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Abstract: Sunflower oil was enriched separately with olive fruit, olive leaf and olive pomace phenolic extracts for 

deep-frying. Sets of 250 g of potatoes were fried discontinuously 7 times in 2 L of the enriched or non-enriched 

(control) sunflower oils at 180±5 °. The total phenol contents (initially 200 mg kg-1 oil) in the oils decreased as 

increasing the frying number but it was not determined phenolic content in the frying oils after 5 frying processes. 

Free fatty acids and peroxide values significantly increased and the oil with olive fruit extract contained the lowest 

free fatty acids (0.99 %, as oleic acid) and peroxide value (37.11 meqO2 kg-1 oil) after 7 fryings. The initial antioxidant 

activity capacities of all oils significantly reduced to respectively about 69%, 68%, 60% and 50% for the oil with 

olive leaf, olive fruit, olive pomace extract and control after final frying due to oxidation. 
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Derin Yağda Kızartma Koşulunda Zeytin Fenolikleri ile Zenginleştirilmiş Ayçiçek 

Yağının Stabilitesi 

Öz: Ayçiçek yağı; zeytin meyvesi, zeytin yaprağı ve pirinadan ekstrakte edilen fenolik esktraktlarla derin kızartma 

işlemi için ayrı ayrı zenginleştirilmiştir. Her bir kızartma işleminde patatesler, 180±5°C'de 2 L zenginleştirilmiş ve 

zenginleştirilmemiş (kontrol) ayçiçek kızartma yağlarında aralıklı olarak 7 defa 250 gramlık setler halinde 

kızartılmıştır. Yağlardaki toplam fenol içeriği (başlangıçta 200 mg kg-1 yağ), kızartma sayısının artmasıyla azalmış, 

ancak 5 kızartma işleminden sonra kızartma yağlarında fenolik içerik belirlenememiştir. Serbest yağ asitleri ve 

peroksit değerleri önemli oranda artmış ve zeytin meyve ekstraktlı yağ, 7. kızartmadan sonra en düşük serbest yağ 

asitleri (%0,99 oleik asit cinsinden) ve peroksit değeri (37.11 meqO2 kg-1 yağ) içermiştir. Zeytin yaprağı, zeytin 

meyvesi, pirina ekstraklı yağ ve kontrol örneklerinin başlangıç antioksidan aktivite kapasiteleri son kızartmadan 

sonra oksidasyona bağlı olarak sırasıyla yaklaşık %69, %68, %60 ve %50'ye düşmüştür. 

 

Anahtar Kelimeler: Kızartma, zeytin meyvesi, zeytin yaprağı, pirina, oksidatif stabilite 

 

 
1. Introduction 

Frying which is one of the most popular 

practices is preferred both for preparation of 

industrial and domestic food (Casal et al. 2010). 

Oxidation, oil hydrolysis, polymerization and 

decomposition of compounds take place at high 

temperatures and in the presence of oxygen and 

food, and inevitably the shelf life of fried product 

reduces (Nor et al. 2008). Numerous researches 

have extensively reported that the physical and 

chemical changes occurring in frying oils result in 

undesirable effects on human health (Abdulkerim 

et al. 2007). If edible oils contain a high amount of 

unsaturated fatty acids, especially polyunsaturated 

fatty acids, the oxidation is inevitable (Zhang et al. 

2010). Oxidation of oils does not cause only to 

rancid odors, unpleasant flavors and discoloration, 

nutritional value and safety loss but also occur due 

to the formation of degradation products (Lercker 

and Rodriguez-Estrada, 2002). Because of these 

reasons, consumers do not accept oxidized 

products (Mohdaly et al. 2010).  

Heating time, initial quality of frying oil, food 

materials subjected to frying, the presence and 
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concentration of antioxidants, especially the 

amount of unsaturated fatty acids and oxygen 

concentration effect the oxidation reactions 

throughout deep-fat frying (Orozco-Solano et al. 

2011). Recently, the use of natural antioxidant 

extracts was preferred to reduce oxidation in food 

lipids (Naz et al. 2005). Synthetic antioxidants 

such as butylated hydroxytoluene (BHT) and 

butylated hydroxyanisole (BHA) are preferred to 

retard oxidation reactions of oils (Nor et al. 2008). 

However, synthetic antioxidants cause toxic and 

carcinogenic effects (Delfanian et al. 2015). 

Nowadays, there is a trend for replacement of 

synthetic antioxidants with natural ones 

(Yanishlieva and Marinova, 2001; Bouaziz et al. 

2008). 

Recently, special attention would be focused on 

the antioxidative ability of various natural 

components such as phenolic compounds (Frankel 

et al. 1993; Xiuzhen et al. 2007). The phenolic 

compounds that are very rich in some agro-food 

industrial by-products show higher antioxidant 

capacity and prevent lipid oxidation (Peschel et al. 

2006). Particularly, olive fruit contain polyphenols 

with antioxidant and free radical-scavenging 

activity. Also, olive pomace and leaves from Olea 

europaea cultivars are in fact, main sources of olive 

phenols and can be used for supplementation of 

refined edible oils with polyphenols (Sanchez de 

Medina et al. 2012). While many researches have 

been made on other plant extracts for frying 

conditions, there are very few researches on olive 

fruit and olive pomace extracts which are the 

subjects of this research (Farag et al. 2003; Farag 

et al. 2007; Lafka et al. 2011). 

Sunflower seed oil production makes up around 

8% of the total global vegetable oil production. 

Sunflower oil is reported to be the third largest 

vegetable oil worldwide, following soybean and 

palm. India, Turkey, and Egypt are some of the 

major sunflower oil consumers that have 

participated in market growth by increasing their 

consumption without increasing the local 

production (MMR, 2017). The oil derived from 

sunflower is used for cooking and frying purpose 

globally. Sunflower oil is rich in oleic acid, linoleic 

acid and other nutrients which helps in lowering 

bad cholesterol and increases good cholesterol in 

blood (TMR, 2017). Dorni et al. (2018) reported 

that fatty acid profile of sunflower oil revealed that 

linoleic acid was the major fatty acid (62.69%), 

followed by oleic acid, 25.92%. Moderate amount 

of total saturated fatty acid (11.39%) was also 

noticed with palmitic (6.43%) and stearic (3.69%) 

acid being the major contributors. In general, the 

content of oleic and linoleic acid in sunflower oil 

accounts between 85 to 90% of total fatty acid 

which makes it unique among edible oils. 

The purpose of this study was to investigate the 

effects of the total phenolic compounds extracted 

from olive leaf and olive fruit collected from Olive 

(Olea europaea L.) tree, and from olive pomace 

(also called olive pulp or olive cake; residual after 

olives are crushed and the olive oil is extracted) 

obtained from an olive oil plant on the stability of 

the frying oil during deep-oil frying process of 

potato chips in sunflower oil and in order to 

delineate the differential antioxidant activities of 

these extracts by the extent of their abilities to 

scavenge the free radical (DPPH) activity. 

 

2. Methodology 

The fruits, leaf and pomace of olives were 

obtained from an olive oil plant (Remzibey) in 

Kahramanmaras, Turkey during 2015 harvest 

season. Refined sunflower oil (SF) and potatoes 

were purchased from a local supermarket. For the 

analyses, the analytical grade chemicals were used 

and these were obtained either from Merck Co. 

(Darmstadt, Germany) and Sigma Chem. Co. (St. 

Louis, MO, USA). 

Fresh olive leaf was washed with distilled water 

and dried at 65±5 oC for 6 h in a drying oven. The 

dried material was ground by a grinder and passed 

through 35 mesh (particle size ≤0.5 mm) sieve. The 

olive leaf powder (600 g) was extracted at 5:1 

liquid/solid ratio (L kg-1) with 78 % (v/v) ethanol 

at room temperature for 24 h, and the extraction 

was repeated three times. Olive leaf extracts; coded 

as L, were dried over anhydrous sodium sulphate 

and filtered through whatman filter paper (No. 2), 

and then ethanol was evaporated in a rotary 

vacuum evaporator (Heidolph, Germany, Heizbad 

Hei-VAP) (Harp, 2011). The olive fruit extract (F) 
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and the olive pomace extract (P) obtained by 

modifying the methods of Amiot and Fleuriet 

(1986), and Pagnanelli et al. (2010). Briefly, olive 

pomace was dried at 65±5 °C for 6 h and ground, 

and olive fruit was crushed in a grinder. Both 

samples (100 g each) were mixed with 500 ml of 

ethanol-water (78%) and stirred for 30 min. Then 

ethanol was evaporated under vacuum.  

The total phenolic contents of olive leaf, fruit, 

pomace, their extracts and sunflower oil were 

detected. It was used 4 frying oils for frying 

processes of potatoes. Thus, it was prepared 3 

frying oils containing 3 different extracts. 

Sunflower oil was supplemented with an 

appropriate quantity of the olive phenolic extracts 

corresponding to the supplementation of 

approximately 200 mg total polyphenols per kg of 

oil. Then, oil samples were homogenized by vortex 

homogenizer. Samples were coded as SF+F for 

sunflower oil with olive fruit extract, SF+L for 

sunflower oil with olive leaf extract, SF+P for 

sunflower oil with olive pomace extract and SF for 

control (sunflower oil-free the extract). Aqueous 

methanol (60%) was used to extract the 

polyphenols in the oils. The polyphenols in the 

aqueous fractions were extracted with ethyl acetate 

and then with n-butanol. The extracts were dried 

over anhydrous sodium sulphate and evaporated to 

dryness (Gutfinger, 1981; Capasso et al. 1992). 

Potatoes were peeled, washed, and then cut into 

uniform pieces (8 x 0.5 x 0.5 cm). Frying was 

carried out in a home-style fryer (Tefal Filtra One 

Deep Fat Fryer FF162140, 2.1 L oil capacity). The 

proportion of potatoes to frying oil in the first 

frying was adjusted to 125 g L-1 oil and then it was 

not added any additional oil to the fryer for other 6 

frying. Temperature of the fryer was set to 180 °C. 

Time required to reach and maintain the frying oil 

at that temperature before introduction of potatoes 

was 5 min. Potato slices were then fried for 3 min. 

After each frying, the oil was allowed to cool to 

room temperature until the next 6 hours. The oil 

was again heated to 180 °C for the next frying. 

Every 6 hours the same frying procedure was 

repeated (totally 7 fryings). The frying oil samples 

were taken for the analyses after each frying. After 

cooling to room temperature, the oil samples were 

stored in a freezer at -20 °C under nitrogen 

atmosphere until analyses. 

The Folin–Ciocalteu reagent was used to 

determine the total phenol content (TP) of oil and 

the extracts spectrophotometrically (PG 

Instruments 25 UV/VIS) by reading the absorbance 

at 760 nm. Tannic acid was used for the preparation 

of a calibration curve (R2= 0.993).TP was 

expressed as mg of tannic acid/kg-1 of sample 

(Folin and Denis, 1915). Free fatty acid (FFA; %, 

as oleic acid), was determined by titration of the oil 

samples dissolved in (1:1, v v-1) ethanol/ether with 

potassium hydroxide (TSE, 2003). Peroxide value 

(PV), a measurement of oxidative rancidity was 

determined according to the AOAC Method Cd 8-

53 and expressed in milliequivalents of active 

oxygen per kilogram (meqO2 kg-1) oil (AOAC, 

1989a). Ultraviolet absorbances (expressed as 

K232 and K270), spectrophotometric 

measurements of conjugated dienes and trienes as 

the primary and secondary oxidation products of 

oils, were determined at 232 and 270 nm, 

respectively by dissolving the oil samples in 

hexane (AOAC, 1989b). The antioxidant activity 

of the oil samples was measured by the DPPH* 

radical scavenging assay. The variation of free 

radical scavenging activity by the time was carried 

out by reaction using DPPH (2, 2-diphenyl-1-

picrylhydrazyl) in methanol at 515 nm by 

spectrophotometer (PG Instruments 25 UV/VIS). 

The antioxidant activity was calculated as the 

percent of inhibition by using the equation (1) 

(Kaya, 2009): 

 

%Inhibition=[1-(Asample/Acontrol)]x100        (1)        

 

All measurements were repeated three times. 

The results were expressed as mean values and 

standard deviations. The data was statistically 

compared by Student’s t-test and Duncan’s 

multiple range tests (SPSS v.23, IBM, USA). 

Statistical significance was accepted at a level of 

P<0.05 (Draper and Smith, 1998). 

 

3. Results and Discussion 

The total phenolic contents of F, L and P 

extracts were 528.53, 380 and 209.90 mg kg-1, 
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respectively as tannic acid equivalents (TAE). In a 

previous study, the total polyphenol contents were 

determined in range of 485-495, 234-250, 185-195, 

65-73 and 193 and 170 mg kg-1 TAE for olive 

fruits, leaves, oils, pomaces, aqueous extracts, 

respectively as tannic acid equivalents (Farag et al., 

2003). Farag et al. (2007) found that the total 

polyphenol content of crude olive leaf juice was 

280 mgkg-1 TAE. In another study, the total phenol 

content of olive oil mill waste was 16.33 mg kg-1 

TAE for ethanolic extract (Lafka et al. 2011). 

These differences between the values in the 

previous works and the present results may be due 

to several factors such as differences in harvest 

year, climatic conditions, maturity stage of fruits, 

solvents, extraction methods, locality, and cultivar 

of fruits. 

Figure 1 shows TP contents of the frying oils 

during frying processes. The initial TP content in 

SF (control) was very low (0.06 mg kg-1), and 

completely decomposed after the first frying. 

Therefore, it was not shown in the figure. SF+P had 

higher TP content (160.95 mgkg-1) than other oil 

samples (136.52 mg kg-1for SF+F and 126.11 mg 

kg-1 for SF+L) after 1st frying. It showed that 

initiation reaction ability of the phenols extracted 

from olive pomace was low. Increasing the frying 

number caused a significant decrease in TP of the 

samples (P<0.05). TP losses % after the 5th frying 

were calculated as 87%, 92% and 94% for SF+F, 

SF+L and SF+P, respectively. SF+L had the lowest 

amount of phenols than other oils, with exception 

of the 5th fryings (P<0.05). 

It was not detected TP contents in all frying oils 

after 6th fryings. The results were in agreement 

with the findings of Farag et al. (2007). The 

amounts of phenolic compounds decreased 

constantly during heating process. Salta et al. 

(2007), studied oil stability of edible vegetable oils 

by rancimat method at 110 °C before and after 

supplementation of polyphenols with olive leaf 

extract. In that study, total polyphenols were not 

detected in sunflower oil and was determined 

202.49 mgkg-1 TAE before and after 

supplementation. And oxidative stability was 

determined as 1.3 and 2 induction time in hour 

before and after enrichment with the olive leaf 

extract (254.75 mgkg-1 TAE). So, it was stated that 

addition of polyphenolic extract into oils caused to 

an increase of the induction time in percentages 

that ranged from 19 to 54%. Moreover, Aydeniz 

and Yılmaz (2012) measured total phenolic content 

of the enriched and the non-supplemented oil 

samples for 7 days of frying and the total phenolic 

content of control oil was not detected for all days 

of frying. The total phenolic content of the enriched 

oil with olive leaf decreased by increasing frying 

day number, similarly. Total phenolic content 

decreased from 80 to 20 mgkg-1 TAE in the 

enriched oil. Gallic acid equivalent (GAE) and 

caffeic acid equivalent (CAE) units expressed for 

the units of total phenolic contents in the works 

done by Farag et al. (2007), (Lafka et al. 2011), 

Salta et al. (2007) and Aydeniz and Yılmaz (2012) 

were converted to TAE by using 

TAE=1.3292*GAE equation derived from the data 

of Bizuayehu et al. (2016) for the conversion of 

GAE to TAE and TAE=1.3064*CAE equation 

derived from the data of Vinayak et al. (2015) for 

the conversion of CAE to TAE. The changes in 

FFA values of the frying oils were shown in figure 

2. FFA increased with increasing frying number. 

The initial FFA (oleic acid %) values were 0.07 for 

SF+F, 0.08 for SF+L and SF+P, and 0.06 for SF. 

The FFA values after 7th. frying process were 

determined as 1.49, 1.24, 1.13 and 0. 99 for SF, 

SF+P, SF+L, SF+F, respectively. A series of 

reactions is initiated by air and water while frying 

process of a food is performed in frying oil at high 

temperature. Triglycerides are decomposed by 

water and converted to monoacylglycerol, 

diacylglycerol, and eventually to glycerol 

(Dobarganes and Marquez Ruiz, 1996). 
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Figure 1. Total phenolic content of the frying oils with olive fruit, olive leave and olive pomace 

extract 

Şekil 1.  Zeytin meyvesi, zeytin yaprağı ve pirina ekstraktlı kızartma yağlarının toplam fenol içeriği 

 

For all fryings, FFA value of SF was the highest 

than other oils and also FFA value of SF+P was 

significantly highest as compared to FFA values of 

SF+L and SF+F (P<0.05). Similarly, with the 

present study, Abdulkerim et al. (2007), fried 

vegetable oils by using potatoes for 6 h a day up to 

a maximum of 5 days and observed that free fatty 

acid values increased constantly from the initial to 

final process of frying. The addition of 

polyphenolic extracts reduced the increase in the 

acid value during the deep-frying process. Casal et 

al. (2010), reported that stability of oil samples 

under deep-frying conditions decreased 

increasingly during 27 h of frying. Delfanian et al. 

(2015), investigated frying stability of sunflower 

oil enriched with jujube leaf extract. Potato slices 

were fried for 7 min as a raw material. FFA showed 

an increase from the initial to final of the 

experiment similar to the the results of this study. 

At the end of 24 h of frying, FFA values of oil 

samples enriched with natural and synthetic 

antioxidants were lower than the control oil. 

Similar to results reported by Aydeniz and Yılmaz 

(2012), the increase in free acidity of oil samples 

were observed during 7 days of frying.  

Figure 3 shows the changes in PV of the oils 

after each frying. PV was 5.35 meqO2 kg-1 for 

SF+F and SF+P, 5.30 meqO2 kg-1 for SF+L and 

5.40 meqO2 kg-1 for SF before 1st frying. PV 

significantly increased with frying number for all 

oils. But, PV of SF increased more than that of the 

other oils after 7th fryings (P<0.05). Sequence of 

PV’s after that frying was as follows:  

SF (76.96 meqO2 kg-1) > SF+P (60.76 meqO2 

kg-1) > SF+L (47.20 meqO2 kg-1) > SF+F (37.11 

meqO2 kg-1)  
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Figure 2. Free fatty acid (FFA) values of the frying oils with olive fruit, olive leave and olive pomace 

extract 

Şekil 2.  Zeytin meyvesi, zeytin yaprağı ve pirina ekstraktlı kızartma yağlarının serbest yağ asitliği 

değerleri 

 

The increase in PV shows the increase in the 

formation of peroxides due to oxidation and F 

extract more prolonged peroxidation time than the 

others. Controlling the oxidative stability of oils is 

very difficult due to variables such as the presence 

of preservatives, unsaturation degree of oils, 

temperature, surface-oil volume ratio and other 

frying conditions (Dobarganes and Marquez Ruiz, 

1996), so that peroxides are unstable under deep-

frying conditions at high temperature. As oil 

continues to deteriorate, hydroperoxides break 

down, so carbonyl and aldehyde compounds 

contribute to reduction of peroxide values (Shahidi 

and Wanasundara, 1997). It was reported that the 

phenolic extracts obtained from olive leaves were 

more effective on the oxidative stability of 

vegetable oils as compared with synthetic 

antioxidants at accelerated test conditions (Jimenez 

et al. 2010; Harp, 2011). Casal et al. (2010) 

reported that there was firstly an increase in PV of 

deep frying oils during frying and then PV 

decreased after reaching to the highest value. 

Spectrophotometric examination in the 

ultraviolet can provide information on the quality 

of a fat, its state of preservation and changes 

brought about by a process. In other words, it is a 

measure of oxidation/rancidity, oil quality and 

possibly refinement (IOC, 2015). The absorption at 

232 and 270 nm is due to the presence of 

conjugated diene and triene systems resulting from 

oxidation processes. These absorptions are 

expressed as K232 and K270 (also referred to as 
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"extinction coefficients"). The changes in the 

extinction coefficients are shown in Figure 4. K232 

values for SF+F, SF+L, SF+P and SF before 1st 

frying were 0.29, 0.27, 0.24 and 0.28, respectively. 

K232 for all oils significantly increased with frying 

number (P<0.05). But, K232 values for SF+F were 

lowest followed by SF+L, SF+P and SF after all 

frying processes.  

 
Figure 3. Peroxide values (PV) of the frying oils with olive fruit, olive leave and olive pomace 

extract 

    Şekil 3.  Zeytin meyvesi, zeytin yaprağı ve pirina ekstraktlı kızartma yağlarının peroksit değerleri 

 

K232 values for SF+F, SF+L, SF+P and SF after 7th 

fryings arose to 2.20, 2.22, 2.36 and 2.62, 

respectively. Besides, the same tendencies seen in 

K232 values were also observed in K270 values (P< 

0.05), and the lowest conjugated triene formations 

(K270) were determined in SF+F after all frying 

processes as compared to the other frying oils. The 

low levels of both conjugated dienes and trienes in 

SF+F indicate that SF+F had a good oxidative 

stability. Farmer and Sutton (2002) indicated that 

uptake of oxygen and formation of peroxides lead 

to the formation of conjugated diene and triene 

during the early stages of oxidation and so, an 

increase in the absorption was observed. Positive 

correlation between the extinction coefficients and 

PV was found. Conjugated dienes values were 

higher than conjugated trienes for all. The seconder 

polymer compounds like trienes would occur by 

the transformation of most of dienes with increase 

in frying time; however, the reason that the 

increase in conjugated dienes was considerably 

higher compared to the conjugated trienes, is 

specifically due to the high content of linoleic acid 

in sunflower oil (Bou et al. 2012). Similarly, with 

the present study Lee et al. (2009) reported that 

conjugated diene values of the control increased 

from 0.22 to 1.96 throughout heating treatment for 

48 h.  
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There is no statistically significant difference among the values indicated by the same letters (p>0.05). 

The series  are for comparasion of values in frying numbers of each sample, independently of the others. 

SF+F: sunflower oil with olive fruit extract, SF+L: sunflower oil with olive leave extract, SF+P: sunflower 

oil with olive fruit extract, SF: sunflower without extract (control) 

 
Figure 4. Conjugated diene (K232) and conjugated triene (K270) values in of the frying oils with 

olive fruit, olive leave and olive pomace extract  

Şekil 4.  Zeytin meyvesi, zeytin yaprağı ve pirina ekstraktlı kızartma yağlarının konjuge dien (K232) 
ve konjuge trien (K270) değerleri 
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Aydeniz and Yılmaz (2012), determined the 

conjugated dienoic acid in the frying oil samples 

and conjugated dienoic acid values ranged from 

0.48 to 1.88% for control oil and from 0.52 to 

1.70% for the enriched oil with olive leaf extract 

during 7 days of frying.  

The present results for the conjugated diene and 

triene values     is similar to those reported by 

Chirinos et al. (2011); Bou et al. (2012) and 

Delfanian et al. (2015) the conjugated diene and 

triene values increased with increasing frying time.  

The additions of phenolic extracts to frying oils 

retarded the formation of oxidation products. The 

antioxidant activity was calculated as the percent 

of inhibition. The changes in antioxidant activities 

(DPPH%) of all frying oils as the percent of 

inhibition are presented in figure 5. Antioxidant 

activities for all oils significantly decreased by 

increasing frying number (P<0.05). But the 

decreases in antioxidant activity of SF between 

consecutive fryings were very closed, as the initial 

activity was low (P<0.05). Additionally, the 

antioxidant activities of the frying oils used  

for 0. and 7. frying process were statistically 

compared by using Student’s t-test for overall 

evaluation of frying process (Table 1). The 

antioxidant activities of the frying oils before 

frying process (frying number 0) followed the 

order: SF+F>SF+L>SF+P>SF (P<0.05). While the 

potential antioxidant activities of the enriched oils 

were compared with the control, the antioxidant 

activities of SF+F, SF+L and SF+P were calculated 

to be 70%, 68.6% and 45% higher than SF, 

respectively. The initial antioxidant activities 

significantly reduced to about 69%, 68%, 60% and 

50% for SF+L, SF+F, SF+P and SF after the final 

frying (7th frying) due to the oxidation, 

respectively.  

 

Figure 5. The antioxidant activities (DPPH%) of the frying oils with olive fruit, olive leave and olive 

pomace extract  

Şekil 5.  Zeytin meyvesi, zeytin yaprağı ve pirina ekstraktlı kızartma yağlarının antioksidan 

aktiviteleri (DPPH%) 
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The reason that a compound has higher binding 

capacity value is due to the ability to give too much 

hydrogen, and therefore it has higher antioxidant 

activity (Von et al. 1997; Kaya, 2009). Chiou et al. 

(2009), investigated oxidative stability of edible 

oils supplemented with olive leaf extract during 

pan-frying of french fries. Before and after addition 

of phenolic extracts, antioxidant capacity of both 

fresh and fried oil samples detected. For both fresh 

and fried oil samples, antioxidant capacities were 

found 1.5-6.9 times higher for enriched sunflower 

oils compared to the oils before enrichment. 

Aydeniz and Yılmaz (2012), studied to extend the 

usage life of oils with addition of plant phenolic 

extracts to canola oil. The doughs were fried in 

both the 

enriched and control oils for 7 days. The 

antioxidant capacities of control and treatment 

groups decreased by frying days. At the end of 

frying process, antioxidant capacity value of the 

enriched oil was higher than antioxidant capacity 

of control oil for first day. Antioxidant capacity of 

control oil as the trolox equivalent (TE) decreased 

from 103.9 to 56.33 µmol TE g-1 oil. Also, the 

antioxidant capacity of the enriched oil with olive 

leaf extract decreased, similarly with the present 

results. 

 

4. Conclusions  

Sunflower oil was enriched with three different 

phenolic extracts extracted from olive fruit, olive 

leaves and olive pomace to be observed the effects 

of these extracts on the performance of the frying 

oil during frying of potatoes. The enriched oils 

exhibited more DPPH radical scavenging activity 

percentages and so more antioxidant efficiency 

than the control oil. On the other hand, after 

fryings, the reduction of the percentages of DPPH 

radical scavenging activity was observed for all 

oils, but the protective antioxidant effects of the 

enriched oils were higher than that of the control. 

The extracts had positive effects on peroxide and 

free acidity which are basic parameters used for 

monitoring oxidative stability and rancidity 

deterioration of the oils, as well. It is concluded that 

the phenolic extract of the olive fruit resulted in 

better protection of the oil under the frying 

conditions than olive leave and olive pomace 

extracts. The results of this study show that natural 

phenolic extracts can enhance thermo-oxidative 

stability and shelf-life of vegetable oils. The 

enrichment of frying oils with phenolic extracts 

may retard the formation of oxidation products like 

conjugated diene and triene. Moreover, 

agricultural by-products such as olive leaf and 

olive pomace can be evaluated for regaining to 

food industry with health and economic benefits. 

The amounts of the extracts adding to the oils were 

kept constant to be observed the effects of the 

different phenolic sources on oxidative stability of 

oil in the present work. In further studies, the 

effects of adding different amounts of the extracts 

to frying oil on oxidative stability of oil should be 

investigated and which phenolics compounds are 

most effective on it.  

 

Table 1. The statistical comparison of the antioxidant activities (DDPH %) of the frying oils used for 

0. and 7. frying process 

Çizelge 1. 0. ve 7. kızartma işlemleri için kullanılan kızartma yağlarının antioksidan aktivitelerinin 
(DDPH %) istatistiksel olarak karşılaştırılması 

Frying Oil  Frying number 

 0  7 

SF+F  83.73±1.25 b, C  27.13±0.89 a, D 

SF+L  79.76±1.5 b, D  24.51±1.09 a, C 

SF+P  45.48±1 b, B  18.38±0.95 a, B 

SF  25.02±1.01 b, A  12.62±1.32 a, A 

n = 3 ± standard deviation; there is no statistically significant difference among the values indicated by the same letters 

(p>0.05). Series ‘a-b’ for comprasion of values in row and series ‘A and D’ for in the column 
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