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Abstract. In this study, the extractive substances of Hedera helix L. (forest ivy) wood and bark, naturally 

found around Filyos Stream in the Çaycuma district of Zonguldak, were investigated, for both 

ground-creeping individuals and for those clinging to Oriental plane (Platanus orientalis L.). The samples 

taken from the wood and bark of the plants were compared. According to the results of wood hexane 

experiments, linoleic acid (26.98%) was the most abundant in normal wood samples. In the same 

experiments on bark, while linoleic acid (25.40%) was determined to have the highest content in normal 

H. helix, palmiteloic acid (17.09%) was the most abundant compound in plants clinging to trees. In 

acetone:water (95:5,v:v) extract experiments on wood, the penetrating ivy wood contained the greatest 

amount of α-D-glucopyranoside (58.47%). Based on acetone:water (95:5,v:v) experiments on bark 

samples, sucrose (35.94%) had the highest content in normal bark. 
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Introduction 

The morphology and anatomy of plants change with enviromental factors. The 

physiological events that enable the growth, reproduction, survival behaviors, metabolism, 

and geographical distribution of plants are significantly influenced by the physical, 

chemical, and biotic factors of the surrounding environment (Lambers et al., 2008). 

Hedera helix L. (forest ivy), an evergreen and clinging plant belongs to the 

Araliaceae family. It is located in forests and bushes with its fast polyploid capacity 

Although, it has a fast height increment the diameter increase slowly (Mandade et al., 

2010). It can climb up to 30 m high by adhering strongly on solid surfaces with the help 

of adventitious roots where its root diameter can reach 20 cm (Brendler et al., 2003; 

Horz and Reichling, 2003; Schnitzler and Heuze, 2006; Stavretovic, 2007). The plant's 

ability to adhere to surfaces depends on the secretion of an adhesive composing of 60-

85 nm diameter spherical nanocomposite polysaccharide and nanoparticles (Xia et al., 

2010; Burris et al., 2012). 

The leaves of Hedera helix L. are used in medical treatments. The main compounds 

found in the leaves are α-hederin and hedefracoside C with strong antioxidant activity 

(Gülçin et al., 2004). These compounds belong to the saponin group. Saponins have 

steroid or triterpenoid structure, and are usually used in disease treatment (Küçükkurt 

and Fidan, 2008; Mingjun et al., 2008; Fazio et al., 2009; Yollu, 2015; Muşmula et al., 

2017). Also, Hedera helix L. is used extensively in traditional medicine due to its 

analgesic and anti-inflammatory properties (Mandade et al., 2010; Uddin et al., 2011). 

Because of its climbing properties, it is also used for landscaping in walls, fences. 

In its natural habitat this plant covers the ground area and it is described as “normal 

ivy” in this study (Figure 1), also, it embraces many tree species. Oriental plane 

(Platanus orientalis L.) is one of the tree species embraced by ivy (Figure 2). 
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Figure 1. Normal ivy (Hedera helix L.) in its natural habitat 

 

 

Figure 2. Penetrated ivy (Hedera helix L.) to Oriental plane (Platanus orientalis L.) 

 

 

Oriental plane (Platanus orientalis L.), a member of the Platanaceae family and 

Platanus L. genus, can live up to 500-2000 years. Platanus orientalis L. natural 

distribution areas include Southern Europe and Southwest Asia, particularly the forests 

of Turkey and Iran (Davis, 1982; Anşin and Özkan, 2006; Zencirkiran and Erken, 

2012). Naturally, they are typically found near the streams of forest and riversides; 

unnaturally, they are often used as ornamental plants and shade trees in cities and 

villages (Doğu, 2002). 

In the chemical composition of the wood, the main components of the cell wall are 

polymer compounds, such as cellulose, hemicelluloses, and lignin. At the same time, the 

wood also contains extractives with lower molecular weights (Gindl and Teischinger, 

2003; Papadopoulos, 2005; Dönmez and Dönmez, 2013). Most of the chemical groups 

found in wood are also seen in the bark with varying amounts. Generally, the content of 
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the extractive substance in the bark is higher than that in the wood of the same tree 

(Sjöström et al., 1981). The extractives affect several properties of the tree, such as 

texture, odor, taste, and color. Extractives are lipophilic and hydrophilic substances that 

are soluble in neutral solvents (Fengel and Wegener, 1989; Sjöström, 1993; Holmbom, 

1999). Lipophilic extractives, which are soluble in dichloromethane, ether and some 

hydrocarbon solvents, consist mostly of fats, fatty acids, resin acids and sterols. 

Comparatively, hydrophilic extractives are substances like carbohydrates, lignans, 

phenols, stilbens and chalkones that are soluble in polar solvents like water, alcohol and 

acetone (Holmbom, 1999). These chemicals are now being extracted for different 

industries, such as pharmaceutical, cosmetic, and food industry (Dönmez, 2018). 

According to Yaman (2009), Hedera helix L.’s effect on the anatomical structure of 

Platanus orientalis L. is incidental. After a certain period of time on the tree, it was 

concluded that the invader cannot cause detrimental damage to the tree. In this context, 

compounds in the tree’s wood support normal growth and both species can actually 

benefit (Hedera helix and Platanus orientalis). On the other hand, the literature 

regarding the chemical composition of P. orientalis on H. helix is out of our knowledge. 

In this study, it was aimed to investigate chemical composition, especially extractive 

substances, of Hedera helix. Both normal and penetrating on Platanus oreintalis was 

analysed for the first time, thus, this work provides a novel source in literature. 

Materials and Methods 

Materials 

Both normal grown ivy and the ivy penetrating to the oriental plane were used as study 

material. Both wood and bark samples were taken, with three replicates, from Filyos Stream 

in the Çaycuma district of Zonguldak in April 2019, where the altitude was 40 m 

(41°22'56"N, 32°5'13"E). The sampling area can be seen in Figure 3. Cross-sections of the 

samples were prepared according to TAPPI standards. All samples were stored at -24 °C 

until analyses. Wood was first debarked, and the bark was cut into small pieces. All samples 

were freeze-dried and ground by a Wiley mill into 1-mm (Ekman, 1983). 

 

Figure 3. The sampling area 

 

 

Extraction 

Approximately 10 g of grounded wood and bark from each sample was successively 

extracted first with n-hexane and then with acetone:water (95:5, v:v) in a soxhlet. 

Samples were weighed before and after extraction to determine the extractive yield. 100 
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ml aliquots of extractives were removed using rotary evaporator, followed by 

gravimetric analyses (Dönmez et al., 2016). For gravimetric analyses, 10 ml aliquot was 

evaporated to dryness, i.e, constant weight, leaving a film of extractives in the solvent 

container. All results, given in mg/g, were calculated from freeze-dried samples. The 

appropriate amount of mixture was evaporated under nitrogen prior to silylation. The 

extracts obtained from hexane and acetone:water (95:5, v:v) were injected into GC-MS 

to identify the lipophilic and hydrophilic components. 

Chromatographic analyses of the extracts 

Chromatographic analysis of the extracts was carried out using a Shimadzu GC-2010 

gas chromatograph equipped with an MS-QP 2010 mass spectrometer (Shimadzu 

Corporation, Kyoto, Japan). The instrument was equipped with a column, Rxi-5Sil MS 

(30 m × 0.25 mm i.d. × 0.25 μm film thickness; Restek, Bellefonte, PA, USA); the 

temperature program was as follows, from 60 °C (1 min) to 280 °C at 2 °C/min; 

injection temperature, 280 °C; the carrier gas was He with a flow rate of 1 mL/min; the 

injection mode was split (10:1); the MS temperature was 280 °C. 

Results and Discussion 

Wood and bark of the normal ivy and ivy penetrating to the oriental plane were 

analyzed by GC-MS to determine lipophilic and hydrophilic components after 

extraction with different solvents. In both normal and penetrated ivy wood, hexane-

soluble extracts were found to be lower than acetone:water (95:5, v:v) extracts. In 

comparison, the amount of hexane-soluble extracts in penetrated ivy wood was almost 

50% higher than that in normal wood. Specifically, hexane extracts were determined to 

be 37.46 mg/g in penetrated ivy bark, 28.31 mg/g in normal, 3.22 mg/g in penetrated 

ivy wood, and 2.30 mg/g in normal wood. The amount of acetone:water-soluble extracts 

was found to be 31.31 mg/g in normal bark, 28.44 mg/g in penetrated ivy bark, 5.79 

mg/g in normal wood, and 6.32 mg/g in penetrated ivy wood. In hexane extracts, the 

increase of 40% in wood and 32% in bark samples of H. helix penetrating to the oriental 

plane tree were determined compared to normal H. helix. In addition, a 9% increase in 

wood samples of H. helix penetrating to the oriental plane tree compared to normal 

grown wood, on the contrary, a 10% decrease in the penetrated wood compared to 

normal grown wood was observed in acetone-water extracts. 

After isolating hexane-soluble extracts, the lipophilic components in wood and bark 

samples were obtained via a wiping process, then transmitted to vials and analyzed by 

GC-MS. The amounts of soluble substances were calculated gravimetrically and are 

shown in Table 1; lipophilic and hydrophilic components are displayed in Table 2 and 

Table 3, respectively. 

 
Table 1. Gravimetric analysis of extracts from normal ivy and ivy penetrating to the oriental 

plane wood and bark (mg/g of dry weight) 

Sample Tree Specimen Hexane extract Acetone:water extract 

Normal Hedera helix 
Wood 2.30 5.79 

Bark 28.31 31.31 

Hedera helix penetrated to 

oriental plane 

Wood 3.22 6.32 

Bark 37.46 28.44 
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Table 2. The hexane-soluble extractive components determined by chromatographic 

analysis (%) 

Name of Component 
Normal Hedera helix 

Penetrated Hedera helix to 

oriental plane 

Wood (%) Bark (%) Wood (%) Bark (%) 

Palmitic Acid 9.57 18.67 9.78 3.46 

Propanoic Acid 3.46 0.74 2.24 0.85 

Stearic Acid 3.47 3.14 2,07 4.65 

Oleic Acid 7.71 3.45 1.22 16.03 

Linoleic Acid 26.98 25.40 22.49 6.18 

Linolenic Acid - - 6.12 6.06 

Miristic Acid - - 6.42 3.78 

Palmitoleic Acid - 12,26 - 17.09 

Tetracosanoic Acid 4.25 6.94 - 6.09 

Dimethylmalonic Acid - - 0,68 - 

Octadecanol - - 4.65 2.35 

Hexadecanol - - 2.49 3.15 

Phtyol - 4.50 - - 

Ethanol - 5.55 - 0.76 

Trans-Farnesol - 4.62 - 2.48 

2-Methylpentanol - - 1.18 0.45 

2-Phenyl-1,2-propanediol - - - 0.57 

Scyllo-Inositol - 1.77 - 1.58 

Stigmasterol 8.04 2.27 4.73 5.65 

Stigmastenol - - 2,10 - 

Linalool 1.00 - - - 

Hexacosane - - 5.03 - 

Octacosane - - 6.45 3.78 

Eicosane - - - 2.89 

Docosane - - 3.69 1.23 

Diethylacetamide 9.39 2.32 6.09 2.58 

N-Ethylacetamide 18.08 4.54 11.73 5.17 

Decanediamide - 2.29 - 0.52 

Phosphoric Acid 3.91 - 0.84 0.86 

Oxalic Acid - 0.74 - - 

O-Menthone 1.11 - - - 

Succinate - 2.80 - 1,79 

D-Threo-2,5-Hexodiulose 3.03 - - - 

 

 

Wood and bark samples were taken from the same tree due to concepts of the value 

of environmental factors such as the area where plants are located in their growing 

areas. So, the extractive substances in normal ivy and in ivy penetrating to oriental 

plane, wood and bark were compared. 

In hexane extracts, the highest component in normal and penetrating wood samples 

was linoleic acid (26.98%, 22.49%, respectively). Moreover, in bark samples, while 

linoleic acid (25.40%) was determined as the highest in normal H. helix, palmiteloic 

acid (17.09%) was the most abundant compound in penetrating tree. When observed in 

terms of components, the highest amount of the components in both normal and 
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penetrating Hedera helix was the same while different components come to the fore in 

bark samples. 

 
Table 3. The acetone: water-soluble extractive components determined by chromatographic 

analysis (%) 

Name of Component 
Normal Hedera helix 

Penetrating Hedera helix to 

oriental plane 

Wood (%) Bark (%) Wood (%) Bark (%) 

Palmitic Acid 1.17 - 0.51 1.09 

Linoleic Acid 1.94 1.32 1.87 6.22 

Oleic Acid - 1.10 - 1.54 

Glycerol 3.33 1.68 3.09 2.30 

Arabinitol 7.51 1.50 0.72 - 

Galactitol 0.85 1.07 - - 

Myo-Inositol - - 1.60 - 

Erythritol - 2.04 - - 

D-Glucitol - - - 1.39 

2-Methyl-4-Keto-Pentan-2-Ol - 3.70 5.38 - 

2-Keto-D-Gluconic Acid 0.61 2.03 1.96 1.50 

α-D-Gluco-pyranoside - - 58.47 - 

Arabinopyranose - 1.07 - - 

α-D-Manno-pyranose - 6.58 - 4.18 

β-D-Glucopyranose - - - 2.81 

D-Fructose 2.21 - 4.32 3.55 

D-Turanose - 3.38 - 2.86 

Maltose - - - 8.51 

β-D-Glucose 1.81 - 2.92 - 

α-D-Galactose - - 0.51 - 

D-Galactose - - - 0.73 

Glucopyranose 2.09 - 3.76 0.98 

Sucrose 47.10 35.94 - 43.15 

Maltose 0.91 5.11 3.68 - 

Oxalic Acid 0.85 - 0.74 - 

Benzoic Acid - 5.39 - 0.75 

β-Hydroquinone 3.56 6.99 0.69 2.56 

6,7Dihydroxycoumarin 6.74 12.74 0.86 7.94 

Diethylacetamide 2.91 1.65 2.57 1.54 

Ethylacetamide 5.68 3.15 5.08 3.00 

Uridine 6.02 3.56 1.25 - 

Pentane 4.71 - - 3.40 

 

 

In the wood samples, acetone:water (95: 5, v: v) extract experiments to determine the 

structure and amount of hydrophilic components, sucrose (47.10%) was determined as 

the highest in normal Hedera helix wood while α-D-Glucopyranoside (58.47%) was the 

dominant compound in penetrating wood. In addition, sucrose had the highest amount 

both in normal and penetrating bark of H. helix, i.e. 35.94%, 43.15%, respectively. 
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Conclusion 

Lipophilic and hydrophilic components of normally grown ivy and ivy penetrating to 

oriental plane tree in Turkey were obtained by extraction with hexane and acetone:water 

solvents. Analysis of the extractives were performed by GC-MS. Herein, the wood and 

bark of normal and penetrating ivy plants grown around Filyos Stream in the Çaycuma 

district of Zonguldak (Turkey) have been examined for the first time. It was determined 

that the amount of fatty acids in the bark of ivy is high. In order to evaluate this plant in 

industrial areas, more comprehensive studies should be done. On the other hand, this 

study provides a source for future research on the chemical analysis and influence of ivy 

penetration on plane tree wood and bark, providing a basis for the comparison and 

evaluation of similar conditions. 
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