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Abstract 

 
Description of the subject: Algeria is considered one of the leading olive growing areas in the world. The maturity index is 

one of the most important factors contributing to oil quality.  

Objectives: This study was conducted to investigate the effect of olive maturity index on the physicochemical properties of oil 

using the chemlal cultivar in the region of Boumerdes.  

Methods: The study was conducted in a commercial chemlal olive planted in the village of chebat el Eumer. Seven samples 

were collected from 25 September 2018 to 03 February 2019. Each sample was tested for fruit characteristics including moisture 

maturity index, weight, length and width of fruits. Oil extracted by the mechanical method was tested for acidity, peroxide, UV 

light extinctions, oil fatty acid composition, pigments, polyphenols and functional analysis by FT-IR. 

Results: The oil content ratio increased significantly over the harvest dates, a clear correlation was observed between the colour 

index and each of the fruit weight ratios. Acidity and peroxide values increased during the harvest dates. K232, K272, ΔK were 

within the International Olive Oil Council specifications for extra virgin oil. Oleic acid and palmitic acid levels ranged from 

(64.04-70.63%) and (14.63-21.28%) respectively. Chlorophyll and carotenoids were all (31.07); (1.36) mg/kg respectively for 

the first ripening index. Total polyphenols show significant differences between harvest dates, the lowest value was observed 

at the last sampling date (259 mg/kg) and the highest at the date of 25/09/2018 (321 mg/kg).  

Conclusion: The results obtained could be useful in determining the optimal for picking olives, which is between the end of 

September and the end of October for the Chemelal variety. 

Keywords:   Chemlal variety, Extra virgin olive oil, Polyphenols, Ripening index, Harvest date, fatty acid profile. 

 

INFLUENCE DE L'INDICE DE MATURATION SUR LE RENDEMENT ET LA QUALITÉ 

DE L'HUILE D'OLIVE VIÈRGE DANS LA RÉGION DE BOUMERDES 

 
Résumé 
 

Description du sujet : L'Algérie est considérée comme l'une des premières régions oléicoles du monde. L'indice de maturité 

est l'un des facteurs les plus importants contribuant à la qualité de l'huile.  

Objectifs : Cette étude a été menée pour étudier l'effet de l'indice de maturité des olives sur les propriétés physico-chimiques 

de l'huile d’olive de la vareité chemlal dans la région de Boumerdes.  

Méthodes : L'étude a été menée sur des olives de la vareité chemelal dans une ferme située à chabet el ameur dans la region 

de boumerdes. Sept échantillons ont été collectés du 25 septembre 2018 au 03 février 2019. Chaque échantillon a été testé pour 

les caractéristiques des fruits, notamment l'indice de maturité d'humidité, le poids, la longueur et la largeur des fruits. Les 

analyses effectuées sur l’huile d’olive extraite à froid portent sur l'acidité, l’indice de peroxyde, les coefficients d’extinctions à 

la lumière UV, la composition en acides gras de l'huile, les pigments, les polyphénols par CPG et l'analyse fonctionnelle par 

FT-IR. 

Résultats : Le rapport de la teneur en huile a augmenté de manière significative au cours des differnts dates de récolte, une 

corrélation claire a été observée entre l'indice de couleur et chacun des rapports de poids des fruits. Les valeurs d'acidité et de 

peroxyde ont augmenté au cours des dates de récolte. K232, K272, ΔK étaient conformes aux spécifications du Conseil oléicole 

international pour l’huile extra vierge. Les teneurs d'acide oléique et d'acide palmitique variaient respectivement de (64,04-

70,63%) à (14,63-21,28%). La chlorophylle et les caroténoïdes étaient de (31,07) ; (1,36) mg/kg respectivement pour le premier 

indice de maturation. Les polyphénols totaux montrent des différences significatives entre les differents dates de récolte, la 

valeur la plus faible a été observée à la dernière date d'échantillonnage (259 mg/kg) et la plus élevée à la date du 25/09/2018 

(321 mg/kg).  

Conclusion : Les résultats obtenus pourraient être utiles pour déterminer la période optimale de cueillette des olives, qui se 

situe entre fin septembre et fin octobre pour la variété Chemelal. 

Mots clés : Variété Chemelal, Huile d'olive extra vierge, Polyphénols, Indice de maturation, Date de récolte, Profil en acides 

gras. 
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INTRODUCTION 
 

The olive (Olea europaea L.) is the main fruit 

cultivated in the Mediterranean basin, and olive 

oil is a basic diet element in the region [1]. 

Mediterranean countries are the main producers 

with 97% of the world olive oil production, 

estimated at 3.500.000 tonnes for the 2019/2020 

campaign. Algeria is the eighth world olive oil 

producer after Spain, Italy, Greece, Turkey, 

Morocco, Portugal and Tunisia [2]. Algerian 

Chemlal is a variety considered as a true local 

heritage, it yields 14 to 18 litres/quintal [3]. The 

world olive oil consumption continues to 

increase, even in countries which have no 

history of olive growing, and it is generally 

parallel to the production rate [4]. The 

significant increase in the demand and olive oil 

consumption is due to its nutritional value and 

health benefits, including its antioxidant, anti-

atherogenic, anti-inflammatory, anti-tumour, 

antiviral, anti-cancer and immunomodulating 

activities [5, 6]. The chemical characteristics 

and quality of virgin olive oil are influenced by 

several factors, including genotype, trees age, 

fruit ripening, production area, soil, climate 

conditions, agronomic and irrigation practices 

and the extraction process [7,8]. The quality of 

virgin olive oil is strongly linked to the fruit 

ripening. An increase in polyunsaturated fatty 

acids associated with a loss of total phenols, 

pigments and oxidative stability, as the olives 

ripen, has been reported in many studies, [9 ,10 

,11 and 12] have shown reductions in peroxide 

value, extinction coefficient at 232 and 270 nm, 

chlorophylls, carotenoids and oleic acid content 

during ripening. Similarly, Nsir [13] and 

Piscopo [14] observed a downward trend in 

quality parameters in the virgin olive oil 

produced from a more advanced olive ripening 

stages. Changes in oil content during the fruit 

ripening process have also been documented in 

several studies [15,16] In fact, the oil content 

accumulates in the olives as they ripen [17,18]. 

In the same trend, Benito [19] and Mena [20] 

have reported an increase in industrial oil yield 

during olive ripening. Consequently, the study 

objectives were to study the olive ripening stage 

effect on the yield and quality of the (chemlal) 

Algerian variety virgin olive oil (Olea europaea 

L.) produced in north-central Algeria. 

 

MATERIALS AND METHODS  
 

1. Experimental design and environmental 

conditions 
The present survey was conducted during the 

2018/2019 agricultural campaign, on the widely 

cultivated olive variety "Algerian chemlal" in 

an experimental olive grove located in the 

province of (Chabet el Ameur) (Latitude : 

36.6333, Longitude: 3.7 36° 37′ 60″ North, 3° 

42′ 0″ East) (Boumerdes) town in northern 

(Algeria) (Fig. 1). The climate is of 

Mediterranean type, with mild and humid 

winters and dry, hot summers (Fig. 2). Different 

olives samples (3 kg for each sample) were 

taken by hand at random from three olive trees 

in a private farm representing each treatment at 

different stages of ripening according to the skin 

colour degree and pulp. The sampling dates 

were as follows: 24 September (green skin 

colour), 6 October (green skin colour with 

reddish spots), 20 October (red to violet skin 

colour), 15 November (violet to black skin 

colour with white flesh), and 27 January (black 

skin colour with violet flesh).

 
 

 
Figure 1: The location and the coordinates (Latitude: 36.6333, Longitude: 3.7 36° 37′ 60″ North, 3° 

42′ 0″ East) of study area (from the Google Earth site). 
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Figure 2: Annual patterns of 2018 year 

for air temperatures and rainfall in 

Boumerdes province (northern Algeria). 

Source Climat-data.org 

 

 

2. Ripening index determination 

The ripeness index (RI), for olives collected at 

seven maturation stages, was determined 

according to the method developed at the 

Agronomic Station of Jaén (Spain) [21]. It is 

based on a scoring system for each stage of 

colouring of the skin and flesh (Fig. 3). The RI 

was obtained on 100 randomly olive fruits in 

each sample freshly picked, by applying the 

following formula: 𝑅𝐼 =

 
(𝜂0∗0)+(𝜂1∗1)+(𝜂2∗2)+⋯+(𝜂7∗7)

100
. Where n1, n2, n3, 

n4, n5, n6, n7, represent the number of olive fruits 

that belong to the following eight categories: 

0: Olive fruits number with green epidermis. 

1: Olive fruits number with yellow or greenish-

yellow epidermis. 

2: Olive fruits number with yellow skin with 

dots. 

3: Olive fruits number with red or light purple 

skin. 

4: Olive fruits number with black skin but with 

stone green. 

5: Olive fruits number with black skin but with 

purple stone up to half. 

6: Olive fruits number with black skin and 

almost stone completely pink. 

7: Olive fruits number with black skin and 

totally dark stone. 

 

 

2.1. Olive average weight 

The olive average weight is used to evaluate the 

fruit size. A sample of one hundred fruits is 

taken at random and then weighed by an 

analytical balance type: PA214C Ohaus™ 

8729258208 corp.pin Brook Nj USA [22]. 
 

2.2. Color analyses 

The olive fruits color was measured by Minolta 

Chroma meter Cr-10 color meter (Minolta Co., 

osaka, Japan). It was calibrated against a 

standard calibration plate of a white surface and 

set to CIE Standard Illuminant C. The L*, a*, 

b* values are the averages of three readings. 

The color brightness coordinate L* measures 

the whiteness value of a color and ranges from 

black at 0 to white at 100.The chromaticity 

coordinate a* measures red when positive and 

green when negative and the chromaticity   

coordinate b* measures yellow when positive 

and blue when negative [23]. 
 

2.3. Fruit moisture content 

Ten olives from each ripening period were 

placed in a petri dish and weighed before being 

placed in an oven at 105°C for 48 hours until 

they reached a constant mass. The water content 

was determined in triplicates from the 

difference between fresh and dry mass and 

expressed as a percentage [24]. 
 

3. Cold oil extraction  

The healthy olive fruits hand-picked at 

different ripening stages from trees were 

immediately transported to the laboratory. 

Olive oil extraction was performed at the 

Laboratory of food technology of the 

M’hamed Bougara university Faculty of 

Technology (Boumerdes) using a lab-scale 

instrument reproducing industrial conditions 

for oil extraction, olives were crushed with a 

hammer crusher, the resulting paste was 

slowly mixed at room temperatures for 30 

min, and the oil was separated by 

centrifugation (3000 rpm over 5 min) 

without addition of warm water. 

 
Figure 3: Variation in the colouring of the olive epicarp 

during ripening. [65] 



MOUAS et al.                                                 Revue Agrobiologia (2023) 13(1): 3430-3443 

 

3433 
 

The obtained oil was filtered, transferred into 

amber glass bottles without headspace, and 

stored in the dark at 4 °C until analyses. The 

industrial oil yield (extracted oil), given in 

percentage of fresh olive paste weight (W) and 

considering the olive oil density (D) at ambient 

temperature of 0.915 g.mL-1 , was determined 

using the formula [20]. Extracted oil (%) =

 
V∗D

W
∗ 100. Where V is the olive oil volume 

obtained (mL). 
 

4. Olive oil analysis 
 

4.1. Quality indices 

Determination of free fatty acids, peroxide 

value, and specific wavelength absorbance at 

232 nm and 270 nm (K232 and K270) were carried 

out, following the analytical methods described 

in Regulations EEC/2568/91 and later 

modifications of the Commission of the 

European Union [22]. Free fatty acids, 

expressed as% of oleic acid, was determined by 

titration of a mixture of oil sample (20 g) 

dissolved in ethanol (50 mL) with ethanolic 

solution of potassium hydroxide (0.1 N). 

Phenolphthalein was used as indicator. 

Peroxide value, expressed in milliequivalents of 

active oxygen per kilogram of oil (meq O2/kg), 

was measured in the following procedure: olive 

oil sample (5 g) was dissolved in a solution of 

chloroform-acetic acid (30 mL) then the 

mixture was left to react with a solution of 

potassium iodide in darkness. The liberated 

iodine by the peroxides was titrated with 

standardized sodium thiosulphate solution 

using starch as indicator. K232 and K270 were 

calculated from absorption at 232 and 270 nm, 

respectively, with a UV spectrophotometer 

(UV-1800 SHIMADZU), using a 1% solution 

of olive oil in cyclohexane (1 g/100 mL) and a 

path length of 1 cm. 
 

4.2. Pigments 

The pigment contents (mg/kg of oil) were 

determined colorimetrically using UV-1800 

SHIMADZU, following the method described 

by Minguez-Mosquera [25]. A sample of 7.5 g 

oil was dissolved in 25 mL of cyclohexane. The 

absorbance of this solution was read at 670 and 

470 nm for chlorophylls and for carotenoids, 

respectively. The values of the specific 

extinction coefficients used were 613 for 

pheophytin as major component in the 

chlorophyll fraction, and 2000 for lutein as 

major component in the carotenoid fraction. 

Thusly, pigment contents were calculated using 

the following formulas : 𝐶ℎ𝑙𝑜𝑟𝑜𝑝ℎ𝑦𝑙𝑙𝑠 (
𝑚𝑔

𝑘𝑔
) =

𝐴670 ∗106

613∗100∗𝐿,  ; 𝐶𝑎𝑟𝑜𝑡𝑒𝑛𝑜𝑖𝑑𝑠 (
𝑚𝑔

𝑘𝑔
) =

𝐴470 ∗106

2000∗100∗𝐿, . 

Where A is the absorbance. 

L’is the spectrophotometer cell thickness (1 

Cm).  
 

4.3. Total phenols 

Total phenols were isolated according to the 

method described by Zunin [26]. Olive oil 

samples (10 g) dissolved in n-hexane (10 mL) 

were extracted three times with aqueous 

methanol (60/40, v/v, 10 mL). The 

concentration of total phenols was determined 

spectrophotometrically UV-1800 

SHIMADZUfollowing the method of Folin 

[27]. The latter reagent was added to a suitable 

dilution of the extract, and the absorbance was 

measured at 750 nm using as standard the 

caffeic acid (SigmaAldrich, St. Louis, MO, 

USA). Values for total phenols content are 

given as mg caffeic acid/kg oil. 
 

4.4. Specifique phenols 

Specifiques phenols (as mg kg-1) extraction for 

HPLC analysis was carried out according to 

Caponio [28] and Makhlouf [29] 

Approximately 5 g (± 0.001) of EVOO was 

weighted in a 50 mL plastic falcon and 1 mL of 

hexane and 2 mL of MeOH/water mixture (70 

:30 v/v) were added together with 250 mL of an 

internal standard solution of gallic acid (100 mg 

L-1in MeOH/water 70 :30, v/v). After mixing, 

samples were centrifuged for 10 min at 4°C at 

3940 × g (SL 16R Centrifuge, Thermo Fisher 

Scientific Inc., Waltham, MA, USA). The 

methanolic fraction was collected and 

centrifuged for 5 min at 4°C at 8870 × g, then 

filtered with 0.45 μm nylon filters (VWR 

International, Center Valley, PA, USA). The 

chromatographic system and conditions were 

those reported in [30]. Phenolic compound were 

identified by comparing the retention times with 

those of the reference standards, or with 

literature data where no standards were 

available. 
 

4.5. Infrared analysis (FTIR) 

FTIR spectra were obtained using a Alpha 

Bruker FTIR Spectrophotometer equipped with 

an attenuated total reflectance accessory (ATR 

single-reflexion, Diamond, incident angle 

45◦C), DTGS detector, Globar (MIR) source 

and KBr Germanium separator, with a 

resolution of 0,1-0.5 cm-1at 98 scans. 
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Spectra were scanned in the absorbance mode 

from 4000-375 Cm-1and the data are handled 

with OPUS logiciel [31]. 
 

4.6. Fatty acids analysis by GC-MS 

The analyses of fatty acids were determined 

using oils Methylation with borontrifluoride 

methanol method [32]. About150 mg of oil, 

6mL of KOH in 0.50 molL-1 methanol was 

added and agitated with heat for 5 minute. After 

that 5.0 mL BF3(14%) in methanol was added 

with agitated under heat for 3minute. Next 3.0 

mL of isooctane and about15.0 mL of saturated 

sodium chloride were added and strongly 

agitated for1 5seconds.After phase's separation, 

the upper layer, containing the methyl esters 

offatty acids was collected. The analyses by gas 

chromatography coupled with mass 

spectroscopy of fatty acid methyl esters were 

carried out on a Hewlett Packard Agilent 6890 

plus gas chromatograph equipped with a mass 

detector (Hewlett Packard Agilent 5973). The 

column is Type: HP-5MS, 30 metres long and 

0.25 mm in diameter with a film thickness of 

0.25 µm, its stationary phase is 5% Phenyl 95% 

dimethylpolysiloxane.   The carrier gas is 

Helium with a purity: N6; GV flow rate: 1 

ml/min). The column temperature programme 

is Oven temperature: 70°C for 5 min, 10°C/min 

up to 130°C, isothermal for 2 min, 3°C/min up 

to 220°C, isothermal for 4 min, 10°C/min up to 

280°C, isothermal for 7 min. The samples were 

injected in Splitless mode. The apparatus itself 

performed the recording and integration. The 

gas chromatographic peaks were identified as 

the corresponding fatty acid methyl esters by 

checking the order of elution on the column and 

compared the retention times with those of the 

pure standards. 
 

5. Statistical analyses.  

Olive and oil analyses data were submitted to 

one-way analysis of variance ANOVA with 

harvesting time as group variable. The software 

XLSTAT 2014 was used to process data. 

Means, when required, were separated 

according to Tukey’s test, significance level 

p≤0.05.  

 

RESULTS 
 

1. The effect of harvest date on fruit 

characteristics 
 

1.1. Ripening index  

The olive ripeness index values increase 

continuously and significantly. Indeed, the 

values recorded are between 2.12 and 5.45. This 

increase is recorded from the month of 

September until the beginning of February.  
 

1.2. Moisture content 

According to Table 1, the moisture content of 

Chemlal variety fruit changes irregularly during 

ripening. In fact, this rate remains relatively 

constant at the beginning, 56.44 and 57.13% 

respectively, then increases a little bit to 

59.55%, then decreases rapidly, and finally this 

decrease becomes less important 54.66%. 
 

1.3. Average fruit weight, length and width  

The continuous evolution of the fruit weight 

according to the seven harvest periods is 

illustrated in table 1. The fruit weight shows 

values ranging from 1.44g (RI 2.12) to 1.95g 

(RI 4.25). The average values for fruit length 

vary between 1.09 mm and 1.13 mm for this 

variety. The results of average weight, length 

and width of the olive fruit during the seven 

harvesting dates was 1.73 g, 2.12 cm, 1.11 cm, 

respectively.  

 

1.4. Color analysis  

Color values (L, a and b values) were measured 

during storage. The maximum for L is 100, 

which would be a perfect reflecting diffuser. 

The minimum measuring for L would be zero, 

which would be black. The a and b have no 

specific numerical limits. Positive a is red and 

negative a is green. Positive b is yellow and 

negative b is blue. Analysis of color (L, a and b 

values) showed that the color of olive oil 

samples changed significantly during storage 

(Tab. 1). The lowest L value (lightness) was 

seen in the eighth month. The L values was 

increased to 34.15 after 9 months and then 

decreased lightly. Fluctuations were observed 

in a (redness) and b (yellowness) values during 

storage. The highest b value was obtained for 

the tenth month. After this month there was a 

decreasing trend in b value. The highest a value 

also observed in ninth and twelfth months. 
 

1.5. Oil content 

In this study, as shown in Table 1, the oil olives 

content (% ms) increases from 29% (RI 2.12) to 

48% (RI 3.79), so a rate of 19%, and then 

decreases to a minimum value of 33% at the last 

harvest date (7) (RI 5.45). However, statistical 

analysis revealed a significant difference (p < 

0.05).  
 

2. The effect of harvest dates on the olive oil 

chemical characteristics related to oil quality 

With reference to the COI (2011) standard on 

the virgin olive oil quality, 
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the quality indices (acidity, peroxide value, Abs 

at 232 and 270 nm) allow virgin olive oil to be 

classified into different oil categories. These 

standards are applied in the case of trade. Table 

2 shows the results of the quality indices of the 

oil extracted from olives harvested at different 

dates, corresponding to the different stages of 

maturity. These results reveal in fact that all the 

oil samples analysed, regardless of the dates of 

olive harvesting, belong to the category of extra 

virgin olive oil. 
 

2.1. Acidity level 

Referring to the results of Table 2, the acidity 

level of virgin olive oil tends to increase slightly 

during maturation. In fact, the acidity rate 

increases from 0.3% in the first harvest (RI 

2.12) to 0.4% in the last harvest (RI 5.45). 

However, the analysis of variance did not reveal 

a slight significant difference.  
 

2.2. Peroxide value 

The evolution of this index shows a slight 

increase and then a decrease to reach at the end 

a maximum value of12.39 meq g O2/kg at (RI 

5.45). Statistical analysis revealed a significant 

difference (p<0.05).  
 

2.3. Absorbance in ultra violet 

K232 values follow the same evolution as the 

peroxide index (R2 = + 0.71).

 Indeed, the lowest value (2.04) was recorded on 

the third harvest date (IR 3.25) and the highest 

value (2.72) was obtained on the fourth harvest 

date (IR 3.79). K270 is another quality 

parameter evaluated, and considered significant 

for secondary oxidation. The results of this 

parameter do not vary significantly between 

different harvest dates.  
 

2.4. Pigment content 

From the first stage of olive ripening 

corresponding, in this study, the chlorophyll 

content shows a significant (p<0.001) decrease, 

from 31.07 to 11.02 mg/kg. The carotenoid 

content of virgin olive oil obtained from olive at 

different stages of maturity does not vary 

significantly. In fact, their contents vary from 

1.23 mg/kg (IR 3.79) to 1.55 mg/kg (IR 4.25). 
 

2.5. Total phenolic compounds 

The results show that the Chemelal variety 

presents considerable levels of total 

polyphenols. The total phenolic compound 

decrease significantly during the ripening of the 

olive (p < 0.05).  Indeed, the highest content 

(321.43 mg/kg) is obtained at the first harvest 

date which corresponds to IR of 2.12, this value 

decreases to 259 mg/kg obtained at a late stage 

of ripening corresponding to a (IR 5.45).

 

Table 1: Olive fruit characterisation according to the ripening index 
 

  Chemlal variety 

 Date 25-09-2018 17-10-2018 15-11-2018 16-12-2018 14-01-2019 25-01-2019 03-02-2019 
 Repening index 1(RI=2.12) 2 (RI=2.58) 3 (RI=3.25) 4 (RI=3.79) 5 (RI=4.25) 6 (RI=5.12) 7 (RI=5.45) 

Dry matter (%) 56.44± 3.22 (a,b) 57.13±3.65 (a,b) 59.55± 3.77(a) 54.66±2.98 (a,b) 52.14± 2.02(b) 51.53± 2.09(b) 54.66±2.11(b) 

Fruit weight (g) 1.44±0.02(e) 1.55±0.03(d) 1.72±0.04(c) 1.88±0.03 (a,b) 1.95±0.02(a) 1.83±0.02(b) 1.75±0.02(c) 

Fruit width (Cm) 1.09±0.01(a) 1.09±0.01(a) 1.11±0.02(a) 1.13±0.01(a) 1.12±0.02(a) 1.11±0.02(a) 1.09±0.01(a) 
Fruit length (Cm) 2.02± 0.01(d) 2.06±0.02(c,d) 2.09±0.02 (b,c) 2.11±0.02(b) 2.21±0.02(a) 2.19±0.01(a) 2.18±0.02(a) 

L* 48.02±1.82(a) 39.01±1.6(b) 34.80±1.61 (b,c) 32.71±1.41(c,d) 34.41±1.93 (b,c) 29.01±1.23(c,d) 27.61±1.91(d) 

a* -11.01±1.44(b) 8.04±1.01(a) 10.08±1.31(a) 9.02±1.92(a) 9.61±1.62(a) 8.02±1.13(a) 10.05±1.51 (a,) 

b* 23.53±1.75(a) 7.10±1.09(b) 7.09±0.91(b) 3.51±0.95(c) 7.42±0.96(b) 2.14±0.44(c) 4.71±0.32 (b,c) 

Total oil extraction  (%) 29±2(d) 32±3(c,d) 37±4(b,c) 48±5(a) 43±4(a,b) 40±3(a,b,c) 33±2(c,d) 
 

Table 2: Olive oil characterisation according to the ripening index 
 

Chemlal variety 

 Date 25-09-2018 17-10-2018 15-11-2018 16-12-2018 14-01-2019 25-01-2019 03-02-2019 
 Repening index 1(RI=2.12) 2 (RI=2.58) 3 (RI=3.25) 4 (RI=3.79) 5 (RI=4.25) 6 (RI=5.12) 7 (RI=5.45) 

Free fatty acid (%) 0.39±0.025(a) 0.47±0.019(a) 0.33±0.05(b) 0.20±0.03(c) 0.40±0.02 (a,b) 0.37±0.03(b) 0.40±0.015 (a,b) 
Peroxide value (meqO2/kg DM) 3.18±0.12(c) 3.60±0.51(c) 1.43±0.02(d) 2.87±0.19(c) 3.81±0.11(c) 6.87±0.37(b) 12.39±0.84(a) 

K232 2.19±0.02(d) 2.54±0.042(c) 2.04±0.052(e) 2.72±0.02(b) 2.20±0.04(d) 8.07±0.03(a) 2.60±0.01(c) 

K270 0.17±0.01(d) 0.33±0.03 (a,b) 0.21±0.05(c,d) 0.31±0.04 (a,b,c) 0.38±0.06(a) 0.27±0.04 (b,c,d) 0.2±0.01(d) 
Carotenoids (mg/kg) 1.36±0.13(a) 1.35±0.14(a) 1.31±0.15(a) 1.23±0.16(a) 1.55±0.18(a) 1.42±0.21(a) 1.39±0.17(a) 

Chlorophylls (mg/kg) 31.07±2.44(a) 29.08±2.22(a) 23.01±2.11(b) 21.91±0.91(b) 16.13±1.12(c) 13.06±0.98(c,d) 11.02±0.87(d) 

Total phenolics (mg gallic acid/ kg fresh oil) 321.34±10.33(a) 310.21±9.38(a) 298.51±11.61 (a,b) 279.13±9.53(b) 221.09±9.52(c) 288.15±8.45(d) 259.11±6.89(e) 
 

 

2.6.  Individual phenolic compound 

The results of the HPLC analysis reveal a 

qualitative composition very rich in individual 

phenolic compounds and similar at different 

maturity stages, notably hydroxytyrosol, tyrosol 

and euloropéine, phenolic acids (salicylic and 

vanillic acid) and flavonoids (kaempferol, 

epicatechin, quercitin, myricetin). Our olive oil 

samples show a clear difference in the contents 

of individual phenolic compounds at different 

ripening stages.



MOUAS et al.                                                 Revue Agrobiologia (2023) 13(1): 3430-3443 

 

3436 
 

The highest levels of phenolic compounds are 

recorded for olives in the green stage between 

the months of September and October for all 

phenolic compounds, especially phenolic acids 

(salicylic and vanillic acid (50 and 70 mg/kg 

respectively) and flavonoids, as shown in 

Figure 4.
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Figure 4: Individual polyphenols variation during maturation. 

 

2.7.  Infrared analysis IF-TR 

The characteristic FT-IR absorption spectra of 

the different stages of olive ripeness and their 

corresponding band assignments for specific 

functional groups are shown in Figure 5. 

Visual inspection of the spectra showed a broad 

similarity in their spectral profiles throughout 

the mid-region IR (4000-1000 Cm-1) (Fig 5).
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Figure 5: Olive oil FTIR spectra at different maturity stages. 

 

2.8. Fatty acid composition 
The results obtained from the gas 

chromatography are presented in the table 

below. The results obtained for the seven stages 

of maturity show that the fatty acid composition 

of the olive oils analysed meets the standards set 

by the International Olive Oil Council (OCL, 

2009). This acidic composition is variable. 

Indeed, the percentages of oleic acid (C18:1) 

vary between 61.19% for IR 3.79 and 70.63 for 

IR 3.25, while the percentages of palmitic acid 

(C16:1) vary between 17.72% for IR 4.25 and 

14.63% for IR 5.12. 
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These two fatty acids are therefore the 

predominant ones, followed by linoleic (C18:2) 

and stearic (C18:0) acids. The minor fatty acids, 

whose percentages obtained for the samples 

studied hardly exceed 4%, are formed by 

palmitoleic, stearic, linolenic and arachidic 

acid, while the fatty acids present in trace 

amounts, whose percentages are lower than 

0.2%, are represented by behenic acid. It should 

also be noted that the fatty acid composition 

obtained reveals a predominance of 

monounsaturated fatty acids. The percentage of 

monoinsaturated fatty acids (MIFA) varies 

slightly, depending on the samples studied. It 

varies between 64.78% for IR 3.79 and 73.72% 

for IR 3.25. Similarly, the percentage of 

saturated fatty acids varies between 17.80% for 

IR5.12 and 24.03% for IR3.79. In this study, as 

shown in Table 1, the oil olives content (% ms) 

increases from 29% (RI 2.12) to 48% (RI 3.79), 

so a rate of 19%, and then decreases to a 

minimum value of 33% at the last harvest date 

(7) (RI 5.45). However, statistical analysis 

revealed a significant difference (p < 0.05).

 
 

Table 3: Fatty acids variation during ripening 
 

Ripening index  2.12 2.58 3.25 3.79 4.25 5.12 5.45 

Palmitic C16:0 17.57 17.55 16.09 21.28 17.72 14.63 16.68 

Palmitoléic C16:1 2.15 2.15 2.91 3.31 2.44 1.51 2.11 

Margarique C17:0 0.08 0.075 0.05 - 0.13 0.42 0.17 

Stearic C18:0 2.06 2.075 2.30 2.02 2.14 1.94 2.94 

Oleic C18:1 68.03 68.12 70.63 61.19 70.27 70.36 64.06 

Linoleic C18:2 8.55 8.40 7.30 10.72 6.78 9.39 10.55 

Lenolenic C18:3 0.62 0.62 0.14 0.92 0.32 0.57 1.99 

Arachidic C20:0 0.46 0.48 0.39 0.23 0.4 0.75 1.01 

Gondoic C20:1 0.45 0.47 0.18 0.28 0.11 0.47 0.45 

Behénic C22:0 0.03 0.05 0.03 0.05 0.05 0.06 0.07 

SFA 20.20 20.23 19.86 24.03 20.44 17.80 20,87 

MIFA 70.63 70.74 73.72 64.78 72.82 72.34 66.62 

PIFA 9.17 9.03 7.44 11.64 7.1 9.96 12.54 
SFA: saturate fatty acid, MIFA: monoinsaturé fatty acid, PSFA: polyinsaturat fatty acid. 

 

DISCUSSION 
 

1. The effect of harvest date on fruit 

characteristics 
 

1.1. Ripening index 

The intensity of the chemelal olives variety 

color varies, during the ripening process, from 

green to black, and can be expressed by the 

ripeness index. This latter is measured for the 

choice of the right date for olives harvesting, 

which is of great agronomic and economic 

importance since it determines, on the one hand, 

the yield and quality of the oil produced and, the 

production of the next season Rotondi [10] and 

Conde [33]. 

Aajana [34], estimated to have no change in this 

index before the month of September to expect 

a maximum value of 4.55 at the end of January 

during a study on the the Moroccan Picholine 

variety. The increase in this index during 

ripening can be explained by the progressive 

degradation of chlorophyll and the 

accumulation of anthocyanins, [35, 15] 

The speed of theindex change of maturity can 

also be influenced by many other factors, such 

as the variety of olive tree, the position of the 

olives on the tree, and environmental factors 

[36, 37]. 
 

1.2. Moisture content 

The olives water content is related to their 

biological development, but also to 

environmental factors, such as irrigation, 

rainfall and temperature [36]. Several authors 

have recorded a decrease in the water content of 

olives during ripening in particular (Gutierrez-

Rosales [38]; Dag [37]).  According to Dais and 

Hatzakis, [39]), the olives moisture content is a 

very important technological criterion. Indeed, 

a high water content in the olive can reduce the 

efficiency of oil extraction, which may result in 

a loss of flavour and a decrease in the 

polyphenol content of the oil. Thus, monitoring 

the moisture content, maturity index and oil 

content during the ripening of the olives allows 

olive oil producers to determine the right time 

to harvest the olives. 
 

1.3. Average fruit weight, length and width  

This Work on the olive weight factor has shown 

that the weight of the olives increases according 

to the date of harvest. A similar study at the 

same harvest period shows that the weight of the 

fruit is increasing [40]. 
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This difference is due to several agronomic and 

technical factors: ploughing, irrigation, 

fertilization [41]. ANOVA statistical analysis 

followed by Tukey's test reveals a significant 

difference. The results obtained on the fruit 

length parameter showed that the length of the 

olives increases to reach a maximum length 

towards the middle of December followed by a 

slight decrease towards the end of the 

harvest.This difference is due to several 

agronomic and technical factors [42] the 

statistical analysis does not reveal any 

significant difference. The average values for 

the fruit width vary almost as much as those for 

the lengths. The results of average weight, 

length and width of the olive fruit during the 

seven harvesting dates, agrees with the results 

by Omar [43] who studied fruit characteristics 

of NB CV in Palestine. 
  

1.4. Color analysis 

Although the color is not regarded as an 

important quality feature for olive oil, it has a 

great influence on consumer acceptance. The 

color of olive fruit is depended on olive maturity 

and process conditions. The change of color 

during storage has been attributed to 

decomposition of color pigments such as 

chlorophylls, pheophytins, xanthophylls and 

carotenes [44]. 
 

1.5. Oil content 

The increase in oil content can be explained by 

the continuedoil biosynthesis during 

maturation. Indeed, several authors have 

reported the oil continuation biosynthesis 

during maturation [36, 45] In addition, the 

decrease in oil content from the date of 16-12-

2018, has also been observed in other olive 

varieties. Indeed, in the case of the Azeradj and 

Chetoui varieties, the decline in oil content was 

observed from RI 3.3 and RI 4.5 respectively 

[12, 46]. This decline can be explained by the 

degradation of the oil at this stage of maturity 

[12, 47].  Finally, it can be concluded that the 

olive harvest at the end of December, 

corresponding to an IR of 3.79, allows for the 

highest oil yield (48%). The study of the 

Moroccan variety by Ajana [34] showed that the 

maximum oil content was recorded in the 

months of December and January. The 

decreasing in moisture content and increasing 

oil content was in agreement with previous 

studies, [48] and was contrary to the findings of 

by Bengana [49] that appeared there is no 

significant differences on the oil content of the 

Chemlal olive oil during the harvest dates. 
 

2. The effect of harvest dates on the olive oil 

chemical characteristics related to oil quality 
 

2.1. Acidity level 

Acidity is a fundamental indicator of the quality 

of olive oil, and provides information on the 

hydrolysis of triglycerides [50] the results found 

in particular the increase in acidity during 

maturation corroborate those found by several 

authors [10, 33, 51, 52]. According to Martinez-

Suarez [53], the relatively high acidity levels 

recorded in the late stages of maturity are due to 

the action of endogenous lipases on 

triglycerides by releasing free fatty acids. 
 

2.2. Peroxide value 

The peroxide value measures total hydro-

peroxides, which are primary oxidation 

products of unsaturated fatty acids [54] the 

values of the this index found at the different 

stages of maturation are lower compared to the 

other results, in particular Vekiari [55] reveal 

that Peroxide values  were rather high and 

increased with harvesting period for the 

Throumbolia variety. The evolution of this oil 

quality parameter was correlated with the 

lipoxygenase activity in the olive [56]. 
 

2.3. Absorbance in ultra violet 

K232 values mean that the olive oil extracted 

from late harvested olives is slightly oxidised 

compared to that extracted from olives 

harvested in the early stages of maturity. The 

results of K270 do not vary significantly 

between different harvest dates. which means 

that secondary oxidation did not take place 

during the ripening of the olives. The results of 

K232 and K270 recorded in this study 

corroborate those found in K232 and K270. by 

[51, 52] In addition, other authors [15, 12] have 

obtained different results from the evolution of 

these two criteria, K232 and K270, during the 

ripening of the olives, and which would 

probably be due, according to Garcia [57], to the 

different metabolic pathways of fatty acid 

oxidation inthe different types of cultivars. 
 

2.4. Pigment content 

Chlorophylls and carotenoids are the main 

pigments in virgin olive oil and are responsible 

for its characteristic colour. The colour of the oil 

is one of the factors influencing the consumer 

choice, and is therefore considered a quality 

parameter [58]. Everal authors have confirmed 

the decrease of the chlorophylls concentration 

in particular ajana [34]. 
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The change in the colour of the olives during 

ripening is due to a decrease in the chlorophyll 

content and the accumulation of other pigments, 

mainly anthocyanins [59] the progressive 

disappearance of the green colour during olive 

ripening is due to the decrease in the 

photosynthetic activity of the chloroplasts and 

the enzymatic degradation of chlorophyll by 

chlorphyllases. Moreover, during oil 

conservation, chlorophyll, which is a 

photosensitizer, acts as an antioxidant in the 

dark [60] and a prooxidant in the light [61] 

therefore the variations in the concentration of 

this pigment in the oil, associated with 

inappropriate storage conditions, can negatively 

influence the shelf life of extra virgin olive oil 

[59]. Carotenoids are very effective inhibitors 

of photo-oxidation induced by chlorophyll 

pigments [62]. The results of carotenoid content 

of virgin olive oil obtained from olives at 

different stages of does not agree with those 

reported by many authors, who point out a 

decrease in carotenoid content during olive 

ripening [63] The stability of the carotenoid 

content, obtained in this study, could be related 

to varietal character. 
 

2.5. Total phenolic compounds 

The high contents of total polyphenols found for 

the chemlal variet do not agree with those found 

by Tamendjari [64] who used the same variety, 

which is necessarily due to the extraction 

system because we did not use hot water, which 

could keep the maximum of polyphenols, bound 

to the polysaccharides of the cell walls.  The 

amounts of total phenols are strongly dependent 

on the variety [65] In addition, and in addition 

to their antioxidant activity, phenolic 

compounds contribute to the bitter and pungent 

taste, positive attributes, of the extra virgin olive 

oil [66, 67]. Thus, the loss observed of phenolic 

compounds during olive ripening confirme the 

results found by (Gutierrez-Rosales [68], 

Dag˘delen [69].  Thus, that could negatively 

affect the sensory quality and oxidative stability 

of extra virgin olive oil.  
 

2.6. Individual phenolic compound 

According to the HPLC analyzes the values 

found are not in agreement with the results 

found by (Brenes et al.,[70] who noted that the 

contents of hydroxytyrosol, tyrosol and luteolin 

in olive oil increase with the progress of fruit 

ripening, however they are in agreement with 

those found by (laribi [67]Several authors have 

explained the decrease in polyphenols during 

fruit ripening [21] considers that it is probably 

due to the decrease in PAL activity during the 

olive ripening process, while (Gandual Roja 

[71]) finds that it is strongly due to the activity 

of peroxidase which catalyses the oxidation of 

these phenolic compounds by the hydrogen 

peroxide-dichlorophenol system. (Gandul-

Rojas and Minguez- Mosquera [72] had 

explained this decrease by the oxidation of the 

phenolic compounds by the peroxidase which 

strongly affects them. However, for other 

authors such as laribi [67] who used other 

varieties (Blanquette and Takesrit), there is no 

change in the concentration of hydroxytyrosol 

between the spotted and purple stages. Then 

there is a decrease from the violet to the black 

stage. This is strongly due to differences in the 

enzyme systems of each vareity. 
 

2.7. Infrared analysis IF-TR 

Similar to those reported by Abdul Rohman 

[73]. The main absorbance signals included the 

3010 Cm-1 band associated with the =C-H 

stretching of cis olefins, the 2900-2800 Cm-1 

range associated with the symmetrical and 

asymmetrical stretching of C-H (CH2 and CH3), 

the 1741 Cm-1 centred band associated with the 

stretching vibration of the (-C=O) triglycerides, 

and the 1461 Cm-1 band associated with the C-

H bending (shear) vibration of the CH2 group. 

The 1376 Cm-1 band corresponds to the C-H 

(symmetrical) bending vibration of the CH3 

group, and the shoulder band centred at 1417 

Cm-1 due to the rocking vibrations of the C-H 

bonds of the cis-disubstituted olefins. Finally, 

the fingerprint region from 1200 to 1000 Cm-1 

represented the unique stretching and bending 

vibrations of the -C-O and -CH2- vibration 

modes.  
 

2.8. Fatty acid composition 

The presence of the polyunsaturated fatty acid 

linoleic acid (C18:2) with a high percentage 

compared to other unsaturated fatty acids can be 

explained by the presence of an enzyme, Oleate 

desaturase, which transforms oleic acid (C18:1) 

into linoleic acid (C18:2) during the ripening of 

the fruit [31] The percentages of oleic acid in 

the studied olive oils are similar to the values 

found by Abu-Reidah [74] who found values 

ranging from 67.24 to 72.27% for Palestinian 

oils [75]. However, they are somewhat higher 

than the values reported by Issaoui [76] for 

Tunisian oils (54.6 to 66.8 %). The ratio of 

unsaturated fatty acids to saturated fatty acids 

(UFA/SFA) also shows a fluctuation depending 

on the samples studied. This ratio varies 

between 3.18 for IR 3.79 and 4.62 for IR 5.12. 
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This ratio is higher, which gives olive oil a 

greater stability to auto-oxidation and an 

important nutritional value [77, 78]. The 

increase in oil content can be explained by the 

continuedoil biosynthesis during maturation. 

Indeed, several authors have reported the oil 

continuation biosynthesis during maturation 

[36, 45] In addition, the decrease in oil content 

from the date of 16-12-2018 corresponding to 

RI 3.79, has also been observed in other olive 

varieties. Indeed, in the case of the Azeradj and 

Chetoui varieties, the decline in oil content was 

observed from RI 3.3 and RI 4.5 respectively 

[12, 46]. This decline can be explained by the 

degradation of the oil at this stage of maturity 

[12, 47]. Finally, it can be concluded that the 

olive harvest at the end of December, 

corresponding to an IR of 3.79, allows for the 

highest oil yield (48%). The study of the 

Moroccan variety by Ajana [34] showed that the 

maximum oil content was recorded in the 

months of December and January. The 

decreasing in moisture content and increasing 

oil content was in agreement with previous 

studies, [48] and was contrary to the findings of 

by Bengana [49] that appeared there is no 

significant differences on the oil content of the 

Chemlal olive oil during the harvest dates. 

 

CONCLUSION 
 

The present research work provides information 

on the maturation patterns of the northern 

Algerian chemlal variety, grown in location in 

Algeria (Chabat el ameur), and how it is 

influenced by the maturity degree during 

seasonal cultivation. According to the results, 

progress in maturity was accompanied by a 

slight increase in oil content acidity and 

peroxide value, while water content decreased. 

As the ripening process progressed, a series of 

changes occurred, including changes in the fatty 

acid profile (oleic and palmitic acids decreased 

as ripening progressed, while linoleic acid 

increased, the MUFA/PUFA ratio also 

decreased during ripening). A significant 

decrease was observed in the phenol content 

and bitterness intensity. It has been shown that 

the growing season is also an essential factor in 

determining the chemical composition of olive 

oil. Given the impact that polyphenols have in 

inhibiting the different mechanisms of 

proliferation of cancer signals, it is essential to 

change the mentality of certain farmers in the 

region of Boumerdes (Algeria) with regard to 

compliance with good harvesting practices. 

Optimal for picking olives, which is between 

the end of September and the end of October for 

the Chemelal variety. And finaly, the work 

should be extended to cover the sensory aspects 

of olive oil. 

 

REFERENCES 
 

[1] Serra-Majem L, de la Cruz JN, Ribas L, Tur JA. 

(2003). Olive oil and the Mediterranean diet: beyond 

the rhetoric. Eur J Clin Nutr 57, S2–S7. 

[2] COI. (2018). Evolution of the 2018/19 Campaign in 

the main producing countries, Magazine Mercacei. 

[3] Ater M, Essalouh L, Ilbert H, Moukhli A, Khadari 

B. (2016). L’oléiculture au Maroc de la préhistoire à 

nos jours : pratiques, diversité, adaptation, usages, 

commerce et politiques. Montpellier : CIHEAM. p. 

149-159.  

[4] Mili S. (2006). Olive oil marketing on Non-traditional 

markets: prospects and strategies. New Medit 5, 27–37. 

[5] López-Miranda J, Pérez-Jiménez F, Ros E, et al. 

(2010). Olive oil and health: summary of the II 

international conference on olive oil and health 

consensus report, Jaén and Córdoba (Spain). Nutr 

Metab Cardiovasc Dis 20, 284–294. 

DOI: 10.1016/j.numecd.2009.12.007. 

[6] Cárdeno A, Sánchez-Hidalgo M, Alarcón-De-La-

Lastra C. (2013). An up-date of olive oil phenols in 

inflammation and cancer: molecular mechanisms and 

clinical implications. Curr Med Chem 20, 4758–4776. 

[7] Yorulmaz A, Erinc H, Tekin A. (2013). Changes in 

olive and olive oil characteristics during maturation. J 

Am Oil Chem Soc 90: 647–658. 

[8] Gouvinhas I, de Almeida JM, Carvalho T, 

Machado N, Barros AI. (2015). Discrimination and 

characterisation of extra virgin olive oils from three 

cultivars in different maturation stages using Fourier 

transform infrared spectroscopy in tandem with 

chemometrics. Food Chem 174: 226–232. 

[9] Morelló JR, Motilva MJ, Tovar MJ, Romero MP. 

(2004). Changes in commercial virgin olive oil (cv 

Arbequina) during storage, with special emphasis on 

the phenolic fraction. Food Chem 85: 357–364. 

[10] Rotondi A, Bendini A, Cerretani L, Mari M, 

Lercker G, Toschi TG. (2004). Effect of olive 

ripening degree on the oxidative stability and 

organoleptic properties of cv. Nostrana di Brisighella 

extra virgin olive oil. J Agric Food Chem 52: 3649–

3654. 

[11] Ayton J, Mailer RJ, Haigh A, Tronson D, 

Conlan D. (2007). Quality and oxidative stability of 

Australian olive oil according to harvest date and 

irrigation. J Food Lipids 14, 138–156. 

[12] Benyoussef N, Zarrouk W, Carrasco-Pancorbo 

A, Ouni Y, Segura-Carretero A, FernÃ¡ndez-

GutiÃ©rrez A, Zarrouk M. (2010). Effect of olive 

ripeness on chemical properties and phenolic 

composition of chÃ©toui virgin olive oil. Journal of 

the Science of Food and Agriculture, 90(2), 199–

204. doi:10.1002/jsfa.3784.  

[13] M. Benlemlih, J. Ghanam (2016). Polyphénols 

aux actions antioxydantes, anti-inflammatoires, 

anticancéreuses, anti-vieillissement et protectrices 

cardio-vasculaires. 

[14] Piscopo A, Zappia A, De Bruno A, Poiana M. 

(2018). Effect of the harvesting time on the quality of 

olive oils produced in Calabria. Eur J Lipid Sci 

Technol 120: 1700304. 

https://en.mercacei.com/noticia/1893/news/evolution-of-the-2018/19-campaign-in-the-main-producing-countries.html
https://en.mercacei.com/noticia/1893/news/evolution-of-the-2018/19-campaign-in-the-main-producing-countries.html
https://doi.org/10.1016/j.numecd.2009.12.007


MOUAS et al.                                                 Revue Agrobiologia (2023) 13(1): 3430-3443 

 

3441 
 

[15] Salvador MD, Aranda F, Fregapane G. (2001). 

Influence of fruit ripening on “Cornicabra” virgin 

olive oil quality a study of four successive crop 

seasons. Food Chem 73: 45–53. 

[16] Zeleke K, Mailer R, Eberbach P, Wünsche J. 

(2012). Oil content and fruit quality of nine olive (Olea 

europaea L.) varieties affected by irrigation and 

harvest times. New Zeal J Crop Hort 40: 241–252. 

[17] Bakshi M, Guleria S, Jamwal S, Gupta M. 

(2018). Effect of harvesting time on yield, quality and 

fatty acid profile of olive oil produced in foothills of 

Himalayas. J Pharmacogn Phytochem 7, 3464–3469. 

[18] Sönmez A, Özdikicierler O, Gümüskesen AS. 

(2018). Evaluation of olive oil quality during the 

ripening of the organic cultivated olives and 

multivariate discrimination of the variety with a 

chemometric approach. Riv Ital Sostanze Gr 95: 173–

181. 

[19] Benito M, Lasa JM, Gracia P, et al. (2013). 

Olive oil quality and ripening in super-high-density 

Arbequina orchard. J Sci Food Agric 93, 2207–2220. 

[20] Mena C, González AZ, Olivero-David R, Pérez-

Jiménez MÁ. (2018). Characterization of 

“Castellana” virgin olive oils with regard to olive 

ripening. Hort Technol 28: 48–57. 

[21] Tovar, M.J. Paz Romero.M, Girona. J., 

Motilva, M.J. (2002).  L-Phenylalanine ammonia-

lyase activity and concentration of phenolics in 

developing olive (Olea europaea_L cv Arbequina) 

fruit grown under different irrigation regimes. Journal 

of Science of Food and Agriculture 82, 892-898. 

[22] El Antari A., El Moudni A. et Ajana H. (2003). 

Étude de la composition lipidique de deux 

compartiments du fruit d´olive (pulpe et amande) de 

six variétés d´oliviers cultivées au Maroc. Olivae, 98: 

20-28. 

[23] Romero C, García P, Brenes M, García A, 

Garrido A. (2002).  Phenolic compounds in natural 

black Spanish  olive  varieties. Eur.  Food  Res.  

Technol. 215, 489-496. 

[24] Agar IT, Hess-Pierce B, Sourour M M, Kader 

A A. (1999). Identification of optimum storage 

conditions to maintain quality of black-ripe 

‘Manzanillo’ olives. Postharvest Biol. Technol. 15, 

53–64. 

[25] Minguez-Mosquera MI, Rejano-Navarro L, 

Gandul-Rojas B, SanchezGomez AH, Garrido-

Fernandez J. (1991). Color-pigment correlation in 

virgin olive oil. J Am Oil Chem Soc 68: 332–336. 

[26] Zunin P, Evangelisti F, Pagano MA, Tiscornia 

E, Petacchi R. (1995). Phenolic compounds in oil 

obtained from Olea europaea and antiDacus 

treatments. Riv Ital Sostanze Gr 72: 55–59. 

[27] Folin O, Ciocalteu V. (1927). On tyrosine and 

tryptophane determinations in proteins. J Biol Chem 

73: 627–650. 

[28] Caponio F, Squeo G, Curci M, Silletti R, 

Paradiso VM, Summo C, Crecchio C and  

Pasqualone A. (2018a). Calcium carbonate effect on 

alkyl esters and enzymatic activities during olive 

processing. Ital. J. Food Sci. 30, 381-392. 

[29] Makhlouf, F. Z., G. Squeo, M. Barkat, A. Trani 

and F. Caponio. (2018). Antioxidant activity, 

tocopherols and polyphenols of acornoil obtained from 

Quercus species grown in Algeria. Food Res. Int. 114: 

208-213 

[30] Tamborrino, A., G. Squeo, F. Simone, V. M. 

Paradiso, C. Summo, B. Bianchi, A. Leone and F. 

Caponio. (2017). Industrial trials on coadjuvants in 

olive oil extraction process: Effect on rheological 

properties, energy consumption, oil yield and olive oil 

characteristics. J. Food Eng. 205: 34-46. 

[31] Gutierrez F., Jimenez B., Ruiz A. et albi M.A. 

(1999). Effect of olive ripeness on the oxidative 

stability of virgin olive oil extracted from the varieties 

Picual and Hojiblanca and on the different components 

involved. J Agric. Food Chemistry. 47 : 121-127. 

[32] Bannon CD, Craske JD, Hai NT.  Harper NL.  

and O'Rourke KL. (1982). Analysis of fatty acid 

methyl esters with high accuracy and reliability: II. 

Methylation of fats and oils with boron 

trifluoridemethanol. J. Chrom. A, 247, 63-69. DOI: 

10.1016/S0021-9673(00)84856-6. 

[33] Conde C, Delrot S, and Geros H. (2008). 

Physiological, biochemical andmolecular changes 

occurring during olive development and ripening. 

Journal of Plant Physiology, 165, 1545–1562. 

[34] Ajana H., EL Antari A., and Hafidi A. (1999). 

Evolution of biometric parameters and chemical 

composition of olives from Moroccan Picholine 

variety fruit ripeness. Grasas y Aceites Vol. 50 Fasc.l, 

pp. 1-6. 

[35] Roca, M., & Minguez-Mosquera, M. I. (2001). 

Change in the natural ratio between chlorophylls and 

carotenoids in olive fruit during processing for virgin 

olive oil. Journal of the American Oil Chemists’ 

Society, 78, 133–138. 

[36] Brescia M.A, et Sacco A. (2010). Ripening of 

tables olives: Use of Magnetic Resonance Imaging 

(MRI). In olives and olive oil in health and disease 

prevention. First edition 2010. Academic Press in an 

imprint of Elsevier 

[37] Dag, A., Kerem, Z., Yogev, N., Zipori, I., Lavee, 

S., & Ben-David, E. (2011). Influence of time of 

harvest and maturity index on olive oil yield and 

quality. Scientia Horticulturae, 127, 358–366. 

[38] Gutierrez-Rosales, F., Romero, M. P., 

Casanovas, M., Motilva, J. M., & Minguez 

Mosquera, M. I. (2010). Metabolites involved in 

oleuropein accumulation and degradation in fruits of 

Olea europaea L.: Hojiblanca and Arbequina varieties. 

Journal of Agricultural and Food Chemistry, 58, 

12924–12933. 

[39] Dais, P., & Hatzakis, E. (2013). Quality 

assessment and authentication of virgin olive oil by 

NMR spectroscopy: A critical review. Analytica 

Chimica Acta, 765, 1–

27. doi:10.1016/j.aca.2012.12.003  

[40] Mahhou A., Nabil Y., Hadiddou A., Oukabli A. 

et Mamouni A. (2012). Performances des variétés 

d’olivier : Arbéquine, Haouzia et Menara en 

conditions pluviales dans la région de Meknès au 

Maroc, (18): 3-18. 

[41] Lamani O, Ilbert H, Khadari B, (2015). 

Stratégies de différenciation par l'origine des huiles 

d'olive en Méditerranée. Cah Agric 24 : 145-50. doi : 

10.1684/agr.2015.0749. 

[42] Bengana M. Bakhouche A. Sánchez J. Amir Y. 

Youyou A. Carretero A. & Gutiérrez A. (2013). 

Influence of olive ripeness on chemical properties and 

phenolic composition of Chemlal extra-virgin olive 

oil. Food Research International. 54,1868–1875. 



MOUAS et al.                                                 Revue Agrobiologia (2023) 13(1): 3430-3443 

 

3442 
 

[43] Omar, R. (2012). Morphological and genetical 

characterisation of the main Palestinian olive 

(Oleaeuropaea L.) cultivars. Master thesis, An-Najah 

National University. 

[44] Boskou D. (1996). Olive oil quality in Boskou D. 

(Ed.) Olive Oil: Chemistry and Technology, AOCS 

Press, Champaighn, Illinois, 101-120. 

[45] Desouky I.M., Hagag L., Abd El-Mageed 

M.M.M., and El-Hady E.S., (2010). Changes in 

somme Physical and Chimical Fruit Properties During 

Fruit Developpement Stage of Somme olives oil 

cultivars. American-Eurasian J. Agrc & Environ Sci., 

(7 (1), 12-17. 

[46] Bakhouche A. Lozano-Sanchez J. Bengana M. 

Fernandez-Gutierrez A. andSegura-Carretero A. 

(2015). Time course of Algerian Azeradj extra-virgin 

olive oil qualityduring olive ripening. Eur. J. Lipid Sci. 

Technol. , 117. 

[47] Allalout A, Dhouha Krichene, Kawther 

Methenni, Ameni Taamalli, Imen Oueslati, Douja 

Daoud, Mokhtar Zarrouk. (2011). Behavior of 

super-intensive Spanish and greek olive cultivars 

grown in northern Tunisia. Journal of Food 

Biochemistry. 35, 27-43. 

[48] El Sohaimy, A., El-Sheikh, H., Refaay, M. & 

Zaytoun, A. (2016). Effect of Harvesting in Different 

Ripening Stages on Olive (Olea europea) Oil Quality. 

American Journal of Food Technology, 11: 1-11. 

[49] Bengana M. Bakhouche A. Sánchez J. Amir Y. 

Youyou A. Carretero A. & Gutiérrez A. (2013). 

Influence of olive ripeness on chemical properties and 

phenolic composition of Chemlal extra-virgin olive 

oil. Food Research International. 54,1868–1875. 

[50] De Oliveira, M. A. L., Balesteros, M. R., Faria, 

A. F., and Vas F. A. S., (2010). Determination of olive 

oil acidity. In olives and olive oil in health and disease 

prevention. First edition 2010. Academic Press in an 

imprint of Elsevier. 

[51] D’imperio M., Marco Gobbino, Antonio 

Picanza, Simona Costanzo, Anna Della Corte, And 

Luisa Mannina (2010). Influence of Harvest Method 

and Period on Olive Oil Composition: an NMR and 

Statistical Study. J. Agric. Food Chem. 2010, 58, 

11043–11051. 

[52] Arslan D, and Schreiner M. (2012). Chemical 

characteristics and antioxidant activity of olive oils 

from Turkish varieties grown in Hatay province. 

Scientia Horticulturae. 144, 141–152. 

[53] Martinez Suarez, J.M. (1973). Recientes 

estudios de la almazara experimental del instituto de la 

grasa. Rivista Italiana delle Sostanze Grasse, 50, 325–

330. 

[54] Angerosa F.  Lanza B. Marsilio V. (1996). 

Biogenesis of Fusty Defect in Virgin Olive Oils. 

Grasas Aceites 47, 142-150. 

[55] Vekiari, S. A., Oreopoulou, V., Kourkoutas, Y., 

Kamoun, N., Msallem, M., Psimouli, V., & 

Arapoglou, D. (2010). Characterization and seasonal 

variation of the quality of virgin olive oil of the 

Throumbolia and Koroneiki varieties from southern 

Greece. Grasas y Aceites, 61(3), 221–

231. doi:10.3989/gya.108709. 

[56] Baccouri O, Guerfel M, Baccouri B, Cerretani 

L, Bendini A, Lercker G, Zarrouk M, Ben Miled D 

D. (2008). Chemical composition and oxidative 

stability of Tunisian monovarietal virgin olive oils 

with regard to fruit ripening. Food Chemistry 109, 

743–754. 

[57] Garcia, J.M., Seller, S., Perez-Camino, M.C., 

(1996). Influence of fruit ripening on olive oil quality. 

J. Agric. Food Chem. 44, 3516–3520.: 45–53. 

[58] Sikorska, E., Khmelinskii, I. V., Sikorski, M., 

Caponio, F., Bilancia, M. T., Pasqualone, A., et al. 

(2008). Fluorescence spectroscopy in monitoring of 

extra virgin olive oil during storage. International 

Journal of Food Science and Technology, 43, 52–61. 

[59] Mraicha F., Mohieddine Ksantini, Olfa Zouch, 

Mohamed Ayadi, Sami Sayadi, Mohamed Bouaziz 

(2010). Effect of olive fruit fly infestation on the 

quality of olive oil from Chemlali cultivar during 

ripening. Food and Chemical Toxicology 48 (2010) 

3235–3241. 

[60] Dabbou S., Ines Gharbi, Sihem Dabbou, Faten 

Brahmi, Amel Nakbi and Mohamed Hammami 

(2011). Impact of packaging material and storage time 

on olive oil quality. African Journal of Biotechnology 

Vol. 10(74), pp. 16937-16947, 23. 

[61] Gutierrez-Rosales, F., Garrido-Fernandez, J., 

Gallardo-Guerrero, L., Gandul-Rojas, B., et 

Minguez-Mosquera, M. I. (1992). Action of 

chlorophylls on the stability of virgin olive oil. Journal 

of the American Oil Chemists' Society, 69, 866–871.. 

[62] Aparicio R, Luna G. (2002). Characterisation of 

Monovarietal Virgin Olive Oils. Eur. J. Lipid Sci. 

Technol. 104: 614-627. 

[63] Cerretani L, Salvador M D, Bendini A, Lercker 

G, and Fregapane G. (2008). Relationship between 

sensory evaluation performed by Italian and Spanish 

official panels and volatile and phenolic profiles of 

virgin olive oils. Chemosensory Perception, 1, 258–

267. 

[64] Tamendjari A, Bellal M M, Laribi R.  Angerosa 

F. (2004). Impact de l’attaque de Bactrocera oleae et 

du stockage des olives de la variété Chemlal sur la 

qualité de l’huile. Riv. Ital. Sostanze Grasse 81, 23-27. 

[65] Laincer F, LaribiR, Tamendjari A, Arrar L, 

RovelliniP, Venturini S. (2014). Olive oils from 

Algeria: Phenolic compounds, antioxidant and 

antibacterial activities. Grasas Aceites 65 (1): e001. 

doi : http://dx.doi.org/10.3989/gya.035713. 

[66] Bendini A, Cerretani L, Carrasco-Pancorbo A, 

Gómez-Caravaca A, Segura-Carretero A, 

Fernández-Gutiérrez A, & Lercker G. 

(2007). Phenolic Molecules in Virgin Olive Oils: a 

Survey of Their Sensory Properties, Health Effects, 

Antioxidant Activity and Analytical Methods. An 

Overview of the Last Decade Alessandra. Molecules, 

12(8), 1679–1719. doi : 10.3390/12081679.  

[67] Laribi, R., Laincer, F., Tamendjari, A., 

Rovellini, P., Venturini, S., Keciri, S., Arrar, L. 

(2011). Caractérisation de dix variétés d’huiles d’olive 

algérienne : étude du profil en composés phénoliques 

par HPLC. La Rivista Italiana Delle Sostanze Grasse 

88: 161-171. 

[68] Gutierrez-Rosales, F., Romero, M. P., 

Casanovas, M., Motilva, J. M., & Minguez 

Mosquera, M. I. (2010). Metabolites involved in 

oleuropein accumulation and degradation in fruits of 

Olea europaea L.: Hojiblanca and Arbequina varieties. 

Journal of Agricultural and Food Chemistry, 58, 

12924–12933. 

[69] Dag˘delen A, Gulendam Tumen, Mehmet Musa 

Ozcan, Ekrem Dundar (2013). Phenolics profiles of 

olive fruits (Olea europaea L.) and oils from Ayvalık, 

Domat and Gemlik varieties atdifferent ripening 

stages. Food Chemistry 136 (2013) 41–45. 



MOUAS et al.                                                 Revue Agrobiologia (2023) 13(1): 3430-3443 

 

3443 
 

[70] Brenes M, Garcıa A, Garcı ́aP, Jose ́ J. Rios, 

and Garrido A (1999). Phenolic Compounds in 

Spanish Olive Oils. Agric. Food Chem, 47, 

3535−3540 

[71] Gandul-Rojas B. et Mìnguez-Mosquera M.I. 

(1996a). Chlorophyll and carotenoid composition in 

virgin olive oils from various Spanish olive varieties. 

Journal of science and food agriculture, (72): 31 – 39. 

[72] Gandul-Rojas B. et Mìnguez-Mosquera M.I. 

(1996b). Chlorophyllase activity in olive fruit and its 

relationship with loss of Chlorophyll pigments in the 

fruit and oils. Journal of Science and Food Agriculture, 

72: 291-294. 

[73] Abdul Rohman, Yaakob bin Che Man, Amin 

Ismail & Puziah Hashim. (2017). FTIR spectroscopy 

coupled with chemometrics of multivariate calibration 

and discriminant analysis for authentication of extra 

virgin olive oil, International Journal of Food 

Properties. 20, sup1, S1173- S1181, DOI: 

10.1080/10942912.2017.1336718. 

[74] M. Abu-Reidah I., Yasin M., Urbani S., Servili 

M. et Montedoro G. (2013). Study and 

characterization of Palestinian monovarietal Nabali 

virgin olive oils from northern West Bank of Palestine. 

Journal Food Research International. 54 (2),  1959-

1964. 

[75] Uceda M, Hermoso M, Aguilera MP. La calidad 

del aceite de oliva. In : Barranco D, Fernandez-

Escobar R, Ediciones Mundi-Prensa LR, eds. 

Madrid: El Cultivo del Olivo, (1998), pp. 547–572. 

[76] Issaoui M., Flamini G., Brahmi F., Dabbou S, 

Ben Hassine K., Taamali A., Chehab H., Ellouz M, 

Zarrouk M. et Hammamia M. (2010). Effect of the 

growing area conditions on differentiation between 

Chemlali and Chétoui olive oils. Food Chemistry. 119 

: 220–225. 

[77] Ryan D., Robards K. et Lavee S. (1998). 

Evolution de la quantité de l'huile d'olive. Olivae. 72 : 

23-41. 

[78] Abaza L, Ben Temime S, M'Sallem M, Daoud 

D, Zarrouk M. and Cherif A. (2003). Etude 

comparative de la lipogenèse chez quelques variétés 

d'oliviers cultivées en Tunisie. Riv. Ital. Dell Sost. Gr. 

80,  297-306.  

 


