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Abstract  

Olive Oil is a fundamental ingredient of the Mediterranean diet for its healthy 
properties. 
The aim of this study was to determine i) the most relevant quality parameters 
(Free acidity, K232, K270 and PV) of chemlali olive oil samples  ii)  to 
evaluate fatty acids and antioxidant content of chemlali olive oil and its 
hydrophilic (OOHF) and lipophilic (OOLF) fractions iii) to compare the 
chemical characterization between olive oil and its fractions. OOHF was 
extracted from olive oil using water by centrifugation process. OOLF was 
obtained by filtration process through a hydrophobic composite ceramic 
membrane. According to quality parameters, all our oil samples were 
classified in the category “extra virgin olive oil”.  Our results showed that 
EVOO and OOLF fatty acid analyses revealed the same amount of MUFA. 
EVOO and OOHF contained a higher content of unsaponifiable components 
like polyphenols, which might contribute to olive oil’s beneficial effect. 

Keywords: Extra Virgin olive oil, hydrophilic fraction, lipophilic fraction, 
antioxidant content, Fatty acid composition. 

1. Introduction 

The olive oil sector plays an important role in the Tunisian economy, 
providing both employment and export revenue. The olive tree (Olea 

europaea L.) is present practically in every region of the country, up to the 
border of the southern desert. The Tunisian olive grove is dominated by the 
two major varieties Chetoui in the North and Chemlali in the Centre and the 
South. Olive oil is composed of two major fractions, the lipophilic one, 
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accounting for 98-99% of the total triglycerides, and hydrophilic fraction, 
containing several liposoluble molecules, including tocopherols, phytosterols, 
coloring pigments and squalene (Bulotta et al., 2014; Wu et al., 2016). 
The main antioxidants of extra virgin olive oil (EVOO) are carotenoids and 
phenolic compounds, which are both lipophilic and hydrophilic. Among the 
glyceride fraction, olive oil shows a high content of fatty acids and 
particularly, an elevated proportion of monounsaturated fatty acids (MUFA). 
Unsaturated acids are up to 85% of its composition, due to its high content in 
oleic acid (C18:1), which might range between 70–85% and other fatty acids 
as linoleic or palmitoleic acid.  Olive oil is considered as a superfood due to 
its health properties derived from its unique composition, its lipid profile and 
its bioactive compounds content (Secneler and Galanakis, 2019). 
MUFA can modulate the immune response and can be useful in treating 
certain autoimmune diseases and in general regulation of immunity (Miles 
and Calder, 2015). Moreover, chronic diseases such as coronary arterial 
disease, hypertension, diabetes, inflammatory and auto immune disorders can 
be prevented via olive oil intake due to in part to the high MUFA content 
(Bermudez et al., 2011). The important element that contributes to the 
accumulation of the intracellular reactive oxygen species (ROS) is the 
endoplasmic reticulum (ER) stress (Malhi et al., 2011).  Hydroxytyrosol (3,4-
dihydroxyphenylethanol; HT) is mainly responsible for the antioxidant 
properties of this food, due to an efficient scavenger activity (Del Monaco et 

al., 2015). It has been reported that HT is able both to modulate an adaptive 
signaling pathway activated after ER stress and to ameliorate ER homeostasis 
(Giordano et al., 2014). In recent years, the interest of scientists has been 
focused on the preventive effects of phenols against the degenerative diseases 
mediated by ROS. 
Several studies have emphasized the importance of a regular use of olive oil 
in the benefits of traditional Mediterranean diet on cardiovascular diseases 
(Sofi et al., 2013; Ghorbel et al., 2015). The aim of this study was to 
determine the fatty acid and antioxidant content of chemlali virgin olive oil 
and its hydrophilic and lipophilic fractions and to evaluate their protective 
effects on rats intoxicated with dietary contaminants in the second step. 

2. Materials and methods 

2.1. Oil samples  
Biologic Extra virgin olive oil (EVOO) samples were obtained from a 
Chemlali variety cultivar grown in Sfax of Tunisia. The hydrophilic fraction 
(OOHF) was extracted from EVOO by the method of Montedoro et al. (1992) 
using water instead of methanol to avoid its toxic effect in rats. Briefly, 10 g 
of EVOO was homogenized with 10 mL of water by a mixer (Ultra-Turrax 
T25 [IKA Labortechnik, Janke & Kunkel, Staufen, Germany]; 15 000×g/min) 
and centrifuged at 5000 × g for 10 min. The extraction was performed two 
times.  
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2.2. Quality indices 

Free acidity (g oleic acid/100 g olive oil), peroxide value (PV) (meq O2/kg of 
olive oil) and the UV absorption for the determination of the extinction 
coefficients of K232 and K270 were measured following the analytical 
methods described in regulation EEC/2568/91. All parameters were 
determined in triplicate for each sample. 

2.3. Filtration process and membrane analysis 

The lipophilic fraction (OOLF) was obtained from EVOO as follows. EVOO 
was homogenized for 1 min with water (1:1, v/v), and the oil was separated by 
centrifugation; this procedure was repeated six times. Then, the OOLF was 
filtered through a hydrophobic composite ceramic membrane prepared totally 
from the phosphate industry sub product material. The Cross flow 
experiments were conducted using a pilot plant made in our laboratory using 
single channel tubular membrane at a temperature of 25◦C (Figure 1). 
 

 

 Figure 1. Scheme of the pilot plant 

The operating pressure is applied using a nitrogen gas source. The total active 
area of the membrane is 19.6 cm2. Before experiments, the elaborated 
membrane is conditioned by immersion in pure deionized water for at least 24 
h, then, the membrane permeability was determined (Table 1). This material 
was previously used as membrane support (Khemakhem et al., 2011).  

Table1. The principle characteristics of the ceramic membrane 

2.4. Fatty acid Determination 

Different constituents of Extra Virgin olive oil and its fractions were 
analyzed. The fatty acids were converted into fatty acid methyl esters 
(FAMEs) prepared by dissolving 0.1g of EVOO in methanol and incubated 

Characteristics Contact 
angle (°) 

Configuration Surface area 
(cm2) 

Permeability 
(L/hm2bar) 

Values 160 Tubular 19.6 24 
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for 1 hour. Individual FAMES were separated and quantified by gas 
chromatography using model 5890 series II instrument (Hewlett-Packard Ca 
Palo Alto, Calif. USA) equipped with a flame ionization detector and a fused 
silica capillary column HP – INNOWAX (30 m length × 0.25 mm i.d. and 
0.25 µm of film thickness). The temperature was programmed to increase 
from 170 to 270°C at a rate of 5°C/min. Nitrogen ultra was used as carrier 
gas. The results were expressed as relative area percent of the total FAMEs 
(Dabbou et al., 2009). 

2.5. Pigment content 

The carotenoids and chlorophylls (mg/kg oil) were determined at 470 and 670 
nm, respectively, in cyclohexane using the specific extinction values 
according to the method of (Minguez Mosquera et al., 1992) 

2.6. Total Polyphenol and Tocopherol content 

The phenolic compounds were extracted, estimated colorimetrically at 765 nm 
using the Folin-Ciocalteau reagent, and expressed as hydroxytyrosol 
equivalents as reported by Montedoro et al. (1992). 
α-Tocopherol was evaluated according to the method of Gimeno et al. (2000). 
Each oil sample was diluted with n-hexane (1:10), the mixture was vortexed 
and 200 µl were transferred to a test tube containing 600 µl of methanol and 
200 µl of internal standard (300 µg/ml). HPLC separation was carried out on a 
Hewlett-Packard system (Waldbronn, Germany) equipped with a HP-1100 
pump, a Rheodyne model 7725 injector (Cotati, CA, USA, loop volume       
20 µl), a HP-1200 M multi-array detector and a Supelcosil ODS- 2 column   
(150 × 4.5 mm id., film thickness 5 µm). 

3. Results 

3.1. Quality parameters 

The quality criteria, determined at the beginning of this study in order to 
identify the oil category, are presented in Table 2. According to the measured 
parameters, all oil samples were classified in the category “extra virgin olive 
oil” (IOC, 2015). 

 Table 2.  Quality parameters of Chemlali olive oil 

3.2. Fatty acid composition of EVOO and its OOLF fraction 

Fatty acid composition of EVOO and OOHF are presented in Table 3. Extra 
virgin olive oil and lipohilic fraction contained respectively 20.27 and 19.81% 
of saturate (palmitic and stearic acids), 55.09 and 53.50% of monounsaturate 
(mainly oleic acid), 16.12 and 15.27% of polyunsaturate fatty acids. 

Free acidity 
(g oleic acid /100g) 

K232 K270 PV (meq O2/kg of  
olive oil) 

0.5 ± 0.02 2.32 ± 0.02 0.21 ± 0.01 6.0 ± 1.02 
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Table 3. Fatty acid composition of EVOO and OOLF fractions 
PUFA: polyunsaturated fatty acid; MUFA: monounsaturated fatty 

acid; SFA: saturated fatty acids 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

3.3. Chlorophyll, carotenoid and antioxidant content of EVOO, OOHF 

and OOLF 

Antioxidant content of EVOO and its fractions are presented in Table 4.  

Table 4. Antioxidant content of EVOO and its fractions. 
ND: non determined  - : absent 

Chlorophylls are present in olive oils and are the responsible for its greenish 
coloration. Carotenes are present too in olive oil and are responsible for its 
yellow coloration. The values of the chlorophylls and carotenes 
concentrations are 3.28 and 3.45 mg/kg mg/kg for chlorophylls and 5.56 and 
4.66 mg/kg for carotenes in EVOO and OOLF respectively. 
In fact, EVOO and OOHF contained high amounts of phenols (225.12 and 
168. 59 mg/ kg, respectively) while OOLF contain less quantity (55.19 mg/ 

Fatty acid (%) EVOO OOLF 

Palmitic acid (C16:0) 17.60 ± 0.15 17.22 ± 0.12 

Palmitoleic acid (C16:1w7) 2.12 ± 0.05 2.03 ± 0.03 

Stearic acid (C18:0) 2.23 ± 0.04 2.15 ± 0.01 

Oleic acid (C18:1w9) 52.78 ± 0.51 51.69 ± 0.12 

Linoleic acid (C18:2w6) 15.44 ± 0.60 14.62 ± 0.08 

Linolenic acid (C18:3w3) 0.68 ± 0.02 0.65 ± 0.05 

Arachidonic acid (C20:0) 0.44 ± 0.01 0.44 ±0.02 

Gadoleic acid (C20:1w-9) 0.19 ± 0.01 0.18 ± 0.02 

SFA 20.27 ± 0.11 19.81 ± 0.14 

MUFA 55.09 ± 0.59 53.90 ± 0.74 

PUFA 16.12 ±  0.63 15.27 ± 0.22 

MUFA/PUFA 
 

3.41 ± 0.11 3.53 ± 0.04 
 

Antioxidant 
content (mg/kg) 

EVOO OOHF OOLF 

Chlorophylls 3.28 ± 0.30 - 3.45 ± 0.12 
β-Carotene 5.56 ± 0.48 0.52 ± 0.11 4.66 ± 0.79 

Total polyphenols 225.12 ± 5.42 168.59 ± 2.92 55.19 ± 2.51 

α-tocopherol 244.66 ± 5.11 ND 235.96 ± 11.52 

β-tocopherol 0.05 ± 0.01 ND _ 
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Kg). EVOO and OOLF presented the same amount of α-tocopherol while 
OOHF was deprived from this component. 

4. Discussion 

The virgin olive oils are classified into EVOO, virgin, and lampante, 
according to the degree of acidity (ratio of free fatty acids to total oleic acid): 
≤0.8%, ≤2%, and >2%, respectively (Mezghani Larousi et al., 2016). Lower 
acidity values guarantee high quality oil obtained from healthy olives and 
under ideal conditions.  Regarding oxygen, EVOO must have a peroxide 
index (meq O2/kg of olive oil) ≤20. Thus, a rapid hydroperoxide formation 
demonstrates the initiation of the oxidative reactions that precede rancidity 
(Elez- Martinez et al., 2007). According to quality parameters, all our oil 
samples were classified in the category “extra virgin olive oil”.  All these 
characteristics are key factors to EVOO quality, thus the chemical 
composition of many health-promoting compounds, such as unsaturated fatty 
acids (especially oleic acid), as well as minor components such as tocopherols 
or phenolic compounds must be preserved. Fatty acids can be classified in 
saturated or unsaturated relying on the absence or presence of double bonds in 
their hydrocarbon chain. Dietary fatty acids upon ingestion are incorporated 
into biological membranes, including the mitochondrial membrane, 
contributing to cell structure and at the same time modulating many of its 
properties (Desnoyers et al., 2018).  Our results showed that EVOO and 
OOLF fatty acid analyses revealed the same amount of MUFA. 
Triacylglycerols constitute a big part of olive oil and a high percentage of the 
saponifiable fraction is constituted by MUFA (Cavahim et al., 2019). The 
principal triacylglycerol detected in olive oil is oleic acid (52.78%, 51.69%) 
respectively in EVOO and OOLF, representing about half of the total 
triacylglycerol portion found in EVOO. Other triacyclglycerols also present 
are palmitic acid, linoleic acid and stearic acid   (Boskou et al., 2006; Arnada 
et al., 2004). 
The unsaponifiable fraction contains more than 200 compounds; among them, 
phenolic compounds account for 3% of the total oil composition (Lastra 
Romero, 2011). This fraction contributes to the specific characteristics of 
olive oil, such as aroma, taste, color and oxidative stability (Frankel et al., 
2003). EVOO is known for having a high content of antioxidant compounds 
with protective properties against free radicals. In our previous study, we have 
demonstrated that chetoui olive oil and its fractions reduced biomarkers of 
oxidative stress in the heart of rats treated with acrylamide and aluminium via 
their strong antioxidant activity and thereby restored the DNA integrity of 
myocardial cells (Ghorbel et al., 2015). The main antioxidants of EVOO are 
carotenoids and phenolic compounds, which are both lipophilic and 
hydrophilic. The lipophilics include tocopherols, while the hydrophilics 
include flavonoids, phenolic alcohols and acids, secoiridoids and their 
metabolites. Various studies indicate that EVOO phenolic compounds have 
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antioxidant, anti-inflammatory, antimicrobial activity, by modulating gene 
expression of proteins involved in the inflammation process, the oxidative 
stress resistance and in lipid metabolism (Covas et al., 2006; Konstantinidou 
et al., 2010). Our results showed a higher content of unsaponifiable 
components like polyphenols in EVOO and OOHF which might contribute to 
olive oil’s beneficial effect. 
This approach leads to the next step, testing the beneficial effects of EVOO, 
OOHF and OOLF against toxicity induced by dietary contaminants in rat 
models. 

5. Conclusion 

Quality parameters revealed that our oil samples were classified in the 
category “extra virgin olive oil”. Our results showed that EVOO and OOLF 
fatty acid analyses revealed the same amount of MUFA. However, a higher 
content of unsaponifiable components like polyphenols was found in EVOO 
and OOHF which might contribute to olive oil’s beneficial effect. Olive oil is 
considered as a superfood due to its health properties derived from its unique 
composition, its lipid profile and its bioactive compounds content. 

Acknowledgements 

This work was supported by the Ministry of Higher Education and Scientific 
Research in Tunisia .The authors are indebted to Ms Mariem Hbaieb for her 
skilful technical assistance. 

References 

Aranda, F., Gómez-Alonso, S., Rivera Del Álamo, R.M., Salvador, M.D., 
Fregapane, G. 2004. Triglyceride, total and 2-position fatty acid composition 
of Cornicabra virgin olive oil: Comparison with other Spanish cultivars. Food 

Chem 86: 485–492 
Bermudez, B., Lopez, S., Ortega, A., Varela, L.M., Pacheco, Y.M., Abia, 

R.,Muriana, F.J. 2011. Oleic acid in olive oil: from a metabolic framework 
toward a clinical perspective. Curr Pharm Des 17:831–843 

Boskou, D., Blekas, G., Tsimidou, M. 2006. Olive Oil Composition, AOCS 
Press: Urbana, IL, USA, ISBN 9780128043547. 

Bulotta, S., Celano, M., Lepore, S.M., Montalcini, T., Pujia, A., Russo, D. 
2014. Beneficial effects of the olive oil phenolic components oleuropein and 
hydroxytyrosol: Focus on protection against cardiovascular and metabolic 
diseases. J Transl Med doi:10.1186/s12967-014-0219-9. 

Covas, M.I., Ruiz-Gutiérrez, V., De La Torre, R., Kafatos, A., Lamuela-
Raventós, R.M., Osada, J.; Owen, R.W.,Visioli, F. 2006. Minor components 
of olive oil: Evidence to date of health benefits in humans. Nutr Rev 64: 20–
30.  

Dabbou, S., Issaoui , M., Servili, M.,  Taticchi, A., Sifi, S., Montedoro,  
G.F., Hammami, M. 2009.  Dietary olive oil effect on antioxidant status and 



 
 
 
 
 
 
 
 
                                                                                             

8 
 

fatty acid profile in the erythrocyte of 2,4 -D- exposed rats. Eur J Lipid Sci 

Technol 111:392-401. 
De la Lastra Romero, C.A. 2011. An up-date of olive oil and bioactive 

constituents in health: Molecular mechanisms and clinical implications. Curr 

Pharm Des 17: 752–753.  
Del Monaco, G., Officioso, A., D'Angelo, S., La Cara, F., Ionata, E., 

Marcolongo, L.,  Squillaci, G., Maurelli, L., Morana, A. 2015. 
Characterization of extra virgin olive oils produced with typical Italian 
varieties by their phenolic profile. Food Chem184: 220- 228. 

Desnoyers, M., Gilbert, K., Madingou, N., Gagné, M.A., Daneault, C., Des 
Rosiers, C., Rousseau, G. 2018. A high omega-3 fatty acid diet rapidly 
changes the lipid composition of cardiac tissue and results in cardioprotection. 
Can J Physiol Pharmacol 96: 916–921. 

Elez-Martinez, P., Soliva-Fortuny, R., Martin-Belloso, O. 2007. Oxidative 
rancidity in avocado purée as affected by α-tocopherol, sorbic acid and 
storage atmosphere. Eur Food Res Technol 226:295–300 

Frankel, E., Bakhouche, A., Lozano-Sánchez, J., Segura-Carretero, A., 
Fernández-Gutiérrez, A. 2013. Literature review on production process to 
obtain extra virgin olive oil enriched in bioactive compounds. Potential use of 
byproducts as alternative sources of polyphenols. J Agric Food Chem 61: 
5179–5188.  

Gavahian, M., MousaviKhaneghah, A., Lorenzo, J.M., Munekata, P.E.S., 
Garcia-Mantrana, I., Collado, M.C., Meléndez-Martínez, A.J., Barba, F.J. 
2019. Health benefits of olive oil and its components: Impacts on gut 
microbiota antioxidant activities, and prevention of noncommunicable 
diseases. Trends Food Sci Technol 88: 220–227 

Ghorbel, I., Khemakhem, M., Boudawara, O., Marrekchi, R., Jamouss K., 
Ben Amar R., TahiaBoudawara, T., Zeghal, N., GratiKamoun N. 2015. 
Effects of dietary extra virgin olive oil and its fractions on antioxidant status 
and DNA damage in the heart of rats co-exposed to aluminum and 
acrylamide. Food Funct 9:3098-3108 

Gimeno, E., Castellote, A.I., Lamuela-Raventos, R.M., de la Torre, M.C., 
López-Sabater, M.C. 2000. Rapid determination of vitamin E in vegetable oils 
by  reversed- phase high-performance liquid chromatography.                      
J ChromatogrA  881:251-254. 

Giordano, E., Davalos, A., Nicod, N., Visioli, F. 2014. Hydroxytyrosol 
attenuates tunicamycin-induced endoplasmic reticulum stress in human 
hepatocarcinoma cells. Mol Nutr Food Res 58:954–962. 

IOC.2015. Trade standard applying to olive oils and olive-pomace oils.  
Khemakhem, M., Khemakhem, S., Ayadi, S., Ben Amar R. 2011. Study of 

ceramic ultrafiltration membrane support based on phosphate industry 



 
 
 
 
 
 
 
 
                                                                                             

9 
 

subproduct: application for the cuttlefish conditioning effluents treatment. 
Ceram Int 37: 3617-3625. 

Konstantinidou, V., Covas, M., Muñoz-Aguayo D., Khymenets O., Torre, 
R.,Saez, G., Carmen Tormos M., Toledo, E., Marti A., Ruiz-Gutiérrez, V., 
Mendez M., Fito M. 2010. In vivo nutrigenomic effects of virgin olive oil 
polyphenols within the frame of the Mediterranean diet: A randomized 
controlled trial. FASEB J 24: 2546–2557. 

Laroussi‑Mezghani, S., Le Dréau, Y., Molinet, J., Hammami M., 
Grati‑Kamoun N., Artaud, J. 2016. Biodiversity of Tunisian virgin olive oils: 
varietal origin classification according to their minor compounds. Eur Food 

Res Technol 242:1087–1099 
Malhi, H., Kaufman, R.J. 2011. Endoplasmic reticulum stress in liver 

disease. J Hepatol 54:795–809. 
Miles, E. A., and Calder, P.C. 2015. Fatty Acids, Lipid Emulsions and the 

Immune and Inflammatory Systems. World Rev Nutr Diet 112: 17–30.  
Minguez-Mosquera, M.I., Rejano-Navarro, L., Gandul-Rojas, B., Sanchez- 

Gomez, A. H.,   Garrido-Fernandez, J. 1991.  Color pigment correlation in 
virgin olive oil.  J Am Oil Chem Soc 68: 332-336. 

Montedoro, G.F., Servili, M., Baldioli, M., Miniati, E. 1992. Simple and 
hydrolysable phenolic compounds in virgin olive oil. Their extraction, 
separation and quantitative and semi quantitative evaluation by HPLC. J 
Agric Food Chem 40:1571–1576. 

Seçmeler, Ö.,Galanakis, C.M. 2019. Olive fruit and olive oil. In Innovations 
in Traditional Foods  p 193–220 

Sofi, F., Macchi, C., Abbate, R., Gensini, G.F., Casini, A. 2013.  
Mediterranean diet and health. Biofactors 39:335–342. 

Wu, X., Cobbina, S.J., Mao, G., Xu, H., Zhang, Z., Yang, L. 2016. A review 
of toxicity and mechanisms of individual and mixtures of heavy metals in the 
environment. Environ Sci Pollut Res Int 23: 8244-8259. 

 
 
 
 
 
 
 
 
 

Citation: Ghorbel, I., Khmekhem, M, Ben Amar, R, Grati-Kammoun, N. 2022. Fatty acid and Antioxidant 
content of Chemlali extra virgin olive oil and its hydrophilic and lipophilic fractions. J.A.A.O.G 1: 55-63 

 



 
 
 
 
 
 
 
 
                                                                                             

10 
 

Instructions for authors 

Submission 
Submissions must strictly follow the instructions listed below. They are automatically 
rejected in the case of non-conformity. 
Each new submission should be accompanied by a cover letter signed by all 
contributing authors and must contain the following informations: 
- The authors have no conflict of interest. 
- The article is not under consideration by another journal. 
- The authors are responsible for all informations in the article that may create 
disputes of all kinds. 
Manuscripts should be submitted electronically to the following address: 
jaaog@iresa.agrinet.tn 
The submission file must be in Word format. The author uses italics rather than 
underlines and places all illustrations (figures, maps, photos and tables) in their 
respective places in the text of the article. 
The article should be presented in Times New Roman, 1.5 lines spacing, with 
numbered lines and 2.5 cm margins on all sides. The regular article should not exceed 
20 A4 pages including all illustrations and the short paper should not exceed 8 A4 
pages. 
The structure of the regular article and the short communication will be as follows: 

• First page (Title page) 
This page is reserved exclusively for the title, names of authors and their contact 
details in a centered position, acknowledgments (optional) and sources of funding.  
The title is in lowercase, bold type and 14 point size. It must be precise, concise but 
complete. Abbreviations should be avoided and must appear from the first citation in 
the text. 
The authors are presented by the full name in lower case and 12 point size and 
followed by a superscript number to specify their contact details at the bottom. The 
author to whom all correspondence will be addressed should be marked with a 
superscript asterisk. 
The contact details of the authors (postal address of the laboratory or establishment, 
university, telephone, fax, e-mail address) are preceded by the corresponding number 
in lower case. 
An empty line must separate the title, the list of authors, their contact details, the 
acknowledgments and the funding sources.  

• Text of the article 
The text of the article must be presented in 12 point size and organized according to 
the following plan: 
- Abstracts 
- Introduction 
- Material and methods 
- Results and Discussion (this section can be divided in two separate parts) 
- Conclusion 
- References 
Abstracts should contain a maximum of 300 words and 4-6 keywords. The submitted 
article should include an abstract in the language of the article and an English abstract 
with title and keywords. 



 
 
 
 
 
 
 
 
                                                                                             

11 
 

Titles and subtitles will be in lowercase and bold characters and numbered in Arabic 
numbers (maximum three levels: 1, 1.1, 1.1.1) starting from the introduction without 
any withdrawal to the left. An empty line is always present before the titles. 
In the text, only the Latin scientific names of plant and animal species should be put 
in italics. Paragraphs should not start with a withdrawal to the left of the first line. 
The experimental models and statistical analyzes must be clearly presented in the text. 
Illustrations (tables, figures, maps and photos) should be included in the text of the 
article. They must be called in the body of the text by figure 1, table 1, etc. … 
All illustrations, accompanied by legends in the language of the article, must be 
centered: 
- Tables must be provided in a real table structure (rows, columns). Footnotes should 
be placed below the table and indicated in the table by superscript Arabic numbers. 
The statistical comparison of the means is made by letters in front of each average. 
The units of measurement, mentioned in abbreviated form and in parentheses, follow 
the International System of Units (SI). 
- The photographs (photos and maps) must be of excellent quality, very well 
contrasted with a minimum resolution of 300 dpi. If they are not original, it is needed 
from the author of the manuscript to acknowledge the source. 
- Figures will be provided at a sufficient size for better clarity and the size of the 
letters should be proportional to the figure to accommodate any reduction. 
- Mathematical and / or chemical equations and formulas must be presented clearly 
with careful placement of superscripts and subscripts. 
• References 
References should be presented as follows: 
• In the text: The reference is cited by the name of the author in lowercase followed 
by the year of publication in parentheses as follows: 
- Single author case: Label (2000) 
- Case of two authors: Label and Mabel (2000) 
- Case of several authors: Label et al. (2000) 
- When the same first author has several articles during the same year, the year will be 
followed by letters a, b, c ... etc, to indicate the order. 
- Case of several references for the same idea (Label and Mabel, 1999; Label et al., 
2000). 
• In the list of references: It is requested that the list be ordered alphabetically by 
adopting the following models for the different types of references: 
- Journal article 
Grati-Kamoun, N., Lamy Mahmoud, F., Rebai, A., Gargouri, A., Panaud, O., Saar, A. 
2006. Genetic diversity of Tunisian olive tree (Olea europaea L.) cultivars assessed 
by AFLP markers. Genetic Resources and Crop Evolution 53:265–275. 
- Book  
Trigui, A., Msallem, M. 2002. Catalogue des variétés authoctones et types locaux 
(Volume 1). Ed. IRESA (Ministère de l’Agriculture), Tunis, Tunisie, 159 p illustrées. 
- Book chapter 
Gregoriou, C., Ksantini, M., Serafides, N. 2010. Pest and Disease Management. 
In :Olive gap manual – Good agricultural practices for the near-east and north Africa 

countries. Ed. Food and Agriculture Organization of the United Nations regional 
office for the near east.Cairo, Egypt, p 213-237. 
- Thesis  



 
 
 
 
 
 
 
 
                                                                                             

12 
 

Jardak,T. 1994. Contribution à l'étude de la dynamique des populations de la teigne de 
l'olivier dans la région de Sfax. Thèse de doctorat d'Etat des Sciences biologiques. 
Faculté des Sciences de Tunis, Université de Sfax, 247p. 
- Seminar proceeding 
Kheireddine, N. 2005. L’oléiculture Tunisienne : Stratégie de développement et 
perspectives d’avenir. Actes du Colloque International « L'oléiculture : Productivité, 
qualité et accords de partenariat », 18-19 mai 2005, Sfax, Tunisie, p 1-3. 
- Web site 
IO, 2020. Valorisation des acquis. Disponible à l’adresse 
http://www.iosfax.agrinet.tn/index.php/unite-de-valorisation (dernière consultation le 
27/08/2020). 

Revision 

Submitted articles will be reviewed by two scientists with recognized competence in 
the relevant field of the article and anonymously. Articles returned to the author for 
correction must reach the Editorial Board no later than one week from the sending 
date for a minor revision and one month for a major revision. 

Publication 

Once definitively accepted, publication of the article will be scheduled in the 
following issues according to the acceptance order of articles. A certificate of 
acceptance can be delivered to authors if necessary. The publication is provided in 
paper mode and in free access mode on the journal's website. 

The publication of an article automatically implies the transfer of copyright to the 
journal and the published data will no longer be used by the authors in any form. 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


