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KEYWORDS Abstract Essential oils from different Egyptian aromatic plants (Mentha piperita, Ocimum basili-
Aromatic plants; cum, and Thymus vulgaris) were tested for their inhibitory effect on some selected harmful bacteria
Essential oil; and yeast (Escerichia coli, Psedumonas aeruginosa, Staphylococcus aureus, Streptococcus pyogenes,
Linalool; and Candida albicans). Aerial parts from plants were directed to steam distillation for essential
Antimicrobial; oil extraction. Oil yields were expressed in relation to dry weight of plant material, which found
ESQS'RT'PCR; to be 0.39%, 0.20% and 0.55% w/w for M. piperita, O. basilicum and T. vulgaris, respectively.

The types and percentage of essential oil constituents were determined using gas chromatography
(GC). GC data revealed that the main compounds from M. piperita were menthol (35.44%) and
menthone (20.11%), O. basilicum main component was linalool (45.11%), while 7. vulgaris oil main
component was thymol (75.76%). Preparations studied for their inhibitory effect were raw oils for
sensitivity test and in the form of emulsions for spraying application. Emulsions were prepared
depending on commercial liquid dish wash soap (Peril®) and Tween 80 as emulsifying agents.
Results of sensitivity tests indicated that the most effective oil against bacteria and yeast was that
of O. basilicum followed by that of T. vulgaris. O. basilicum oil was highly effective on S. pyogenes
giving a zone of 19 mm more than that produced by Ampicillin, which was of 15 mm in diameter.
Oil of O. basilicum was slightly more effective on C. albicans when compared with clotrimazole as
an antifungal agent. Spraying potato tubers with O. basilicum oil emulsified with soap prior to
brown rot bacteria (Ralstonia solanacearum) infection and preservation at 4 °C gave the best results
followed by T. vulgaris oil with soap, as only 2 and 3 tubers out of 10 used shows rot symptoms, for
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0. basilicum and T. vulgaris oils, respectively. After feeding Myzus persicae aphids on potato virus y
potyvirus (common strain) (PVY©®) infected tobacco plants for 1 h, insects were print-captured indi-
vidually and virus was successfully detected by immunocapture reverse transcriptase polymerase
chain reaction PC/IC-RT-PCR, as the 801 bp coat protein gene (¢p) bands were detected within
agarose gel. Spraying tobacco plants with O. basilicum or T. vulgaris oils both emulsified with soap
gave excellent results, as 8 and 6 plants out of 10 treated confirmed to be PVY°-free by giving neg-
ative I-ELISA results, respectively. It was also observed that adding soap as an emulsifier has a kill-

ing effect on aphids.

© 2013 Production and hosting by Elsevier B.V. on behalf of Faculty of Agriculture, Ain Shams

University. Open access under CC BY-NC-ND license.

Introduction

Plants produce a high diversity of secondary metabolites with a
prominent function of protecting plants against predators and
microbial pathogens due to their biocidal properties against
different plant pathogens. Some metabolites are also involved
in defense mechanisms against abiotic stress and are important
in the interaction of plants with other harmful organisms
(Schafer and Wink, 2009; Abdel-Reheem et al., 2012).

There are three major groups of secondary metabolites,
including terpenes, phenylpropenoids, and N- and S-containing
compounds (Wink, 1999). Among these secondary metabolites,
it is estimated that over 3000 essential oils are known, of which
about 300 are commercially important and used for their flavor
and fragrance or as an antimicrobial agent and for many other
medical purposes (van de Braak and Leijten, 1999).

Most of the antimicrobial activity in essential oils is found
in the oxygenated terpenoids (alcohols and phenolic terpenes),
while some hydrocarbons also exhibit antimicrobial effects
(Burt, 2004). Interactions between these components may lead
to antagonistic, additive, or synergistic effects. Some studies
have demonstrated that whole essential oils usually have high-
er antibacterial activity than the mixtures of their major com-
ponents, suggesting that the minor components are critical to
the synergistic activity, though antagonistic and additive ef-
fects have also been observed (Mourey and Canillac, 2002;
Bassolé and Juliani, 2012).

Phytoalexins were found to be produced from some plants
as a response to microbial infection; these inducible defense
substances comprise a large number of compounds with very
different structures, that is, isoprenoids, flavonoids, and stilb-
enes (Bell and Charlwood, 1980). Isoprenoids meanly induced
as a result of fungal or bacterial infection and act as antibiotics
against a broad spectrum of these pathogenic microorganisms.
Phytoalexins’ (including isoprenoids) synthesis is induced by
excreted proteins (elicitors) produced by the plant pathogen,
that is, cell-degrading enzymes. These excreted elicitors bind
to specific receptors on the outer surface of plasma membrane
of the plant cells (Ames and Gold, 1989; Scheel and Parker,
1990). Binding of such elicitors results in the formation of sig-
nal substances as a part of signal transduction chain leading to
induce the transcription of genes encode the enzymes of phyto-
alexin synthesis. Elicitors also cause the death of the infected
cell in addition to its surrounding cells by what so called “cell
death program” (Scheel and Parker, 1990).

Compounds of the essential oil of Croton cajucara were sep-
arated by thin layer chromatography and exposed to Candida
albicans, Lactobacillus casei, Staphylococcus aureus, Strepto-

coccus sobrinus, and Porphyromonas gingivalis showed that
the proliferation of bacterial cells was inhibited by still unchar-
acterized molecules, but monoterpenes were confirmed as the
antifungal components of the essential oil. The effects of linal-
ool on the cell biology of C. albicans were evaluated by electron
microscopy, which showed that linalool induced a reduction in
cell size and abnormal germination (Alviano et al., 2005).

Controlling stylet-borne plant viruses transmitted by aphids
is one of the greatest challenges facing vegetable growers to-
day. Attempts to control these diseases by killing winged
aphids with potent chemical aphicides have proven futile and
human health risky. Natural oils have an advantage of less
phytotoxic effect when applied to seedling in their early growth
stages, compared with chemical insecticides (Lovieno et al.,
2002). Mineral oil is known from a long time such as an effec-
tive mean to control aphids and to reduce non-persistent
viruses spread (Brachet et al., 2001).

Powell (1992) stated that mineral oil sprayed onto potato Y
potyvirus (PVY) infected tobacco plants reduced acquisition of
this virus by Myzus persicae aphids. Although the pre-penetra-
tion activities of aphids were longer on oil treated leaves, the
inhibitory effect of the oil could not be attributed to differ-
ences in the duration of stylet penetration. Both acquisition
and inoculation of the virus were reduced by the presence of
oil on the plant surface. Transmission of PVY to sweet pepper
by the green peach aphid, M. persicae, was inhibited by foliar
applications of 1.0% or 2.0% neem seed oil to infected source
plants or to uninfected recipient plants. Neem seed oil inter-
fered with virus acquisition and inoculation in a manner com-
parable to that of commercial horticultural oil (Lowery et al.,
1997).

Therefore, the aim of this investigation is to study Mentha
piperita, Ocimum basilicum, and Thymus vulgaris essential oils
and its action as a natural, safe, and reliable bio-controlling
agent against some selected human microbial pathogens, also
for avoiding plant virus transmission by vector insect which
can further replace the risky and expensive chemical insecticides.

Materials and methods

Essential oil extraction

The oil extracts were obtained from 50 g from M. piperita,
O. basilicum, and T. vulgaris fresh plants aerial parts by steam
distillation according to Barazandeh (2002). This was per-
formed by distillation for 40 min in an all-glass apparatus.
The aqueous phase was extracted with dichloromethane
(3 x 50 ml). The organic phase was dried with sodium sulfate
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and filtered, and the solvent was evaporated using rotary evap-
orator until dryness. The oils were solubilized in ethyl acetate
for gas chromatography and mass spectrometry analysis.

Gas chromatography/mass spectrometry (GC/MS) analysis

Analysis of the essential oils was carried out using an HP5890
Series II Gas Chromatograph, HP5972 mass selective detector
and Agilent 6890 Series Autosampler (Agilent Technologies,
USA). A Supelco MDN-5S 30 m x 0.25 mm capillary column
(Sigma—Aldrich Co., USA) with a 0.5 pm film thickness was
used with helium as the carrier gas at a flow rate of 1.0 ml/
min. The GC oven temperature was programed at an initial
temperature of 40 °C for 5 min, then heated up to 140 °C at
5°C/min and held at 140 °C for 5min and then heated to
280 °C at 9 °C/min and held for five additional minutes. Injec-
tor and detector temperatures were set at 250 °C. Mass spec-
trometry was run in the electron impact mode (EI) at 70 eV.
The identification of the chemical constituents of the oil was
determined by their retention indices and interpretation of
their mass spectra and confirmed by mass spectral library
search using the National Institute of Standards and Technol-
ogy (NIST) database. The retention indices (RI) were calcu-
lated for all of the volatile constituents using a homologous
series of Cg—C,y n-alkanes according to Van den Dool and
Kratz (1963).

Preparations used

Raw oils were used for sensitivity test and in the form of emul-
sions for spraying application. Emulsions were prepared
depending on commercial liquid dish wash soap (Peril®) and
Tween 80 as emulsifying agents. Oil dilution was prepared
by adding 5ml of oil to 100 ml of distilled water with 3 ml
from either soap or Tween 80. Controls were emulsion of
cooking corn oil, water with emulsifying agents only, and
water without emulsifiers or oil.

Source of selected pathogens

Oils’ antimicrobial activity tests were carried out against Escer-
ichia coli, Psedumonas aeruginosa, S. aureus, Streptococcus
pyogenes, and C. albicans (kindly obtained from Dept. of Der-
matology, Fac. of Medicine, Ain Shams Univ.), and Rhizocto-
nia solani was obtained from Dept. of Plant Pathology, Fac. of
Agric., Ain Shams Univ.). Ralstonia (Pseudomonas) solanacea-
rum was isolated from market potato tubers showing brown
rot symptoms depending on Kelman’s tetrazolium chloride
(TZC) medium (Sigma—Aldrich, USA) (Kelman, 1954). Potato
virus y potyvirus (common strain) (PVY©) was isolated depend-
ing on indirect enzyme linked immunosorbant assay (I-ELISA)
according to Koenig (1981) using specific polyclonal antibod-
ies (Agdia Inc., USA) and Chenopodium quinoa as local lesion
hosts and maintained on Nicotiana tabacum cv. White Burley
plants.

Sensitivity test

To determine the antimicrobial activities of each tested essen-
tial oil, the disk diffusion method was utilized (Sisti et al.,
2008). E. coli, P. aeruginosa, S. aureus, and St. pyogenes were

cultured on nutrient agar media, while C. albicans was cultured
on malt and yeast extract media. Cell suspensions
(10* CFU ml™") were prepared from each microorganism in
broth media, nutrient broth inoculated with each bacterial spe-
cies was incubated for 24 h at 37 °C, and malt and yeast extract
broth inoculated with yeast was incubated for 48 h at 30 °C.
Sterile 6.3 mm filter paper disks were saturated with each
tested essential oil preparation. The disks were allowed to
dry at room temperature in a sterile airflow laminar chamber
for 1 h and then they were placed in the center of fresh nutrient
agar plates or malt and yeast extract agar plates previously
seeded with 100 pl of cell suspension of each bacterial and fun-
gal species, respectively. The cultures were incubated at 37 and
30 °C for 24 and 48 h for bacteria and yeast, respectively. Each
experiment was replicated three times. Antibiotics were used as
positive control; ampicillin was used as antibacterial standard,
while miconazole nitrate was used as antifungal standard. The
antimicrobial activities were evaluated by measuring the inhi-
bition zone diameters (millimeters).

Inhibition of potato brown rot during preservation

Clean and surface sterilized (using 4% sodium hypochlorite for
10 min) market potato tubers (size of about 5x 3 cm) were
scratched using sterilized scalpel. Five tubers were used for each
preparation and controls as follows: (a) Potatoes were sprayed
with the preparation and then swapped with R. solanacearum
using sterilized cotton swap dipped in the bacterial suspension
(108 cells/ml). (b) Tubers were swapped with bacteria, then
sprayed directly with each preparation, and also sprayed daily
for 5days. Each tuber was swapped with constant bacterial
inoculum of 1.5 ml; treatments were kept on plastic tray at
4 °C and at room temperature (about 30 °C) as a control and
observed daily for rot development till 20 days.

Effect of lavender oil on PVY® transmission by M. persicae
Preparation of vector insects. M. persicae colonies were started
from a non-viruliferous single virginiparous female (obtained
from Plant Protech. Res. Instit., ARC, Dokki, Egypt) and
reared on turnip plants in an environmental growth chamber
under controlled conditions [23:16 °C (day/night) and a photo-
period of 16:8 h (light/dark)].

Groups of 3040 individuals of M. persicae were collected,
starved for 1h and placed, for 1h acquisition period, on
PVY© infected N. tabacum cv. White Burley plants, which
had been inoculated 3 weeks previously. Negative controls
were managed similarly using healthy plants.

Print-capture detection of PVY® within M. persicae using
immunocapture reverse transcriptase polymerase chain reaction.
The PC/IC-RT-PCR was used to detect PVY© within individ-
ual aphid. A sample of 20 aphids were squashed individually
on Whatman 3MM paper using the round bottom of an
Eppendorf tube. Insect was extracted from paper with 100 ul
of 0.5% Triton X-100, the extract was then added to a 2 pg/
ml of anti-PVY IgG precoated PCR tubes, and PCR protocol
was performed according to Olmos et al. (1997) to detect the
virus coat protein gene (c¢p). The following used primers (Invit-
rogen Corp., USA) were designed using Primer Premier soft-
ware (PREMIER Biosoft International, USA) depending on
the nucleotide sequence of PVY® mentioned by Ghosh et al.
(2002):



100

M.M. Oraby, A.M. El-Borollosy

5'CAAATGACACAATTGATGCA3Z (Sense).
5SCACTTGTTCTTGACTCCAAGTAG?3 (Antisense).

PCR products (10 pl) were analyzed by 1.5% agarose gel
electrophoresis. Bands size was determined from the gel photo-
graph using Gel-Pro Analyzer software (Media Cybernetics,
USA).

Insect transmission. Healthy tobacco plants (carrying five
leaves) were treated by spraying with different preparations
mentioned before (using 10 plants for each treatment). Aphids
which were fed on infected plants transferred to feed on treated
healthy plants (20 aphids per plant) for 1 h inoculation feeding
period, then sprayed with insecticide, and kept in an insect-
proof cage. After 15 days, plants were assayed for PVY® infec-
tion using I-ELISA.

Results

Oil yield and chemical constituents

Oil yields were expressed in relation to dry weight of plant
material, which found to be 0.39%, 0.20% and 0.55% w/w
for M. piperita, O. basilicum and T. vulgaris, respectively.

The chemical composition of the essential oils obtained was
analyzed by GC/MS analysis as shown in Table 1. The main
compounds from M. piperita were menthol (35.44%) and
menthone (20.11%), O. basilicum main component was linal-
ool (45.11%), while T. vulgaris oil main component was
thymol (75.76%).

Sensitivity test

Sensitivity test results for the bacteria and yeast used against
essential oils obtained from M. piperita, O. basilicum, and T.
vulgaris are shown in Table 2. Results indicated that the most
effective oil against bacteria and yeast was that of O. basilicum
followed by that of T. vulgaris. O. basilicum oil was highly
effective on S. pyogenes giving a zone of 19 mm more than that
produced by Ampicillin which was of 15 mm in diameter. Oil
of O. basilicum was slightly more effective on C. albicans when
compared with clotrimazole as an antifungal agent.

Table 1 Main constituents of the tested essential oils.

Compound RI* Mentha Ocimum Thymus
piperita basilicum vulgaris

p-Cymene 1023 5.5

1,8-cineole 1029 5.9 6.4

v-Terpinene 1055 4.5

Linalool 1097 45.11 2.3

Menthone 1151 20.11

Menthofuran 1162 11.81

Menthol 1170 35.44

Thymol 1288 75.76

Carvacrol 1295 4.63

Eugenol 1353 10.5

4 Retention index calculated on the basis of retention time of a
mixture of n-alkanes (Cg—Cj).

Table 2 Sensitivity test results for the bacteria and yeast against some essential oils.

Oil source plant Inhibition zone diameter (mm)

Bacteria

Yeast

Gram negative

Gram positive

Escerichia coli Psedumonas aeruginosa

Staphylococcus aureus

Streptococcus pyogenes Candida albicans

Mentha piperita 9 12 11 12 8
Ocimum basilicum 16 14 17 19 15
Thymus vulgaris 11 13 14 16 13
Ampicillin 22 19 13 15 -
Clotrimazole - - - - 14
Table 3 Potato brown rot inhibition by some essential oils.
Condition Treatment
Number of tubers showing rot symptoms®
Tween Soap Corn oil and Corn oil Water and Water and Water
tween and soap tween soap
Mp Ob Tv Mp Ob Tv
Preserved at 4 °C A 7 3 4 5 2 3 4 3 9 7 10
B 8 5 6 6 4 3 4 3 10 7 10
Preserved at RT A 8 S 7 6 4 5 5 3 10 8 10
B 8 7 8 7 5 5 5 3 10 8 10

Mp = M. piperita, Ob = O. basilicum and Tv = T. vulgaris oils emulsified with either tween or soap.
% Ten potato tubers were reserved at 4 °C or at room temperature (RT).

A: Spraying prior to infection, B: Infection before spraying.
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Fig. 1 PC/IC-RT-PCR for detection of PVY? ¢p gene within
individual aphid. M: 1000 bp DNA marker (Invitrogen, USA).

Inhibition of potato brown rot during preservation

Results in Table 3 revealed that spraying potato tubers with O.
basilicum oil emulsified with soap prior to R. solanacearum
infection and preservation at 4°C gave the best results
followed by T. vulgaris oil with soap, as only 2 and 3 tubers

Table 4 Effect of oils treatments on PVY® transmission by M

out of 10 used shows rot symptoms for O. basilicum and
T. vulgaris oils, respectively. While high number of rotting
tubers was obtained with M. piperita and tween
treatments.

Effect of lavender oil on PVY® transmission by M. persicae

Detection of PVY? within M. persicae using PC/IC-RT-PCR

Print-capture PCR was used successfully for detecting potato
virus y potyvirus (common strain) (PVY®) within individual
aphid. All of the 20 aphids studied gave positive PCR results
in the form of ¢p gene bands with the expected size of
801 bp (Fig. 1). This result assumed that approximately all
the insects which will be used to study virus transmission were
carrying virus particles.

Insect transmission

Using O. basilicum oil emulsified with soap for spraying tobac-
co plants revealed excellent results Table 4, as eight plants out
of 10 treated confirmed to be PVY©-free by giving negative I-
ELISA results. Followed by T. vulgaris oil with soap which
gave six negative plants, also O. basilicum oil with tween gave
good results for six plants which were found to be virus-free. It
was observed that adding soap as an emulsifier has a killing ef-
fect on aphids as controls gave 4 and 3 negative plants for corn
oil and water both with soap, respectively.

. persicae.

Plant no. Treatment
[-ELISA values and results®
Tween Soap Corn oil and  Corn oil and  Water and  Water and  Water

tween soap tween soap

Mp Ob Ty Mp Ob Tv

1 0.215 0.091  0.097 0215 0.099 1.055 0.091 1.003 0.851 0.202 1.086
= = = = - + = + + = +

2 0.211 1.058 0.801 0.095 0204 0911 0.212 0.871 0.715 0.905 1.099
= + + = = + = + + + +

3 0.699 0.085 0.191 0981 0.644 0.052 0.894 0.094 1.025 1.085 0.967
+ = = + + = + = + + +

4 0.891 0.233 0900 0.202 0.055 0.885  0.699 0.799 1.200 1.001 0.854
+ - + = - + + + + + +

S 1.058 0915 1.003 0.771  0.199  0.200  0.999 0.202 0.941 0.947 0.911
+ + + + = = + = + + +

6 1.098 0.205 0912 0211  0.177 0812 1.094 0.914 0.711 0.885 1.022
3 = 4 = = 3 3 4 3 + 3

7 1.122 0998 0.201 0.811 0.097 0.241 0.851 0.899 0.992 1.100 0.941
3 +F = 4 = = 3 4 3 3 3

8 0.811 0.097 0.094 0.051 0.200 0.041 1.044 0.928 1.099 0.911 0.881
+ — = = = = + + + + +

9 0.081 0.215 0.819 0915 0.098 0.094 00912 0.200 1.033 0.091 1.056
= = + + = = + = + = +

10 0.209 0.892 0.785 1.002 0.785 0.243  1.109 0.089 0.851 0.211 0.923
= + + + + = + = + = +

Healthy* 0.210 0.197  0.231

Infected” 1.087 0.977  0.952
+ + +

Mp = M. piperita, Ob = O. basilicum and Tv = T. vulgaris oils emulsified with either tween or soap.
4 Each I-ELISA value (at 405 nm) was the average of three readings, Results: + positive, — negative.
® Controls I-ELISA values for healthy and infected (15 days postinoculation) tobacco plants, without any treatment.
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Discussion

Food processors, food safety researchers, and regulatory agen-
cies have been increasingly concerned with the growing num-
ber of food-borne illness outbreaks caused by some bacteria
(Friedman et al., 2002). Infections due to bacterial species also
remain a serious therapeutic problem as emerging resistance of
these species is seriously decreasing the number of effective
antimicrobials. The food industry has tended to reduce the
use of chemical preservatives in their products due to increas-
ing pressure of consumers or legal authorities, to either com-
pletely remove or to adopt more natural alternatives for the
maintenance or extension of product shelf life (Nychas, 1995).

Plants and their essential oils are potentially useful sources
of antimicrobial compounds. Numerous studies have been
published on the antimicrobial activities of plant compounds
against many different types of microbes, including food-borne
pathogens (Tassou et al., 2000; Rancic et al., 2005).

It was found that linalool have the highest inhibitory effect
over other aromatic plants’ essential oils components (Sonbo-
lia et al., 2006; Bassolé and Juliani, 2012). Among the aromatic
plant studied, the major constituents found were the monoter-
penes, 1,8-cineole and linalool. These compounds are previ-
ously known for its antimicrobial activity (Baba-Moussa
et al., 1999; Sonbolia et al., 2006). Helander et al. (1998) attrib-
uted the 1,8-cineole and linalool antimicrobial action to its
alcoholic characteristics which can cause bacterial and fungal
membrane-disturbing activities.

Monoterpenes play the most important role in protecting
the experimented plants as antimicrobial agents (Wilkinson
and Cavanagh, 2005) especially as antivirus. It may dissolve
or penetrate the viral capsules and denature its proteins or nu-
cleic acids (DNA or RNA). Also, it may play a role in denatur-
ing elicitor proteins produced by these pathogens and
preventing the cell death program induction in the infected
plant cells and induces the transcription of genes encode the
enzymes of interior phytoalexin synthesis in these infected
plants (Scheel and Parker, 1990).

O. basilicum oil was found to be rich with linalool which
may explain its good sensitivity test results obtained against
some harmful bacteria and yeast during this investigation.
The constituent’s data were in harmony with Sartoratto
et al. (2004) and Pistelli et al. (2012) who found that O. basil-
icum oil is rich in linalool with high antimicrobial effect.

Concerning potato brown rot inhibition experiment results
concluded that potato tubers can be kept safe from brown rot
at 4 °C by spraying them with O. basilicum oil emulsified with
soap. Besides the microbial inhibitory effect of O. basilicum oil,
the presence of soap can help in increasing this effect and gave
an efficient method in protecting potatoes from infection.

Print-capture PCR was used successfully for detecting pota-
to virus y potyvirus (common strain) (PVYO) within individual
aphid. The obtained results and test efficiency were in har-
mony with what performed by Varveri (2000), who detected
potato, Y potyvirus in single M. persicae.

The obtained results favored the use of O. basilicum oil with
soap, for oil can suppress insect infestation, while soap has a
killing effect on delicate insects with sucking mouthparts like
aphids. Concerning such point of view, in-harmony results
were also found by (Lowery et al., 1997; Asjes, 2000) as they
studied the efficiency of combining oil with soap for control-

ling virus vector insects. Plant essential oils emulsified with
soap will be harmless to human health when compared with
the risk of using chemical insecticide (Iovieno et al., 2002).

Using oil in soap preparations can increase the killing effect
on insects with sucking mouthparts by suffocation (Asjes and
Blom-Barnhoorn, 2002; Gorski and Tomczak, 2010). This can
manage the insects damaging effects on crops and also reduc-
ing their ability of pathogens transmission especially viruses,
resulting an increase in crops quality and quantity.
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