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Zalmati olive oil was aromatized with essential oils obtained from rosemary (Rosmarinus officinalis L.),
to improve its quality. Parameters such as fatty acids compaosition, pigments and quality parameters
were characterized for various blends of virgin olive oils and essential oils (0.005, 0.01 and 0.02%).
Results show that aromatized oils had an improved composition as compared to that of pure olive oils.
An increasing in the oleic acid content and a decreasing in the palmitic and linoleic acids levels was
observed with aromatization process. Moreover, this process improved the oxidative stability and the

antiradical activity.
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INTRODUCTION

Olive oil is a fundamental component of the
Mediterranean area diet, and it is widely used as a
condiment, cooking medium, and in the storage of
vegetable and animal food. Olive oil cultivation originated
in Asia Minor and has spread to Greece, ltaly, Spain, and
North Africa. The Tunisian olive culture constitutes one of
the principal economical and agricultural strategic
sectors. About, 60 million trees as distributed and spread
on 1.6 million hectares, representing a third of the
cultivated area. The olive growing area spread from the
northern to the southern regions. VOO is extensively
consumed due to its nutritional value and its organoleptic
characteristics. Besides, mention should also be mad of
its use in medicine. It is unique among others vegetable
oils due to its high levels of monounsaturated fatty acids
(mainly oleic acid) and to the presence of minor
component, such as phenol compound. Phenols are an

important parameter for the evaluation of VOO quality as
they contribute greatly to oil flavor and taste as long as
the oil is protected from auto-oxidation. Moreover, it is
widely known that the quality of VOO is influenced by
various agronomic factors such as olive cultivar, climatic
conditions, degree of maturation, and agronomic
practices related to irrigation treatment (Morello et al.,
2004). EVOO is highly appreciated by consumers due to
their health benefits as well as their aromatic
characteristics; this is the reason why is important to
prevent off-flavours by different contamination processes
(Gamazo-Vazquez et al., 2003). However, other studies
have demonstrated that nutritional and organoleptic
quality of VOO was ameliorated by some technological

procedures as blending and malaxing (Ouni et al., 2011;
Reboredo-Rodriguez et al., 2014a)..Zalmati variety which
have similar characteristic with Chemlali variety, mainly
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cultivated in center and southern area of Tunisian
country, is a productive variety, well adapted to severe
environmental conditions. However, its oil s
characterized by relatively low of oleic acid, high level of
palmitic and linoleic acid, presents a high acidity and a
low amount of phenols (Baccouri et al., 2007). These
disadvantages could considerably limit the possibilities of
exporting of the Tunisian OO production, especially in the
presence of a very competition international market that
demand high quality (Issaoui et al., 2009).

Hence, the improvement of oil quality by aromatization
could to be a tool to provide a product with balanced fatty
acid composition, optimal levels of antioxidants
compounds and a good flavor and taste. The main goal
of this work is to characterize Zalmati olive oils before
and after aromatization with essential oil obtained from
rosemary known for its high quality. In order to improve
the quality of Zalmati fatty acid composition, phenols,
oxidative stability and quality parameters (acidity, PV,
Kosa, Ko7 extinction coefficient, pigments contents) were
attested at different percentage of aromatization with
rosemary essential oils.

MATERIALS AND METHODS
Essential oil
Extraction

The aerial parts (stems and leaves) of Rosmarinus officinalis (L.)
were collected from the South-East of Tunisia on March 2013
(Gabes, bioclimatic zone: lower arid, rainfull (mm/year): 100 to 200,
Latitude: 33°27°34"N, longitude: 10°8°17"E, altitude 520 m). The
plant material was dried at room temperature in the shadows, for 2
weeks until constant weight. The dried preparation was ground
further to obtain a fine powder, and then stored at ambient
temperature in a dry and dark place until being used. The dry
matter was submitted to hydrodistillationf for 4 h, using a
Clevenger-type apparatus. Essential oil was stored in sealed vials
protected from light at -20°C until analysis.

Gas chromatography (GC)

An Agilent Technologies 6890N GC equipped with HP-5MS
capillary column (30 m x 0.25 mm i.d., film thickness 0.25 ym;
Hewlett-Packard) and connected to a FID was used. The column
temperature was programmed at 50°C for 1 min, then 7°C/min to
250°C, and finally left at 250°C for 5 min. The injection port
temperature was 240°C; while that of the detector was 250°C (split
ratio: 1/60). The carrier gas was helium with a flow rate of 1.2
ml/min. The analyzed essential oil volume was 2 pul. Percentages of
the constituents were calculated by electronic integration of FID
peak areas, without the use of response factor correction. Mean
per-centage of R. officenalis L. volatiles compounds represented
the average calculated on three individuals. Retention indices (RI)
were calculated for separate compounds relative to C9-C16 n-
alkanes mixture (Aldrich Library of Chemicals Standards) (Kovats,
1958).

Gas chromatography/mass spectrometry (GC/MS)

The volatile compounds isolated by HD were analysed by GC/MS,

Rached et al. 3277

using an Agilent Technologies 6890N GC. The fused HP-5MS
capillary column (the same as that used in the GC/FID analysis)
was coupled to an Agilent Technologies 5973B MS (Hewlett-
Packard, Palo Alto,CA, USA). The oven temperature was
programmed as previously (50°C for 1 min, then 7°C/min to 250°C,
andthen left at 250°C for 5 min). The injection port temperature was
250°C and that of the detector was 280°C (split ratio: 1/100). The
carrier gas was helium (99.995%purity) with a flow rate of 1.2
ml/min. The MS conditions were as follow: ionization voltage, 70
eV; ion source temperature, 150°C; electron ionization mass
spectra were acquired over the mass range 50 to 550 m/z.

Volatile compounds identification

The volatile compounds of R. officinalis L. leaves were identified by
comparing the mass spectra data with spectra available from the
Wiley 275 mass spectra libraries (software, D.03.00). Further
identification confirmations were made referring to RI data
generated from a series of known standards of n-alkanes mixture
(C8 to C26) and to those previously reported in the literature
(Adams, 2001).

Olive oil
Extraction

Olive oil samples were obtained from fruits of Zalmati olive cultivar,
which were picked by hand at the same stage of maturity from three
trees during the crop season 2012/ 2013 (October) in an olive
orchard located in Bengardene south of Tunisia. The olives were
washed and deleafed and crushed; the same laboratory mill was
used to prepare the olive oil samples. Only healthy fruits, without
any kind of infection or physical damage, were processed. After
harvesting, fresh olives (1.5-2.0 kg) were washed and deleafed,
crushed with a hammer crusher, and the paste mixed at 25°C for 30
min, centrifuged without addition of warm water (oil produced from
each extraction was 200-250 ml/kg). Samples were prepared by
blending olive oils with essential oil in different pre-established
proportions (0.005, 0.01 and 0.02%) and then transferred into dark
glass bottles, and stored in the dark at 4°C until analysis.

Determination of oil quality parameters

Free acidity, expressed as percent of oleic acid (%18:1); peroxide
value, given as milliequivalents of active oxygen per kilogram of oil
(meqO2/kg); and UV absorption characteristics (K232 and Kazo) were
determined according to the analytical methods described in the
European Union Commission Regulations EEC/2568/91 and
EEC/1429/92.

Determination of chlorophyll and carotenoid contents

Chlorophyll and carotenoid contents were determined
colorimetrically as previously described (Minguez-Mosquera et al.,
1991).The maximum absorption at 670 nm is related to the
chlorophyll fraction, while the maximum absorption at 470 nm is
related to the carotenoid fraction. The values of the coefficients of
specific extinction applied were EQ = 613 for pheophytin, a major
component in the chlorophyll fraction, and EO = 2,000 for lutein, a
major component in the carotenoid fraction. Thus, the pigment
contents were calculated as follows:

Chlorophyll (mg/ kg) = (A670% 106 )/ (613 x 100 x d),
Carotenoid (mg/ kg) = (A470 x 106)/ (2,000 x 100 x d)
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Where A is the absorbance and d is the spectrophotometer cell
thickness (1 cm).

Fatty acid composition

The fatty acids were converted to fatty acid methyl esters before
analysis by shaking a solution of 0.2 g oil and 3 ml of hexane with
0.4 ml of 2-N methanolic potassium hydroxide, and analyzed using
a Hewlett-Packard (HP 4890D; Hewlett-Packar
Company,Wilmington, DE) chromatograph equipped with a capillary
column (Supelcowax: 30 m x 0.53 mm; 0.25 mm), a split/splitless
injector and an flame ionization detection (FID) detector. The carrier
gas was nitrogen, with a flow rate of 1 ml/min. The temperatures of
the injector, the detector and the oven were held at 220, 250 and
210°C, respectively. The injection volume was 1 pl.

Antiradical activity

The olive oil samples were examined for their capacity to scavenge
the stable 1,1-diphenyl-2-picrylhydrazyl radical (DPPH) (Kalantzakis
et al., 2006). Oil solution 1 ml in ethyl acetate (10%, w/v) was
added to 4 ml of a freshly prepared DPPH solution (10-4 M in ethyl
acetate) in a screw-capped 10 ml test tube. The reaction mixture
was then vigorously shaken for 10 s in a vortex apparatus and the
tube was maintained in the dark for 30 min, until a steady state was
reached. The absorbance of the mixture was measured at 515 nm
against a blank solution. A control sample (no oil) was prepared
and daily measured. A refined olive oil (Minerva S.A. edible Oils,
Shimatari, Viotia, Greece), devoid of pro-oxidants/antioxidants, was
used for comparison. The radical scavenging activity (RSA) toward
[DPPH] was expressed as the percent reduction in DPPH
concentration by the constituents of the oils:

% [DPPH] red = 100-(1 [DPPH]30/[DPPH]0)

Where, [DPPH]0 and [DPPH]30 were the concentrations of DPPH
in the control sample (t = 0) and in the test mixture after the 30 min
reaction, respectively.

Total phenol contents were quantified colorimetrically (Ranalli et al.,
1999). Phenolic compounds were isolated by triple extraction of a
solution of oil (10 g) in hexane (20 ml) with 30 ml of a methanol
water mixture (60:40, v/v). The Folin—Ciocalteau reagent (Merck
Schuchardt OHG, Hohenbrunn, Germany) was added to a suitable
aliquot of the combined extracts, and the absorption of the solution
at 725 nm was measured. Values are given as milligrams of caffeic
acid per kilogram of oil (Gutfinger, 1981).

Oil stability

Oxidative stability was evaluated by the Rancimat method
(Gutiérrez, 1989). Stability was expressed as the oxidation
induction time (h), measured with the Rancimat 743 apparatus
(Metrohm, Herisau Switzerland), using an oil sample of 3.6 g. The
oil temperature was 101.6°C and the air flow was 10 L/h.

Statistical Analysis

Significant differences between means were determined by an
analysis of variance, which applied a Duncan’s test. Differences
were considered statistically significant when the probability was
greater than 99% (P < 0.01). The statistical analysis was performed
using SPSS 13.0 for Windows (SPSS Inc., 2004).

RESULTS AND DISCUSSION
Chemical essential oil composition

The identified compounds of the volatile constituents of
the essential oils are shown in Table 1. Thirty seven
different components were identified by GC-MS analyses
representing 99.35% of the total oil. In the literature,
several methods were used for the comparison between
the essentials oils composition of many species (Lopez
Mahia et al., 1993). The analyzed oil contained a
complex mixture consisting of mainly oxygenated mono
and sesqueterpenes, and mono-and sesqueterpene
hydrocarbons. The rosemary oil used in this study mostly
consisted of monoterpenes: 1,8-cineole, camphor, and a-
pinene, constituting 24.1, 19.88 and 18.48% of the
essential oil, respectively. Flamini et al. (2002) classified
rosemary oil into two chemotypes: The a-pinene
chemotype with the main compounds being a-pinene
(20.6%) and 1,8 cineole (6.6%) and the 1,8-cineole
chemotype with the major components being 1,8 cineole
(40.2%) and a-pinene (13.2%). The monotepenes
hydrocarbons (42.01%), represented mainly by 1,8-
cineole, a-pinene, camphene, formed the major group.
Camphor was the major compound of Ketones class
(Table 1). These volatile compounds should improve the
aroma characteristics of the studied virgin olive oils.
Recent study showed that sedimentation of oil samples
plus racking for a minimum of 2 months was found to
promote the formation of C6 alcohols in most samples
(Reboredo-Rodriguez et al., 2013a). Different methods
of analysis for many additives in olive oil; to control its
aroma fingerprint and for the determination of phenolic
compounds were also reported (Quinto-fernandez et al.,
2003; Reboredo-Rodriguez et al., 2012, 2014b). Others
studies showed variation in the aroma profile of virgin
olive for different cultivars and in the biogenesis and in
the distribution between olive pulps and seeds
(Reboredo-Rodriguez et al., 2013b,c)

Quality parameters

For all oil samples, values of the analytical parameters
fell within the ranges established for the highest quality
category ‘extra virgin olive oil'. As shown in Table 2,
these parameters are actually affected by the
aromatization process. In all samples the free fatty acid
content was much lower than the established upper limit
of 0.8% for the best commercial quality olive oil,
designated extra virgin (Regulation EEC, 2003) (Table 2).
Peroxide value evaluates the hydroperoxides content and
offers a measure of the degree of lipid oxidation. In all
samples, this value was below the limit of 20 meq of
oxygen kg'1 of oil, which is accepted as the limit for the
extra quality virgin olive oils. To evaluate the oxidation
level of the oil, the parameter Ko3, has been used (Table
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Table 1. Chemical composition of Rosmarinus officinalis L. essential oils.

Peak number Compound Retention index (RI) Percentage
1 Tricyclene 921 0.14
2 a-thujene 927 0.06
3 a-pinene 934 18.48
4 Camphene 949 8.63
5 Verbenene 954 0.12
6 Sabinene 974 -

7 B-Pinene 978 3.36
8 1-Octen-3-ol 981 0.11
9 3-Octanone 987 0.24
10 B-myrcene 992 2.18
11 B-terpinene 1005 0.08
12 a-phellandrene 1006 -
13 0-3-Carene 1011 0.37
14 a-terpinene 1018 -
15 p-cymene 1027 3.78
16 Limonene 1030 3.42
17 1,8-cineole 1033 2411
18 y-terpinene 1060 0.08
19 trans-sabinene hydrate 1070 -
20 a-Terpinolene 1088 0.18
21 Terpinolene 1089 -
22 Linalool 1101 1.08
23 2,3-Dimethyl-2,3-Dihydropyridine 1107 0.14
24 Pinocarveol 1143 0.25
25 Camphor 1148 19.88
26 Isoborneol 1161 0.30
27 Borneol 1170 2.90
28 Isopinocamphone 1177 0.12
29 Terpinen-4-ol 1181 0.40
30 Cuminol 1189 0.17
31 a-terpineol 1194 1.85
32 Endo-isocamphonone 1198 0.16
33 a-terpinene 1200 0.20
34 Verbenone 1213 0.81
35 Thymol methyl ether 1236 -
36 Linalyl acetate 1255 0.1
37 Bornyl acetate 1289 1.56
38 Thymol 1299 -
39 p-Cymene-3-ol 1308 -
40 a-Terpinyl acetate 1351 0.16
41 B-caryophyllene 1427 1.25
42 Aromadendrene 1446 0.35
43 a-Humulene 1461 0.30
44 Lavandulyl acetate 1473 -
45 a-amorphene 1521 -
46 y-cadinene 1529 -
47 Caryophyllene oxide 1594 0.71
48 Humulene epoxide 1621 0.08
49 T-Cadinol 1651 -
Total identified 99.35

Grouped components (%)
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Table 1. Contd.

Monoterpene hydrocarbons 42.01
Oxygenated monoterpenes 51.04
Sesquiterpene hydrocarbons 1.93
Oxygenated sesquiterpenes 0.78
Others 2.35
Table 2. Quality parameters of virgin olive oils and aromatized olive oils samples.
Parameter Pure olive oils Aromatized olive oils
100% 0.005% 0.01% 0.02%
Acidity 0.55+0.05° 0.55+0.05° 0.650.05° 0.650.05°
Peroxyde value 5.5+0.05° 9+1° 12.50.5° 141°
Kas2 3.32+0.1° 3.26+0.05° 3.31x0.02° 3.32+0.11°
Kazo 0.28+0.02° 0.27+0.005° 0.280.01° 0.29+0.03°
Chlorophylls (mg/kg) 1.63+0.2° 1.29+0.07° 1.52+0.4° 1.04+0.1°
Carotenoids (mg/kg) 2.6610.6° 1.84+0.4° 2.06+0.3° 1.96%0.6°
Radical scavenging activity (%) 63.33+1.2° 65+0.88" 68+.0.99° 72+0.44°
Stabilité oxydative (h) 32+1.3° 37+1.1° 40+1.2° 45+1.3°

*®Mean + SD, significant differences within the same row are shown by different letters (P < 0.001). PV, peroxide value; K232 and
K270, values of specific extinction given as absorbance at 232 and 270 nm, respectively.

2). Also the values of these parameters (Kz32 and Kjzg)
were below the limits established for extra virgin olive oils
(2.50 and 0.22, respectively). All samples exhibited very
low values in the regulated physico-chemical indices
assessed. The lower these values are, the higher is the
quality one can expect from oil. These values are
consistent with other studies (Reboredo-Rodriguez et al.,
2014c). Summarising, all values of the analytical
parameters fell within the ranges established for the
highest quality category ‘extra virgin’ olive oil. As shown
in Table 2, aromatization had no significant influence on
these analytical parameters, which are basically affected
by factors causing damage to the fruits, e.g., olive fly
attacks or improper systems of harvesting, carriage,
storage and processing of olives (Ranalli and Angerosa,
1996).

Fatty acid composition

Fatty acids identified in the oils were palmitic (C16:0),
palmitoleic (C16:1), stearic (C18:0), oleic (C18:1), linoleic
(C18:2), linolenic (C18:3) and arachidic (C20:0) acids
(Table 3). Palmitic, stearic, oleic and linoleic acids were
the major ones. Oleic acid is always the main abundant
compound in olive oils, ranging from 51 to 53% of total
fatty acids. As reported Table 3, Zalmati olive oil
exhibited a lower oleic acid percentage (51%) and a
higher amount of palmitic and linoleic acids (19 and 18%,

respectively). It has been observed that aromatization
with rosemary essential oils could correct this problem
(Table 3). At 0.01% aromatization, palmitic acid
decreased from 19.1 t015.7% (Table 3). Using 0.02%
essential oils, oleic acid underwent a significant increase
to 53.49% and, at the same time, a decrease of palmitic
acid to 14.35% was observed. In summary, aromatized
oils at 0.005% showed an improved fatty acid
composition, characterized by an increase of its oleic acid
content and a concurrent reduction of the palmitic and
linoleic acids levels with respect to those of pure Zalmati
oil. In addition, the fatty acid distribution became within
the range expected for high quality olive oils. The
monounsaturated fatty acids (MUFA) content is very
important because of its effect on nutritional value and
oxidative stability of the oils. It has been observed that
oils with a high content of saturated fatty acids (SFA) are
more viscous and persistent on the mucous of the oral
cavity. This gives rise to the defect known as ‘fatty
sensation’ (Solinas, 1990). Aromatized oils at 0.005%
exhibited a significant increase of MUFA,; in contrast, the
SFA decreased (Table 3). These results are in
agreement with the findings of other authors when
blending oils (Issaoui et al., 2009; Ouni et al., 2011).

Pigments

The total pigment content in olive oil is an important
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Table 3. Fatty acid composition of virgin olive oil and aromatized olive oils samples.
Composition Pure olive oil Aromatized olive oil
P 100% 0.005% 0.01% 0.02%

Cis0 19.11+0.16° 18.88+0.03° 15.74+0.2° 14.350.21°
Ci6:1 1.99+0.17° 0.86+0.05° 1.09+0.12° 1.48+0.02°
Cis0 6.39+0.3° 2.19+0.2° 1.1+0.31° 12.32+0.23°
Cis:1 51.61+0.05° 51.62+0.04° 52.02+0.03° 53.49+0.02°
Cis2 18.89+0.05° 18.79+0.04° 16.19+0.1° 14.73+0.01°
SFA 25.5+0.20° 21.07+0.21° 16.84+0.22° 26.67+0.29¢
MUFA 53.6+0.22° 52.48+0.23° 53.11+0.29° 54.97+0.26°
PUFA 18.89+0.27° 18.7920.29° 16.1940.29° 14.7320.27°

@ Mean + S.D. (n = 6). Significant differences within the same row are shown by different letters (P < 0.01).

parameter for evaluating olive oil quality. Furthermore,
pigments are involved in auto-oxidation and photo-
oxidation mechanisms (Gutiérrez, 1989). The interest in
the possible beneficial effects of chlorophyll pigments and
related compounds has reemerged in the current decade.
In this regard, some studies in vivo have appeared which
seem to indicate that they may be antioxidants have
appeared (Kamat et al., 2000; Lanfer-Marquez et al.,
2005). More importantly, some authors have reported
that they may also be beneficial in the prevention of
cancer (Ferruzzi and Blakeslee, 2007). Zalmati olive oil
has very low amounts of pigments (1.6 and 2.66 mg/ kg)
of chlorophylls and carotenoids, respectively). At all
percentage of aromatization with essential oils,
chlorophylls and carotenoids in Zalmati olive oils
underwent a slight decrease (Table 2). The production of
highly pigmented oils should be of considerable interest
for the industry and can influence the consumer usually
prefer lighter oils.

Oxidative stability

Stability to oxidation is an important property of olive oil,
which is improved by synergistic interactions between the
various antioxidants present in the oil itself, and also
depends on the lipid composition. As can be noted from
Table 2, Zalmati olive oil has a low oxidative stability (32
h). The best influence of the process was clearly
observed when aromatization was carried out at 0.02%
(from 32 to 45 h) (Table 3).

Antiradical activity

Radical scavenging activity of the Zalmati olive oils varied
according to the percentage of aromatization (63.33 to
72%) (Table). Zalmati oils produced at 0.02% showed the
highest scavenging ability, with an average value of 72%.
Conversely, at lower percentage of aromatization, the
average value dropped down to 65%. This activity is

necessarily linked to the much lower oxidative stability
and oleic acid content. Our results show significant
variation of the radical scavenging activity of the Zalmati
oils due to the effect of the aromatization process.
Overall, the correlation showed a positive linear
relationship between radical scavenging capacity and
oxidative stability measured by Rancimat (r = 0.66) (data
not shown). These results are similar to those reported by
several authors for other olive oil varieties (Usenik et al.,
2008).

Conclusion

The aromatization process using different percentages of
essantials oils improved the fatty acid composition by
increasing the oleic acid content and decreasing the
palmitic and linoleic acids levels, compared to those of
pure Zalmati oil. The amount of chlorophylls, carotenoids
increased quite slowly at the lower percentages of
aromatization. Moreover, aromatization process improved
the oxidative stabilty and the antiradical activity
composition. In addition, these results clearly showed
that aromatization application can play an important role
in the changes of quality of monovarietal VOOs.
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