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Abstract: In this study, the effect of adding essential oil from different plants on prolonging the shelf life of pistachio puree was
investigated. For this purpose, Rancimat method, which is one of the accelerated shelf-life test (ASLT) methods, was used to
determine the effect of oregano (OO) and rosemary (RO) essential oils on the oxidative stability of pistachio puree. Butylated
hydroxyanisole (BHA) and the control sample were used for the comparison. Concentrations used for essential oils and synthetic
antioxidants were 150, 300 and 600 ppm and 150 ppm, respectively. The conductivity was followed at three temperatures, 110, 120
and 130 °C, with the addition of essential oils and BHA to pistachio puree during ASLT. Pistachio puree with essential oils showed
protection against the lipid oxidation process. As the temperature increased induction time was significantly decreased during ASLT
(p <0.05). The same concentrations of essential oils and BHA were also added into pistachio puree to observe the change in peroxide
value (PV) and free fatty acid (FFA) value under normal storage temperatures 15, 25 and 40 °C. The PV and FFA increase were
lower in RO, OO and BHA added pistachio puree samples during 8-month storage (p < 0.05). Six hundred (600) ppm of RO added
sample had an antioxidative effect as much as 150 ppm BHA added sample for both ASLT and normal storage conditions. These
essential oils could be used as natural antioxidants in foods with high lipid content increasing the shelf life of these products.
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1. Introduction The most important problem of pistachio puree that
has a high amount of oil content (50-60%) and less
water activity (0.2-0.3%) is lipid oxidation. Such
oxidation leads to significant loss of food’s nutritional

Pistachio is one of the most important nuts in the
world due to its high nutritional value and unique

flavor as a snack and a food ingredient. Turkey is one . o . . .
] ] ) ) value since it involves a loss of vitamins and essential
of the leading countries that produce pistachio nuts . )
) fatty acids. It also affects the food’s sensory quality,
with an annual output of 128,000 tons [l]. So, ) ) )
) ] i changes in color, texture, and taste, which shortens its
pistachio nuts are of great economic value for Turkey. . ) L.
) ) ) shelf-life and can result in rejection on the part of
Pistachios are generally marketed as split for snack
. . consumers [3].
food. Unsplit nuts are used for processing. The food ) o
] ] . T ] In the food industry, the rate of auto-oxidation is
industry uses pistachios for cakes, biscuits, pies, ] ] ) ]
T . . reduced by freezing, refrigeration, packaging under
candies, ice cream and pistachio butter [2]. They are . .
o ) ] inert gas in the absence of oxygen and vacuum
also used as the main ingredient of many Turkish )
) ] ) ) ] packaging [4]. In cases where these methods are
desserts. Pistachio puree, the main material of this ) . . ..
) ] . . neither economic nor practical from the nutritional
study, is made by pasting roasted pistachio kernel and . . . L .
] ] o and technological points of view, it is highly desirable
used as filling material or additive in pastry, cookery, L . L
. to control oxidation by the addition of antioxidants,
and confectionery. o .
inhibitory substances that do not reduce food quality

[5].

Because of health concerns surrounding synthetic
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natural antioxidants as agents for enhancing the shelf
life of foods. Many sources of antioxidants of a plant
origin have been studied in recent years. Among these,
many aromatic plants and spices have been shown to
be effective in retarding the process of lipid
peroxidation [6, 7].

The aim of this study was to investigate the
availability of wusage of rosemary (Rosmarinus
officinalis L.) and oregano (Origanum onites L.) plant
essential oils, two spice plants widely produced in
Turkey, on prolonging the shelf life of pistachio puree.
For this purpose, the essential oils were added to
pistachio puree with different concentrations. The
synthetic antioxidant, Buthylated hydroxyanisole
(BHA), and control sample were used for comparison.
The oxidative stability values of pistachio puree
samples with or without antioxidants were provided by
the Rancimat method, which is one of the accelerated
shelf-life test (ASLT) methods. The effect of natural
antioxidants on the change in peroxide value and the
free fatty acid (FFA) value was followed at normal

storage conditions of pistachio puree oil of samples.
2. Materials & Methods
2.1 Materials

The main material pistachio puree was obtained
from the Asim Samli Agricultural Products Export,
Import and Trading, SA, Turkey).

Pistachio puree was made using roasted (130-135 °C)

(Gaziantep,

pistachio kernels, mawardi (Nizip, August 2010 crop)
type, 17 mm length, 8 mm height and 7 mm width in
size.

The essential oils from oregano, Origanum onites
L., and rosemary, Rosmarinus officinalis L. plants
were supplied from TIKTA A.S., Tarimsal iklimleme
ve Teknolojik Arastirmalar Anonim Sirketi, (Ankara,
Turkey). BHA was purchased from Merck Chemical
Co. (Darmstadt, Germany). The analysis of the
essential oil of rosemary performed using Agilent
7890 A GC and Agilent 5975 C VL MSD with
triple-axis detector equipped with Agilent HP Innowax

(60 m x 0.25 mm i.d.; film thickness 0.25 pm)
column.

All chemicals used in this study were of analytical
grade and purchased from Merck Chemical Co.
(Darmstadt, Germany).

2.2 Methods

2.2.1 Preliminary Determination of Antioxidant
Activity

Before the study, pistachio oil was obtained from
the roasted pistachio nuts by cold pressing (Kardesler
press, Istanbul). One hundred and fifty (150) ppm, 300
ppm and 600 ppm of essential oils and BHA were
added to roasted pistachio oil samples to determine
the antioxidant activity of essential oils. Control oil
was used for comparison. In order to obtain induction
time, a Rancimat device Methrohm 743 (Herisau,
Switzerland) was used. Three (3) g of each sample
was placed into a Rancimat standard tube in duplicate
and subjected to the normal operation of the test by
applying 120 °C and a flow of air of 20 L/h. Sixty (60)
mL of ultra-distilled water was put in each measuring
vessel. The endpoint of the induction time was
characterized by the sudden increase of water
conductivity, due to the dissociation of volatile
carboxylic acids.

The antioxidant activity index (AAI) was calculated
from the measured induction time according to the
following formula [3].

AAl =

antioxidant/induction time of pure oil

induction period of oil with
2.2.2 Sample Preparation and Storage Conditions
The essential oils from rosemary (R. officinalis L.)
and oregano (O. onites L.) plants were added to
pistachio puree at three different concentrations (150,
300 and 600 ppm) on the basis of oil content of puree.
BHA was added as 150 ppm for the comparison since
300 and 600 ppm exceeds the limit of usage BHA
according to the regulation in the world. The control
sample was also used to observe the effect of adding
antioxidants on prolonging the shelf life of pistachio



320 Rosemary and Oregano Essential Oils as Natural Antioxidant to Preserve Pistachio Puree

puree. All samples were tightly sealed in the glass jars
and two parts of them were placed to incubators
(Daihan WIG-150, Korea) at 25 and 40 °C. Another
part was stored in a cold room at 15 °C for analysis.
The samples were taken at proper time intervals to
observe chemical changes during storage.

2.2.3 Oil Extraction for Chemical Analysis

One hundred (100) grams of each sample was
extracted with 300 mL of chloroform/methanol (2/1,
v/v) mixture at appropriate time intervals. After
mixing the sample and solvent with a glass rod, the
mixture was waited 1-2 hours in dark place and
filtered through Whatman No. 42 filter paper by twice.
The residue was re-extracted twice by the same
solvent; the filtrates from three extractions were
combined. The solvent-oil mixture was then passed
through over anhydrous sodium sulfate placed over a
filter paper in a funnel. The solvent was removed
using a rotary evaporator (Heidolph Laborota 4000
Efficient, Germany) at 40 °C. The resulting oil was
stored at 4 °C until use [8].

2.2.4 Chemical Analysis

Moisture Content Determination. The moisture
content was determined by the oven method according
to the official method of analysis [9]. The
measurements were carried out in triplicate.

Protein Determination. The protein content was
determined by the Kjeldahl method. The nitrogen rate
in samples was measured, the obtained number for the
sample was multiplied in protein factor 6.25 and the
amount of protein in sample was obtained according
to the official method of analysis [9]. The
measurements were carried out in triplicate.

Oil Content Determination. The oil content of
pistachio kernel was determined according to TS 973
EN ISO 659 using solvent extractor (Ser 148-6, Velp
Scientifica, Italy) [10]. The measurements were
carried out in triplicate.

Fatty Acid Composition of Pistachio Puree Qil.
The fatty acid composition of pistachio puree was
analyzed on Agilent GC7890A gas chromatography

equipped with a flame ionization detector and
capillary column, 50 m in length and 0.25 mm in
diameter according to the method of International
Olive Oil Council [11].

Peroxide Value and Free Fatty Acid Value
Determination. The peroxide value (PV) was
measured according to British standards [12] and free
fatty acid (FFA) value was analyzed according to the
method described by Bozkurt and Gogiis [13].

Oxidative Measurement (Rancimat Method). A
metrohm Rancimat model 743 (Herisau, Switzerland)
capable of operating over a temperature range of
50-220 °C was used in this study. The glassware was
rigorously cleaned between each run to avoid any
contamination that would catalyze the peroxidation.
The tubes were cleaned with acetone after each run
and then washed off with washing liquid in hot water.
The washed tubes were rinsed with distilled water and
dried in the oven. Measuring vessels, electrodes, and
connecting tubes were cleaned several times with
alcohol and distilled water.

Determination of the oxidative stability of pistachio
oil by the Rancimat method was carried. A stream of
air was bubbled into 3 g of oil samples in a reaction
vessel placed in an electric heating block. Effluent air
containing volatile organic acids from the oil sample
was collected in a measuring vessel containing
distilled water (60 mL). The conductivity of water was
measured automatically as oxidation proceeded.
Filtered, cleaned, dried air was allowed to bubble
through the hot oil at rates of 20 L/h. The induction
time of the oil samples was automatically recorded at
100, 110, and 120 °C for each sample that was roasted
at different temperatures. For each time studied, eight
samples were accommodated in the equipment and

analyzed simultaneously [14].
2.3 Statistical Analysis

The results were compared by the multifactor
analysis of variance (multifactor ANOVA) to test for
significant differences. Means of the groups were
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compared using Duncan’s multiple range test using a
SPSS statistical packet (Version 21, 2012, Polar
Engineering and Consulting, Nikiski, USA).
Differences among sample means were reported to be
significant when p < 0.05 and the Microsoft Office
program was used for drawing plots.

3. Results and Discussions
3.1 Characteristics of Pistachio Puree

Some characteristics of pistachio puree were
presented in Table 1. The moisture content of
pistachio puree was 1.36% on wet basis. There is no
available standard for the composition of pistachio
puree but according to Turkish standard of hazelnut
puree (TS 10938), similar processed product; it should
be less than 3%. Also from the producer side, it should
be less than 2% based on customer demand [15]. The

protein content of the sample was 20.5%. In a study

Table 1 Composition of pistachio puree.

carried out by Ref. [16], the number of protein
cultivars of Uzun, Kirmizi, Siirt, Ohadi and Halabi
pistachios was reported 22.67%, 20.93%, 22.45%,
23.62%, and 20.18%, respectively. It is possible that
low amounts of protein obtained in this study have
been influenced by the kind of pistachio nuts. The
amount of oil was obtained at 48%. The result in the
study was less than previous studies obtained by Refs.
[16, 17] due to kind of pistachio nut. In the fatty acid
composition, main fatty acids were oleic acid 71.05%,
linoleic acid 16.55% and palmitic acid 8.52% that are
relatively consistent with the results of other studies
[17, 18].

3.2 Compositions of Essential Oils

The compositions of oregano (O. onites L.) and
rosemary (R. officinalis L.) essential oils were present

in Tables 2 and 3, respectively. The composition was

Properties Amount
Moisture content (% wb.) 1.36
Protein (% wb.) 20.50
Fat (% wb.) 48.00
Fatty acid composition (%)

Caproic acid ND’
Caprylic acid ND’
Capric acid ND"
Lauric acid ND”
Mpyristic acid 0.10
Palmitic acid 8.52
Palmitoleic acid 0.52
Margaric acid ND”
Heptadecanoic acid 0.07
Stearic acid 1.88
Oleic acid 71.05
Linoleic acid 16.55
Linolenic acid 0.34
Arachidic acid 0.19
Eicosanoic acid 0.49
Behenic acid 0.01
Erucic acid (C22:1) 0.01
Erucic acid (C22:2) 0.01
Ligroceric acid 0.04
Nervonic acid 0.02

* Related fatty acids were not detected (ND).
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Table 2 The compositions of oregano (O. onites L.) essential oil.

Components Amount (%)
Cis-Salvene 6.4
a-Thujene 1.1
Myrcene 1.4
Y-Terpinene 4.2
p-Cymene 2.6
Trans-sabinene hydrate 1.1
Linalool 10.2
Linalyl acetate 1.2
B-Bisabolene 3.7
Thymol 1.6
Carvacrol 56.3
B-caryophyllene 24
Borneol 1.0
Germacrene D 1.0
Total* 94.2

* Values < 1% not included.

Table 3 The compositions of rosemary (R. officinalis L.) essential oil.

Components Amount (%)
a-Pinene 14.0
Camphene 43
B-Pinene 4.5
8-3-Carene 1.2
Myrcene 2.1
Limonene 3.5
1.8-Cineole 25.8
Y-Terpinene 1.3
p-Cymene 1.5
Camphor 6.8
Linalool 2.1
Isopinocamphone 1.2
Bornyl acetate 2.3
Terpinen-4-ol 1.5
B-Caryophyllene 5.0
a-Terpineol 1.6
Bomeol 73
Verbenone 2.0
Total* 88.0

* Values < 1% not included.

analyzed by Agilent 7890 A GC and Agilent 5975 C
VL MSD device. The results are relatively consistent
with the results of other studies [19-23].

3.3 Preliminary Determination of Antioxidant Activity

The Rancimat test is a very easy and inexpensive
method, which requires small sample volumes and

achieves  reproducible results.  Although this
technique has been questioned, it is commonly used in
the food industry and governmental analytical
laboratories. Table 4 gives the related antioxidant
activity index (AAI) of pistachio oils with the
essential oils added.

The higher the induction period of the pistachio oil
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with the essential oils added, compared with the
control (pure pistachio oil), the better the antioxidant
activity of that compound. The antioxidant activity
index, as determined by the Rancimat method,
decreased in the order: BHA > rosemary (R. officinalis
L.) essential oil > oregano (O. onites L.) essential oil.

According to this method, oregano and rosemary
essential oils showed antioxidant activity, less than the
activity of synthetic antioxidant. At the maximum
concentration, rosemary essential oil showed the
highest (p < 0.05) antioxidant activity index (2.25) of
all the essential oils analyzed. At all concentrations
(150, 300 and 600 ppm) oregano essential oils showed
the lowest (p < 0.05) antioxidant activity indices.

3.4 Oxidative Induction Time (OIP) of Pistachio Puree
Samples with or without Antioxidants at Different

Temperatures

Oxidative stability is an important parameter for the
quality assessment of fats and oils. Autoxidation is
affected by atmospheric oxygen and the oxidation

process proceeds via free radical reactions involving
unsaturated fatty acids [24]. The OIP of pistachio
puree samples with or without antioxidants at different
temperatures is presented in Table 5.

The induction time of pistachio puree oil was 26.22
hours at 110 °C. The induction time of puree oil
significantly increased to 50.34 (BHA-150 ppm),
39.84 (RO-150 ppm), 45.72 (RO-300 ppm), 54.79
(RO-600 ppm), 27.66 (OO-150 ppm), 29.03 (O0O-300
ppm) and 34.48 (OO-600 ppm) as hour by adding
antioxidants (p < 0.05). In samples with essential oils,
there was a significant increase in induction time with
an increasing concentration of essential oils (p < 0.05).
The highest induction time (54.79 h) was observed in
the sample which contains 600 ppm rosemary
essential oil and the lowest one (27.66 h) in a sample
containing 150 ppm oregano essential oil. The effect
of 150 ppm BHA was lower than the 600 ppm
rosemary essential oil in lowering the oxidation rate
whereas it was higher than other concentrations of
both essential oils.

Table 4 Antioxidant activity of rosemary, oregano essential oils and BHA at 120 °C.

AAI
Antioxidants types
150 ppm 300 ppm 600 ppm
Rosemary 1.60%" 1.95%8 2.25%
Oregano 1.23% 1.33% 1.43
BHA 2.04%¢ 2.30% 2.75%

Means followed by the same small letter within same line are not significantly different at p < 0.05 significance level according to
Duncan’s multiple range test.

Means followed by the same capital letter within same column are not significantly different at p < 0.05 significance level according
to Duncan’s multiple range test.

Table 5 The OIP of pistachio puree samples with or without antioxidants at different temperature.

Temperature (°C)

Antioxidant type Amount (ppm)

110 120 130
Rosemary (R. officinalis L.) 150 39.84% 22.448 10.52¢¢
300 45.72%A 23.94% 12.034%
600 54,798~ 27328 12.85°€
Oregano (O. onites L.) 150 27.66"4 14.30°8 7.31%¢
300 29.03% 13.73% 6.32°
600 34.48% 17.468 7.31°%¢
BHA 150 50.34%A 25.878 12.08%C
Control 0 26.22% 13.23%8 6.68%C

Means followed by the same small letter within same column are not significantly different at p < 0.05 significance level according to
Duncan’s multiple range test.
Means followed by the same capital letter within same line are not significantly different at p < 0.05 significance level according to
Duncan’s multiple range test.
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The induction time of pistachio puree oil was 13.23
hours at 120 °C. The induction time of puree oil
significantly increased to 25.87 (BHA-150 ppm),
22.44 (RO-150 ppm), 23.94 (RO-300 ppm), 27.32
(RO-600 ppm), 14.3 (OO-150 ppm), 13.73 (O0O-300
ppm) and 17.46 (O0O-600 ppm) as hour by adding
antioxidants (p < 0.05). In samples with essential oils,
there was a significant increase in induction time with
increasing concentration of essential oils (p < 0.05).
The highest induction time (27.32 h) was observed in
the sample which contains 600 ppm rosemary
essential oil and the lowest one (13.73 h) in a sample
containing 150 ppm oregano essential oil. The effect
of again 150 ppm BHA was lower than the 600 ppm
rosemary essential oil in lowering the oxidation rate
whereas it was higher than other concentrations of
both essential oils.

The induction time of pistachio puree oil was 6.68
hours at 130 °C. The induction time of puree oil
significantly increased to 12.08 (BHA-150 ppm),
10.52 (RO-150 ppm), 12.03 (RO-300 ppm), 12.85
(RO-600 ppm), 7.31 (0OO-150 ppm), and 7.31
(O0-600 ppm) as hour by adding antioxidants (p <
0.05). In samples with essential oils, there was a

significant increase in induction time with increasing
concentration of essential oils except for 300 ppm
oregano essential oils added sample (p < 0.05). The
highest induction time (12.85 h) was observed in the
sample which contains 600 ppm rosemary essential oil
and the lowest one (6.32 h) in a sample containing 300
ppm oregano essential oil. The effect of 150 ppm
BHA was lower than the 600 ppm rosemary essential
oil in lowering the oxidation rate whereas it was
higher than other concentrations of both essential oils.
The induction time of samples containing both
essential oils and BHA was close or having less
difference between each other at 130 °C. It shows us
that at 130 °C increasing concentration of essential
oils above a level does not have any change in the
induction time of pistachio puree samples.

The induction time of all pistachio puree oil
samples was decreased by increasing the operating
temperature of the Rancimat device (Fig. 1). As would
expect, the increasing Rancimat operating temperature
significantly decreased the OIP of the sample (p <
0.05). These observations indicate that the conditions
under which the oil sample oxidizes vary with
temperature. Similar results were found by Ref. [14].

60 -
55 -
50 -
45 | —+—RO150ppm
40 - —=—R0300ppm
%‘ 35 RO600ppm
=307 00150ppm
— 25 -
o —+—00300ppm
20 -
15 | : —o— 00600ppm
10 - \ BHA150ppm
: CONTROL
100 105 110 115 120 125 130 135 140

Temperature (°C)

Fig. 1 Plot of OIP (hour) versus Rancimat operating temperature for samples with or without antioxidants.
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3.5 Normal Storage Results of Pistachio Puree Samples

3.5.1 Peroxide Value (PV) Changes during Storage

Lipid oxidation involves the continuous formation
of hydroperoxides as primary oxidation products that
may break down to a variety of nonvolatile and
volatile secondary products. The formation rate of
hydroperoxides outweighs their rate of decomposition
during the initial stage of oxidation, and this becomes
reversed at later stages. Therefore, the peroxide value
(PV) is an indicator of the initial stages of oxidative
change. The PV represents the total hydroperoxide
content and is one of the most common quality
indicators of fats and oils during production and
storage [25].

The changes in peroxide values of pistachio puree
oil of samples with or without antioxidants during
storage at 15 °C are shown in Fig. 2. In general, PV of
all sample oils increased significantly (p < 0.05) with

storage time. The PVs of pistachio puree oils were
from 0.687 meq Oy/kg (day 0) to 0.986 (month 8) in
control, from 0.687 to 0.971 in OO-150 ppm, from
0.687 to 0.998 in OO-300 ppm, from 0.687 to 0.934 in
00-600 ppm, from 0.687 to 0.930 in RO-150 ppm,
from 0.687 to 0.912 in RO-300 ppm, from 0.687 to
0.873 in RO-600 ppm and from 0.687 to 0.900 in
BHA-150 ppm added samples. After the third month,
control sample oil had higher PV than the other
sample oils except for OO-150 ppm and OO-300 ppm
added sample oils. The PV increase was lower in RO,
OO and BHA added samples than in control sample
oil. Among pistachio puree oil of samples with
essential oils and BHA, RO-600 ppm was lower in PV
increase. The lowest increase among all samples was
observed in the RO-600 ppm sample. But, statistically,
there was no difference between the RO-600 ppm and
BHA-150 ppm added samples according to the results
of Duncan’s multiple range test at 15 °C.

1.100
1.000 -+
0.900 -+
0.800
E 1 —+—BHA-150ppm
& 0.700 —=— Control
(=2
E T —4+—RO-150ppm
E’ 0.600 -+ RO-300ppm
T ——RO-600ppm
0.500 —+
T —o—(00-150ppm
0.400 _ 0O0-300ppm
T 00-600ppm
0.300 + ; ; ; ; .
0 2 4 6 8 10
Storage time (month)

Fig. 2 Peroxide values (meq O,/kg) from different pistachio puree oil of samples: pistachio puree control oil and pistachio
puree oil of samples added with RO (R. officinalis L. essential oil), OO (O. onites L. essential oil) and BHA (butylated

hydroxyanisole) at 15 °C.
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The changes in peroxide values of pistachio puree
oil of samples with or without antioxidants during
storage at 25 °C are shown in Fig. 3. In general, PV of
all sample oils increased significantly (p < 0.05) with
storage time. The PVs of pistachio puree oils were
from 0.687 meq Oy/kg (day 0) to 1.233 (month 8) in
control, from 0.687 to 1.224 in OO-150 ppm, from
0.687 to 1.116 in O0O-300 ppm, from 0.687 to 0.989 in
00-600 ppm, from 0.687 to 0.966 in RO-150 ppm,
from 0.687 to 0.934 in RO-300 ppm, from 0.687 to
0.893 in RO-600 ppm and from 0.687 to 0.916 in
BHA-150 ppm added samples. After the third month,
the control sample oil had higher PV than the other
sample oils. The PV increase was lower in RO, OO
and BHA added samples than in the control sample.
Among pistachio puree oil of samples with essential
oils and BHA, RO-600 ppm was lower in PV increase.
The lowest increase among all samples was observed
in the RO-600 ppm sample.

The changes in peroxide values of pistachio puree
oil of samples with or without antioxidants during

storage at 40 °C are shown in Fig. 4. In general, PV of
all sample oils increased significantly (p < 0.05) with
storage time. The PVs of pistachio puree samples
were from 0.687 meq O,/kg (day 0) to 2.936 (month 8)
in control, from 0.687 to 2.787 in OO-150 ppm, from
0.687 to 2.565 in OO-300 ppm, from 0.687 to 2.428 in
00-600 ppm, from 0.687 to 2.420 in RO-150 ppm,
from 0.687 to 2.350 in RO-300 ppm, from 0.687 to
2.016 in RO-600 ppm and from 0.687 to 2.115 in
BHA-150 ppm added samples. Generally, after the
third month, control sample oil had higher PV than the
other sample oils. The PV increase was lower in RO,
OO and BHA added samples than in the control
sample. Among pistachio puree oil of samples with
essential oils and BHA, RO-600 ppm was lower in PV
increase. The lowest increase in PV among all samples
was observed in the RO-600 ppm sample.

These results indicate that pistachio puree oil of
samples with R. officinalis L. essential oil and O.
onites L. essential oil had better resistance to lipid

oxidation than control samples. In addition, RO-600

1.400 -
1.200 -
1.000 -
g
= —— BHA-150ppm
O 0.800 -+
T —#— Control
E o
= . RO-150ppm
-9
0.600 - RO-300ppm
—se=RO-600ppm
0.400 - —o—00-150ppm
00-300ppm
0.200 | | | —00-600ppm
0 2 4 6 8 10

Storage time (month)

Fig. 3 Peroxide values (meq O,/kg) from different pistachio puree oil of samples: pistachio puree control oil and pistachio
puree oil of samples added with RO (R. officinalis L. essential oil), OO (O. onites L. essential oil) and BHA (butylated

hydroxyanisole) at 25 °C.
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Fig. 4 Peroxide values (meq O,/kg) from different pistachio puree oil of samples: pistachio puree control oil and pistachio
puree oil of samples added with RO (R. officinalis L. essential oil), OO (O. onites L. essential oil) and BHA (butylated

hydroxyanisole) at 40 °C.

ppm added sample showed the highest antioxidant
activity that is very close to BHA-150 ppm added
sample at all storage temperatures. Other researches
[20, 26-31] observed antioxidant activity of oregano
and rosemary essential oil measured by different
methods. The antioxidant activity of rosemary
essential oils and extracts has been associated with the
presence of these monoterpenes (a-pinene, 1,8-cineole,
and camphor) and phenolic components which break
free radical chain reactions by hydrogen atom
donation [32-34]. Several studies have reported about
the oregano, its oils and extracts retard the lipid
oxidation in different media that may be related to the
presence of thymol and carvacrol [3, 26-28].

3.5.2 FFA Value Changes during Storage

Hydrolysis process in fats and oils results in the
formation of FFAs, mono- and di-glycerides, and
glycerol. This hydrolysis is a deterioration process of
lipid and it can be estimated by measuring the FFAs

[35].

The changes in FFA values of pistachio puree oil of
samples with or without antioxidants during storage at
15 °C are shown in Fig. 5. In general, the FFA of all
sample oils increased significantly (p < 0.05) with
storage time. The FFAs of pistachio puree oils were
from 0.219 (%) as oleic acid (day 0) to 0.576 (month 8)
in control, from 0.219 to 0.529 in OO-150 ppm, from
0.219 to 0.468 in OO-300 ppm, from 0.219 to 0.459 in
00-600 ppm, from 0.219 to 0.446 in RO-150 ppm,
from 0.219 to 0.425 in RO-300 ppm, from 0.219 to
0.321 in RO-600 ppm and from 0.219 to 0.413 in
BHA-150 ppm added samples. The FFA increase was
lower in RO, OO and BHA added samples than in the
control sample. Among pistachio puree oil of samples
with essential oils and BHA, RO-600 ppm was lower
in FFA increase. The lowest increase among all
samples was observed in the RO-600 ppm sample.

The changes in FFA values of pistachio puree oil of
samples with or without antioxidants during storage at
25 °C are shown in Fig. 6. In general, the FFA of all
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Fig. 5 Free fatty acid values (%) from different pistachio puree oil of samples: pistachio puree control oil and pistachio
puree oil of samples added with RO (R. officinalis L. essential oil), OO (O. onites L. essential oil) and BHA (butylated

hydroxyanisole) at 15 °C.
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Fig. 6 Free fatty acid values (%) from different pistachio puree oil of samples: pistachio puree control oil and pistachio
puree oil of samples added with RO (R. officinalis L. essential oil), OO (O. onites L. essential oil) and BHA (butylated

hydroxyanisole) at 25 °C.
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sample oils increased significantly (p < 0.05) with
storage time. The FFAs of pistachio puree oils were
from 0.219 (%) as oleic acid (day 0) to 0.703 (month &)
in control, from 0.219 to 0.615 in OO-150 ppm, from
0.219 to 0.584 in OO-300 ppm, from 0.219 to 0.571 in
00-600 ppm, from 0.219 to 0.565 in RO-150 ppm,
from 0.219 to 0.516 in RO-300 ppm, from 0.219 to
0.418 in RO-600 ppm and from 0.219 to 0.436 in
BHA-150 ppm added samples. The FFA increase was
lower in RO, OO and BHA added samples than in the
control sample. Among pistachio puree oil of samples
with essential oils and BHA, RO-600 ppm was lower
in FFA increase. The lowest increase among all
samples was observed in the RO-600 ppm sample.

The changes in free fatty acid values of pistachio
puree oil of samples with or without antioxidants
during storage at 40 °C are shown in Fig. 7. In general,
the FFA of all oils increased significantly (p < 0.05)
with storage time. The FFAs of pistachio puree oils

were from 0.219 (%) as oleic acid (day 0) to 0.896
(month 8) in control, from 0.219 to 0.883 in O0O-150
ppm, from 0.219 to 0.879 in OO-300 ppm, from 0.219
to 0.840 in O0O-600 ppm, from 0.219 to 0.818 in
RO-150 ppm, from 0.219 to 0.772 in RO-300 ppm,
from 0.219 to 0.653 in RO-600 ppm and from 0.219 to
0.711 in BHA-150 ppm added samples. The FFA
increase was lower in RO, OO and BHA added
samples than in the control sample. Among pistachio
puree oil of samples with essential oils and BHA,
RO-600 ppm was lower in FFA increase. The lowest
increase among all samples was observed in the
RO-600 ppm sample.

Ref. [36] reported that the addition of grounded
leaves and flowers from the aromatic plants (rosemary,
lavender, sage, lemon, and thyme) in olive oil caused
a slight increase in FFA. Ref. [37] also found that the
oregano essential oil addition in olive oil for different

treatments did not increase the FFA.
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Fig. 7 Free fatty acid values (%) from different pistachio puree oil of samples: pistachio puree control oil and pistachio
puree oil of samples added with RO (R. officinalis L. essential oil), OO (O. onites L. essential oil) and BHA (butylated

hydroxyanisole) at 40 °C.
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In general, PV and FFA of pistachio puree samples
increased as the storage time progressed at all storage
temperatures. However, the increases in PV values
were much higher in samples stored at 40 °C (p < 0.05)
as expected since the oxidation mechanism slows
down at lower temperatures [38]. A combination of
addition of

antioxidants resulted in low peroxide values.

low-temperature  storage and the
During the storage of the present study, increasing

temperature also increases oil separation. Low
oxidation rate in those samples also may be related to
the prevention of oil phase separation and less
exposure to oxygen in combination with the protective

effect of antioxidant [39].
4. Conclusion

The results of the present work indicate that the
addition of essential oils of rosemary and oregano on
pistachio puree improves the stability of the product
preventing lipid oxidation and development of rancid
flavors. These antioxidant activities could be mainly
associated with a-pinene, 1,8-cineole, and camphor
for rosemary and thymol and carvacrol for oregano
essential oil. Therefore, these essential oils can be
added as natural antioxidants in pistachio puree.

Rosemary essential oil showed a higher antioxidant
effect on the stability of this product with respect to
the synthetic antioxidant, BHA, and oregano essential
oil during accelerated conditions and normal storage
conditions. The highest antioxidant effect was
observed between the sample with 600 ppm rosemary
essential oil and 150 ppm BHA added sample at all
conditions. Synthetic antioxidants such as BHA,
butylated hydroxytoluene (BHT) and propyl gallate
(PG) are used in many foods to prevent rancidity but
there is a growing concern for the potential health
hazards because of their synthetic conditions.
Therefore, natural antioxidants from essential oil can
be replaced by synthetic ones.

The PV and FFA results did not reach the limit of

pistachio puree which is 2 meq O,/kg for PV and 1 (%)

like oleic acid for FFA at the end of eight-month
storage time except for 40 °C. Therefore, it should be
better storage of pistachio puree at 15 and 25 °C than
40 °C to get a lower oxidation rate.

As indicated

antioxidants in

in present study, using natural

lipid or lipid-containing foods
increases the shelf life of the product. However, the
intense herb flavor may limit some applications for
food products. On the contrary, for the increase in
shelf-life, aspects such as toxic or pathogenic activity

and intense herb flavor should be considered.
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