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Abstract

The current study was conducted to evaluate the effect of eight Palestinian indigenous plant
essential oils (EOs) under in vitro and in vivo conditions against Botrytis cinerea Pers.: Fr.,
Penicillium italicum Wehmer, and Penicillium digitatum (Pers.) Sacc., three common postharvest pathogens of tomato and strawberry fruits. In vivo tests showed that thyme, sesame
and sage EOs exhibited high antifungal activity against B. cinerea on strawberry and tomato fruits, compared with rosemary, mint and eucalyptus. In vitro agar, disk-diffusion tests
showed that B. cinerea, P. digitatum and P. italicum mycelium growth was completely inhi
bited when treated with clove and sage EOs caused 50% inhibition of B. cinerea and P. italicum mycelium growth. Fruit decay and fruit quality index values measured in total soluble
solids and fruit flesh firmness showed that EO coated strawberries had significantly less
fruit decaying and ripping compared to control, while EO coated tomatoes showed no significant difference compared to control. EO constituents fall into different chemical classes,
including sterols, caffeoylquinic acids, flavonoids, terpenoids, coumarins, and acetylenes.
Chemical analysis of the EO preparations using gas chromatography-mass spectrometry
determined that the main components in sesame oil were octadecenoic acid-(56%) and
hexadecanoic acid (26%), while clove oil consisted of eugenol (53%). In the other EOs, the
principal compounds were: menthol (44% in mint oil), eucalyptol (37% in sage oil), while
bornanone (18% in rosemary oil) and γ-terpinene (21% in thyme oil) were present at lower
concentrations. The EO of sage plants could potentially be a useful alternative to synthetic
pesticides to control post-harvest diseases and prolong the shelf life of fruit products.
Keywords: chemical analysis, growth inhibition, indigenous essential oils, strawberry

Introduction
Strawberry (Fragaria ananassa Duchesne) var. ananassa Bailey is a highly perishable non-climacteric
fruit which is highly susceptible to fungal decay during post-harvest handling, storage and marketing. In
comparison, tomato (Solanum lycopersicum L.) var. Izmer is a climacteric fruit with a high respiratory peak
associated with a high ethylene production rate after
harvest, and is also susceptible to fungal decay during
post-harvest handling, storage and marketing. Several

fungi such as Alternaria alternata (Fr.: Fr.) Kessler., Aspergillus niger Tiegh., Botrytis cinerea Pers.: Fr., Rhizoctonia solani Kühn, Phytophthora spp., Sclerotinia sclerotiorum (Lib.) de Bary, Penicillium spp. and Rhizopus
stolonifer (Ehrenb: Fr) Vuill. are common post-harvest
pathogens causing high yield losses of both strawberries and tomatoes in most regions of the world (Snowdon 1990). Storage at low temperatures and frequent
SO2 fumigation during storage are the main methods
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used to control post-harvest diseases in many countries
(Crisosto et al. 1994). However, there are restrictions
on this application in several countries because of the
harmful effects of the residual activity and the damage
caused to fruits due to reductions in their polyphenol
and total antioxidant content (Taylor 1993). Therefore,
an alternative control method is required to reduce
strawberry and tomato post-harvest decay without
harming the environment or consumers.
The role of indigenous plant extracts and essential
oils (EOs) as potential pesticides have been reported
from studies that examined their efficacy against plant
diseases and insects (Sighamony et al. 1986; Matusinsky et al. 2015; Mossa 2016). Many plant compounds
with antioxidant, anti-inflammatory and repellent
activities are the main components which have been
identified as crop protectants for common insect pests
and diseases (Sighamony et al. 1986; Matusinsky et al.
2015). Potential new components include crude plant
extracts and their isolates that have been previously
reported in folklore remedies and medicines due to
their antimicrobial activities (Sabbobeh et al. 2016;
Jaradat et al. 2017). The Palestinian flora is diverse and
unique, with more than 3,000 plant species belonging
to over 130 families, many of which have been recorded as folk medicines against several infectious diseases
(Jaradat et al. 2017; Abu-Darwish and Efferth 2018).
For example, tea made of fresh or dry leaves of thyme,
sage, or mint leaves have been used to treat colds, ﬂu,
cough, stomachache, and as an antiseptic mouthwash.
EOs of eucalyptus, sesame or rosemary have been used
to rub on children’s chests to relieve cough-related
symptoms, sore throat, hoarseness, and other coughrelated symptoms. Many studies have been carried out
to screen EOs from these plants for antifungal activity and potential use against post-harvest pathogens
on fruits and vegetables (Abdollahi et al. 2011; Shirzad
et al. 2011; Boubaker et al. 2016). However, no studies report the effect of plant EOs on the post-harvest
quality of strawberries and tomatoes. Therefore, there
is an opportunity to screen these indigenous herbal and
wild-type plant extracts as potential natural pesticides
to control or inhibit pathogens safely. This study aimed
to assess’ the potential use of eight commercial EO
preparations to control post-harvest fungal decay and
enhance the fruit quality and marketability of strawberries and tomatoes.

Materials and Methods
The present investigation was conducted during 2018 and
2019 in Kadoorie Agricultural Research Center (KARC)
laboratories, Palestine Technical University, Palestine,
and Agriculture and Agri-Food Canada (AAFC), London Research and Development Centre, Canada.
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Fungal isolation and maintenance
The post-harvest fungi B. cinerea, P. italicum, and
P. digitatum were isolated from infected strawberry,
lemon, and orange fruits, respectively. Infected fruits
were surface sterilized with 1% sodium hypochlorite
(NaOCl) for 1 min, washed three times with distilled
water and left to air dry. Small pieces of the infected
fruits were placed in Petri plates containing potato
dextrose agar (PDA). Then the plates were incubated at
20 ± 2°C for 4 days and observed for fungal growth. Isolates were then purified by mono-spore isolation, and
transferred to fresh PDA plates. They were maintained
at the laboratory of the KARC and cultured on potato
dextrose agar (PDA) at 22°C (B. cinerea) and 25°C
(P. italicum, P. digitatum) as reported by Gilchrist-Saavedra (1997).

Pathogen morphological identification
Fungal species were then identified on the basis of
pathogenic characteristics (color, mycelium growth
rate, and type and shape of the colony), the morphology of the colony, and microscopic observations of
conidiophores and conidia. After 3 or 4 days of incubation, mycelia were mounted in water, and conidial
masses were observed by bright-field microscopy using
an Inverted Microscope – Optika XDS-2 Trinocular
(AIPTEK International GmbH, München, Germany).
Images were recorded with an AIPTEK HD1080P di
gital camera (AIPTEK International GmbH, München,
Germany).

In vitro antifungal activity of plant EO
Commercial preparations of eight EO processed from
medicinal plant leaves or seeds were obtained from
Palsame® essential oils (Jenin-Palestine). According to the manufacturer’s protocol, plant seeds were
used to obtain EOs by either hydrodistillation or cold
pressing using a Clevenger apparatus. Plant leaf EOs
were obtained by hydrodistillation using a Clevenger
apparatus. The distilled essential oils were stored in
a refrigerator at 4°C until the inhibition test was used
(Table 1). The indigenous plant EO antimicrobial activities were evaluated against the isolated pathogens
using the agar disk-diffusion method, described by
Bhalodia and Shukla (2011).
To determine the in vitro inhibitory effects of each
EO on fungal growth, 1% EO was incorporated into
the PDA, then poured into five Petri dishes and left
to solidify. Single agar disks (0.3 cm in diameter) covered with germinated fungal conidia were transferred
separately to serve as a source of inoculums. Each agar
disk was placed in the center of Petri dishes containing
PDA with the corresponding EO tested. Petri dishes
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Table 1. List of commercial essential oils from medicinal plants used in the study
Sr.
No.

Scientific name

Common name

1

Rosmarinus officinalis

rosemary

Lamiaceae

2

Eugenia caryophyllus

clove

Myrtaceae

3

Mentha spicata

mint

Lamiaceae

4

Salvia fruticosa

sage

Lamiaceae

5

Citrullus colocynthis

bitter cucumber

Cucurbitaceae

6

Eucalyptus obliqua

eucalyptus

Myrtaceae

7

Sesamum indicum

sesame

Pedaliaceae

8

Thymus vulgaris

thyme

Lamiaceae

were sealed with parafilm to reduce the loss of the test
EO. Plates without the EOs were used as controls. The
plates were incubated for 5–7 days at 35 ± 2°C (Al-Reza et al. 2010). The percent inhibition (PI) of the radial
growth of the mycelium growth was measured after
24 h and 48 h using the following equation suggested
by Zabka and Pavela (2013):
PI = (DC – DT)/(DC) × 100,
where DC = the colony diameter of the control sets
[mm] of control culture and DC = the colony diameter
of the treated sets [mm].

EO effective concentrations
The EO effective concentration values (EC50 and EC90)
were determined for each EO. First, stock solutions
(10×) of each EO were prepared, followed by serial
dilutions in water to prepare four concentrations of
10, 100, 250, and 500 μl · ml−1, which were incorporated
into the PDA for each tested EO, as described above.
One PDA disk covered with fungal growth (0.5 cm in
diameter) was placed in the plate’s center, and the dishes were covered with parafilm. Petri dishes without EO
acted as a control. After 3 days, the percent inhibition
of mycelium growth was measured as described above.
Four EOs were evaluated for their antifungal activity
against the radial growth and spore germination of
B. cinerea, P. italicum, and P. digitatum.

In vivo antifungal activity and fruit quality
effects of plant EOs
Conidia of B. cinerea were recovered from 2−3-week
old cultures by adding 10 ml of sterile water to each Petri plate. The conidia suspension was filtered through
three layers of sterile cheesecloth. The conidial suspension concentration was calculated using a hemocytometer (ART.No.1280, Ningbo Hinotek Technology Co., Ltd. Zhejiang, China) and then adjusted to
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105 conidia ∙ ml–1 fungal suspension (Gilchrist-Saavedra 1997). A drop of Tween 80 was added to the suspension and vortexed for 20 min before being used. Tomato
and strawberry fruits were fresh, not chemically treated,
and obtained from a commercial market. All the fruits
were disinfected (Lopez-Reyes et al. 2010) in a sodium
hypochlorite solution (2.5%) for 2 min, followed by
washing with distilled water (×3). Tomato and strawberry fruits were randomly distributed into five replicates per EO treatment. A thin EO layer was applied to
each treated fruit’s surface by dipping fruits into the EO
and then air-dried for 1 hr. Then 3−4 wounds were made
using a micro-syringe, and a B. cinerea suspension was
sprayed onto the fruit surface and air-dried. The fruits
were placed in sterile commercial packages and stored
in a 7°C refrigerator for 2 weeks.
Fruit quality assessments were based on fruit total
soluble solids (TSS) and flesh firmness, as described by
Samara et al. (2017). Fruit firmness was measured using a FT Fruit Tester (Wagner FDK Force Gage). Two
or three drops of the extracted juice were placed on the
prism of a digital refractometer (PR-32α, Atago®, City,
Japan) using a range of 0–32oBrix for measurements
of TSS.

Gas chromatography-mass spectrometry
analysis
For all EO analyses, an Agilent 5975C MSD with 7890A
GC System fitted with an Agilent 7683 Series Injector and Auto-sampler, and G1701 EA Chromatography Workstation software (Agilent Technologies Inc.,
Wilmington, DE, USA) was used. All analyses were carried out as described by Mothana et al. (2013). Briefly,
aliquots of 1 ml of each EO were injected in pulsedsplitless mode (30 s) into the GC-MS and a Duraguard
DB-5ms GC Column (30 m × 0.25 mm ID and film
thickness of 0.25 mm, duraguard 10 m, JandW Scienti
fic, Folsom, CA, USA) with helium as the carrier gas at
a constant flow rate of 1 ml · min−1. The separation was
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Table 2. In vitro antifungal activity of essential oils (EOs) against the radial growth and spore germination of Botrytis cinerea, Penicillium
digitatum and P. italicum based on percent inhibition (±Std) of mycelium growth, measured by the percent inhibition of radial growth
Essential oil

Mean percent inhibition

±Std

100 a*

0

B. cinerea
Clove, E. caryophyllus L.
Sage, S. officinalis L.

52 b

13

Mint, M. piperita L.

36 bc

28

Rosemary, R. officinalis L.

29 c

16

P. italicum
Clove, E. caryophyllus L.

100 a

0

Sage, S. officinalis L.

53 b

23

Mint, M. piperita L.

64 b

12

Rosemary, R. officinalis L.

24 c

10

100 a

0

Sage, S. officinalis L.

25 b

13

Mint, M. piperita L.

18 c

1

Rosemary, R. officinalis L.

34 b

25

P. digitatum
Clove, E. caryophyllus L.

*within a column, means followed by the same letter are not significantly different (Duncan’s multiple range test at p > 0.05)

achieved using the following temperature program: injection at 50°C hold for 1 min, increased at 5°C ∙ min–1
to 300°C, followed by an isothermal hold at 300oC for
9 min. The solvent delay was set for 5.25 min, with a total run time of 60 min. The injection inlet and transfer
line temperatures were 280oC, and the MS source and
quadrupole were 230oC and 180oC, respectively. The
MS was operated in electron impact mode with ionization energy of 70 eV, and the scan range was set from
m/z 40 to 700. All samples were injected three times
consecutively. The compounds were then identified by
mass and fragmentation pattern against the NIST11
database and standards squalane, octanone (for quantification) and caryophyllene were analyzed.

Statistical analysis
Then EC50 and EC90 values and their 95% confidence
limits (CL 95%) were calculated from Probit regressions using SAS software (SAS Institute, Inc. Cary, NC,
USA). The percent inhibition and inoculation results
were analyzed using ANOVA as a general linear model
(PROC GLM) procedure. Duncan’s multiple range test
was used to compare the means (SAS Institute, 1998).

Results and Discussion
In vitro antifungal activity of plant EO
The effect of commercial EO preparations on isolated
saprophytes and secondary colonizer pathogens was
evaluated. Most tested EOs (clove, sage, mint, thyme,

rosemary) showed notable antifungal activity with all
concentrations tested against the three fungal species.
The inhibition of radial growth and spore germination of B. cinerea, P. digitatum, P. italicum was most
significant for the following four EOs in decreasing order of activity: clove (E. caryophyllus L.) > sage
(S. officinalis L.) > mint (M. piperita L.) > rosemary
(R. officinalis L.) (Table 2). Clove oil completely inhibited the mycelium growth of the three pathogens, while
sage oil reduced the mycelium growth by 52 and 53%
for B. cinerea and P. italicum, respectively. Clove has
previously been reported to have many uses in medicine, including antiviral, antimicrobial, and antifungal
properties (Hamini-Kadar et al. 2014) and clove EO
was strongly inhibitory against fungal mycelial growth
such as Candida, Aspergillus and dermatophyte clinical
strains (Pinto et al. 2009).

EO effective concentrations
The EO effective concentration values (EC50 and EC90)
were calculated from log-dose probit regressions of
the pathogen growth inhibition regression (Table 3)
to compare the EOs. The slopes, intercepts, χ2 statistics
of all EC were computed using different significance
levels and their 95% confidence limits (CLs) based on
log(EC) variances. The lowest EC50 values (highest inhibition rate recorded) were for clove EO, while the highest EC50 values (lowest inhibition rate recorded) were
for rosemary EO for the three pathogenic fungi tested.
The 48 h EC50 values for clove, sage, mint and rosemary EOs against B. cinerea ranged from 268.8 to

25

25

Mint

Rosemary

25

25

Mint

Rosemary

25

25

25

Sage

Mint

Rosemary

557.8 (1)
51.03 (1)
57.5 (1)
19.5 (1)

y = 0.0583x + 1.3446

y = 0.2379x + 0.3957

y = 0.2166x + 0.6561

y = 0.4804x − 1.0271

13.8 (1)

y = 0.4804x − 1.0271

χ2 (df)

55.31 (1)

y = 0.2166x + 0.6561

regression equations

52.7 (1)

y = 0.2379x + 0.3957

234.0 (1)

y = 0.0841x + 1.6589

573.8 (1)

303.0 (1)

y = 0.1973x − 1.0209

y = 0.0583x + 1.3446

270.5 (1)

y = 0.1475x + 0.245

χ2 (df)

324.3 (1)

y = 0.105x + 0.7212

regression equations

χ2 (df)

regression equations1

*number of samples used in the bioassay; **EC50 and EC90 values [μl ∙ ml–1]
1
regression equations estimated by probit regression; 2(95%) confidence limits for EC50 and EC90

25

Clove

no.

25

Sage

Essential oil

25

Clove

no.

25

Essential oil

25

Sage

no.*

Clove

Essential oil

3.88±0.33

5.26±0.41

4.78±0.37

10.03±0.43

slope±SE

3.80±0.33

5.05±0.38

4.77±0.36

10.09±0.43

slope±SE

9.1577±0.53

3.11±0.17

4.75±0.25

6.03±0.28

slope±SE

703E

6

5.3E

30E3

53E

3

340.68

LC50
[μl · ml−1]

P. digitatum

4.5E6

37E3

10

245E −1.5E
3

11E3−144E3

10

3.4E

223E4

4

793E
3

17E −374E
3

1,063.0

LC90
[μl · ml−]

1.1E12

3.6E6

320.4−362.4

(95% CL)

665E3−3.4E13

13E3−202E3

4

16E −314E

48E

3

855.1

3

240.1−271.6

LC90
[μl · ml−]

7,126

14,034

18,188

3,689

LC90**
[μl · ml−]

3

(95% CL)

1,122.0−1,504.0

230.7−314.6

697.7−983.4

374.6−454.4

(95% CL)2

255.6

LC50
[μl · ml−1]

P. italicum

1,280.0

268.8

817.6

411.7

LC50**
[μl · ml−1]

B. cinerea

109E6−1.04E17

368E3−47E6

896E3−360E6

953.7−1,205.0

(95% CL)

525E6−7.3E22

521E3−99E6

838E3−280E6

773.3−959.5

(95% CL)

5,244−10,559

9,005−24,329

11,658−31,853

2,929−4,860

(95% CL)

Table 3. EC50 and EC90 values (with corresponding 95% confidence limits) for B. cinerea, P. italicum, and P. digitatum fungal growth after 48 h exposure to four different EOs using agar disk-diffusion. The percent
inhibition (PI) of mycelium growth was measured by the percent inhibition of radial growth. The results are presented as EC50 and EC90 with corresponding 95% confidence limits (CL), Pearson Chi-square results,
degree of freedom (df) and regression equations
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1,280 μl · ml−1, while 48 h EC50 values against P. italicum and P. digitatum were generally greater, 255.6 to
5.3E6 μl · ml−1. The 48 h EC90 values for clove, sage,
mint and rosemary exposure against B. cinerea were
again lower than for the other two pathogens and
ranged from 3.6E3 to 1.8E4 μl · ml−1, compared to 855.1
to 1.1E12 μl · ml−1.

In vivo antifungal activity of plant EOs
Eight Palestinian indigenous EOs had inhibitory effects
on the fungal growth of B. cinerea in inoculated strawberries and tomatoes (Fig. 1A and B). Sage, sesame and
thyme EOs were the most inhibitory of B. cinerea on
both strawberries and tomatoes. Similar results were
reported for thyme, sage and sesame against B. cinerea
and another post-harvest pathogen, Penicillium expansum (Fraternale et al. 2005; Park 2011; Sabbobeh et al.
2016). Phillips et al. (2012) observed that citrus EO reduced spore germination of pathogens P. chrysogeum,
A. niger and A. alternata. The plant EOs showed different activities in inhibiting disease development in
strawberries and tomatoes. Although clove EO was the
most active in the in vitro study, B. cinerea on tomato
fruits was only partially inhibited by clove EO (Fig. 1A
and B). In contrast, sage, thyme, and sesame EO caused
a 10−18% inhibition of mycelium's radial growth on tomato (Fig. 1A) and 25−30% inhibition of radial growth
of mycelium on strawberry (Fig. 1B). The least effective was thyme EO in reducing the infection caused by
Β. cinerea. According to Vitoratos et al. (2013), grey
mold (Β. cinerea) on strawberries was entirely inhibited by lemon EO at 0.05 μl · ml−1. Also, lemon (Citrus limon L.) EO at the same concentration caused
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a 39% reduction of B. cinerea on cucumber. Fungal infection was only noticed 5 days after treatment with
oregano EO. After 6 days with lemon EO the results
were comparable to the controls where infections were
evident 48 h after being placed in storage at 22°C. The
antimicrobial activities of the indigenous plant EOs of
Thymus species against the isolated fungal species Penicillium digitatum, P. italicum and Geotrichum citri-aurantii have also been recorded (Boubaker et al. 2016).
According to Al-Zubairi et al. (2017), EO antioxidant
activity is more significant with increased phenolic and
flavonoid content or synergistic interactions between
the chemical compounds (Moura Martins et al. 2020).
Other research has documented Artemisia arborescens
(L.) EO inhibitory effects against enterobacteria, Listeria monocytogenes strains (Militello et al. 2011).

Fruit quality
Comparative fruit decay and fruit quality index values
were based on total soluble solids and flesh firmness
(Figs 2 and 3). All tested EOs showed promising inhibition of disease severity, but fungal decay effectiveness
was dependent on the type and concentration of EO.
The total soluble solids content of tomato fruits (TSS)
measured as Brix ranged from 6% for the control and
4−6% for coated fruits but was not significantly different (F = 1.64; p = 0.1378) (Fig. 2A). Measurements of
tomato fruit firmness were also not significantly different (F = 1.45; p = 0.2012) from the control fruits
(6.2 kgf) and EO coated fruits (4.4−5.9 kgf) (Fig. 2B).
The TSS of strawberry fruits ranged from 1.6% for
the control to 0.2−1% for the coated fruits, giving
a significant difference (F = 3.57; p = 0.0054) between

Fig. 1. In vivo percent inhibition ± mean standard deviation (±Std) activity produced by eight plant EOs against the growth and spore
germination of B. cinerea on tomato (A) and strawberry fruit (B), measured by the percent inhibition of radial growth. Means followed
by the same letter are not significantly different (Duncan’s multiple range test, p > 0.05)

330

Journal of Plant Protection Research 61 (4), 2021

treated and non-treated fruits in fruit ripeness values
(Fig. 3A). Measurements of strawberry fruit firmness
were also significantly different (F = 3.57; p = 0.0054)
between control fruits (4.8 kgf) and EO coated fruits
(0.38−1.7 kgf) (Fig. 3B). Similar results were found
when thyme EO was applied to strawberries (Martinez et al. 2018) and tomato fruits (Camele et al. 2012).
Clove EO inhibited the growth of Monilinia fructicola
(G. Winter) on nectarine fruits (Lazar-Baker et al.
2011), while cumin EO inhibited the growth of B. cinerea on strawberry fruits (Asghari Marjanlo et al.
2009).
There is potential for plant EOs to be used on fruit
as a post-harvest treatment to reduce and inhibit fungal

infection under storage conditions. Thyme, sage and
sesame EOs provided a significant reduction in fruit
decay indices and reduced pathogen growth. They can
extend the shelf life of the treated fruits for a short period, which is required for handling and shipping to
local markets, without significantly affecting the fruit
quality.
The antifungal activity of thyme and clove was enhanced with higher EO concentrations (Hosseini et al.
2008). Thyme oil had the most significant antifungal
activity while fennel (Foeniculum vulgare Mill), summer savoury (Satureja hortensis L.), and sweet basil
(Ocimum basilicum L.) oils showed less antifungal activity (Abdollahi et al. 2011; Shirzad et al. 2011). Also,

Fig. 2. Comparison of the mean fruit total soluble solids ± mean standard deviation (±Std) (A) and mean fruit firmness and ripeness
(±Std) (B) of tomato fruits treated in vivo with six plant EOs against the growth and spore germination of B. cinerea. Means followed by
the same letter are not significantly different (Duncan’s multiple range test, p > 0.05)

Fig. 3. Comparison of the mean fruit total soluble solids (A) and mean fruit firmness and ripeness ± mean standard deviation (±Std) (B)
of strawberry fruits treated in vivo with four plant EOs against the growth and spore germination of B. cinerea. Means followed by the
same letter are not significantly different (Duncan’s multiple range test, p > 0.05)

Rana Samara et al.: Effect of plant essential oils on the growth of Botrytis cinerea Pers. …

thyme EO has a strong aromatic odor as well as antiseptic, antioxidant, antibacterial and antifungal properties
(Park 2011). Javed et al. (2013) reported that thyme has
been used for centuries in folk medicine, food preservation and phytopharmaceutical preparations. The
current results indicated that it could extend the shelf
life of treated fruits. Future work on these plants must
be oriented to identify each essential oil’s active components, action mechanism, and phytotoxicity based
on the application rates.

Gas chromatography-mass spectrometry
analysis
The GC-MS total ion chromatogram (TIC)
(Fig. 4) and the chemical composition of the essential oils tested during this study are listed in Table 4.
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In general, the primary compounds found in sage,
clove, mint and thyme were eucalyptol (37%), eugenol
(53%), menthol (44%), and terpinene (21%), respectively. Chemical compounds found in rosemary oil
were bornanone (18%), eucalyptol (16%), caryophyllene (5%), alpha-terpineol (5%) and endo-borneol (4%).
These chemicals have been associated with insect repellant activity (Momen et al. 2001), and antifungal activity
against Aspergillus spp. and other pathogens, including
fungi (Baratta et al. 1998). The principal compounds in
sage oil were eucalyptol (37%), β- and α- pinene (16 and
5%), caryophyllene (11%), myrcene (6%), and camphor
(3%). These compounds were associated with antimicrobial activity against pathogens, such as yeasts, molds and
gram-positive bacteria (Chaieb et al. 2007; Porte et al.
2013; Grzegorczyk-Karolak et al. 2019). Terpenoid
compounds were found to be effective against insects

Fig. 4. The GC-MS total ion chromatogram (TIC) of EO of (A) Thyme, (B) Sage, (C) Sesame, (D) Clove, (E) Rosemary, (F) Bitter cucumber,
(G) Eucalyptus, (H) Mint
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Fig. 4. The GC-MS total ion chromatogram (TIC) of EO – continuation

and other related microorganisms (Olsen 2000). The
major compounds found in mint were menthol (44%),
menthone (22%), and iso-menthone and iso-menthol
compounds (9 and 6%, respectively). Menthol was reported to inhibit the mycelial growth of several plant
diseases tested and showed higher antifungal impact
than synthetic fungicides. Both chemicals inhibited
seed germination and seedling growth of broadleaf
weeds (Kordali et al. 2008). It was also observed to
cause high mortality against stored insect pests (Rozman et al. 2006). The major compounds found in clove
were eugenol and acetyl eugenol (53 and 5%, respectively), propenoyl chloride (10%), humulene (7%), and
toluene (5%). Eugenol is highly toxic to insects and was
reported to have repellant activity (Obeng-Ofori and
Reichmuth 1997). Other studies showed that eugenol
has antifungal, anti-carcinogenic, anti-allergic, antimutagenic, antioxidant and antimicrobial activities

(Javed et al. 2013; Thosar et al. 2013; Shah et al. 2014;
Rajkowska et al. 2016). In comparison, eugenol, acetyl
eugenol, iso-eugenol and β-caryophyllene were the
main chemicals in clove oil from another study (Politeo et al. 2010). These phenolic compounds are believed
to be responsible for the inhibitory effects of clove oils
on tested microbes (Shoaib et al. 2014). Many dental
pharmaceutical medications contain eugenol due to its
reported antimicrobial, antiseptic and antispasmodic
activities (Nejad et al. 2017). In contrast, the significant chemicals of sage EO are linalool, linalyl acetate,
geranyl acetate, (E)-β-ocimene, and caryophyllene oxide (Fraternale et al. 2005).
The major compounds found in thyme were carvacrol and thymol; both have anti-inflammatory, antimicrobial, anti-inflammatory, and antioxidant properties
(Abu-Lafi et al. 2008). Thyme EO was used to enhance
growth and productive performance via modification
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Table 4. Major chemical composition, retention time and percentage of essential oil (thyme, sage, sesame, clove, rosemary, bitter
cucumber, eucalyptus and mint) obtained with GS-MS analysis
Compound name

RT*

Thyme

Compound name

RT

gamma-Terpinene

10.96

21%

Eucalyptol

10.47

m-Cymene

10.15

11%

beta-Pinene

n-Tetracosane

42.62

11%

Caryophyllene

Carvacrol

18.09

8%

Thymol

17.94

5%

Isocaryophyllene

Sage
37%

9.15

16%

21.17

11%

Myrcene

9.17

6%

alpha-Pinene

7.68

5%

21.16

2%

Camphor

13.59

3%

(+)-2-Carene

9.81

2%

Humulene

22.09

3%

Heptacosane

40.86

2%

Camphene

8.13

2%

9.12

2%

gamma-Terpinene

10.92

2%

41.19

2%

Aromadendrene

21.67

RT

Sesame

Compound name

RT

9-Octadecenoic acid, (E)-

37.02

56%

Eugenol

19.37

53%

n-Hexadecanoic acid

33.47

26%

2-Propenoyl chloride

20.16

10%

Myrcene
Hexadecane
Compound name

2%
Clove

m-Cymene

10.07

5%

Humulene

22.16

7%

Octadecanoic acid

37.21

3%

Toluene

21.46

5%

Eucalyptol

10.29

2%

Acetyleugenol

23.59

5%

p-Cymene

10.18

2%

Propanedinitrile

19.73

5%

Episesamin

51.90

2%

Caryophyllene oxide

25.07

3%

3-Amino-4-piperonyl-5-pyrazolone

52.71

0.4%

Dimethylethylborane

21.95

3%

D-Alanine, N-(2,5-ditrifluoro-methyl-benzoyl)-,
heptyl ester

37.20

0.4%

2-Pentyn-4-one

20.14

1%

9.54

0.4%

p-Cymene

10.20

1%

Compound name

RT

Rosemary

Compound name

RT

(+)-2-Bornanone

14.03

18%

Elaidic acid

37.23

alpha-phellandrene

Bitter cucumber
46%

Eucalyptol

10.47

16%

Palmitic acid

33.42

31%

Caryophyllene

21.17

5%

Stearic acid

37.31

10%

L-.alpha.-Terpineol

15.14

5%

Lumiflavine

33.55

5%

Endo-Borneol

14.47

4%

2-Ethylimidazole

37.29

2%

Propane, 2-nitro-

10.63

3%

p-Cymene

10.20

1%

o-Cymene

10.25

1%

Eucalyptol

10.47

1%

Linalool

12.20

1%

Bi-1-cyclohexen-1-yl,
3,3,3’,3’,5,5,5’,5’-octamethyl-

54.54

1%

4-Chlorobutyric acid, 4-isopropylphenyl ester

10.00

1%

trans,trans-2,4-Decadienal

18.08

0.3%

Terpinen-4-ol

14.64

1%

Squalene

47.27

0.3%

RT

Mint

Compound name

RT

Eucalyptus Compound name

p-Cymene

10.30

26%

L-Menthol

14.68

44%

Spathulenol

25.40

12%

Menthone

13.93

22%

Cuminaldehyde

16.61

6%

D-isomenthone

14.17

9%

Phellandral

17.60

5%

D-isomenthol

14.32

6%

alpha-Phellandrene

9.64

3%

Caryophyllene oxide

25.17

4%

Alloaromadendrene

22.31

3%

2,4-Decadienal

18.41

3%

Cryptone

15.17

3%

Isomenthyl acetate

17.61

3%

gamma-Terpinene

11.36

3%

2,4-Decadienal, (E,E)-

17.74

1%

Linalol

12.49

2%

Caryophyllene

21.15

1%

1-Chloroethyl sulfone

10.37

2%

Isopulegol

13.69

1%

*retention time − the time taken for a solute to pass through a chromatography column
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and activation of gastrointestinal tract structures and
functions, as well as inhibiting and preventing cancer (Alagawany et al. 2015). It was also found to have
insecticidal and acaricidal activities (Chaieb et al.
2007). Phenolic compounds identified in this study
have been associated with potent antioxidant and
anti-inflammatory activities (Park 2011). Among
them, the primary chemical compounds in plant EOs
include sterols, flavonoids, terpenoids, coumarins,
caffeoylquinic acids, and acetylenes, which support
their potential use in the control of pests and diseases as well as in food and pharmaceutical industries
(Bora and Sharma 2011).

Conclusions
In vitro tests showed that clove inhibited 100% of the
mycelium growth of B. cinerea, P. digitatum and P. italicum, while sage inhibited 50% of the growth of the first
two tested pathogens. At the same time, some other
EOs delayed fruit decay and fruit quality index values.
Chemical analysis showed that EO constituents fall
into different chemical classes, including sterols, caffeoylquinic acids, flavonoids, terpenoids, coumarins, and
acetylenes. Results showed that EO treatments could
be used as natural fungicides and could potentially extend the shelf life of tomato and strawberry fruits during storage. Palestinian flora could play an even more
critical economic role and be used for medicinal and
research purposes.
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