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 Vegetable extract oils are now widely used in health, cosmetics and food fields. The 

oxidation rates of these industrial oils are closely related to their chemical composition. In 

this study, fatty acid contents of St. John’s Wort (Hypericum perforatum) oil and Nettle 

seed (Urtica dioica) oil were investigated by gas chromatography (GS-MS) and the 

effects on lipid peroxidation time were tried to be related. The peroxidation of oil 

emulsions was carried out at in a ventilated incubation environment 37°C and pH 7.  

Pseudo first order constants of primer oxidation products (hydroperoxides) were 

calculated by Fe (III) SCN method and they found for St. John’s Wort oil and Nettle seed 

oil, (2.05±0.23)×10-1 and (6.64±0.54)×10-1 hour-1,respectively. This study was conducted 

by showed that the oxidation rates of St. John’s Wort and Nettle seed oils are closely 

related to the chemical composition as well as the saturation ratings of fatty acids. 
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Introduction 

Aromatic plants, which have been a source of essential 

oils since ancient times, are of great interest and are added 

to different food types to enhance their taste and 

organoleptic properties (Kelen and Tepe, 2008). In recent 

years, these substances are generally considered as food 

and medicine and are used worldwide for preventive and 

curative treatments. Today many aromatic plants are 

regarded as an important source for the extraction of 

compounds with potent antioxidant activity (Bozin et al., 

2007). Especially the antioxidant activities of vegetable 

oils and extracts have been the basis of many applications 

including raw and processed food preservation, 

pharmaceuticals, alternative medicine and natural 

therapies (Kelen and Tepe, 2008). Although nutritional 

experts appreciate the high levels of unsaturation of fatty 

acids found in vegetable oils, they cause serious 

technological problems due to their greater susceptibility 

to oxidation (Kowalski, 2007). 

Urtica dioica is an indigenous plant in Europe and 

Asia and contains flavonoids, polysaccharides, 

chlorophyll, carotenoids, tannins, formic acid, salicylic 

acid, carvacrol and thymol. Many times until this time, it 

has been reported that the nettle (Urtica dioica) has 

anticancerogenic, anti-inflammatory, antioxidant, ant 

analgesic, antiulcer, antiviral, antibacterial and antifungal 

activities (Binaii et al., 2014; Kanter et al., 2003; 

Riehemanna et al., 1999). Urtica dioica has been shown 

to have a strong antioxidant activity and its seeds have 

been reported to be protective against hepatotoxicity 

(Yener et al., 2009; Kanter et al., 2005; Skerget et al., 

2005). Urtica dioica herbs are used to treat stomach pain, 

rheumatic pain and colds and coughing in Turkish folk 

medicine (Gülçin et al., 2004). Monfared et al. (2011) 

showed that the extract of Urtica dioica may be 

considered as an antioxidant to be added to edible oils.  

Hypericum perforatum, commonly known as Saint 

John’s Wort, is widely used in hot spots worldwide and is 

traditionally used as a medicinal plant in the 

Mediterranean region (Smelcerovic et al., 2007; 

Radusienea et al., 2005). It has been investigated that 

treatment of mild to moderate depression is effective in 

anxiety and insomnia problems (Schwob et al., 2004). 

Commercially available H. perforatum products are said 

to have a wide range of applications. The medical 
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properties of H. perforatum have been associated with the 

phenolic composition. H. perforatum contains many 

polyphenolic compounds, including ethanolic extracts, 

flavonoids and phenolic acids, which show significant 

antioxidant properties (Silva et al., 2008). This plant is 

very important in pharmacology, and in many studies, it 

refers to components such as isolated biologically active 

hypercysteine, pseudohydrosis, hyperphosphorus, 

adhyperphorin, procyanidins and xanthones. However, 

few studies have addressed the composition of H. 

perforatum’s essential oil (Pintore et al., 2005; Saddiqe et 

al., 2010; Çakır et al., 2003). The foliage and seeds of 

these two plants are sources of important essential fatty 

acids such as a-linolenic acid and linoleic acid (Guil-

Guerreroa et al., 2003). This study was carried out for two 

purposes: (1) to determine the chemical composition of U. 

dioica seed and H. perforatum essential oils; and (2) to 

evaluate the effects of fatty acid compositions of both fats 

on the peroxidation kinetics (Gül et al., 2012). For this 

reason, the oils obtained by the cold press method of 

Hypericum perforatum and Urtica dioica were examined 

for the time of oxidation at 37°C and in the aerated pH = 

7 acetate buffer solution. Copper chloride solution (0.01 

M) was used as the oxidation initiator and added in the 

reaction medium to give 500 µM. 

 

Materials and Methods 

 

Absorption measurements were recorded with 

SHIMADZU UVM-1240 UV-Visible spectrophotometer 

(Shimadzu Corp., Kyoto, Japan). pH measurements were 

made using a Metrohm 632 Digital pH meter (Metrohm 

AG, CH-9100 Herisau, Switzerland). All experiments 

were performed at 37°C in a NUVE BM 30 Circulation 

Water Bath. All chemical compounds of the analytical 

reagent grade were purchased from Sigma-Aldrich Co. 

LLC. Distilled water was used for all operations. The oils 

used were fresh from “Doğavita Pharmaceutical Food 

Industry and Trade Inc. (Çiftcizade, Turkey)” and the 

production methods are summarized in Table 1. 

Span 80 and Tween 80 emulsifier mixture for all O / 

W emulsions was prepared as HLB value 10. A stock 

solution of CuCl2, as a chelator for catalytic oxidation of 

oils, was prepared at a Cu (II) concentration of 0.01 M. 

Ammonium acetate buffer (1M, pH = 7) solution were 

used for incubation medium.  

 

Preparation of Oil Emulsions 

0.3 g of oil was weighed into a 100 mL volumetric 

flask. 3 mL of stock solution was added as an emulsifier 

(Tween 80 + Span 80, HLB: 10, 0.3 g in 3 mL ethanol) 

(Hassan, 2015). 2 mL of ethanol and 90 mL of NH4Ac 

(1M, pH = 7) buffer solution was slowly added to the 

mixture and emulsified by stirring through a magnetic 

stirrer. Then the emulsion was homogenized in the 

homogenizer (VELP-OV5). 

 

Measurements by GC-MS for fatty acid methyl ester 

(FAME) analysis 

The oils were analysed by GC-MS fatty acid methyl 

ester analysis (FAME) according to the IUPAC standard 

method (International Union of Pure and Applied 

Chemistry, 1992). Chromatographic measurements were 

performed using a Shimadzu GCMS QP 2010 ULTRA 

instrument at RTX-5MS Capillary column (30m; 

0.25mm; 0.25μm) and 200°C ion source temperature. 

Accordingly, the esterification pre-treatment was carried 

out by treating 0.1 g of sample with 10 ml of n-hexane 

and adding 0.5 ml of 2N methanolic KOH solution. The 

oven temperature program is 5 minutes at 90°C, 4°C / min 

increase from 90°C to 250°C, 5 minutes at 250°C.  

 

Measurements by GC-MS for Aroma analysis 

Chromatographic measurements were performed at 

the same ion source temperature and using the same 

instrument as in the FAME method. But no esterification 

was done. The oven temperature program is 3 min at 

40°C, 4°C / min increase from 40°C to 240°C, 10 minutes 

at 240°C, 4°C / min increase from 240°C to 260°C, total 

78 min. 

 

Measurements of Lipid Hydroperoxides  

The oxidation of the oils was determined 

spectrophotometrically at 500 nm using the ferric 

thiocyanate method based on the oxidation of the 

hydroperoxides Fe2+ to Fe3+ (Lea, 1952; Mihaljevic et 

al.,1996).  

For the measurements, 0.1 mL samples were taken at 

different time intervals throughout the incubation. The 

degree of oxidation was measured by sequentially adding 

ethanol (4.7 mL, 75%), ammonium thiocyanate (0.1 mL, 

30%), sample solution (0.1 mL) and ferrous chloride 

(0.1mL of 0.02M in 3.5% HCl). The mixture was then 

allowed to stand for 3 minutes and the absorbance at 500 

nm read against the blank containing all components 

except the oil emulsion. It was observed that the 

absorbance changes with time gave sigmoidal curves 

(Watanabe et al.,2005; Yen and Hsieh, 1998). 

 

Statistical Analysis 

Microcal Origin 8.0 (Origin Lab Corp., Northampton, 

MA) was used for descriptive statistical analysis and 

graphical drawing. The results were evaluated using SPSS 

software (SPSS Inc., Chicago, IL, USA) for Windows 

version 13 (Miller and Miller, 1993). 

 

Table 1 Production methods of used oils 

Oil 

Species 

Oil Botanical 

Name 

Obtaining 

Method 

St. John’s Wort oil Hypericum perforatum Cold Press 

Nettle seed oil Urtica dioica Cold Press 

 

Results and Discussion  

 

Investigation of Kinetic Data 

It is very important to study lipid oxidation kinetically 

and evaluate the degree of lipid oxidation which is the 

main cause of degradation in food products (Das and 

Pereira, 1990; Gray, 1978). In this study, the oxidation of 

cold press oils of Hypericum perforatum and Urtica 

dioica were studied at 37°C in aerated acetate buffered 

solution (NH4Ac), (Ionic strength, I = 0.9), (pH = 7). 

Copper chloride solution (0.01 M) was used as the 

oxidation initiator and added in the reaction medium to 

give 500 µM. 
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Figure 1 The absorbance-time plot of the oxidation of St. John’s Wort oil and Nettle seed oil by Fe (III) SCN method at 

37°C and pH = 7.00 

 

In the experimental part of this work, the primary 

oxidation products were investigated using the iron (III)-

thiocyanate spectrophotometric analytical method. During 

the oxidation of oils, hydroperoxides are formed as 

primary products with k1 rate constant in accordance with 

the pseudo first order equation. 

 

𝐿𝑘1 → 𝐿𝑂𝑂𝐻     (1) 

Here L represents lipid and LOOH represents lipid 

hydroperoxides. The pseudo first-order rate constant (k1) 

is calculated with the use of Eq. (2) from the slope of the 

curve ln [(1 - A) / A] versus (t). 

 

ln (1 - At) /At = ln (1 - A0) /A0 – kt  (2) 

 

Here A0 is the absorbance at the beginning and At is 

the absorbance (A500 nm) at time t, proportional to the total 

concentration of hydroperoxides. If the maximum 

absorbance of the oxidation products approaches 1 (i.e. 

Amax =1), the maximal rate of oxidation can be determined 

as the first order rate constant (k), (Yıldoğan-Beker et al., 

2011). 

The oxidations of Hypericum perforatum (St. John’s 

Wort) and Urtica dioica (nettle seed) oils were observed 

18 hours with the measurements made by Fe (III) SCN 

method and results were given in Figure 1. As seen in 

Figure1, 6 hours was enough to reach the absorbance 

value 1, for nettle seed oil, while it was necessary to wait 

for 18 hours for St. John’s Wort oil. This result showed 

that the rate constant of k1 obtained for St. John’s Wort oil 

is smaller than that of nettle seed oil as seen in Table 2.  

GC-MS Data in Fats 

GC-MS analyses using the IUPAC standard method 

after laboratory methylation of St. John’s Wort 

(Hypericum perforatum) oil and Nettle seed (Urtica 

dioica) oil samples were given in Table 3. The gas 

chromatograms of the oils were evaluated, and the fatty 

acids found were denominated by nomenclature based on 

the number of carbons. According to this, 16 carbon 

palmitic acid and 18 carbon stearic acid were found in 

both oils. Oleic acid was found in nettle oil and 

Petroselinic acid was found in St. John’s Wort oil. 

Linoleic acid was observed as the main fatty acid in both 

oils and was found much more 1.5 times in the nettle seed 

oil (Table 3). In Table 3, the percentages of saturated fatty 

acids (SFA), monounsaturated fatty acids (MUFA), 

polyunsaturated fatty acids (PUFA) and trans fatty acids 

(TFA) were given for both oils. Total saturated fatty acids 

(Σ SFA) were found to be close to each other according to 

fat type. 

When the oils of St.John’s Wort (Hypericum 

perforatum) and Nettle seed (Urtica dioica) were 

examined in terms of total monounsaturated fatty acids (Σ 

MUFA), the results followed the line St. John’s Wort oil 

> Nettle seed oil. When the percentages of total 

polyunsaturated fatty acids (Σ PUFA) were examined, the 

results followed the line Nettle seed oil > St. John’s Wort 

oil. When the percentage of total trans fatty acids is found 

(Σ TFA), it is found that only St. John’s Wort oil is 

contained. 

According to this, total unsaturated fat ratios were 

85.42% for St. John’s Wort oil and 85.68% for Nettle 

seed oil. Both fat saturated and unsaturated fat ratios were 

found to be approximately the same. The degree of 

saturation and unsaturation of oils is closely related to the 

oxidation rate and shelf life of oils (Akoh and Min, 2002). 

Because of, St. John’s Wort oil contains many 

antioxidant compounds compared to nettle seed oil 

(Figure 2), the rate constant of k1 for St. John’s Wort oil 

was found smaller than that of nettle seed oil (Figure 1 

and Table 2). Also it was found that for both oils, Linoleic 

acid content was different (Table 3). 
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Table 2 The rate constants of primary oxidation products formation from oil –Cu(II) system. 

Oil Species k1Sk (hour -1)×10-1 r2 

St. John’s Wort (Hypericum perforatum) oil 2.05±0.23 0.907 

Nettle seed (Urtica dioica) oil 6.64±0.54 0.974 
k1: pseudo-first order rate constant with respect to hydroperoxides formation (measured by Fe (III)-SCN method) 

 

Table 3 Fatty acid composition and trans fatty acid content (%) of essential oils prepared by fatty acid methyl ester 

analysis (FAME) method of St. John's Wort oil and Nettle seed oil 

Fatty acid 
Fatty acid content ± SD (g per 100g) 

St. John’s Wort (Hypericum perforatum) oil Nettle seed (Urtica dioica) oil 

C 14:0* 0.07 0.05 

C 16:0 8.86 7.61 

C 17:0 0.04 0.05 

C 18:0 4.76 5.03 

C18:0 (9,12,15 cyclopropil) 0.04 0.09 

C 20:0 0.47 0.53 

C23:0 (iso-20) 0.24 0.1 

Σ SFA* 14.48 13.46 

C16:1w7 0.1 0.04 

C 18:1 c9,c12 0.1 - 

C18:1w9 - 23.66 

C19:1 c6 34.23 - 

C20:1w9 0.38 0.31 

C22:1 c13 0.11 - 

Σ MUFA* 34.92 24.01 

C16:2n-6,9 - 0.06 

C18:2w6 44.35 61.61 

C21:2 c11,c14 1.07 - 

Σ PUFA*  45.42 61.67 

C 19:3 c9 ,t11,t13 5.08 - 

Σ Trans FA 5.08 - 
*C14:0, Myristic acid; C16:0, Palmitic acid; C17:0, Margaric acid; C18:0, Stearic acid; C18:0 (9,12,15cyclopropil), 2-[[2-[(2-
Ethylcyclopropyl)methyl]cyclopropyl]methyl]cyclo propaneoctanoic acid methyl ester; C20:0, Arachidic acid; C23:0(iso-20), Henicosanoic acid; 

C16:1w7, Palmitoleic acid; C18:1 c9,c12, Linolelaidoyl chloride; C18:1w9, Oleic acid; C19:1 c6, Petroselinic acid methyl ester; C20:1w9, Gadoleik 
asit; C22:1 c13, Erucic Acid methyl ester; C16:2n-6,9, Hexadecadienoic acid methyl ester; C18:2w6, Linoleic acid; C21:2 c11,c14, 11,14-

Eicosadienoic acid methyl ester; C19:3 c9,t11,t13, 9(Z),11(E),13(E)-Octadecatrienoic acid methyl ester 

 

 
Figure 2 Aroma composition obtained without pre-treatment in essential oil of Hypericum perforatum and Urtica dioica. 

The calculated results are given as mean %95 confidence interval. 
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When the Table 3 alone is evaluated, it can be 

interpreted that for both oils, it is approximately the same 

for the oxidation rates. However, Table 2 and Figure 1 

clearly show that the oxidation rates observed for the 

formation of primary products in these two oil emulsion 

environments are quite different. So, because we can 

explain this, the fatty acid content of the oils is not 

sufficient by itself. Therefore, the flavour composition of 

the oils was obtained by the GC-MS method without 

esterification pre-treatment in both oils (Figure 2). 

Accordingly, it was observed that St. John’s Wort oil 

contains many antioxidant compounds compared to nettle 

seed oil. Alpha amyrin, thymoquinone, alpha and beta 

pinene, alpha thujene, o-cymene, gamma sitosterol, and 

fucosterol in the content of St. John’s Wort oil have been 

studied extensively by researchers (Singh et al., 2014; 

Yoshida and Niki, 2003; Okoye et al., 2014). A number of 

researchers have found that they have antioxidant 

properties at the end of their studies with herbal extracts 

containing these compounds (Fabiyi et al., 2012; İnci et 

al., 2013; Thompson et al., 1963). Staniek and Gille 

(2010) said that thyokinone found in cells is important for 

antioxidant properties. Melo et al. (2011) studied the 

improvement of pancreatic damage by their a-b-aminin 

anti-inflammatory, antinociceptive, and antioxidant 

properties. Tiwari and Troy (2015) have said that they 

protect the immune system by inhibiting the free radicals 

of fucosterol and increase protective antioxidant enzymes 

such as superoxide dismutase, catalase and glutathione 

peroxidase. In the study of Kelen and Tepe (2008), they 

showed the antioxidant properties of Salvia species 

containing alpha and beta pinene, alpha thujene. 

In our study, squalene was detected in both St. John’s 

Wort oil and nettle seed oil. However, it was found in 

very low values in the nettle seed oil. Squalene is a 

triterpene, a compound that can carry oxygen directly to 

the cell, independently of the haemoglobin, and has anti-

tumour activity (Güneş, 2013). Dessi et al. (2002) also 

showed that squalene mainly acts as a peroxyl radical 

scavenger. Conforti et al. (2005) reported the antioxidant 

effect of squalene in a lipid peroxidation model. In 

summary, Amarowicz (2009) has reported that squalene is 

a hydrophilic natural antioxidant. 

 

Conclusion 

 

In this light, the following conclusions were reached 

regarding the oxidation rates of St. John’s Wort oil and 

nettle seed oil. Although the ratio of unsaturated fat in 

both oils is the same, it has been found that the 

compounds showing natural antioxidant properties in St. 

John’s Wort oil are much more than the nettle seed oil. 

These natural antioxidant compounds are undoubtedly 

part of the human diet in the treatment of certain diseases 

and also act as inhibitors of lipid oxidation in their 

environment. 
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