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Abstract
Background and objective: Olive oil has a lot of nutritional and medicinal benefits, which make it more
valuable than other oils. Therefore, it is noticeable for adulteration by mixing with the cheaper oils. At this
study, authenticity of virgin olive oils sold in herbal stores in north of Iran (Rasht) has been investigated.
Material and methods: During 2019, 26 samples of virgin olive oils were collected randomly from the
herbal stores of Rasht city (Guilan, north of Iran). Fatty acid profile by gas chromatograph, peroxide value
by calculation of milliequivalent of active oxygen per kilogram of oil, and acidity by titration of the
samples with potassium hydroxide were determined in the laboratory and compared to the national
regulation.
Results and conclusion: Approximately, 58% of the samples were out of the permitted range at least in
one of the measured parameters. With regard to fatty acid profile, 77% of the samples were within the
normal range. Predominant fatty acids were included to oleic acid (59.8 ±14.3%), linoleic acid (21.4
±14.1%), palmitic acid (13.8 ±1.4%), stearic acid (2.7 ±0.8%), and palmitoleic acid (0.7 ±0.3%). In case of
peroxide value, 92.3% of the samples were within the acceptable range. Based on acidity, different virgin
olive oils were differentiated as extra virgin (n = 1, %3.8), first grade virgin (n = 11, 42.31%), ordinary
virgin (n = 8, %30.77), and lampante virgin (n = 6, %23.08). Our investigation revealed that the olive oils
sold in herbal stores as traditional market should be monitored restrictedly to assess their originality and
storage condition. Although, they should be examined periodically to find any adulteration, if exists.
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1. Introduction
Olive oil is a valuable source of nutrients and is
traditionally produced in the Mediterranean
regions [1] especially Iran [2]. The oil is extracted from fruit of the olive tree, Olea europaea,
belonging to the family of Oleaceae [3].
Approximately, 98% of olive oil is composed of
triacylglycerol with a relatively high amount of
oleic acid as a nonessential monounsaturated
fatty acid. Palmitic acid, linoleic acid, stearic
acid, and palmitoleic acid are other fatty acids in
composition of the triacylglycerols in olive oil
[4]. Oleic acid has anti-inflammation activity
and shows beneficial roles in reduction of
cardiovascular diseases by regulation of blood
lipid profile through reduction of the lowdensity lipoprotein (LDL) cholesterol [5] and
increasing the high-density lipoprotein (HDL)
cholesterol in the blood [6]. It has preventive
effect against chronic diseases such as breast
cancer and type 2 diabetes mellitus [7]. Phenolic
compounds of olive oil have considerable antioxidant properties. Thus, consumption of extra
virgin olive oils, which are rich of phenolic
compounds, is recommended to delay ageing
and reduce the risk of colon, breast, and skin
cancers in people [8]. The beneficial health
effect of the oil is the most important factor in
determination of its high price compared to the
other oils and makes it interesting for adulteration [9-10].
Virgin olive oil is obtained from fruit of the
olive tree mainly by mechanical force under
thermal condition which does not change the
chemical composition of the oil. The process
also includes washing, decantation, centrifugation, and filtration. The appropriate virgin
olive oil for oral consumption is classified to
extra virgin olive oil, first grade virgin olive oil,
and ordinary virgin olive oil. Their acidity,
expressed as oleic acid, should be less than 0.8,
2, and 3.3 g/100 g, respectively. In comparison,
lampante virgin olive oil has acidity more than
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3.3 g/100 g and is not appropriate for human
consumption [11-12].
There is several research about authenticity of
olive oils from different regions of Iran [13-16].
However, no data is available about the samples
collected from the local herbal stores in which
the storage condition might affect chemical
composition of the oil, other than its intentional
mixing with cheaper oils that is of concern in
halal commerce. Therefore, the current study
aimed to investigate chemical composition (fatty
acid profile, peroxide value, and acidity) of
virgin olive oils sold in herbal stores of Rasht
city (Guilan province, north of Iran) in 2019.
2. Materials and methods
2.1. Chemicals and samples
All solvents/chemicals were of analytical grade
and obtained from Merck (Darmstadt, Germany). Pure fatty acids of palmitic acid, stearic
acid, oleic acid, linoleic acid, and palmitoleic
acid were purchased from Sigma Aldrich (USA).
Twenty-six olive oil samples were randomly
purchased from the herbal shops in Rasht city
(Guilan province, north of Iran) during 2019.
This study was approved in Ethics committee of
Guilan University of Medical Sciences (Ethics
code: IR.GUMS.REC.1398.369).
2.2. Gas chromatography
The fatty acids were esterified by methyl group
and were analyzed by Shimadzu gas chromatograph (GC-14B, Kyoto, Japan) equipped with
flame ionization detector (FID) and silica
capillary Column BPX70 (60 m × 0.25 mm ×
0.25 μm). Helium was used as carrier gas at flow
rate of 1 ml/min. Thermal program was set to
increase from 175 °C to 230 °C at rate of 3
°C/min. Temperature of injector and detector
was 250 C and 280 C, respectively. Amount of
fatty acids was determined by calculation of the
peak area and expressed as percentage [11].
2.3. Peroxide value
Peroxide value of the samples, expressed as
milliequivalent of active oxygen per kilogram of
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oil (meq O2/kg oil), was determined by titration.
Briefly, olive oil was dissolved in acetic
acid/chloroform (3:2 v/v). The mixture was left
to react with saturated potassium iodide in
darkness. Then, deionized water was added
followed by addition of starch dropwise. Finally,
free iodine was titrated with 0.01 N sodium
thiosulfate until the color disappeared [17].
2.4. Acidity
Free fatty acids content, expressed as oleic acid
percentage, was determined by titration of oil
solution dissolved in ethanol with 0.1 M
potassium hydroxide ethanolic solution in the
presence of phenolphthalein as reagent [18].
2.5. Sample size and statistical analysis
Cochran formula was used for determination of
sample size. By considering a population size of
64 (based on a listed database available from
Food and Drug deputy of Guilan University of
Medical Sciences), excepted precision of 0.15,
and proportion of population of 0.5, sample size
of 26 was achieved.
N z2 p q
n=
N d2 + z 2 p q
Where, N stands for population size, z stands for
z-score for confidence interval 95%, p is
proportion of population, q stands for (1-p), d is
a desired level of precision, and n is sample size.
All statistical analyses were performed by SPSS
version 21 (SPSS Inc., Chicago, IL, USA).
Normal distribution of data was checked by
Kolmogorov-Smirnov test. Data are presented as
mean ±standard deviation (SD).
3. Results and discussion
Our examinations revealed that 58% of the
samples were not compatible with the determined levels in the regulations of olive oil at
least in one of the measured parameters.
Composition of fatty acid is one of the most
important measures for qualification of edible
oils especially olive oil [19]. As seen in Table 1,
amount of some fatty acids in the samples was
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out of the range determined by Iranian
regulation [11], and 73% of the samples were
fully accepted in this regard. Predominant fatty
acids were oleic acid (59.8 ±14.3%), linoleic
acid (21.4 ±14.1%), palmitic acid (13.8 ±1.4%),
stearic acid (2.7 ±0.8%), and palmitoleic acid
(0.7 ±0.3%).
Oleic acid as the main monounsaturated fatty
acid in olive oil [20] was between 29.5% and
74.5%. With respect to this fatty acid, approximately 27% of the samples were out of the
acceptable range (55-83%), which reflects their
poor nutritional quality [21]. In addition, linoleic
acid, the main polyunsaturated fatty acid in olive
oil, ranged from 10% to 53.3%, and 27% of our
samples were not in accordance to the acceptable range (3.5-21%). Palmitic acid, the main
saturated fatty acid in olive oil [22], was found
in range of 11% to 16.4%, which covered the
acceptable range of 7.5-20% for olive oil.
Similar result was observed for stearic acid and
the calculated range of 1.1-4.3% was consistent
with the acceptable range (0.5-5%). The minor
fatty acid of palmitoleic acid was calculated
from 0.1% to 1.3%, of which 19% of the
samples were not in the acceptable range of 0.33.5% [11]. Low amount of oleic acid and high
amount of linoleic acid make the olive oil
sensitive to oxidation [23]. Therefore, the sample no. 15 and the sample no. 9 with the least
and the highest ratio of oleic to linoleic acid
were the most sensitive and the most resistant
samples to oxidation, respectively (Table 1).
Cultivar, climate, and fruit's maturity are factors
affecting the fatty acid composition of olive oil
[24], that is critical in monitoring and evaluation
of adulteration [25-26]. The acceptable range of
each fatty acid in olive oil is determined by
considering all of these variables. Therefore,
addition of inexpensive oils to olive oil changes
its fatty acid profile out of the standard range
[27-28].
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Table 1- Fatty acid compositions of olive oil samples collected from herbal stores in Rasht city (Guilan province,
north of Iran)
Fatty acid
Sample
Palmitic acid

Palmitoleic acid

Stearic acid

Oleic acid

Linoleic acid

1

13.1

1.0

2.7

67.5

12.6

2

12.6

0.5

2.5

70.6

11.8

3

14.8

1.2

2.4

61.5

17.7

4

15.0

1.2

2.5

64.1

14.3

5

12.7

0.9

2.7

65.8

15.1

6

13.7

0.8

2.4

70.0

11.5

7

14.3

1.0

3.0

65.3

14.1

8

12.2

0.2*

4.2

29.5*

46.3*

9

11.8

0.7

2.6

72.8

10.0

10

15.2

1.3

2.0

70.4

10.8

11

15.1

1.0

2.8

65.5

15.3

12

14.4

1.0

2.6

67.7

14.1

13

14.3

1.0

2.4

67.8

14.3

14

15.5

0.2*

4.2

34.9*

44.9*

15

12.1

0.1*

3.6

30.7*

53.3*

16

16.4

1.1

2.7

67.6

11.8

17

14.3

0.2*

3.1

37.2*

44.9*

18

14.0

0.6

1.1

49.3*

30.9*

19

12.7

0.6

1.9

65.0

19.6

20

15.8

0.7

4.3

66.8

12.0

21

15.5

1.1

1.3

67.2

14.7

22

15.7

1.1

3.0

67.4

12.6

23

13.0

0.9

2.4

70.4

13.1

24

11.0

0.4

2.5

74.5

11.3

25

12.6

0.2*

3.9

34.1*

49.0*

26

11.8

0.9

1.9

51.8*

31.2*

Mean ±SD

13.8 ±1.4

0.7 ±0.3

2.7 ±0.8

59.8 ±14.3

21.4 ±14.1

55.0-83.0

3.5-21.0

Acceptable
7.5-20
range
*Out of the acceptable range

0.3-3.5
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The average acidity and peroxide value of the
samples are listed in Table 2. Peroxide value
varied between 2.3 to 43.2 meq O2/kg, and 24
samples )92.3%( were within the acceptable
range (20 meq O2/kg for virgin olive oils) [11].
Peroxide value is a measure of hydroperoxides
formed during lipid oxidation and its amount
determines safety of edible oil for further
consumption [29]. In addition, quality of olive
oil is importantly affected by acidity. A lower
acidity indicates higher quality of the virgin
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olive oil [13]. Indeed, acidity is reflected by
amount of oleic acid released from triacylglycerols by activity of enzymes in the oil,
which makes it susceptible to deterioration [30].
Comparison of acidity in our samples with
permitted levels in the national regulation [11]
helped us in differentiation of the samples.
Accordingly, 1 extra virgin (3.8%), 11 first
grade virgin (42.3%), 8 ordinary virgin (30.7%),
and 6 lampante virgin (23.0%) olive oils were
determined.

Table 2- Acidity and peroxide value of olive oil samples collected from herbal stores in Rasht
city (Guilan province, north of Iran)
Sample
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
Mean ±SD
Acceptable limit

Acidity
2.5
1.7
1.9
3.1
2.9
3.6
1.9
1.5
2.8
2.3
7.6
4.1
2.8
1.9
1.6
2.5
3.2
1.6
8.1
1.8
0.8
3.6
5.9
1.1
1.4
0.6
2.8 ±1.8
Extra virgin: ≤0.8; First grade virgin: 0.8< ≤2; Ordinary
virgin: 2< ≤3.3; Lampante virgin: >3.3
*Out of the acceptable limit
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Peroxide
12.7
16.9
11.5
14.3
13.5
13.8
15.1
12.4
43.2*
12.5
11.2
11.6
14.1
20.0
4.3
13.0
2.3
11.3
13.5
13.0
9.2
38.8*
5.0
16.4
4.1
12.7
14.0 ±8.9
20
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Although, all the samples were sold as virgin
olive oil in the herbal stores, the storage
condition such as room temperature, characteristic of the oils' bottles [31], and light [32]
might affect quality of the measured parameters.
Importantly, use of industrial olive oils that are
monitored periodically by the regulatory
agencies is more recommended to avoid health
and financial outcomes for the consumers.
4. Conclusion
This work was the first assessment about quality
of virgin olive oils sold in the herbal stores in
north of Iran (Guilan province, Rasht city). By
considering all of the quality parameters
(acidity, peroxide, and fatty acid composition),
approximately 58% of the virgin olive oil samples were not compatible with the limits determined by the national regulations. It seems that
the herbal stores as traditional market need a
restricted surveillance to assure the olive oils'
originality under appropriate storage. For this
purpose, the oils should be monitored periodically each year to find any adulteration, if exists.
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