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Abstract: In this study, Batem Pınarı, Interdonato, Meyer, and Ak Limon lemon cultivars were studied. 

Lemon peel’s essential oils were obtained by two different methods (hydrodistillation and cold 

pressing) during four different harvest periods for each cultivar. Essential oil content, density, 

refractive index, optical activity, and composition were evaluated. The highest essential oil amount 

was found in the Interdonato cultivar (2.54%) and the lowest in Ak Limon (1.37%). The highest 

density value was 0.8471 g/mL (Ak Limon) and the lowest was 0.8423 g/mL (Meyer). Essential oil 

densities obtained by cold pressing were higher than those obtained by hydrodistillation. The highest 

refractive index values were determined for Batem Pınarı and Meyer (1.4747), and the lowest were 

determined for Ak Limon (1.4740). The refractive index values obtained by cold pressing were higher 

than those obtained by hydrodistillation. Optical activity values were found to be highest in Ak Limon 

and lowest in Batem Pınarı, and higher following hydrodistillation than cold pressing. The essential 

oil compositions of the samples showed significant differences depending on the cultivar and isolation 

method. Limonene, the highest component proportionally, composed 76.0%–89.0% of samples. The 

highest limonene content was determined for Ak Limon (88.7%), and the lowest for Batem Pınarı 

(76.7%). Limonene content did not change significantly between hydrodistillation (82.2%) and cold 

press (82.2%) isolation methods. Findings show that there is significant variation in quality parameters 

of lemon peel essential oils. 
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1. Introduction 

Essential oils are generally obtained from the leaves, fruits, bark, or roots of plants. These are 

natural products that are present in liquid form at room temperature, can easily crystallize, are usually 

colorless or light yellow in color, and have a strong and aromatic odor [1]. Essential oils consist of a 

complex mixture of fragrant and volatile components found in secondary plant metabolism. Most of 

the components found in their structures are terpenoids, monoterpenes, and sesquiterpenes [2–4]. 

Citrus oils have an important place among essential oils. It is reported that the global Citrus oil 

production is approximately 16,000 tons and the global price is approximately 14,000 USD/ton [5]. 

Although Turkey holds an important position in the production of citrus fruits, it generally relies 

on imports for Citrus peel oils. However, Turkey has the potential to produce these oils domestically. 

Citrus peel oils are among the most significant essential oils imported by Turkey. According to 2022 

data, the total value of essential oil imports was 31,783,450 USD, with approximately 30% of this 

value consisting of citrus peel oils. When examining the total essential oil trade, excluding citrus fruits, 

the export value of 29,599,149 USD in 2022 surpasses the import value of 21,795,022 USD [6]. These 

data highlight the importance of domestic production of these products for the Turkish economy. Citrus 

essential oils are listed on the GRAS (Food Generally Recognized as Safe) list and are known for their 

broad-spectrum biological activities, including antimicrobial, antifungal, antioxidant, anti-

inflammatory, and anxiolytic [7–10]. Citrus peel oils can be obtained by hydrodistillation or cold 

pressing method [11–13] and are used in many areas such as cosmetics, perfumery, pharmaceutics, 

production of cleaning products [14–17], and the food industry [18–21]. 

The most important feature of citrus (orange, mandarin, bergamot, bitter orange) peel essential 

oils is their high limonene content, which varies widely from 36.54% to 96.10% [12]. Limonene is 

used on an industrial scale in many areas such as food, medicine, and cosmetics [22]. 

In Turkey, which has a major potential in terms of raw materials, the production of such products is 

significant for the country's economy. In addition, the utilization of citrus peels, which can be seen as waste, 

can also contribute to the development of the producer and processing industry. The quality of the obtained 

product will be determined by the Citrus cultivar, the harvesting time, and the processing method.  

The four cultivars studied in this experiment are very popular and appreciated in Turkey. For this 

reason, there is great interest in the physico-chemical composition of different parts of the fruit and its 

derivatives. The techniques and varieties of lemon cultivation were selected based on previous 

experiments, hoping to obtain a product with a more valuable organoleptic composition. This study 

aimed to reveal the characteristics and essential oil composition of lemon peel oils obtained by two 

different methods in four different harvest periods for a total of four cultivars, which have an important 

place among Citrus fruits. 

2. Materials and methods 

2.1. Plant material 

This research was carried out between 2021 and 2023 in the Aksu-central unit of the Batı Akdeniz 
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Agricultural Research Institute (Antalya, Turkey). Four lemon (Citrus limon, L) cultivars were used 

in the research. Each commercial cultivar was harvested in two production seasons (2021–2022 

and 2022–2023) covering four different harvest periods (Table 1). The products were obtained from 

the Citrus parcels of the Kayaburnu unit of the Batı Akdeniz Agricultural Research Institute. During 

the harvesting process, care was taken to take samples from four different components of each tree. 

The harvested fruit samples were brought to the Food Technology and Medicinal Plants Laboratory 

on the same day and analysis was started. 

Table 1. Lemon cultivars and harvest times. 

Harvest Batem Pınarı Interdonato Meyer Ak Limon 

1 01 Sep 2021/2022 01 Sep 2021/2022 20 Oct 2021/2022 20 Feb 2022/2023 

2 20 Sep 2021/2022 20 Sep 2021/2022 10 Nov 2021/2022 10 Mar 2022/2023 

3 10 Oct 2021/2022 10 Oct 2021/2022 30 Nov 2021/2022 30 Mar 2022/2023 

4 30 Oct 2021/2022 30 Oct 2021/2022 20 Dec 2021/2022 20 Apr 2022/2023 

First, fruit weight and peel ratio were analyzed. For this purpose, 10 fruits were used for each 

repetition, and each fruit and its peels were weighed to an accuracy of 0.01 g. Fruit weight and peel 

ratio were given by taking the average of all measurement values. 

2.2. Hydrodistillation (HD) process  

Essential oil production from fruit peels was carried out using two different methods. For the 

hydrodistillation process, the Clevenger apparatus was used, according to TS EN ISO 6571 [23]. For 

this, 200 mL of distilled water was added to 50 g of fresh fruit peel. The mix was homogenized (1 min, 

25 °C, 22,000 rpm) with a blender (Waring 8011ES, Model HGB2WTS3, USA) and then subjected to 

distillation using a Clevenger device (Isotex, Turkey) for 3 h. The amount of essential oils was given 

by the volume based on the weight of fresh fruit peel (mL/100 g, %). TS EN ISO 6571 Turkish 

Standard is identical to the relevant ISO standard. 

2.3. Cold press (CP) process  

The cold press method, which is also used in commercial production, was also used. The amount 

of essential oils was determined according to Kırbaslar et al. [24]. For this purpose, the flavedo part of 

the fruit peels, which is rich in essential oils, was grated and then subjected to manual pressing with a 

10 cm diameter seven-hole kitchen-type hand press. The resulting water–essential oil (volatiles) 

mixture was then separated by centrifugation at 15,294 × g for 20 min at 20 °C. The amount of essential 

oils was given by the volume based on the weight of fresh fruit peel (mL/100 g, %). 

2.4. Density, refractive index, and optical rotation  

The essential oils obtained were analyzed for density, refractive index, optical rotation, and 

essential oil composition, which are among the basic quality analyses specified in the European 

Pharmacopoeia. Density analyzes of the samples were determined according to the Turkish Standards 

Institute method of determining the density of essential oils using a capillary tube TS ISO 279 [25]. 
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Refractive index analyses were carried out according to TS ISO 280 [26]. Measurements were made 

at 20° using a digital refractometer (A. Krüss Optronic GmbH. DR6000). Optical rotation values were 

determined according to TS ISO 592 at 589.44 nm [27] using a polarimeter device (Optical Activity 

Ltd. PolAAR 31). TS ISO 279, TS ISO 280, and TS ISO 592 standards are identical to the relevant 

ISO standards and are used as the Turkish Standard. 

2.5. Essential oil composition  

The composition of essential oils (%) was determined by a gas chromatography (Agilent 7890A)-

mass spectrometry (Agilent 5975C)-flame ionization detector (GC-MS/FID) device [28]. For this 

purpose, samples were diluted with hexane at a ratio of 1:50. Essential oil component analysis of the 

samples was performed using a capillary column (HP Innowax Capillary; 60.0 m × 0.25 mm × 0.25 

μm). Helium was used as the carrier gas at a flow rate of 0.8 mL/min. Samples were injected at 1 μL 

with a split ratio of 50:1. The injector temperature was set to 250 °C. The column temperature program 

was set to 60 °C (10 min), 20 °C/min from 60 to 250 °C, and 250 °C (10.5 min). In line with this 

temperature program, the total analysis time was 60 min. For the mass detector, scanning range (m/z) 

35–500 atomic mass units and electron bombardment ionization 70 eV were used. WILEY and OIL 

ADAMS libraries were used to identify the components of the essential oils. Relative retention indices 

(RRI) of the compounds were determined relative to the retention times of a series of C8–C40 n-

alkanes (Sigma, USA). Relative ratio amounts (%) of the determined components were calculated from 

FID chromatograms without normalization. 

2.6. Statistical analyses  

The research was carried out with three replicates according to the randomized parcel trial design [29]. 

Analyses were carried out in two parallels and results were subjected to variance analysis (ANOVA) 

and Duncan multiple comparison test using the SAS package program. Results are given as mean ± 

standard error. 

3. Results 

The average values of fruit weights, fruit peel ratios, and peel essential oil amounts of the four 

lemon cultivars are given in Table 2. It was observed that the fruit weights generally increased, partially 

depending on the harvest time. According to fruit weight, the most suitable harvest time for Meyer and 

Interdonato cultivars was the third and fourth harvest period, while the fourth harvest time for Batem 

Pınarı and the second harvest time for Ak Limon were found to be the most suitable. Among lemon 

varieties, Ak Limon differs significantly from other varieties with its high peel rate (30.13%). 

Depending on the harvest time, the peel ratios varied among the varieties and were distributed within 

a narrower range. 

The essential oil amounts of the samples were obtained by two different methods, 

hydrodistillation and cold pressing, and the essential oil amounts were evaluated based on the values 

determined by the first method (Table 2). The effects of cultivar and harvest time and the interaction 

between variety and harvest time on the essential oil amount were statistically significant. The 

Interdonato cultivar had the highest amount of essential oils, followed by Batem Pınarı, Meyer, and 
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Ak Limon varieties. The highest amount of essential oils was detected in the samples taken at the 

second harvest time. However, this differs depending on the cultivar. The highest essential oil content 

was detected in the Interdonato variety obtained in the third harvest period. Batem Pınarı and Meyer 

varieties had the highest essential oil content in the second harvest period, and Ak Limon in the fourth 

harvest period (Table 2). 

Table 2. Fruit weight, peel ratio, and essential oil amounts of lemon cultivars according to 

harvest times (mean ± standard error). 

Cultivar Harvest Fruit weight  

(g/fruit) 

Peel ratio (%) Essential oil 

content (%) by CP 

Essential oil content 

(%) by HD 

Batem 

Pınarı 

1 103.13 ± 2.935 21.12 ± 0.770 0.21 ± 0.070 1.98c ± 0.195 

2 119.53 ± 8.865 21.19 ± 1.910 0.24 ± 0.030 2.47b ± 0.186 

3 130.41 ± 1.845 18.33 ± 1.325 0.26 ± 0.075 1.99c ± 0.035 

4 170.12 ± 13.230 19.62 ± 0.385 0.24 ± 0.050 1.98c ± 0.144 

Interdonato 

1 98.34 ± 2.940 19.43 ± 0.380 0.26 ± 0.030 2.60b ± 0.236 

2 118.16 ± 10.365 19.56 ± 0.375 0.29 ± 0.000 2.72ab ± 0.142 

3 149.08 ± 23.175 18.22 ± 1.780 0.31 ± 0.005 3.12a ± 0.073 

4 148.95 ± 22.180 19.92 ± 0.080 0.18 ± 0.050 1.70cd ± 0.058 

Meyer 

1 89.85 ± 10.075 19.71 ± 0.210 0.15 ± 0.005 1.23e ± 0.023 

2 115.96 ± 18.100 19.30 ± 0.430 0.17 ± 0.040 1.71cd ± 0.131 

3 139.42 ± 7.385 20.28 ± 0.850 0.16 ± 0.030 1.48de ± 0.144 

4 139.96 ± 3.035 20.09 ± 0.920 0.18 ± 0.005 1.29de ± 0.131 

Ak Limon 

1 108.29 ± 5.555 30.07 ± 2.400 0.32 ± 0.080 1.49de ± 0.038 

2 149.69 ± 5.760 29.19 ± 2.855 0.28 ± 0.050 1.32de ± 0.116 

3 126.93 ± 6.505 31.77 ± 4.500 0.22 ± 0.075 1.21e ± 0.172 

4 137.57 ± 2.245 29.48 ± 1.915 0.24 ± 0.020 1.47de ± 0.181 

F-value     17.64 

p-value     0.0001 

CV*     13.03 

Different letters in the same column indicate a difference between the means at the p < 0.05 level. *Coefficient of variation. 

Di Vaio et al. [30] found that the amount of essential oils in 18 lemon varieties ranged from 1.90% 

to 2.28%. Bourgou et al. [31] found that the amount of lemon peel essential oil varied (0.48%–1.30%) 

according to the harvest time. Vekiari et al. [32] also reported that the harvest time had a significant 

effect on the amount of lemon peel essential oils. Our research findings have shown a significant effect 

of cultivar and harvest time. Regarding the isolation method, the essential oil rate in the peels obtained 

by the hydrodistillation method was considerably higher (1.86%) than by the cold press method 

(0.23%). This was expected; Ferhat et al. [33] have shown that although there were differences 

depending on species and varieties, the yield obtained by cold pressing was significantly lower than 

by hydrodistillation. Mahato et al. [14] also reported that the hydrodistillation method is quite 
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advantageous compared to the cold press method in terms of efficiency in the production of Citrus 

peel oil. In fact, as seen in the analyses, a significant amount of essential oils remains in the peel waste 

obtained from industrial cold press applications. 

The density, refractive index, and optical activity values of essential oils obtained from lemon 

peels were also analyzed. ANOVA and Duncan test results for the four lemon varieties evaluated in 

the study, according to different harvest times and isolation methods, are given in Table 3 and Table 4. 

While the effect of the isolation method on the density values of lemon peel oils was statistically 

significant, the effect of cultivar, harvest time, and interactions was not. The density values ranged 

between 0.8341 and 0.8532 g/mL. Among the cultivars, the highest average density value was for Ak 

Limon (0.8471 g/mL) and the lowest was for Meyer (0.8423 g/mL). This difference between varieties 

may also be related to the chemical composition of the oils. There were some differences in the density 

values according to harvest times; however, these differences remained statistically insignificant. 

Density values showed the most significant difference according to isolation methods (Table 3 and 

Table 4). The density values of essential oils obtained by cold pressing were higher than those obtained 

by hydrodistillation. This may be due to the fact that oils obtained by cold pressing partially contain 

components with higher molecular weights, especially carotenoids and chlorophyll. In fact, Gonzalez-

Mas et al. [34] reported that there are components such as flavonoids, coumarins, diterpenoids, sterols, 

and fatty acids in the non-volatile parts of citrus oils. The density value range for lemon peel oil 

obtained by cold pressing is reported as 0.850–0.858 g/mL in the European Pharmacopoeia [35] and 

0.845–0.858 g/mL in ISO standards [36]. While the values obtained by cold pressing were compatible 

with the limit values, the density of the oils obtained by hydrodistillation was below these values. This 

may be due to the fact that the oils obtained by hydrodistillation consist only of volatile components. 

The refractive index values of the samples showed partial differences among the varieties. The 

refractive index value of the Ak Limon variety was statistically significantly lower than the other three 

varieties. The effect of harvest time on the refractive index remained insignificant (p > 0.05). Essential 

oil isolation methods had a significant effect on the refractive index (p < 0.05); it was significantly 

higher for the cold pressing method than hydrodistillation (Table 4). This may be due to the differences 

in the components in the oil content. The refractive index value for lemon peel essential oils obtained 

by cold pressing is 1.473–1.476 according to the European Pharmacopoeia [35] and 1.473–1.479 

according to ISO standards [36]. The refractive index values of the peel oils obtained by two different 

methods from four lemon cultivars in four different harvest periods were compatible with the reference 

values. 

Table 3. Analysis of variance results for density, refractive index, and optical activity values. 

 Density Refractive index Optical activity 

 Statistic F p-value Statistic F  p-value Statistic F  p-value 

Cultivar (C) 2.54 0.0740 6.50 0.0015 118.55 0.0001 

Harvest time (HT) 0.74 0.5381 0.23 0.8751 0.65 0.5889 

İsolation method (IM) 33.34 0.0001 389.30 0.0001 38.40 0.0001 

C × HT 0.91 0.5259 1.00 0.4631 0.78 0.6379 

C × IM 0.50 0.6833 3.14 0.0389 0.52 0.6700 

HT × IM 0.83 0.4876 0.43 0.7350 0.21 0.8909 

C × HT × IM 0.19 0.9932 0.45 0.8983 0.11 0.9991 

Coefficient of variation 0.6627 0.0350 3.0184 
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Table 4. Duncan multiple comparison test results of density, refractive index, and optical 

activity values of lemon peel essential oils according to cultivar, harvest time, and isolation 

method (mean ± standard error). 

 Batem Pınarı Interdonato Meyer Ak Limon 

Density (g/mL) 0.8455 ± 0.0016 0.8429 ± 0.0017 0.8423 ± 0.0015 0.8471 ± 0.0018 

Refractive index 1.4747a ± 0.0004 1.4744a ± 0.0004 1.4747a ± 0.0003 1.4740b ± 0.0003 

Optical activity (°) 72.24d ± 0.640 75.38c ± 0.714 82.59b ± 0.678 86.44a ± 0.764 

 Harvest 1 Harvest 2 Harvest 3 Harvest 4 

Density (g/mL) 0.8427 ± 0.0020 0.8447 ± 0.0021 0.8449 ± 0.0013 0.8454 ± 0.0012 

Refractive index 1.4745 ± 0.0004 1.4744 ± 0.0003 1.4745 ± 0.0003 1.4744 ± 0.0004 

Optical activity (°) 79.52 ± 1.744 79.60 ± 1.699 78.96 ± 1.526 78.58 ± 1.457 

 Hydrodistillation Cold-pressed 

Density (g/mL) 0.8404b ± 0.0010 0.8485a ± 0.0009 

Refractive index 1.4732b ± 0.0001 1.4757a ± 0.0001 

Optical activity (°) 81.02a ± 1.025 77.31b ± 1.118 

Different letters on the same line indicate a significant difference between the means at the p < 0.05 level. 

The optical activity values varied between 70.20° and 90.40° depending on the cultivar, harvest 

time, and isolation methods. The highest optical activity value was determined in Ak Limon, followed 

by Meyer, Interdonato, and Batem Pınarı cultivars. Regarding the harvest times, differences remained 

statistically insignificant. The optical activity of essential oils obtained by the hydrodistillation method 

was higher than those obtained by cold pressing. The optical activity of lemon peel essential oils, 

which is one of the most important quality criteria of essential oils, should range between +57° and 

+70° according to the European Pharmacopoeia when obtained by cold pressing [35] and between +66° 

and +78° for three different lemon types (obtained by cold-press) in ISO standards. In our study, the 

optical activity values for the Batem Pınarı and Interdonato varieties were compatible with these 

reference values, while the Meyer and Ak Limon varieties remained above these range values. This 

may be closely related to the composition of the peel oils. In fact, Ak Limon and Meyer varieties attract 

attention for their higher limonene content compared to the other two varieties. 

Essential oil compositions of the four lemon varieties were determined by the chromatographic 

method in order to reveal detailed quality characteristics according to harvest time and isolation 

method. Essential oil compositions for the lemon varieties Batem Pınarı, Interdonato, Meyer, and Ak 

Limon are given in Tables 5, 6, 7, and 8, respectively. 

Among the lemon cultivars evaluated within the scope of the study, 25 different components of 

Batem Pınarı were identified. The main component of all essential oils in all analyzed cultivars was 

limonene, which has a monoterpene structure. Limonene content for this cultivar ranged between 

76.0%–77.5%, depending on harvest time and isolation method. Batem Pınarı had the lowest average 

limonene content. It is known that limonene, which has different functional properties, is also 

determinant for the characteristic smell of Citrus fruits. Three other components that were 

proportionally higher in Batem Pınarı were γ-terpinene, β-pinene, and β-myrcene. Batem Pınarı 

(3.6%–5.1%) and Interdonato (2.7%–4.0%) varieties differed significantly from the other two 

regarding their high β-pinene content. There were some slight differences in the ratios of these 
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components and other essential oil components depending on the harvest time and isolation method. 

Table 5. Essential oil composition (%) of Batem Pınarı lemon variety according to harvest 

time and isolation method. 

Compound RRI Harvest 1 Harvest 2  Harvest 3 Harvest 4 

HD CP HD CP HD CP HD CP 

α-pinene 1030 1.4 1.1 1.6 1.2 1.5 1.2 1.5 1.3 

α-thujene 1133 0.4 0.3 0.4 0.3 0.4 0.3 0.3 0.3 

β-pinene 1122 4.8 4.1 4.7 3.6 4.7 4.0 5.1 4.8 

Sabinene 1132 1.0 0.8 0.9 0.8 0.9 0.9 1.0 1.0 

β-myrcene 1170 1.9 1.8 1.8 1.8 1.9 1.8 1.8 1.8 

α-terpinene 1187 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

Limonene 1214 76.0 76.2 76.4 77.5 77.3 76.9 76.5 76.7 

β-phellandrene  1223 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

β-ocimene 1242 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.1 

γ-terpinene 1260 9.4 9.5 9.3 9.3 8.9 9.4 9.1 9.2 

p-cymene 1285 0.2 0.1 0.1 - 0.2 - - - 

Terpinolene 1298 0.5 0.5 0.5 0.5 0.4 0.4 0.4 0.4 

Linalool 1549 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.1 

Bergamotene 1553 0.3 0.6 0.3 0.5 0.3 0.5 0.4 0.5 

Terpinen-4-ol 1595 0.2 - 0.2 - 0.1 0.2 0.2 0.2 

β-caryophyllene 1596 0.3 0.3 0.2 0.2 0.2 0.3 0.2 0.2 

α-humulene 1661 0.3 0.4 0.3 0.4 0.1 0.2 0.1 0.1 

(E)-β-farnesene 1663 0.3 0.3 0.3 0.3 0.1 0.1 0.1 0.1 

α-terpineol 1709 - - - - 0.1 0.1 0.1 0.1 

Neryl acetate 1734 0.3 0.5 0.4 0.5 0.5 0.7 0.5 0.6 

β-bisabolene 1746 0.5 1.0 0.5 0.9 0.5 0.9 0.6 0.9 

Geranial 1748 0.5 1.0 0.5 0.9 0.4 0.7 0.4 0.6 

Geranyl acetate 1764 0.2 0.3 0.2 0.2 0.3 0.4 0.4 0.4 

Nerol 1804 0.3 0.2 0.2 0.1 0.3 0.1 0.2 0.1 

Geraniol 1848 0.3 0.1 0.2 - 0.3 - 0.3 - 

Unidentified - 0.3 0.2 0.2 0.1 0.0 0.2 0.1 0.1 

HD: Hydrodistillation, CP: Cold-pressed. 
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Table 6. Essential oil composition (%) of Interdonato lemon variety according to harvest 

time and isolation method. 

Compound RRI Harvest 1 Harvest 2 Harvest 3 Harvest 4 

HD CP HD CP HD CP HD CP 

α-pinene 1030 1.3 1.0 1.3 1.1 1.5 1.1 1.3 1.2 

α-thujene 1133 0.3 0.3 0.4 0.3 0.4 0.3 0.3 0.3 

β-pinene 1122 3.2 3.3 3.6 2.7 3.6 3.1 4.0 3.5 

Sabinene 1132 0.6 0.7 0.7 0.6 0.7 0.7 0.8 0.7 

β-myrcene 1170 2.0 1.8 1.9 1.9 2.0 1.9 1.9 1.9 

α-terpinene 1187 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

Limonene 1214 79.5 78.2 78.6 79.8 79.9 79.6 79.2 79.0 

β-phellandrene 1223 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 

β-ocimene 1242 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

γ-terpinene 1260 8.3 9.0 8.6 8.5 8.3 8.6 8.3 8.6 

p-cymene 1285 0.1 0.1 0.1 - 0.2 - - - 

Terpinolene 1298 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 

Linalool 1549 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Bergamotene 1553 0.3 0.4 0.2 0.3 0.1 0.3 0.2 0.3 

Terpinen-4-ol 1595 0.1 - 0.2 - 0.2 0.2 0.2 0.2 

β- caryophyllene 1596 0.3 0.5 0.2 0.2 0.1 0.4 0.2 0.3 

α- Humulene 1660 0.3 0.2 0.3 0.4 0.1 0.1 0.1 0.1 

(E)-β-farnesene 1663 0.3 0.3 0.3 0.3 - 0.1 0.1 0.1 

Neryl acetate 1734 0.4 0.4 0.3 0.4 0.3 0.4 0.5 0.6 

β-bisabolene 1746 0.5 0.6 0.4 0.6 0.3 0.7 0.5 0.8 

Geranial 1748 0.5 0.9 0.5 0.8 0.4 0.6 0.3 0.5 

Geranyl acetate 1764 0.3 0.7 0.4 0.5 0.3 0.5 0.3 0.4 

Nerol 1804 0.2 0.2 0.3 0.2 0.2 0.2 0.2 0.1 

Geraniol 1848 0.2 0.1 0.3 - 0.1 - 0.2 - 

Unidentified - 0.3 0.1 0.0 0.1 0.2 0.2 0.2 0.2 

HD: Hydrodistillation, CP: Cold-pressed.  
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Table 7. Essential oil composition (%) of Meyer variety according to harvest time and 

isolation method. 

Compound RRI Harvest 1 Harvest 2 Harvest 3 Harvest 4 

HD CP HD CP HD CP HD CP 

α-pinene 1030 1.2 1.0 1.3 1.0 1.3 1.0 1.3 1.1 

α -thujene  1133 0.4 0.3 0.4 0.3 0.4 0.3 0.4 0.3 

β-pinene 1122 0.7 0.6 0.8 0.7 0.7 0.6 0.8 0.7 

Sabinene 1132 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

β-myrcene 1170 2.0 1.9 2.0 1.9 2.0 1.9 1.9 1.9 

α-terpinene 1187 0.2 0.1 0.2 0.1 0.2 0.1 0.2 0.2 

Limonene 1214 84.4 84.3 84.3 84.0 84.4 84.2 83.6 84.1 

1,8-cineole 1222 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.2 

β-phellandrene 1223 0.3 0.3 0.3 0.3 0.3 0.3 0.2 0.2 

β-ocimene 1242 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

γ-terpinene 1260 6.8 6.7 6.6 6.9 6.7 6.9 7.0 7.1 

p-cymene 1285 1.0 1.0 1.1 1.1 1.1 1.1 1.3 0.8 

Terpinolene 1298 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.4 

p-cymenene 1443 0.2 0.2 0.2 0.2 0.2 0.2 0.3 0.2 

Citronellal 1481 - 0.1 - 0.1 0.1 0.1 0.1 0.1 

Linalool 1549 0.2 0.2 0.2 0.2 0.2 0.1 0.2 0.2 

Bergamotene 1553 0.1 0.2 0.1 0.3 0.2 0.2 0.2 0.2 

β-elemen 1585 0.3 0.4 0.2 0.5 0.3 0.3 0.2 0.2 

Terpinen-4-ol 1595 0.1 0.1 0.1 0.1 0.1 0.2 0.2 0.2 

β-caryophyllene 1596 0.2 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

(E)-β-farnesene 1663 0.1 0.1 0.1 0.1 - 0.1 - - 

α-terpineol 1709 0.2 0.2 0.2 0.2 0.1 0.13 0.1 0.1 

Neryl acetate 1734 0.1 0.2 0.1 0.2 0.1 0.2 0.1 0.2 

β-bisabolene 1746 0.2 0.3 0.2 0.3 0.2 0.3 0.1 0.3 

Geranial 1748 - 0.1 0.4 0.1 0.1 0.2 0.1 0.2 

Unidentified - 0.8 0.9 0.4 0.7 0.6 0.7 0.8 0.7 

HD: Hydrodistillation, CP: Cold-pressed.  
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Table 8. Essential oil composition (%) of Ak Limon cultivar according to harvest time and 

isolation method. 

Compound RRI Harvest 1 Harvest 2 Harvest 3 Harvest 4 

HD CP HD CP HD CP HD CP 

α-pinene 1030 0.8 0.8 0.8 0.8 0.8 0.7 0.8 0.8 

α-thujene 1133 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

β-pinene 1122 0.3 0.3 0.3 0.3 0.4 0.3 0.4 0.4 

Sabinene 1132 0.1 0.1 0.1 0.1 0.1 0.2 0.1 0.2 

β-myrcene 1170 1.9 1.9 1.8 1.9 1.9 1.8 1.8 1.8 

Limonene 1214 89.0 88.7 88.8 88.6 89.0 89.0 88.8 87.6 

β-phellandrene 1223 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

γ-terpinene 1260 3.0 2.9 2.8 3.0 3.0 2.7 3.1 3.2 

p-cymene 1285 1.0 0.9 1.0 0.9 1.1 0.9 1.1 1.1 

Terpinolene 1298 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

p-cymenene 1443 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.4 

Citronellal 1481 0.9 1.3 1.1 1.3 1.0 1.2 0.9 1.3 

Linalool 1549 0.2 0.2 0.2 0.2 0.3 0.2 0.2 0.2 

α-bergamotene 1553 0.2 0.3 0.2 0.3 0.2 0.3 0.2 0.4 

β-caryophllene 1596 0.1 0.1 0.1 0.1 - - 0.1 0.1 

(E)-β-farnesene 1663 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 

α-terpineol 1709 0.1 - - - - - - - 

Germacrene D 1726 0.2 0.3 0.1 0.3 0.2 0.3 0.2 0.3 

β-bisabolene 1746 0.4 0.5 0.4 0.5 0.3 0.5 0.4 0.6 

Geranial 1748 0.3 0.3 0.2 0.3 0.1 0.2 0.1 0.3 

Citronellol 1772 0.3 0.2 0.3 0.2 0.4 0.2 0.4 0.2 

Unidentified - 0.2 0.4 0.4 0.4 0.2 0.4 0.3 0.5 

HD: Hydrodistillation, CP: Cold-pressed. 

Proportionally, the second most important component in lemon peel oils was γ-terpinene. After 

analyzing the ANOVA and Duncan multiple comparison test results, the γ-terpinene ratio showed a 

significant variation regarding cultivars (Table 9, Table 10). Batem Pınarı was the standout cultivar with 

its γ-terpinene content of 9.3%. This was followed by Interdonato, Meyer, and Ak Limon cultivars. 

There was an inverse proportion between the rate of this component and limonene content. The effect of 

harvest time and isolation method on this component ratio remained limited. 

There were some differences in other essential oil components of the cultivars, depending on the 

applications. Some other components found in proportionally high levels were α-pinene, β-pinene, and 

sabinene. Their proportions also varied depending on the cultivar, harvest time, and isolation method. 

Among these components, α-pinene showed a distribution in the range of 0.7–1.6; the highest was 

detected in the Batem Pınarı and the lowest in the Ak Limon variety. β-pinene was also detected at 

significant levels in lemon peel oils; it was highest in Batem Pınarı (3.63%–5.13%) and lowest in Ak 
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Limon cultivars (0.3%–0.4%). Sabinen, which is proportionally important in lemon peel oils, was 

widely distributed from 0.1% to 1.0%. The lemon cultivars examined within the scope of this research 

were generally rich in terms of components. While 25 components were identified in Batem Pınarı and 

Meyer varieties, 24 components were identified in Interdonato, and 21 components were identified in 

Ak Limon. In addition to the components evaluated, some differences were observed in their 

proportions depending on the cultivar, harvest time, and isolation method. However, these were very 

low, especially in the essential oil composition depending on the isolation method. 

Reference values for some component ratios have been specified in the European Pharmacopoeia. 

These components include limonene and γ-terpinene, with reference values of 56%–78% and 6%–

12%, respectively [35]. In ISO standards, limonene and γ-terpinene limit values are reported to be 

60%–80% and 6%–12%, respectively [36]. 

The statistical analysis of limonene, β-myrcene, and γ-terpinene components, which are 

proportionally higher in all samples according to cultivar, harvest time, and isolation method, are 

reported in Table 9 and Table 10. While the effect of variety and isolation method on the β-myrcene 

ratio of these components was significant, the effect of harvest time was not. Among the varieties, 

Meyer had the highest β-myrcene ratio, followed by Interdonato, Ak Limon, and Batem Pınarı cultivars. 

When the isolation methods were evaluated, the β-myrcene ratio obtained by the hydrodistillation 

method was higher than that by cold pressing. Regarding harvest times, there were almost no 

differences in β-myrcene ratios. Limonene had the highest proportion in lemon peel oils, being the 

characteristic component of Citrus peel essential oils. While the effect of the cultivar on the limonene 

content was statistically significant, the effect of harvest time and isolation method was not (Tables 9 

and 10). Limonene content significantly changed depending on the varieties; Ak Limon had the highest 

limonene content, followed by Meyer, Interdonato, and Batem Pınarı. No significant changes were 

detected in limonene, β-myrcene, and γ-terpinene ratios according to harvest time. According to the 

isolation method, the β-myrcene ratio was significantly higher in the essential oils obtained by 

hydrodistillation. 

Table 9. Analysis of variance results for β-myrcene, limonene, and γ-terpinene contents. 

 β-myrcene Limonene γ-terpinene 

 Statistic F p-value Statistic F  p-value Statistic F  p-value 

Cultivar (C) 41.85 0.0001 739.79 0.0001 1079.53 0.0001 

Harvest time (HT) 2.33 0.0930 1.94 0.1435 0.65 0.5898 

Isolation method (IM) 17.32 0.0002 0.15 0.7043 2.20 0.1474 

C × HT 0.86 0.5673 0.51 0.8533 0.65 0.7499 

C × IM 3.50 0.0264 0.57 0.6414 0.54 0.6560 

HT × IM 3.96 0.0165 0.80 0.5028 0.13 0.9419 

C × HT × IM 1.32 0.2665 0.68 0.7178 0.70 0.7042 

Coefficient of variation 1.7127 0.9533 4.9586 
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Table 10. Duncan’s multiple comparison test results of β-myrcene, limonene, and γ-

terpinene contents (%) of lemon peel essential oils according to cultivar, harvest time, and 

isolation method (mean ± standard error). 

Compound Batem Pınarı Interdonato Meyer Ak Limon 

β-myrcene 1.8b ± 0.011 1.9a ± 0.012 1.9a ± 0.011 1.8b ± 0.006 

Limonene 76.7d ± 0.204 79.2c ± 0.244 84.2b ± 0.109 88.7a ± 0.149 

γ-terpinene 9.3a ± 0.080 8.5b ± 0.105 6.8c ± 0.054 3.0d ± 0.065 

 Harvest 1 Harvest 2 Harvest 3 Harvest 4 

β-myrcene 1.9 ± 0.019 1.9 ± 0.016 1.9 ± 0.013 1.9 ± 0.012 

Limonene 82.0 ± 1.281 82.3 ± 1.178 82.5 ± 1.189 81.9 ± 1.164 

γ-terpinene 6.9 ± 0.649 6.9 ± 0.643 6.8 ± 0.634 6.9 ± 0.602 

 Hydrodistillation Cold-pressed 

β-myrcene 1.89a ± 0.011 1.86b ± 0.009 

Limonene 82.2 ± 0.857 82.2 ± 0.819 

γ-terpinene 6.8 ± 0.431 7.0 ± 0.449 

Different letters on the same line for each application indicate a difference between the averages at p < 0.05 level. 

Benoudjit et al. [37] found that the major components of lemon peel essential oils obtained by cold 

pressing were limonene (64.75%), γ-terpinene (11.72%), and β-pinene (11.24%). Kırbaslar et al. [38] 

determined that peel oils from cold-pressed Turkish lemons (Citrus limon (L.) Burm. f. contained high 

amounts of monoterpene hydrocarbons (89.9%), and its major components are limonene (61.8%), γ-

terpinene (10.6%), and β-pinene (8.1%). Paw et al. [39] determined that the major components in the 

chemical composition of essential oils obtained by hydrodistillation from the peel of Citrus limon L. 

Burmf grown in North East India are limonene (55.40%) and neral (10.39%) compounds. Owolabi et 

al. [40] determined that limonene (85.9%), sabinene (3.9%), and myrcene (3.1%) were the dominant 

components in the essential oils obtained by hydrodistillation of Citrus lemon dry peels grown in 

Nigeria. Aboubi et al. [41] determined that the main components of essential oils obtained by 

hydrodistillation in three different regions of Morocco were limonene (48.56%–53.44%), β-pinene 

(17.78%–17.37%), and γ-terpinene (12.81%–12.33%). Dao et al. [42] determined that the major 

components in the chemical composition of the essential oils obtained by hydrodistillation of lemon 

peel were limonene (62.17%), γ-terpinene (12.35), and β-pinene (11.72). Gök et al. [43] extracted the 

peel of Cyprus lemon (Citrus limon (L.) Burm. f.) by supercritical CO2 extraction (SFE), cold 

pressing (CP), and hydrodistillation (HD) methods. Limonene, γ-terpinene, and β-pinene were the 

major compounds in lemon extracts obtained by all three methods. Akarca and Sevik [44] determined 

the main components of Kütdiken lemon peel essential oil to be limonene (68.65%), γ-terpinene (10.81%), 

and β-pinene (7.74%). According to long-term data, it was reported that the limonene content of lemon 

peel oil was 59.57%–79.15% [45]. Brahmi et al. [10] analyzed lemon peel oils obtained by 

hydrodistillation and microwave-assisted hydrodistillation extraction methods; there were significant 

changes in the ratio of all components, including the main components limonene and γ-terpinene, 

depending on the extraction method. 

These data show that Batem Pınarı and, partly, the Interdonato varieties comply with the standards. 

Meyer and Ak Limon varieties attract attention with their higher limonene content. The data show that 
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there is a significant variation. It has been reported that many factors, such as genotype, origin, 

environment, extraction method, and degree of maturity, may be effective in this difference [5,13,46]. 

This reveals that the essential oils obtained by both methods may show similar functional properties. 

The data show that it would be useful to conduct studies depending on the intended use. 

4. Conclusions 

This research revealed that the lemon peel essential oil composition and some of its properties 

may vary depending on the cultivar, harvest time, and isolation method. When the essential oil amounts 

of the samples were evaluated, there were significant differences between cultivars—the Interdonato 

variety had the highest value. This also varied depending on the harvest time of the samples. The 

density, refractive index, and optical activity values of the analyzed essential oils showed significant 

differences depending on the variety and isolation method. Regarding the essential oil composition, 

the number of components detected and their ratio differed depending on the cultivar and harvest time. 

When a general evaluation was made, the differences in component ratios determined according to the 

isolation method remained statistically insignificant. The main component in all samples was limonene, 

ranging in proportion from 76.0% to 89.0%. The limonene content of Batem Pınarı and Interdonato 

varieties was generally consistent with the literature. On the other hand, the limonene content of Meyer 

and Ak Limon varieties differed from the literature and standard data (ISO, European Pharmacopeia). 

In particular, Ak Limon had higher limonene content than the other varieties and standard reference 

values. Therefore, Ak Limon may make a difference in terms of functional properties depending on 

the area of use. The findings obtained here show that there is a variation in lemon peel oils. Particular 

attention should be paid to cultivar selection and isolation methods, depending on the area of use. 
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