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SUMMARY: The aim of this work was to determine the fatty acids (FA), tocopherols, phenols, and antioxidant
capacity (AC) of five virgin olive oils (VOO) obtained from the olive cultivar ‘Roghiani’, from different regions
of northern Libya during the crop year 2015. The parameters determined for the oils were investigated for the
first time. Seven principal FAs were detected in the VOO samples. Oleic, palmitic, and linoleic acids were the
dominant ones. The highest percentage of palmitic acid was found in Tripoli VOO (P < 0.05). Oleic acid was
dominant in all the VOO samples. Gharyan VOO possessed the highest value of oleic acid, O/L ratio, monoun-
saturated fatty acids (MUFA), total phenols content (TPC), total tocopherol and tocotrienol contents (TTC),
and AC”"™ 9% (P <0.05). A strong positive relationship between TPC and (AC) as (1/ECs,"""") was observed,
(r) was +0.831. On the other hand, (1/ECs, ") showed a positive correlation with TTC, (r) was +0.768.
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RESUMEN: Perfil fitoquimico y capacidad antioxidante de aceites de oliva virgen obtenidos de la variedad
‘Roghiani’ en diferentes regiones del norte de Libia. El objetivo de este trabajo fue determinar los acidos gra-
sos (FA), tocoferoles, fenoles, y la capacidad antioxidante (AC) de cinco aceites de oliva virgenes (VOO) obteni-
dos de la variedad ‘Roghiani’, procedentes de diferentes regiones del norte de Libia y cosechados en 2015. Los
parametros fueron estudiados por primera vez en estos aceites. Se detectaron siete FA principales en muestras
de VOO siendo los acidos oleico, palmitico y linoleico los mayoritarios. El mayor porcentaje de acido palmitico
se presento en los aceites de la zona de Tripoli VOO (P < 0.05). El acido oleico fue el mayoritario en todas las
muestras de VOO, siendo los de la zona de Gharyan los que tuvieron los valores mas altos de acido oleico,
mayores proporciones O/L, de acidos grasos monoinsaturados (MUFA), mayores contenidos de fenoles totales
(TPC), de tocoferoles y tocotrienoles (TTC) y AC DPPH% (P < 0.05). Se observo una estrecha relacion positiva
(r = +0.831) entre TPC y AC, como (1/ECs, DPPH). Por otra parte, 1/EC5y DPPH, mostr6é una correlacion
positiva con TTC (r = +0.768).
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1. INTRODUCTION

Libya is one of the olive oil producers in North
Africa, where olive oil is part of the basic culture.
Between 2008/09 and 2013/14, the average oil pro-
duction in the country amounted to 15,000 tons per
year, which amounted to 0.5% of the total world
production of olive oil. The use of olive oil in Libya
is part of their culture and a large number of indi-
vidual manufactures producing oil use the process of
cold pressing (Elbeydi and Hamuda, 2016). VOO is
a product from the extraction of the olive fruit and
is considered to be one of the best sources of unsatu-
rated fatty acids (mainly oleic acid), phenols, tocoph-
erols and flavor components (Bendini et al., 2007).
So, its nutritional properties are highly valued for
their positive effects on human health (Ballus ez al.,
2014). The chemical composition of VOO consists of
monounsaturated fatty acids (MUFA), polyunsatu-
rated fatty acids (PUFA), and saturated fatty acids
(SFA) (Del Coco et al., 2013). MUFA was essentially
attributed to decreased endothelial activation, and
LDL susceptibility to oxidation (Dabbouet al., 2011).
The balances between oleic, linoleic, and linolenic
acids, as well as other bioactive components have an
important impact on the nutritional value and the
oil’s quality (Krichéne et al., 2010). The most impor-
tant phenolic compounds in VOO are phenolic acids
and alcohols, secoiridoids, lignins and flavonoids.
The phenolic composition and sensory properties
of olive oil vary significantly depending on the olive
variety (Yousfi et al., 2006). Phenolic compounds are
important in terms of VOO quality because of their
contribution to the oil’s flavor and aroma. They also
protect olive oil from oxidation through their anti-
oxidant properties (Dabbou et al., 2011). The abso-
lute concentration of phenols in olive oil is strongly
affected by several factors, including the cultivar,
the ripeness degree of the fruit, the climate, and the
extraction procedures (Chtourou et al., 2013). Ben
Othman et al., (2008) reported that olive oil is a rich
source of natural antioxidants which may, by differ-
ent mechanisms, act as an effective defence against
reactive species. The olive oil supplemented diet is
effective in the prevention of some diseases, includ-
ing coronary atherosclerosis, the principal cause of
death in western civilization (Fit6 et al., 2000). The
main objectives of this study were to investigate the
phytochemical profile (fatty acids, phenolic acids
and tocopherols), and in vitro, to determine the
biological potential (antioxidant capacity) of the
VOO obtained from the ‘Roghiani’ cultivar from five
regions in northern Libya. Furthermore, the rela-
tionship and correlations between phytochemicals
and antioxidant capacity have been highlighted. The
investigation of these compounds supported by veri-
fiable evidence may explain their role in the quality
and authenticity of Libyan VOO as well as their con-
tribution to human health.

2. MATERIAL AND METHODS
2.1. Chemicals

All standards, and reagents used in this study
for the determination of phytochemicals in VOO,
and their bioactivities were purchased from (Sigma-
Aldrich Co., St. Louis, USA; I T. Baker, Deventer,
Teugseweg 20 7400 AA Deventer Netherlands).
Other chemicals and solvents were of the highest
commercial grade and purchased from (Merck,
Darmstadt, Germany).

2.2. VOO samples

The study was carried out on the ‘Roghiani’ culti-
var of olive fruits (Olea europea L.) from Libya. The
olive samples were hand-picked at the beginning
of January, 2015, from five different geographic
regions. This cultivar grows in the north of Libya
(Gharyan: 32° 10" N, 13° 01" E, Tarhuna: 32° 26" N,
96+13° 10" E, Msallata: 32° 35" N, 14° 2" E, Tripoli:
32°53’N, 13° 10" E and Q. B. Ghashir: 32°40’N, 13°
10" E). The mean rain precipitation registered in the
north is about 383 mm/year, with a mean tempera-
ture of approximately 27 °C.

2.3. Extraction of oil samples

Olive fruit samples were collected and harvested
from the regions described above. Within 3 days
of harvesting, the fruits were washed, milled and
the olive pastes were malaxed with a mixer for 40
min at 35-40 °C. After separation at 3000 rpm by a
centrifugal separation process (Rapanelli, Foligno,
Italy), the extracted olive oil samples were decanted
and filtered. The VOO samples were stored in the
refrigerator at 8 °C in dark glass bottles until further
analysis. The samples then were tempered at room
temperature for 24 h before analysis.

2.4. Determination of fatty acids (FA)

FA methyl esters were prepared using the stan-
dard method described by ISO E. 5509 (2000). FA
composition was determined using the gas chroma-
tography method described by ISO E. 5508 (1990),
on the Hewlett-Packard (HP) 5971 instrument.
Conditions for chromatographic determination were
as follows: capillary column Supelco SP-2560 100 m
long, 0.25 mm internal diameter and film thickness
of the stationary liquid phase 0.20 um, injector tem-
perature 230 °C. The initial temperature of the col-
umn was maintained at 100 °C for 5min, followed
by a rise in temperature at a rate of 6°C/ min to a
final temperature of 240 °C, which was maintained
for the next 20 min. The temperature of the mass
spectrometry was 180 °C. The sample size was 1 ml.
Helium was used as the carrier gas with a flow rate
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of 0.58 ml/min. The qualitative determination was
made on the basis of the mass spectrum and reten-
tion time. The quantitative determination was per-
formed using a modified 0 method 100%, where the
correction factors used to define the standard solu-
tion of a mixture of methyl esters were determined
by Supelco (37 component FAME Mix, 47885 -U)
according to the manufacturer.

2.5. Iodine value (IV)

IV was calculated from fatty acid percentages
based on the formula given below (Krishnamurthy
and Kellens, 1996):

IV (/100g) = (16:1 x 0.95) + (18:1x 0.86)
+(18:2 x 1.732) + (18:3 x 2.616)

where: 16:1 palmitic acid; 18:1 oleic acid; 18:2
linoleic acid and 18:3 linolenic acid.

2.6. Total phenol content (TPC)

TPC was estimated according to the Folin-
Ciocalteu spectrophotometric method described by
Haiyan et al., (2007).

The TPC was calculated according to the follow-
ing formula:

TPC (mg/kg) = [97.312 X Ayysyn — 0.4865/ m]
x 16.667

where: A4y, = absorbance at 725 nm; m: = mass
of sample (g).

TPC was expressed as Gallic acid equivalents
(GAE) in mg/kg of oil.

2.7. HPLC Analysis
2.7.1. Phenolics fractionation

Phenols from the olive oil samples were extracted
according to the modified procedure by Gouvinhas
et al., (2014). 800 ul of sample were accurately
weighted into a 4 ml vial and diluted with 400 pl of
hexane. The mixture was extracted with 600 pl of 80%
methanol by vigorous vortexing. After centrifug-
ing for 10 min at 2500 rpm, the aqueous-methanolic
layer was transferred into a 2 ml volumetric flask,
and oil layer was extracted two more times with
80% methanol. The pooled extract was filled with
80% methanol up to a final volume of 2 ml, filtered
through a 0.45 um regenerated cellulose membrane
filter, and analyzed by LC-DVD-MS / MS.

The contents of 38 common secondary bio mol-
ecules were determined by LC-DVD-MS / MS,
according to the procedure by Or¢i¢ et al., (2014).
5 ul of sample were injected. The separation was
performed on a Zorbax Eclipse XDB-C18 column

(50 mm X 4.6 mm, 1.8 um) held at 50 °C. The com-
ponents were eluted using a mobile phase consist-
ing of 0.05% aqueous formic acid (A) and methanol
(B), delivered at 1.0 ml/min at a gradient: 0 min 30%
B, 6 min 70%, 9 min 100%. 12 min 100%, post-time
3 min. UV/ VIS signal in 190-700 nm range was
monitored for identity confirmation purposes. The
effluent was forwarded into the MS/MS detector
without flow splitting. The ion source parameters
were as follows: nebulizer pressure 50 psi, drying gas
(N,) temperature and flow rate of 350 °C and 10 1/
min, respectively, capillary voltage 4000V, negative
polarity. The compounds were monitored using the
dynamic SRM mode. A series of standards, rang-
ing from 1.53 pg/ml to 25.0 pg/ml, was prepared by
sequential 1:1 dilution. All compounds were quan-
tified according to SRM signals except for tyrosol,
due to poor MS/MS response, which required the
use of a UV signal (280 nm with 20 nm bandwidth
vs. reference wavelength of 550 nm with 100 nm
bandwidth).

2.7.2. Tocopherol fractionation

The determination of tocopherols was carried out
using HPLC (Waters, M600E, USA) on a reversed-
phase Nucleosil 50-5 C18 column with fluorescence
detection using a method based on the procedure
of Carpenter, (1979), with slight modifications. The
following procedures were applied: 20 ml 95% etha-
nol, 0.12 g of pyrogallol, and 30 ml KOH solution
(8.9 mol/l) were added to 0.5 ml of oil, and then the
solution was heated for 30 min at 60 °C with a reflux
and stirring. Once the saponification process was
completed, the content was cooled, and transferred
to the volumetric flask (50 ml), and topped with
ethanol. An aliquot of 5 ml was then transferred
to the separation funnel and 5 ml of cold deionized
water and 5 ml of hexane were added. The mixture
was shaken using vortex for 3 min and 4 ml of the
solution were then dried under a nitrogen blanket.
The dry matter was then dissolved in 4 ml of metha-
nol. The sample was then filtered using a membrane
syringe filter and injected into the HPLC system.
The mobile phase was 100 ml of 95% methanol at a
flow rate of 1.2 ml/min. Detection was done by the
fluorescence detector (Shimadzu RF-535, Japan)
operated with the excitation wavelength at A = 290
nm and the emission wavelength at A = 330 nm.
The relative retention time and maximum values of
absorption at the given relative retention time were
used for the identification of tocopherols in the oil
samples.

2.8. Total tocopherol and tocotrienol contents (TTC)
The contents of total tocopherols and tocotri-

enols were determined using a method adopted by
(Paquot et al., 1967). Briefly, the first step in this
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procedure was the saponification and extraction of
the unsaponified matter that was soluble in benzene.
The benzene solution was then used to perform a
color reaction. The absorption of the solution was
measured at 520 nm using a blank probe.

2.9. DPPH scavenging assay

The antioxidant capacity of the VOO extracts in
the current study was assessed by the evaluation of
the free radical scavenging effect on 2,2-diphenyl-
1-picrylhydrazyl (DPPH) radical, according to the
method proposed by Martinez and Maestri, (2008).
The absorbance was read at 515 nm using toluene
as the blank.

The ability to scavenge DPPH radicals, i.e.
ACpppy Was calculated by the following formula:

ACP"M (%) = [A. — A, /A, ] % 100

where: A¢ = absorbance of the control; Ag = absor-
bance of the sample.

EC,,°"™ values were calculated as the inhibi-
tory concentration of the oil necessary to decrease
the initial DPPH® absorbance by 50%. A lower
ECy, value indicates a higher antiradical capacity.
EC;,"™" (mg/ml) values were expressed as antioxi-
dant capacity (AC) and 1/ECs,PPPH (ml/mg).

2.10. Statistical analysis

All results are presented as a mean value *
standard deviation (n = 3). One way analysis
of variance (ANOVA) with a Tukey’s test was
used to determine significant differences among
the data. The statistically significant level was

fixed at (P < 0.05). The degree of linear relation-
ship between two variables was measured using
Pearson’s correlation coefficient (r). The ECy, val-
ues were calculated using the best-fit regression
model. All the data were analyzed using Microsoft
Office Excel 2007 Software.

3. RESULTS
3.1. Fatty acid composition (FA)

The results for FA are summarized in Table 1.
It can be seen that the highest percentage of pal-
mitic acid (18.77 £ 0.05) was found in Tripoli VOO
(p < 0.05) followed by Tarhuna, Q. B. Ghashir,
Msallata, and Gharyan VOO, which had the lowest
value of palmitic acid (13.20 £ 0.23). Essential FAs
(oleic, linoleic and linolenic) are also registered in
Table 1. Oleic acid was the dominant factor with
respect to linoleic and linolenic acids in terms of
discriminating olive oils from each other.

The highest percentage of oleic acid was found in
Gharyan VOO (70.09 £ 0.18); while the lowest per-
centage was detected in Tripoli VOO (52.14 £ 0.05);
although this oil had the highest percentage of lin-
oleic acid (23.11 * 0.03). The lowest percentage was
presented in Gharyan VOO (11.55 £ 0.34). Our
results showed that linolenic acid was in a low per-
centage compared with oleic and linoleic acids. Q. B.
Ghashir VOO had the highest percentage of linole-
nic acid (0.81 + 0.02). No significant difference was
found among Gharyan, Msallata, or Tripoli VOO,
or between Tarhuna and Msallata VOO.

The results of IV are presented in Table 1. IV
was calculated as g/100 g of oil. IV showed the fol-
lowing order: Tripoli (89.18) > Q.B. Ghashir (88.97)

TABLE 1. Fatty acids, iodine value and O/L ratio

FA (g/100g) Gharyan Tarhuna Msallata Tripoli Q. B. Ghashir
16:0 13.20 + 0.23 17.76 + 0.02° 16.22 +0.02° 18.77 + 0.05¢ 17.44 + 0.04°
16:1 1.08 £0.01° 2.02+0.03° 1.69 +0.01° 248 +0.01¢ 2.18 £0.02°
18:0 2.98 +0.08" 2.43%0.04° 2.66 £ 0.01° 2.39+0.01° 2.18 £ 0.02°
18:1 70.09 +0.18° 55.66 +0.12° 61.35+0.13¢ 52.14 £ 0.05° 55.77 £ 0.05"
18:2n-6 11.55 +0.34" 21.02 +0.06" 17.01 £ 0.10° 23.11 +0.03¢ 21.26 +0.05
18:3n-3 0.64 +0.02° 0.76 £ 0.05° 0.70 + 0.02° 0.75+0.02° 0.81 % 0.02¢
20:0 0.46 £ 0.01° 0.36 £ 0.03" 0.36 £ 0.01° 0.36 £ 0.02° 0.36 £ 0.01°
ISFA* 16.64 20.55 19.24 21.52 19.98
SMUFA® 71.17 57.68 63.04 54.62 57.95
SPUFA® 12.19 21.7 17.71 23.86 22.07
IVP°(g/100g) 82.98 +0.39* 88.18 £ 0.11° 85.66 + 0.12° 89.18 +0.02° 88.97 +0.11°
O/L" 6.07 2.65 3.61 2.26 2.62

Values are means * standard deviations (n = 3). Different letters in the same row indicate significantly different values (p < 0.05). A,
Total saturated fatty acids. B, Total monounsaturated fatty acids. C, Total polyunsaturated fatty acids. D, lodine value. E, Oleic acid /

linoleic acid ratio.
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> Tarhuna (88.18) > Msallata (85.66) > Gharyan
(82.98). There was a significant difference (p < 0.05)
between the VOO obtained from the Gharyan and
Msallata regions, although no significant difference
between other VOO regions was found.

The O/L ratio is also presented in Table 1, and had
the following order: Gharyan (6.07) > Masllata (3.61)
> Tarhuna (2.65) > Q.B. Ghasheir (2.62) > Tripoli
(2.26). The statistical analysis showed significant dif-
ferences (p < 0.05) between Gharyan VOO and other
VOO regions. On the other hand, no significant dif-
ferences (p < 0.05) were found between the VOO
obtained from Tripoli, Q. B. Ghashir or Tarhuna.

3.2. Phenols

The total phenol content (TPC) was presented in
Table 2. The TPC ranged from (56 £ 21.49 to 238.3
+ 16.26 mg GAE/kg). There was a significant dif-
ference between Gharyan VOO and the VOO from
other regions; while no significant difference was
found (p < 0.05) among the VOO from Tarhuna,
Msallata or the Q. B. Ghashir regions. The frac-
tionation of phenols analyzed by HPLC is also pre-
sented in Table 2. The Phenol alcohols (tyrosol and
hydroxytyrosol) ranged from 4.36 = 0.33 to 11.4 *
1.50 and 0.33 £ 0.01 to 10.90 + 1.20 mg/kg, respec-
tively. The statistical analysis showed significant dif-
ferences (p < 0.05) among the VOO from all regions.

Other phenolic acids in the VOO samples were
present in very low concentrations, in all cases
< 0.1 mg/kg. The concentration of caffeic acid
was < 0.07 in Gharyan, Tripoli and Q. B. Ghashir
VOO. The chrysoeriol level ranged from 0.07
+ 0.01 to 0.15 £ 0.01 mg/kg. Q. B. Ghashir pos-
sessed the highest level, and the lowest level was in

Gharyan VOO. The Naringenin level ranged from
0.18 + 0.02 to 0.36 £ 0.01 mg/kg. The Apigenin
level ranged from 0.34 + 0.02 to 0.70 £ 0.02 mg/
kg. Q. B. Ghashir VOO was dominant. The lowest
level was found in Tarhuna VOO.

3.3. Tocopherols and tocotrienols

As a further important criterion for the assess-
ment of olive oil, the total tocopherol and tocotri-
enol contents (TTC) are presented in Table 3. The
TTC ranged from (221.6 £ 4.31 to 528.6 + 14.49 mg/
kg). The highest TTC was found in Gharyan VOO,
and the lowest TTC was in Tripoli VOO. The sta-
tistical analysis indicated that there were significant
differences (p < 0.05) among the VOO in all regions.

The tocopherol compositions analyzed by HPLC
are presented in Table 3. There is a certain difference
(p £0.05) in the tocopherol composition in the VOO
from the different regions. a-tocopherols possessed a
higher percentage compared with f+y, B-tocopherol
in all VOO samples.

The a-tocopherol content of the VOO samples
ranged from 29.35 + 1.17 to 97.52 £ 4.88 mg/kg
in Gharyan, Msallata VOO respectively, whereas;
B+y- tocopherol was found at 1.37 £ 0.07 in Tripoli
VOO and up to 4.69 + 0.23 mg/kg in Tarhuna VOO.
d-tocopherol ranged from 0.30 £ 0.02 in Tripoli
VOO to 1.16 £ 0.06 mg/kg in Gharyan VOO.

3.4. DPPH assay

The antioxidant capacity was determined by
DPPH’ (AC”"™™) and is presented in Figure 1. As
shown this figure Gharyan VOO showed signifi-
cantly higher (P < 0.05), AC°"™" at 96.2% when the

TABLE 2. Total phenol contents and their fractionation

Compounds Gharyan Tarhuna Msallata Tripoli Q. B. Ghashir
Tyrosol 11.4 % 1.50° 4.83 +0.30° 436 +0.33 5.76 + 0.64° 8.60 £ 0.71°
Hydroxytyrosol 10.9 + 1.20° 0.36 +0.02° 0.33+0.01° 1.08 +0.14° 10.7 +0.50°
p-coumaric acid 0.03 +0.01° 0.21 +0.01° 0.48 +0.02° 0.28 +0.03° 0.09 + 0.00*
Vanillic acid <0.1 <0.1 0.18 +0.03 <0.1 <0.1
Caffeic acid <0.07 0.07 + 0.00 0.09 +0.02 <0.07 <0.07
Ferulic acid <0.02 0.04 + 0.01 0.09 + 0.01 0.06 + 0.00 <0.02
Luteolin 0.90 +0.11* 0.91 +0.05* 0.73 +0.03" 0.86 + 0.08* 1.38 £0.07°
p-hydyroxybenzoic acid <0.03 <0.03 0.08 £0.01 <0.03 <0.03
Protocatechuic acid <0.01 <0.01 0.04 £ 0.00 <0.01 <0.01
Quinic acid <0.1 0.13 +0.02 <0.1 <0.1 <0.1
Naringenin 0.18 +0.02* 0.21 +0.01* 0.35+0.01° 0.25 +0.03° 0.36 +0.01°
Apigenin 0.40 £ 0.05™ 0.34 +0.02° 0.44 +0.03° 0.48 £ 0.05° 0.70  0.02°
chrysoeriol 0.07 +0.01* 0.08 +0.01* 0.08 *+ 0.00* 0.10 +0.01° 0.15+0.01°
TPC* 238.3 + 16.26" 144.2 +29.69" 139.4 + 7.70° 56.0 + 21.49° 136.8 +0.07°

Values are means * standard deviations (n = 3). Different letters in the same row indicate significantly different values (p <0.05). A,

Total phenolic content (mg GAE/kg).
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TABLE 3. Tocopherols and tocotrienols

VOO samples a- tocopherol p+y- tocopherol &- tocopherol TTC*
Gharyan 2935+ 1.17* 1.89 *0.09° 1.16 £ 0.06 528.6 * 14.49"
Tarhuna 78.89 + 3.94 4.69 +0.23 0.52 £0.03° 253.4 +34.86°
Msallata 97.52 + 4.88° 3.54 +0.28° 0.66 + 0.03¢ 334.5 + 44.90°
Tripoli 48.71 +2.44° 1.37 £0.07° 0.30 £ 0.02¢ 221.6 +4.31¢
Q. B. Ghashir 43.93 + 2.20° 1.76 £ 0.09° 0.52 +0.03% 452.1 £ 18.31°

Values are means * standard deviations (n = 3). Different letters in the same column indicate significantly different values (p < 0.05).

A, Total tocopherols and tocotrienols content (mg/kg).

—@— Gharyan —e— Tarhuna —m— Msallata —&— Tripoli —— Q.B. Ghashir

100 -
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40
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10 -

AC (DPPH %)

0.1 0.3 05

Oi7 0.9 1.1

VOO concentration (mg/ml)

FiGuRre 1. DPPH radical scavenging activity (%) versus concentration (mg/ml)

concentration of the sample was (1.00 mg/ml) com-
pared to other VOO samples. The scavenging effect
on the DPPH radical followed the order: Gharyan >
Q. B. Ghashir > Msallata > Tarhuna VOO; whereas
Tripoli VOO showed the lowest AC™™ %, which
was 76.9% at 1.00 mg/ml.

The ECs," ™" values of VOO in all DPPH assays
were calculated and listed in Table 4. The ECs,PPPH
value of VOO in this study ranged from 0.20 to
0.41 (mg/ml). Consequently, the highest ECs,""""
was registered for Msallata VOO, while the lowest
EC4,PPPH was found in Gharyan VOO (P £ 0.05). As
shown in Table 4. Gharyan VOO had the highest
antiradical power ARP (1/ECs,"""") followed by Q.
B. Ghashir, Tarhuna, Tripoli and the lowest ARP
was found in Msallata VOO.

4. DISCUSSION
4.1. Fatty acid composition (FA)

Based on the FA results in the current study, seven
principal FAs were detected in the VOO samples.

Oleic, palmitic, and linoleic acids were dominant in
the VOO, the other FA occurred in small amounts.

TABLE 4. Antioxidant capacity (DPPH)

DPPH’ scavenging ARP 1/
VOO sample (Yo)* EC5,"™  ECg”"™
Gharyan 96.2 * 0.20 0.20 5.00
Tarhuna 82.2 +1.00° 0.37 2.73
Msallata 88.2 + 1.00° 0.41 2.43
Tripoli 76.9 + 1.00° 0.38 2.60
Q. B. Ghashir ~ 94.2 + 0.20° 0.35 2.87

* Values are means * standard deviations (n = 3). Different
letters in the same column indicate significantly different values
(p < 0.05). ARP, antiradical power (ml/mg), ECs,"""" (mg/
ml), the concentration of sample needed to decrease the initial
DPPH* concentration by 50%.

FA may differ from sample to sample. Oleic acid
ranged from (11.55 - 70.09%) in all VOO samples.
Chtourou et al., (2013) also studied the VOO from
Tunisia (Chemlali Sfax and Arbequina), and found
that the Arbequina oil had the highest percent-
age of oleic acid (63.85%) compared to (Chemlali
Sfax); whereas the lowest percentage of this FA was
(58.04%). These results are in agreement with the
results in this study which observed that oleic acid
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was the dominant fatty acid. The FA distribution
in olive oil according to the International Olive Oil
Council (1984) is 55.0-83.0% oleic, 7.5-20.0% pal-
mitic, 3.5-21.0% linoleic and 0.5-5.0% stearic acid.
Boggia et al., (2005) determined the FA in olive oil of
the cultivar Colombia to be 61.96-72.03% oleic, 9.78-
18.30% linoleic, 13.15-14.77% palmitic and 2.35-
3.90% stearic acids. Wiesman, (2009) examined the
quality of desert-grown olive oils and he observed
high oleic acid contents in those cultivars grown
under relatively saline water conditions. However,
there are contradictory reports on the effects of the
temperature and latitude and longitude of the grow-
ing locations of olive oil and their phytochemical
compounds such as fatty acids and polyphenols.

In general, Tripoli VOO had the highest value
for SFA and PUFA; whereas Gharyan VOO had
the highest value for MUFA. Chourou et al., (2013)
also studied SFA, MUFA, and PUFA in VOO from
Tunisia and determined that the SFA of Chemlali
Sfax oil was 21.05%, and MUFA was 66.07% in
Arbequina oil and PUFA was 18.11% in Chemlali
oil. Libyan VOO from different regions had a simi-
lar percentage of all unsaturated fatty acids.

IV is a good indicator often used to determine
the amount of unsaturation in FA. This unsatura-
tion is in the form of double bonds which react with
iodine compounds. The higher the iodine value, the
more C=C bonds are present in the fat. This study
showed that Tripoli VOO had the highest iodine
value (89.18%), while Gharyan VOO had the lowest
1odine value (82.98%). Dabbou et al., (2010) deter-
mined the IV in Chemlali cultivars from Tunisia,
and these authors observed that the iodine value in
Chemlali Sfax oil was 87.83% and Chemlali Zarzis
oil was 80.20%.

The results in this study showed that the IV is at a
similar value to Tunisian VOO. Our results also showed
the positive relationship between IV and PUFA. The
Pearson’s correlation coefficient was r = 0.983.

The O/L ratio is in accordance with the oleic to
a linoleic ratio (O/L ratio) which affects the taste of
VOO, a condiment largely responsible for flavor and
healthy effects of the Mediterranean diet (Boskou
et al., 2006). Gharyan VOO had the highest O/L
ratio which was 6.07: whereas Tripoli VOO had the
lowest O/L ratio (2.26).

Dabbou ez al., (2010) also determined the O/L
ratio in Chemlali cultivars from Tunisia. The
authors found that the O/L ratio of Chemlali Sfax
oil was 3.31 and in Chemlali Zarzis oil it was 12.17.
The results in this study showed that the O/L ratio is
similar to Tunisian oil.

4.2. Phenols
According to the results presented in Table 2,

the highest TPC was found in Gharyan VOO, and
the lowest TPC was found in Tripoli VOO. Phenols

are very important for assessing the quality of edi-
ble oils. Nakbi et al., (2010) also studied the TPC
in the Chetoui and Chemlali cultivars from Tunisia
and reported that the total phenolic contents were
113.40 + 1.32 and 53.19 * 1.50 mg GAE/kg for
Chetoui and Chemlali cultivars, respectively. These
results were similar to the results in this study.

The fractionation of phenols by using HPLC
showed that Gharyan VOO was the highest;
while the Msallata VOO was the lowest. The
tyrosol:hydroxytyrosol ratio was lower in Tarhuna,
Msallata, Tripoli, and Q. B. Ghashir VOO than
Gharyan VOO. Other phenols were present in very
small amount; in all cases < 0.1 mg/kg, which is con-
sistent with reports by other authors for other olive
oils (Caponio et al., 1999). However, several pheno-
lic compounds described by these authors, such as
vanillic, p-hydroxybenzoic, protocatechuic, quinic
acids were < 0.1. Monasterio et al., (2013) reported
that hydroxytyrosol had much higher antioxidant
capacity than that observed for tyrosol.

4.2. Tocopherols and tocotrienols

Matthius and Ozcan (2011) reported the tocoph-
erols in four olive oils from different regions of
Turkey. The authors reported that the tocopherols
ranged between 2.38 in Sarmulak and 21.51 mg/kg in
Gemlik. The a-tocopherol contents of the samples
were found between 0.56 in Sarulak and 20.29 mg/
kg in Gemlik. Our results showed that Libyan VOO
from different regions had higher amounts. The
percentages of different tocopherols in the olive
oil were as follows: 88.5% a-tocopherol, 9.9% p+v-
tocopherol and 1.6% B-tocopherol (I0OC, 1984).
Nakbi et al., (2010) studied the TTC in the Chetoui
and Chemlali varieties from Tunisia and these
authors reported that the Chemlali oil had the high-
est TTC (234.30 + 35.25 mg/kg); whereas Chetoui oil
had the lowest TTC (270.00 £ 12.44 mg/kg). These
results were similar to the Tripoli VOO in our study.

4.3. Antioxidant capacity by DPPH assay

The In vitro DPPHe assay has been widely
accepted as a tool for estimating the free radical
scavenging activity of antioxidants (Brahmi et al.,
2012). Moreover, this assay has been accepted as a
model for measuring the free radicals originating
from lipids (Arabshahi-Delouee and Urooj, 2007).

It was observed that the (%) of inhibition in the
DPPH assays of the VOO from different regions or
varieties, were increased through the increasing con-
centration of VOO samples, which depended pri-
marily on the content of phenols and tocopherols,
which play a key role of antioxidant. The value can
be determined graphically by plotting the % DPPH’
inhibition against the concentration (mg/ml) of
VOO, then using the regression equation to calculate
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FIGURE 2. a) Pearson’s correlation coefficient (r) between TTC and (ARPPP*™); b) Between TPC and (ARPP*™) in VOO samples

ECs, The higher ECs, value corresponds to a lower
scavenging activity on DPPH radicals.

The EC5PPPH in this study was higher than the
EC;,""" results reported by (Chtourou et al., 2013).
These authors found that the ECs""™" value of
Chemlali Sfax oil was (0.01 mg/ml), while Arbequina
oil was (0.02 mg/ml).

4.4. Correlation (r) among phytochemicals and
antioxidant capacity in VOO samples

Phenolic compounds and tocopherols play a
key role in the stability of VOO. Indeed, phenolic
content is important in the evaluation of the extra
VOO nutritive quality because phenolic compounds
protect the triacylglycerols from oxidation and con-
tribute to the oil’s flavor and aroma. All ECs" "
values were transformed into their reciprocal values,
1/EC5,°"™. Reciprocal values are more representa-
tive of the presented activities because they follow
the increasing trend of the sample efficiencies in the

tested assay. These values were investigated with
respect to the correlation with the TPC and TTC,
and quantified in the VOO samples. In order to eval-
uate the relationship between those phytochemicals
and AC. Pearson’s correlation coefficient (r) was
analyzed, and some strong significant correlations
were achieved (0.8 < r < 1). The results of correlation
analysis are presented in Figure 2a. A strong positive
relationship between TPC and AC as (1/ECs,°")
was observed, and Pearson’s correlation coefficient
was (r = + 0.831). On the other hand, (1/ECs," ")
showed a moderate positive correlation with TTC
(r = + 0.768) which is shown in Figure 2b. These
results suggest that TPC and TTC are good predic-
tors of in vitro antioxidant activity.

5. CONCLUSIONS
The virgin olive oil obtained from the ‘Roghiani’

cultivar from different regions of northern Libya
shows variation in its phytochemical contents and
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antioxidant properties. Seven principal FAs were
detected in the VOO samples. Palmitic, oleic, and lin-
oleic acids were dominant in the VOO. The other FA
occurred in small amounts. The highest percentage of
palmitic acid was presented in Tripoli VOO (P <0.05).
Oleic acid was the dominant fatty acid compared to
linoleic and linolenic acids in all the VOO samples.
Gharyan VOO possessed the highest percentage of
oleic acid, O/L ratio, MUFA, TPC, TTC, and AC"™™"
% (P <0.05). The positive relationship between IV and
PUFA was registered, r was +0.983. The strong posi-
tive relationship between TPC and AC as 1/ECs,>
was observed, r was +0.831. On the other hand, 1/
EC5,""™ showed a positive moderate correlation
with TTC, r was +0.768. These results suggest that
TPC and TTC are good predictors of in vitro anti-
oxidant capacity. It can be concluded that the VOO
obtained from the ‘Roghiani’ cultivar in Gharyan is
highly comparable to the international varieties in its
quality and for the enhancement of human health.
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