F)] o} Po =z Y
HH 542 7KA Ech A& Ba YA
Bl BE eSS S5 dAs deE
A& Fo EAlsle AEE 5 AAC fg A
24E 71 AEES phytochemicalolz} gt} ©]
213t phytochemical & ZEtExo]=u} &4 St
&< radical acceptor®4 £-2 conjugated double
bond TZZ BUAo] 73 free radicaldl] HAE
o938t} nitrite scavenger & &S A Euh

Ae e Ax2 B o BEIEIAM:
oleuropein®} 7+& phytochemical AE59] F3o =
free radicald] AAE Fete LAEZH nitro-
samineS A= FEHo| daol EIHAUY.
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B4 EZL oleuropein©] 3 e EIHES 1
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8 1 o] mlg yisith
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