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Abstract

This work aims to initiate a study on the quality of olive oil produced at the area of
Beni Tajjit located in the south-west of eastern Morocco. Twenty olive cultivars were

Keywords the subject of this study and some of their oil physicochemical characteristics were
- determined. The hierarchical analysis, taking into account the values of six
v’ Olive oil; physicochemical parameters considered as the most discriminating, reveals the

v' Free acidity;

v’ Peroxide value;
v' Specific extinction;
v’ Eastern Morocco

potential existence of nine groups of olive oils of which three belong to the extra virgin
category, one to the current category and five to the lampante category.

Abbreviations: BT: Beni Tajjit, IOC: International Olive Council, w: Weight.
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houssinetahri@yahoo.fr

1. Introduction

The Olive oil is one of the oldest vegetable oils mainly produced in countries around the Mediterranean Sea. Its
consumption is increasing throughout the world due to the growing interest in the Mediterranean diet, of which
olive oil is one of the main ingredients and which is often strongly correlated with the reduction of
cardiovascular diseases and certain forms of cancer [1-4]. In addition to the lipid fraction itself, a tiny fraction
(1-2%) composed of tocopherols, phytosterols, pigments, phenolic and aromatic compounds, etc... would play
an important role in the chemical, organoleptic and nutritional properties and stability of olive oil [5-10].

The International Olive Council (IOC) standards [11] and the Codex Alimentarius [12] distinguish four
categories of virgin olive oil (Table 1): extra virgin, virgin, ordinary virgin and lampante virgin oils. The
physicochemical characteristics (free acidity, peroxide index, absorbance in the UV) and sensory characteristics
(positive and negative attributes) make olive oil of the lampante category, unlike the other categories, oil unfit
for human consumption.

Table 1: Some physicochemical and organoleptic characteristics of virgin olive oil categories as defined by the 10C [11].
The free acidity is expressed as % of oleic acid (mass/mass). The peroxide value is given in meq O,/kg of olive oil. For other
parameters, see explanations in the corresponding text.

Virgin olive categories
Extra Virgin Ordinary Lampante

Physicochemical parameters

Free acidity <0.8 <2.0 <33 >33

Peroxide value <20 <20 <20 No limit

UV specific extinction coefficient Ky7o <0.22 <0.25 <0.30** -

UV specific extinction coefficient Kys, <2.50** <2.60** - -
Sensory parameters

Median (Me) of defects Me =0 0<Me<3.5 3.5 <Me < 6.00%* Me > 6.0
Median (Me) of fruitiness Me >0 Me >0 - -

** Or when the median of the defects is less than or equal to 3.5 and the median of the fruitiness is equal to 0.
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The free acidity of olive oil corresponds to the proportion of fatty acids found in the free state as a result of the
lipolytic action of lipases of olives themselves and / or of lipolytic enzymes produced by microorganisms living
on olives. This acidity is expressed by convention, in the case of olive oil, as oleic acid as it represents the main
fatty acid [13]. Its ratio reflects the degree of stability of the oil and its susceptibility to rancidity.

The peroxide value is generally concerned with the number of active oxygen’s in the organic chains of the fatty
substances. It is expressed in meq O, par kg of olive oil. It makes it possible, therefore, to evaluate the degree of
oxidation of the unsaturated fatty acids. However, the only measure of the peroxide value is insufficient to get
an exact idea of the oxidation state of oil [14, 15]. The peroxide value is only an indicator of the onset of
oxidation. It decreases with an advanced oxidation state where the peroxides, initially formed during the so-
called primary oxidation phase, gradually generate volatile or non-volatile compounds (aldehydes, ketones, etc.)
known as secondary oxidation.

The values of the absorptions at the specific wavelengths, 232 and 270 nm, reflect the presence of conjugated
dienes and trienes in the olive oil under examination. The production of these molecular species is linked to the
oxidation phenomenon or to the refining process. Their rate is expressed through the values of the specific
extinction coefficients denoted K3, and K,z [11]. Compounds of the oxidation of conjugated dienes contribute
to the value of K,3, while secondary oxidation compounds (alcohols, aldehydes, ketones, etc.) contribute to the
K270 value [16]. These spectrophotometric studies in the ultraviolet range can therefore provide information on
the quality of the fat, its state of preservation and also show the changes due to technological processes.

The aim of this work is to initiate a study on the physicochemical characteristics which will be complemented
by a study on the sensory characteristics of olive oils produced at the Beni Tajjit site (Latitude: 32, Longitude: -
3.4, Altitude: 1100 m above sea level, annual rainfall: about 200 mm) located in the Southwest of the eastern
region of Morocco. This study aims to complete the one that we have been carried out on the morphological
identification of potentially existing olive varieties in the same site. We hope to arrive at the end to determine
the quality of olive oils produced by each identified cultivars and by reference to the I0C standards. This study
could also highlight the need to work to preserve the biodiversity of the olive orchard in both small and large
scale.

2. Experimental details

2.1. Plant material

This study was carried out on the olive oil produced at the site of Beni Tajjit. Twenty olive cultivars, noted from
BT1 to BT20, were involved which we have previously identified in the study of their morphological
characteristics according to I0C standards [17]. This work was conducted during the two production seasons
2010/2011 and 2011/2012. For each fruiting season and each cultivar, two batches of two kilograms of olives
were manually harvested at the mature stage (mid-December), then washed, weighed and subjected to a
traditional extraction process comprising stages of grinding, mixing (These two stages lasted 40 minutes) and
decantation (The temperature when we carried out this work did not exceed the 24°C). The resulting olive oils
were immediately kept in dark glass bottles and set aside in a cool place (about 10°C.). Subsequently, they were
the subject to physicochemical analyzes.

2.2. Determination of fatty acid composition

The fatty acid content of the olive oils was determined following their trans-methylation using a potassium
hydroxide solution in methanol according to the standard method recommended by the 10C [18]. The fatty acid
esters thus obtained were analyzed by gas chromatography (HP 6890 series GC equipped with a Supercowax
30m x 0.25mm capillary column and an FID detector. Carrier gas: Nitrogen with a flow rate of 1.7 ml/min.
Injector and detector temperatures: 150 and 250°C respectively. Oven temperature: 20min at 210°C, rising
between 210 and 245°C at a rate of 6°C/min, 10min at 245°C).

2.3. Determination of free acidity

The free acidity of the various samples of olive oils was determined according to the AOCS method [19]. The
free fatty acids were titrated with a potassium hydroxide solution in methanol in presence of phenolphthalein as
a color indicator. The acidity is expressed as a percentage of oleic acid in olive oil (w/w).

2.4. Determination of peroxide value

The peroxide value was determined according to the AOCS method [19]. It is expressed in meq O,/kg of oil.
The assay is based on the fact that in the acid medium the peroxides are reduced by the iodide ion (I") in the
absence of light. The iodine formed is then dosed with a solution of thiosulphate (Na,S,03) of known
concentration in the presence of starch pastes (EEC 2568/91, 1991).
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2.5. Determination of specific extinction coefficients Kz, and K7

The ultraviolet specific extinction coefficients K,3, and K,7, were determined according to the I0C standard
method [11]. The optic density readings using an UV-Visible Spectrophotometer were performed at the two
wavelengths 230 and 270nm against a control sample made of cyclohexane solvent.

2.6. Hierarchical classification

In order to determine the degree of resemblance between the different olive oils, a comparison was made on the
basis of the contents of oleic and linoleic acids, the free acidity and peroxide values and the specific extinction
coefficients K,3, and Ky7. For each parameter, different classes were defined according to whether its values
were low, medium, high or very high (Table 2). For the oleic and linoleic acid contents, four classes were
chosen within the two ranges 55-83% and 3.5-21%, respectively, as they were adopted by the IOC as
characteristics of virgin olive oils [11]. For the other parameters, the limits of the different classes correspond to
the limit values which the IOC uses for the classification of olive oils in the following categories: extra virgin,
virgin, ordinary or lampante olive oil [11].

Table 2: Limits of different classes of physicochemical parameter values used in the hierarchical classification of the
different olive oils harvested in Beni Tajjit area. The values of the oleic and linoleic acids are given in % in the various
olive oils (w/w). The free acidity is expressed as % of oleic acid (w/w). The peroxide value is given in meq O,/kg of olive
oil.

Physicochemical parameters Class 1 Class 2 Class 3 Class 4
Oleic acid 55-62 62-69 69-76 76-83
Linoleic acid 3.5-8 8-12.5 12.5-17 17-21
Free acidity 0-0.8 0.8-2.0 2-33 >3.3
Peroxide value 0-7 7-14 14-20 > 20
Specific extinction coefficient K3, 0-2.50 2.50-2.60 > 2.60

Specific extinction coefficient Ky7o 0-0.22 0.22-0.25 0.25-0.30 >0.30

3. Results and Discussion
3.1. Composition in fatty acids
Results of the analyzes carried out on the olive oils derived from the twenty cultivars selected (Table 3) show
that their fatty acid contents are within the limits recommended by the IOC for virgin olive oils [11]. Eight fatty
acids are present, but at variable level. They are palmitic acid (C16:0), palmitoleic acid (C16:1), stearic acid
(C18:0), oleic acid (C18:1), linoleic acid (C18:2), linolenic acid (C18:3), arachidic acid (C20:0) and gadoleic
acid (C20:1). However, Myristic (C14:0), heptadecanoic (C17:0), heptadecenoic (C17:1), behenic (C22:0) and
lignoceric (C24:0) acids were not detected in any olive oil. Oleic acid (C18: 1), with contents ranging from 68.3
to 75.8%, followed, by far, by linoleic acid (C18:2) (from 11.2 to 15.1%) and palmitic acid (C16:0) (7.6 to
11.6%) represent the major ones in all the studied oils.
As a comparison (Table 4), the oils derived from the southern part of the eastern region of Morocco have
relatively similar compositions to olive oils produced in the northern part of the same region [20]. However,
there are differences between them, as reflected in the levels of their high contents of linoleic acid and low
contents of palmitic acid. Compared to other olive oils produced around the world [21-23], all cases (high
and/or low contents) can occur.
Compared to the limits recommended by the 10C for virgin olive oils [11], one can note that:

- 19 out of 20 of the studied cultivars gave an olive oil relatively rich in oleic acid. The grades could be
ranked in the third quarter of the range 55-83% recommended by the 10C for virgin olive oils.

- 18 out of 20 of the studied oils are characterized by high linoleic acid levels which exceeded 12.5%.

- The content in palmitic acid remained near the lower limit of the 7.5-20% range as recommended by the
IOC for virgin olive oils.
The relative richness of oleic acid in studied olive oils could be one of their most important characteristics. The
high content of monounsaturated fatty acids, especially oleic acid, confers, to the olive oil its originality and its
virtues in terms of effect on health [3, 4].
The presence of linoleic acid in most of oils at relatively high levels could reduce their storage time by
promoting their oxidation which produces products having conjugated double bonds leading to the production of
unpleasant volatile substances, in particular, those responsible for their rancidity [24, 25].
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Table 3: Fatty acids composition of the different oils produced from twenty cultivars of Beni Tajjit: (C14:0): Myristic
acid,(C16:0): Palmitic acid, (C16:1): Palmitoleic acid, (C17:0): Heptadecanoic acid, (C17:1): Heptadecenoic acid, (C18:0) :
Stearic acid, (C18:1) : Oleic acid, (C18:2) : Linoleic acid, (C18:3) : Linolenic acid, (C20:0) : Arachidic acid , (C20:1) :
Gadoleic acid (or Eicosenoic acid), (C22:0) : Behenic acid, (C24:0) : Lignoceric acid. Each value represents an average of
two different analyzes carried out on the olive oils produced during the two producing seasons 2010/2011 and 2011/2012.
The limit values for the levels of each fatty acid in virgin olive oils as defined by the IOC [11] are presented in the last line.

Fatty acids (%)

Cultivars | C14:0 C16:0 C16:1 C17:0 C17:1 C18:0 C18:1 C18:2 C18:3 C20:0 C20:1 C22:0 C24:0
BT1 ND 941 0.78 ND ND 25 7184 1395 092 029 031 ND ND
BT2 ND 10.13 0.76 ND ND 26 7167 1336 088 029 031 ND ND
BT3 ND 1032 0.82 ND ND 249 718 13.05 0.85 03 037 ND ND
BT4 ND 1082 0.84 ND ND 2.56 7184 1498 095 0.27 0.3 ND ND
BT5 ND 1097 054 ND ND 258 7119 1338 0.89 02 024 ND ND
BT6 ND 1163 0.87 ND ND 251 6828 1514 103 026 027 ND ND
BT7 ND 10.74 0.89 ND ND 231 7124 1331 097 026 027 ND ND
BT8 ND 985 0.89 ND ND 215 7455 1121 083 024 028 ND ND
BT9 ND 1051 0.95 ND ND 257 69.78 1465 095 0.29 0.3 ND ND

BT10 ND 9.09 061 ND ND 204 7405 1282 1 016 022 ND ND
BT11 ND  7.65 0.7 ND ND 189 7586 1248 1.06 0.16 0.2 ND ND
BT12 ND 987 0.64 ND ND 25 7082 1485 091 021 0.2 ND ND
BT13 ND 1041 0.72 ND ND 208 7105 1437 084 028 025 ND ND
BT14 ND 11.65 0.83 ND ND 192 711 1278 085 051 036 ND ND
BT15 ND 934 079 ND ND 201 7216 1419 092 031 028 ND ND
BT16 ND 10.14 0.74 ND ND 289 7001 1496 086 019 021 ND ND
BT17 ND 10,62 0.86 ND ND 243 7113 1362 081 026 027 ND ND
BT18 ND 1056 0.92 ND ND 251 7106 1342 093 028 032 ND ND
BT19 ND 11.07 0.79 ND ND 245 7114 1279 093 052 032 ND ND

BT20 ND 984 0.87 ND ND 218 7108 1451 081 049 021 ND ND

'OC((;S'”% <0,05|7520/03-35| <03 | <03 | 05-5 | 55:83 [3521| <1,0 | <0,6 | <04 | <02 | <02

ND: Not detected

Table 4: Percentage of palmitic, oleic and linoleic acids in olive oils produced in both, northern part of eastern Morocco
and other cultivars throughout the world (Arbequina, Frantoio, Koroneiki, Leccino).

Fatty acids Eastern Morocco Arbequina  Frantoio Koroneiki Leccino
[20] [21] [22] [21] [23]
Palmitic acid (C16:0) (%) 10.1-135 175 10.9 116 137
Oleic acid (C18:1) (%) 73.2-76.5 58.8 78.3 755 75.6
Linoleic acid (C18:2) (%) 8.7-9.3 12.9 6.7 85 5.6

The differences in fatty acid levels that can be noted between the olive oils of the twenty cultivars or those
produced by other ones can be attributed, as indicated in the literature, to various factors of which two are the
main ones: the variety and the stage of maturity of the olives [26, 27]. These differences could also be attributed
to agro-climatic conditions [28, 29], irrigation [30, 31] and technical aspects of extracting olive oil [32].

3.2. Physicochemical characteristics

Four physicochemical parameters were studied: the free acidity, the peroxide index and the specific extinction
coefficients to the wavelengths 232 and 270nm (K232 and K270) (Table 5).

The content of free acidity that we have recorded in all our olive oils (Values below the limit value, 0.8%,
recommended by the IOC for extra virgin olive oils [11]) could be attributed in particular to the freshness of
olives used in the extraction and to the method of their harvesting which was manual. These means would at
least have helped to minimize the possible hydrolysis reactions of enzymatic or chemical type leading to the

Khlif et al., J. Mater. Environ. Sci., 2017, 8 (12), pp. 4264-4272 4267



release of fatty acids from their initial glyceride forms [33-35]. For the other physicochemical parameters,
peroxide values and specific extinction coefficients K,3, and Ky7, the values obtained exceed largely the limits
recommended by the 10C for virgin olive oils [11] in most cases. Olive oils produced in the north of the region
[36, 37] or in other localities [38] in Morocco remain, on the contrary, below these limits.

Taking into account the values of the four physicochemical parameters, and by reference to the commercial
standard applied by the I0C to olive oil [11], it appears that among the 20 studied olive oils, six (BT2, BT3,
BT4, BT5, BT9 and BT11) would exhibit the characteristics of an extra virgin olive oil, one (BT1) of the
ordinary category and thirteen (BT6, BT7, BT8, BT10, BT12, BT13, BT14, BT15, BT16, BT17, BT18, BT19
and BT20) of the lampante category. Higher values in peroxide and / or of the specific extinction coefficients
were due to a state of advanced oxidation of certain oils of the lampante category.

Table 5: Classification of the different olive oils obtained from the twenty cultivars according to their physicochemical
characteristics. Each value represents an average of two different analyzes carried out on the olive oils of each of the two
harvesting season 2010/2011 and 2011/2012. The free acidity (FA) is expressed in g of oleic acid per 100g of olive oil. The
peroxide value (PV) is given in meq O, per kg of olive oil. Ky, and K,y correspond to the UV specific extinction
coefficients.

Physicochemical parameters Olive oil

Cultivars FA PV Koz, Ko Categories

BT2 0.39 7.9 2.02 0.15

BT3 0.23 14.9 1.63 0.12

BT4 0.25 17.9 1.91 0.16 Extra virgin

BT5 0.30 18.9 2.23 0.21

BT9 0.30 139 2.20 0.16

BT11 0.28 16.9 2.12 0.18

- - - - - Virgin

BT1 0.28 16.9 2.7 0.28 Ordinary

BT6 0.54 38.8 2.92 0.45

BT7 0.32 31.6 2.98 0.46

BT8 0.29 24.8 2.76 0.35

BT10 0.27 21.9 2.81 0.31

BT12 0.20 10.9 2.10 0.47

BT13 0.23 19.9 2 0.47

BT14 0.24 10.9 2.11 0.47 Lampante

BT15 0.24 10.9 2.10 0.47

BT16 0.20 11 2.10 0.47

BT17 0.20 10.9 2 0.47

BT18 0.24 10.9 2 0.47

BT19 0.23 11 2.10 0.47

BT20 0.20 10.9 2.10 0.47

3.3. Hierarchical classification

In order to determine the resemblance degree between all the studied olive oils, we have been based, in the first
step, on the comparison of belonging classes (review the precision in table 2) of their most important
physicochemical parameters: Oleic and linoleic acids, free acidity, peroxide index and specific extinction
coefficients K232 and K270. Results reported in Table 6 show so some uniformity in the case of three
parameters, oleic acid, linoleic acid and free acidity, but they show some multiplicity in the case of the three
remaining ones, peroxide, K232 and K270.

A further treatment of the results presented above in the table 6 in order to compare different BT olive oils to
each other shows that some oils appear to be similar (zero difference) (Case of BT2 and BT9 for example)
whereas others can have up to five differences in their physicochemical characteristics (Case of BT6 and BT11)
(Table 7).

Hierarchical analysis (Figure 1) based on the physicochemical class values presented above in the table 7 shows
that nine groups of homogeneous olive oils can be formulated (Table 8): Group | made of sample BT2 and BT9,
Group Il made of BT3, BT4 and BT5, Group Il consisting of sample BT11, Group IV consisting of the sample
BT1, Group V consisting of the sample BT6, Group VI made of sample BT10 and BT7, Group VII consisting of
the sample BT8, Group VIII made of sample BT12, BT14, BT15, BT16, BT17, BT18, BT19 and BT20, and
finally Group IX consisting of the sample BT13.
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Table 6: Belonging classes of six physicochemical parameters (Oleic and linoleic acids, free acidity, peroxide, and specific
extinction coefficients Ky, and Ky7) characterized the twenty olive oils from Beni Tajjit site.

Physicochemical parameters

Cultivars

Oleic acid

Linoleic
acid

Free
acidity

Peroxide

value

Ka7o

BT1

w

3

1

3

w

BT2

BT3

BT4

BT5

BT6

BT7

BT8
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BT17

BT18

BT19

BT20
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Table 7: Number of classes of physicochemical parameters differentiating each oil from others.
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The difference between these nine olive oil groups, with respect to each other, ranges from one (Case of group |
and group Il for example) and five (case of group Il and group V) different physicochemical parameter values

(Table 9).

Looking at their physicochemical characteristics (review Table 5), oils extracted from olive groups I to 111 can
classified as extra virgin, from olive group IV as ordinary category and from olive groups V to IX as lampante
category. The quality of each olive oil may constitute an endogenous characteristic and its oxidative stability
would depend, among other factors, on satiety of phenolic compounds and tocopherols and the composition in
fatty acids and in carotenoids and chlorophyll pigments [39-43]. However, the chemical composition and
organoleptic properties could be modified by different factors such as cultivation practices, environmental
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conditions (mineral nutrition, temperature, light, water availability, etc.), the olive maturity degree and the
processus used in its extraction [44, 45].

BTZ2 |
BTS |
BT3
BTa
BTS
BT11
BT1
BTE
BT10
BTT |
BTa
BT12 |
BT14 |
BT15 |
BT18 |
BT17T |
BT1a |
BT12
BT2D
BT13

Cultivars

3.0

M
o

0,0 0.5 1,0 1.5 20
Aggregation distances

Figure 1: Hierarchical clustering dendrogram of the Beni Tajjit olive oils based on the square Euclidean distances
calculated from the physicochemical class values.

Table 8: Characteristics of the nine groups of olive oil from point of view class of belonging of their physicochemical
parameters (oleic and linoleic acids contents, free acidity, peroxide value and the specific extinction coefficients K,3, and Kyzg
values) values.

B el ol | Physicochemical parameter classes
ive cultivars . . Linoleic Free Peroxide
groups Oleic acid acid acidity value Koo Koo
| BT2; BT9 3 3 1 2 1 1
11 BT3; BT4; BT5 3 3 1 3 1 1
11 BT11 3 2 1 3 1 1
1\ BT1 3 3 1 3 3 3
Vv BT6 2 3 1 4 3 4
VI BT10; BT7 3 3 1 4 3 4
VII BT8 3 2 1 4 3 4
BT12; BT14; BT15; BT16;
Vil BT17; BT18; BT19; BT20 3 3 1 2 1 4
IX BT13 3 3 1 3 1 4

Table 9: Number of physicochemical parameters classes differentiating the nine olive oil groups from one another.

Olive oil groups
Olive oil groups | 11 | IV |V | VI | VI | VI IX
| 0
11 1 0
1 2 1 0
[\ 3 2 3 0
\ 4 4 5 3 0
VI 3 3 4 2 1 0
Vil 4 4 3 3 2 1 0
VIII 1 2 3 3 3 2 3 0
IX 2 1 2 2 3 2 3 1 0

Certain traditional cultivation practices, followed at the Beni Tajjit site can reduce the quality of the oils. For
example, fertilization method based mainly on the use of manure may lead to an excess of some mineral
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elements and to the deficiency of others. Both situations could affect olive production quantitatively and
qualitatively [46-48].

The widespread presence of the olive fly (Bactrocera oleae) in Beni Tajjit, which is due to the lack the use of
pesticides, could be another factor involved in reducing the quality of olive oil produced which will be
characterized by high values of free acidity and peroxide, along high specific extinction coefficients and low
phenolic compounds [49-52].

The late harvest at Beni Tajjit which is aimed to maximize the yields of the oil, could constitute an additional
factor adversely affecting the the quality of the oils produced. In this context, it is well known that over-ripened
olives give known oil for its susceptibility to deterioration having an oxidative origin [53, 54]. By adopting the
optimum harvest date (A maturity index of 2.5 to 4.5 is usually used for most olive oils [55]), the oils obtained
would be of superior quality, due in particular to their composition in triacylglycerols (low content of
polyunsaturated fatty acids) and in antioxidant compounds (polyphenols and tocopherols) [56].

Conclusions

Through this work we were able to determine some physicochemical characteristics concerning twenty olive
oils currently produced in Beni Tajjit. They are generally characterized by their relatively high levels of oleic
acid but also linoleic acid which could contribute highly to their oxidative instability. Only six olive oils
samples among a group of twenty possess the characteristics of an extra virgin olive oil, the rest (thirteen) is
considered as the lampante category. Late harvesting at the Beni Tajjit site added to the lack of the use of
fertilizer and pest control, including the olive fly, could be potentially responsible for the poor quality of the
olive oils. A wider and deeper study could contribute to the improvement of the quality of the olive oils
produced in this region.
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