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ABSTRACT
Many compounds from the phenolic group, flavonoids in particular, are well-known antioxidants,
although their role in plant response to stress is debatable. The aim of this study was to determine
the variability of the phenolic content and the antioxidant activity of Olea europaea leaf samples
from different habitats. The determination included measurement of the total quantity of
phenolics, the flavonoid content, as well as the antioxidant activity of the two types of methanolic
leaf extracts of O. europaea from several natural habitats in the Mediterranean region (Tunisia,
Malta and Montenegro) and from cultivated conditions (France and Serbia). The results showed
that both the total quantity of phenols and flavonoids as well as the intensity of antioxidant activity
in the two types of extracts largely depended on the type of habitat. The total quantity of phenols
and flavonoids was greater in the samples from cultivated plants which demonstrated the
significance of certain conditions in terms of the correlation between the intensity of primary and
secondary metabolism. However, the values of antioxidant activity in both types of extract were
higher in the samples from natural habitats. The results showed that plants from natural habitats
contain secondary metabolites with high biological activity. It could be speculated that these active
substances play an important role in the adaptation of plants to the stress caused by arid
conditions.
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Introduction

The olive tree (Olea europaea L., family Oleaceae) is an
evergreen tree or shrub cultivated for its fruits. Its height
can reach between 8 and 15 m, mostly depending on
the climate conditions. Initially, the fruits are of green
colour and up to 2.5 cm long. However, with the process
of maturation, fruits become dark purple in colour [1].

As the Mediterranean region is extremely dry, with
high temperatures and therefore with high level of ultra-
violet radiation, the plants of this climate, including the
olive species, have specific mechanisms of adaptation to
these abiotic conditions. Consequently, it is a widely
accepted fact that the olive species are tolerant to
drought and show remarkable persistence in shallow
soils and soils of bad quality. This characteristic of olive
trees has brought about great interest in their cultivation
in arid areas [2].

Using some physiological, biochemical and morpho-
anatomical mechanisms, olive trees reduce water loss
and maintain the water content when periods of
drought begin. These mechanisms also influence the

ability of plants to tolerate dehydration when the
drought intensifies [3].

It has been suggested that the lack of water causes
lipid peroxidation, since two markers of oxidative dam-
age, malondialdehyde content and lipoxygenase activity,
increase in leaves and roots of olive species in drought
periods. It has been, therefore, concluded that the higher
the activities of some antioxidant enzymes and non-
enzymatic antioxidants are, the better the plant protec-
tion against oxidative stress closely associated to
drought impact is [4,5].

The factors that may influence the content, quality and
quantity of these active substances mainly rest upon the
type of plant habitat, the predominance of certain abiotic
factors in the habitat, the season of the year as well as
upon the presence or absence of unfavourable conditions
in which the plant grows [6–9]. All plant organs contain
flavonoids; however, their quantity varies depending on
the plant species or ecological and genetic factors [10–
15]. Bioactive compounds isolated from O. europaea
leaves have antiviral, antimicrobial, antioxidant, anticancer,
anti-inflammatory and hypoglycaemic properties [16–21].

CONTACT Milan Stankovi�c mstankovic@kg.ac.rs

© 2017 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

BIOTECHNOLOGY & BIOTECHNOLOGICAL EQUIPMENT, 2017
VOL. 31, NO. 3, 499–504
http://dx.doi.org/10.1080/13102818.2016.1275804

http://orcid.org/0000-0001-9861-7700
http://orcid.org/0000-0001-9861-7700
http://orcid.org/0000-0002-7996-9652
http://orcid.org/0000-0002-7996-9652
mailto:mstankovic@kg.ac.rs
http://creativecommons.org/licenses/by/4.0/
http://dx.doi.org/10.1080/13102818.2016.1275804
http://www.tandfonline.com


The aim of this study was to comparatively analyse
the total phenolic content, flavonoid content and anti-
oxidant activity of two types of methanolic extract of
O. europaea leaves sampled in natural habitats located
in the Mediterranean (Tunisia, Malta and Montenegro)
and in cultivated conditions (France and Serbia). The
purpose of this comparative analysis was to determine
the variability of the phenolic content and the antioxi-
dant activity of O. europaea leaf samples from different
habitats.

Materials and methods

Chemicals

The Folin–Ciocalteu’s reagent, aluminium chloride
hexahydrate were from Fluka Chemie AG (Buchs, Swit-
zerland). Gallic acid, rutin hydrate, 2,2-dyphenyl-1-pic-
rylhydrazyl (DPPH) were obtained from Sigma
Chemicals Co. (St. Louis, MO, USA). Methanol and
sodium hydrogen carbonate were purchased from
Zorka pharm (�Sabac, Serbia).

Plant material

The samples of O. europaea leaves were collected in
2013 from Mediterranean natural habitats in Tunisia
(Mornaguia, 36�47'21"N, 10�02'44"E), Malta (Mellieha,
35�57'36"N, 14�21'14"E) and Montenegro (Budva,
42�16'48"N, 18�47'45"E) with vegetation of sclerophyl-
lous evergreen trees and shrubs as well as from culti-
vated conditions (pot planted, protected during winter
period) in France (Tours, 47�23'04"N, 0�39'58"E) and Ser-
bia (Kragujevac, 44�01'49"N, 20�54'42"E). Terminal
branches from 3–5 representative individuals were sam-
pled as plant material. The collected plant material was
air-dried at ambient temperature in a dark environment.
The dried leaves were stored in sealed containers until
use.

Preparation of plant extracts

Samples of dried leaves of O. europaea were ground to
obtain plant powder. For plant extract preparation
(E type 1) powdered plant material (10 g) was extracted
with 250 mL of methanol (98%). Thus extracted samples
were filtrated with Whatman No. 1 filter paper after 48 h
and subsequently evaporated. In order to determine the
phenolic content and antioxidant activity in plant mate-
rial (E type 2), each powdered sample was dissolved in
methanol at a concentration of 1 mg/mL and filtered
after 48 h.

Determination of total phenolics in the plant
extracts

The total phenolics concentration was determined spec-
trophotometrically (ISKRA, MA9523-SPEKOL 211) [22].
The used concentration of methanol solution of the
extract was 1 mg/mL. For the preparation of the reaction
mixture, 0.5 mL of methanol solution of the plant extract,
2 mL of NaHCO3 solution and 2.5 mL of Folin–Ciocalteu
reagent were taken. The test samples were prepared in
triplicate. Based upon the measured absorbance (λmax D
765 nm), the total concentration of phenolics was
expressed as gallic acid equivalents (mg of GA/g).

Determination of total flavonoids in the plant
extracts

The concentration of flavonoids in the tested extracts
was determined spectrophotometrically [23]. The test
sample contained 1 mL of methanol solution of the
extract at a concentration of 1 mg/mL and 1 mL of AlCl3
solution dissolved in methanol. The test samples were
incubated and the absorbance was measured at 415 nm.
The test samples were prepared in triplicate for each
analysis and the mean value of the absorbance was
obtained. Based upon the measured absorbance, the
concentration of flavonoids was expressed in terms of
rutin equivalent (mg of Ru/g).

Evaluation of antioxidant activity

The efficiency of the plant extract to scavenge
1,1-dyphenyl-2- picrylhydrazyl (DPPH) free radicals in
vitro was measured as described in [24,25]. The solution
of plant extract was prepared in methanol to achieve a
concentration of 1 mg/mL. Dilutions were made to
obtain concentrations of 500, 250, 125, 62.5, 31.25, 15.62,
7.81, 3.90, 1.99, 0.97 mg/mL. Diluted solutions were
mixed with prepared DPPH reagent. After incubation,
the absorbance was measured at 517 nm. Antioxidant
activity was expressed as the half-maximal inhibitory
concentration (IC50 values in mg/mL). In the presented
results, the antioxidant efficiency of the extract increased
with the decreasing of IC50 values.

Data analysis

Experimental measurements were performed in tripli-
cate and values are expressed as arithmetical means
from three analyses with standard deviation (§SD). The
data analysis was done using Origin (OriginLab, North-
ampton, MA, USA).
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Results and discussion

Total phenolics content

The spectrophotometric method for measurement of the
quantity of total phenolic compounds in the extracts and
plant material of the species O. europaea using the
Folin–Ciocalteu reagent is based on measurement of the
redox potential of phenols in solution. Their dissolution
produces a proton and a phenoxide anion which
reduces the Folin–Ciocalteu reagent to ion generating
blue colour. The values obtained for the total quantity of
phenolic compounds are presented in Table 1.

The total quantity of phenols in the leaf extract of O.
europaea (E type 1) was in the range of 127.18–314.69
mg of GA/g. In the extracts from the samples taken from
natural O. europaea habitats, the quantity of total phe-
nols varied between 127.18 and 250.17 mg of GA/g of
extract. The highest concentration was detected in the
sample from Tunisia (250.17 mg of GA/g), whereas the
sample from Malta showed a much lower quantity
(149.23 mg of GA/g). The lowest concentration was
measured in the sample from Montenegro (127.18 mg of
GA/g). Regarding the samples from cultivated plants, the
greatest quantity of phenols was observed in
the sample from France (314.69 mg of GA/g), followed
by the sample from Serbia with somewhat lower concen-
tration (249.31 mg of GA/g).

The total quantity of phenolic compounds in plantmate-
rial (E type 2) ranged between 51.71 and 79.77 mg of GA/g
of plant material. In the samples from natural habitats, the
total quantity of phenols varied between 51.71 and
67.40 mg of GA/g of solution. The greatest quantity was
measured in the Tunisian sample (67.40 mg of GA/g)
followed by the sample fromMalta (61.77 mg of GA/g) and
that from Montenegro (51.71 mg of GA/g), which ranked
third. Of the samples from cultivated conditions, the one
from France (79.77 mg of GA/g) exceeded that from the
Serbian locality in total quantity of phenolic compounds
(71.29mgof GA/g).

The observed higher content of total phenols in the
plant extracts and plant material from cultivated condi-
tions compared to those from natural habitats condi-
tions could most likely be attributed to the fact that

cultivated plants differ not only in geographical position,
but also in terms of the conditions in which they grow.
The presence and influence of abiotic factors such as
planned sufficient intake of minerals and water in culti-
vated conditions signify the absence of stress in terms of
mineral, water, light and temperature regime. Such con-
ditions stimulate the primary metabolism of cultivated
plants, which results in production of higher biomass
and more intensive secondary metabolism. Differences
in the secondary metabolites content and activity
between plant samples from cultivated conditions and
natural habitats have been previously reported in com-
parative studies [26]. The correlation between more
intensive primary metabolism and secondary metabo-
lism has been demonstrated in the case of fertilization of
cultivated Salvia officinalis L. [27].

Flavonoids content

Next, the concentration of flavonoids in the extracts was
determined by a spectrophotometric method using
AlCl3 in the process of which metal complexes are pro-
duced (Table 2). The concentration of flavonoids in the
leaf extracts of O. europaea (E type 1) varied between
52.40 and 129.39 mg of Ru/g of extract. In the samples
from natural habitats, the concentration of flavonoids
ranged from 52.40 to 119.79 mg of Ru/g of extract. The
highest concentration was measured in the Tunisian
sample (119.79 mg of Ru/g), whereas the sample from
Malta showed a considerably lower concentration
(55.85 mg of Ru/g). The lowest concentrations were
observed in the sample from the locality of Montenegro
(52.40 mg of Ru/g). In the samples from cultivated condi-
tions, the concentration of flavonoids in the sample from
the Serbian locality (129.39 mg of Ru/g) exceeded that
from the French locality (103.77 mg of Ru/g).

The concentration of flavonoids in dry plant material
(E type 2) ranged between 22.22 and 37.98 mg of Ru/g.
The concentration of flavonoids in the samples collected
from natural habitats varied from 22.22 to 25.79 mg of Ru/
g of plant material. The highest concentration was mea-
sured in the sample from Malta (25.79 mg of Ru/g), whereas
the samples from the localities in Tunisia (22.73 mg of Ru/g)
and Montenegro (22.22 mg of Ru/g) showed lower concen-
trations. With regard to the samples from cultivated condi-
tions, the greatest quantity of flavonoids was observed
in the sample from Serbia (37.98 mg of Ru/g), followed by
the samples from France (26.67 mg of Ru/g). The obtained
values of the concentration of flavonoids in the plant mate-
rial suggest smaller variability in comparison with the vari-
ability observed for the total quantity of phenols.

Overall, there was a similar trend in the dynamics of
synthesis and accumulation of total phenol compounds

Table 1. Total quantity of phenolic compounds in the extracts
(E type 1) and plant material (E type 2) of O. europaea samples.
Locality Plant extract (E type 1) Plant material (E type 2)

Tunisia 205.17 § 0.04 67.40 § 0.01
Malta 149.23 § 0.11 61.77 § 0.02
Montenegro 127.18 § 0.03 51.71 § 0.01
France 314.69 § 0.12 79.77 § 0.04
Serbia 249.31 § 0.08 71.29 § 0.03

Note: Values presented as equivalents of gallic acid, mg of GA/g of extract,
i.e. plant material. Values are means (§SD) from three experiments.
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in the samples from both cultivated and non-cultivated
olive trees. Differentiation between individuals from cul-
tivated and natural conditions on the basis of the quan-
tity of flavonoids has been shown in the analysis of
samples of cultivated, non-cultivated and micropropa-
gated Cecropia glaziovi Senth [11]. This comparison
showed the significance of the conditions in the areas of
cultivation with respect to correlation between the
intensity of primary and secondary metabolism.

Antioxidant potential

The antioxidant activity (IC50) of the extracts (E type 1)
varied from 30.04 to 113.30 mg/mL (Table 3). Among the
samples collected from natural habitats, the IC50 values
ranged from 30.04 to 75.91 mg/mL, with the Tunisian
samples showing the highest antioxidant activity (IC50 of
30.04 mg/mL). Lower antioxidant activity was observed
in the samples from Malta (IC50 of 35.49 mg/mL) and
Montenegro (IC50 of 75.91 mg/mL). Of the plants from
cultivated areas, the Serbian sample showed higher
potential to scavenge DPPH radicals (IC50 of 94.39 mg/
mL) than the sample from France (IC50 of 113.30 mg/mL).
The antioxidant activity of dry plant material (E type 2)
was shown to range from 105.44 to 231.39 mg/mL. In the
samples from natural habitats, the IC50 values varied
between 105.44 and 231.39 mg/mL. The sample taken in
Tunisia showed the highest DPPH-scavenging ability
(105.44 mg/mL), whereas the samples from Malta (IC50 of
129.26 mg/mL) and Montenengro (IC50 of 231.39 mg/mL)
showed significantly lower antioxidant activity. The sam-
ple from Serbia (IC50 of 160.71 mg/mL) was observed to
have higher DPPH-scavenging ability than the sample
from France (IC50 of 211.55 mg/mL).

Comparative analysis

The analysis of the obtained results suggests variability
with similar dynamics in the total quantity of phenols
and flavonoids in the extracts of the samples from natu-
ral habitats. In terms of the quantity of secondary metab-
olites (total phenols and flavonoids in particular) in the
leaves of olive trees growing in natural habitats, the
three localities were ranked in decreasing order as fol-
lows: Tunisia, Malta and Montenegro. The variability may
be explained with respect to the role of secondary
metabolites in the process of plant adaptation to the
ecological conditions in its habitats [8]. In terms of eco-
logical conditions, the most notable characteristic that
the sampled localities had in common was aridity. Tak-
ing into account the geographical location, aridity is a
dominant ecological condition for most Mediterranean
habitats. Generally speaking, aridity constitutes a com-
plex of ecological factors (increased insolation, higher
temperatures and water deficiency) which mutually
exert influence in the habitat. The plant species that
make up the vegetation in the Mediterranean habitats
have developed morphological, anatomical, phenologi-
cal and physiological adaptations. The stages of ever-
green sclerophyllous vegetation alternate due to the
intensity of aridity as well as to the influence of some
other abiotic factors. Maquis, the habitat in Montenegro
from which the O. europaea plant material was sampled,
represents the first stage of degradation of typical Medi-
terranean forest vegetation, while garrigue, the type of
habitat in Malta and Tunisia, stands for the next stage,
which usually develops in habitats with greater aridity
[28]. The association between the gradients of the eco-
logical conditions in the habitats from which the plant
material was collected and the antioxidant activity of the
secondary metabolites suggests that their variability is
due to their significance in the adaptation to abiotic
stress. The plants sampled in this study originated from
habitats influenced by drought. The response of plants
to drought depends on the type of species, life form and
the period of drought and includes a series of physiolog-
ical, anatomical, morphological and phenological
mechanisms.

Apart from changes in metabolism, growth and devel-
opment, one of the principal effects of stress caused by
drought is intense accumulation of reactive oxygen spe-
cies as well as disturbed antioxidant–prooxidant balance
in plant tissues, which puts the integration of vital bio-
molecules and biomembranes at risk. The role of
increased antioxidant enzymatic or non-enzymatic
defence is of particular importance in stress reduction.
The main elements of the non-enzymatic defence are
secondary metabolites, mostly from the group of

Table 2. Flavonoid concentration in the extracts (E type 1) and
plant material (E type 2) in ?. europaea samples.
Locality Plant extract (E type 1) Plant material (E type 2)

Tunisia 119.79 § 0.08 22.73 § 0.01
Malta 55.85 § 0.02 25.79 § 0.03
Montenegro 52.40 § 0.04 22.22 § 0.01
France 103.77 § 0.05 26.67 § 0.01
Serbia 129.39 § 0.06 37.98 § 0.02

Note: Values are presented as rutin equivalents, mg of Ru/g of extract, i.e.
plant material. Values are means (§SD) from three experiments.

Table 3. Antioxidant activity (IC50 values expressed as mg/mL) of
the ?. europaea extracts (E type 1) and plant material (E type 2).
Locality Plant extract (E type 1) Plant material (E type 2)

Tunisia 30.04 § 0.92 105.44 § 1.56
Malta 35.49 § 0.85 129.26 § 1.22
Montenegro 75.91 § 0.77 231.39 § 1.65
France 113.30 § 1.12 211.55 § 1.89
Serbia 94.39 § 1.03 160.71 § 1.23

Note: Values are means (§SD) from three experiments.
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phenolic compounds [29]. Their significance lies in their
increased synthesis and accumulation during drought
stress and is corroborated on several levels in laboratory
conditions. The results obtained in this study demon-
strated the significance of the habitat type in terms of
the antioxidant activity in extracts and plant material.
The antioxidant activity in both types of extracts was
higher in the plants sampled in natural habitats as
opposed to the values measured in samples from culti-
vated plants. For example, correlation between the type
of habitat and the intensity of antioxidant activity has
been shown in Prunella vulgaris L. collected in natural
and cultivated habitats [30]. The production of second-
ary metabolites and, consequently, of phenolic com-
pounds increased due to the differences in the intensity
of aridity in different habitats as well as due to the influ-
ence of unfavourable ecological factors on plants caus-
ing physiological stress in the affected species.

Since phenols contain hydroxyl groups which enable
them to inhibit the activity of free radicals, the phenolic
content of plants could be regarded as a direct influence
on the antioxidant activity of plant extracts [31]. Overall,
our observation that the samples from natural habitats
exhibited greater antioxidant activity, regardless of the
smaller amount of phenolic compounds as compared to
the samples from the cultivated plants, suggests that
not only the quantity but also the structure of phenolic
compounds contributes to phenolic activities in terms of
their synthesis as determined by environmental condi-
tions. However, there was association between the con-
centration of phenols and the ROS-scavenging potential
only in the samples from natural habitats. Increase in
both production of secondary metabolites and the anti-
oxidant activity points to the necessity to carry out fur-
ther studies in order to evaluate their role in
physiological adaptations to different abiotic factors.

Conclusions

The results from this study demonstrated variation in the
phenolic content and the antioxidant activity of the
studied O. europaea extracts from some natural habitats
in the Mediterranean (Tunisia, Malta and Montenegro)
and cultivated conditions (France and Serbia). Greater
antioxidant activity was observed in the samples from
natural habitats. It could be speculated that the
observed variability indicates the role of the secondary
metabolites in facilitating the adaptation of plants from
arid areas to stress caused by higher temperatures and
drought. The increased antioxidant activity of the
extracts of plants from the natural habitats supports the
suggestion that phenolics could be considered to play a
key role in the ecophysiological adaptation of O.

europaea to the specific ecological conditions predomi-
nant in the habitats from which the samples were col-
lected. The obtained results could provide valuable
guidance in the sustainable exploitation of plant material
sampled from natural or cultivated habitats.
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