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Abstract: 

Pines are very important economically. There is a diverse set of studies related to 

chemical composition of Pine extracts and their activities. This review discusses the 

different compounds of 4 species of pine; Pinus halepensis, Pinus pinaster, Pinus pinea 

and Pinus brutia which include Terpenoids, Phenolic, Resin and Fatty acids. Many 

activities are attributed to them, such as herbicidal, antifungal, antiradical, antimicrobial 

and many others. Chemical composition of some pine extracts and their activities are 

discussed herein, and structure–activity relationships are presented when appropriate 
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Introduction:  

The genus Pinus belongs to the Pinaceae family and comprises about 250 species (Yang et 

al., 2010), which is found in most of the Northern Hemisphere (Kurose et al., 2006).This 

plant (Figure 1) is used in ethnomedical practice throughout the world. For example, the 

Indians use a boiled extract of the inner bark from P. strobes (White pine) as an astringent 

for diarrhea or in cough remedies. In 19th century North America, P. sylvestris (Scots pine) 

was employed as a diuretic and to induce perspiration and thus help break a fever. P. brutia 

is used in folk medicine in Turkey, and the antimicrobial activity of tar obtained from the 

roots and stems of P. brutia against Staphylococcus aureus, Streptococcus pyrogenes, 

Escherichia coli, and Candida albicans was reported (Sakagami et al., 1991; Unten et al., 

1989). Previous studies on Pinus species reported the diterpenoids (Cheung et al, 1993; Fang 

et al., 1991), triterpenoids (Fang et al., 1991), flavonoids (Fang et al., 1988), and lignans 

(Yang et al., 2010).In this context, various parts of some pine species, such as bark, needle, 

cone and resin have been used as a folk medicine for rheumatism or as anti-inflammatory, 

antioxidant and antiseptic. In the last decades, modern science has shown increasing interest 

in folk medicine for a better understanding of the  chemical composition of natural products 

and in finding alternative usages (Ahmed et al., 1969; Packer al., 1999; Kähkönen et al., 

1999; Devaraja al., 2002; Villagomez et al., 2005; Willför al., 2009). 

Also, it has been reported that Pinus plants have fatigue-relieving, anti-aging and anti-

inflammatory activities (Watanabe et al., 1995) and that there are nutritional compounds in 

Pinus seeds (Isidorov et al., 2003). 

To determine the chemical composition and the different activities, several extracts were 

studied. In particular, the essential oil extracted from its various parts by hydrodistillation. It 

possesses biological effects such as antifungal, (Amri et al.,2013, Abi-Ayad et al., 2011), 

antibacterial (Fekih et al., 2014, Hmamouchi et al.,2001, Mimoune et al., 2013, Sadou et 

al.,2015), herbicidal (Amri et al., 2013, Hanana et al.,2014), antioxidant (Tumen et al., 

2017, Ustun et al., 2012 , Ulukanl et al., 2014, Djerrad et al., 2015 ) and anti-inflammatory 

activities (Tumen et al., 2017, Süntar et al., 2012).Pine oils are widely used as fragrances in 

cosmetics, as flavoring additives for food and beverages, as scenting agents in a variety of 

household products, and intermediates in the synthesis of other perfume chemicals (Ustun et 

al., 2006, Sezik et al., 2010). 
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Other extractions were aplicated on various parts of some pine species with a different 

solvent. In this context, (Tümen et al., 2017 and Cheikh-Rouhou et al., 2007) were studied 

the extracts of pinus pinaster (cone, needles and wood) and pinus halepensis (seeds) with 

the hexane respectively. Methanolic extracts of pinus halepensis (cones and seeds) and pinus 

brutia (barks, resins and cones) were studied (Dhibi et al., 2012 and Dıgrak et al., 1999) to 

determine their antiradical and antimicrobial activities respectively. 

In this review, we summarized the most recent papers describing chemical constituents and 

some activities of various parts of four pine species (pinus halepensis, pinus brutia, pinus 

pinea and pinus pinaster) extracts. 

Chemical constituents of pine extracts: 

Pine extracts have different pharmacological activities and isolated compounds have been 

extensively studied. In this part we have summarized the studies that have been done on the 

composition of essential oils and extracts of pinus halepensis, pinea, pinaster and brutia. 

First of all it should be mentioned that pinus halepensis is the largest and the most important 

representative of the genus Pinus that comprises 250 species, widely distributed all over the 

Mediterranean Basin (Dob et al., 2005). In Tunisia, this pinus occupies 200,000 ha of 

natural forests and more than 161,221 ha of artificial forests. Then we found pinus pinea 

with 20 922 ha in the artificial forests, pinus pinaster with 5153 ha in the natural forests and 

750 ha of pine mix in the artificial forests (ORGANISATION DES NATIONS UNIES 

POUR L’ALIMENTATION ET L’AGRICULTURE, 2012). 

The main extraction method used by these studies was hydrodistillation, followed by 

soxhlet. Hexane and acetone methanol were the most used by the papers, followed by 

methanol. The pharmacological activities attributed to these extracts are summarized in 

(Table 1). 

 

Chemical constituents of pine essential oils 

Pine oils are widely used as fragrances in cosmetics, flavoring additives for food and 

beverages, scenting agents in a variety of household products, and intermediates in the 

synthesis of perfume chemicals. They are also used for medicinal purposes in aromatherapy 

as carminative, rubefacient, emmenagogue, and abortifacient agents. Pines are among the 

most important forest trees in the Mediterranean region. There are numerous studies dealing 

with the essential oils of conifer species and especially those of pinus (Yang et al., 2010).  
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Among these studies are those of Amri et al., 2013 who have studied the extraction of 

essential oils from different parts of pinus. 

The chemical composition of pine essential oils varied between organs. This was proved by 

(Amri et al., 2013 and Fekih et al., 2014) for the P.halepensis (cone, needles, stems, twigs 

and buds). Fifty eight compounds were identified in the oil from needles with (Z)-

caryophyllene and b-pinene as main constituents; 57 in cone oil with a-pinene and (Z)-

caryophyllene as main components; and only 27 in stem oil with apinene and b-myrcene as 

main components (Amri et al., 2013). For the P.pinaster, (Tümen et al., 2017) studied the 

difference in chemical composition of the essential oils of three parts (cone, needles and 

wood); in the wood, β-pinene, limonene, α-terpineol, and junipene were present in their 

highest amounts. By comparison, α -pinene, β-pinene, δ-3-carene, limonene, junipene, and 

trans-caryophyllene were found in cones. Major compounds in needles were identified as α -

pinene, β-pinene, β-myrcene, transcaryophyllene, α-amorphene, rimuene, 

cupresseneabietatriene, and abietadiene. This differs from the results obtained by 

(Macchioni et al., 2003), who found the major compound of the P.pinea essential oils of all 

the three plant parts (needles, branches and cones) is limonene, in P. halepensis α-pinene 

and myrcene, in P. pinaster α-pinene and β-pinene. 

In the other hand, the chemical composition of essential oils depends, also, to the pine 

species and this is provided inseveral studies. Twenty three compounds were identified in 

the essential oil from P.halepnsis needles with α -pinene and β-myrcene as main 

constituents; 21 in P.brutia oil with, β-pinene and α -pineneas main components; 19 in 

P.pinaster oil with,β- caryophyllene and α -pinene as main components; and only 12 in 

P.pinea oil with α –pinene as main component (Lahlou et al., 2008) and the same major 

compounds were found by (Hmamouchi et al., 2001). 

 

Chemical constituents of pine extracts 

With the extraction of essential oils from various parts of some pine species, we find 

extraction by different solvents. In the following section, the compounds of four pine 

extracts (P.halepensis, P.pinea, P.brutia and P.pinaster) are listed. 

Essential fatty acids and their long-chain derivatives are important structural elements of cell 

membranes and are essential for the formation of new tissues (McKevith, 2005). According 

to Nasri et al., (2005), qualitatively, P. pinea and P. halepensis fatty acid seeds composition  
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is identical and therefore characteristic of the genus Pinus. For P. halepensis linoleic acid is 

the major fatty acid (56.06% of total fatty acids) followed by oleic (24.03%) and palmitic 

(5.23%) acids. For P. pinea, the same fatty acids are found with the proportions 47.28%, 

36.56%, and 6.67%, respectively. Extracted fatty acids from both species are mainly 

unsaturated, respectively, 89.87% and 88.01%. Pinus halepensis cis-5 olefinic acids are 

more abundant (7.84% compared to 2.24%) (Nasri et al., 2005) . 

Sixteen fatty acids were detected in the hexane seed extracts of P.halepensis by gas–liquid 

chromatography (Cheikh-Rouhou et al., 2006). Fatty acid composition of P.halepensis seed 

oil (Cheikh-Rouhou et al., 2006) showed that linoleic and oleic acids account for more than 

76% of the total fatty acids which is in agreement with the results found by (Dhibi et al., 

2012). Pinus halepensis seed oil is rich in unsaturated fatty acids, saturated fatty acids 

accounted for 16.8% of total fatty acids. Among them, the main saturated acids were 

palmitic, stearic and behenic, with minute amounts of arachidic, lignoceric, myristic and 

margaric (Cheikh-Rouhouet al., 2006).Then, this seeds oil was analysed for sterol 

composition by (Cheikh-Rouhouet al., 2008) and he found that β-Sitosterol and stigmasterol 

were the majors sterol. 

The results of Kadri et al., (2015) show that the fatty acids present in the oils are mainly 

unsaturated from 70% for P. pinaster to 87% for P. halepensis. Excepted for P. pinea, the 

ratio of linoleic acid to oleic acid was more than 2:1, which is in agreement with the results 

found in literature on the studies of the lipid profiles of some pinus seeds (Andrey and Long, 

1996; Nergiz and Domnez, 2004; Nasri et al., 2005). 

Previous studies showed that the oils of pinus varieties contained oleic and linoleic acids at 

relatively high levels (Sagrero-Nieves, 1992; Wolff and Marpeau, 1997).  

Flavonoids comprise an important group of plant secondary metabolites and can be 

classified in several subgroups (Ferreyra et al., 2012). These compounds are produced from 

the reaction between one molecule of cinnamoyl-CoA and three molecules of malonyl-CoA 

(Ferreyra et al., 2012).  

Total phenol and flavonoid contents of the twigs and needles of P. brutia, P. halepensis and 

P. pinea extracts (acetone, ethyl acetate, and ethanol) were determined by Folin–Ciocalteau 

and AlCl3 reagents, respectively (Ustun et al., 2012).According to the results; the richest 

extracts concerning total phenol content was P. halepensis - needles - ethyl acetate (102.56 ± 

5.47 mg). However; the extracts were found to have either no or low total flavonoid 
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amounts, while again P. halepensis - needles - ethyl acetate extract had the highest total 

flavonoid content (52.49 ± 3.57 mg) (Ustun et al., 2012) ). Kilic et al., (2010) was interested 

in the polysaccharide (cellulose and polyoses) composition of P. halepensis, P. pinea and P. 

brutia cones. The results revealed that more polyoses than cellulose in the different cones 

and the highest amount was found in P. pinea. 

The chemical variation of pine oils is due to several reasons, among these reasons we can 

quote geographical (Rezzi et al., 2001), seasonal (Isidorov et al., 2003), genotypic (Lazutka 

et al., 2001), and environmental (Kupcinskiene et al., 2008). In this context, Mohareb et al., 

2017, studied the influence of altitude on the quantity and quality of the acetone extracts of 

P. halepensis (needles and bark). The results revealed differences in the yield of extracts and 

the chemical composition of different altitudes (125, 391 and 851m of sea level). Although 

the main components of all extracts are common, their percentages are different based on the 

tree species and the altitude level. These differences are the results of an adaptive process to 

particular ecologic conditions, which are in direct relation with the altitudes (Mohareb et al., 

2017). 

Pharmacological studies of Pine extracts 

Many activities were detected from pine essential oils. In this review we summarized some 

of these activities (antifungal, herbicidal, anti-inflammatory, antioxidant, antibacterial, 

molluscicidal, antimicrobial, phytotoxic, insecticidal and antiradical) from different ancient 

studies in of Pinus halepensis, pinea, brutia and pinaster.  

  

Antimicrobial activity 

According to the articles studied in this review, the antimicrobial activities are the most 

extensively studied pharmacological activity of pinus essential oils extracts. Among these 

researches, we quote that of Fekih et al.,(2014) who found that the essential oil of 

P.halepensis needles, twigs and buds revealed an interesting antimicrobial effect against 

Lysteria monocytogenes, Enterococcus faecalis, Pseudomonas aeruginosa, Acinetobacter 

baumanii, Citrobacterfreundii and Klebsiella pneumoniae. For the same plant, the essential 

oils needles were tested in vitro by Sadou et al.2015 against three antibiotic resistant 

bacteria (Escherichia coli, Staphylococcus aureus and Pseudomonas aeruginosa) often 

responsible for nosocomial infections have showed antibacterial activity. 
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Hmamouchi et al .2001 studied needles essential oils of P.halepensis, P.brutia, P. pinaster 

and P.pinea and the examination of the antibacterial activity revealed that only P. pinaster 

and P. pinea oils exhibited a definite activity against all organisms tested. Compared to 

gentamicin, tetracycline and chloramphenicol, both oils showed a marked antiseptic activity. 

On the other hand, the results obtained by Mimoune et al.,(2013) relieved that the essential 

oils needles of P. pinaster posses a weak antibacterial effect against the microorganisms 

tested (S. aureus, B. subtilis and Escherichia coli) ,but did not present any activity against 

the fungalstrains (Erwiniaamylovora, Aspergillus niger and Aspergillus flavus). 

For the resins, Ulukanliet al., 2014 showed that the essential oils of P. brutia and P. pinea 

grown in the Mediterranean region of Turkey had various levels of antimicrobial activities 

on Gram-positive, Gram-negative bacteria, and the yeast species, and hence, confirming the 

traditional uses of these resinous substances. Another part of P.halepnsis and P.pinster were 

studied by (Ghanmi et al., 2007): the gum. The turpentine was extracted and a biotest 

showed the efficient antibacterial and antifungal activity against Escherichia coli, Bacillus 

subtilis, Micrococcus luteus, Staphylococcus aureus, Penicilliumparasiticus and Aspergillus 

niger (Ghanmi et al., 2007). 

The antibacterial and antifungal activities of chloroform, acetone and methanol extracts of 

several parts of P. brutia (barks, resins and cones) were studied by (Digrak et al.,1999).The 

extracts of several parts of the tree had no antifungal effect. The chloroform extract of the 

bark inhibited the growth of E. coli, with an inhibition zone of 8 mm. All the extracts tested 

inhibited the growth of all the other bacteria tested with zones of inhibition between 9–19 

mm (Digrak et al., 1999). Four pathogenic bacteria (Agrobacterium tumefaciens, 

Erwiniacarotovora, Corynebacterium fascians and Pseudomonas solanacearum ) and one 

fungal strain were used by Mohareb et al., 2017; to determine the antimicrobial activity of 

acetone extracts of P. halepensis (needles and bark) collected from three altitudes (125, 391 

and 851 m). The extract obtained from the P. halepensis needles showed that Level I extract 

was the most active of the three levels of altitude with MIC values of 600, 840, 585 and 

900mg/L against the growth of A. tumefaciens, E. carotovora, C. fascians and P. 

solanacearum, respectively. However, the level II extract showed the lowest activity with 

MIC of 735, 1200, 850 and 1300mg/L against the same bacteria, respectively. On the other 

hand, the extract obtained from the bark indicated that the altitude extract III was the most 

active among the three altitude levels (MIC=555, 600, 610 and 835mg/L against A. 

tumefaciens, E. carotovora, C. fascians and P. solanacearum, respectively). 
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 On the other hand, the antifungal activitythe of extracts obtained from the leaves of P. 

halepensis had higher activity (EC50=119.20, 134.20, and 115.42mg/L) than the bark 

extracts (127.30, 154.71, and 139.70mg/L) at altitudes I, II, and III, respectively (Mohareb et 

al., 2017). 

Antifungal activity of P.halepensis cone, needles and stems essential oils, were tested 

against several phytopathogenic strains by (Amri et al., 2013). The three samples of oils 

exhibited similar inhibition effects on the growth of fungi: F. avenaceum, F. culmorum, F. 

oxysporum, F. subglutinans, F. verticillioides, F. nygamai, Rhizoctonia sp., M. nivale, 

Alternaria sp. and B. sorokiniana (Amri et al., 2013).The study of (Abi-Ayad et al., 2011) 

show that spine essential oil of P.halepensis tree possesses antifungal activity against A. 

flavus, A. niger, F. oxysporum and R. stolonifer. 

 

Antioxidant and anti-inflammatory activities 

The acetone, ethyl acetate, and ethanol extracts and essential oils of the twigs and needles of 

P. brutia, P. halepensis and P. pinea along with pycnogenol (the bark extract of P. pinaster) 

were examined for their inhibitory effects against acetylcholinesterase (AChE) and 

butyrylcholinesterase (BChE) by (Ustun et al., 2012).Also, Their antioxidant activity was 

tested using 2,2-diphenyl-1-picrylhydrazyl (DPPH) and N,N-dimethyl-p-phenylendiamine 

(DMPD) radical scavenging, metal-chelation, and ferric-reducing antioxidant power (FRAP) 

assays (Ustun et al., 2012).According to this study, the best AChE and BChE inhibition was 

caused by the twig essential oil (83.91 ± 3.95%) and the needle ethanol extract (82.47 ± 

5.57%) of P. halepensis, respectively(Ustun et al., 2012).Then for the P.pinaster cone, 

needles and wood, Tümen et al.,2017; investigated the antioxidant (DPPH photometric 

analysis, ABTS radical scavenging assay, FRAP assay and Non-site-specific hydroxyl 

radical (•OH) scavenging activity assay) and anti-inflammatory (Carrageenan-induced hind 

paw edema model, Acetic-Acid-Induced Increase in Capillary Permeability and TPA-

induced mouse-ear edema) activities of the n-hexane and acetone extracts and essential oils. 

The essential oil from cones of P. pinaster revealed the highest activities, whereas other 

parts of the plant did not display any appreciable antioxidant, or anti-inflammatory effects 

(Tümen et al., 2017) . 
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This results was the same for the anti-inflammatory activity of essential oils of cones and 

needles of P.halepensis, P.pinea and P.brutia (Süntar et al., 2012). Antioxidant activities of 

P. halepensis essential oils, collected from ten different bioclimatic areas in Algeria have 

been determined by four tests namely DPPH, reducing power, -carotene bleaching and 

chelating ability on ferrous ions (Djerrad et al., 2015). 

 

Other activities 

The wound healing activity of essential oils extracted from cones and needles of 

P.halepensis, P.pinea and P.brutia were studied by (Süntar et al., 2012). And the same 

activity of the n-hexane and acetone extracts and essential oils of P.pinaster cone, needles 

and wood were tested by Tümen et al., 2017. The essential oils obtained from the cones of 

P.pinea and P.halepensis demonstrated the highest effects. On the other hand, the rest of the 

essential oils did not show any significant wound healing activities (Süntar et al., 2012). 

Other activity of essential oils from P. halepensis, P. brutia, P. pinaster and P. pinea were 

studied by Lahlou et al., 2003; the molluscicidal activity against Bulinustruncatus. 

 

Concluding remarks: 

This review presented compounds isolated from Pine extracts, including terpenoids, 

flavonoids, and fatty acids. 

Cone was the most well-studied part of the plant, followed by extracts from the needle and 

seed. Hydro-distillation and soxhlet were the extraction methods with the ASE apparatus 

chosen by the most of studies, whereas hexane, acetone, methanol, water, acid hydrolysis 

and acid methanolysis, were used. Antioxidant activity was the most extensively studied of 

Pine extracts but many other activities are attributed to Pine extracts, such as Herbicidal, 

Antifungal, Wound healing, Antiradical and many others. 

Several factors contribute to Pine importance including its worldwide geographic 

distribution, long history of use in folk medicine, food and cosmetics industry. Taken 

together, these factors stimulated an increasing interest in the isolation and identification of 

Pine compounds. The activities of some of the isolated compounds have not been 

investigated and, therefore, a comprehensive investigation of these compounds is still 

necessary. In this context, this species is a promising candidate as an alternative source of 

bioactive compounds. 
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Table 1.  Chemical composition and activities of some extracts of Pinus Halepensis, Pinus Pinea,Pinus Pinaster and Pinus Brutia 

Pinus Tissue Activity Extraction method Solvent Compound detected References 

Halepensis 

 

 

Halepensis 

Pinea and 

Pinaster 

 

Pinaster 

 

 

 

 

Halepensis 

Pinea and 

Brutia 

 

 

Halepensis 

and  

Pinea 

 

 

Halepensis 

 

 

cone, 

needles and 

stems 

 

cone,  

needles and 

branches 

 

cone, 

needles and 

wood 

 

 

cone 

 

 

 

 

seeds 

 

 

 

spine 

 

 

antifungal and 

herbicidal  

 

 

_ 

 

 

 

anti-inflammatory and 

antioxidant effects 

 

 

_ 

 

 

 

 

_ 

 

 

 

Antifungal 

 

 

_ 

Hydrodistillation (3h) 

 

 

Hydrodistillation (2h) 

 

 

 

Soxhlet 

Soxhlet 

Hydrodistillation (2h) 

 

 

Hydrodistillation (3h) 

 

 

 

_ 

 

 

 

 

Hydrodistillation (2h) 

 

cold solvent method 

 

_ 

 

 

_ 

 

 

 

n-Hexane 

acetone 

_ 

 

_ 

 

 

 

 

chloroform-

methanol-

NaCl (1%) 

 

 

 

_ 

 

 

Major compounds : α-pinene and (Z)-

caryophyllene 

 

Major compounds : α-pinene and myrcene 

Major compound :limonene 

Major compound s: α-pinene and β-pinene 

 

_ 

_ 

Major compounds : α-pinene and β-pinene 

 

Major compound : α-pinene 

Major compound :limonene 

Major compound : β-pinene 

 

 

Major fatty acid : linoleic acid, oleic and 

palmitic 

 

 

 

Major compounds :caryophyllene oxide,  

thumbergol and humulene oxide 

 

Major  sterol compounds :  β-Sitosterol and  

Amri et al.,2013 

 

 

Macchioni et 

al.,2002 

 

 

 

Tümen et al.,2017 

 

 

 

Tümen et al.,2010 

 

 

 

Nasri et al.,2005 

 

 

 

 

Abi-Ayadet 

al.,2011 
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Halepensis 

 

 

 

Halepensis 

Pinea and  

Brutia 

 

 

Halepensis 

 

 

 

Halepensis 

and 

Pinaster 

 

 

Halepensis 

Pinea and 

Pinaster 

 

 

Halepensis 

 

 

 

seeds 

 

 

 

twigs and  

needles 

 

 

 

seeds 

 

 

seeds 

 

 

 

seeds 

 

 

 

 

needles, 

twigs and 

buds 

 

needles 

 

 

 

 

Antioxidant 

 

 

 

 

_ 

 

 

_ 

 

 

 

_ 

 

 

 

 

 

Antibacterial 

 

 

Molluscicidal 

 

 

 

 

 

Hydrodistillation (3h) 

 

 

 

 

_ 

 

 

 

Hydrodistillation (5h) 

 

 

 

Soxhlet 

 

 

 

Hydrodistillation (5h) 

 

 

Hydrodistillation (4h) 

 

 

 

Hexane 

 

 

_ 

acetone, 

 ethyl acetate 

 ethanol 

 

 

hexane 

 

 

_ 

 

 

 

chloroform/

methanol 

(2:1, v/v) 

 

 

_ 

 

 

 

_ 

 

campesterol 

 

 

 

Major compounds: α-pinene and β-pinene 

Total phenol and flavonoid 

 

 

 

Major fatty acid : oleic and linoleic  

 

 

 

Major compound :limonene 

 

 

 

Fatty acids 

 

 

 

Major compounds :myrcene,  α-pinene,  E-

β-caryophyllene,  terpinolene,  2-phenyl 

ethyl isovalerate,  terpinene-4-ol and 

sabinene 

 

 

Cheikh-Rouhou et 

al.,2008 

 

 

 

Ustun et al.,2012 

 

 

 

 

Cheikh-Rouhou et 

al.,2006 

 

Kadri et al.,2015 

 

 

 

Kadri et al.,2015 

 

 

 

Fekih et al.,2014 
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Halepensis 

,brutia, 

pinaster and 

pinea 

 

 

Halepensis 

,brutia, 

pinaster and 

pinea 

 

Pinea and 

Brutia 

 

Brutia 

 

 

Halepensis 

 

 

Pinaster 

 

 

Pinaster 

 

Halepensis 

Pinea and 

 

needles 

 

 

resins 

 

 

 

needles 

 

 

needles 

 

 

Needles 

 

 

Needles 

 

 

cones 

andneedles 

 

 

 

 

cones and  

Antibacterial 

 

 

antimicrobial, 

phytotoxic, 

antioxidant, and 

insecticidal 

 

 

Herbicide and 

antifungal 

 

 

_ 

 

 

 

_ 

 

Antibacterial 

 

 

wound healing and 

anti-inflammatory 

 

 

 

Hydrodistillation (6h) 

 

 

Hydrodistillation (3h) 

 

 

Hydrodistillation (3h) 

 

 

Hydrodistillation (2h) 

 

 

Hydrodistillation (2h) 

 

 

Hydrodistillation (4h) 

 

 

Hydrodistillation (6h) 

 

 

 

_ 

 

 

Soxhlet 

 

 

 

_ 

 

 

_ 

 

 

 

_ 

 

_ 

 

 

 

_ 

 

_ 

 

 

 

_ 

 

 

 

Methanol 

chloroform, 

Major compounds :α-pinene,  β-pinene and 

β–Myrcene 

 

Major compounds :α-pinene,  β-pinene and 

β–caryophyllene 

 

 

Major compounds :α-pinene,  β-pinene and 

caryophyllene 

 

 

Major compounds : α-pinene and β-pinene 

 

Major compounds: β-caryophyllene,  α-

humulene and  aromadendrene 

 

Major compounds:  β-caryophyllene,  allo-

aromadendrene and  α-humulene. 

 

Major compounds :  β-caryophyllene and β-

selinene 

 

_ 

 

 

Bioactive compounds : Total polyphenols, 

flavonoids, anthocyanins and carotenoids 

Lahlou et al.,2003 

 

 

Hmamouchi et 

al.,2001 

 

 

ULUKANLI et 

al.2014 

 

 

Hanana et al.,2014 

 

Dob et al. (2005) 

 

 

Dob et al.(2005) 

 

 

Mimoune et 

al.(2013) 

 

 

Süntar et al.2012 

 

 

Dhibi et al.2012 
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Brutia 

 

 

Halepensis 

 

 

 

Brutia 

 

 

 

Halepensis 

Pinea and  

Brutia 

 

 

Halepensis 

 

 

Halepensis 

 

 

Halepensis 

Pinea and 

Brutia 

 

 

seeds 

 

 

 

barks, 

resins and 

cones 

 

 

cones 

 

 

 

 

not 

mentioned 

 

 

needles 

 

 

needles 

 

 

 

 

cones 

Antiradical 

 

 

 

Antimicrobial 

 

 

 

 

 

 

 

 

Antioxidant 

 

 

Antibacterial 

 

 

_ 

 

 

 

 

_ 

 

 

 

 

AcceleratedSolventEx

tractor 

 

 

 

 

 

 

Hydrodistillation (3h) 

 

 

Hydrodistillation (3h) 

 

 

 

Hydrodistillation (2h) 

 

 

 

Hydrodistillation (3h) 

 

 

 

Hydrodistillation (5h) 

 

acetone and 

methanol 

 

 

acetone:wate

r (95:5 v 

v−1) 

 

 

 

 

 

 

 

_ 

 

 

 

_ 

 

 

 

_ 

 

 

 

_ 

 

_ 

 

 

 

Phenolic constituents 

 

 

 

 

major components :  α-pinene, myrcene, p-

cymene, (Z)-β-caryophyllene and 

caryophyllene oxide 

 

 

Major compounds : β–caryophyllene, α-

pinene and β-myrcene 

 

 

 

major components :  α-pinene,  β-pinene 

and  germacrene D 

 

 

Major compounds : α-pinene,myrcene, (E)-

β-caryophyllene and caryophyllene oxide 

 

 

 

 

 

 

Digrak et al.1999 

 

 

 

Kilic et al.2010 

 

 

 

 

Djerrad et al.2015 

 

 

 

Sadou et al.2015 

 

 

 

Roussis et al.  

1995 
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Halepensis 

 

 

 

Pinaster 

 

 

Pinaster 

 

Pinaster 

 

 

Halepensis 

and 

Pinaster 

 

 

 

Halepensis 

 

 

 

Halepensis 

 

 

 

Pinaster 

 

needles 

 

 

barks 

 

 

needles 

 

 

gem 

 

 

 

needles and 

bark 

 

 

 

Seeds 

 

 

wood, 

cones, and 

needles 

 

 

_ 

 

 

 

 

_ 

 

 

_ 

 

Antibacterial and 

antifungal 

 

 

Antimicrobial 

 

 

 

 

Antiradical 

 

 

Antioxidant, wound 

healing and  

antiinflammatory 

 

 

 

Hydrodistillation (4h) 

 

 

Hydrodistillation (2h) 

 

 

Hydrodistillation 

 

 

_ 

 

 

 

 

 

 

Soxhlet 

 

 

 

Hydrodistillation (4-

5h) 

 

 

 

Hydrodistillation (2h) 

 

 

 

_ 

 

 

 

_ 

 

 

_ 

 

 

Acetone 

 

 

 

 

petroleumeth

er 

 

 

 

 

 

 

 

Major compounds : α-pinene, (E)-β-

caryophyllene, germacrene D andabieta-

7,13-diene 

 

Major compounds : α-pinene, β-

caryophyllene  and junipene 

 

 

Major compounds : α-pinene,germacrene D 

and (E)-caryophyllene 

 

 

Major compound : α-pinene 

 

 

Major compounds: caryophyllene, α-

caryophyllene and β-cubebene. 

Major compounds :  D-glucose, 4,6-o-

ethylidene, dibutyl phthalate and  di-n-octyl 

phthalate 

 

 

Fattyacids 

Volatile compounds 

 

 

Volatile, lipophilic, and hydrophilic 

Nam et al.2014 

 

 

Ottavioli et 

al.2008 

 

 

Zolfaghari et 

al.2011 

 

 

Petrakis et al.2001 

 

 

 

 

 

Ghanmi et al.2007 

 

 

 

Mohareb et 

al.,2017 

 

 

Dhibi et al.,2012 
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Halepensis 

 

Pinea 

 

 

Pinea, 

pinaster and 

halepensis 

 

needles 

 

 

 

needles, 

fruits and 

barks 

 

 

Bark 

 

Antimicrobial,  insect 

larvicidal 

 

Antibacterial and 

antioxidant 

 

 

Antioxidant,  

cytotoxicity,  

antiproliferative 

 

 

 

Hydrodistillation (3h) 

 

 

Masquelier modified 

method 

 

 

components 

 

 

Major terpene compounds: (E)-

Caryophyllene, Thunbergol,  Phenylethyl 3-

methylbutanoate, α-Humulene and Myrcene 

 

 

Limonene, β-caryophyllene, Caryophyllene 

oxide and Guaiol 

Tümen et al.,2018 

 

 

Mitić, et al.,2019 

 

Halloum et 

al.,2019 

 

Gascón et al.,2018 
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Figure 1. Pine morphology ( https://fr.depositphotos.com/226090882/stock-illustration-parts-

plant-morphology-pine-tree.html) 
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