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Introduction
Olive oil constitutes one of the  most appreciated and consumed 

vegetable oils, whose benefits for health have been known for millennia 
[1-4]. Currently, Tunisia is a country that has experienced a significant 
evolution in the olive sector through the plantations of 80 million olive 
trees that account for 20% of the world olive-growing area. Tunisia, 
according to the magazine Olive Oil Times, is the 2nd largest producer 
and exporter of the southern M e diterranean. Indeed, the harvest of 
the 2014/2015 season was quadrupled, rising from 70,000 to 285,000 
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Abstract
The separation of the two components pulp-stone has allowed the development of a more scented product that 

respects the environment. According to a preliminary study, it was noticed that the destoning process produced 
a paste containing 67% moisture  without resorting to the addition of water. The destoning process presents an 
ecologically sensitive system a s the amount of waste water generated was reduced to 0.46 m3/ton of olives. 
Experimental studies indicate that stone removal before crushing affects to a greater extent the quality of the oil. 
Indeed the use of stoned olives decreases the acidity by 20%. The specific results of extinctions K232 and K270 
confirm that using stoned olives improves the stability of oil since less oxidized compounds (K232 and K270 values 
1.69 and 0.11 respectively) were detected. This study also shows that stoned olive oil had a better sensory note 
than the conventional one and consequently a higher commercial value in the market. Enhanced extraction yield 
of oil from stoned olives was  attained using response surface methodology. Different olive oil extractions were 
investigated considering three variables: temperature of malaxation, time of malaxation and dose of adjuvant using 
Central Composite Design. Highest extraction yields were obtained when the temperature and the time of malaxation 
were respectively 37°C and 35 min. For the proportion of coadjuvant, the optimum dose was found at 1.5%.
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tons of oil. Olive oil is, according to the Ministry of Agriculture, the 
main agricultural export, with nearly 40% of total national exports. 
The increase in olive sales prices pushed growers to minimize the loss 
of oil in the by-product such as olive pomace and waste water. To 
minimize this loss, an ironing pomace was performed. This procedure 
involves subjecting the wet pomace, after pulp/stone separation, to a 
second centrifugation to remove between 40 and 60% of waste oils. 
This technique has known a large spread in the Sfax region, a city of 6 
million olive feet, where the production of olive oil represents 40% of 
total national production. The drawback of this action is that it leads to 
the production of oils that do not achieve the standard requirements 
established by the COI.

With an aim of preserving olive oil’s best physicochemical and 
organoleptic characteristics and in order to make the reconciliation 
between olive-growing industries and the environment, a technological 
improvement in the industrial production of olive oil seems to be 
represented by the manufacturing procedure which considers the use 
of stoned olives [5,6].

The benefits of the destoning process on the phenolic compounds 
have been shown in some studies [7]. Many enzymes of degradation 
that are present in the stones, in fact, once removed, do not affect the 
phenolic heritage of the oil during the process of extraction, preserving 
the antioxidant profile.

Also, higher amounts of volatile compounds were observed for oil 
produced from stoned olives [8].

The use of de-stoner produces improved sensory characteristic 
oil, greater impact and volatile content of phenolic compounds 
and consequently a high stability and long shelf life but has some 
disadvantages as is the performance problem: the yield of the olive oil 
has decreased 15% from the whole fruit [9]. Due to the growing interest 

stoned olive oil testing is performed to solve this major problem [7,8] 
as the use of the heat exchanger coupled to the stoner improving 
olive oil yields and makes the more efficient mixing and design of a 
specific coring device: the spring pitting apparatus (SPIA) [7]. The use 
of these techniques remain limited given the large investments that 
is why we thought was a simpler and less expensive technique that is 
based on the addition of talc which is a natural coadjutant recognized 
as a food additive by the European Regulations (E-553B). Talc does 
not change the oil composition, the positive response is presented 
by these lipophilic characteristics that can destabilize the oil / water 
emulsion and increase the rate of oil extraction. On the basis of these 
observations, the objective of this work was to study the influence of 
this technology on the quality parameters as well as the optimization of 
parameters for stoned olive oil extraction.

Materials and Methods
Preparation of samples

Seventeen pairs of olive oils, obtained from whole and stoned olives, 
were studied. Each pair was obtained from the same batch of olives. Oil 
was produced from only one cultivar, Chemlali, collected in February 
2014. The traditional extraction of the oil has been conducted by using 
an oleodosor, while, the destoning procedures has been achieved by a 
reorganization of the extraction steps of the traditional system (Figure 
1). In both extraction system, olives were washed and leaves removed. 
The olives were crushed in a metal crusher and the paste mixed at 
different temperatures and times with different doses of coadjuvant 
(talc). The paste was then centrifuged at a speed of 3500 rpm for 1 min. 
The oils obtained were stored hermetically in 90 mL glass bottles at 4°C. 
In particular, in the traditional system the paste was malaxed for 45 
min at 40°C and the final products were olive oil,  vegetation water and 
pomace. The pomace was then destoned and treated in order to obtain 

Figure 1: Block diagram of the production of olive oil in an experimental system provided by a destoner (A) and in a traditional one (B).
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voltage (IS) -4500 V; curtain gas 25 psi; temperature 400°C; ion source 
gas(1) 35 psi; ion source gas(2) 45 psi; collision gas thickness (CAD) 
medium. Entrance potential (EP), declustering potential (DP), collision 
energy (CE) and collision exit potential (CXP) were optimized for each 
transition monitored. 

Sensory analysis

Sensorial evaluation of the oils was performed according to the 
panel test method by a fully trained analytical taste panel recognized 
by the International Olive Oil Council (IOOC). A panel test was 
established using the IOOC standard profile sheet method (COI, 2011) 
[12].

Statistical analyses

The results presented are the averages of the analysis carried out 
in triple exemplary with the corresponding standard deviations. The 
threshold of significant difference was fixed at 5% in the Students t-test.

Experimental design: Response surface methodology (RSM) 
comprises a body of methods for exploring for optimum operating 
conditions through experimental methods that uses quantitative 
data from appropriate experimental design to determine optimal 
conditions. Different levels or values of the operating conditions 
comprise the factors in each experiment. Some may be categorical 
(e.g., the supplier of raw material) and others may be quantitative (feed 
rates, temperatures, and such) [13]. When many factors affect a desired 
response, it can be an exhausting task to optimize a process. Therefore, 
RSM can be an effective tool for optimizing the response [14].

The first step of the oil extraction procedure has been optimized 
using RSM (Tables 1 and 2). 

A central composite design was chosen to look for the best 
experimental conditions of three independent factors affecting the 
extraction process which are: X1, extraction temperature (°C); X2, 
extraction time (min) and X3, dose of talc (%). For each factor, the 
experimental range was chosen on the basis of results of preliminary 
experiments.

In this work, the relationship between the extraction yield and the 
three selected quantitative variables was approximated by the following 
polynomial function:

Y=b0 + b1 × X1 + b2 × X2 + b3 × X3 + b11 × (X1 × X1) + b22 × 
(X2 × X2) + b33 × (X3 × X3) + b12 × (X1 × X2) + b13 × (X1 × X3) + 
b23 × (X2 × X3)

Where Y is the calculated response function, Xj are the coded 
variables with no dimension related to the natural variables Uj. The 

extra olive oil. In the new experimental system olives were destoned by 
means of a separating pulp cores directly after been washed and then 
crushed. The paste was then malaxed for 35 min at 37°C. In this system, 
instead of pomace, an olive pulp is produced.

Quality indices

Free fatty acidity, peroxide value (PV), conjugated dienes (K232) 
and trienes (K270) were determined according to the methods reported 
in the Regulation EEC/2568/91 [10] and subsequent amendments and 
additions of the European Union Commission.

Phenolic compounds

Quantitative analysis: Folin Ciocolteau Test: Total phenolic 
compounds were determined as reported in the literature [11]. Briefly, 
1 g of olive oil was dissolved in 5 mL of hexane; the solution was loaded 
on a C18 cartridge (1 g; 6 mL) and washed twice with 5 mL of hexane. 
Phenols were eluted with 10 mL of MeOH. Final solution (1 mL) was 
submitted to the Folin Ciocolteau assay.

Quantitative analysis by HPLC/MS/MS

Extraction of phenols: According to the method described by COI 
(COI, 2009), 2 g of olive oil was added to 6 mL methanol/water (80/20 
V/V) and shaken for 1 min in order to homogenize the mixture. The 
sample was placed in an ultrasonic bath for 15 min and then centrifuged 
at 5000 rpm for 25 min at 4°C. The supernatant was, finally, injected 
into the HPLC-MS system.

Preparation of standard solutions: The assay of phenols by LC-
MS/MS has been carried out by external standard method. Standard 
stock solutions were prepared by dissolving reference compounds 
in methanol. Aliquots of these solutions were further diluted with 
methanol/water (80/20 V/V) to obtain calibration standards at 
concentrations between 1-200 µg/mL for oleuropein, hydroxytyrosol, 
tyrosol, luteolin, apigenin, p- and o-coumaric acids, vanillic acid, 
vanillin, ferulic and caffeic acids. 

Calibration curves were constructed using a least-squares linear 
regression analysis. For each analyte the calibration curves were 
linear with correlation coefficients ranging between 0.9993 and 
0.9998. Recovery tests were carried out injecting three times two 
standard solutions at different concentration of the eleven active 
molecules. Results from recovery experiments at levels of 30 and 80 
µg/mL gave mean recoveries ranging from 93-114% with satisfactory 
precision (relative standard deviation (RSD) from 0.2-0.4%). Limits of 
quantitation (LOQs) from 1.249-2.848 µg/mL.

High performance liquid chromatography (HPLC): HPLC 
was performed using an Agilent Technologies 1200 series liquid 
chromatography system equipped with G1379B degasser, G1312A 
pump, and G1329A autosampler. The analytes were separated on an 
Eclipse XDB-C8-A HPLC column [5 µm particle size, 150 mm length 
and 4.6 mm i.d. (Agilent Technologies, Santa Clara, California)] at a 
flow rate of 300 µl/min and an injection volume of 10 µL. A binary 
mobile phase made up of 0.1% aqueous formic acid (A) and methanol 
(B) was programmed to increase B from 10% to 100% B in 10 min, hold 
for two min and ramp down to original composition (90% A and 10% 
B) in eight min and hold for 6 min. The total elution time was 26 min 
per injection.

Mass spectrometry: The ESI-MS/MS analyses were performed 
using a MSD Sciex Applied Biosystem API 4000 Q-Trap mass 
spectrometer in negative ion mode using multiple reactions monitoring 
(MRM). The experimental conditions were set-up as follow: ionspray 

Objective of study Study in an experimental field: 
Surface of Answers

Number of variables 3
Number of experiments 20
Number of coefficients 10

Number of answer 1

Table 1: Experimental design: Characteristics of the problem.

Factor Unit Center
U1 Temperature °C 31.5
U2 Time Min 45.0
U3 Dose of Talc % 1.0

Table 2: Experimental design: Experimental field.
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obtained response values were used to estimate the model coefficients 
bj by the least square method using the experimental design software 
NEMROD-W [15].

IBM SPSS Statistics 20: The analysis of variance (ANOVA) on 
SPSS is a bi-varied method of analysis which consists of crossing two 
different variables, one quantitative and the other one qualitative 
in order to detect the relation of independence between those two 
variables.

Results and Discussion
Destoning process and its influence on oil quality

Conventional parameters of quality: Table 3 reports the 
conventional parameters used to characterize the quality of olive oils. 
Free acidity values remained below the limits reported by Regulation 
EEC /1989/2003 of the European Union Commission. The destoned 
olive sample (DO) value was lower than that of the conventional olive 
sample (CO) (0.6 and 0.8 g of oleic acid per 100 g of oil, respectively). 
Thus, it has been noticed that the destoning process decreases the 
acidity by 20%. This is in agreement with the results reported in the 
literature [16,17]. Also, it has been noticed that acidity increases 
with the time of malaxation, therefore, it is very important to control 
this process during all the duration of the oil extraction. The data of 
specific extinction, K232, showed that oils obtained from stoned olives 
presented a weakest value (1.8 nm) compared of ordinary oil (2.4 nm). 
As for K270, the values ranged between 0.11 and 0.16 nm. Another 
parameter which has an important effect on quality of oil is the time 
of malaxation; in fact, a positive correlation was noted between this 
parameter and the state of oxidation, therefore, malaxation time was 
extended. The stoned samples presented the weakest values of K232 
and K270 thus they were less oxidized; this confirmed the assumption 
of existence of enzymes in stone responsible of degradation of linoleic 
acid. As regards to the influence of the technology, the difference 
between WO and DO values of peroxide index was not significant, in 
agreement with the results of Del Caro [16].

Olive oils are known for their raised capacity of phenolic compounds 
compared to other refined vegetable oils. These compounds contribute 
to total flavor complexes in olive oil and provide antioxidant effects 
[18,19] and are mainly responsible for its shelf life. In agreement with 
the results found in the literature [7,8], differences in the total phenol 
content were observed between the oils produced with conventional 
and the stoned process; two enzymes, polyphenol oxidase (PPO) and 
peroxidase (POD), are highly concentrated in the destoned olive. PPO 
and POD can oxidize phenolic compounds resulting in a reduced 
concentration of phenolic oil. The de-stoning process eliminates a part 
of peroxidase activity in stone resulting in an increase in the oxidative 
stability and nutritional value of the olive oil itself [20]. The results of 
phenolic compounds detected by LC/MS are illustrated in Table 4, 

while in Figure 2 an extracted ion chromatogram for the two different 
olive oils is showed. 

The most important biophenols quantitatively present in the 
samples analyzed were: tyrosol, vanillin, hydroxytyrosol, p-coumaric 
and o-coumaric acid, vanillin acid, caffeic acid, ferulic acid, apigenin, 
luteolin and oleuropein. This detection reveals a similar qualitative 
composition in individual phenolic compounds, but different from the 
quantitative stands points that are described in Figure 3.

This is explained by the degradation of some phenolic compounds 
by existing enzymes in the stone as polyphenol oxidase (PPO); these 
enzymes can be activated either through H3O

+ ions or with fatty 
acids (linolenic acid). In agreement with recent results [7] increased 
oleuropein content was observed in the olive oil produced from the 
same drupes on from classics to stoning procedures; this observation 
helps to add value to the food. The enzymatic activity of stone is 
indeed a selective activity affecting some phenolic compounds such as 
oleuropein so it was found a difference between the two types of oil. 
Indeed, it can be confidently assumed, that the enzymes of the stone 
give rise to a process of deglycosylation of the oleuropein [21].

Sensory quality: Phenolic compounds, together with the 
combined bouquet of volatile compounds, modulate the perceived 
sensory characteristics of VOO, being phenolic molecules responsible 
of taste (bitter) and chemesthetic (pungency sensations). Also, jointly 
with other antioxidants such as tocopherols, carotenes and squalene, 
the phenolic molecules are directly correlated with the shelf-life of 
virgin olive oil [22]. The process of the elimination of stone before 
crushing supports the concentration of total polyphenols which plays 
a significant role in the oxidative stability and the determination 
of sensory consistencies. Figure 4 shows that for the fruity aspect, 
conventional oil presented the weakest values (2.6) but this character is 
very important for oil obtained from stoned fruits (5.1).

The same observation has been noted for the pricking aspect; the 
values ranged from 2.3 to 5.7. On the other hand, for the bitter aspect it 
was observed that the stoned samples presented the lowest values (2.1). 
The destoning process improves the flavor of olive oil since it increases 
the fruity aspect and the prickly taste in a significant manner whereas 
it decreases oil bitterness. These results are in agreement with that 
found in the literature [7,8,23-25] that showing that the oils obtained 
from destoned pulp had a higher polyphenol content compared to oils 
obtained from dough together. De-stoned oils had a larger amount of 
C 5 and C 6 volatile compounds responsible for positive ratings of the 
flavor. In fact, the increase is due to the removal of seeds that contain 
13-metabolizing enzyme activities other than hydro peroxide lyase 

Sample Time of 
malaxationa Process Acidityb K232 K270 Peroxide 

valuec

1 15 Stoned 0.52 1.72 0.11 5.67
2 15 Conventional 0.71 2.03 0.16 5.56
3 30 Stoned 0.58 1.81 0.13 5.70
4 30 Conventional 0.78 2.11 0.17 5.43
5 45 Stoned 0.61 1.91 0.15 5.64
6 45 Conventional 0.82 2.21 0.18 5.87
7 60 Stoned 0.69 2.11 0.17 5.42
8 60 Conventional 0.91 2.46 0.19 5.53

Table 3: Conventional parameters to assess the quality of olive oils.

Stoned olive oil Conventional olive oil Signification
Tyrosol 0.46 ± 0.03 0.48 ± 0.04 *

Vanillin 0.26 ± 0.13 0.13 ± 0.12 ***

Hydroxytyrosol 4.65 ± 0.55 5.98 ± 0.24 *

P-coumaric acid 0.35 ± 0.11 0.29 ± 0.16 ***

O-coumaric acid 0.36 ± 0.03 0.35 ± 0.05 n.s.
Vanillic acid 3.90 ± 0.18 3.13 ± 0.38 ***

Cafeic acid 0.03 ± 0.03 0.03 ± 0.02 *

Ferrulic acid 0.33 ± 0.05 0.20 ± 0.03 ***

Apigenin 0.33 ± 0.06 0.35 ± 0.05 n.s.
Luteolin 24.95 ± 0.95 27.42 ± 0.77 ***

Oleuropein 121.22 ± 0.98 103.54 ± 0.92 ***

Table 4: Result of detection of phenolic compounds by LC/MS and ANOVA test. 
****Very significant; ***Fairly significant; *Little significant.
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Figure 2: Extracted ion chromatogram for the two different olive oils. 

examine the processing and use this by-product for energy in order to 
reduce disposal costs of residues from oil mills. The humidity of around 
50% present in the pomace obtained from continuous systems does not 
allow the direct upgrading of these by-products in the energy sector. 
On the contrary, the pomace obtained after destoning is depleted in 
water and does not require further treatment, making its utilization in 
the energy path easier and less expensive.

Optimization of parameters of stoned olive oil extraction

The yields were integrated by the NemrodW software in order to 
estimate the importance of each parameter (Table 5). In the table it is 
clear that the temperature of malaxation is a determining factor.

Indeed by increasing the temperature the oil viscosity was decreased 
and the quantity extracted increased. The time of malaxation and the 
percentage of additive also have a significant effect. On the other hand, 
an interaction between the temperature and the time of malaxation 
improves this phenomenon. An interaction between the temperature 
and the percentage of talc gives very significant effects. The scale model 
which connects the yield with the three parameters is presented in the 
following formula:

hydro peroxides, resulting in a net decrease in grade C 6 unsaturated 
aldehydes during the extraction process of oil olive. (C 6 aldehydes, C 6 
alcohols, C 5 alcohols and C 5 carbonyls).

Influence of destoning at the environmental and economic level: 
The extraction of olive oil generates huge quantities of wastes that may 
have a great impact on land and water environments because of their 
high phytotoxicity. Several studies have proven the negative effects of 
these wastes on soil microbial populations [26], on aquatic ecosystems 
[27] and even in air medium [28]. Therefore, there is a need for 
guidelines to manage these wastes through technologies that minimize 
their environmental impact and lead to a sustainable use of resources. 
Indeed, in Tunisia, the majority of oil mills use the three phase system 
to process about 100 T of olives per day and there is always the need to 
add water to achieve the separation. Approximately, about each ton of 
olives produces 1 m3 of waste water. It has been noted that, when the 
pulp is separated from the stone before the extraction, the moisture of 
the paste increases up to 67%, the quantity of water added becomes 
negligible and thus for each Ton only 0,46 m3 is produced.

On the other hand, considering the calorific value of the pomace 
and the increase in the price of fossil fuels, it seems appropriate to 
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Y=16.14 + 4.45 × X1 + 2.06 × X2 + 1.12 × X3 - 1.01 (X1 × X1) + 3.68 
× (X1 × X2) + 2.96 × (X1 × X3)

The objective was the optimization of the conditions of olive oil 
extraction. Table 6 summarizes the levels of the factors which maximize 
the yield of extraction for each significant interaction. To obtain the 
best result, the best temperature and time of extraction were found to 
be at 37°C and 35 min. For the percentage of additive, the optimum 
was 1.5%.

Influence of the conditions of extraction on sensory quality

Extraction conditions, in particular the time and temperature 
of malaxation, produce oils with different flavors [29]. Indeed, these 
two parameters modify the content of aldehydes and esters which are 
responsible of positive aroma, and are formed by the action of the 
lipoxygenase enzyme released when the fruit is crushed and mixed 

during the stage of malaxation. In this respect, the IBM SPSS software 
has been used in order to determine the influence of these parameters 
on the quality. The bar graph of error (Figure 5) shows a reduction in 
score of the sensory analysis according to temperature and the time of 
extraction. 

The temperature of 23°C and the time of malaxation of 30 min were 
the critical points beyond which these two parameters negatively affect 
the sensory score. Otherwise, it was noted that the length of the error 
bar was variable, which explains the difference between the variances 
in these groups. It was shown previously how the positive olive oil 
attributes are correlated positively to the quantity of polyphenols. 
Figure 6 confirms these results. Indeed the temperature has a positive 
correlation with the extraction yield. 

However, it is negatively correlated with the oil quality. The same 
results were found as a function of time: long mixing times were 
associated to an oil rate increase and a concentration of the volatile 
compounds responsible for the pleasant taste decrease. In other 
words, increasing the temperature and the mixing time will result in a 
reduction in viscosity and an improve of the amount of oil extracted, 
but it may reduce the quality by promoting the oxidation conditions. 
In conclusion, the optimum conditions to preserve these aromatic 
compounds and at the same time having a significant performance is 
presented in Table 7.

Conclusions
In this work we proposed to carry out, before olive oil extraction, 

the separation of the pulp from the stone. This innovative system 
brings not only to a reduction of the production cost but also, due to 
a less water consumption, to a reduction of pollution caused by the 
exhaust of by-products. In fact, the experimental study has showed 
how the separation of the stones from the olive reduces the adsorption 
of water. The absence of the stones in the paste, that are considered 
water absorbents, preserves the moisture of the mixture and, 

Figure 3: Bar diagram of the phenolic composition for two types of olive oils.

Figure 4: Sensory analysis of the two oils.

Name Coefficient Standard deviation Significance
b0 16.14 5.87 *

b1 4.45 0.27 ****

b2 2.06 0.11 *

b3 1.12 1.80 *

b11 -1.01 0.00 *

b22 -0.00 0.00
b33 -0.64 0.19
b12 3.68 0.00 ****

b13 2.96 0.04 ****

b23 0.03 0.02

Table 5: Estimations and statistics of the coefficients by the NemrodW software. 
****Very significant; ***Fairly significant; *Little significant. 1: Temperature (°C); 2: 
Time of malaxation (min); 3: Percentage of additive (%).

Interactions

Factors Yield (%)

T° (°C) Time 
(min)

Talc 
(%)

T°-Time 37 35 28.7
T°-% 37 1.5 28.9

%-Time 35 1.5 27.9
Optimum 
conditions 37 35 1.5 28.5

Table 6: Optimum conditions of temperature, time and dose of adjuvant for best 
extraction.
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therefore, the addition of water during mixing is no longer necessary. 
Furthermore, as the separation takes place at high temperatures, the 
paste is instantaneously heated and a mixing of 35 min instead of 45 
min is sufficient to squeeze out the oil of higher quality. This system 
also results in a reduction for the storage period of olives before their 
treatment, thus a better quality of product. In fact, preliminary results 
have shown that the extraction of oil after destoning made it possible 
to decrease acidity, to increase the content of polyphenols (natural 
antioxidant) and to improve the organoleptic quality of oil.
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