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ABSTRACT 
 
In this study, the effect of harvest time on various quality characteristics of natural oils 

obtained from Kilis yağlık variety olives was determined. Free fatty acid (FFA), acid number, 

peroxide value, iodine number, refractive index, color, total phenol (Folin Ciocalteu) and 

antioxidant capacity (DPPH) values were determined in olive oils. Volatile compounds in 

olive oils were obtained by solid phase microextraction (SPME) and detected by gas 

chromatography-mass spectrometry (GC-MS). It was determined that %FFA and peroxide 

values increased as the harvest time progressed. Similar to the total phenol content 

determined as 516.61 mg GAE L-1 in early harvest and 77.70 mg GAE L-1 in normal harvest, 

antioxidant capacities also decreased with ripening. A total of 37 different volatiles were 

determined in olive oils, and a decrease in aldehyde ratio and an increase in alcohol and 

acid ratios were detected with ripening. While the rate of pleasant compounds (hexanal, α-

farnesene, etc.) was high in early harvest olive oil, an increase in the rate of off-flavor 

compounds (acetic acid, nonanal, etc.) was observed in normal harvest olive oil. It has been 

determined that harvest time is an important factor in olive oil quality. 

 
Key Words: Olive oil, early harvest, bioactive properties, aroma composition, quality 
 
ÖZ 
 
Bu çalışmada, Kilis yağlık çeşidi zeytinlerden elde edilen doğal yağların çeşitli kalite 

özellikleri üzerine hasat zamanının etkisi belirlenmiştir. Zeytinyağlarında serbest yağ asitliği 

(FFA), asit sayısı, peroksit sayısı, iyot sayısı, kırılma indisi, renk, toplam fenol miktarı (Folin 

Ciocalteu) ve antioksidan kapasitesi (DPPH) belirlenmiştir. Zeytinyağlarında bulunan aroma 

maddeleri katı faz mikro ekstraksiyon (SPME) ile elde edilmiş ve gaz kromatografisi-kütle 

spektrometrisi (GC-MS) aracılığıyla tespit edilmiştir. Hasat zamanı ilerledikçe %FFA ve 

peroksit sayısı değerlerinin artış gösterdiği tespit edilmiştir. Toplam fenol madde miktarı 

erken hasatta 516.61 mg GAE L-1, normal hasatta 77.70 mg GAE L-1 olarak belirlenirken; 

antioksidan kapasiteleri de olgunlaşmayla düşüş götermiştir. Zeytinyağlarında toplam 37 

farklı uçucu bileşik belirlenmiş olup, olgunlaşma ile aldehit oranında düşme, alkol ve asit 

oranlarında artış tespit edilmiştir. Erken hasat zeytinyağında hoş kokulu bileşiklerin 

(hekzanal, α-farnesen vb.) oranı daha fazla iken normal hasat zeytinyağında istenmeyen 

bileşiklerde (asetik asit, nonanal vb.) artış görülmüştür. Zeytinyağı kalitesinde hasat 

zamanının önemli bir faktör olduğu belirlenmiştir.  
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Introduction 

 

Olive (Olea europea L.) is one of the plants 

frequently grown in Mediterranean weather. 90% 

of the olives produced in the world are processed 

for oil (Gündeşli and Küden, 2020). Olive oil is the 

oil obtained from olive tree fruits by physical 

methods. Natural olive oils are oils that can be 

consumed without chemical processing 

(unrefined) (García-Vico et al., 2017; Perestrelo et 

al., 2017). The term early harvest olive oil is used 

for olive oils obtained by using olives of various 

ripeness, from green to pink, at the beginning of 

the olive harvest season (September-October) 

(Dıraman and Dibeklioğlu, 2009). The mono and 

polyunsaturated fatty acid ratios of early harvest 

olive oils are optimal, and the amounts of 

important compounds such as phenol, tocopherol 

and chlorophyll are high (Dag et al., 2011).  

Considering its nutritional and health benefits, 

olive oil has an important place among animal 

and vegetable oils (Kılıç, 2020). Olive oil, one of 

the products of the Mediterranean diet, is 

frequently preferred by consumers due to its 

bioactive properties and unique aroma (Armutçu 

et al., 2013; Kiralan et al., 2021; Zarrouk et al., 

2008). Olive oil gains its bioactive properties from 

substances such as phenolic compounds it 

contains and the antioxidant effects of these 

substances (Armutçu et al., 2013; Çakmak Arslan, 

2022; Zarrouk et al., 2008). Phenolic compounds 

are also responsible for the sensory properties of 

olive oil, such as bitterness, astringency, and 

pungency (Büyükgök and Saygın Gümüşkesen, 

2017). The main phenolic compounds found in 

olive oil are tyrosol, hydroxytyrosol, oleuropein, 

shikimic acid, coumaric acid, caffeic acid, and p-

ferulic acid (Boskou, 2006). The fact that olive oil 

is rich in unsaturated fatty acids such as oleic acid 

also contributes to its bioactive properties 

(Perestrelo et al., 2017).  

Aroma is one of the important parameters 

affecting the sensory properties of olive oil. The 

aroma of olive oil is composed of approximately 

200 compounds, including groups such as 

aldehydes, esters, terpenes, ketones, alcohols, 

and hydrocarbons (Kesen et al., 2013; Kiritsakis, 

1998). 50-75% of the compounds in olive oil 

aroma are from the aldehydes group (Kiritsakis, 

1998). C-5 and C-6 compounds in olive oil are 

formed through the lipoxygenase chain reaction, 

and these compounds are responsible for the 

characteristic aroma of olive oils (Zarrouk et al., 

2008). The main aroma substances found in olive 

oils include hexanal, (E)-2-hexenal, (Z)-3-hexen-1-

ol, and 1-hexanol (Kiritsakis, 1998). The 

compounds responsible for the aroma of olive oil 

are affected by factors such as harvest, storage, 

variety, maturity, growing conditions, and 

processing technique (Kılıç, 2020).  

The olive varieties with high production 

potential in Kilis province are Kilis yağlık and 

Gemlik. No study has been found in the literature 

regarding the aroma of early harvest Kilis yağlık 

olive oil. The aim of this study is to determine 

some properties of early and normally harvested 

Kilis yağlık natural olive oils. It is aimed to 

determine the physical, chemical, and bioactive 

compounds and properties of natural olive oils as 

well as aroma composition. Within the scope of 

the study, the changes caused by the harvest time 

in olive oils were examined. 

 

Materials and Methods 

 

Materials 

Early harvest (October) and normal harvest 

(November) olive oils obtained from the 2022 

crop were supplied from an olive oil factory in 

Kocabeyli village of Kilis province. The samples 

were kept in a dark, cool place and packaged until 

analysis. Analyzes were performed in triplicate 

and the results are given as mean±standard 

deviation. 

 

Quality analysis  

The peroxide value of the oils was determined 

titrimetrically according to the AOCS (Cd 8-53), 

iodine number AOCS (Cd 1-25), FFA, and acid 

number AOCS (Cd 3d-63) methods. The refractive 

index was read according to the AOCS (Cc 7-25) 

method with an Abbe refractometer (Soif WYA-
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2S, China). L*, a*, and b* values were determined 

using the Konica Minolta Chroma Meter (CR-400, 

Japan) color measurement device with the AOCS 

(Cc 13e-92) method (AOCS, 1997). Hue (Hue˚) and 

chroma (ΔC*) values were calculated using the 

formulas below (Artes et al., 2002). 

Hue˚= arctg(b*/a*) (1) 

ΔC*= (a*2 +b*2)1/2 (2) 

 

Total phenol and antioxidant capacity  

For the analysis of total phenol content and 

antioxidant capacity, the extraction process was 

performed according to Sousa et al. (2014). After 

adding 2.5 mL hexane and 2.5 mL methanol-water 

(80:20 v/v) to the olive oils (4 mL), the mixture 

was centrifuged for 10 min. The extraction 

process was repeated twice by removing the 

upper phase. The total phenol content of the oil 

extracts obtained was determined 

spectrophotometrically at 760 nm (Shimadzu UV-

1700, Japan) using the Folin Ciocalteu colorimetric 

method, and the results are given as mg GAE L-1 

(Singleton et al., 1999). The antioxidant capacity 

of the oils was determined 

spectrophotometrically according to the 

DPPH*(2,2-diphenyl-1-picrylhydrazyl) radical 

scavenging capacity method. The extract (150 μL) 

and DPPH solution (2850 μL) were kept in the 

dark for 24 h, and absorbance was measured at 

515 nm. Results were calculated as trolox 

equivalent (µmolTE mL-1) (Thaipong et al., 2006). 

 

Determination of aroma composition  

The extraction of aroma compounds in natural 

olive oils was determined using the SPME 

technique with modifications to the method of 

Szkudlarz et al. (2003). Oil samples were placed in 

20 mL vials, and adsorption of volatile compounds 

was achieved at 45°C for 50 min using 

divinylbenzene carboxen polydimethylsiloxane 

fiber (50/30 μm, 2 cm, DVB/CAR/PDMS, Supelco 

Inc., USA). Separation of aroma substances was 

carried out using a DB-HeavyWax column (60 m x 

0.25 mm x 0.25 μm) on a Shimadzu GC-MS-

QP2020 (Kyoto-Japan) mass spectrophotometer 

connected to a Shimadzu GC-2010 Plus (Kyoto-

Japan) gas chromatograph. Injection temperature 

is 250°C. Oven temperature: It was brought from 

40°C to 80°C by increasing 3°C per minute and 

held for 1 minute, and then it was brought to 

240°C by increasing 5°C per minute and held for 6 

minutes. The flow rate of helium used as carrier 

gas is 1.05 mL min-1. Peaks; were identified by 

comparing with mass spectra in Wiley 7.0, NIST-

98, and Flavor 2L libraries, and aroma compounds 

of olive oil samples were given as % peak area. 

Analyses were performed in triplicate. 

 

Results and Discussions 

 

Physical and chemical properties of natural 

olive oils  

The physical and chemical properties of olive 

oils are among the factors that determine the 

quality of olive oil and are affected by the 

maturity level of the olive. The %FFA, acid, and 

peroxide values of early harvest natural olive oil 

were found to be significantly lower than natural 

olive oil (Table 1). This is an expected situation, as 

it is known that the oil content of early harvested 

olives is low, but the oil is of superior quality and 

is not subject to spoilage reactions. Free fatty 

acidity is an important factor in the classification 

of olive oils. According to the Turkish Food Codex 

Communique on Olive Oil and Pomace Oil, early 

harvest olive oil meets the 0.8% free fatty acidity 

criterion of natural extra virgin olive oil, while 

normal harvest olive oil exceeds this limit and is 

classified as natural first olive oil (Anonymous, 

2017). According to the communique, the upper 

limit value of the peroxide number, which 

provides information about the degree of 

oxidation, is 20 meq O2 kg-1. This value was 

achieved in olive oils from both harvest periods. 

The number of free fatty acids and peroxides 

affected by enzymatic activities increases 

depending on harvest time and fruit maturity 

(Mele et al., 2018). FFA values of Kilis yağlık olive 

oils obtained from different years and locations 

varied between 0.33-0.86% and peroxide values 

between 2.33-6.85 meq O2 kg-1 oil (Arslan and 

Özcan, 2014). Kıralan et al. (2009) reported the 
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FFA value of Kilis yağlık olive oil as 0.41% and the 

peroxide number as 6.24 meq O2 kg-1 oil. Piscopo 

et al. (2018) found that the FFA value and 

peroxide number of olive oils obtained from the 

Grossa di Gerace variety were 0.39% and 5.77 

meq O2 kg-1 in the early harvest period; they 

reported it as 1.01% and 7.81 meq O2 kg-1 during 

the normal harvest period. %FFA and peroxide 

values in the literature were found to be 

compatible with the study. Erdoğan (2020) 

supported the conclusion that ripening causes an 

increase in acidity by stating the FFA values of 

Kilis yağlık olive oil in 6 different maturity periods 

as 0.40, 0.55, 0.66, 0.58, 0.93, and 0.98%. FFA is 

produced by the oxidation of aldehydes contained 

in aroma substances. While these aldehydes 

decrease with ripening, free fatty acidity 

increases (Sadeghi et al., 2019). The results of the 

current study support this situation. 

The iodine amount in olive oils was 

determined to be higher in early harvest. The 

iodine number in oils provides information about 

the saturation and unsaturation values of the oil. 

The decrease in iodine number is attributed to 

the destruction of double bonds as a result of 

oxidation and polymerization (Alireza et al., 

2010). It is possible to say that early harvest olive 

oil has not been oxidized and thus has a higher 

iodine binding capacity. The refractive index of 

normal harvest olive oil was determined to be 

higher. The refractive index of oils is affected by 

the degree of saturation and the presence of 

conjugated double-bonded fatty acids (Arya et al., 

1969). 

 

Table 1. Physical and chemical properties of natural olive oils 

 
Early harvest 

natural olive oil 
Normal harvest               
natural olive oil 

FFA (oleic acid%) 0.26±0.00 1.54±0.00 

Acid number 0.51±0.00 3.06±0.00 

Peroxide value (meq O2 kg-1) 5.43±0.31 11.29±1.01 

Iodine number 85.80±4.02 79.74±4.54 

Refractive index 1.4683±0.00 1.4696±0.00 

L* 14.64±0.27 19.08±0.42 

a* 1.96±0.10 2.42±0.15 

b* 1.29±0.16 1.73±0.11 

∆C* 2.35±0.16 2.98±0.12 

Hue˚ 33.34±2.54 35.65±2.73 

 

L*, a*, b* values and ∆C* and Hue˚ results 

calculated from these values were determined to 

be higher in normal harvest natural olive oil. The 

increase in L* value indicates that normal harvest 

natural olive oil is lighter in color. A low a* value 

in early harvest olive oil indicates a greener oil 

color. A high b* value indicates that normal 

harvest natural olive oil is more yellow. These 

changes are attributed to the decrease in 

carotenoid and chlorophyll content with ripening 

in olives (Arslan and Özcan, 2014). Both color 

tone and color saturation were determined to be 

higher in normal harvest natural olive oil. 

Piscopo et al. (2018), L*, a*, and b* values in 

olive oils were 7.67, 0.63, and 2.67, respectively, 

in the early harvest Carolea variety; 7.65, 0.52, 

and 2.45 in the normal harvest Carolea variety; 

7.36, 0.83, and 3.19 in the early harvest Grossa di 

Gerace variety. They stated that the values were 

7.81, 0.78, and 2.90 in the normal harvest Grossa 

di Gerace variety. 

 

Bioactive Properties of Natural Olive Oils  

Phenolic compounds, which eliminate the 

negative effects of free radicals, contribute to 

oxidative stability. Phenolic compounds, which 

are an important quality criterion in this respect, 

also affect color, flavor, and sensory properties. 

The total phenol content of early harvest natural 

olive oil was determined to be approximately six 

times higher than that of normal harvest natural 

olive oil (Table 2). Similar to the total phenol, the 

DPPH antioxidant capacity of early harvest natural 

olive oil was found to be much higher. It has been 
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stated in the literature that there is a parallelism 

between the total amount of phenolic substance 

and antioxidant capacity (Piscopo et al., 2018). It 

has been determined that early harvest has a high 

effect on the bioactive properties of natural olive 

oil. This is an expected situation, as there are 

differences in the composition of olives with early 

harvest. 

 

Table 2. Bioactive properties of natural olive oils 

 
Early harvest natural olive    

oil 
Normal harvest natural olive 

oil 

Total phenol (mg GAE L-1) 516.61±3.74 77.70±2.27 

DPPH (µmol TE mL-1) 787.80±4.93 280.27±1.92 

 

Rotondi et al. (2004) reported that the phenol 

content of olive oils decreased with ripening, 

decreasing from 441 mg GAE kg-1 to 209 mg GAE 

kg-1. Skevin et al. (2003) determined the total 

phenol amount as 193-387 in early harvest olive 

oils and 91-173 mg caffeic acid kg-1 oil in normal 

harvest. Piscopo et al. (2018) reported that the 

amount of phenolic substance and antioxidant 

capacity in oils obtained from two different types 

of olives changed depending on the harvest time. 

In early harvest olive oils, the total phenol 

amount is 337 and 453 mg GAE kg-1 and DPPH 

capacity is 24.47 and 33.66%; in normal harvest 

olive oils, the total phenol amount is 269 and 353 

mg GAE kg-1 and DPPH capacity is 16.68 and 

23.13%. It is also supported by these studies in 

the literature that the total phenol amount 

decreases with fruit ripening. Total phenol 

amount of olive oilsvaries depending on the 

variety, harvest year, harvest time, processing, 

and growing conditions (Büyükgök and Saygın 

Gümüşkesen, 2017). It is thought that the 

differences in the amount of phenol substances in 

the literature are due to these factors. 

 

Aroma compounds of natural olive oils 

Volatile and semi-volatile compounds 

determine sensory characteristics, and aroma is a 

very important quality criterion for olive oil. A 

total of 29 different aroma compounds, including 

9 aldehydes, 7 terpenes, 5 alcohols, 4 acids, 2 

esters, 1 hydrocarbon, and 1 ketone were 

detected in early harvest natural olive oil, and 35 

different aroma compounds, including 9 

aldehydes, 8 terpenes, 6 alcohols, 5 acids, 4 

esters, 2 ketones, and 1 hydrocarbon, were 

detected in normal harvest natural olive oil (Table 

3). 

Adehydes constitute the main aroma 

component group of olive oils (Kesen et al., 2013). 

The main aldehyde compounds in all oil samples 

were (E)-2-hexenal, hexanal, (E)-2-heptanal, and 

nonanal. A decrease is observed in many of the 

aldehydes produced with ripening in olives (da 

Silva et al., 2012). This decrease in aldehydes was 

also determined within the scope of the study. 

Since aldehydes are found in higher amounts in 

early harvest olive oils, green, grass, fruit, and raw 

odour are felt to be more dominant in these oils. 

Karagoz et al. (2017) support the study by stating 

that hexanal content decreases from 39.8% to 

16.6% with ripening in olive oil. The ratio of 

hexanal/nonanal aldehydes gives information 

about the oxidation state. If this ratio falls below 

2, it indicates that the oil is oxidized (Kesen et al., 

2013). Both early harvest and normal harvest 

olive oils remained above the value of 2, showing 

that they were of good quality. 

Volatile alcohols produced by the action of the 

alcohol dehydrogenase enzyme contribute 

significantly to the aroma of olive oil (Kesen et al., 

2013). Alcohols found in high amounts in olive oils 

are (Z)-3-hexen-1-ol, 1-hexanol, and 1-penten-3-

ol. The amount of volatile alcohol in olive oils 

increased with ripening. In a study conducted in 

Spain, the study was supported by reporting that 

the amount of 1-hexanol increased as the harvest 

time progressed (Gomez-Rico et al., 2009). Since 

1-hexanol is formed by the transformation of 

hexanal, it is considered normal that aldehydes 

decrease and alcohols increase. Arapoglou (2010) 

reported that an increase in alcohol was observed 
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with ripening in oils obtained from Throumbolia 

and Koroneiki olive varieties.  

 

 
Table 3. Aroma compounds of natural olive oils (%) 

RT* Aroma group Aroma description Aroma 
compounds 

Early harvest 
natural olive oil 

Normal harvest 
natural olive oil 

11.441 Aldehyde Grass, fruit Hexanal 16.25±2.20 9.97±0.54 

17.430 Alcohol Green, vegetable 1-Penten-3-ol 1.81±0.15 2.25±0.03 

18.886 Aldehyde Green, leaf (E)-2-Hexenal 19.30±4.26 16.82±1.10 

20.453 Hydrocarbon Fruit, grass (E)-5-Octadecene n.d. 1.82±0.45 

20.868 Ketone Plant, fruit, mushroom 3-Octanone n.d. 1.98±0.26 

21.933 Ester Fruit, dessert, pear Hexyl acetate 0.55±0.03 0.91±0.15 

22.603 Aldehyde Waxy, orange, 
herbaceous 

Octanal 
1.87±0.22 0.68±0.05 

24.171 Aldehyde Green, oily (E)-2-Heptenal 9.80±2.10 6.69±0.50 

24.807 Ketone Grass, fresh, plant Methyl heptenone n.d. 1.77±0.11 

25.390 Hydrocarbon - (Z)-1-Ethyl-2-
methylcyclopentane 

2.36±0.20 n.d. 

26.350 Alcohol Fruit, alcohol 1-Hexanol 5.03±0.75 5.39±0.06 

26.572 Ester Oily, green 1-Octen-3-ol acetate n.d. 0.78±0.25 

27.437 Alcohol Green, fruit (Z)-2-Hexen-1-ol 1.20±0.27 1.80±0.11 

27.620 Alcohol Grass, banana (Z)-3-Hexen-1-ol 8.90±1.05 9.40±1.12 

28.135 Aldehyde Waxy, orange peel Nonanal 1.97±0.96 2.88±0.51 

27.970 Ester Fruit, waxy Hexyl butanoate 2.85±0.10 1.71±0.26 

28.430 Aldehyde Fruit, soap, oily (E)-2-Octenal 0.30±0.05 0.15±0.10 

29.026 Alcohol Earthy, mushroom 1-Octen-3-ol n.d. 0.73±0.41 

29.678 Acid Sour, vinegar Acetic acid 3.47±0.56 4.98±0.54 

30.645 Aldehyde Fatty, vegetable (E,E)-2,4-Heptadienal 2.40±0.10 0.40±0.08 

31.665 Terpene Woody, spice, honey α-Copaene 3.23±0.58 3.05±0.13 

32.037 Aldehyde Oily, grass (E)-2-Nonenal 0.10±0.00 0.09±0.08 

32.209 Terpene Citrus, flower Linalool 2.03±0.73 1.77±3.56 

32.674 Ester Sweet, bergamot Linalyl acetate n.d. 0.94±5.47 

33.275 Ketone - 4-Methyl-3-octanone 2.72±0.06 n.d. 

34.130 Terpene Flower Lavandulol 2.51±0.64 2.22±2.25 

35.240 Aldehyde Oily, earthy (E)-2-Decenal 1.63±0.26 1.04±0.20 

35.712 Terpene Citrus, sweet (Z)-β-Farnesene 0.30±0.17 0.29±0.10 

35.775 Acid Butter, sharp Butanoic acid 1.94±0.40 2.50±0.72 

36.588 Terpene Flower α-Terpineol 0.10±0.02 0.90±0.50 

37.895 Terpene Orange, lavender, 
green 

α-Farnesene 
1.10±0.11 0.67±0.20 

38.178 Terpene Flower, citrus Citronellol n.d. 1.74±0.45 

40.185 Terpene Flower, sweet Geraniol 0.21±0.00 1.57±0.25 

41.355 Acid Sweet, sharp Hexanoic acid n.d. 1.98±0.14 

41.955 Alcohol Flower, rose, orchid Phenylethyl alcohol 0.50±0.04 1.82±0.02 

46.180 Acid Oily, rancid Octanoic acid 1.82±0.86 2.94±0.93 

48.430 Acid Cheese Nonanoic acid 3.78±1.10 5.38±0.03 

*RT: Retention time, n.d.: Not detected. Aroma descriptions taken from https://www.thegoodscentscompany.com/.

 

With maturation, the aroma composition of 

olive oil changes and undesirable volatile 

compounds increase. Butanoic, hexanoic, and 

acetic acid rates increase with autooxaidation and 

fermentation of olive oils (Gonzalez and Aporico, 

2013). An increase in the rates of acids 

determined in the study was also observed. 

Volatile composition of olive oils is affected by 
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many factors such as variety, region, maturity 

level, harvesting and processing method, storage 

time and conditions, and aroma extraction 

method (da Silva et al., 2012). The differences 

between literatures arise from these factors. 

 

Conclusions 

This study was conducted to determine the 

physical, chemical, bioactive properties, and 

volatile compounds of olive oils obtained from 

the Kilis yağlık variety at different harvest times. 

Free fatty acidity and peroxide value were 

determined to be lower, and physical properties 

were superior in early harvest olive oil. It was 

observed that the total phenol and therefore the 

antioxidant capacity decreased with ripening. 

Aroma composition is an important quality 

criterion because it affects the sensory properties 

of olive oil. It has been determined that the rate 

of pleasant smelling compounds such as green, 

grass, fruits, and vegetables is higher in early 

harvest olive oil. It has been determined that 

undesirable aroma compounds occur or increase 

in olive oil with ripening. Olives need to be 

processed at the optimum harvest time, where 

they provide both high oil yield and high quality 

(high bioactive properties, desired aroma) oil that 

can be obtained from olives. It is thought that the 

harvest time of the study will be a reference to 

evaluate the quality criteria of olive oil. 
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