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ABSTRACT  
 

This study was carried out to investigate the effect of addition aqueous citric acid solution (30%), as a 
new technological coadjuvant, to olive paste at different levels (0.5, 1.0, 1.5 and 2.0% v/w) during malaxation 
step on the yield, total polyphenols, quality characteristics, oxidative stability and fatty acid composition of the 
olive oil (Olea europaea L.) extracted by hydroulic pressing from Koroneiki and Coratina varieties. Results 
showed that oil extraction efficiency was significantly (p≤0.05) improved from 41.43 and 50.95% (control) to 
58.81 and 64.40% as a result of adding 2% of citric acid solution to olive paste of Coratina and Koroneiki 
varieties, respectively. Parameters legally established (acidity, peroxide value, K232, and K270) to measure the 
level of quality and fatty acid composition of the virgin olive oil extracted from the two varieties were inside the 
range reported by the Egyptian Standard for virgin olive oil. Also, the addition of citric acid significantly 
(p≤0.05) increased total polyphenols and oxidative stability of the oil extracted from both varieties compared to 
control oils. The results of this study demonstrate that small amounts of citric acid will be of great value for the 
commercial production of olive oil for allowing most of the oil to be extracted with high quality and stability. 
 
Key words: Virgin olive oil, citric acid, extraction efficiency, fatty acids, olive oil quality, phenolic compounds, 

oxidative stability, yield. 

 
Introduction 
 

 Olive (Olea  europea L.) is an evergreen tree that has been traditionally cultivated for olive oil and 
table consumption. Although olive trees are distributed over all countries, 97% of the world production of olive 
oil is concentrated in Mediterranean basin countries (Doymaz et al., 2004).The increasing popularity of olive oil 
has been mainly attributed to its one of the natural sources of antioxidants such as vitamin E, carotenoids, 
squalene and phenolic compounds, with a high unsaturated/saturated fatty acid ratio which is claimed to have 
antioxidation, and bioactive compounds that have health giving, physiological benefits and reduce the risk of 
chronic diseases (Chiacchierini  et al., 2007 ; Aliakbarian et al.,  2008). 

Olive oil is classified as virgin olive oil if it has been extracted exclusively by mechanical or physical 
procedures (such as milling, beating, centrifugation, and decantation) Gandul- Rojas et al., (2000). The 
importance of virgin olive oil is related to its high levels of monounsaturated fatty acids (mainly oleic acid) and 
to the presence of minor components including aliphatic and tri-terpenic alcohols, sterols, hydrocarbons, 
volatiles compounds and several antioxidants (Derya et al., 2009).  

The International Olive Oil Council (IOC, 2010) and the European Community (EU ,2011) establish the 
characteristics of different olive oils and define quality and authenticity criteria for a correct olive oil 
commercial classification. They have defined the marketable quality of virgin olive oil by dividing it into three 
different commercial categories (extra virgin, virgin and lampante) on the basis of some analytical parameters 
evaluating the hydrolytic alteration (such as the free acidity) and the oxidation state (such as the peroxide value 
and the ultraviolet (UV) specific extinction coefficients (k232 and k270).Moreover, IOC (2004) indicated that 
extra virgin olive oil should be contain free fatty acids (FFA) less than 0.8% as oleic acid, peroxide value less 
than 20 meq.O2/kg , high percentage of oleic acid (more than 55% of total fatty acids), moderate amount of 
linoleic acid (less thzan 21% of total fatty acids) and very low percentage of polyunsaturated linolenic acid (≤ 
1% of total fatty acids). This profile keeps shelf life of extra virgin olive oil up to two years. 

The main steps in olive oil production are olive cruching, paste malaxation and oil separation. Paste 
malaxation has been extensively studied because of its influence on oil quality, temperature and mixing time are 
the main factors (Moya et al., 2010). The common methods of olive oil extraction include physical or 
mechanical process, chemical procedures or a combination of these. In the olive oil extraction process 10-20% 
of oil remains inside the unsheltered cells or is left in the colloidal system of the olive paste (microgels) and 
some is bound in an emulsion with the vegetation water. The difficultly of freeing this ‘‘bound” oil lies mainly 
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in the fact that the droplets of dispersed or emulsified oil are surrounded by a lipoprotein membrane 
(phospholipids and proteins) that keeps them in that state (Boskou, 1996 ; Petursson et al., 2004).This 
phenomenon is more pronounced in some olive varieties and when fruits are harvested early or frozen. The 
pastes obtained from these conditions are called ‘‘difficult pastes” and usually need the use of a coadjuvant, 
which is added at the malaxation step, to break down emulsions, allowing most of the oil to be extracted. 
Several methods have been proposed improving oil extraction procedures including enzymatic (pectolytic, 
hemicellulolytic and cellulolytic enzymes) pretreatment (Ranalli & De Mattia, 1997; Aliakbarian et al., 2008 ; 
De Faveri et al., 2008), micronized talc (hydrated magnesium silicate) (Fernadez et al ., 2008), common salt 
(sodium chloride) (Cruz et al., 2007) and calcium carbonate( Moya et al.,2010). However, limited studies have 
been carried out on the effect of citric acid addition on the yield, quality and phenolics compound of olive oils 
(Aliakbarian et al., 2009).  

 This study was performed to evaluate the effect of adding different levels of aqueous citric acid solution 
(30%) as coadjuvant extractant to olive paste during malaxation process on the oil yield, total polyphenols, 
quality characteristics, oxidative stability, fatty acid composition and sensory properties of the oil extracted by 
mechanical pressing from Koroneiki and Coratina varieties.  

 
Materials and Methods 
 
Materials. 
Olive fruits: 

 
Two varieties of olive fruits (Olea europaea L.) Koroneiki and Coratina cultivars, were handpicked 

during the 2012–2013 season in Khatatba, Sadat city, Minufiya Governorate, Egypt, and transported in the same 
day to the laboratory. 

  
Chemicals: 
 

All chemicals used in this study were purchased from EL-Gomheria Company for Pharmaceuticals and 
Chemicals Trading, Cairo, Egypt. Nitrogen gas (purity 99.55%) was obtained from Industrial Gases Company, 
Mostorod, Kalyoubia Governorate, Egypt. 

 
Methods. 
Olive oil extraction: 
 

The olive fruits of Koroneiki and Coratina varieties were crushed using an experimental crusher mill. 
The olive paste was homogenized and malaxed using a laboratory mixer for 30 min at room temperature. The 
aqueous solution containing 30% (v/w) citric acid was added to the paste during malaxation step using various 
levels (5, 10, 15, 20 ml/kg paste) for 30 min at room temperature, the olive paste was packed in a cheese cloth 
then pressed by using a laboratory hydraulic press (Carver). The resulting liquid phase was centrifuged (2000 xg) 
and the upper oil layer was collected and dried over anhydrous sodium sulphate, filtered through a Watmann filter 
paper No.1. then kept in a brown glass bottles and stored at -5C under N2 atmosphere until analysis. Oil yield 
was determined from the amount of oil in the olive pomace (refuse of olive pastes after extraction) following to 
Soxhlet method.  

 
Oil yield and extractability 
 

From each replicate of each treatment, samples of 50 g of surplus paste were separately weighed in 
previously weighed capsules and dried at 105C to constant weight. The oil of the dried paste was extracted 
with hexane, using Soxhlet apparatus followed by desolventization under vacuum at room temperature, to 
determine the total oil content of the paste as percentage of fresh weight. The oil extractability obtained by the 
different tested treatments was calculated based on the percentage of oil physically extracted from the total oil 
content of each variety using the following formula (Hermoso - Fernandez et al., 1998) :  

 

Oil extractability   

Where, W oil (kg) is the weight of extracted oil, W olives (kg) is the olive paste weight, and F (%) is the total 
fruit oil content based on fresh weight (determined by Soxhlet Method). This parameter indirectly takes in 
account the oil content lost in the by-products (vegetation water and pomace). 
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Analytical methods. 
Proximate composition of olive fruits 
 

Moisture, total lipids, crude protein (total nitrogen 6.25) and ash contents were determined in olive fruit 
samples according to the methods of A.O.A.C (2012). Total carbohydrates were calculated by difference. 
Quality characteristics of olive oil 
 

Free fatty acids content (% oleic acid), peroxide value (meq O2/kg oil), refractive index at 25oC, iodine 
number and saponification value were carried out following the analytical methods described by A.O.A.C. 
(2012). 

Conjugated dines (k232 nm) and conjugated trines (k270 nm) of olive oils were measured according to 
the method reported in the IUPAC (1987) at 232 and 270 nm, respectively, using U.V.-Vis. Shemadzu 
Spectrophotometer, Model Lambed, 120-02. Delta (Δ)K value was determined using the method of IOC (1998) 
and calculated by using the following equation:   

        Delta (Δ) K= K270 ــ{(K266 +K274)/2} 
Where: K270: absorbance at wavelength 270 nm. K266: absorbance at wavelength 266 nm, K274: absorbance at 
wavelength 274 nm.  
 
Fatty acid composition of the olive oil: 
 

The fatty acid of the analyzed oil samples were determined by GC-Capillary column according to the 
method reported by IOC (2001). 

 
Oxidative stability 
 

The oxidative stability of the olive oil samples was estimated as induction period (hr) according to the 
method described by Tsaknis et al., (1999) by using a Rancimat Metrohm Instrument (Ud.CH-9100 Herisau, 
Switzeland, Model 679) at 100°C with air at flow rate of 20 L/h. Expired period and shelf-life were calculated at 
ambient temperature according to (Abd-El Ghany et al., 2010). 

 
Polyphenolics content: 
 

Phenolic compounds of the olive oil samples were isolated by triple extraction of oil in hexane with a 
water/methanol mixture (60:40). The Folin-Ciocalteau reagent was added to a suitable aliquot of the combined 
extracts and the absorption of the solution at wave length of 725nm was measured. Values obtained were 
expressed as mg of caffeic acid per kilogram of oil (Gutfinger,1981). 

 
Sensory evaluation: 
 

The sensory evaluation of the extracted oils was measured according to the IOC (1998).The oil 
samples (15ml each) were presented in covered blue glasses (diameter, 70mm, capacity,130ml) at 
28°C±2°C. The glass warmed and after removing the cover, the sample was smelled and then tested by ten 
panelist of tasters recognised by IOC to judge its quality attributes. The different attributes of the oils were 
assessed and their intensities were evaluated, as a mean values of  the panelists scores. 
 
Statistical analysis: 

 
One-way analysis of variance was carried out on all the data of each oil quality variable studied, 

independently for each variety to test the effect of the use of the different levels of citric acid on oil extraction. If 
a significant (P≤0.05) effect was obtained by (ANOVA) using a SPSS program (IBM SPSS Statistic 19th 
version), separation of the means was carried out using Duncan’s multiple-range test (P≤0.05) according to 
Waller and Duncan (1969). 

 

Results and Discussion 
 
Proximate composition of olive fruit varieties: 
 

 The proximate composition of the two olive fruit varieties is given in Table (1). Moisture content is a 
major factor for olive fruits as it generally contributes to more than 50% of the fruit weight. No significant 
differences were observed in crude protein, ash and total carbohydrates between Koroneiki and Coratina 
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varieties. However, Coratina variety showed significantly higher oil (21.00 %) and less moisture (55.98%) 
contents than Koroneiki variety (20.00 and 57.33%, respectively). These results are in agreement with those 
obtained by El-Mahdy & Rashwan (1997), Salvador et al., (2001), Najafian et al., (2009) and Atta et al., (2010). 
 
Table 1: Proximate composition of olive fruit varieties. 

Olive variety Moisture Oil Crude protein Ash Total carbohydrate* 
Koroneiki 57.33±1.05a 20.00±1.45b 1.6±0.40a 1.8±0.15a 19.27±1.04a 
Coratina 55.98±1.22b 21.00±1.05a 1.42±0.60a 1.7±0.12a 19.9±0.95a 

 Means within a column followed by the same letter are not significantly different (p≤ 0.05). 
*Calculated by differences  

 
Efficacy of citric acid addition 

 
The effect of aqueous citric acid solution addition (30%), as a new technological coadjuvant, at 

different levels (0.5, 1, 1.5 and 2%) to olive paste during malaxation step on the yield and quality properties of 
the oil extracted by pressure from two olive varieties was investigated. 

   
Oil yield 
 

The use of citric acid during malaxation allowed higher amounts of oil to be obtained than in controlled 
extractions carried out without the addition of any coadjuvant (Tables 2 and 3). The results showed that the 
addition of citric acid significantly increased oil yield and extraction efficiency of oil from Koroneiki and 
Coratina varieties. An increase in citric acid concentration from 0.5 to 2% led to increased oil yield from 11.25 
to 12.88% (for Koroneiki) and from 11.88 to 12.35% (for Coratina), respectively. On the other hand, oil 
extraction efficiency was significantly (p≤ 0.05) increased from 41.43 and 50.95% (control) to 58.81 and 
64.40% as a result of adding 2% citric acid solution for Coratina and Koroneiki varieties, respectively. It means 
that increasing the citric acid concentration during malaxation step tended to increase the oil yield and oil 
extractability. 

 
Table 2: Effect of citric acid addition on the yield and quality characteristics of Koroneiki olive oil extracted by pressure.  

Citric acid concentrations Quality parameters 

 2.0% 
1.5 % 1 % 0.5%  (Control) 0% 

12.88±2.73 a 12.55±2.84 a 12.35±2.41 a 11.25±2.82 b 10.19±2.54 c Oil Yield (%) 

64.40±3.58 a 62.75±2.65 b 61.75±3.05 b 56.25±2.94 c 50.95±2.63d Oil extractability (%) 

0.89±1.20 b 0.88 ±0.74 b 0.88±0.14 b 0.86±0.08 a 0.85 ±0.02a Free fatty acids (as oleic %) 

2.81± 1.58 a 2.61±0.67 a 3.34±0.08b 3.28±0.47 b 4.57±0.05c Peroxide value (meqO2 / Kg oil)  

1.514± 0.09 a 1.396±0.71a 1.708±0.25 b 1.390±0.08 a 1.465 ±0.02a UV absorbance at 232 (k232)  

0.179±0.25b 0.181±0.87b 0.295±0.28c 0.152±0.07 a 0.161±0.02a UV absorbance at 270 (k270)  

-0.0025±0.07 a -0.0025± 0.10 a -0.0035±0.04 a -0.0025±0.09 a -0.002±0.02 a  Delta K (∆K)  

183.48±2.84 a 188.42±1.57b 190.21±2.46b 190.47±1.58 b 185.23± 1.28 a Saponification value (mgKOH/gm oil) 

82.20±1.67 a 82.22±1.28 a 82.45±0.97 a 82.55±0.58 a 82.55±0.78 a Iodine number (gI2/100g oil) 

1.4672±0.01 a 1.4672±0.01 a 1.4672±0.01 a 1.4672±0.01 a 1.4672± 0.01 a Refractive index ( at 25ºC)  

Where:  ∆K= variation of specific extinction.  
Means within a raw followed by the same letter are not significantly different (p≤ 0.05). 
 
Table 3: Effect of citric acid addition on the yield and quality characteristics of Coratina olive oil extracted by pressure. 

Citric acid concentrations Quality parameters 
 

2.0% 1.5 % 1 % 0.5% (Control) 0% 

12.35±1.98a 12.25±3.08a 12.05±2.75a 11.88±1.98b 8.70±2.15c Oil Yield (%) 

58.81±2.18a 58.33±2.95a 57.38±2.59b 56.57±2.08b 41.43±2.58c Oil extractability (%) 

0.36±0.85 b 0.35±0.14 b 0.33±0.08b 0.157±0.25a 0.150±0.02a Free fatty acids (as oleic %)  

2.43± 1.52 b 2.51±0.98 b 1.42±0.18a 2.43±0.08 b 2.17±0.06 b Peroxide value (meqO2 / Kg oil)  

1.462±0.58a 1.638±0.28a 1.977±0.04 b 1.462±0.08a 1.848±0.02 b UV absorbance at 232 (k232)  

0.137±0.18a 0.191±0.25b 0.206±0.09b 0.137±0.08a 0.195±0.06b UV absorbance at 270 (k270)  

-0.0035±0.06 a -0.0025±0.14 a -0.0025± 0.04 a -0.0035±0.08 a -0.001±0.02a  Delta K (∆K)  

192.02±1.28b 190.58±1.98b 180.99±2.14 a 192.02±1.25b 183.39±1.28 a Saponification value (mgKOH/gm oil) 

84.75±0.28 a 86.24±0.72 a 85.14±0.98 a 84.21±0.78 a 86.09±0.24 a Iodine number (gI2/100g oil) 

1.4674±0.01 a 1.4677±0.01 a 1.4675±0.01 a 1.4674±0.01a 1.4677±0.01a Refractive index ( at 25ºC)  

Where:  ∆K= variation of specific extinction.  
Means within a raw followed by the same letter are not significantly different (p≤ 0.05). 
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Figure (1) showed that the presence of 2% citric acid, the oil yield from Koroneiki and Coratina 
samples increased by 26.40 and 41.95%, respectively more than the amount obtained without coadjuvant 
addition. These increases in oil yield would be of very significant value in industrial processing.  

 
 
Fig. 1: Effect of citric acid on the increase% of olive oil yield.  

  
The improving in oil yield and extractability may be due to the degradation of the cell wall of the fruit 

caused by citric acid addition during malaxation step which led to the extraction of remained oil inside the cells, 
as well as freeing the bound oil. The consistency of the cellulose wall of the olive mesocarp cells and 
consequently the pectin content, as well as a high level of humidity, seem to be the basis of the emulsions 
formed, making more difficult the olive oil to be separated (Cruz et al., 2007). 

 
Oil quality: 
 

The results of the quality characteristics performed on the oils (Tables 2 and 3) showed that using of 
citric acid at different ratios during extraction of olive oil from Koroneiki and Coratina varieties by mechanical 
pressing method induced improvements in some physical and chemical properties of these oils and also reduced 
the oil lost in pomace. 

Also, the obtained peroxide values ranged between 2.61 to 4.57 meq O2/kg for Koroneiki olive oil and 
1.42 to 2.51 meq O2/kg for Coratina olive oil. It was clear that these values were very small and under the value 
of 20 meq O2/kg of olive oil, which is the maximum value established by IOC, (2013). No significant 
differences (p≤ 0.05) were observed in iodine values and refractive index for both extracted Koroneiki and 
Coratina oils as a results of addition of different concentration of citric acid. 

From the above results, it could be concluded that the levels of acidity, peroxide value (PV), 
saponification number, iodine value and refractive index of extracted Koroneiki  and Coratina olive oils were 
inside the ranges reported by (E.O.S) 2005 and (IOC), 2013  which limited that the levels of acidity, peroxide 
value and saponification number mustn't be exceed than 0.8% as oleic acid, 20 meq O2/kg oil, 189-195 mg 
KOH/gm oil and 80-85 gI2/100g oil , respectively. 

On the other hand, no clear differences were noted in conjugated dienes (k232), conjugated trines (k270) 
and Delta K (∆ k) as a result of addition of citric acid on olive paste during malaxation step. The values were 
within the limits laid down by (E.O.S) 2005 and (IOC), 2013 with respect to olive oil. According to the 
International olive oils council (IOC, 2013), extra virgin olive oils should have k232 (≤ 2.50), k270 (≤0.22) and ∆k 
(≤0.05). The values of conjugated dienes and conjugated trines of all samples were not higher than limited. 

According to the statistical analysis depicted in Tables 2 and 3, it could be observed that there were no 
significant differences (p≤ 0.05), between the quality parameters corresponding to oils obtained with citric acid 
addition and control oils (without any addition).  

 
Total polyphenols and oxidative stability of olive oil 
 

Virgin olive oil contains phenolic compounds which are responsible for its fragrance and peculiar 
flavor. These substances also contribute to oxidative stability of the oil, and protect consumers against cancer 
and atherosclerosis (Clodoveo et al., 2007). Tables (4 and 5) revealed the effect of citric acid treatment on total 
polyphenols (TP) and oxidative stability of olive oil extracted from the two fruit varieties. Total polyphenols 
content and oxidative stability of olive oil significantly (p≤ 0.05) increased by increasing citric acid 
concentrations. 
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Addition of 2% w/w citric acid significantly increased TP content from 201.11 and 216.66  (control) to 
314.44 and 343.33 mg gallic acid/kg oil extracted from Koroneiki and Coratina olive varieties, respectively, 
which represented 56.35 and 58.46% increase in total polyphenols. 

These results are similar to those obtained by Aliakbarian et al., (2009) who found that increasing citric 
acid concentration resulted in the release of o-diphenolic compounds in olive oil which may have been caused 
by degradation of the cell wall of the fruit and reduction of the complexation of hydrophilic phenols with 
polysaccharids. This is confirmed by the observation of Vierhuis et al., (2000) who reported that addition of 
citric acid during the malaxation step led to increasing in free phenols in the olive oil paste by hydrolyse the 
pectic polysaccharides, cellulosic and hemicellulosic fractions which are the major components of the cell wall 
of olive fruit.  

 
Table 4: Effect of citric acid addition on oxidative stability and total polyphenols (TP) content of Koroneiki olive oil extracted by pressure. 

 
 
Citric acid % 
 

Phenols 
(mg gallic acid/kg 

oil) 

Oxidative 
stability 

Calculated at ambient temperature 

Induction period 
at 100ºC (hrs.) 

Induction period 
(months) 

Shelf- life 
(months ) 

Expired period (months ) 

0% (Control) 201.11±1.05d 36.20±1.85c 20.05±1.47 c 36.89±1.47d 53.75±1.58d 
0.5% 210.22±2.14c 37.84±2.15c 20.96±1.58 c 38.56±2.14c 56.17±1.28c 
1% 253.33±1.25b 45.6±1.64b 25.26±2.58 b 46.47±1.84b 67.69±2.84b 
1.5% 312.22±1.41a 56.2±2.47a 31.13±2.12 a 57.38±1.24a 83.58±1.37a 
2.0% 314.44±1.20a 56.6±2.85a 31.35±1.85 a 57.68±1.15a 84.018±1.38a 

Means within a column followed by the same letter are not significantly different (p≤ 0.05). 
 
Table 5: Effect of citric acid addition on oxidative stability and total polyphenols (TP) content of Coratina olive oil extracted by pressure. 

 
 
Citric acid % 
 

Phenols 
(mg gallic acid/kg 

oil) 

Oxidative 
stability 

Calculated at ambient temperature 

Induction period 
at 100ºC (hrs.) 

Induction period 
(months) 

Shelf- life 
(months ) 

Expired period (months ) 

Control 216.66±1.52e 39.00±1.57d 21.61±2.54d 39.76±2.15d 57.90±1.68d 
0.5% 242.22±1.15d 43.6±2.47c 24.15±1.58c 44.44±1.82c 64.72±1.84c 
1% 303.33±1.83c 54.6±1.39 b 30.25±1.59b 55.66±1.45b 81.07±2.15b 
1.5% 307.83±1.57b 55.41±2.85b 30.70±2.14b 56.49±2.45b 82.28±1.58b 
2.0% 343.33±1.22a 61.8±2.38a 34.24±1.57a 63.00±1.23a 91.75±1.14a 

Means within a column followed by the same letter are not significantly different (p≤ 0.05). 

 
On the other hand, higher citric acid concentration led to an enhance in the oxidative stability of the 

olive oil. For instance, using a maximum citric acid level (2% w/w), the oxidative stability increased from 36.20 
and 39.00 to 56.6 and 61.80 hr for Koroneiki and Coratina olive oil varieties, respectively. Also, the correlation 
between olive oil TP content and their antioxidant activity in the oil confirmed the efficiency of the proposed 
citric acid treatment to yield a product with a potential higher resistance to oxidation with a potential longer 
shelf-life compared to control oils. Same trend was observed for induction period.   

  It was evident that the increase in the total phenols content and oxidative stability reflected the 
increase in shelf life and expired period.Where addition of citric acid at ratio of 2% led to increase the shelf life 
of oil from 36.89 to 57.68 months for Koroneiki fruits and from 39.76 to 63.00 months for Coratina fruits and 
expired period from 53.71 to 83.98 and 76.56 to 110.39 months for olive oil obtained from the same varieties, 
respectively. These findings are in harmony with those obtained by Aliakbarian et al., (2009), who stated that an 
increase in citric acid concentration from 5 to 15 ml/kg paste led to a 23% and 31% increase in total polyphenols 
content and o-diphenols concentration, respectively. 

 
Fatty acid composition 
 

The importance of virgin olive oil is related to its high levels of monounsaturated fatty acids (mainly 
oleic acid) and polyphenole compounds (Ocakğlu et al., 2009). 

 From the obtained results given in Tables (6 and 7) it could be noticed that the major fatty acids 
composition in both Koroneiki and Coratina olive oils was oleic acid which recorded 68.989 and 71.294 % from 
the total fatty acids, respectively. These data are parally with those reported by Ollivier et al., (2006). They 
reported that oleic acid ranged from 68 to 72 % for olive oil. On the other hand, the main saturated fatty acid for 
the above studied oils was palmetic acid which gave 13.097 and 13.47 %, respectively. These results are inside 
the range obtained by Arslan et al., (2013) who found that palmetic acid ranged between 12.17 and 15.30 % 
from the total fatty acids for olive oil. Meanwhile, the findings of the other fatty acids are agreement with those 
obtained by Aparicio and Luna (2002). The Codex Alimentarius Committee on Fats and Oils of the FAO/WHO 
(1970) has set the following low and high limits for the content of olive oil in three principal acids: oleic, 56-
83%; palmitic, 7-20%; and linoleic, 3-20%. 

The total saturated fatty acids for Koroneiki and Coratina olive oils were 17.107 and 16.149%, 
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respectively. These results are within the range reported by Ollivier et al., (2006) who stated that the total 
saturated fatty acids are ranged from 10.40 to 19.50 % for olive oil. It could be found that the total unsaturated 
fatty acids for olive oil extracted from olive fruits variety Koroneiki and Coratina were 79.863 and 83.716%, 
respectively. These results are in harmony with those mentioned by above authors who reported that the total 
unsaturated fatty acids for olive oil ranged from 69 to 84 %. From the above data, it could be concluded that the 
fatty acids composition for Koroneiki and Coratina olive oils are inside those reported by E.O.S (2005) for olive 
oil and IOC, (2007). 

On the other hand, there was no clear change in fatty acid composition of olive oils under investigation 
as a result of adding citric acid at different ratios during malaxation process. 

  
Sensory evaluation 
 

The sensory characteristics of olive oils extracted by using citric acid through extraction process were 
evaluated and the results are presented in Tables (8 and 9). The tabulated data showed significant effect of citric 
acid addition at various levels on sensory assessment of olive oils extracted by pressure. 
 
Table 6: Effect of citric acid addition on relative percentage of fatty acid composition of Koroneiki olive oil extracted by pressure. 

Fatty acid % Citric acid % 
Control 0.5% 1.0% 1.5% 2.0% 

 Palmatic C16:0 13.097 14.026 14.464 14.430 14.120 

Palmitoleic C16:1 1.110 1.187 1.265 1.239 1.179 

Heptadecanoic C17:0 0.059 0.051 0.062 0.051 0.114 

Heptadecenoic C17:1 0.084 0.090 0.089 0.085 0.099 

Stearic C18:0 2.755 2.831 2.662 2.80 2.866 

Oleic C18:1 68.989 71.077 72.259 71.537 71.925 

 Linoleic C18:2 7.051 7.266 7.155 7.316 7.199 

Linolenic C18:3 1.552 1.353 0.937 1.144 1.099 

Arachidic C20:0 1.196 0.915 0.550 0.775 0.709 

Ecosenoic C20:1 1.077 0.805 0.350 0.459 0.463 

Total saturated 17.107 17.823 17.738 18.056 17.809 

Total unsaturated 79.863 81.778 82.055 81.780 81.964 

Sat/unsat. 0.24 0.22 0.22 0.22 0.22 

Oleic/linoleic 9.78 9.78 10.10 9.78 9.99 

 
Table 7: Effect of citric acid addition on relative percentage of fatty acid composition of Coratina olive oil extracted by pressure. 

Fatty acid % Citric acid % 
Control 0.5% 1.0% 1.5% 2.0% 

 Palmatic C16:0 13.473 13.733 13.802 13.566 13.802 
Palmitoleic C16:1 0.495 0.902 0.663 0.546 0.663 
Heptadecanoic C17:0 0.043 0.051 0.042 0.432 0.042 
Heptadecenoic C17:1 0.062 0.072 0.067 0.061 0.067 
Stearic C18:0 2.155 2.527 2.340 2.093 2.340 
Oleic C18:1 71.294 70.778 71.448 70.840 71.448 
 Linoleic C18:2 10.468 8.430 9.709 10.465 9.709 
Linolenic C18:3 0.876 1.389 0.853 0.957 0.853 
Arachidic C20:0 0.478 0.999 0.481 0.593 0.481 
Ecosenoic C20:1 0.521 0.809 0.467 0.595 0.467 
Total saturated 16.149 17.310 16.665 16.684 16.665 
Total unsaturated 83.716 82.38 83.207 83.464 83.207 
Sat/unsat. 0.19 0.21 0.20 0.20 0.20 
Oleic/linoleic 6.81 8.39 7.36 6.77 7.36 

 

It could be observed that the olive oil extracted from Koroneiki olive fruit (without citric acid) recorded 
the highest fruity and bitter sensory attributes compared with olive oil extracted from Coratina olive. Also, there 
was no negative attributes in both olive oils under investigation. From a sensory point of view, all the examined 
samples belonged to the extra virgin olive oil class according to Regulation IOC. (2007), were without any 
defects. 

On the other hand, citric acid addition did not cause any negative effects on sensory characterictes of 
olive oils obtained by pressing extraction from Koroneiki and Coratina olive fruits. These obtained results 
demonstrated that there was a good correlation between total polyphenol content and sensory properties of the 
olive oil. This is confirmed by observations of Kiritsakis, (1998). 
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Table 8: Effect of citric acid addition on sensory characteristics of Koroneiki olive oil extracted by pressure. 
Citric acid 
concentrations 

Perception positive attributes Perception of defect 
Fruity Bitter Pungent Musty Fusty 

0% (Control) 7.00±0.85a 6.00±0.65b 4.00 ±0.95c ----- ----- 
0.5% 6.47±0.98b 6.50±0.77b 5.00±0.65b ----- ----- 
1.0% 6.56±1.05b 7.15±1.10a 5.68±0.84b ----- ----- 
1.5% 6.62±1.12b 7.20±1.18a 6.00±1.14a ----- ----- 
2.0% 6.85±0.88b 7.40±1.20a 6.00±1.15a ----- ----- 

Means within a column followed by the same letter are not significantly different (p≤ 0.05). 
 
Table 9: Effect of citric acid addition on sensory characteristics of Coratina olive oil extracted by pressure. 

Citric acid 
concentrations 

Perception positive attributes Perception of defect 
Fruity Bitter pungent Musty Fusty 

0% (Control) 5.00±1.12 a 5.00±0.75b 4.00±1.22b ----- ----- 
0.5% 5.00±0.97a 5.00±1.14b 4.50±0.68b ----- ----- 
1.0% 5.00±0.85a 6.20±1.05a 5.00±0.92a ----- ----- 
1.5% 5.00±1.05a 6.25±0.86a 5.20±1.05a ----- ----- 
2.0% 5.00±0.95a 6.56±0.88a 5.58±0.75a ----- ----- 

Means within a column followed by the same letter are not significantly different (p≤ 0.05). 

 
As a result of this work, it can be concluded that oil extraction from olive fruits can be enhanced by 

addition citric acid solution at 2% during malaxation process, without significantly affecting the parameters 
established to evaluate the quality of olive oil as well as promoting an increase in oil stability, intensity of 
bitterness, and total polyphenols content.  
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