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In the present study, hot-water extraction procedure was used to recover polysaccharides from olive
leaves. Primary structural characteristics were determined by nuclear magnetic resonance spectroscopy
("H NMR and '3C NMR), Fourier Transform-Infrared spectroscopy (FT-IR) and X-ray diffractometry anal-
ysis. Emulsifying capacity, Zeta ({) potential and differential scanning calorimetric (DSC) of olive leaf
polysaccharides (OLP) were investigated. Antioxidant and antibacterial activities were then examined.
Infrared spectroscopy data revealed that OLP were constituted of functional groups O—H, C—0 and C—H
which were specific to polysaccharides. Results of {-potential showed that OLP possessed an anionic
structure and exhibited donated electron capacities. OLP displayed strong DPPH-radical scavenging
activity (IC 50=34.80 pg/mL). They showed also important reducing power and 3-carotene bleaching
inhibition activities. Besides, OLP have attractive antibacterial activity against S.enterica and M.luteus
with inhibition zones of 23.5 and 21.5 mm, respectively.
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1. Introduction

Olive trees (Olea europaea L.) provided huge economic and
dietetic benefits to people of the Mediterranean basin. During the
past two decades, olive tree cultivation has increased all over the
world due to the health benefits attributed to the olive oil con-
sumption. Olive leaves, one of the main olive tree by-products, are
obtained in large quantities in olive tree cultivation, olive oil and
olive table industries. In olive oil industries, olive leaves represent
approximately 10% of the weight of olive [1-3]. In olive tree culti-
vation, 25 kg of by-products (twigs and leaves) is produced per tree
annually [2]. Olive leaf constitutes an abundant vegetable material
which presents a potential source of high added value compounds.
In folk medicine, it has been associated with health and used to
treat some diseases like diabetes, hypertension, fever and hyperc-
holesterolemia [4].

Nowadays, bioactive compounds from olive leaves can be of
great interest in pharmaceutical, cosmetic and food industries.
Among these bioactive compounds, we found phenolic compounds,

* Corresponding author.
E-mail address: mohamed.bouaziz@fsg.rnu.tn (M. Bouaziz).

http://dx.doi.org/10.1016/j.ijbiomac.2017.08.037
0141-8130/© 2017 Elsevier B.V. All rights reserved.

mainly oleuropein and hydroxytyrosol, flavonoids, and sugars
(mannitol, oligosaccharides). It has been reported that olive leaves
form a biomass of polysaccharides including cellulose, hemicellu-
loses and lignin [5].

Polysaccharides are heterogeneous group of carbohydrate
polymers, formed of monosaccharide units joined together by
glycosidic linkage (« or (3 configuration) [6]. This biopolymer
showed various nutritional and functional activities related to
its chemical structure and physicochemical properties [5]. Recent
studies revealed that polysaccharides isolated from natural source
have attracted so much attention in the fields of pharmacol-
ogy and biochemistry due to their beneficial activities. As an
example, these biomacromolecules were shown to exhibit vari-
ous biological activities including anti-tumor, immunostimulation,
anti-inflammatory, anti-coagulation, anticarcinogenic activities,
antimicrobial and antioxidant activities [7,8]. For this reason, it
becomes necessary to explore them as novel potential antioxidants.
Another aspect of the benefits of polysaccharides is the improve-
ment of food quality. Indeed, they are long utilized to great extent
in food industry as thickening or gel-setting agent and film- form-
ing [9]. Besides they are used to improve water retention and to
stabilize emulsions and dispersions. These bioactive molecules are
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widely incorporated into functional foods due to their prebiotic
effect which is in relation with the presence of dietary fibers [10].

Hot water extraction is a traditional technology which is widely
employed to extract polysaccharides from plant material [6,7,11].
This technology has shown to present convenient and fast fea-
tures [12]. So far, olive leaves have not been subjected to hot water
extraction for recovering polysaccharides.

In the present study, hot water extraction technology was
used to extract olive leaf polysaccharides (OLP). Then the yield,
physicochemical analysis and primary structural characteristics of
polysaccharides were comprehensively investigated. Antioxidant
and antibacterial activities of OLP were examined by various in vitro
assays.

2. Materials and methods
2.1. Plant material

10kg of olive leaves (0. europaea, cultivar Chemlali) was col-
lected from Sfax (Tunisia) in 2015, dried in a tunnel microwave
dryer (Adasen, JN- 100, China) for 10 min (1200W, 70°C), then
milled and stored at 4 °C until extraction.

2.2. Extraction of the polysaccharides

The extraction process of polysaccharides from olive leaves was
performed according to the method described by Shen et al. [6]
with some modifications. In a previous work we investigated the
extraction of polyphenols from olive leaves [13]. Particularly, olive
leaves extract was prepared by the dispersion of olive leaf powder
in water at a rate of 2.5%. The mixture was stirred for 1 h at room
temperature (30°C) and decanted for 4 h. The supernatant was clar-
ified through linen cotton to remove leaf particles. Leaf marc was
pretreated in petroleum ether and then in ethanol each for 5h at
60°C and 90°C, respectively using soxhlet apparatus. Pretreated
powder was dried and reserved at room temperature. Sample was
then mixed with deionized water (1:30; w:v) and put into a water
bath at 90 °Cfor 4 h. the suspension was finally filtered, freeze dried
and stored at 4 °C until analysis.

2.3. Determination of yield and chemical composition of OLP

Ash content of olive leaf polysaccharides (OLP) was determined
according to AOAC methods [14]. Protein content was determined
according to the Bradford method [15], using bovine serum albu-
min as a standard. Total carbohydrates were determined by the
phenol-sulfuric acid colorimetric method [16] using D-glucose for
the calibration curve. Results were expressed as% of freeze dried
matter.

The percentage extraction yield (%) was calculated with the for-
mula below:

Y = W1/WO0 x 100

W7 was the polysaccharide weight of extraction (g), and Wy repre-
sented pretreated sample weight (g).

2.4. X-ray diffraction of OLP

The X-ray diffraction (XRD) pattern of OLP was measured by an
X-ray diffractometer (Siemens D 5000, Bruker, Germany) according
to the method described by Bouzidia et al. [ 17] with some modifi-
cations. The data were collected in the 2 6 range 5-100° with a step
size of 0.02° and a counting time of 0.78 s/step.

2.5. Infra-red spectroscopic analysis

The absorption spectra of OLP were obtained by FT-IR spec-
troscopy (Nicole Impact 410) in KBr pellet. The FT-IR spectra were
recorded between 400 and 4000 cm~!.

2.6. Nuclear magnetic resonance (NMR) analysis

NMR analysis was carried out according to the method of Chen
et al. [18] with some modifications. 20 mg of OLP sample was dis-
solved in 0.5mL D,0O and put into a 4mm NMR tube. All NMR
experiments, including '"H NMR and 13C NMR were performed on
a BRUKER 600M spectrometer (Rheinstetten, Germany) at 400 and
100 MHz, respectively.

2.7. Differential scanning calorimetric (DSC) analysis

Differential scanning calorimetry (DSC 4000, PerkinElmer,
Netherlands) was employed to investigate the thermodynamic
properties and the stability of macromolecules. This method was
performed according to the method described by Wand and Li
[19] with some modifications. 5mg of OLP was put into a stan-
dard aluminum crucible and immediately sealed. The crucible was
heated from 10 to 80°C and then cooled from 80 to 10°C at a rate
of 5°C/min.

2.8. Zeta potential of polysaccharide dispersions

The Zeta ({) potential was determined using the zetasizer Nano
series ZS 90 equipement (Malvern instruments, Worcestershire,
UK). Briefly, the sample was dissolved in deionized water at 1g/L
and the (- potential was determined at 25 °C. Experiments were
performed at pH 3, 6 and 9.

2.9. Emulsifying capacity of OLP

A volume of 21.25mL of the different OLP solutions (5 mg of
polysaccharides per mL, pH 3, 6 et 9) was homogenized with
3.75 mL of soybean oil for 1 min at room temperature (25+2°C)
using a Ultra-Turrax IKR® WERKE performed at 21 500 rpm. After
the emulsion preparation, an aliquot of each sample (50 p.L) was
pipetted from the emulsion and the drop was placed between
lame and lamella to be observed under light microscopy, employ-
ing a 100x objective lens, using a CX31-12C04 microscope (Motic
2048 x 1536 pixels, Olympus Co., Tokyo, Japan). The emulsion
images were then captured by a charge-coupled device camera
(Olympus Co., Tokyo, Japan) connected to the microscope. For the
droplet size distribution, analyses were carried out using Oxford
Lasers analyzer software [20].

2.10. Antioxidant activities of polysaccharides

2.10.1. DPPH assay

The antiradical activity of OLP was determined by the DPPH
method as described by Bersuder et al. [21]. The reduction of DPPH
radical was measured spectrophotometrically (UVmini-1240, Shi-
madzu, Japan) at 517 nm. The antiradical activity was expressed as
IC 50 (pg/mL), the concentration required to inhibit 50% of DPPH
radial. BHA was used as positive standard.

2.10.2. B-carotene-linoleate bleaching assay

The antioxidant activity using B-carotene bleaching method was
assessed as described by Ben Tadrit et al. [22]. 1 mL chloroform was
added to 0.5 mg of 3-carotene and mixed with 25 pL of linoleic acid
and 200 p.L of Tween-40. The chloroform was completely evapo-
rated in a rotator evaporator at 40°C. 100 mL of ultra-pure water
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Table 1

Chemical composition of polysaccharides from olive leaves.
Parameters OLP
Yield (%) 7.20+0.10
Ash (%) 541+0.21
Carbohydrates (%) 92.48 +2.60
Protein (%) 1.07 £0.07

was then added and the mixture was vigorously stirred. 0.5 of
sample at different concentrations was immersed in 2.5 mL of the
[3-carotene-linoleic acid emulsion. The tubes were incubated at
50°C for 60 min. The absorbance was measured at 470 nm using
a UV-vis spectrophotometer (UVmini-1240, Shimadzu, Japan).

2.10.3. Reducing power assay

Reducing power assay assessing the ability of OLP to reduce iron
(IlT) was determined according to the protocol described by Yildirim
et al. [23]. A volume of 1 mL of sample at different concentra-
tions was mixed with phosphate buffer (1.25 mL, 0.2 M pH 6.6) and
potassium ferricyanide (1.25mlL, 10 g/L). The mixtures were incu-
bated at 50°C for 30 min. 1.25 mL of 10% (w:v) trichloroacetic acid
was added. Thereafter, the mixtures were centrifuged at 3000 x g
for 10 min. Finally, 1.25 mL of the supernatant solution was mixed
with 1.25 mL of distilled water and 0.25 mL of ferric chloride (1 g/L).
After 10 min reaction, the resulting solution absorbance was mea-
sured at 700 nm using a UV-vis spectrophotometer (UVmini-1240,
Shimadzu, Japan). Ascorbic acid was used as reference antioxidant.

2.11. Antibacterial activity of OLP

Bacillus cereus (ATCC 11778), Micrococcus luteus (ATCC 4698),
Salmonella enterica (ATCC 43972, Escherichia coli (ATCC 25922),
Enterobacter sp. and Klebsiella pneumonieae (ATCC 13883) were
selected as test bacteria in this study. Culture suspension (100 L)
of the tested microorganism (106 Colony Forming Units (CFU)/mL)
was spread over the Luria Bertani (LB) agar. Polysaccharides were
delivered into wells (7 mm depth, 6 mm diameter). The antago-
nistic zones were detected after incubating for 24 h at 37°C. The
inoculated plates were kept at 4°C for 1 h and after that, they were
incubated at 37 °C for 24 h. The antibacterial activities were evalu-
ated by measuring the diameter (in millimeters) of the inhibition
zone around the wells.

2.12. Statistical analysis

Analytical determinations were performed at least in trip-
licate. Values of different parameters were expressed as the
mean =+ standard deviation.

3. Results and discussion

3.1. Chemical composition of the polysaccharides extracted from
olive leaves

The chemical composition of OLP is shown in Table 1. The yield
of hot-water extracted polysaccharides obtained was 7.20 + 0.10%.
This result was higher than that obtained by Mokni Ghribi et al.
[24]. However it was similar to that previously obtained from Den-
drobium chrysotoxum by enzyme assisted extraction method [25].

Low protein content (1.07 +0.07%) was observed for polysac-
charides extracted from olive leaves. Although no treatment was
performed to remove proteins, a low protein level was obtained. In
fact, Rahmanian et al. [26] showed that the crude protein content
in olive leaves was low and it ranged between 6.31and 10.9g/100g
dry matter. Higher protein level was previously reported by Mokni
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Fig. 1. X-ray diffraction pattern of polysaccharides from olive leaves.

Ghribi etal. [24] for of water-soluble polysaccharides from chickpea
flours (11.22+£0.63%) and by Wang et al. [27] for Phellinus lin-
teus polysaccharides (1.53 4+ 0.12%). Indeed, protein content in the
extracted polysaccharides might depend on the extraction method
and deproteination process.

Results presented in Table 1 showed that the ash content of
OLP was 5.41 +£0.21%. This result was higher than that obtained
by ultrasonic-assisted extraction of water-soluble polysaccharides
from Lonicera macranthoides (4.33 £0.14%) as reported by Zhen
et al.[28].

The carbohydrate content in OLP was about 92.48 +2.60%,
which was higher than that of polysaccharides extracted by ultra-
sonic treatment from mulberry leaves (83.42 +0.95%) [29]. This
finding suggested that extraction methods played animportant role
in the carbohydrate content of the polysaccharides.

3.2. X-ray diffraction and infra-red spectroscopic analysis of OLP

XRD pattern of OLP was performed in order to determine
its crystalline degree. In fact, the crystalline or non-crystalline
characteristics of a substance play an important role in the physic-
ochemical properties by influencing the structural arrangements,
such as viscosity, solubility, swelling and flexibility. The X-ray
diffractogram of OLP (Fig. 1) revealed that the polysaccharides
extracted from olive leaves present diffraction peaks at 20=11.38
and 17.26° which indicated the semi crystalline nature of the sam-
ple. Ben Jeddou et al. [10] found that water soluble polysaccharide
extracted from potatoes peels was a semi-crystalline polymer.

FT-IR spectroscopy of OLP in a range of 4000-400 cm~! is shown
in Fig. 2. The strong absorption peak between 3600 and 3200 cm™!
corresponded to the stretching vibration of hydroxyl group of O—H
[30]. The weak band recorded at 2920cm~! was related to C—H
stretching vibration including CH, CH, and CH3. The peak obtained
at 2366 cm~! was from the aliphatic C—H bonds [24]. The rela-
tively strong absorption peak recorded at 1657 cm~! indicated the
presence of carbonyl group C=0 [30]. The large band obtained at
1080cm™! corresponded to stretching vibration of C—0 in C—O—H
bonds and C— O—C glycosidic bond vibration and it is related to the
presence of pyranose ring in polysaccharides [31]. Indeed, com-
pared with others infra-red spectra of polysaccharides found in
the literature [29-31], it’s important to highlight that the obtained
spectrum corresponds to a typical carbohydrate pattern.

3.3. NMR spectroscopy data of OLP

The structural features of OLP were analyzed using NMR spec-
troscopy. The H and 3C NMR spectra of OLP are represented in



428 I. Khemakhem et al. / International Journal of Biological Macromolecules 106 (2018) 425-432

L3

68
6
62

58
£366. 5
g1 34

50
3434.70

§

38

3.4

631.41

1657.32
1080.05

§00.0 3600 3200 2800 290 2000 1600
Cm-1

1600 190 1200 1000 300 600 0

Fig. 2. FT-IR spectrum of polysaccharides from olive leaves.

Fig. 3a, b. The TH NMR spectrogram was crowded in a cramped
region ranging from 3 to 5ppm which confirms the presence of
polysaccharides [32,33]. The signals from the anomeric protons
were observed at 4.980 and 5.110 ppm, indicating the exists of both
o and 3 anomers in OLP [33]. In fact, most of the a-anomeric pro-
tons appear in the 5-6 ppm range while most of the [3-anomeric
protons appear between 4 and 5 ppm [34]. The two peaks observed
in the anomeric region belong to two sugar residues. Besides,
the 13C NMR spectrum revealed the existence of sugar residues
in our polysaccharides. In this spectrum, two anomeric carbons
were found in the regions of 95.89 ppm (a- configuration) and
107.40 ppm (B-configuration). This result confirms that of '"H NMR
spectrum. Signals at 60.74 and 60.58 ppm found in the 1C NMR
spectrum can be assigned to an O—CH3 group [11]. The 'TH NMR
spectrogram showed that the O—CHs3 group appeared between
3.127 and 3.397 ppm. The COO—CHj3 group of an uronic acid with
methyl-esterified carboxyl group appeared in the 1.828-2.112 ppm
range [34]. The absorption signal peaks of C2—C6 were found
between 62 and 85 ppm. In the 'H NMR, signal peaks of H2—H6
resonate at 3.5-4.5 ppm [35]. Thus, signal peaks between 3.599 and
4.179 ppm were provoked by protons on sugar rings.

3.4. Differential scanning calorimetric (DSC) analysis

DSC is a thermodynamic technique developed in the late 1960s
in order to investigate not only the thermal properties but also
the stability of macromolecules and their interactions [36]. It’s fre-
quently performed for the characterization of glass transition in
food science due to its allowance routine measurement with the
control. Heating and cooling scans of polysaccharides are presented
in Fig. 4. The DSC heating trace of OLP exhibited one exothermic pick
at57 °Cwhich corresponds to glass transition temperature (Tg). The
heat of glass transition was 27.15]/g. Generally, exothermic peak
and heat of glass transition reflect the ability of the biopolymer to
lose water. It was reported that Tg is obviously affected in the pres-

ence of bound-water which is strongly restrained by the hydroxyl
group and the ionic group of polysaccharides [37].

3.5. {-potential of polysaccharide dispersions

According to McConaughy et al. [38], {-potential is the electrical
potential existing at the hydrodynamic plane of shear surround-
ing a charged particle and is essentially the potential at the point
in space where low molecular weight ions stop moving with the
particle and remain within the surrounding solvent.

The {-potential of OLP determined under different pH values
were presented in Fig. 5. A direct relationship exists between the
charge of polysaccharide and the {-potential of the solution. As
shown in Fig. 5, polysaccharide solutions were negatively charged
across the entire pH range (—12, —15.7 and —16.9 respectively at
pH 3, 6 and 9) which could suggest that OLP possessed donated
electron capacities. The pH has a significant (p<0.05) effect on
the {-potential value. Indeed, the latter was increasingly negative
as the pH increased until it reached a value of —16.94+0.2mV at
pH 9. This decrease is related to a decrease of the intermolecular
interactions when the pH increased. This result may be due to the
decrease of the charge density of OLP solution which can be pro-
voked by the reduction of the concentration of H+ ions as reported
by Carneiro-Da-Cunha et al. [39]. The Increases in absolute value of
charge indicated the good stability of polysaccharide solution.

3.6. Emulsifying capacity of OLP

The Emulsifying capacity of OLP was assessed by using micro-
scopic observations of the oil-in-water emulsions realized at pH
3, 6 and 9 (Fig. 6) and by the determination of their droplet size
distributions (Table 3). Generally, polysaccharides are considered
as hydrophilic polymer which do not displayed significant surface
activity. However, it has been reported that hydrocolloid gums can
adsorb onto oil droplets and stabilize emulsions despite their char-
acter hydrophilic [40,41].
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Table 2
Antibacterial activity of polysaccharides from olive leaves.

Microbial species Gram-negative

Gram-positive

S. enterica E. coli

K. pneumonieae Enterobacter

M. luteus B. cereus

Diameter (mm) 23.5+3.54 10.54+0.71 -

9.5+0.71 21.5+0.5 10.0+1.41

OLP emulsions displayed significant difference between the
ranges of pH tested. Fig. 6 showed that the droplet diameter
progressively decreased with the increase of pH applied during

emulsion preparation. Indeed, emulsion gradually evolved from
large, coarse and flocculated oil droplets at pH 3 to a small and fine
appearance at pH 9. This result was proved by the determination the

429
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Fig. 5. Influence of pH on the {-potential of polysaccharides from olive leaves.

oil droplets distribution of OLP (Table 3). Indeed, oil droplets with
diameter below 10 wm presented a distribution of 58.9% for the
emulsion prepared at pH 9. However, they were 32.6% and 52.9%
for OLP emulsions at pH 3 and 6, respectively. Moreover, the oil
droplets diameter of OLP emulsion prepared at pH 9 did not exceed
30 wm. This finding was in accordance with the {-potential results.
McClements [42] highlighted that the {-potential and the droplet
sizes play an important role in determining the stability and the
appearance of emulsions. Conventionally, the higher the absolute
value of {-potential, the stronger stability of emulsions, which is
related to the greater electrostatic repulsion among droplets.

3.7. Antioxidant activities of OLP

3.7.1. DPPH radical scavenging activity assay

DPPH radical scavenging activity of OLP was compared to that
of BHA used in this test as positive standard (Fig. 7a). This assay
is based on the reduction of free radical DPPH in the presence of a
proton-donating substance [43].

As shown in Fig. 7, the DPPH radical scavenging activity
increased along with the increased concentration of OLP between
5 and 50 pg/mL. The IC 50 values were estimated at 34.80+0.37
and 12.63 £0.11 pg/mL for OLP and BHA, respectively. OLP showed
excellent free radical scavenging activity. Indeed, the IC 50 value
was lower than that some reported polysaccharides extracted from
other leaves [9,31,44]. The mechanism of DPPH scavenging activ-
ity may be due to the hydrogen donation of polysaccharides from
olive leaves, which combines with radicals. Thus, it forms a sta-
ble radical to terminate the radical chain. It has been found that
the antioxidant activities of polysaccharides are affected by vari-
ous factors such as chemical contents, molecular mass, structure
and extraction methods [45].

3.7.2. B-carotene-linoleate bleaching assay

The B-carotene-linoleate bleaching assay was used to evaluate
the lipid peroxidation inhibitory activity of OLP. This test is based
on the disappearance of (3-carotene color under thermally-induced
oxidation. The presence of antioxidant in the system can neutralize
free radicals, leading therefore to maintain [3-carotene color for a
longer period.

The antioxidant activity of OLP as measured by bleaching of 3-
carotene is shown in Fig. 7b. The antioxidant activity of BHA, used as
positive control, was higher than that of analyzed polysaccharides.
The inhibition percentage of [3-carotene bleaching increased in a
concentration-dependent manner of OLP up to 59.51 + 3.46% for
500 pg/mL. Considering the antioxidant activity result, polysaccha-
rides extracted from olive leaves could be used as a natural additive
inorder to prevent foods from lipid oxidation during processing and
preservation.

3.7.3. Reducing power assay

The reducing power of a substance is directly correlated with its
antioxidant activity. Indeed, reducing power assay is employed to
assess the antioxidant activity of various compounds. In this assay,
Fe3*/ferricyanide complex was conversed to the ferrous form (Fe%*)
by the tested samples. The concentration of Fe* is monitored by
determining the absorbance at 700 nm and ascorbic acid was used
as positive control.

The data in Fig. 7c indicates that OLP showed reducing power
activity in a concentration depended way. Higher absorbance value
signifies stronger reducing power activity. Compared with ascorbic
acid, the polysaccharide fraction exhibited lower antioxidant activ-
ity. The IC 50 value of OLP was found out to be 106.31 + 1.01 p.g/mL,
thus being higher than that of ascorbic acid (5.63 & 0.05 pg/ mL).

Fig. 6. Microscopic observations of the oil in water emulsions stabilized by OLP.
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centrations. a: DPPH-radical scavenging activity; b: 3-carotene bleaching inhibition;
c: reducing power assay.

Similar reducing power activity was reported by Bagchi and
Jayaram Kumar [46]. They found an IC 50 of 110 wg/mL for polysac-
charides from Pithecellobium dulce Benth. seeds. In particular, OLP
at the concentration of 700 p.g/mL showed the highest Fe3* reduc-
ing ability (OD7qg =2.93 £ 0.06) which was similar to ascorbic acid
(OD70g =2.96 £ 0.00). The reducing power results revealed that OLP
can act as electron donor compound, react with free radicals and
convert them to more stable products terminating, therefore, reac-
tions of the radical chain.

3.8. Antibacterial activity of OLP

Antibacterial activity results of OLP are presented in Table 2.
Polysaccharides from olive leaves displayed inhibitory effects
against various bacterial strains tested. The analyzed polysaccha-
rides at a concentration of 50 mg/mL, exerted strong antibacterial

Table 3
Oil droplets size distribution of the oil in water emulsion stabilized by OLP.

Diameter Distribution?%

pH3 pHG6 pH9
>50 wm 1.6 - -
30-50 wm 20.5 26.8 -
10-30 pm 45.3 20.3 41.1
<10 wm 32.6 529 58.9

activities towards S. enterica and M. luteus with inhibition zones of
23.5+3.54and 21.5 + 0.5 mm, respectively. This highest antibacte-
rial activity of polysaccharides may be caused by the disruption of
cell wall and membrane of bacteria [7]. OLP also showed moderate
inhibitory effect on E.coli, B.cereus and Enterobacter. However, the
tested polysaccharide had non-inhibitory effect on K. pneumonieae
(Table 2).

4. Conclusion

In the present study, hot-water extracted polysaccharides from
olive leaves were characterized. Chemical analysis showed that OLP
is composed of 92% of carbohydrates. Results obtained from XRD,
IR spectroscopy and RMN spectroscopy confirmed that OLP were
a semi-crystalline polymer forming polysaccharides. Based on the
results above, it can be obviously observed that the polymer iso-
lated have attractive antioxidant and antibacterial activities. This
study might provide useful information to guide the application of
OLP in food, pharmaceutical and cosmetic fields.
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