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Abstract The Aleppo pine (Pinus halepensis Miller)
trees grown in the agricultural lands with high
biodiversity, and considered as a potential source for
chemical and therapeutic compounds. Essential oil
(EO) and n-butanol fraction (But-fr) of Aleppo pine
cones were evaluated against the growth of four plant
bacterial pathogens (Dickeya solani, Pectobacterium
atrosepticum, Ralstonia solanacearum, and Agrobac-
terium tumefaciens) and four human pathogenic
bacteria (Bacillus subtilis ATCC 6633, Sarcina lutea
ATCC 9341, Escherichia coli ATCC 8739, and
Staphylococcus aureus ATCC 6538). The diameter
of the inhibition zone (IZ) and the minimum inhibitory
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concentrations (MICs) were measured. At 2000 pg/
mL, But-fr showed the strongest activity against D.
solani, P. atrosepticum, and R. solanacearum with
inhibition zones (IZs) of 14.33 mm, 12.33 mm, and
15.33 mm, respectively. At 2000 pg/mL, EO showed
the best activity against A. tumefaciens with an 1Z
value of 12.67 mm. Weak activity was observed by
applying the EO and But-fr against B. subtilis and S.
lutea, while good activity was recorded by But-fr
against E. coli and S. aureus with IZs values of
13.67 mm and 11.33 mm, respectively, at 2000 ng/
mL. Gas chromatography-mass spectrometry (GC/
MS) analysis reported that the EO from cones
contained mainly caryophyllene (15.17%), a-pinene
(13.51%), and caryophyllene oxide (12.57%); But-fr
contained 3,4-dimethyldihydrofuran-2,5-dione
(36.25%), and 2-methylenecholestan-3-ol (18.12%).
The phytochemical But-fr extract of Aleppo pine
cones demonstrated moderate antibacterial effects
against the studied bacteria.

Keywords Pinus halepensis - Cones - Pathogenic
bacteria - Essential oil - n-butanol extract

Introduction

Forests are consider to be the primary source of
medicinal plants and valuable number forest products
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such as fodder, fiber, food, cosmetics, gums, perfumes,
resins, dyeing and plant protection (Zou and Sanford
1990; Joshi and Rawat 1997; FAO 2003). Medicinal
and aromatic plants in agroforestry systems are
playing an important role in discovering drugs for
animal and human healthcare. Especially for people in
villages and remote areas, which they are depend on
medicinal and aromatic plants and their derivatives as
primarily choose for treating human ailments (Nash
et al. 1994; de Silva 1997; Prajapati et al. 2003; Rao
et al. 2004). For example, the development of new
drugs is strongly needed to cure infectious diseases
caused by multi-resistant bacteria species (Rusenova
and Parvanov 2009) and diseases caused by bacteria
from horticultural plants such as soft, blackleg rot, and
crown gall (De Cleene and De Ley 1976; Gardan et al.
2003).

In recent years, the search for antimicrobial activity
in natural extracts has accelerated (Rios and Recio
2005). Natural products from higher and aromatic
plants have been widely used as natural biocides
against bacterial and fungal pathogens that cause
diseases in humans and plants (Ashmawy et al.
2014; Chakotiya et al. 2017; El-Hefny et al.
2017a, b; Salem et al. 2018a).

The Aleppo pine is one of most important forest
tree. All of the parts from this tree species have
potential medicinal values, which could be useful for
people in developing countries as a traditional product
derived from forests. However, Aleppo pine is
Mediterranean species growing in warmer calcareous
areas like Morocco, Algeria, Libya, Turkey, Greece,
and Italy (Tumen et al. 2010; Mohareb et al. 2017).

Phytochemicals such as essential oils (EOs), terpe-
nes, turpentine, and phenolic compounds from Aleppo
pine have valuable medicinal applications (Dob et al.
2005; Tumen et al. 2010; Abi-Ayad et al. 2010a, b;
Nam et al. 2016; Mohareb et al. 2017). Traditionally,
seeds of Aleppo pine are used for preparing a sweet
pudding of group pine seeds throughout Arabic
countries and was employed as an ingredient in ice
creams Cheikh-Rouhou et al. 2006).

The needle EO is rich in f-caryophyllene, o-
humulene, and aromadendren (Dob et al. 2005). The a-
pinene,  myrcene, (E)-f-caryophyllene,  and
caryophyllene oxide are the main compounds in the
cone EO derived from the plant grown in Corsica
(Nam et al. 2014). Moreover, a-pinene, myrcene, p-
cymene, and (Z)-f-caryophyllene were designated as
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major components in the EO of needles (Djerrad et al.
2017). The Tunisian Aleppo pine have the (Z)-
caryophyllene, -myrcene, o-pinene, -pinene, bicy-
clogermacrene, o-terpinolene, and o-humulene as the
main chemical compounds (Hamrouni et al. 2015).
Cones EO of the Turkish Aleppo pine contains o-
pinene, f-caryophyllene, and caryophyllene oxide
(Tumen et al. 2010). The main compounds in the EO
from stems, cones, and needles of Aleppo pine are o-
pinene, o-pinene, and (Z)-caryophyllene (Amri et al.
2013).

Various parts of the Pinus species (bark, needle,
cone, and resin) have been used as antioxidants,
antifungals, antibacterials, anti-inflammatories, and
antiseptics (Sakagami et al. 1991; Digrak et al. 1999;
Salem et al. 2014a, b). The essential oils obtained from
Aleppo pine cones have demonstrated the best effects
on wound healing activity models, including anti-
hyaluronidase activity and anti-inflammatory activity
(Siintar et al. 2012).

The present work evaluated the antibacterial activ-
ity of essential oil and n-butanol extract from Aleppo
pine cones grown in Egypt against the growth of some
pathogenic bacteria. The phytochemical compositions
of essential oil and n-butanol extract were analyzed
using gas chromatography-mass spectrometry (GC/
MS).

Materials and methods
Plant material

Cones of Aleppo pine were collected in September
2017 from Alexandria City, Egypt. The cones were
air-dried under shaded conditions for one month and
then ground into small pieces.

Isolation of essential oil and n-butanol fraction

The essential oil was extracted by hydrodistillation
(Fig. 1). Small pieces of cones were first hydro-
distillated by boiling 150 g of samples in 1500 mL
distilled water for 3 h using a Clevenger extractor
(Salem et al. 2013). After obtaining the essential oil,
the material was filtrated to obtain the water suspended
with dissolved extracts, and the residue or marc was
discarded. The water extract was shaken with an equal
volume of n-butanol using a funnel separator to
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Fig. 1 Essential oil and n-butanol fraction isolated from Aleppo pine cones
produce two layers (Fig. 1). The n-butanol layer was Ralstonia  solanacearum, and  Agrobacterium
concentrated under reduced pressure at 45 °C with a tumefaciens.

rotary evaporator, and the remainder (water layer) was
discarded. The essential oil and n-butanol fraction
extracted from cones of Aleppo pine were dissolved in
10% dimethyl sulfoxide to final concentrations of
125 pg/mL, 250 pg/mL, 500 pg/mL, 1000 pg/mL,
and 2000 pg/mL.

Antibacterial activity

Isolation and identification of phytopathogenic
bacteria

Some plants showing natural infections, such as a
potato tuber with soft rot or blackleg disease, and
Pyrus communis with soft galls, were supplied from
agricultural fields and stores. The diseased samples
(rotted/galled tissues) were examined for the presence
of bacterial colonies (Pérombelon and Van Der Wolf
2002; Moore et al. 2011; Toth et al. 2011; Czajkowski
et al. 2015). The morphological and biochemical
characteristics of the isolated plant bacteria were
performed using standard methods (Cowan and Steel
1974; Klement et al. 1990; Staley et al. 2005).

Molecular identification

The extraction of DNA and molecular identification
have been described in previous studies (De Cleene
and De Ley 1976; Ashmawy et al. 2018; Behiry et al.
2018; Salem et al. 2018b). The following bacterial
plant isolates were identified and used in the present
work: Dickeya solani, Pectobacterium atrosepticum,

Human bacterial pathogens

Four human pathogenic bacteria, namely Bacillus
subtilis ATCC 6633, Sarcina lutea ATCC 9341,
Escherichia coli ATCC 8739, and Staphylococcus
aureus ATCC 6538, were used. Bacterial strains were
supplied by the Laboratory of Bacteriology (Faculty of
Agriculture, Alexandria University, Egypt).

Antibacterial activity

The media used to maintain bacteria and for the disc
diffusion bioassay (NCCLS 1997) and minimum
inhibitory concentrations assay (Eloff 1998) methods
were nutrient agar (NA), Mueller—Hinton agar
(MHA), and Mueller-Hinton Broth (MHB), respec-
tively. Negative (10% dimethyl sulfoxide) and posi-
tive controls Tobramycin (10 pg/disc with human
pathogenic bacteria) (Gentamicin, 20 pg/disc, with
plant pathogenic bacteria) were used. All measure-
ments were taken with three replicates. Minimum
inhibitory concentrations (MICs) using serial dilutions
of essential oil and n-butanol fraction ranged from 125
to 2000 pg/mL and were performed in 96-well micro-
plates.

GC/MS analyses of essential oil and n-butanol
fraction

A Trace Gas Chromatography (GC) Ultra-ISQ Mass

Spectrometer (Thermo Scientific, Austin, TX, USA)
with a direct capillary column TG-5MS
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(B0 m x 0.25 mm x 0.25 um film thickness) appa-
ratus was used to analysis the chemical composition of
essential oil and n-butanol fraction from cones of
Aleppo pine. The program temperatures of column
oven, injector, and detector, as well as the properties of
separation and identification, can be found in previ-
ously published work (El-Hefny et al. 2017b). The
constituents were identified and performed on the
basis of mass spectra library search (NIST and Wiley)
(Adams 2007).

Statistical analysis

The resulting inhibition zones from the essential oil
and n-butanol fraction against the growth of the
studied bacterial pathogens were presented as
mean =+ standard deviation after analysis using the
factorial experiment in the ANOVA test with two
factors; the extracts and concentrations using the GLM
procedure (SAS 2001).

Results and discussion

Antibacterial activity of essential oil and n-butanol
fraction

The activity of essential oil (EO) and n-butanol
fraction (But-fr) derived from cones of Aleppo pine
at different concentrations against the plant bacterial
pathogens are presented in Table 1. The highest
inhibition zones (IZs) observed against D. solani were
1433 mm and 11.67 mm as But-fr was applied at
2000 pg/mL and 1000 pg/mL. But-fr at 2000 pg/mL
showed the highest activity against P. atrosepticum
with IZ values of 12.33 mm at 2000 pg/mL. At
2000 pg/mL and 1000 pg/mL, the But-fr presented
the highest activity against R. solanacearum with IZ
values of 15.33 mm and 12.67 mm, respectively. The
EO at 2000 pg/mL and 1000 pg/mL showed the best
1Z values with 12.67 mm and 10.00 mm, respectively,
against the growth of A. fumefaciens.

Table 2 shows that the EO and But-fr presented
weak activity against B. subtilis and S. lutea. The But-
fr showed good activity against the growth of E. coli
with IZ values of 13.67 mm, 11.67 mm and
1033 mm, at 2000 pg/mL, 1000 pg/mL, and
500 pg/mL, respectively. The EO at 2000 pg/mL
and 1000 pg/mL showed IZ values of 12.33 mm,

@ Springer

11.67 mm, respectively, and But-fr at 2000 pg/mL
showed an IZ value of IZ 11.33 mm, observed against
the growth of S. aureus.

According to the data presented in Table 3, the
MIC values were 2000 pg/mL (EO) with B. subtilis,
1000 pg/mL (EO) with S. lutea, 100 pg/mL (But-fr)
with E. coli, < 125 pg/mL (EO and But-fr) with S.
aureus, 100 pg/mL (But-fr) with D. solani, 225 ng/
mL (But-fr) with P. atrosepticum, < 125 pg/mL (But-
fr) with R. solanacearum, and 225 pg/mL (But-fr)
with A. fumefaciens.

Phytochemical constituents of essential oil and n-
butanol fraction

A total of 31 compounds were identified in the EO of
Aleppo pine cones (Table 4), and the main con-
stituents were caryophyllene (15.17%), o-pinene
(13.51%), caryophyllene oxide (12.57%), methyl
hexadecadienoate (10.81%), d-verbenol (7.74%),
2-pinen-4-one (6.02%), linoleic acid (4.48%), o-
caryophyllene  (3.79%), methyl 6-nonynoate
(3.66%), D,L-isobornyl acetate (3.00%), epiglobulol
(2.22%), and (E)-citral (2.19%).

In the But-fr, 12 compounds were identified with
the following main constituents; 3,4-dimethyldihy-
drofuran-2,5-dione (36.25%), 2-methylenecholestan-
3-0l (18.12%), (Z)-9-octadecenoic acid (13.45%),
trans-2-undecenoic acid (12.55%), 1,7-octane-
diol,3,7-dimethyl- (6.23%), and ethyl iso-allocholate
(4.09%) (Table 5).

The activity results reported from the IZs and MICs
of EO and But-fr against the growth of plant and
human bacterial pathogens ranged from weak to
moderate inhibition.

The resistance of Gram-negative bacteria against
EOs has been attributed to the presence of a
hydrophilic outer membrane surrounding the cell
wall, which restricts diffusion of hydrophobic com-
pounds through its lipopolysaccharide covering (Sak-
agami et al. 1991; Digrak et al. 1999). The extract of
Aleppo pine have shown a variable response against
the growth of microorganisms. Less activity was
observed with EO from Algeria against E. coli and P.
aeruginosa (Abi-Ayad et al. 2010a).

Previously, it was found that EO from Aleppo pine
is not active against the growth of S. aureus and E. coli
(Fekih et al. 2014). On the other hand, other studies
reported that the EO was affective against the growth
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Table 3 Minimum inhibitory concentrations (MICs) of essential oil and n-butanol fr. for antibacterial activity

Extract MIC value (png/mL)
B. subtilis  S. lutea E. coli S. aureus D. solani P. atrosepticum R. solanacearum A. tumefaciens
Essential oil 2000 125 <125 1000 1000 225
n-butanol fraction > 2000 >2000 100 <125 225 <125 1000
Table 4 Chemical constitutes of the essential oil from Aleppo pine cones
Compound name RT Relative Molecular Molecular Standard ~ Reverse
(min.)  peak area formula weight index standard index

o-Pinene 8.12  13.51 CioHi6 136 960 962
Camphene 8.94 0.54 CioHi6 136 913 966
2,4-thujadiene 9.32 0.96 CioH 4 134 852 901
p-Pinene 10.04 1.89 CioHe 136 881 914
Sabinene 10.80 0.44 CioHie 136 868 878
m-Cymene 12.12 0.70 CioH4 134 874 892
L-Borneol 14.99 0.63 Ci0H,;50 154 699 853
o-Campholenal 16.56 1.39 Ci0H,60 152 877 917
d-Verbenol 17.16 7.74 Ci0H60 152 879 881
3-Pinanone 18.11 0.43 Ci0H160 152 780 849
Methyl 6-nonynoate 18.33 3.66 Ci0H160> 168 752 776
Myrtenol 19.01 0.76 Ci0H160 152 823 849
3,6-Dimethyl-4,5,6,7-tetrahydro-1- 19.27 0.46 Cy0H 140 150 773 818

benzofuran
Myrtenal 19.65 1.91 CioH140 150 903 921
trans-carveol 19.87 0.43 Ci0H160 152 826 852
2-Pinen-4-one 20.46 6.02 Ci0H140 150 877 885
D, L-isobornyl acetate 21.06 3.00 Ci,Hz00, 196 900 908
(E)-citral 21.47 2.19 Cy0H160 152 810 833
Cedrol 22.56 0.42 Cy5H,60 222 772 833
Methyl arachidonate 23.69 0.31 C,H340, 318 818 838
Caryophyllene 24.17 1517 CisHoy 204 936 950
o-Caryophyllene 25.13 3.79 CsHoy 204 851 916
7,11-Hexadecadienal 25.94 0.48 C6Ho30 236 743 774
o-Guaiene 26.37 1.96 CisHys 204 769 790
Epiglobulol 26.57 222 Cy5H»60 222 758 800
Caryophyllene oxide 28.23  12.57 Cy5H,40 220 920 938
linoleic acid 28.74 4.48 Cy5H3,0, 280 769 805
Methyl hexadecadienoate 29.18 10.81 C7H300, 266 826 833
Z-(13,14-Epoxy)tetradec-11-en-1-ol 30.31 0.21 C16Ho505 268 794 820

acetate
[1,1'-Bicyclopropyl]-2-octanoic acid, 2'- 30.39 0.22 C,H350, 322 780 846

hexyl-, methyl ester
Oleic acid 30.47 0.68 Cy5H340, 282 833 841

@ Springer
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Table 5 Profile of the chemical constitutes of the n-butanol fraction from Aleppo pine cones

Compound name RT Relative peak  Molecular Molecular Standard Reverse standard
(min.) area formula weight index index
3,4-Dimethyldihydrofuran-2,5-dione 343 36.25 CgHgO5 128 839 920
Trans-2-undecenoic acid 5.88 12.55 C11H,00, 184 649 689
1,7-Octanediol, 3,7-dimethyl- 7.72 6.23 C10H2,0, 174 715 732
3-Octanol 8.01 2.36 CgH,30 130 671 699
(Z)-9-Octadecenoic acid 10.22 13.45 C,gH340, 282 756 756
Z-(13,14-Epoxy)tetradec-11-en-1-ol ~ 22.27 2.54 C6Ho305 268 708 713
acetate
2-Methylenecholestan-3-ol 23.73 18.12 C,gHy30 400 741 749
Hexadecadienoic acid, methyl ester ~ 26.56 0.86 C7H300, 266 768 781
1-Heptatriacotanol 27.09 1.53 C37H760 536 804 815
Linoleic acid ethyl ester 27.54 0.83 C,oH360, 308 746 750
Ethyl iso-allocholate 29.56 4.09 Cy6Hy405 436 798 799
Docosanoic acid,8,9,13-trihydroxy- 30.86 1.17 C,3Hy605 402 784 784

,methyl ester

of those bacteria (Hmamouchi et al. 2001; Abi-Ayad
et al. 2010a; Saadou et al. 2013).

Caryophyllene oxide was found in 12.4 and 12.5%
in some provenances of Aleppo pine grown in Algeria
(Djerrad et al. 2017). Needle EO was found to be rich
in f-caryophyllene (Dob et al. 2005). The main
compound in the EO from cones of Aleppo pine
s was o-pinene (Amri et al. 2013).

The plant grown in Turkey showed the presence of
o-pinene, f-caryophyllene, and caryophyllene oxide
in cones EO (Tumen et al. 2010). The a-pinene was the
main compound in EO from cones (Amri et al. 2013).
The main compounds, myrcene (27.9% and 42.1%), -
pinene (18.1% and 27.9%), and p-caryophyllene
(16.4% and 14.3%) in needles and branches, respec-
tively; a-pinene in cones (53.6%), were found in in the
EO of Aleppo pine grown in Asciano (Pisa, Italy)
(Macchioni et al. 2003).

Different environments, regions, soil conditions,
and climates result in different chemical compositions
of secondary metabolites in the same plant (Viljoen
et al. 2005), i.e., the (Z)-caryophyllene compound
from the EO of Aleppo pine has been shown in varied
amounts in Italy, Morocco, Greece and Algeria (Panos
et al. 1995; Dob et al. 2005). a-pinene, which was
found in high amounts in Aleppo pine cone EO, has
been shown to exhibit antifungal activity (Sokovi¢ and
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Griensven 2006) and also displayed good antimicro-
bial activity (Matasyoh et al. 2007).

Throughout all civilization, the agroforestry tree
Aleppo pine is considered one of the most popular
plants, which contain pine compounds like turpentine,
resins and EO that have economic traditional thera-
peutic practice in world (Baba Aissa 1991; Dob et al.
2007). This study reported the importance of using EO
and n-butanol extract from Aleppo pine cones as
biological agents against certain bacterial pathogens
that cause diseases for both animal or human and
plants (especially potato diseases).

Potato (Solanum tuberosum L.), is an important
food crop worldwide. The origin of potato is the
Andes, South America. It was introduced by the
Spanish to Europe and from there, it was distributed to
the other parts of the world, including Egypt. Potatoes
are grown in two major zones, the temperate climate
zone and the subtropical lowlands (Hijmans 2000a, b).
This wide distribution of the potato crop makes it a
staple food for highly populated areas worldwide. The
year 2013 was declared by the FAO as the interna-
tional year of the potato, (http://faostat.fao.org/
default.aspx), which reflected the importance of the
potato as a worldwide food crop.

In Egypt, many diseases were diagnosed on potato
cultivated for either local consumption or exportation.
Potato diseases cause a significant loss of the yield and
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quality of potato (Kabeil et al. 2008). The diseases
include some bacterial diseases such as brown rot (R.
solanacearum), soft rot and blackleg diseases caused
by D. solani, P. atrosepticum, were diagnosed on
potato tubers (Kabeil et al. 2008; Ashmawy et al.
2015, 2018). The diseases listed above are limited
factors for potato production in Egypt. So, the key
factor for improvement potato production and expor-
tation is development efficient methods for controlling
these bacterial diseases. Crown gall induced by A.
tumefaciens is a soil borne pathogen (Kerr and
Brisbane 1983), which characterized by the formation
of tumors at the wounded sites (Pionnat et al. 1999),
the bacterium could be found as systematic infection
in the xylem, or latent infection (Marti et al. 1998).

From the point of view of considering the agro-
forestry tree of Aleppo pine as a potential source of
chemical compounds, terpenoids and phenolic com-
pounds have reported to have a negative effect on root
symbionts and site quality resulted from the interfer-
ing with mineralization, decomposition, and humifi-
cation (Kainulainen and Holopainen 2002; Macchioni
et al. 2003). Additionally, litters, leaf leachates, and
root exudates have an allelopathic effects causing
inhibition to seedling of various species and crop seeds
(Fernandez et al. 2008; Alrababah et al. 2009;
Navarro-Cano et al. 2009).

Conclusions

The current study demonstrated the potential uses of
essential oil and n-butanol extract from the agro-
forestry tree of Aleppo pine (P. halepensis) cones
against the growth of some pathogenic bacteria, four
plant bacterial isolates, D. solani, P. atrosepticum, R.
solanacearum, and A. tumefaciens, and four human
pathogenic bacteria, B. subtilis, S. lutea, E. coli, and S.
aureus. The n-butanol fraction had the highest activ-
ity, apart from the essential oil. Good activity was
found when the n-butanol fraction was applied,
especially against the plant pathogenic bacteria. The
main compounds in the essential oil of Aleppo pine
cones were caryophyllene, a-pinene, caryophyllene
oxide, methyl hexadecadienoate, and d-verbenol
(7.74%), and the main compounds in n-butanol
fraction were 3,4-dimethyldihydrofuran-2,5-dione,
2-methylenecholestan-3-ol, (Z)-9-octadecenoic acid,
and trans-2-undecenoic acid. The n-butanol fraction

had good antibacterial activity, and more work should
be carried out in vivo against the studied plant
pathogens.
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