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ABSTRACT
Extra virgin olive oils were extracted from olive varieties (Koronakii, Picual, Arbiquene, Coratina and Forntoi) 

in the presence and in the absence of the stones. Quality characteristics (free fatty acid contents, peroxide value, oxi-
dative stability, organoleptic tests and spectrophotometric indices K232nm and K270nm) were evaluated. Bioactive 
components of extra virgin olive oil samples, namely, polyphenol, orthodiphenol, bitter index, α-tocopherol, chloro-
phyll and carotenoid were determined. Fatty acids composition, sterols and phenolic compounds were analyzed by gas 
liquid chromatography (GLC) and high performance liquid chromatography (HPLC). De-stoning lowered slightly the 
α-tocopherol content in the extra virgin olive oils but increased the total polyphenols, orthodiphenols, bitter index and 
pigment content. Oils extracted from de-stoning olive varieties showed higher concentration of hydroxytyrosol and 
tyrosol phenolic compounds. De-stoning was found to improve the organoleptic properties of the extracted oils.
Key words: Olive oil, De-stoned olive, bioactive components of olive oil, organoleptic tests.

INTRODUCTION
Virgin olive oil, extracted from the fruits of the 

olive tree, Olea europea L., is consumed without 
further refining to retain volatiles and other minor
compounds that produce a fragrant and delicate fla-
vor (Morales & Aparicio, 1999). Olive oil is ex-
tracted by pressure or centrifugation systems, which 
vary not only in the physical forces employed to 
separate the oil phase, but also in the amount of 
water used.  A pressure system does not require ad-
dition of water to the olive paste. However, when 
the olives are difficult to process and the oily phase
is not easily separated from other phases, or when 
ripe olives are processed, it is necessary to add wa-
ter to the oily must in the separation stage before it 
enters a vertical centrifuge (Salvador et al., 1998). 
Centrifugation systems are the most common pro-
cedure since large amounts of olives have to be 
processed in a short time. There are two centrifuga-
tion system, duple-phase and triple-phase decanters 
(Gandual-Rojas et al., 2000).

One of the primary causes of loss of olive oil 
quality is oxidation (Frankel, 1985). Because of 
their role in oil stability there is a special interest 
in the concentrations of antioxidant compounds, 
like polyphenols in virgin olive oil (Papadopoulus 
& Boskow 1991, Montedoro et al., 1992, Baldioli 
et al., 1996). A relationship between polyphenol 
content and oxidation stability has been reported 
for virgin olive oil (DiGiovacchino et al., 1994, 

Basuny & Mostafa, 2004). The tocopherols in 
virgin olive oil are important for their nutritional 
qualities and for their antioxidant properties in that 
they protect the fat components from autoxidation 
(Blekas et al., 1995). The most effective is α-toco-
pherol, followed by β and γ tocopherols, their anti-
oxidant properties in foods have been known for 
many years (Karmal-Eldin & Appelquist, 1996), 
but little is yet known about their contribution to 
the stability of olive oil.

Several authors have found a strong relation-
ship between sensory attributes and the content of 
phenolic compounds of the olive oil (Mateos et al., 
2004). Gutierrez et al. (1992) proposed the use of 
absorbance at  wave length 225 nm of the phenolic 
extract obtained from virgin olive oil for evaluation 
of bitter taste, since a good relationship with bitter-
ness evaluated by an analytical panel was found.

Olive variety, ripeness and the oil extraction 
process, which have a major impact on the orga-
noleptic properties of the oil, particularly on oil 
colour (Melgosa et al., 2005), are among the many 
characteristics influencing the quality of virgin ol-
ive. Olive de-stoning before extraction and milling 
of pulp have been recently set up, showing good oil 
yield. Interest in this technology is increasing, and 
some producers believe that oils obtained from De-
stoned olives are of better quality than oils extract-
ed from the whole fruit (Baccioni, 2001, Lavelli & 
Bondesan, 2005, Ranalli et al., 2007).
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The aim of the present work is to evaluate 
the effect of destoning on some indices of olive 
oil quality, namely, free fatty acid contents, per-
oxide value, spectrophotometric indices (at wave 
length of 232nm and 270nm), oxidative stability , 
organoleptic evaluation and bioactive components 
(total polyphenols , orthodiphenols,α -tocopherol, 
chlorophyll, carotenoids ).

MATERIALS AND METHODS
Oil samples

Fruits of five olive varieties (Kronakii, Picual, 
Arbiquene, Carotenia and Frontoi) were obtained 
from a private farm at El-Mansouria, Giza Gov-
ernorate during season 2006. For each variety, a 
homogenous sample of fruits was selected (5Kg). 
Only healthy fruits, without any kind of infection 
or physical damage fruits were harvested at the 
middle of November. For each olive sample, the 
fruits were separated into two groups, one of which 
was De-stoned by hand using a knife. Olive oil was 
produced from whole fruit and De-stoned olives 
using a laboratory-scale oil mill.

Solvent, Reagents and Standards
 All solvents were distilled before use, Fo-

lin Ciocalteau reagent was obtained from Gerb-
saure Chemical Co.Ltd. Germany and standard 
phenolic compouneds (tyrosol, hydroxytyrosol, va-
nillic, ferulic, cinamic, caffic, elagic, p-coumaric,
p-hydroxybenzoic, apigenin and quercetin) were 
obtained from Koch-light Laboratories Ltd. Colu-
brook, Buckingham, Shira, England.

Analytical methods
Determination of the free fatty acid contents 

(% oleic acid), peroxide value (meq O2/kg oil), and 
UV absorption characteristics (at wave lengths of 
232nm and 270nm) were carried out following the 
analytical methods described in International Olive 
Oil Council “IOOC” (1998)..

Fatty acid composition
Preparation of fatty acid methyl-esters
The methyl esters of fatty acids were prepared 

using (benzene/ methanol/ concentrated sulphuric 
acid 86:10:4) and the methylation process was car-
ried out for one hour at 80-90°C according to Stahl 
(1967).

Identification of the fatty acid methyl-
esters by GLC
A Pye Unicam PU45550 GLC equipped with 

dual flame ionization detector was used. The frac-
tionation of fatty acid methyl-esters was conduct-
ed using a coiled glass column (1.5mm × 4mm) 
packed with diatomite (100-120 mesh) and coated 
with 10% polyethylene glycol adipate. The oven 
temperature was programmed at 8°C/min from 
70°C to 190°C then isothermally at 190°C for 10 
min.with nitrogen gas at flow rate of 30 ml/min as a
carrier gas, the flow rates for hydrogen and air were
30 ml/min and 320ml/min respectively. Detector 
and injector temperature were 300°C and 250°C 
respectively. The chromatogram of the authentic 
fatty acids used to characterize the unknown fatty 
acids according to their retention times. Present 
normalization of each fatty acid was calculated by 
the normalization with response factor method us-
ing the PU 4810 competing integration (Philips). 
The fatty acid composition was expressed as per-
centage of total fatty acid (Farag et al., 1984)

Sterol composition
Sterol composition of the virgin olive oil sam-

ples were determined according to Modert (1968) 
using gas liquid chromatography. The sterol was an-
alyzed using Hewlett Packard gas chromatography 
model 5890 equipped with flame ionization detec-
tor. The column used for separating the sterols was 
a 25mm × 2mm I.D fused silica capillary column 
coated with dimethyl silicon fluid. The chromato-
graphic condition were: sample size 1µ, nitrogen gas 
as carrier,  injection at temperature 250°C/min then 
isothermally for 20 min. at 280°C, detector temper-
ature 300°C auxiliary (detector make-up)gas flow
rate nitrogen at 20ml/min, hydrogen and air flow
rates were 30 ml/min and 400ml/min, respectively. 
Peak areas measurements, relative percentage of 
each peak and retention times were determined us-
ing a Hewlett Packard 3392 integrator.

Organoleptic evaluation
The organoleptic evaluation was determined 

for the extracted oils according to the IOOC (1998). 
The oil samples (15ml each) were presented in 
covered blue glasses (diameter, 70mm, capacity, 
130ml) at 28°C±2°C. The glass warmed and after 
removing the cover, the sample was smelled and 
then tested by the panelist to judge its flavour. The
different attributes of the oils were assessed and 
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their intensities were evaluated, as a mean value of 
the panelists score.

 Rancimat method
 Rancimat method was used to evaluate oxida-

tive stability, because it is fast and reliable (Gutier-
rez, 1989). Stability was expressed as the oxidation 
induction time (hr) measured with the Rancimat 
679 apparatus ( Metrohm Co., Switzerland ) us-
ing an oil sample of 5.0g warmed to 100°C, and an 
air flow of 20L/hr. The time taken to reach a fixed
level of conductivity was measured.

 Phenol compounds
Phenol compounds were isolated by triple ex-

traction of a solution of oil in hexane with a wa-
ter/methanol mixture (60:40). The folin-Ciocalteau 
reagent was added to a suitable aliquot of the com-
bined extracts and the absorption of the solution at 
wave length of 725nm was measured. Ortho-diphe-
nols were measured calorimetrically at wave length 
of 370nm after adding 5% (W/V) sodium molyb-
date in 50% ethanol. Values obtained are expressed 
as mg of caffeic acid per kilogram of oil (Gutfinger,
1981).

Pigment content
Chlorophyll and carotenoid compounds (mg/

Kg) were determined at wave length of 670nm and 
472nm, respectively, in cyclohexane using the spe-
cific extinction values, by the method of Minguez-
Mosquera et al., (1991).

Bitter index:
 Bitter index was evaluated by extraction of 

the bitter components from the olive oil samples. 
One gram +0.01g oil sample was dissolved in 4 
ml hexane and passed through C18 column (Sep-
Pack Cartridges, Water, Milford, MA), previously 
activated with methanol and washed with hexane 
(6ml). After, 10 ml of hexane was passed through 
to eliminate fat, and then the retained compounds 
were with methanol/water (1:1) to 25ml (Gutier-
rez et al., 1992). The absorbance of the extract was 
measured at 225 nm against methanol / water (1:1) 
in a 1 cm cuvette.

Phenolic fraction
Phenolic fraction was isolated by solid phase 

extraction and analyzed by reversed-phase HPLC 
using a diode array UVdetector (Mateos et al., 
2001). A Hewlett-Packard series 1,100 liquid 

chromatographic system(Waldbronn, Germany)  
equipped with a diode array detector and a li-
chrosorb RP 18 column (4.0 mmid C 250 mm, par-
ticle size 5mm, Merck, Darmstadt) was used. Elu-
tion was performed at a flow rate of 1.0 ml/min with
mobil phase of water/acetic acid (98:2 v/v, solvent 
A) and methanol/acetonitril (50:50,v/v, solvent B), 
starting with 5% B then increased to levels of 30% 
at 25min., 40% at 35min., 52% at 40min., 70% at 
50min., 100% at 55min., and kept at this stage for 
5min. Quantification of phenolic compounds was
carried out at wave length of 280 nm using P-hy-
droxybenzoic acid as an internal standard.

Statistical analysis
 Analysis of variance (ANOVA) was carried 

out on all data. A 5% level of least significant differ-
ence (LSD), calculated by Duncan’s multiple range 
test, was used to establish differences between the 
mean values, when ANOVA detected a significant
(P≥ 0.05) (Snedecor & Cochran,1973).

   The correlations between bioactive compo-
nents and parameters with stability were calculated 
from the following equation: stability/parameters.

RESULTS AND DISCUSSION
The quality parameters of extra virgin olive oil 

were evaluated by free fatty acid, peroxide value 
and the spectrophotometric indices (at wave length 
of 232nm and 270nm and the data are reported in 
Table (1). It was found that the extra virgin olive 
oils obtained from the five varieties (Kronakii, 
Picual, Arbiquene, Carotenia, and Frontoi), the 
quality parameters studied were not significantly
(P>0.05) affected by the presence or absence of 
the stones during extraction. For all virgin olive oil 
samples free fatty acid, peroxide value, absorbance 
at 232nm and 270nm were markedly below the 
limits fixed by the IOOC for olive oil to be labeled
as “extra virgin”. 

The results in Table (1) also show the effect of 
de-stoning on the organoleptic tests of extra virgin 
olive oils obtained from the five varieties (Kron-
akii, Picual, Arbiquene, Carotenia, and Frontoi).

Oils extracted from de-stoned fruits were more 
fragrant with respect to the oils extracted from 
whole fruits and had a delicate, delicious and har-
monic aroma and flavour. Their positive sensory
notes were liked and scored high by the panelists. 
They had less marked bitter, sharp and astringent 
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notes (data not shown). Thus, oil extracted from 
whole fruits may not or little be liked by some con-
sumers. They, frequently, also may have a lightly 
woody taste (Saitta et al., 2003).

Data in Table (2) show the changes in the fatty 
acid and sterol composition of the extra virgin olive 
oils obtained from the whole and de-stoned olives. 
De-stoning did not cause any significantly differ-
ences between all varieties. While, absence of the 
stones during extraction led to significant increase
in the β-sitosterol of extra virgin olive oil samples 
obtained from all varieties.

The bioactive components of extra virgin ol-
ive oil are result of a number of variables acting 
before extraction (such as olive variety, environ-
mental, climatic, soil and cultivation condition, 
olive ripeness, and olive healthy ) and during ex-
tra virgin olive oil extraction and storage (Velasco 
& Dobarganes, 2002). As shown in Table (3), the 
phenolic contents, orthdiphenols and bitter index of 
extra virgin olive oil were affected by olive var-
ity and de-stoning. De-stoning caused an increase 
in the phenolic contents, orthodiphenols and bitter 
index of all extra virgin olive oil extracted from all 
varieties. As a result, among extra virgin olive oils 
extracted from de-stoned fruits Kronakii had the 
highest phenolic contents, orthodiphenol, and bit-
ter index.

The main tocopherol compound in extra vir-
gin olive oils is α – tocopherol. As shown in Table 
(3), the α-tocopherol content of extra virgin olive 
oil was affected by both olive variety and de-ston-
ing. With respect to olive variety, extra virgin olive 
oil extracted from olives of Kronaki variety had 
the highest α-tocopherol content in the presence of 
stone. In general, de-stoning lowered the α-toco-
pherol in all extra virgin olive oil, this in agreement 
with results that reported by Frega et al., (2005).

The composition and the total natural pigment 
content of oils are important quality parameters be-
cause they correlate with colour, which is a basic 
attribute for evaluating olive oil quality. Pigments 
are also involved in autoxidation and photo-oxi-
dation mechanisms (Minguez-Mmosquera et al., 
1990). Chlorophylls and carotenoids in all varie-
ties oil ranged from 20.30 to 38.00 ppm and from 
11.50 to 19.70 ppm, respectively (Table 3). The oil 
extracted from de-stoned fruits had higher contents 
of chlorophyll and carotenoids. 

The effect of de-stoning on oxidative stability 
of extra virgin olive oil was measured by Rancimat 
method at 100°C±2°C. As shown in Table (4), the 
oxidative stability of extra virgin olive oil increased 
in oils extracted from de-stoned fruits with respect 
to oils extracted from the whole fruits. The high 
resistance to oxidation of the extra virgin olive oil 
from de-stoned olives may be attributed to its high 
polyphenols, orthodiphenols and α -tocopherols 
content which are considered natural antioxidants 
(Ranalli et al., 2007).  

Identification of phenolic compounds by HPLC
technique was used to identify the major phenolic 
compounds in the virgin olive oil samples extracted 
from olive varities (Koronakii, Picual, Arbiquene, 
Carotenia, and Forntoi).The identification was
based on comparisons of the chromatographic re-
tention time and UV absorbance spectra of com-
pounds in olive oil samples with those of authentic 
standards. Data of the HPLC analysis of the olive 
oil samples are given in Table (5). Data show that 
the phenolic compounds of olive oil samples were 
made up of 12 compounds. De-stoning caused an 
increase in the main phenolic compounds (tyrosol, 
hydroxytyrosol and p-hydroxybenzenoic acid) of 
all extra virgin olive oils extracted from all varie-
ties.

In general data reported in Table (5) show that 
the effect of de-stoning on phenolic compounds 
concentration was different according to the vari-
ety. These results are in agreement with the data 
reported in the literature (Baccioni, 2001, Frega et 
al., 2005).

Finally, correlation between stability and the 
bioactive components and quality indices consid-
ered in this study are shown in Table (6). Statistical 
analysis of data indicated that the compounds most 
related to oxidative stability were the phenolic com-
pounds and pigments. The under went the most ap-
preciable alterations during the induction period, or 
the slow phase of oxidation. Because tocopherols 
and orthodiphenols were the first compounds to be
degraded, we could suggest that their measurement 
is a useful way to establish the average life of oils 
subjected to oxidation

The extraction of extra virgin olive oil from 
de-stoned olive varieties as described in this paper 
could be good facilities that guarantee a production 
of an oil of distinctly high quality.
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