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ABSTRACT

Background and Objectives: According to recent research, olive leaf (OL) has demonstrated significant properties,
including antibacterial, antiviral, anticancer, gastro protective and cardio protective properties. The aim of this study was
to investigate the chemical composition, and fatty acid composition (FAC) of OL of Marry variety cultivated in Jiroft
province of Iran. This study also attempts to identify and quantify the polyphenolic compounds of OL of Mari.

Materials and Methods: The content of dry matter (DM), crude protein (CP), ash, fat ether extract (FEE), acid
detergent fiber (ADF) and neutral detergent fiber (NDF) of OL, FAC, type and amount of polyphenol compounds,
antioxidant activity (AA%), total phenol, tannin, flavonoid contents (TPC, TTC, and TFC, respectively), were determined,
all procedures were performed according to the reference methods.

Results: The content of DM, and CP, Ash, FEE, ADF, and NDF of OL obtained 94.7+0.08 (%), and 13.08+0.06, 6+0.7,
3.9+0.28, 32.48+0.56, 40.6+£0.26 (DM%), respectively. The amounts of TPC, TTC and TFC of OL were obtained
108.24+0.09, 56.85+0.10 (mg Gallic acid (GAE)/g dried OL) and 189.28+.012 (mg Quercetin (QE)/g dried OL),
respectively. Results showed that oleuropein was the dominant polyphenol (8306.9ug/ g of dried OL). The AA% of OL
extract was obtained 61%+0.9%. The FAC of OL was determined by gas chromatography (GC) and the results showed
linoleic acid (27.2+0.33%) followed by oleic acid (21.8+0.40 %) as the most abundant unsaturated FAs found in the OL,
respectively.

Conclusions: These results demonstrated that OL is a rich source of natural and bioactive compounds, which can be used
in the food industry, animal feed, and so on for improving the nutritional value and functionality.
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Olive leaf (Olea europaea) is one of the medicinal
plants, which is considered as a good and cheap
source of natural antioxidants. Among the different
parts of the olive tree, the olive leaf is one of the
richest sources of the phenolic compounds (1).
Oleuropein and their metabolites, including tyrosol
and hydroxy tyrosol are the most abundant phenolic
compounds known in the olive leaf. There is a linear
relationship between the oleuropein content of olive
leaf and the amount of its antioxidant activity (2). One
of the most significant properties of oleuropein is its
high antioxidant activity, leading to acting as a free
radical receptor (3). These properties were approved

using in vitro and in vivo experiments by researchers.
In these experiments, the ability of oleuropein and its
extract containing higher amounts of oleuropein for
the neutralization of radical 2, 2'-diphenyl-1-picryl
hydrazyl (DPPH) was higher than that of butylated
hydroxy toluene (BHT) as a synthetic antioxidant (4,
5). It was reported that oleuropein has different
properties, including antibacterial, antiviral,
antitumor, blood pressure and blood lipids reducing
factor, anticancer and cardioprotective properties (6-
9). However, the increase of consumer demand for
fresher and more natural food, ‘‘preservative-free”
products has led the food industry to consider the
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incorporation of natural antioxidants in a range of
products. The use of natural antioxidants in food
industry has the advantage of being more acceptable
by the consumers as these are considered as ‘‘non
chemical”. In addition, they do not require safety tests
before being used (10). Because of the consumer
emphasis on synthetic food additives for their harmful
effects on body, it should not be habituated and the
natural production should be used (11). Some of the
related institute of human health (Great Britain
Nutrition Foundation, 1992; Department of Health,
1994) have paid attention to the beneficial effects of
food containing polyunsaturated fatty acids (PUFA).
It was reported that the suitable ratio of omega 6 to
omega 3 of fatty acids food can make improve the
condition of human health. Many studies were
performed for the increase of these fatty acids in the
animal products (meat and milk) via changes in
omega 3 fatty acids quantity in the animal diets. (12).
For instance, Abbeddou et al. (2011) investigated the
modification of milk fatty acid composition of awassi
sheep by feeding of agro-industrial byproducts (13).
They reported that using olive leaf led to an increase
of omega 3 fatty acids and conjugated linoleic acid
(C18:2 9, t11) amounts in awassi sheep milk. Also,
Botsoglou et al. (2010) found that the use of OL in
turkey diet improved the meat quality due to the
reduction of lipid oxidation in the raw and cooked
meat (14).

The aim of this study was to investigate the
physochemical properties, fatty acid composition,
identification and quantification of the main content
of polyphenol compounds, TPC, TTC, TFC and AA%
of the selected OL, as named Mari variety, which is a
national variety cultivated in Jiroft province of Iran.

Materials and Methods

Materials: Acetonitrile, orthophosphoric acid, and
methanol with the HPLC grade were purchased from
the Merck Company (Germany, Berlin). 2, 2-
Diphenyl-1-picrylhydrazyl (DPPH) was purchased
from Sigma-Aldrich (United States of America,
Boston). The reference standard of FAME mixture
(C4-C24), 5-a-Cholestane, mono-, di-, triglycerides,
Cholesterol, B-Sitosterol, Stigmasterol, vanillic acid,
vanilin, caffeic acid, quercetin, oleuropein, tyrosol,
cinnamic acid, luteolin, catechin, gallic acid,
apigenin, and ferulic acid were purchased from
Sigma—Aldrich Company. Other materials, including,
hexane, glacial acetic acid, chloroform, potassium
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iodide (KI), Folin—Ciocalteu reagent, and Hanus
solution were also purchased from the Merck
Company (Germany).

Methods

Olive leaf sampling: Fresh olive leaf (O. europaea
L., Marry variety) was collected from an olive farm
of Jiroft province of Iran. OLs were washed with
water (three times), dried at room temperature, then
finely grounded (Arthur Hill Thomas Co.,
Philadelphia, PA). Then, powders were kept in a dark,
and dry bottle until further analysis.

Analysis of olive leaves: Dried powder of OL was
analyzed for the determination of dry matter (15), ash
(16), crude protein (17) and crude fat diethyl ether
extraction (18) according to the AOAC methods. In
addition, acid detergent fiber and neutral detergent
fiber were determined according to the described
method by Van Soest et al., 1991 (19). (19). For
determination of NDF, 0.5g sample in 100 ml of
neutral detergent solution plus 50 pl of heat stable
amylase (dietary fiber kit; Sigma catalogue Number
A3306) was heated to boiling temperature. Sodium
sulfite (0.5 g) was added at this point. Sample was
heated for 1h and filtered on a coarse sintered glass
crucible or Whatman 54 paper (Whatman, Clifton,
NJ). The ash content was reported or excluded from
the NDF. Also, for determination of ADF, 1g sample
was weighed and 100 mL of cold (room temperature)
acid detergent solution was added. The mixture was
refluxed for 60 minutes from onset of boiling. Then
the content was filtered on the coarse sintered glass
crucible or Whatman 54 paper (Whatman, Clifton,
NJ). Samples were ground through a 1mm screen.
Preparation of extract: For this purpose, 1g of OL
powder was weighted in a 250 flask and 10 mL of the
methanol solution (80%) was added to the flask
content. Then, flask was put in the ultrasonic bath for
15 minutes. The extract was centrifuged at 5000 rpm
for 5 minutes. The OL was filtered with a Millipore
membrane filter (0.45 mL) prior to HPLC analysis.
Analysis of OL extract polyphenol compounds was
performed at 280 nm at room temperature. The
detection of tyrosol, p-coumaric acid, quercetin,
caffeic acid, vanillin, catechin, vanillic acid, gallic
acid, oleuropein, rutin, luteolin, luteolin 7-O-
glucoside, apigenin and cinammic acid was made by
comparison of their retention times and UV-vis
spectra with those obtained from standards
(COI/T.20/Doc No 29 - 2009) (20).
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Calibration curves of each polyphenol compound:
For detection and quantification of each polyphenol
compound of OL, calibration curves of each phenolic
compound were obtained by preparation of their stock
solutions with concentration of 1 mg/mL. Then,
concentrations of 10, 20, 30, 40, 50, and 100 pg/mL
were prepared by dilution of each stock solution.
Twenty pL of each prepared concentration was
injected to HPLC-9100 (Young Lin, Korea) equipped
with UV detector.

HPLC condition: Separation of polyphenol
compounds was carried out using HPLC (Young Lin,
South Korea), equipped with a reversed phase C18
analytical column C18-WP (Column: 4.6 mm x 250
mm, 100 A°, 5 um), and UV detector (at 280 nm).
Mabile phases consisted of deionized water with 2%
orthophosphoric acid (solvent A), and acetonitrile and
methanol (50:50 (v/v) (solvent B) at a flow rate of 1.0
mL/min. The following gradient was applied:

Time (minute) A% B%
Initial 96 4

40 50 50

45 40 60

60 0 100

70 0 100
72 96 4
82 96 4

DPPH assay: The antioxidant activity of the OL
extract was determined according to the method
developed by Arabshahi et al. (2007) (21). For this
purpose, 1 mL of DPPH methanolic solution (0.135
mM) was mixed with 3 mL of OL extract. Then, the
mixture was vigorously vortexed and kept for 30
minutes at 25°C in darkness. The absorbance of
extract was measured at 517 nm by UV/VIS
spectrometer (Lambda 25-Perkin Elmer, USA). Then,
the percentage of DPPH scavenging relative to
control was calculated using the following equation.
All experimentations were done in triplicate.

DPPH scavenging activity (%) = (Absorbance of Control-
Absorbance of sample)/ (Absorbance of control) x 100

Determination of Total Phenolic Content (TPC):
TPC of OL extract was determined by colorimetric
assay. Briley, 200 pL of an aliquot OL extract was
mixed with deionized water (800 pL) as well as
Folin-Ciocalteu reagent (100 pL), respectively. The
mixed solution was then incubated for three minutes
in room temperature. Then, 300 pL sodium carbonate
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(NazCOs3) (20% (w/v)) was added and incubated for 2
hours in darkness at 25°C. The absorbance of the
extract was determined at 765 nm with UV/vis
spectrometer. The calibration curve of Gallic acid
(GA) standard was obtained in the range 0 - 100 mg/L
and calibration curve equation was obtained Y=
0.0154X, R, = 0.9936. Total phenolic content was
expressed in mg GA equivalent to per g of dry matter
(22).

Determination of Total Tannins Content (TTC):
For this purpose, 100 pL of aliquot OL extract was
added to 750 pL distilled water and then 500 pL
Folin-Ciocateu reagent as well as 1000 pL of sodium
carbonate (Na,COs3)(35% (w/v)) was added. Then, the
mixture was shaken and diluted with distilled water
and then incubated for 30 minutes at 25°C. The
absorbance of OL extract was determined at 725 nm
by UV/Vis. As already mentioned above, calibration
curve of the GA standard solution was prepared in the
range 0 - 100 mg/ GA. Finally, TTC was expressed as
GAE/g dry matter (22).

Determination of Total Flavonoid Content (TFC):
Total flavonoid content was determined using the
method described by Mohammed et al. (2015) (19).
An aliquot of 0.5 mL of 2% Alcl; prepared in ethanol
solution was added to 0.5 mL of sample solution,
followed by measuring the absorbance at 420 nm,
after 1 h of incubation at room temperature. Total
flavonoid content was calculated as quercetin
equivalent (mg/g) from a calibration curve.

Fatty Acid Composition (FAC) of OL: For
determination of FAC of OL, 0.1 g of powder was
weighted and 0.1 mL alcoholic potassium hydroxide
(11.2 g KOH in 100 mL pure methanol) was added to
the sample. Then, 1 mL hexane was added to the
suspension and mixed. The mixture was vortexed for
1 min and put in the water bath at 50°C for 15 min.
Finally, the transparent upper layer of the suspension
was separated and poured in the vial for the analysis
by GC (Young Lin 6500, Korea). The column of GC
was Cp-sil 88 capillary column (60 m x 0.25 mm,
0.25 m film thickness, Agilent Technologies, USA).
The detector and injector temperatures were set at
320°C and 280°C, respectively. The Initial oven
temperature was set in 165°C and was linearity
increased to 210 °C at a rate of 5 °C/min. Peaks were
identified by comparing their retention times with
those of an authentic standard mixture.

Statistical Analysis: All data were statistically
analyzed with SPSS version 11statistical software
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package and expressed as means + standard deviation
(SD). All tests were performed in triplicate. Statistical
significance was declared at p<0.05. In addition, all
tests were performed in Microsoft Excel.
Results

Results of determination of physicochemical
properties, including DM, CP, Ash, FEE, ADF and
NDF content, of Mari olive leaf from Jiroft province
of Iran are shown in Table 1. In addition, results of
determination of Total phenolic (TP), flavonoid (TF)
and tannin (TT) content of OL methanolic extract are
presented in Table 1.

Tablel. Chemical composition and major classes of
phytochemicals in Mari olive leaf

Chemical Composition (% ) oL
Dry matter 94.70+0.08
Fat Ether extract 3.90+0.28
Protein 13.08+0.06
Ash 6.00£0.70
Acid detergent fiber 32.48+0.56
Neutral detergent fiber 40.60+0.26
Phytochemicals
Total phenol (MgGAE/qg) 108.24+0.09
Total flavonoid (mgQ/g) 189.2840.12
Total tannin (MgGAE/g) 56.85+0.10
Antioxidant activity
DPPH (%) 61.00+0.10
Furthermore, type and amount of detected

polyphenolic compounds of OL are presented in
Table 2. Results showed that oleuropein followed by

Cinnamic acid and then hydroxytyrosol were

predominant phenolic compounds in Mari OL.

Table 2. Polyphenolic compound of OL
Polyphenolic compounds (%) Mg /g dried

oL

Hydroxy tyrosol 4.10+0.01 -
Tyrosol 0.90+0.02 11.82
Gallic acid 0.90+0.03 10.46
Catechin 1.80+0.11 21.52
Syringic acid N.D -
Caffeic acid 1.60+0.14 14.40
Vanillin 1.00+0.04 5.14
Vanillic acid 1.60+0.03 17.98
P. Cumaric acid 4.00£0.15 8.81
Ferulic acid 11.80+0.21 100.45
Rutin 3.10+0.18 -
Verbascoside 10.40+0.30 -
Oleuropein 40.50+0.51 8306.90
Cinnamic acid 4.40+0.08 6.26
Quercetin 1.60+0.02 16.31
Luteolin 1.30+0.03 18.05
Apigenin 0.70+0.02 6.13
Others 10.30+0.10 -

N.D: Not detected
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The fatty acids composition of Mari OL is
presented in Table 3. The results showed the major
saturated fatty acids in OL was palmitic acid (C16:0)
[(23.3+0.15) %]. In addition, the known unsaturated
fatty acids were linoleic acid (C18:2) [(27.2+0.33)
%], oleic acid (C18:1) [(21.8+0.40) %] and linolenic
acid (C18:3) [(12.5+0.20) %]. The results showed that
Mari OL had high amount of unsaturated fatty acids
[(65.9+0.93) %)].

Table 3. Fatty acids composition of Mari OL

Fatty acids compound Fatty acids amount

(%)£SD
C14:.0 1.90+0.03
Cl4:1 Cis 0.40+0.01
C16:0 23.30+0.15
C16:1 Cis 2.10+0.04
C17:.0 0.80+0.01
C18:.0 3.60+0.45
C18:1 Cis 21.80+0.40
C18:2 Cis 27.20+0.33
C18:3 Cis 12.50+0.20
C20:0 2.90+0.06
C20:1Cis 1.90+0.02
C22:0 1.50+0.05
Total saturated 34.00+0.45
Total unsaturated 65.90+0.93

Discussion

Jiroft is a city which located at 28.4166700
(latitude in decimal degrees), and 57.7500000
(longitude in decimal). Jiroft is about 650-metres
above the sea level and its weather is very warm in
summer and moderate in winter.

Cavalheiro et al. ( 2015) reported the amount of
determined CP, FEE, and Ash contents of different
OL cultivars, including Arbosana, Ascolano,
Grappolo, Koroneiki, Negrinha do Freixd varieties
from Southern Brazil (23). The amounts of CP, FEE
and Ash were in the range of 10.50-13.10, 9.13-9.80
and 4.65-6 (DM%), respectively. Also, the CP, EE,
and Ash contents of olive leaves of a Spain variety
have been reported (in order) as 7, 3.21 and 1.62
(DM%) by Garcia et al. (2003) (24); and 10, 5.64 and
12 (DM%) by Molina-Alcaide and Yéfez-Ruiz,
(2008) (25).

The ash quantity of olive leaf is considered higher
than other vegetal products such as pumpkin and
watermelon seed kernels (3.21% and 3.6%,
respectively) (26). Molina-Alcaide and Yéfez-Ruiz,
(2008) reported that the ADF and NDF contents of
olive leaf were obtained in the range of (A review:
many varaities) 30.2 and 40.6 (DM%), respectively
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(25). These results are in agreement with the obtained
results for the ADF and NDF of Mari variety. It was
reported that the chemical composition of OLs
depends on the year, season, variety, proportion of
branches, storage condition, drying procedure,
climatic conditions, moisture content, and degree of
contamination with soil and oils (27, 28). It is well
known that the mentioned parameters are so
important factors which can be influenced on
physicochemical properties of OL.

The amount of TPC of Mary variety OL was
higher than that of reported for Chétoui variety 24.36
(29) and 28.82 mg GAE g ™' (23), respectively. It may
be depending on the climatic conditions and variety of
OLs. For instance, Teleszko and Wojdyto, (2015)
suggested that the synthesis of polyphenolic
compounds in plants depends on the degree of
sunlight exposure and water relations during the
vegetation period (30). In addition, Tattini et al.
(2004) found an interesting phenomenon, the
Ligustrum vulgare leaves from the shaded side of a
bush (light exposure 6%), contained 3-fold less
polyphenols than those of grown under full sunlight
exposure (100%) (31). Also, Abbeddou et al. (2011)
reported that TPC of OL is higher than that of other
agricultural  by-products, including lentil straw,
atriplex leaves, Olive cake and tomato pomace (32).
The use of OL as animal feed is a common practice in
dry and semi-dry areas (33) which use OL in animal
diet, which improved animal products (milk and
meat) quality by decreasing the lipid oxidation due to
antioxidant activity of OLs phenolic compounds .

In addition, flavonoids are widely distributed
groups of polyphenolic compounds which are
identified in recent years as antioxidants in various
biological systems. It is well known that one of the
important effects of flavonoids is the scavenging of
oxygen-derived free radicals, which can prevent
damage caused by free radicals, including
experimentally induced gastric mucosal injury.
Several studies have shown the importance of
flavonoids structure as antioxidants and anti-radical
compounds (34). Paiva-Martins et al. (2014) reported
that the TFC of OL (Portugal variety) was 2.17 mg/g
of DM (35). Also, it was determined that TFC of a
OL Tunisia variety was obtained in the range of 56.57
+6.0to 125.64 + 3.36 by Salah et al. (2012) (36). The
variation found in the flavonoid content of the OLs
extract was related to the different methods applied
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for extraction of flavonoid (extraction technique,
solvent nature and time of extraction) and also the
effect of sample origin. Finally, both flavonoid and
phenolic compounds from olive leaf are known to
have diverse biological activities and may also be
responsible for the pharmacological actions of olive
leaf or, at least, for synergistically reinforcing those
actions (29).

Tannins are a complex group of water-soluble
polyphenolic compounds arising from the metabolism
of plants. Tannins are present in several feed
resources used for ruminant feeding. Luciano et al.
(2009) reported that tannin improved colour stability
of lamb meat through antioxidant properties (37). The
amount of OL tannins was reprted 3.16 mg/g of DM
by Abbeddou et al. (2011), which is much lower than
the obtained result of the present research (32). This
result depends on the natural climatic conditions of
the varieties.

It is well known that the DPPH assay has been
widely used to evaluate the free radicals, scavenging
ability of various natural products with antioxidant
properties and has been accepted as a model
compound for free radicals originating in lipids (38).
The results of DPPH radical scavenging assay
revealed that the extracts by hydrogen and/or electron
donation, might prevent reactive radical species from
reaching biomolecules such as lipoproteins,
polyunsaturated fatty acids (PUFA), DNA, amino
acids, proteins and sugars in susceptible biological
and food system (21). The antioxidant activity of OL
extract (variety of Sevillano, Lorestan, Iran) was
38.21% which is reported by Mohagheghi et al.
(2011) (39). This may be related to the higher amount
of oleuropein content of Mari OL. Also, lee et al.
(2009) reported the antioxidant activity of alcholic
extract of OL is associated with high levels of
phenolic compounds such as oleuropein (38). Also,
Benavente-Garcia et al. (2000) reported that synergy
between flavonoid, oleuroposide and phenol leads to
greater antioxidant activity than vitamins C and E
(40).

It was reported that the quality and quantity of
different polyphenol compounds present in OL extract
depend on cultivar and process of OL after harvesting
(41). Recent research demonstrated that polyphenolic
compounds in OL are responsible for many biological
activities such as antioxidant, anti-inflammation, anti-
microbial, anti-viral, anticancer and also
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cardioprotective effects (42). The main polyphenolic
compound in OL is oleuropein (41). The content of
oleuropein in OL is high and is approximately 8 to
14% of dried leave weight (43). Result of this
research showed that the amount of oleuropein was
8306.9 pg/g dried OL which constitued 40.5% of total
concentration of polyphenolic compounds existed in
Mari OL. The amounts of OL oleuropein repoted by
Garcia et al. (2003) (24) and Dekanski et al. 2009
(44) were 24.54% and 19.8% of total concentration of
present polyphenolic compounds, respectively.
Among the existed phenolic compounds in olive oil,
oleuropein and their derivative from its hydrolysis
have the most biological importance. Oleuropein have
several drug effects, including antioxidant, anti-
inflammation, anti-microbial, anti-viral, anticancer
effects (45). Furthermore, oleuropein also have
cardioprotective, anti ischemic anemia and fat
decreasing effects (46). The quantifed and identified
polyphenolic compounds by Garcia et al. (2003) were
oleurocid (oleuropein and verbascosid), flavon
(luteolin and apigenin), flavonol (rutin), flavan-3-OL
(catechin) andsubstituted phenol (tyrosol, hydroxyl
tyrosol, vanillin, vanillic and caffeic acid) (24).

The polyunsaturated fatty acids, including the
omega-3 and omega-6 families detected in the plants
constitute an important class of phytochemicals due to
their generalized beneficial health effects (47).
Linoleic acid has beneficial properties for the skin,
including anti-inflammatory, acne reduction and
moisture retention properties (48). Many researchers
have found evidence that linoleic acid is related to a
lower risk of cardiovascular diseases (49). Thus, the
olive leaf extracts containing polyunsaturated fatty
acids, constitute a potential source of fatty acids
which can be wused to manufacture dietary
supplements.

A few studies have been carried out to evaluate the
fatty acid composition of OL. For instance, Tsiplakou
and Zervas, (2008) reported that the following values
of fatty acids: C14:0 (2.1 = 0.1%), C16:0 (21.0
0.51%), C18:0 (2.4 + 0.06%), C18:1 (12.8 + 0.36%),
C18:2n:6c (13.1 + 0.79%), and C18:3n:3 (37.0 *
0.66%) for OL (Greece variety) (50). Also,
Cavalheiro et al. (2015) reported the following value
of fatty acids: C14:0 (1.54%), C16:0 (27.5 %), C18:0
(5.55%), C18:1 (21.5%), C18:2n:6c (8.26%),
C18:3n:3 (41.30%) and C20:0 (3.26%) for Brazilian
varieties (including, Arbosana, Ascolano, Grappolo,
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Koroneiki, Negrinha do Freix6) (23). The results
showed that C16:0 (23.30+0.15%), C18:1
(21.80+0.40%), C18:2n:6c (27.20+0.33%), and
C18:3n:3 (12.50+0.20%) were the major fatty acids in
the studied OL. Comparison of fatty acids
composition of this variety with others showed
differences in the amounts of C18:2n:6¢c (8.26%),
C18:3n:3 which can be related to the variety, climate
condition, drying procedure and oil content reported
by literatures previously (25, 27).

In addition, adding olive leaf into animal feed
increased unsaturated fatty acids and reduced
saturated fatty acids in animal milk. Tsiplakou and
Zervas, (2008) found that the feeding of OL to sheep
and goat increased the content of conjugated linoleic
acids (cis9-transll a Polyunsaturated fatty acid)
which is very beneficial for human health.
Conclusion

OLs are a rich source of the valuable polyphenolic
compounds specially oleuropein that have high
antioxidant and anticancer activities. Also, they are a
good source of beneficial unsaturated FAs. So, OLs
can be used as a new and potential antioxidant source
for improving human health or as an animal feed for
increasing the quality of animal products (milk and
meat). In addition, in vivo experiments on the
antioxidant effects of OLs would be essential.
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