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1. Introduction

Olive oil is one of the few edible oils consumed in the 
natural state due to its nutritional properties, health value, 
and pleasant flavour. The high levels of monounsaturated 
fatty acid, minor nutraceutical components and its sensory 
properties constitute the nutritional value of olive oil 
(Angerosa, 2002). Edible oils deteriorate easily because of 
some chemical reactions caused by the effect of heat, light, 
enzyme and metal ions (Bandoniene et al., 2002). Lipid 
oxidation is the most significant reaction that reduces the 
shelf life of oils (Kristott, 2000). In addition, lipid oxidation 
causes rancid odours, off-flavours, discolouration and a 
decrease in nutritional quality (Kathirvel and Rupasinghe, 
2011). As a result of the oxidation process, breakdown 
products such as peroxides, aldehydes and ketons form, 
making the oil unacceptable for consumption (Özcan and 
Arslan, 2011). One of the ways of reducing lipid oxidation 

is to add antioxidants (Karpinska et al., 2001). Sources of 
natural antioxidants are spices, herbs, teas, oils, seeds, 
cereals, fruits and vegetables. The maximum antioxidant 
capacity is provided by herbs and spices (Inanç and Maskan, 
2012). Essential oils are also used as natural antioxidants 
for slowing down the oxidation process and preserving the 
polyunsaturated oils (Karpinska et al., 2001). There is a great 
interest in obtaining and using the natural antioxidants 
because they are safe, are extracted from natural resources 
and have functional and sensory properties (Olmedo et 
al., 2009). The purpose of this study was to investigate 
the effect of the storage materials (red, green, yellow and 
colourless glass bottle) and rosemary essential oil on the 
physico-chemical properties of extra-virgin olive oil stored 
in several coloured bottles.
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The aim of the study was to investigate the effect of both storage material colour (red, green, yellow and transparent 
glass bottle) and rosemary essential oil on the physico-chemical properties of extra-virgin olive oil. For this reason, 
free fatty acid, peroxide value, viscosity, colour and fatty acid composition of oils were measured at regular intervals. 
Free fatty acid and peroxide values of olive oils stored in different coloured bottles increased partly during storage. 
After 90 days of storage, free fatty acid values of samples changed between 0.78 and 0.89 mg KOH/g oil. By the 90th 
day of storage peroxide values of samples had changed from 32.75 to 79.46 meq O2/kg oil, whereas the peroxide 
value of the control group on the 90th day was 94.55 meq O2/kg. On the first day (0 day), ‘L*’, ‘a*’ and ‘b*’ values 
of control groups were determined to be 70.81, -3.69 and 38.26, respectively. During storage, these values partly 
increased. Linoleic acid (40.95-43.92%), oleic acid (33.04-34.99%) and palmitic acid (12.38-13.58%) were the major 
fatty acids of olive oils. In view of the analysis, the best results were obtained from oil stored in a green bottle. The 
addition of rosemary essential oil reduced lipid oxidation and showed an antioxidant effect when compared with 
the control group.
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2. Materials and methods

Materials

Extra-virgin olive oil was obtained from Mut, district of 
Mersin in Turkey. The dried leaves of rosemary (Rosmarinus 
officinalis L.) were purchased from a local market in Konya. 
All reagents and solvents were analytical grade and obtained 
from Sigma-Aldrich Co. (St. Louis, MO, USA).

Methods

Extraction of essential oil

Dried rosemary leaves (about 300 g) were ground into 
small pieces using a blender. Ground samples were placed 
in a flask (2 l) with deionised water (1.5 l). The mixture 
was hydrodistilled for 4 h in a Clevenger-type apparatus 
(İldam, Ankara, Turkey). The essential oil was kept in a 
freezer at -18 °C.

Experimental design

Glass bottles (1 l) in four different colours (red, green, 
yellow and transparent) were filled with 500 ml extra-virgin 
olive oil. Rosemary essential oil was added at 0.03% (w/w). 
A control sample was prepared without added antioxidant 
under the same conditions in a transparent bottle. The 
bottled oils were thoroughly mixed and located in a place 
exposed to sunlight. Samples were stored for 3 months at 
room temperature and analysed on day 0, 30, 60 and 90 
after bottling to determine the physico-chemical properties 
(colour, viscosity, fatty acid composition, free fatty acid and 
peroxide values).

Colour analyses

Colour values were measured with a Minolta Chroma meter 
CR 400 (Konica Minolta, Inc. Osaka, Japan) according to 
the International Commission on Illumination L*, a*, b* 
scale (Rizzo et al., 2014).

Viscosity analyses

Viscosity values of samples were measured using a 
viscometer (SV-10; AND, Tokyo, Japan) and denominated 
mPa·s (Akbulut et al., 2009).

Analysis of free fatty acid and peroxide value

Free fatty acids and peroxide values were determined using 
the standard AOCS (2009) method Ca 5a-40.

Fatty acid composition

Olive oil was esterificated according to the ISO-5509 (ISO, 
1978) method with some modifications. Fatty acid methyl 
esters of samples were analysed by gas chromatography 
(GC-2010; Shimadzu, Tokyo, Japan) equipped with a flame-
ionisation detector and capillary column (TR-CN100, 60 m 
× 0.25 mm, film thickness 0.20 µm; Tecnocroma, Barcelona, 
Spain). The temperature of the injection block and detector 
was 260 °C. The mobile phase was nitrogen with 1.51 ml/
min flow rate. Total flow rate was 80 ml/min and split rate 
was also 1/40. Column temperature was programmed at 
120 °C for 5 min and increased to 240 °C at a rate of 4 °C/
min and held for 25 min at 240 °C. A standard fatty acid 
methyl ester mixture (Sigma-Aldrich Co.) was used to 
determine sample peaks. Commercial mixtures of fatty acid 
methyl esters were used as reference data for the relative 
retention times (AOAC, 1990).

3. Results and discussion

The free fatty acid values of virgin olive oils (added essential 
oil and control samples) stored in glass bottles of different 
colours (red, green, yellow and transparent) for a period of 
90 days are given in Table 1. Free fatty acid and peroxide 
values of olive oils stored in different coloured bottles 
increased partly during storage. At 90 days of storage, free 
fatty acid values of samples changed between 0.78 to 0.89 
mg KOH/g oil. Free fatty acid values of the control group 
ranged from 0.39 to 1.22 mg KOH/ g oil during storage. 
Generally, at 90 days of storage of samples, free fatty acid 
values of samples were found to be lower than the control 
group. As the time increased from 0 to 90 days, an increase 
in acidity was determined in all of the storage oils, which 
was in accordance with the results of Asensio et al. (2011) 
and Rababah et al. (2011). As a result of the hydrolysis 
process, free fatty acids, glycerol, mono- and di-glycerides 
formed, therefore the deterioration of lipid was observed 
due to the development of rancidity (Gertz, 1996). During 
the storage time, the maximum increase was registered in 
the control sample (1.22 mg KOH/g oil) without rosemary 
essential oil. It was ascertained that rosemary essential 
oil (0.3%) showed an antioxidant effect in olive oil. In the 
experiments reported by Terpinc et al. (2009) and Visentin 
et al. (2011), carnosic acid is the most effective antioxidant 
component in rosemary extracts. From the standpoint 
of the bottle colour, the minimum increase in the acidity 
values was found in oil stored in green (0.78 mg KOH/g 
oil) and yellow (0.79 mg KOH/g oil) bottles. Values of the 
control sample (added essential oil) and oil stored in red 
bottle were closest for the last month, while the highest 
acidity for the first and second month was observed in the 
red bottle. Rababah et al. (2011) studied olive oil stored in 
a clear glass bottle for two months at 25 °C; the increase 
in acidity values was 0.04% for the first month and 0.28% 
for second month. When the glass bottle was compared 
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with tinplate and plastic bottle, oils in the glass container 
exhibited the lowest acidity throughout the storage period. 
According to the study of Chen et al. (2014), the inhibitory 
effect of rosemary essential oil on free fatty acids was higher 
than butylated hydroxytoluene, but lower than butylated 
hydroxyanisole and tert-butylhydroquinone.

The peroxide values of virgin olive oils were shown to 
increase during storage time as illustrated in Table 1. 
Peroxide values of samples at 90 days of storage had changed 
from 32.75 to 79.46 meq O2/kg oil, whereas the peroxide 
value of the control group at 90 days was 94.55 meq O2/
kg. So, peroxide values of samples were found to be lower 
than the control group. Also, it can be said that rosemary 
essential oil affected the stability of olive oils stored in 
several coloured bottles for 90 days. The presence of oxygen 
in the headspace of the bottle or dissolution of the oxygen 
in the oil causes a reaction with unsaturated fatty acids and 
consequently consists of hydroperoxides and peroxides 
(Savarese et al. 2013). High temperature and light lead to 
the formation of peroxides (Gharby et al., 2011). Olive oil 
without added essential oil and stored in a transparent 
bottle showed the maximum increase in peroxide value. It 
was indicated that rosemary essential oil had an antioxidant 
effect on olive oil. When comparing the increase in peroxide 
values with regard to the colour of bottle, the best results 
were obtained from olive oil stored in a green bottle. 
Peroxide value was found according to decreasing orders 
in oils in transparent (without essential oil) > yellow > 
transparent (with essential oil) > red > green bottles. Rizzo 

et al. (2014) investigated quality changes in extra virgin 
olive oil packaged in coloured (clear, green, orange, white 
and blue) polyethylene terephthalate (PET) bottles during 
storage period. The lowest peroxide values were observed 
for oils stored in blue, white and green bottles. According to 
Rababah et al. (2011) the best protection was provided with 
the glass bottle, followed by plastic and tinplate containers. 
Savarese et al. (2013) reported that red bottles did not show 
sufficient protection against light compared to transparent 
PET bottles. In addition, Makni et al. (2011) stated that the 
best bottles for packing of oils were opaque glass bottles 
including antioxidant additives.

Colour values of olive samples stored in several bottles 
are given in Table 2. On the first day (0 day), L*, a* and 
b* values of control groups were determined to be 70.81, 
-3.69 and 38.26, respectively. During storage, these values 
partly increased. According to the values, green bottles 
can be recommended for storage. Also, rosemary essential 
oil protected against colour change during storage. In 
general, L* values of oils increased, while a* and b* values 
decreased with the effect of storage time and colour of 
bottle. Reduction in the pigment content (chlorophyll and 
carotenoid) caused a change in the colours of oils during 
the storage time. Rizzo et al. (2014) determined that there 
was not a significant change because of bottle colours and 
storage conditions.

The fatty acid compositions of virgin olive oils stored in 
colourful glass bottles are shown in Table 3. According to 

Table 1. Free fatty acid and peroxide values of olive oils.

Treatments Free fatty acid values (mg KOH/g oil) Peroxide values (meq O2/kg oil)

Time (days) 0 30 60 90 0 30 60 90

Control (without essential oil) 0.39 0.77 0.77 1.22 10.59 20.96 48.76 94.55
Control (essential oil added) 0.77 0.75 0.89 19.36 37.16 65.85
Stored in red bottle 0.83 0.85 0.89 19.66 23.19 63.95
Stored in green bottle 0.73 0.79 0.78 15.93 23.76 37.25
Stored in yellow bottle 0.75 0.77 0.79 18.03 30.22 79.46

Table 2. Colour values of olive oils.

Treatments Day 0 Day 30 Day 60 Day 90

L* a* b* L* a* b* L* a* b* L* a* b*

Control (without essential oil) 70.81 -3.69 38.26 81.59 -3.39 24.31 83.89 -2.97 19.24 86.16 -2.27 8.70
Control (essential oil added) 80.78 -3.66 23.09 89.75 -1.29 7.55 83.59 -2.79 16.01
Stored in red bottle 78.36 -4.25 25.48 70.36 -3.44 31.73 81.75 -3.27 22.78
Stored in green bottle 78.76 -3.69 7.44 88.09 -2.96 4.51 87.08 -2.22 1.60
Stored in yellow bottle 61.33 -4.63 26.34 84.25 -3.37 13.86 86.06 -2.18 9.28
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the results, rosemary essential oil did not effect the fatty 
acid composition of the samples. Generally, all fatty acid 
levels in samples were similar. While oleic acid content 
change between 33.04 (red bottle for 30 days) and 34.99% 
(for 0 days), linoleic acid contents ranged from 40.95 to 
43.80% (control sample stored in a transparent bottle with 
added essential oil for 30 or 90 days, respectively). Linoleic 
acid (40.95-43.92%), oleic acid (33.04-34.99%) and palmitic 
acid (12.38-13.58%) were the major fatty acids of olive oils. 
Levels of oleic and linoleic acids decreased while a slight 
increase in palmitic acid content was observed. The reason 
for this situation was the degradation of double bonds in 
unsaturated fatty acids because of oxidation. But the levels 
of phenolic compounds and antioxidants in virgin olive oil 
provide the high oxidative stability. Therefore, fatty acid 
compositions of virgin olive oils did not alter dramatically.

Viscosity values of virgin olive oils are given in Table 4. 
Viscosity values of olive samples showed differences during 
storage. On the first day (0 day), the viscosity value was 
47.67 mPa·s. While viscosity values of olive oils stored 
in red, green and yellow bottles at 30 days of storage are 
42.27, 60.00 and 63.93 mPa·s, these values were determined 
to be 32.17, 36.43 and 35.63 mPa·s, respectively. These 
differences are probably due to a reaction between essential 
oil, measurement temperature and polymerisation. While 
viscosity values of all samples increased at 60 days of 
storage, these values partly decreased at 90 days of storage. 
But essential oil affected the viscosity values of oil samples, 
and protected the viscosity of oil samples.
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Table 3. Fatty acid compositions of olive oils stored in different coloured glass bottles.1

Fatty acids Fatty acid composition (%)

day 0 day 30 day 60 day 90

C-1 C-2 Red Green Yellow C-1 C-2 Red Green Yellow C-1 C-2 Red Green Yellow

Myristic acid 0.27 0.26 0.23 0.27 0.28 0.28 0.27 0.27 0.27 0.26 0.28 0.27 0.28 0.27 0.28 0.28
Palmitic acid 13.58 13.18 12.38 12.97 13.49 13.53 13.45 13.47 13.19 13.33 13.51 13.30 13.40 13.35 13.51 13.52

Stearic acid 1.98 1.94 1.94 1.91 1.95 1.97 1.95 1.93 1.97 1.97 1.95 1.97 1.99 1.98 1.96 1.99
Oleic acid 34.99 34.06 34.60 33.04 33.87 33.71 34.51 34.04 34.38 34.16 34.32 34.36 34.55 34.80 34.61 34.55
Linoleic acid 43.92 43.37 40.95 43.23 43.16 43.42 43.74 43.46 43.04 43.22 43.81 43.90 43.80 43.65 43.57 43.75

Arachidic acid 0.36 0.23 0.21 0.38 0.36 0.36 0.36 0.36 0.37 0.35 0.34 0.37 0.38 0.36 0.36 0.37
γ-Linolenic acid 0.22 0.23 0.20 0.34 0.27 0.22 0.22 0.23 0.22 0.23 0.23 0.23 0.23 0.22 0.23 0.23
Linolenic acid 2.46 2.44 2.27 2.50 2.47 2.43 2.41 2.39 2.44 2.44 2.42 2.45 2.47 2.44 2.43 2.45

Behenic acid 0.19 0.21 0.20 0.13 0.18 0.18 0.18 0.16 0.18 0.18 0.16 0.17 0.18 0.18 0.19 0.18

1 C-1 = control sample stored in transparent bottle without essential oil; C-2 = control sample stored in transparent bottle with added essential oil.

Table 4. Viscosity values of olive oils.

Treatments Viscosity (mPa·s) 

Time (days)

0 30 60 90

Control (without essential oil) 47.67 46.30 56.03 39.80
Control (essential oil added) 48.97 57.90 47.07

Stored in red bottle 42.27 54.83 32.17
Stored in green bottle 60.00 62.07 36.43

Stored in yellow bottle  63.93 57.03 35.63
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