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ABSTRACT

Background: Approximately 90% of the fatty acids in sunflower oil 
are unsaturated. This study evaluated the antioxidant activity of leaf 
methanol extract of four Iranian olive cultivars on the oxidative stability 
of sunflower oil.
Methods: Leaf methanolic extracts of four Iranian olive cultivars (Zard, 
Roghani, Shiraz, and Dezfool) were prepared by microwave extraction 
method. Total phenolic content, diphenyl-1-picrylhydrazyl (DPPH) 
radical scavenging activity, and reducing power of the extracts were 
determined. Peroxide and anisidine values of sunflower oil treated with 
the extracts were measured during 30 days of storage at 60°C.
Results: The concentration of methanolic extract of the Roghani cultivar 
(46.27±2.76 µg/mL) required to scavenge 50% of the initial DPPH radicals 
(IC50) showed a significant difference (p<0.05) with the IC50 of butylated 
hydroxytoluene (BHT) (112.90±14.81 µg/mL), meaning that the percent 
inhibition of the DPPH radical of the methanol extract of the Roghani 
cultivar was higher than that of BHT (p<0.05). During the 30 days storage 
period, sunflower oil samples without antioxidants showed significantly 
higher anisidine and peroxide values than samples treated with olive leaf 
extracts (p<0.05). In all treated samples, as the concentration of the extracts 
increased, peroxide and anisidine values significantly decreased (p<0.05). 
Conclusion: This study showed that the methanolic extracts of olive 
leaves had the ability to limit the oxidation of lipids and can be considered 
as a potential antioxidant source of natural origin. The methanolic extract 
of Roghani cultivar had the highest effect on the oxidative stability of 
sunflower oil.
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Introduction
Approximately 90% of the fatty acids in sunflower 
oil are unsaturated, with oleic and linoleic acids 
accounting for the majority of the fatty acids. 
When compared to other vegetable oils, the high 
concentration of α-tocopherol is advantageous. 

Among its many health benefits, sunflower oil 
reduces plasma lipoprotein total cholesterol, 
thereby avoiding one of the primary causes of 
arteriosclerosis. Lipid oxidation is considered one 
of the most critical factors affecting the quality 
attributes of sunflower oil and other plant oils during 
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processing, with polyunsaturated fatty acids being 
the saturated fatty acids most sensitive to factors 
such as temperature and oxygenation. This type of 
deterioration shortens the oil’s shelf life. Because 
of the undesirable changes in oil properties, this 
process is hazardous to humans (1).

During the oxidation of oil, low-molecular-weight 
off-flavor compounds are produced that make the 
oil less acceptable or unacceptable to consumers. 
Oxidation of oil produces toxic compounds and 
also destroys essential fatty acids. Oxidation of oil 
is very important in terms of palatability, nutritional 
quality, and toxicity of edible oils (2). There are some 
methods for preventing the oxidation of edible oils. 
The most common and best method for reducing lipid 
peroxidation is the addition of antioxidant agents to 
food formulations. The added antioxidants maintain 
the quality and increase the shelf life of many 
food products. Activities of antioxidants include 
scavenging free radicals, chelating metal catalysts, 
and reducing hydroperoxides into stable compounds 
(3). The origin of antioxidants can be natural or 
synthetic. Synthetic antioxidants have undesirable 
effects on human health, and their use is restricted 
in several countries. The most commonly used 
synthetic antioxidants, butylated hydroxyanisole 
(BHA), propyl galate (PG), butylated hydroxytoluene 
(BHT), and tertiary butyl hydroquinone (TBHQ) 
have been suspected to cause or promote negative 
health effects (4). 

Today, there is an increasing tendency toward 
using natural antioxidants. Many plant extracts have 
been studied and examined for their valuable use 
as antioxidant agents. Natural antioxidants derived 
from plants are divided into three categories of 
phenolic compounds, vitamins, and carotenoids 
(5). Olive tree (Olea europaea L.) leaves have been 
widely used for years in ancient cultures in folk 
medicine (6), because of their therapeutic effect. 
Olive leaf contains natural bioactive compounds 
such as oleuropein, verbascoside, rutin, tyrosol, 
hydroxytyrosol, flavonoids (luteolin, apigenin, 
and quercetin), caffeic acid, and tannins (7), all of 
which have biologic activities such as antioxidant, 
antibacterial, and antiproliferative properties (8, 9). 

Olive leaves contain large amounts of useful 
phenolic compounds (10), which are known as strong 
antioxidant agents (11). Phenolic compounds are 
classified as secondary metabolites found in a variety 
of plants, including roots, seeds, leaves, fruits, stems, 
and so on. These molecules are produced by the plant 
in order to defend itself or to promote growth in 
adverse conditions (12). Olive leaves are an abundant 
by-product of olive trees and a cheap raw material; 
this polyphenol profile suggests a potential use as 

a source of natural antioxidants, thus increasing 
the economic value of the olive leaf. The chemical 
composition of olive leaf varies according to many 
factors such as climatic conditions, olive cultivar, tree 
age (13), genetics, agricultural practices, extraction 
procedures, temperature, geographical location (14), 
and the biological cycle of the olive tree (15). 

Microwave-assisted extraction (MAE) provides a 
rapid delivery of energy to a total volume of solvent 
and solid plant matrix, followed by efficient and 
homogeneous heating of the solvent and solid matrix. 
Because water within the plant matrix absorbs 
microwave energy, internal superheating promotes 
cell disruption, facilitating chemical desorption 
from the matrix and improving bioactive compound 
recovery. For the extraction of bioactive compounds 
from plants, MAE has been considered a potential 
alternative to traditional solid-liquid extraction. It has 
been used to extract bioactive compounds for several 
reasons, including shorter extraction times, less 
solvent usage, and higher extraction yield. Because 
of its ease of use and low cost, MAE is comparable 
to other modern extraction techniques such as 
supercritical fluid extraction. MAE is a powerful 
extraction technique for bioactive compounds when 
economic and practical considerations are taken 
into account (16). Furthermore, the functionality of 
bioactive compounds has not been degraded during 
this process (17). 

Iran is one of the most significant olive producers 
in the world, and in recent years, olive cultivation 
has grown in Iran (18). Zard, Roghani, Dezfool, 
and Shiraz cultivars are cultivated more than others 
(19). The purpose of this study was to use the MAE 
method to extract bioactive compounds from the 
methanol extract of olive leaves of four famous 
Iranian cultivars and add them to sunflower oil 
to increase its antioxidant effect against heat and 
increase the nutritional value of the oil.

Materials and Methods
To prepare olive leave extract, fresh green leaves 
of four olive cultivars (Zard, Roghani, Shiraz, and 
Dezfool) were collected in September 2013 from 
a research olive garden near Shiraz, Iran. Leaves 
were dried in open air under shady conditions and 
then ground in an electrical grinder to obtain a fine 
powder that was then stored. Methanolic extracts 
of the olive leaf powder were prepared via the 
MAE method. For extraction, a microwave oven 
(Samsung, model ME3410W, Malaysia) equipped 
with a flask and a condenser was used. According 
to Pan et al. method (2003), one hundred grams of 
ground powdered leaf were mixed with 1000 mL 
of 80% v/v aqueous methanol and microwaved (200 
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W power level, 15 minutes) (20) with modifications. 
After the extraction time, the flask was allowed 
to cool at room temperature before being opened. 
Whatmann No. 1 filter paper was used to filter the 
extract. To obtain a concentrated extract, the solvent 
was removed using a rotary evaporator (IKA RV10D 
S99, Germany) at 40°C. The extract was lyophilized 
to a dry powder in a lyophilizer (Zirbus, Vaco 5, 
Germany) and stored at -21°C until use.

Total phenolic content of the olive leaf extracts 
was determined according to the Folin-Ciocalteu 
reagent (FCR) colorimetric method as described by 
Singleton and Rossi (1965) with slight modifications 
(21). Half a milliliter of properly diluted lyophilized 
leaf extract (0.05% w/v, 0.5 mg/mL) was added to 
2.5 mL of Folin-Ciocalteu reagent (Sigma-Aldrich; 
St. Louis, MO) (10-fold diluted with distilled water) 
and 2 mL of sodium carbonate (Merck; Darmstadt, 
Germany) (7.5% w/v). Further, the contents were 
mixed using a vortex mixer and allowed to stand 
for 60 minutes at room temperature. The absorbance 
was measured at 765 nm using a spectrophotometer 
(UNICO 2100, Dayton, NJ). A mixture of distilled 
water and reagents were used as a blank. The 
concentration of total phenolic compounds in 
the extracts was determined by comparing the 
absorbance of the extract samples to that of the 
gallic acid standard solutions. All samples were 
determined in triplicate, and the results were 
averaged. Total phenolic content was expressed as 
mg gallic acid equivalents (GAE) per gram of dry 
olive leave extract.

To assess the antioxidant activity of the olive leaf 
extracts by 2, 2-diphenyl-1-picrylhydrazyl (DPPH, 
Sigma-Aldrich, St. Louis, MO) radical scavenging 
assay, half a milliliter of 100, 200, and 500 µg/mL of 
lyophilized olive leaf extracts were mixed with 2.5 
mL of 0.004% DPPH in methanol. After shaking, the 
tubes were left in the dark for 60 minutes at room 
temperature, and the absorbance was measured at 
517 nm. Methanol and 100, 200, and 500 µg/mL 
BHT (Sigma-Aldrich; St. Louis, MO) were used as 
control and standards, respectively. The percentage 
of inhibition activity was calculated as [(A0-A1)/
A0]×100, where A0 was the absorbance of the control 
and A1 was the absorbance of the extract/BHT. The 
concentration of sample required to reduce 50% of 
DPPH radicals (IC50) was calculated from linear 
regression analysis (22). 

The reducing power was measured by a 
modification of the method used by Oyaizu (1986) 
(23). Half a milliliter of different concentrations of 
lyophilized olive leaf extracts (25, 50, and 75 µg/
mL) were mixed with 0.5 mL of sodium phosphate 
buffer (0.2 M, pH 6.6) and 0.5 mL of potassium 

ferricyanide (10 mg/mL, Sigma-Aldrich, St. Louis, 
MO). The mixture was incubated at 50°C for 20 
min. After cooling at room temperature, 0.5 mL of 
trichloroacetic acid (100 mg/mL, Sigma-Aldrich, St. 
Louis, MO), 0.5 mL of distilled water, and 0.1 mL of 
ferric chloride, were added and incubated for another 
10 min at 50°C. The absorbance was measured at 
700 nm against a blank of distilled water. BHT (25 
and 50 µg/mL) was used as a standard antioxidant 
in the assay.

To evaluate the antioxidant activity of the olive 
leaf extract on oxidative stability of sunflower oil, 
freshly refined sunflower oil without any synthetic 
antioxidants was purchased from the Nahangol oil 
company (Broujen, Chaharmahal, and Bakhtiyari, 
Iran). Lyophilized olive leaf extracts with 
concentrations of 500 and 1000 µg/mL and TBHQ 
with a concentration of 75 µg/mL were added to the 
oil separately. Samples were subjected to accelerated 
oxidation in dark condition of an oven without air 
circulation at 60°C for 30 days. In each sampling 
day (0, 5, 10, 15, 20, 25, and 30), samples were 
removed from the oven and subjected to chemical 
analysis. Sunflower oil without any antioxidant 
was considered negative control. All samples were 
analyzed in triplicate.

For chemical analysis of sunflower oil samples, 
the peroxide value and anisidine value of treated oil 
samples were determined according to the procedure 
described by the American Oil Chemist’s Society 
(24). The peroxide value was measured by treating a 
solution of the sunflower oil samples (5±0.05 g) in 30 
mL acetic acid-chloroform with 0.5 mL of saturated 
potassium iodide solution and by titrating with 0.1 N 
sodium thiosulfate. The determination of anisidine 
value was done by reading the absorbance of a 
solution of the sunflower oil samples (0.5-4±0.001 
g) in 25 mL isooctane, treated with 1 mL p-anisidine 
reagent at 350 nm, solvent with p-anisidine reagent 
was used as a blank in the reference cuvette.

All statistical analyses were performed in 
triplicate. To compare groups, an analysis of variance 
(ANOVA) was conducted, and means comparisons 
were done by Duncan’s multiple range tests. P 
values less than 0.05 were considered statistically 
significant. Analysis was undertaken using the 
SPSS for Windows package (Version 22, SPSS Inc., 
Chicago, IL, USA).

Results 
Table 1 presents the mean amount of total phenolic 
compounds in the methanolic extract of leaf from four 
Iranian olive cultivars. The total phenolic compound 
content varied between cultivars, but there was 
no significant difference (p>0.05) between them.  
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The concentration of extracts required to reduce 
50% of DPPH radicals (IC50) was presented in 
Table 1, and the percent inhibition activity of a 
methanolic extract of four olive leaf cultivars and 
BHT was presented in Figure 1. According to the 
results shown in Table 1, the methanolic extract of 
the Roghani cultivar had the lowest IC50 (46.27±2.76 
μg/mL) which was significantly (p<0.05) different 
from the IC50 of BHT (112.90±14.81 μg/mL). This 
result indicated the higher antioxidant activity 
of the Roghani cultivar. In the DPPH radical 
scavenging method, the percent inhibition activity 
in all extracts and BHT significantly increased as 
the concentration increased (p<0.05). 

According to the results presented in Table 1,  
the reducing power of all extracts and BHT was 
significantly increased as the concentration increased 
(p<0.05), which was related to increasing total 
phenolic compound content (25). Methanolic extract 
of the Roghani cultivar with a concentration of 75 
μg/mL had the highest reducing power among the 

extracts. At the same concentration, all olive leaf 
extracts had significantly lower reducing power than 
BHT (p<0.05). 

The content of secondary oxidation products 
(anisidine value) in treated sunflower oil samples 
stored at 60°C for 30 days was shown in Figure 2. 
The anisidine value decreased significantly (p<0.05) 
during the storage period in all samples as the 
concentration of the extracts increased. Adding olive 
leaf extracts lowered the anisidine value of sunflower 
oil in comparison with the sample without any 
antioxidant (p<0.05). The oil sample containing 1000 
µg/mL methanolic extract of the Roghani cultivar 
had a lower anisidine value than the other groups 
across all storage days (p<0.05). In all experiment 
days, samples without antioxidants showed a higher 
anisidine value. The anisidine values of a 1000 µg/
mL methanol extract of the Roghani cultivar and the 
sample without antioxidant were 23.15 and 33.39 on 
day 30 of storage, respectively. 

The oxidation degree of sunflower oil was 

Table 1: Total phenolic content, radical-scavenging activity, and reducing power (at concentrations of 25, 50, and 75 
µg/mL) of methanolic extracts of leaves of four cultivars of Iranian olive
Olive leaf 
cultivars

Total phenolic 
content (mg gallic 
acid equivalents/g)

Radical-scavenging 
activity
IC50 (µg/mL)

Reducing power (Absorbance at 700 nm) at 
concentrations of 

25 (µg/mL) 50 (µg/mL) 75 (µg/mL)
Dezfool 226.05±15.11a 147.10±11.80a 0.33±0.01bcA 0.41±0.01abB 0.56±0.01aC

Shiraz 226.21±9.57a 140.71±12.90a 0.26±0.01aA 0.38±0.04aB 0.61±0.01abC

Zard 232.08±14.57a 69.39±30.05b 0.32±0.01bA 0.42±0.01abB 0.59±0.01abC

Roghani 231.92±11.27a 46.27±2.76c 0.36±0.01cA 0.47±0.01bB 0.63±0.01bC

BHT - 112.90±14.81a 0.65±0.06dA 1.02±0.21cB -
BHT: Butylated hydroxytoluene; Data are Mean±SD of three independent extracts. IC50=The concentration of olive leaf 
extract needed to decrease 50% of 2, 2-Diphenyl-1-Picrylhydrazyl (DPPH) radicals; Different small letters indicate 
statistically significant differences in columns (p<0.05). Different capital letters indicate statistically significant 
differences in row (p<0.05).

Figure 1: Inhibition activity of different concentrations of methanolic extracts of leaves of four cultivars of Iranian olive 
and synthetic antioxidant (butylated hydroxytoluene: BHT). Data are mean of three independent extracts. The different 
letters in the same concentration indicate significant differences (p<0.05).
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determined by its peroxide value during storage for 
the antioxidant effect of olive leaf extracts at 500 and 
1000 μg/mL concentrations and TBHQ at 75 g/mL 
concentration. The influence of methanol extracts on 
the peroxide value in sunflower oil samples was shown 
in Figure 3. As illustrated in Figure 3, the peroxide 
value of all samples increased with storage time. But 
this increased trend for samples with TBHQ was very 
slow compared to other groups. The peroxide value 
of the sunflower oil sample without any antioxidants 
reached a maximum value of 171.16 meqO2/kg 
oil after 30 days of storage at 60°C (Figure 3),  
and in all days of the experiment, this group showed 
the higher peroxide value (p<0.05). During storage 
time, in all samples, as the concentration of the 
extracts increased, peroxide values significantly 
decreased (p<0.05). 

Discussion
Sunflower oil enrichment has been studied using 
various natural antioxidant sources revealing 
that enriching sunflower oil with various natural 
antioxidants improves oil stability globally (26, 27). 
Phenolic compounds can chelate metal catalysts, 
scavenge free radicals, and retard the process of 
lipid oxidation. The antioxidant activity of olive 
leaf extract is directly affected by total phenols (28). 

Phenolic compound is one of the most important 
natural antioxidant components of plant origin. The 
total phenol content of olive leaf was determined in 
some researches. Nashwa et al. and Mohammadi 
et al. reported 90.48, and 206.81 mg GAE/g of 
sample, respectively, for total phenolic compounds 
in a methanol extract of olive leaf (29, 30). Rafiee 
et al. (2012) reported the total phenol content of 
the microwave-assisted methanol extract of olive 
leaf of the Roghani cultivar as 226.84 mg tannic 
acid equivalent (TAE)/g of extract (31). Differences 
in the total polyphenol composition of olive leaf 
extracts between diverse studies in the literature 
could be related to several parameters, such as the 
harvest season, olive leaf cultivar (32), geographical 
location, age of leaves, previous treatment of olive 
leaves (dried and ground), extraction procedures, 
and the final volume to which each extract was 
concentrated (33).

The reducing power of a compound might be 
a result of its hydrogen-donating capacity (34). 
The ability of the antioxidant compound to reduce 
Fe3+ to Fe2+ represents the reducing power of the 
antioxidant (35). Fe2+ can be monitored by measuring 
the formation of Perl’s Prussian Blue at 700 nm (36). 
Reducing power will increase accordingly with the 
increase in absorbance. Our result is in agreement 

Figure 2: P-anisidine values of sunflower oil treated with 500 and 1000 µg/mL of methanolic extracts of leaves of four 
cultivars of Iranian olive and synthetic antioxidant (tertiary butyl hydroquinone: TBHQ) during storage at 60°C for 30 
days. The different letters in the same sampling day indicate significant differences (p<0.05).

Figure 3: Peroxide value of sunflower oil treated with 500 and 1000 µg/mL of methanolic extracts of leaves of four 
cultivars of Iranian olive and synthetic antioxidant (tertiary butyl hydroquinone: TBHQ) during storage at 60°C for 30 
days. The different letters in the same sampling day indicate significant differences (p<0.05).
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with Rafiee et al. (31). Altemimi also reported that 
the percentage of reducing power was 143.3% and 
183.8% for the methanol extract of the olive leaf 
and BHT, respectively (37). Nashwa and Abdel-Aziz 
and Altemimi measured the reducing power of the 
methanol extract of the olive leaves and found that 
there was a potential effect for this extract to be used 
as a reducing factor, and this result indicated the 
antioxidant activity of the methanolic extract of olive 
leaves (36, 37).

Peroxide value is one of the most widely used and 
important quality control measurements for food 
systems, especially edible oils, because it is a very 
sensitive indicator of the primary oxidation state 
of the oils (38). The application of the leaf extract 
of two cultivars (Coroneiki and Roghani) of olive 
plant in sunflower oil has been studied by Rafiee 
et al. (39). The results of the peroxide value and 
thiobarbituric acid index revealed that a methanol 
extract of Cronaiky at 1000 µg/mL could control the 
oxidation of sunflower oil in a manner comparable to 
BHA and BHT at 100 and 200 µg/mL levels.

Bouaziz et al. found the enrichment of olive oil 
with olive leaf extract resulted in an appreciable 
resistance to oxidative deterioration due to its 
phenolic antioxidant content (40). Salta et al. enriched 
commercially available oils (olive oil, sunflower 
oil, palm oil, and a vegetable shortening) with 
polyphenols by adding olive leaf extract (33). Results 
of their study showed that both antioxidant capacity 
and oxidative stability were substantially improved 
for all the oils studied after supplementation. 

Conclusion
This study showed that the methanolic extracts of 
olive leaves had the ability to limit the oxidation 
of lipids and can be considered as a potential 
antioxidant source of natural origin. The methanolic 
extract of Roghani cultivar had the highest effect on 
the oxidative stability of sunflower oil.
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