Journal of Central European Agriculture, 2016, 17(1), p.154-163 DOI: 10.5513/JCEA01/17.1.1684

Polyphenol profile and antioxidant activity of
extracts from olive leaves

Polifenolen profil i antioksidantna aktivnost na
ekstrakti ot maslinovi lista

Svetla YANCHEVA, Petros MAVROMATIS and Lidiya GEORGIEVA

Agricultural University - Plovdiv, Department of Genetics and Plant Breeding, 12 Mendeleev Blvd.,
4000 Plovdiv, Bulgaria, *correspondence: lid_georgieva@abv.bg

Abstract

The compounds, derivatives of olive leaves have a high antioxidant activity. The
content of the total phenolic compounds (TPC), antioxidant activity (AOA) and HPLC
polyphenol profile of methanol extracts from the leaves of the olive cultivars
Chondrolia Halkidiki, Kalamon, Koroneiki grown in the nursery (in vivo) and in vitro
plants of Chondrolia Halkidiki were compared. The results obtained for TPC varied
between 9.2+0.5 mgGAE*gDW™ and 16.4+0.5 mgGAE*gDW™ . Antioxidant capacity
was determined by four methods DPPH, ABTS, FRAP and CUPRAC. The highest
results for TPC and AOA were achieved for the leaves of Chondrolia Halkidiki grown
in vitro. A high correlation between the results gained from the TPC and AOA was
established. Conducted HPLC analysis revealed the presence of 3,4-
dihydroxybenzoic, caffeic, sinapic and ferulic acids and quercetin, hesperidin and
luteolin and the quercetin glycosides rutin and hyperoside.
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Pesome

CbeanHeHusTa, gepmBaTi OT NUcTaTa Ha MacnMHOBOTO ObPBO NpuUTexXaBaT BUCOK
aHTUOKCUAAHTEH KanauuTeT. 3acneaBaHo e CbabpXXaHMeTo Ha obwm hbeHonHn
cbeauHenus (OPC), aHTmokengaHTHa aktmeHocT (AOA) n HPLC nonundeHonHus
Npodmn Ha METaHOMHN EKCTPAKTX OT SIMCTa HA MacfMHOBUTE COPTOBE XOHAPONUA
Xankunguku, KanamoH n KopoHenkn, oTrnexgaHn B pascagHuk (in vivo) n XoHgponus
Xankugukm ot in vitro kyntypa. NonyyeHute pesyntatm 3a OPC Bapupat ot 9.210.5
mgGAE*gDW™ no 16.4+0.5 mgGAE*gDW™ . AHT1OKCcMaaHTHaTa cnocoBHOCT e
onpegeneHa no 4Yetupu metoga DPPH, ABTS, FRAP n CUPRAC, kaTo Hain-BMcoku
pesyntaTtu ca yCTaHOBEHU 3a NICTa Ha copTa XOoHApOonua Xankuankn oT in vitro
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pacTeHus. OT4yeTeHa e BUCOKA KOopenauMoHHa 3aBUCMMOCT MeXay pesynratute
nonyyeHun 3a coabpxaHme Ha OPC n AOA. MNMpoeepeHnTe HPLC aHanuaun
yCTaHOBMXa NPUCLCTBMETO Ha 3,4-anxugpokcmbeH3oeHa, kaceeHa, cnHaneHa u
depynoBa KMCENUHN U KBEPLIETUH, XECNEPUANH U NYTEOSNMH, U MMNKO3MANTE PYTUH U
XMneposua.

KnoyoBu AYMU. aHTUOKCNUOAHTU, NH BUTPO, JINCTA, MaCJIUHa, I'IOJ'IM(*)eHOJ'IM

Introduction

The olive tree (Olea europaea L.) is one of the most ancient fruit trees of the Old
world cultivated for its edible fruits as table olives and for preparation of olive oll
(Fabbri et al., 2004). The famous “Mediterranean diet” is determined as one of most
healthy diets and the olives are a significant part of the traditional culinary culture of
many nations (El-Kholi et al., 2012).

Health properties of polyphenolic antioxidant plant components and their potential
use as natural food additives have been subject to high scientific and commercial
interest (Kim et al., 2009; Omar, 2010; Lafka et al., 2013). It is known that free
radicals cause oxidative stress and therefore they can provoke damaging of DNA
molecules, proteins and lipids in biological systems, leading to different diseases as
atherosclerosis, rheumatoid arthritis and inflammatory bowel diseases. Antioxidants
can considerably delay or prevent oxidation of target substrates via scavenging of
free radicals (Sanchez-Moreno, 2002; Chang et al., 2007).

Olive leaves have been used in traditional medicine in some regions around the
Mediterranean Sea (Soler-Rivas et al., 2000; Mitsopoulos et al., 2010; El-Kholi et al.,
2012). Recent studies have shown that compounds, derivatives from the leaves and
fruits of the olive tree are strong antioxidants (Kontogianni and Gerothanassis, 2012).
For the leaf extracts is proved antimalarial, anti-HIV action, vasomotor and
hypoglycemic effects (Yang and Ouyang, 2012; Lafka et al., 2013). Many reports
indicate that olive leaves contain significant amounts of oleuropein and phenols
possessing high antioxidant capacity (Mourtzinos et al., 2007; Lee et al., 2009;
Abaza et al., 2011).

Olive leaves are a rich source of bioactive phenolic compounds, whose
concentrations are comparable to those of olive oil and fruit. Oleuropein, the most
abundant biological active ingredient in olive leaves may protect against
cardiovascular diseases (Khayyal et. al., 2002; Somova et al., 2003; Japon-Lujan et
al., 2006).

This study presents the evaluation of antioxidant activity and polyphenol profile in leaf
extracts of olive cultivars grown in vivo and in vitro. Moreover, this investigation
demonstrates that micropropagation of olive plants in vitro could be a method for
production of biomass for extraction of valuable biological substances. It could be of
interest to a number of countries in which the olive is not a traditional culture or can
not be cultivated due to temperature requirements and special features of the
species.
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Materials and methods
Plant material

Potted plants of the cultivars Chondrolia Halkidiki, Kalamon, Koroneiki grown in the
nursery and in vitro plants of Chondrolia Halkidiki were used for the study. Leaf
materal was lyophilized and ground before extraction.

Extraction procedure

Each plant sample (1.0 g) was extracted three times with 70% methanol at 70 °C in
water bath for 15 min. The biomass was removed through filter paper filtration, and
the combined methanol extracts were evaporated to dryness by rotary vacuum
evaporator at 60 °C. The dry extract was diluted in 1 mL 70% methanol before
analysis.

Total phenolic content

TPC content was measured using a Folin-Ciocalteu assay according to the
procedure described by Stintzing et al. (2005) with some modifications. Folin-
Ciocalteu reagent (1mL) (Sigma) diluted five times was mixed with 0.2 mL of sample
and 0.8 mL 7.5% Na,COg3 (Sigma). The reaction was performed for 20 min at room
temperature in darkness. After reaction time, the absorption of the sample was
recorded at 765 nm against control sample, developed the same way but without
extract added. The results were expressed as mg equivalent of gallic acid (GAE) per
gram dry weight (DW), according to calibration curve, build on the range of 0.02 -
0.10 mg gallic acid (Sigma) used as a standard.

Antioxidant activity
DPPH assay

The assay was performed according to the method described by Kivrak et al. (2009)
with some modifications. Each analyzed extract (0.15 mL) was mixed with 2.85 mL
freshly prepared 0.1mM solution of 1,1-diphenyl-2- picrylhydrazyl radical (DPPH,
Sigma) in methanol (Merck). The reaction was performed at 37 °C in darkness and
the absorptions at 517 nm were recorded after 15 min against methanol (control).
The antioxidant activity was expressed as mM Trolox equivalents (TE) per gram dry
weight (DW) by using calibration curve, build by 0.05, 0.1, 0.2, 0.3, 0.4 and 0.5 mM
6-hydroxy- 2,5,7,8-tetramethylchroman- 2- carboxylic acid (Trolox, Fluka) dissolved in
methanol (Sigma).

ABTS assay

The method described by Thaipong et al. (2006) was used with some modifications.
ABTS radical was generated by mixing aliquot parts of 7.0 mM 2, 2 azinobis (3)-
ethylbenzthiazoline-6-sulfonic acid (ABTS, Sigma) in dd H,O and 2.45 mM potassium
persulfate (Merck) in dd H,O. The reaction was performed for 16 h at ambient
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temperature in darkness and the generated ABTS radical (ABTS™) is stable for
several days. Before analyses 2.0 mL of generated ABTS " solution was diluted with
methanol at proportions 1:30 (v/v), so the obtained final absorbance of the working
solution was about 1.0+1.1 at 734 nm. For the assay 2.85 mL of this ABTS " solution
was mixed with 0.15 mL of tested extracts. After 15 min at 37 °C in darkness the
absorbance was measured at 734 nm against methanol. The antioxidant activity was
expressed as mM (TE)*gDW™ by using calibration curve, build in the range of 0.05-
0.5 mM Trolox (Fluka) dissolved in methanol (Merck).

Ferric reducing antioxidant power (FRAP) assay

The assay was performed according to method, described by Benzie and Strain
(1996) slightly modified as follow: the FRAP reagent was freshly prepared before
analyzes by mixing 10 parts 0.3 M acetate buffer (pH 3.6), 1 part 10 mM 2,4,6-
tripyridyl-s-triazine (TPTZ, Fluka) in 40 mM HCI (Merck) and 1 part 20 mM
FeCl3*6H,0 (Merck) in dd H,O. The reaction was started by mixing 3.0 mL FRAP
reagent with 0.1 mL of investigated extracts. Control sample prepared with methanol
instead of the extract was used. The reaction time was 10 min at 37 °C in darkness
and absorbance at 593 nm. Antioxidant activity was expressed as mM TE*gDW™ by
using calibration curve, build in the range of 0.05-0.5 mM Trolox (Fluka) dissolved in
methanol (Merck).

Cupric reducing antioxidant capacity (CUPRAC) assay

The assay was performed according to Apak et al. (2006) with some modifications.
The reaction was started by mixing 1.0 mL 10 mM CuCl,*2H,0 (Sigma) in dd H0,
1.0 mL 7.5 mM Neocuproine (Sigma) in methanol, 1.0 mL 0.1 M ammonium acetate
buffer (pH 7.0), 0.1 mL of investigated extract and 1.0 mL dd H,O. Control sample
was with methanol only. The reaction was carried out for 20 min at 50 °C in darkness
and the sample absorption 450 nm. Antioxidant activity was expressed as mM
(TE)*gDW™ by using calibration curve, build in the range of 0.05-0.5 mM Trolox
(Fluka) dissolved in methanol (Merck).

HPLC assays

Qualitative and quantitative determination of phenolic acids and flavonoids were
performed by using Waters 1525 Binary Pump HPLC systems (Waters, Milford, MA,
USA), equipped with Waters 2484 dual Absorbance Detector (Waters, Milford, MA,
USA) and Supelco Discovery HS C18 column (5 pm, 25 cmx4.6 mm), operated
under control of Breeze 3.30 software. For separation of the phenolic acids a mobile
phase of 2% (v/v) acetic acid (solvent A) and 0.5% (v/v) acetic acid:acetonitrile

(1:1 viv) (solvent B) was used. For separation of flavonoids a mobile phase consists
of 2.0% (v/v) acetic acid (solvent A) and methanol (solvent B). For separation of
quercetin glycosides rutin and hyperoside a mobile phase of 2% (v/v) acetic acid
(solvent A) and acetonitrile (solvent B) was used. The elution program for separation
of phenolic acids, flavonoids and quercetin glycosides was described previously by
Marchev et al. (2011).
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Results and discussion

Olive leaves are a rich source of biological active substances which concentration is
comparable with those of olive oil and fruits. The aim of the present study was to
investigate and compare total phenol content, antioxidant capacity and polyphenol
profile of olive leaf methanol extracts from plants grown in vivo and in vitro.

TPC and AOA of leaf extracts from Chondrolia Halkidiki, Kalamon, Koroneiki grown in
vivo and in vitro plants of Chondrolia Halkidiki are present in Table 1.

Table 1. Total phenol content and antioxidant activity in olive leaf methanol extracts

Tabnuua 1. CbaobpkaHne Ha o6Wwm EHOMNHN CbeANHEHUSA N aHTUOKCUOAHTHA
aKTMBHOCT B METaHOSHN EKCTPaKTU Ha MacCnMHOBU NucTa

Sample TPC, DPPH, ABTS, FRAP, CUPRAC,
P mMgGAE*gDW™*  mMTE*gDW' mMTE*gDW' mMTE*gDW"' mMTE*gDW™
Chondrolia 15.6+0.5 110.8+0.2 106.8+2.7 88.5+1.3 398.0+0.9
Halkidiki
Kalamon 14.7+0.5 98.7+0.5 102.9+0.3 85.1+1.1 382.2+1.3
Koroneiki 9.2+0.5 69.7+0.2 76.2+0.9 51.3+0.6 271.3+2.7
Chondrolia
Halkidiki — in 16.4+0.5 111.3+0.2 109.8+0.8 91.14+0.5 420.6+4.5
Vitro

The results for TPC determined by the Folin Ciocalteu method varied from
9.2+0.5 mgGAE*gDW™ to 16.4+0.5 mgGAE*gDW™ . The highest content was
observed for in vitro plants of Chondrolia Halkidiki. In the case with in vivo grown
cultivars the highest result was counted for Chondrolia Halkidiki and the lowest for
Koroneiki (Table 1).

Investigation of TPC in extracts from Koroneiki and Kalamon by Mitsopoulos et al.
(2010) showed results significantly lower than those established by us.

In the resent years TPC in extracts of olive leaves has been interested as a potential
of antioxidant activity (Abaza et al., 2011; Kontogianni and Gerothanassis, 2012;
Lafka et al., 2013).

Obtained results about antioxidant activity determined by DPPH, ABTS, FRAP and
CUPRAC methods (Table 1) showed a high comparability with the results for the total
phenol content. Comparing data for AOA the highest values were observed for
cultivar Chondrolia Halkidiki grown in vitro and in vivo. Presented results are in
accordance with Yang and Ouyang (2012) and Lafka et al. (2013) confirming the
highest antioxidant potential of olive leaf extracts.
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Figure 1. HPLC profile of olive leaf extracts from cultivar Chondrolia Halkidiki in vivo
(A, C, E) and in vitro plants (B, D, F)

durypa 1. HPLC npodun Ha ekcTpakT OT MaciMHOBKU NIUCTa Ha copT XOHAPONUS
Xankunguku in vivo (A, C, E) n in vitro pactenus (B, D, F)
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Present investigation demonstrated that in vitro plants possess higher content of TPC
and AOA in comparison with in vivo cultivated olive plants. The differences in the
reported results can be explained by genotypic characteristics of the cultivars and
different age, nutritional supplement, the effect of growth regulators and culture
conditions in vitro. This dependence has been observed by Zayova et al. (2012) and
Dakah et al. (2014) studying the antioxidant ability of the in vitro and in vivo cultures
of medicinal plants.

Polyphenol profile of investigated extracts was determined by HPLC assays (Figure
1) and the results were expressed as pg*gDW™ (Table 2). It was established that the
dominant phenolic acids in the tested olive cultivars were 3,4-dihydroxybenzoic,
caffeic, sinapic and ferulic acids. Among the representatives of the flavonoids, the
most common were quercetin, hesperidin, luteolin and quercetin glycosides rutin and
hyperoside. The highest content of 3,4-dihydroxybenzoic acid was measured in the
extract of Chondrolia Halkidiki (1699.4 ug*gDW™ ) and the lowest concentration was
determined for the in vitro plants of the same cultivar.

Table 2. Polyphenol profile of olive leaf metanolic extracts

Tabnuua 2. NonndgeHoneH npodun Ha METAHOMHN EKCTPaKT OT MAaCIMHOBK NUCTa

. Chondrolia
(ucgfgnéevr\‘;_l) Cﬂglrl‘(‘i'(;?k':a Kalamon  Koroneiki Halk\i/(ijtirlg —in
Phenolic acids
3,4-Dihydroxybenzoic acid 1699.4 976.6 434.1 104.5
Caffeic acid trace 49.3 trace trace
Syringic acid trace 31.4 trace trace
p-Coumaric acid trace 64.0 trace trace
Sinapic acid trace 155.9 37.8 trace
Ferulic acid 216.9 77.1 59.5 555.3
Flavonoids
Quercetin 205.2 104.5 130.8 26.4
Hesperidin 113.7 139.8 50.2 51.9
Luteolin 439.1 335.8 300.6 88.0
Rutin trace 19.1 18.1 not found

Hyperoside 462.9 284.9 210.5 230.6

In contrast, the content of ferulic acid was the highest in the extracts of Chondrolia
Halkidiki in vitro (555.3 pg*gDW™ ) comparing to Chondrolia Halkidiki in vivo (216.9
ng*gDW™ ) and more than three times less in Kalamon (77.1 pg*gbDW™ ) and
Koroneiki (59.5 ug*gDW™ ). It is important to mention that only in the extract of
Kalamon caffeic (49.3 ug*gDW™), syringic (31.4 pg*gDW™ ) and p-coumaric (64.0
ng*gDW™ ) acids were found. The presence of sinapic acid was detected in extracts
from Kalamon (155.9 pg*gDW™ ) and Koroneiki (37.8 pg*gDW™ ).
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The analysis of flavonoid profile (Table 2) showed that for most polyphenol
compounds the highest values were determined for Chondrolia Halkidiki, and the
lowest for the same cultivar grown in vitro. Furthermore, there were a large number of
unidentified peaks corresponding to other compounds in the HPLC profiles of the
tested extracts. Presented results are in accordance with previously established by
Dekanski et al. (2009) detection of quercetin, luteolin-7-O-glicoside and apigenin-
Oglicoside and Mitsopoulos et al. (2010) of rutin and oleuropein.

Conclusion

The aim of this study was to examine and compare the total phenol content,
antioxidant capacity and polyphenol profile of extracts from olive leaves. The highest
content of TPC and AOA was detected in the leaves of Chondrolia Halkidiki grown in
vitro and decreasing in the order cultivars Chondrolia Halkidiki, Kalamon and
Koroneiki in vivo. After examination of the HPLC polyphenol profile of the
investigated samples was determined the presence of different phenolic substances
with important biological activities, which could be of interest in further experiments.
Moreover, this investigation demonstrates the potential of micropropagated olive
plants in vitro as a source for production of biomass for extraction of valuable
biological substances.

References

Abaza, L., Youssef, N. B., Manai, H., Haddada, F. M., Methenni K., Zarrouk, M.
(2011) Chétoui olive leaf extracts: influence of the solvent type on phenolics
and antioxidant activities. Grasas y Aceites, 62 (1), 96-104.
DOI:10.3989/gya.044710

Apak, R., Glgclu, K., Ozyurec, M., Karademir, S. E., Ergag, E. (2006) The cupric ion
reducing antioxidant capacity and polyphenolic content of some herbal teas.
International Journal of Food Sciences and Nutrition, 57 (5-6), 292-304.
DOI:10.1080/09637480600798132

Benzie, I. F., Strain, J. J. (1996) The ferric reducing ability of plasma (FRAP) as a
measure of “antioxidant power”: The FRAP assay. Analytical Biochemistry,
239 (1), 70-76. DOI:10.1006/abio.1996.0292

Chang, H. Y., Ho, Y. L., Sheu, M. J., Lin, Y. H., Tseng, M. C., Wu, S. H., Huang, G.
J., Chang, Y. S. (2007) Antioxidant and free radical scavenging activities of
Phellinus merrillii extracts. Botanical Studies, 48, 407-417.

Dakah, A., Zaid, C., Suleiman, M., Abbas, C., Wink, M. (2014) In vitro propagation of
the medicinal plant Ziziphora tenuior L. and evaluation of its antioxidant
activity. Saudi Journal of Biological Sciences, 21 (4), 317-323.
DOI:10.1016/j.sjbs.2013.12.002

Dekanski, D., Janiéijevi¢-Hudomal, S., Tadi¢, V., Markovi¢, G., Arsi¢, I., Mitrovi¢, M.
D. (2009) Phytochemical analysis and gastroprotective activity of an olive
leaf extract. Journal of Serbian Chemical Society, 74 (4), 367-377.
DOI:10.2298/JSC0904367D

JOURNAL

Central European Agriculture 161
ISSN 1332-9049


http://jcea.agr.hr
http://jcea.agr.hr/volumes.php?search=Article%3A1684

Yancheva et al.: Polyphenol Profile And Antioxidant Activity Of Extracts From Olive Leaves

El-Kholi, M., Avanzato, D., Caballero, J. M., Chartzoulakis, K. S., Vita Serman, F.,
Perri, E. (2012) Following Olive Footprints (Olea europea L.) Cultivation and
Culture, Folklore and History, Traditions and Uses. Implenta Ligue, Cordoba
Spain. ISSN 1813-9205, ISBN 978 90 6605 734 0

Fabbri, A., Bartoloni, G., Lambardi, M., Kailis, S. G. (2004) Olive Propagation
Manual. Landlinks, Collingwood, Vic, Australia. ISBN 0 643 06676 4

Japon-Lujan, R., Luque-Rodriguez, J. M., De Castro, M. D. L. (2006) Dynamic
ultrasound-assisted extraction of oleuropein and related biophenols from
olive leaves. Journal of Chromatography A, 1108 (1), 76-82.
DOI:10.1016/j.chroma.2005.12.106

Khayyal, M. T., EI-Ghazaly, M. A., Abdallah, D. M.,Nassar, N. N., Kreuter, M. H.
(2002) Blood pressure lowering effect of an olive leaf extract (Olea
europaea) in L-NAME induced hypertension in rats. Arzneimittelforschung,
52 (11), 797-802. DOI:10.1055/s-0031-1299970

Kim, T. J., Kim, J. H., Jin, Y. R., Yun, Y. P. (2009) The inhibitory effect and
mechanism of luteolin 7-glucoside on rat aortic vascular smooth muscle cell
proliferation. Archives of Pharmacal Research, 29, 67-72.

Kivrak, I., Duru, M. E., Ozturk, M., Mercan, N., Harmandar, M., Topcu, G. (2009)
Antioxidant, anticholinesterase and antimicrobial constituents from the
essential oil and ethanol extract of Salvia potentillifolia. Food Chemistry,
116 (2), 470-479. DOI:10.1016/].foodchem.2009.02.069

Kontogianni, V. G., Gerothanassis, I. P. (2012) Phenolic compounds and antioxidant
activity of olive leaf extracts. Natural Product Research, 26 (2), 186-1809.
DOI:10.1080/14786419.2011.582842

Kujala, T. S., Loponen, J. M., Klika, K. D., Pihlaja, K. (2000) Phenolics and
betacyanins in red beetroot (Beta vulgaris) root: distribution and effect of
cold storage on the content of total phenolics and three individual
compounds. Journal of Agricultural and Food Chemistry, 48 (11), 5388-
5342. DOI:10.1021/jf000523q

Lafka, I. T., Lazou, E. A., Sinanoglou, J. V., Lazos, E. (2013) Phenolic extracts from
wild olive leaves and their potential as edible oils antioxidants. Foods, 2 (1),
18- 31. DOI:10.3390/fo0ods2010018

Lee, O.H., Lee, B. Y., Lee, J., Lee, H. B., Son, J. Y., Park, C. S., Shetty, K., Kim, Y.
C. (2009) Assessment of phenolics-enriched extract and fractions of olive
leaves and their antioxidant activities. Bioresource Technology, 100 (23),
6107-6113. DOI:10.1016/j.biortech.2009.06.059

Marchev, A., Georgiev, V., Ivanov, |., Badjakov, I., Pavlov, A. (2011) Two-phase
templorary immersion system for Agrobacterium rhizogenes genetic
transformation of sage (Salvia tomentosa Mill.). Biotechnology Letters, 33
(9), 1873-1878. DOI:10.1007/s10529-011-0625-5

JOURNAL

Central European Agriculture 162
ISSN 1332-9049


http://jcea.agr.hr
http://jcea.agr.hr/volumes.php?search=Article%3A1684

Yancheva et al.: Polyphenol Profile And Antioxidant Activity Of Extracts From Olive Leaves

Mitsopoulos, G., Hagidimitriou, M., Papageorgiou, V., Komalitis, M. (2010) Total
phenolic content, phenolic profile and antioxidant activity in leaves and
drupes of Greek olive cultivars. Acta Horticulturae, 924, 425-430.
DOI:10.17660/ActaHortic.2011.924.54

Mourtzinos, I., Salta, F., Yannakopoulou, K., Chiou, A., Karathanos, V. T. (2007)
Encapsulation of olive leaf extract in beta-cyclodextrin. Journal of
Agricultural and Food Chemistry, 55 (20), 8088-8094.
DOI:10.1021/jf0709698

Omar, S. H. (2010) Cardioprotective and neuroprotective roles of oleuropein in olive.
Saudi Pharmaceutical Journal, 18 (3), 111-121.
DOI: 10.1016/}.jsps.2010.05.005

Sanchez-Moreno, C. (2002) Review: Methods used to evaluate the free radical
scavenging activity in foods and biological systems. Food Science and
Technology International, 8 (3), 121-137. DOI:10.1106/108201302026770

Soler-Rivas, C., Espin, J. C., Wichers,H. J. (2000) Oleuropein and related
compounds. Journal of the Science of Food and Agriculture, 80 (7), 1013-
1023. DOI: 10.1002/(SIC1)1097-0010(20000515)80:7<1013::AlD-
JSFA571>3.0.C0O;2-C

Somova, L. |., Shode, F. O., Ramnanan, P., Nadar, A. (2003) Antihypertensive,
antiatherosclerotic and antioxidant activity of triterpenoids isolated from
Olea europaea, subspecies africana leaves. Journal of Ethnopharmacology,
84 (2-3), 299-305. DOI:10.1016/S0378-8741(02)00332-X

Stintzing, F. C., Nerbach, K. M., Mosshammer, M., Carle, R., Yi, W., Sellappan, S.,
Acoh, C. C., Bunch, R., Felker, P. (2005) Color, betalain pattern, and
antioxidant properties of cactus pear (Opuntia spp.) clones. Journal of
Agricultural and Food Chemistry, 53 (2), 442-451. DOI:10.1021/jf048751y

Thaipong, K., Boonprakob, U., Croshy, K., Cisneros-Zevallos, L., Byrne, D. (2006)
Comparison of ABTS, DPPH, FRAP, and ORAC assays for estimating
antioxidant activity from guava fruit extracts. Journal of Food Composition
and Analysis, 19 (6-7), 669-675. DOI:10.1016/}.jfca.2006.01.003

Yang, M. D., Ouyang, A. M. (2012) Antioxidant activity from Olea leaf extract
depended on seasonal variations and chromatography treatment.
International Journal of Organic Chemistry, 2 (4), 391-397.
DOI:10.4236/ijoc.2012.24054

Zayova, E., Stancheva, |., Geneva, M., Petrova, M., Vasilevska-lvanova, R. (2012)
Morphological evaluation and antioxidant activity of in vitro- and in vivo-
derived Echinacea purpurea plants. Central European Journal of Biology, 7
(4), 698-707. DOI:10.2478/s11535-012-0054-z

JOURNAL

Central European Agriculture 163
ISSN 1332-9049


http://jcea.agr.hr
http://jcea.agr.hr/volumes.php?search=Article%3A1684

