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Abstract
The present work presents a preliminary characterization of Chemlal extra-virgin olive oils from four locations in Algeria
(Biskra, Bouira, Skikda and Oran), and oils of three olive cultivars (Tableout, Sigoise, Frantoio) form Biskra, South of Algeria.
Quality indices including free fatty acid content, peroxide value and spectophotometric indices (K232 and K270) and pigment
(chlorophylls and carotenoids) contents of the investigated oils were evaluated. Our results revealed that the levels of the
analyzed parameters were within the limits established for the highest quality category “extra virgin” olive oils. The cultivar
and the geographical origin of the oil samples have a statistically significant influence on both chlorophyll and carotenoid
contents. Chlorophyll content varied between 0.84 (Chemlal from Skikda) and 2.89 mg/Kg (Chemlal from Biskra) while the
carotenoid levels ranged from 0.7 (Chemlal from Oran and Frantoio from Biskra) to 1.7 mg/Kg (Chemlal and Sigoise from
Biskra).
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1. Introduction
Olive cultivation is widespread throughout the Mediterranean
region and is important for the rural economy, local heritage
and environment (Gargouri et al., 2013). It represents a
typical lipid source of the Mediterranean diet. A part of the
beneficial effects of the Mediterranean diet may be due to the
presence of “minor components”, such as olive oil-derived
ortho-diphenols, that exhibit biologically relevant activities.
The increasing popularity of olive oil is mainly attributed to
its high content of oleic acid, which may affect the plasma
lipid/lipoprotein profiles, and its richness in phenolic
compounds, which act as natural antioxidants and may
contribute to the prevention of human diseases (Visioli and
Galli, 2001; Cicerale et al., 2009). Nevertheless, there is
scarce information available on the influence of cultivar and
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geographical origin on olive oil quality produced in Algeria.
The study of the qualitative characteristics of virgin olive oils
of a pure cultivar or from a specific production area is of
great scientific interest. It is also of interest to the local
industrial sector, to the international olive oil business and to
the consumer, who demands more information on the
qualitative characteristics and properties of traditional local
products.
Algeria, one of the main producers of olive oil in the world,
has a wide range of cultivars. Many studies on Algerian olive
oil characterization have been carried out. However, there is
no report about oil of olive cultivars growing in arid zone of
Biskra in Algeria. Consequently, the aim of the current work
is to investigate the effects of growing region on some
quality characteristics (free fatty acid content, peroxide index,
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coefficients K270 and K232) and chlorophyll and carotenoid
contents of oil of the most important Algerian cultivar
(Chemlal) and to compare oils of three cultivars (Frantoio,
Sigoise and Tableout) growing in Biskra, the arid zone in
south Algeria.

2. Materials and Methods
2.1. Samples
Olive fruits from four cultivars (Chemlal, Tableout, Sigoise
and Frantoio) harvested from Biskra (Algeria), and fruits of
Chemlal cultivar, the most widespread in Algeria, harvested
from four locations (Bouira, Biskra, Skikda, and Oran,
Algeria), were used for the oil extraction. The extracted oils
were stored in the dark in amber glass bottles at 4 °C until
analysis.

K232 and K270 extinction coefficients were calculated from
absorption at 232 and 270 nm, respectively, with a
spectrophotometer using a 1% solution of oil in cyclohexane
and a path length of 1cm.
Pigment contents were determined according to MinguezMosquera et al. (1991). Olive oil (7.5 g) was dissolved in 25
ml of cyclohexane. The absorbance was measured at 470
(A470) and 670 nm (A670). Values of the extinction
coefficients applied were E0=613 for pheophytin α and
E0=2000 for lutein. Pigment contents were calculated as
follows:
Chlorophylls (mg/kg) = (A670x106)/ (613 x 100x d)
Carotenoids (mg/kg) = (A470x106)/ (2000x100xd)
d is the spectrophotometer cell thickness (1 cm).
The chlorophyll and carotenoid concentrations are expressed
as mg of pheophytin α and lutein per Kg of oil, respectively.

2.2. Quality Indices Determinations
Determination of free fatty acid content, peroxide value (Pv)
and UV absorption characteristics was carried out according
to the analytical methods described in European Union
Commission Regulation EEC/2568/91 (EEC, 1992).
Free fatty acid content, given as percentage of oleic acid, was
determined by titration of a solution of oil dissolved in
ethanol/ether (1:1, v/v) with ethanolic potassium hydroxide.
Peroxide value, expressed in milli-equivalents of active
oxygen per kg of oil (meq/kg), was determined as follows: a
mixture of oil sample and chloroform/acetic acid 2:3 (v/v)
was left to react with a saturated solution of potassium iodide
in the dark; the free iodine was then titrated with a sodium
thiosulfate solution.

2.3. Statistical Analysis
All parameters were determined in triplicate. The data
reported were subjected to analysis of variance and were
expressed as mean ± standard deviation (SD) of three
measurements. Significant differences between values of all
parameters were determined at p≤0.05 according to the least
significant difference (LSD) test using the Statistica 5.5
software.

3. Results and Discussion
3.1. Titratable Acidity

Table 1. Physicochemical characteristics of the olive oils.
Quality index
Acidity (% oleic acid )
Peroxide value (meq O2/kg)
K232
K270

Chemlal
Bouira
0.17 cd
±0.02
4.67 c
±0.29
1.77 bc
±0.0
0.05f
±0.002

Chemlal
Oran
0.15 e
±0.005
3.80 d
±0.07
1.78 bc
±0.03
0.11d
±0.006

Chemlal
Skikda
0.42 a
±0.01
10.00 a
±0.87
2.18a
±0.0
0.17c
±0.004

Chemlal
Biskra
0.23 b
±0.010
4.17cd
±0.14
2.19
±0.02a
0.24a
±0.017

Tableout
Biskra
0.16 c
±0.005
3.04 e
±0.07
1.83 bc
±0.0
0.19b
±0.006

Sigoise
Biskra
0.18 d
±0.010
7.08 b
±0.019
2.20 a
±0.03
0.18bc
±0.014

Frantoio
Biskra
0.14 e
±0.005
4.42 cd
±0.14
1.80bc
±0.06
0.10e
±0.01

EVOO*
≤0.8
≤20
≤2.5
≤0.22

a-f: Within a row, different letters indicate significant differences (p≤0.05).
* EVOO: extra virgin olive oils (International Olive Council, 2010).

Titratable acidity of oils is usually expressed as percent of
free fatty acid content on the basis of oleic acid. Free acidity
is not only an important quality factor, but also has been
extensively used as a traditional criterion for classifying olive
oil in various commercial grades (Salvador et al., 2000).
Titratable acidity of the investigated olive oils varied
depending on the samples. The free fatty acid content of the

analyzed oils ranged from 0.14% to 0.42% and did not
exceed the standard limit of 0.8%, indicating that these oils
could be labeled as extra virgin. The lowest acidity was
found for the oil of Frantoio cultivar from Biskra, while the
highest value was recorded for the oil of Chemlal cultivar
from Skikda (Table 1). There are significant differences
(P<0.05) between the examined cultivars (Chemlal, Sigoise,
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Tableout and Frantoio) from Biskra. The results indicate that
the order of acidity data was as follows: Chemlal Skikda >
Chemlal Biskra > Tableout Biskra > Chemlal Bouira >
Sigoise Biskra> Chemlal Oran= Frantoio Biskra.

K270, also confirmed the good overall quality of the
investigated olive oils.

The results obtained for the free fatty acid content of the oils
of Chemlal cultivated in four locations were significantly
different and were in good agreement with those obtained by
Abu-Reidah et al. (2013) who indicated that the values of the
acidity of Palestinian olive cv. Nabali cultivated in different
locations vary from 0.33% to 0.51%. In fact, the low values
of acidity recorded in the current study were due the use of
fresh and healthy olive fruits, to great care used in the
handling and processing of these oils. It is known that the
increase of free acidity is mainly due to enzyme activity
caused by olive tissue damage.

Carotenoids and chlorophylls are the main pigments found in
vegetable oils. In olive oils, the major components in the
carotenoid and chlorophyll fractions are lutein and
pheophytin, respectively. Virgin olive oil has a colour from
green-yellow to gold. The total pigment content of olive oils
is an important quality parameter because it correlates with
colour, which is the first attribute of virgin olive oil evaluated
by consumers (Gargouri et al., 2013). Also, the presence of
natural pigments is relevant to the food with regards to
product stability. Carotenoids are strong protectors against
photosensitized oxidation. Szydłowska-Czerniak et al. (2011)
indicated that there is a significant (p<0.001) positive
correlation between antioxidant potential and total carotenoid
content of palm oils, with a correlation coefficient of 0.98.

3.2. Peroxide Values
The peroxide value of oils is an important indicator of
oxidation rate; this parameter is expressed as meq O2/kg oil. It
evaluates the hydroperoxide content and offers an assessment
of the progress state of the different stages that lead to oil
rancidity. As indicated in Table 1, all the studied oil samples
presented peroxide values below the limit of 20 meq of
oxygen/kg of oil, which is accepted as the limit for extraquality virgin olive oil category (International Olive Council,
2010). In the samples under study, the peroxide values range
from 3.04±0.07 (Tableout from Biskra) to 10.00±0.87 meq
O2/kg oil (Chemlal from Biskra). There were statistically
significant differences between the peroxide values of the
studied cultivars from Biskra growing area. Thus, as reported
by other authors (Noorali et al., 2014), olive cultivar has an
important effect on this parameter. The values of peroxide
index revealed also significant differences between the areas of
plantation (Table 1). The olive oil of the cultivar Chemlal from
Skikda had higher peroxide value than that of Chemlal from
Oran, which was in accordance with findings of Abu-Reidah et
al. (2013) and Noorali et al. (2014).
3.3. Ultraviolet Absorption Indices
Absorbance at specific wavelengths in the UV a more
delicate indicator of oxidation, is related to the presence of
conjugate diene and triene systems (ultraviolet absorbance at
232 and 270 nm, respectively are conventionally indicated by
K232 (an indication of conjugated polyunsaturated fatty acids
in olive oil), and K270 (an indication of carbonylic
compounds: aldehydes and ketones) (Noorali et al., 2014).
With respect to the values of K232 and K270, they range
between 1.77-2.20 and 0.05-0.24, respectively (Table 1).
These values are in agreement with the levels established for
the highest quality category ‘‘extra virgin’’ olive oil
(International Olive Council, 2010). The low values of K232,

3.4. Chlorophyll and Carotenoid Contents

As can be seen in figures 1 and 2, the content of pigments
varied significantly depending on the olive cultivar.
Chlorophylls and carotenoids were found to be at
concentrations between 0.84 and 2.89 mg/kg, and 0.67 and
1.70 mg/kg, respectively. For Chemlal cultivar, the
geographical origin had a significant (p≤0.05) influence on the
chlorophyll and carotenoid contents. In fact, Chemlal olive oil
from the south (Biskra) was distinguished from the others by
its higher level of total chlorophylls and carotenoids (2.89 and
1.70 mg/kg, respectively). Olive oil of Chemlal from Skikda
contained the lowest level of chlorophylls (0.84 mg/kg). The
pigments were found in oil of Frantoio from Biskra at a less
concentration (1.07 and 0.68 mg/kg respectively, for
chlorophylls and carotenoids). The contents of pigments in our
samples are lower than the ranges reported by MinguezMosquera et al. (1991), with amounts of 1–54.4 mg/kg and
2.6–22.5mg/kg for chlorophylls and carotenoids, respectively.
According to Šarolić et al. (2015), chlorophyll and
carotenoid content of Croatian olive oils ranged from 3.86 to
4.75 mg/kg and from 1.89 to 2.06 mg/kg, respectively. Our
results are in agreement with the findings of Guerfel et al.
(2009) and Issaoui et al. (2010) who reported that the level of
the pigments in the oil depends on several factors, such as the
olive cultivar, and the cultivation location of the olive trees.
The pigment variability is mainly due to genetic factor that
determines changes in the biosynthetic pathway.
Natural pigments can also affect considerably the
preservation of the product as prooxidant. In particular, the
chlorophylls in presence of the light act as catalysts in the
formation of singlet state oxygen and therefore they promote
the first phases of the autoxidation process (Cichelli and
Pertesana, 2004).
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Figure 1. Chlorophyll content of olive oils.
(a–f) Different letters indicate statistically significant differences (p < 0.05) between cultivars.

Figure 2. Carotenoid content of olive oils.
(a–f) Different letters indicate statistically significant differences (p < 0.05) between cultivars.

4. Conclusion
To the best of our knowledge, this is the first study on the
characterization of olive oil of Chemlal cultivar harvested
from different Algerian locations. The analytical parameters
studied including free acidity, peroxide index, and
spectrophotometric absorption K232 and K270 were within the
limits established by the International Olive Council (2010)
for the highest quality category “extra virgin” olive oils. In
addition, the studied qualitative characteristics and pigment
contents were significantly influenced by the olive cultivar
and the geographical origin of the samples.
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