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This research studied the chemical constituents and antibacterial activity of essential oils from the areal
parts of Mentha � piperita L. essential oil. Essential oil was subjected to hydrodistillation for 4 h using
Clevenger apparatus, resulting in nineteen chemical constituents representing 100% of the essential oil,
comprising menthol (36.02%), menthone (24.56%), menthyl acetate (8.95%), and menthofuran (6.88%);
these are major components, and others are minor components. Essential oil shows significant antibac-
terial and antifungal activity than principle components. The essential oil shows significant antibacterial
activity against human pathogenic micro-organisms. Further, Staphylococcus aureus (42.44 ± 0.10 mm),
Micrococcus flavus (40.01 ± 0.10 mm), Bacillus subtilis (38.18 ± 0.11 mm), Staphylococcus epidermidis
(35.14 ± 0.08 mm), and Salmonella enteritides (30.12 ± 0.12 mm) show the highest antibacterial activity
against essential oils. Essential oils show significant antifungal activity against Alternaria alternaria
(38.16 ± 0.10 mm), Fusarium tabacinum (35.24 ± 0.03 mm), Penicillum spp. (34.10 ± 0.02 mm), Fusarium
oxyporum (33.44 ± 0.06 mm), and Aspergillus fumigates (30.08 ± 0.08 mm). The maximal and minimal
inhibition concentration values are in the range of 10.22 ± 0.17 to 38.16 ± 0.10 and 0.50 ± 0.03 to
10.0 ± 0.14 lg/ml, for yeast and fungi respectively. The present study on essential oils deriving from
the Mentha � piperita L. species could be used in antimicrobial activity as a natural source.
� 2017 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

The development of microbial resistance to antibiotics is a glo-
bal concern. Natural products are a great scientific deal for finding
alternative methods for food preservation (Bassolé et al., 2010;
Runyoro et al., 2010). Essential oils from the plants show more
antibacterial activity from oxygenated terpenoids, phenols, alco-
holic compounds, and other chemical constitutes that contribute
to the antimicrobial effects (Cosentino et al., 1999; Cox et al.,
2001; Bajpai et al., 2008). According to the literature, the essential
oils of antibacterial activity results to synergistic or antagonistic.

As per the literature, previous researchers from all over the
world have investigated the traditional medicinal plant extracts
of the essential oils as antibiofilm formation, antiviral, antifungal,
antimicrobial, radio protective, angioedema, analgesic, food pack-
ing, biodegradable films and antioxidant activities (Giuliana
Gorrasi, 2015; Derwich et al., 2010; Kizil et al., 2010; Soković
et al., 2007; Tyagi and Malik, 2010; Ezzat, 2001; Behnam et al.,
2006; Agarwal et al., 2008; Sandasi et al., 2010; Rasooli et al.,
2008; Baliga and Rao, 2010; Yasukawa et al., 1993; Leslie, 1978;
Snoussi et al., 2015; Biddeci et al., 2016; Kashiri et al., 2017;
Ribeiro-Santos et al., 2017; Atares and Chiralt, 2016; Cataldo
et al., 2017), clinical constituents in foods, drinks, toiletries, and
cosmetics is a gaining momentum, in addition to the growing
attraction of consuming constituents from natural sources and
the increase in concern regarding harmful synthetic additives.
The essential oils are extracted from naturally available medicinal
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Table 1
Chemical constituents of Mentha � piperita L. essential oil.

RI Chemical Constituents % of Constituent

980 b-pinene 2.08
993 b-myrcene 1.22
1031 b-Phellandrene 1.52
1025 1,8 –cineole 5.13
1083 Terpinolene 2.02
1149 Menthol 36.02
1127 Menthone 24.56
1156 Menthofuran 6.88
1294 Menthyl acetate 8.95
1082 Linalool 0.39
1212 Pulegone 1.35
1220 Trams-carveol 1.69
1203 Cis-carveol 3.49
1645 Cubenol 0.56
1576 Spathulenol 0.10
1392 Eugenol 0.30
1632 s- cadinol 0.12
1254 Carvone 2.30
1373 b – elemene 1.30

Total 99.98

RI: Retention index.
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plants by steam distillation or hydrodistillation (Tsai et al., 2013;
Singh et al., 2015b), thereby resulting in different chemical con-
stituents used for various biological activities, food borne patho-
gens, and the artificial, biologically active compounds.

Crops and food products contaminate fungi, damaging both the
quantitative yield and economic losses. In order to protect fungi,
synthetic chemicals have been used, resulting in an increase in
crop production with deterioration in the environment, food qual-
ity, and human health (Moghaddam et al., 2013). Furthermore,
synthetic chemicals, pathogens, and pesticides can kill essential
microorganisms, thus, more resistance among human pathogens
regarding synthetic chemicals also causes serious damage.

The Mentha species is the most widely used in terms of health
and medicinal uses, mostly because of Menthol and Menthone.
Normally, the Mentha � piperita L., essential oils are mainly used
to relieve coughs, colds, mouth sinuses (reduced inflammation),
digestive issues, menstrual symptoms (muscle relaxant), pain
relief, headaches, and skin problems. Based on the literature sur-
vey, this is the first study on this plant in Jazan, Saudi Arabia.
Therefore, the present study on the chemical constituents and
antimicrobial activity of the volatile oil extracted from Men-
tha � piperita L. would be highly valuable.
2. Materials and methods

2.1. Plant material and extraction of essential oil

Peppermint (Mentha � piperita L.) plant material was purchased
from a market in Jazan, Saudi Arabia during January 2017. The col-
lected plant material was authenticated by a senior plant tax-
onomist, Dr. Ramesh Moochikkal, of the Department of Biology.
Voucher specimen (JAZUH 1146) was deposited at Jazan University
herbarium, Jazan, Saudi Arabia. Areal parts were separated and
dried under shade at room temperature, after drying; the plant
material was ground by the grinder. 100 g of dried plant material
and 500 mL of water was subjected to hydrodistillation for 4 h by
using Clevenger apparatus. It was then separated into the Men-
tha � piperita L. essential oil and kept in a refrigerator at 4 �C for
further analysis.
2.2. GC–MS analysis conditions

The essential oils were analyzed by using gas chromatography
and gas chromatography with Mass spectrometry. GC and GC–
MS analysis was done by Agilent Technology 6890N. GC was
equipped with a flame ionization detector (FID) and a DB-5 capil-
lary column of 30 m � 0.25 mm � 0.25 lm film thickness. Helium
(99.99%) was used as a carrier gas at a flow rate of 1.0 ml/min.
For the column, the gradient temperature programwas maintained
at 4 �C/min. The temperature used for the column ranged from
40 �C to 260 �C. To conduct the sample injection, the temperature
was maintained at 260 �C. Split ratio was used 10:1 and the sample
was injected manually.

Gas chromatography with mass spectrometry (Agilent Technol-
ogy 6890N) was done for essential oil qualitative and quantitative
analysis using the electron impact ionization (70 eV) method and
mass spectra, which recorded a range of 50 to 500 m/z with a mass
detector. Gas chromatography conditions were the same as men-
tioned above. The components were identified based on the com-
parison of their relative retention index and compared to the
standards of mass spectra referred to in the library National Insti-
tute of Standards and Technology (NIST), wiley 5, mass finder, and
Adams (2007), as well as the percentage of constituents measured
based on the peak area. See Table 1.
2.3. Antibacterial activity

2.3.1. Microbial strains
The extracted oils were individually tested against a set of

microorganisms. Gram-positive micro-organisms are stated as fol-
lows: B. cereus (ATCC10876), B. macerans (M58), B. megaterium
(M3), B. subtilis (ATCC 6633), B. abortus (A77), B. cepacia (A255),
E. cloacae (ATCC13047), E. faecalis (ATCC49452), L. monocytogenes
(ATCC15313), S. aureus (ATCC 25923), M. flavus (ATCC 9341), S. epi-
dermidis (A 233), C. michiganense (A 277), and S. pyogenes (ATCC
176). Gram-negative micro-organisms are stated as follows: A.
baumannii (ATCC 19606), E. coli (ATCC 25922), K. pneumonia (ATCC
27853), P. mirabilis (ATCC 35659), S. typhimurium (ATCC 13311), C.
freundi (ATCC 13311), E. aerogenes (ATCC 13048), S. enteritides (I
K27), P. vulgaris (A 161), P. syringae (A 35), and X. campestris (A
235). Fungal micro organisms are stated as thus: A. alternaria
(MNHN 843390), A. flavus (MNHN 994294), A. fumigates (MNHN
566), C. albicans (ATCC 26790), C. herbarum (MNHN 3369), F. oxypo-
rum (MNHN 963917), A. variecolor, F. acuminatum, F. solani, F.
tabacinum, M. fructicola, R. saloni, S. minor, S. selerotiorum, T. Menta-
grophytes, and T. rubrum. Strain numbers and microorganisms are
given Table 3 and 4. For each assay, microorganisms were stored
at 4 �C for 24 h. These bacterial and fugue strains were obtained
from the laboratory of Microbiology, Sri Krishnadevaraya Univer-
sity, India.

2.3.2. Determination of disc diffusion method
The antibacterial activity of the Mentha � piperita L. volatile oils

were investigated using the agar disc diffusion method. Micro
organisms are referred laboratory standards (NCCLS, 2001; Pfaller
et al., 1998). Using 100.0 lL of tested microorganisms contains
108 cfu/mL of bacteria and 106 cfu/mL fungi strains spreading
Sabouraud Dextrose agar (SDA) medium, respectively. The
extracted essential oil (10.0 lL) was separately impregnated on a
disc and placed on the tested micro-organisms. The plates were
incubated at 37 �C for 24 h for bacteria and at 30 �C for 48 h for
fungal strains. Each test was carried out as a triplet.

2.3.3. Microdilution method
The determination of the minimal inhibition concentration

(MIC) values determined the microorganisms using a Micro Broth
dilution assay, as recommended by NCCLS (2001). All the tests were
performed in Sabouraud Dextrose broth and Muller-Hilton broth,



Table 3
Antibacterial activity of Mentha � piperita L. essential oil (1.0 lg/ml) in disc diffusion method.

Microbial strains Zone inhibition (mma) MICb(lg/mL)

Essential oil RAb menthol menthone essential oil RA menthol menthone

B. cereus 32.08 ± 0.02 22.24 ± 0.16 23.0 ± 0.04 20.0 ± 0.02 1.0 ± 0.01 0.5 ± 0.02 0.5 ± 0.02 0.5 ± 0.02
B. macerans 24.05 ± 0.11 22.28 ± 0.05 20.0 ± 0.02 16.0 ± 0.06 0.50 ± 0.01 0.5 ± 0.02 0.5 ± 0.02 0.5 ± 0.02
B. megaterium 10.03 ± 0.05 14.02 ± 0.13 9.0 ± 0.06 8.0 ± 0.08 0.75 ± 0.08 1.0 ± 0.04 2.0 ± 0.04 2.0 ± 0.04
B. subtilis 38.18 ± 0.11 16.10 ± 0.08 24.2 ± 0.02 20.0 ± 0.04 1.5 ± 0.14 0.5 ± 0.02 0.5 ± 0.02 0.5 ± 0.02
B. abortus 22.03 ± 0.01 10.02 ± 0.02 18.0 ± 0.02 15.0 ± 0.02 3.5 ± 0.02 0.5 ± 0.02 0.5 ± 0.02 1.0 ± 0.02
B. cepacia 8.15 ± 0.10 14.45 ± 0.03 6.0 ± 0.02 4.0 ± 0.04 1.3 ± 0.06 0.5 ± 0.02 2.0 ± 0.04 2.0 ± 0.04
E. cloacae 16.14 ± 0.13 18.24 ± 0.06 15.0 ± 0.06 12.4 ± 0.04 1.0 ± 0.14 0.5 ± 0.02 2.0 ± 0.02 1.0 ± 0.02
E. faecalis 30.18 ± 0.12 17.32 ± 0.14 23.0 ± 0.02 18.4 ± 0.04 1.0 ± 0.17 0.5 ± 0.02 0.5 ± 0.02 0.5 ± 0.02
L. monocytogenes 17.20 ± 0.04 13.23 ± 0.12 15.0 ± 0.04 13.0 ± 0.02 1.0 ± 0.06 0.5 ± 0.02 2.0 ± 0.04 0.5 ± 0.02
S. aureus 42.44 ± 0.10 30.22 ± 0.12 28.0 ± 0.02 22.0 ± 0.02 0.75 ± 0.03 0.5 ± 0.02 0.5 ± 0.02 0.5 ± 0.02
M. flavus 40.01 ± 0.10 28.20 ± 0.06 28.2 ± 0.04 22.0 ± 0.02 1.0 ± 0.02 0.5 ± 0.02 0.5 ± 0.02 0.5 ± 0.02
S. epidermidis 35.14 ± 0.08 20.32 ± 0.05 23.0 ± 0.02 22.0 ± 0.06 1.53 ± 0.07 0.5 ± 0.02 0.5 ± 0.02 0.5 ± 0.02
C. mmichiganense 15.05 ± 0.08 10.02 ± 0.08 13.0 ± 0.02 10.0 ± 0.04 3.10 ± 0.12 1.0 ± 0.02 1.0 ± 0.04 2.0 ± 0.04
S. pyogenes 13.26 ± 0.03 6.04 ± 0.20 10.0 ± 0.04 8.4 ± 0.04 2.04 ± 0.12 1.0 ± 0.02 1.0 ± 0.04 2.0 ± 0.04
A. baumannii 12.08 ± 0.18 20.15 ± 0.12 10.0 ± 0.06 8.0 ± 0.02 1.5 ± 0.03 0.5 ± 0.02 1.0 ± 0.04 2.0 ± 0.04
E. coli 27.02 ± 0.13 17.24 ± 0.34 16.0 ± 0.06 13.0 ± 0.02 0.20 ± 0.09 0.5 ± 0.02 0.5 ± 0.02 1.0 ± 0.02
K. pneumonia 14.24 ± 0.07 16.28 ± 0.02 10.0 ± 0.06 9.0 ± 0.04 0.50 ± 0.14 0.5 ± 0.02 1.0 ± 0.04 2.0 ± 0.04
P. mirabilis 12.13 ± 0.12 15.33 ± 0.06 11.4 ± 0.04 9.0 ± 0.04 2.03 ± 0.17 0.5 ± 0.02 2.0 ± 0.04 2.0 ± 0.04
S. typhimurium 20.06 ± 0.06 12.03 ± 0.06 17.6 ± 0.02 12.0 ± 0.04 1.5 ± 0.15 1.0 ± 0.06 0.5 ± 0.04 1.0 ± 0.02
C. freundi 6.12 ± 0.02 7.16 ± 0.03 4.0 ± 0.02 2.0 ± 0.06 2.0 ± 0.14 1.0 ± 0.06 2.0 ± 0.04 2.0 ± 0.04
E. aerogenes 12.17 ± 0.07 10.44 ± 0.02 9.0 ± 0.02 5.0 ± 0.04 1.5 ± 0.12 1.0 ± 0.06 1.0 ± 0.04 2.0 ± 0.04
S. enteritides 30.12 ± 0.12 18.36 ± 0.12 17.6 ± 0.02 10.0 ± 0.02 1.50 ± 0.02 0.5 ± 0.02 0.5 ± 0.02 0.5 ± 0.02
P. vulgaris 4.02 ± 0.05 10.04 ± 0.04 2.0 ± 0.06 2.0 ± 0.02 1.50 ± 0.02 1.0 ± 0.06 2.0 ± 0.04 2.0 ± 0.04
P. syringae 3.12 ± 0.02 15.02 ± 0.06 2.0 ± 0.06 2.0 ± 0.02 2.50 ± 0.16 0.5 ± 0.02 2.0 ± 0.04 2.0 ± 0.04
X. campestris 3.18 ± 0.07 8.06 ± 0.02 2.0 ± 0.06 2.0 ± 0.02 80.0 ± 0.30 1.0 ± 0.02 1.0 ± 0.04 2.0 ± 0.04

a Values represent means ± standard deviations for triplicate experiments.
b RA: Reference of antibiotics Gentamicin for bacteria used was 10 lg/disc.

Table 2
Comparative chemical composition of Mentha � piperita L., essential oil.

Place Major components Reference

Brazil Menthol (42.32%), Menthyl acetate (35.01%), menthofuran (4.56%), menthone (4.05%) and 1,8
cineole (5.56%)

Scavroni et al. (2005)

England (Commercial oil) Menthol (49.79%), menthone (19.08%), and menthyl acetate (5.08%) de Sousaa et al. (2010)
Iran Menthol (25.16%), menthofuran (6.49%), menthyl acetate (4.61%), and 1,8-cineole (2.15%) Moghaddam et al. (2013)
Iran Menthol (53.28%), menthyl acetate (15.1%) and menthofuran (11.18%) Saharkhiz et al. (2012)
Iran Menthol (36.9%), menthone (28.8%), menthyl acetate (4.54%), and 1,8-cineole (3.75%) Mahboubi and Kazempour (2014)
Iran a-terpiene (19.7%), pipertitinone oxide (19.3%), trans-carveol (14.5%), and isomenthone (10.3%) Yadegarinia et al. (2006)
Taiwan Menthol (30.35%), menthone (21.12%), trans-carveol (10.99%), and 1, 8-cineole Tsai et al. (2013)
Burkina Faso Menthol (39.3%), menthone (25.2%), menthofuran (6.8%), and menthyl acetate (6.7%) Bassolé et al. (2010)
Serbia Menthol (37.40%), menthyl acetate (17.37%), menthone (12.70%), and menthofuran (6.82%) Soković et al., 2007
Korea Menthol (4.30%), caryophyllene (5.50%) and eucalyptol (62.16%), park et al. (2016)
Colombia Isomenthol (7.23%), Isomenthone (26.15%), pulegone (44.54%) and Chrysanthenone (8.07%) Roldán et al. (2010)
Brazil 3-octanol (10.1%), linalool (51.0%), Terpin-4-ol (8.00%), and carvone (23.42%), Sartoratto et al. (2004)
Saudi Arabia Menthol (36.02), menthone (24.56), menthyl acetate (8.95), and menthofuran (6.88%). Present study
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respectively. The Mentha � piperita L. essential oil dissolved 10%
Dimethylsulfoxide was prepared to 5.0 � 105 and 2.0 � 106 cfu/
mL for bacteria and fungus, respectively. The standard strain sus-
pensions were soaked onto micro plates. For bacteria, the plates
were incubated at 37 �C for 24 h, while fungi were incubated at
30 �C for 48 h. TheMICwas defined as having the lowest concentra-
tion of the compounds to inhibit the growth of micro-organisms
and to compare the antibacterial and antifungal activity of the oil.
3. Results and discussion

The extracted essential oil obtained from the areal parts ofMen-
tha � piperita L. was hydrodistillated for 3 h using Clevenger appa-
ratus. Next, the essential oil was qualitatively and quantitatively
analyzed by GC–MS. The results represented 99.98% of the essen-
tial oil, and the principle compounds were menthol (36.02), men-
thone (24.56), menthyl acetate (8.95), and menthofuran (6.88%).
The chemical components are given in Table 1.
The Mentha � piperita L. essential oils extracted from Brazil
(Scavroni et al., 2005) include menthyl acetate (35.01%), menthol
(42.32%), menthofuran (4.56%), menthone (4.05%) and 1,8 cineole
(5.56%) are major components, and (de Sousaa et al., 2010) oil rep-
resenting (100%) of the oil shows menthol (49.79%), menthone
(19.08%), and menthyl acetate (5.08%) as major components. Oils
are extracted from different places of Iran show (Moghaddam
et al., 2013) (99.97%) of the essential oil, with the major con-
stituents being menthol (25.16%), menthofuran (6.49%), menthyl
acetate (4.61%), and 1,8-cineole (2.15%). as shown by Saharkhiz
et al. (2012), the essential oil shows (99.37%) menthol (53.28%),
menthyl acetate (15.1%) and menthofuran (11.18%) as the major
constituents. (Mahboubi and Kazempour, 2014) found that
(99.8%) of the oil includes menthol (36.9%), menthone (28.8%),
menthyl acetate (4.54%), and 1,8-cineole (3.75%) as the major con-
stituents. Furthermore, other results from Iran (Yadegarinia et al.,
2006) show that (93.58%) of the total oil include the main con-
stituents of a-terpiene (19.7%), pipertitinone oxide (19.3%), trans-
carveol (14.5%), and isomenthone (10.3%) as major components.



Table 4
In vitro antifungal activity of essential oil.

Sstrains Essential oila Amphotericinb

DDc MICd DDc MICd

Alternaria alternaria (MNHN 843390) 38.16 ± 0.10 1.50 ± 0.06 25.02 ± 0.04 1.50 ± 0.04
Aspergillus flavus (MNHN 994294) 20.02 ± 0.06 10.0 ± 0.06 24.07 ± 0.08 2.50 ± 0.06
Aspergillus fumigates (MNHN 566) 30.08 ± 0.08 0.50 ± 0.03 22.06 ± 0.05 1.0 ± 0.14
Candida albicans (ATCC 26790) 16.34 ± 0.26 1.50 ± 0.16 12.18 ± 0.03 5.0 ± 0.16
Cladosporium herbarum (MNHN 3369) 23.23 ± 0.12 1.50 ± 0.16 15.14 ± 0.16 2.50 ± 0.17
Fusarium oxyporum (MNHN 963917) 33.44 ± 0.06 1.50 ± 0.20 25.04 ± 0.01 1.50 ± 0.26
Aspergillus variecolor 17.23 ± 0.23 10.0 ± 0.07 16.04 ± 0.02 1.50 ± 0.17
Fusarium acuminatum 22.50 ± 0.012 2.50 ± 0.16 18.24 ± 0.04 1.50 ± 0.02
Fusarium solani 10.22 ± 0.05 10.0 ± 0.03 25.30 ± 0.03 1.25 ± 0.01
Fusarium tabacinum 35.24 ± 0.03 1.50 ± 0.02 23.14 ± 0.02 1.35 ± 0.24
Moliniana fructicola 16.32 ± 0.03 5.50 ± 0.08 25.03 ± 0.06 3.50 ± 0.21
Penicillium spp. 34.10 ± 0.02 1.50 ± 0.01 27.25 ± 0.01 2.50 ± 0.08
Rhizoctomia saloni 28.16 ± 0.18 1.50 ± 0.10 22.04 ± 0.16 2.50 ± 0.01
Sclorotinia minor 10.22 ± 0.17 10.0 ± 0.12 28.65 ± 0.13 1.50 ± 0.04
Sclorotinia selerotiorum 15.58 ± 0.06 10.0 ± 0.14 20.03 ± 0.24 2.50 ± 0.03
Trichophyton mentagrophytes 11.55 ± 0.06 10.0 ± 0.13 12.22 ± 0.18 5.0 ± 0.05
Trichophyton rubrum 15.34 ± 0.03 5.0 ± 0.01 12.65 ± 0.05 5.0 ± 0.01

a Essential oil impregnated with 1.0 lL/disc.
b Amphotericin B impregnated with (10 lg/disc).
c Disc diameter (mm) included.
d Minimal inhibition concentrations in (lg/mL).
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The results from the present study compared the oils from Iran
(Yadegarinia et al., 2006), finding that the principle components
are totally different, but other results from Iran (Moghaddam
et al., 2013; Saharkhiz et al., 2012; Mahboubi and Kazempour,
2014) shows similar results with present study.

The oils from Taiwan (Tsai et al., 2013), menthol (30.35%), men-
thone (21.12%), trans-carveol (10.99%), and 1, 8-cineole are the
major components, showing 100% of the total oil. Essential oil from
(Bassolé et al., 2010) shows menthol (39.3%), menthone (25.2%),
menthofuran (6.8%), and menthyl acetate (6.7%) as the major con-
stituents comprising (93.4%) of the oil. Oils representing (97.60%)
of the essential oil shows menthol (37.40%), menthyl acetate
(17.37%), menthone (12.70%), and menthofuran (6.82%) as the
principle components (Soković et al., 2007). The oils from (Park
et al., 2016) show (98.27%) of the total oil, with its major con-
stituents comprising eucalyptol (62.16%), caryophyllene (5.50%),
and menthol (4.30%).

Results are totally different from the present study compared
with essential oil from Colombia (Roldán et al., 2010) represents
(99.43%) of the oil shows pulegone (44.54%), isomenthol (7.23%),
isomenthone (26.15%) and chrysanthenone (8.07%) major compo-
nents and Essential oil from Brazil (Sartoratto et al., 2004) oil rep-
resenting (98.0%) of the oil shows linalool (51.0%), carvone
(23.42%), 3-octanol (10.1%) and terpin-4-ol (8.00%) as major
components.

Other research from Libya (Singh et al., 2015a) did not find the
chemical composition of the Mentha � Piperita L. essential oil. The
present study, in accordance with the previous studies, shows that
the chemical constitution is similar, except for the oils collected
from Iran (Yadegarinia et al., 2006) and also from Brazil
(Sartoratto et al., 2004). The percentages of the principle compo-
nents are different due to the geographical conditions, climate,
and affect of sunlight. Comparative chemical composition results
are shown in the Table 2.

The antimicrobial activity of the essential oils was tested with
disc diffusion method. The results of the antimicrobial activity of
the essential oils are given Tables 3 and 4. The essential oil shows
the highest antibacterial activity against microorganisms. Also,
Staphylococcus aureus (42.44 ± 0.10 mm) Micrococcus flavus
(40.01 ± 0.10 mm), Bacillus subtilis (38.18 ± 0.11 mm), Staphylococ-
cus epidermidis (35.14 ± 0.08 mm), and Salmonella enteritides
(30.12 ± 0.12 mm) show good inhibition zones against Men-
tha � Piperita L., according to the Disc-diffusion method. Moreover,
the essential oils show less inhibition zones against Listeria
monocytogenes (17.20 ± 0.04 mm), Enterobacter cloacae
(16.14 ± 0.13 mm), Clavibacter mmichiganense (15.05 ± 0.08 mm),
Klebsiella pneumonia (14.24 ± 0.07 mm), Streptococcus pyogenes
(13.26 ± 0.03 mm), Acinetobacter baumannii (12.08 ± 0.18 mm),
Proteus mirabilis (12.13 ± 0.12 mm), Enterobacter aerogenes
(12.17 ± 0.07 mm), Bacillus megaterium (10.03 ± 0.05 mm), Bukhol-
dria cepacia (8.15 ± 0.10 mm), Citrobacter freundi
(6.12 ± 0.02 mm), Proteus vulgaris (4.02 ± 0.05 mm), Xanthomonas
campestris (3.18 ± 0.07 mm), and Pseudomonas syringae
(3.12 ± 0.02 mm). The disc-diffusion method and other microor-
ganisms show moderate antibacterial activity against essential
oils. The results are given in Table 3.

The results regarding the antifungal activity of the essential oils
are given Table 4. The essential oil shows strong antifungal activity
against yeast and fungi strains. Alternaria alternaria
(38.16 ± 0.10 mm), Fusarium tabacinum (35.24 ± 0.03 mm), Peni-
cillium spp. (34.10 ± 0.02 mm), Fusarium oxyporum
(33.44 ± 0.06 mm), and Aspergillus fumigates (30.08 ± 0.08 mm) all
show strong antifungal activity against essential oils. Furthermore,
Aspergillus variecolor (17.23 ± 0.23), Candida albicans (16.34 ± 0.26),
Moliniana fructicola (16.32 ± 0.03), Sclorotinia selerotiorum
(15.58 ± 0.06), Trichophyton rubrum (15.34 ± 0.03), Trichophyton
mentagrophytes (11.55 ± 0.06), Sclorotinia minor (10.22 ± 0.17),
and Fusarium solani (10.22 ± 0.05) show less antifungal activity
against the essential oils, while Rhizoctomia saloni, Fusarium acumi-
natum, Cladosporium herbarum, and Aspergillus flavus show a mod-
erate antifungal activity. The maximal and minimal inhibition
concentration values are in the range of 10.22 ± 0.17 to
38.16 ± 0.10 and 0.50 ± 0.03 to 10.0 ± 0.14 lg/ml, for yeast and
fungi respectively.

According to the literature, (Delaquis et al., 2002; Dorman and
Deans, 2000; Reddy and Al-Rajab, 2016) state that the percentage
of chemical compounds and the major constituents of the essential
oil determined the antibacterial activity. The researchers go on to
explain the maximum antibacterial activity and antifungal activity
(Dorman and Deans, 2000; Lambert et al., 2001; Ben-Bnina et al.,
2010; Proestos et al., 2006; Belghazi et al., 2002) are caused by
chemical constituents containing hetero atoms such as oxygen.
The present study reveals that the volatile oils extracted from the
aerial parts of Mentha � piperita L. have the potential to be an
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antibacterial and antifungal agent with a better performance
against a wide range of microorganisms when compared to syn-
thetic drugs.

4. Conclusions

Mentha � piperita L. essential oils show significant antibacterial
and antifungal activity against gram positive and gram negative
bacteria, as well as yeast and fungi, mostly because menthol and
menthone are main chemical constituents. This work will be
extended to fully analyze the potential of essential oils for their
antioxidant activity. Further work is necessary to explore suitable
concentrations of the components, which would extend their shelf
life, their suitability as neutral cuticles, and their role in natural
therapy and as pharmaceuticals for human management.

Acknowledgment

The authors extend their appreciation to the head of the labora-
tory of Microbiology at Sri Krishnadevaraya University for provid-
ing the infrastructure to carry out the research work. We also
thank Dr. M. Ramesh (Senior Taxonomist) from the Department
of Biology, Jazan University, Saudi Arabia, for his assistance in plant
identification.

References

Adams, Robert P., 2007. Identification of Essential Oil Components By Gas
Chromatography/Mass Spectrometry.

Agarwal, V., Lal, P., Pruthi, V., 2008. Prevention of Candida albicans biofilm by plant
oils”. Mycopathologia 165 (1), 13–19.

Atarés, Lorena, Chiralt, Amparo, 2016. Essential oils as additives in biodegradable
films and coatings for active food packaging. Trends Food Sci. Technol. 48, 51–
62.

Bajpai, V.K., Rahman, A., Kang, S.C., 2008. Chemical composition and inhibitory
parameters of essential oil and extracts of Nandina domestica Thunb. to control
food-borne pathogenic and spoilage bacteria. Int. J. Food Microbiol. 125, 117–
122.

Baliga, M., Rao, S., 2010. Radioprotective potential of mint: a brief review. J. Cancer
Res. Ther. 6 (3), 255–262.

Bassolé, I.H., Lamien-Meda, A., Bayala, B., Tirogo, S., Franz, C., Novak, J., Nebié, R.C.,
Dicko, M.H., 2010. Composition and antimicrobial activities of Lippia multiflora
Moldenke, Mentha � piperita L. and Ocimum basilicum L. Essential oils and their
major monoterpene alcohols alone and in combination. Molecules 15, 7825–
7839. http://dx.doi.org/10.3390/molecules15117825.

Behnam, S., Farzaneh, M., Ahmadzadeh, M., Tehrani, A.S., 2006. Composition and
antifungal activity of essential oils of Mentha piperita and Lavendula angustifolia
on post-harvest phytopathogens. Commun. Agri. Appl. Biol. Sci. 71 (3), 1321–
1326.

Belghazi, L., Lahlou, N., Alaoui, I., Abousaouiria, T., Habti, N., Tantaoui, I.A., 2002.
Extraction et analyse chromatographie en phase gazeuse de l’huile essentielle
de la menthe pouliot. Test antifongique. Congrès de biochimie. Casablanca.
Biochim. santé, 38–40.

Ben-Bnina, E., Hammami, S., Daamii-remadi, M., Ben-Jannet, H., Mighri, Z., 2010.
Chemical composition and antimicrobial effects of Tunisian Ruta chalepensis L.
essential oils. J. Soc. Chim. Tunisie 12, 1–9.

Biddeci, G., Cavallaro, G., Di Blasi, F., Lazzara, G., Massaro, M., Milioto, S., Parisi, F.,
Riela, S., Spinelli, G., 2016. Halloysite nanotubes loaded with peppermint
essential oil as filler for functional biopolymer film. Carbohydr. Polym. 152,
548–557.

Cataldo, Vincenzo Alessandro, Cavallaro, Giuseppe, Lazzara, Giuseppe, Milioto,
Stefana, Parisi, Filippo, 2017. Coffee grounds as filler for pectin: green
composites with competitive performances dependent on the UV irradiation.
Carbohydr. Polym. 170, 198–205.

Cosentino, S., Tuberoso, C.I.G., Pisano, B., Satta, M., Mascia, V., Arzedi, E., Palmas, F.,
1999. In vitro antimicrobial activity and chemical composition of Sardinian
Thymus essential oils. Lett. Appl. Microbiol. 29, 130–135.

Cox, S.D., Mann, C.M., Markham, J.L., 2001. Interactions between components of the
essential oil of Melaleuca alternifolia. J. Appl. Microbiol. 91, 492–497.

de Sousaa, Albertina Antonielly Sydney, Soaresa, Pedro Marcos Gomes, de Almeidaa,
Arisa Nara Saldanha, Maiaa, Alana Rufino, de Souzac, Emmanuel Prata,
Assreuya, Ana Maria Sampaio, 2010. Antispasmodic effect of Mentha piperita
essential oil on tracheal smooth muscle of rats. J. Ethnopharmacol. 130, 433–
436.
Delaquis, P.J., Stanich, K., Girard, B., Mazza, G., 2002. Antimicrobial activity of
individual and mixed fractions of dill, cilantro, coriander and eucalyptus
essential oils. Int. J. Food Microbiol. 74, 101–109.

Derwich, E., Benziane, Z., Taouil, R., Senhaji, O., Touzani, M., 2010. Aromatic plants of
morocco: GC/MS analysis of the essential oils of leaves ofMentha piperita L. Adv.
Environ. Biol. 4 (1), 80–85.

Dorman, H.J.D., Deans, S.G., 2000. Antimicrobial agents from plants: antibacterial
activity of plant volatile oils. J. Appl. Microbiol. 88 (2), 308–316.

Ezzat, S.M., 2001. In vitro inhibition of Candida albicans growth by plant extracts and
essential oils. World J. Microbiol. Biotechnol. 17 (7), 757–759.

Gorrasi, Giuliana, 2015. Dispersion of halloysite loaded with natural antimicrobials
into pectins: characterization and controlled release analysis. Carbohydr.
Polym. 127, 47–53.

Kashiri, Mahboobeb, Cerisuelo, Josep P., Domínguez, Irene, Lopez-Carballo, Gracia,
Muriel-Gallet, Virginia, Gavara, Rafael, Hernandez-Munoz, Pilar, 2017. Zein
films and coatings as carriers and release systems of Zataria multiflora Boiss.
essential oil for antimicrobial food packaging. Food Hydrocolloids 70, 260–268.

Kizil, S., Has�imi, N., Tolan, V., Kilinc, E., Uksel, U.Y., 2010. Mineral content, essential
oil components and biological activity of two mentha species (M. piperita L., M.
spicata L.). Turk. J. Field Crops 15 (2), 148–153.

Lambert, R.J.W., Skandamis, P.N., Coote, P., Nychas, G.J.E., 2001. A study of the
minimum inhibitory concentration and mode of action of oregano essential oil,
thymol and carvacrol. J. Appl. Microbiol. 91, 453–462.

Leslie, G.B., 1978. A pharmacometric evaluation of nine Bio-Strath herbal remedies.
Medita 8, 3–19.

Mahboubi, Mohaddese, Kazempour, Nastaran, 2014. Chemical composition and
antimicrobial activity of peppermint (Mentha piperita L.) essential oil.
Songklanakarin J. Sci. Technol. 36 (1), 83–87.

Moghaddam, Mohammad, Pourbaige, Maryam, Tabar, Heydar Kourosh, Farhadi,
Nasrin, Hosseini, Seyed Mohammad Ahmadi, 2013. Composition and antifungal
activity of peppermint (Mentha piperita) essential oil from Iran. TEOP 16 (4),
506–512.

NCCLS (National Committee for Clinical Laboratory Standards), 2001. Performance
Standards for Antimicrobial Susceptibility Testing: Eleventh Informational
Supplement, M100–S11. Clinical and Laboratory Standards Institute, Wayne,
PA.

Park, Yun Ji, Baskar, Thanislas Bastin, Yeo, Sun Kyung, Arasu, Mariadhas Valan., Al-
Dhabi, Naif Abdullah, Lim, Soon Sung, Park, Sang Un, 2016. Composition of
volatile compounds and in vitro antimicrobial activity of nine Mentha spp.
SpringerPlus 5, 1628.

Pfaller, M.A., Messer, S.A., Karlsson, A., Bolmstrom, A., 1998. Evaluation of the Etest
method for determining fluconazole susceptibilities of 402 clinical yeast
isolates by using three different agar media. J. Clin. Microbiol. 36, 2586–2589.

Proestos, C., Boziaris, I.S., Nychas, G.J.E., Komaitis, M., 2006. Analysis of flavonoids
and phenolic acids in Greek aromatic plants: investigation of their antioxidant
capacity and antimicrobial activity. Food Chem. 95, 664–671.

Rasooli, I., Shayegh, S., Taghizadeh, M., Astaneh, S.D.A., 2008. Phytotherapeutic
prevention of dental biofilm formation. Phytother. Res. 22 (9), 1162–1167.

Reddy, D.N., Al-Rajab, A.J., 2016. Chemical composition, antibacterial and antifungal
activities of Ruta graveolens L. volatile oils. Cogent Chem. 2 (1), 1220055.

Ribeiro-Santos, Regiane, Andrade, Mariana, de Melo, Nathália Ramos, Sanches-Silva,
Ana, 2017. Use of essential oils in active food packaging: Recent advances and
future trends. Trends Food Sci. Technol. 61, 132–140.

Roldán, L.P., Díaz, G.J., Duringer, J.M., 2010. Composition and antibacterial activity of
essential oils obtained from plants of the Lamiaceae family against pathogenic
and beneficial bacteria. Rev. Colomb. Cienc. Pecu. 23, 451–461.

Runyoro, D., Ngassapa, O., Vaginos, K., Aligiannis, N., Graikou, K., Chinou, I., 2010.
Chemical composition and antimicrobial activity of the essential oils of four
Ocimum species growing in Tanzania. Food Chem. 119, 311–316.

Saharkhiz, Mohammad Jamal, Motamedi, Marjan, Zomorodian, Kamiar, Pakshir,
Keyvan, Miri, Ramin, Hemyari, Kimia, 2012. Chemical composition, antifungal
and antibiofilm activities of the essential oil of Mentha piperita L. Int. Scholarly
Res. Network, 1–6.

Sandasi, M., Leonard, C.M., Viljoen, A.M., 2010. The in vitro antibiofilm activity of
selected culinary herbs and medicinal plants against Listeria monocytogenes.
Lett. Appl. Microbiol. 50 (1), 30–35.

Sartoratto, Adilson, Machado, Ana Lúcia M., Delarmelina, Camila, Figueira, Glyn
Mara, Duarte, Marta Cristina T., Rehder, Vera Lúcia G., 2004. Composition and
antimicrobial activity of essential oils from aromatic Plants used in brazil. Braz.
J. Microbiol. 35, 275–280.

Scavroni, Joseane, Boaro, Carmen Sílvia Fernandes, Marques, Márcia Ortiz Mayo,
Ferreira, Leonardo Cesar, 2005. Yield and composition of the essential oil of
Mentha piperita L. (Lamiaceae) grown with biosolid. Braz. J. Plant Physiol. 17
(4), 345–352.

Singh, Rajinder, Shushni, Muftah A.M., Belkheir, Asma, 2015a. Antibacterial and
antioxidant activities of Mentha piperita L. Arabian J. Chem. 8, 322–328.

Singh, Sunita, Das, Shiv Saran, Singh, Gurdip, Perotti, Marina, Schuff, Carola, Catalán,
César, 2015b. Comparative study of chemistry compositions and antimicrobial
potentials of essential oils and oleoresins from dried and fresh Mentha longifolia
L. J. Coastal Life Med. 3 (12), 987–991.

Snoussi, Mejdi, Noumi, Emira, Trabelsi, Najla, Flamini, Guido, Papetti, Adele, De Feo,
Vincenzo, 2015. Mentha spicata essential oil: chemical composition, antioxidant
and antibacterial activities against planktonic and biofilm cultures of Vibrio spp.
strains. Molecules 20, 14402–14424.

http://refhub.elsevier.com/S1018-3647(17)30544-X/h0005
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0005
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0005
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0010
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0010
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0010
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0015
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0015
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0015
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0015
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0020
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0020
http://dx.doi.org/10.3390/molecules15117825
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0030
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0030
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0030
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0030
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0035
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0035
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0035
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0035
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0040
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0040
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0040
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0045
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0045
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0045
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0045
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0050
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0050
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0050
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0050
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0055
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0055
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0055
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0060
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0060
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0065
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0065
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0065
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0065
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0065
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0070
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0070
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0070
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0075
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0075
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0075
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0080
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0080
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0085
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0085
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0090
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0090
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0090
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0095
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0095
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0095
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0095
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0100
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0100
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0100
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0100
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0105
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0105
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0105
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0110
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0110
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0115
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0115
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0115
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0120
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0120
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0120
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0120
http://refhub.elsevier.com/S1018-3647(17)30544-X/h9010
http://refhub.elsevier.com/S1018-3647(17)30544-X/h9010
http://refhub.elsevier.com/S1018-3647(17)30544-X/h9010
http://refhub.elsevier.com/S1018-3647(17)30544-X/h9010
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0125
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0125
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0125
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0125
http://refhub.elsevier.com/S1018-3647(17)30544-X/h9005
http://refhub.elsevier.com/S1018-3647(17)30544-X/h9005
http://refhub.elsevier.com/S1018-3647(17)30544-X/h9005
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0130
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0130
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0130
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0140
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0140
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0145
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0145
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0150
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0150
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0150
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0155
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0155
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0155
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0160
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0160
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0160
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0165
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0165
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0165
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0165
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0170
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0170
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0170
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0175
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0175
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0175
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0175
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0180
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0180
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0180
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0180
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0185
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0185
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0190
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0190
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0190
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0190
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0195
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0195
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0195
http://refhub.elsevier.com/S1018-3647(17)30544-X/h0195


N.R. Desam et al. / Journal of King Saud University – Science 31 (2019) 528–533 533
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