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ABSTRACT

This research was carried out to investigate the antifungal effects of the herbal essential oil of Shiraz

thyme against the producing agent of P. digitutum  and P. italicum on the Washington Navel Orange fruit in

2007 year. In this study, treatments were three level of Shiraz thyme essential oil (0, 200 and 400 ìl) in the

forms of spray and dipping for 10 and 20 min in lab (in vivo) condition. This investigation was arranged by

the completely randomized design (CRD) with three replications that each containing four fruit and the

contamination of fruits was recorded for 4 week. The chemical composition of essential oils isolated by

hydrodistillation from the aerial parts of Shiraz thyme was analyzed by GC and GC–MS. carvacrol (63.17%),

thymol (15.1%), p-cymene (7.87%), linalool (3.88%), á-pinene (3.19%) and Carvacrol methyl ether (1.92%)

were found to be the main constituents in Zataria multiflora Boiss. essential oil. The results indicated that the

essence of Shiraz thyme was not effective on the green fungus and the highest preventing effect of the essence

was in the joint from related to the mixture of the three essences treatment. Having applied the essential oil

in the dipping position of the fruit, the highest prevention effects was related to Shiraz thyme with 400 ìl

concentration for 20 min that reduced the fruit contamination up to 17% compared to the control fruit (80%).

Using different concentrations of the Shiraz thyme essential oil in the form of spray indicated that this oil is

not effective on controlling the producing agent of the blue fungus significantly.
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Introduction

Iran is among the first ten countries production

with 3.6 % (2,300,000 tones) of total citrus

production in the world. Postharvest diseases due to

fungal infections cause significant economic losses

for the citrus industry during storage, transport and

marketing. Toker and Bicici [30] stressed that when

mandarin, orange, grapefruit and lemon were stored

at ambient temperature for two months and kept at

storage conditions for two and four months 16.8,

25.1 and 65.4% crop losses were observed,

respectively, due to development of total postharvest

diseases.

The most important ones of them are caused by

fungi such as Penicillium spp., Aspergillus spp.,

Alternaria spp., Botrytis cinerea, Monilinia laxa and

Rhizopus stolonifer [16]. Penicillium digitutum  and P.

italicum are wound invading pathogens that causes

decay on stored citrus fruits damaged by insects,

animals, early splits, mechanical harvesting, chilling

and environmental stresses. Green and blue mould

caused by Penicillium digitutum  and P. italicum ,

respectively, are the most important postharvest

disease of fruits worldwide [16].

Traditionally, plant diseases control is achieved

mainly through the use of fungicides such as

thiabendazole, imazalil and sodium ortho-phenyl
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phenate were available for postharvest treatment to

reduce decay and extend the shelf-life of fruits

[13,23]. Elucidating non-chemical control methods to

reduce postharvest decay is becoming increasingly

important. Consumers are demanding less chemical

residue on produce, and many fungi are developing

resistance to commonly used fungicides [10]. The use

of fungicides is becoming more restricted due to

health concerns [24,7]. It is therefore necessary to

develop alternatives to synthetic chemical control to

reduce environmental risks and raise consumer

confidence. In this respect, microbial biocontrol

agents have shown to be great potential as an

alternative to synthetic fungicides [33], and offers an

environmentally friendly alternative to the use of

synthetic pesticides.

There are many studies demonstrating

postharvest disease control of different fruit species

by using biological agents including essential oils

[14,2,5,6,31,20,18,3]. However, the number of studies

concerning biological control of Penicillium digitutum

and P. italicum on citrus fruits under in vivo

condition is too few [32,15].

Therefore, the objectives of this study were (i) to

analyze the chemical composition of a hydrodistilled

essential oil of Zataria multiflora Boiss. collected

from the Fars province of Iran by a GC/MS system;

(ii) to investigate the antifungal activity of essential

oil from shiraz thyme plants for the postharvest

control of green (Penicillium digitutum) and blue

mould (P. italicum) decay under in vivo condition on

Washington navel fruit orange. These results will

allow deduction of which components are likely to

contribute to the antifungal activity according to GC

characterization of essential oil and determination of

any relationships between the components and their

antifungal activity.

Material and Methods

Plant material and oil isolation

One hundred grams of dried shiraz thyme

(Zataria multiflora Boiss.), cultivated in Iran at the

flowering stage was purchased from Iranian medical

plant shop (shiraz, Iran) and then were extracted for

3 hr by water distilled, using a Clevenger type

apparatus. The obtained essential oils were dried over

anhydrous sodium sulphate and kept at 4 °C for

further experiments.

GC/MS analysis of essential oils

GC analyses were carried out on a HP-6890 gas

chromatograph equipped with a DB-5 capillary

column (30m × 0.25 mm; 0.25 ìm film thickness).

The oven temperature was held at 40 °C for 1.08min,

and then programmed at 3 °C/min to 240 °C. Other

operating conditions were: carrier gas, He with a

flow rate of 1.0ml/min; injector and detector

temperatures were 250 and 300°C, respectively; split

ratio, 1:20. GC/MS analyses were performed on a

Thermoquest 2000 GC coupled with ThermoWnnigan

Mass system and a DB-1 capillary column (30 m ×

0.25 mm; 0.25 ìm film thickness). The other

operating conditions were the same conditions as

described above, Mass spectra were taken at 70 eV.

Mass range was from m/z 35–375 amu.

Quantitative data were obtained from the

electronic integration of the FID peak areas. The

components of the essential oils were identified by

comparison of their mass spectra and retention

indices with those published in the literature (Adams,

1995; Swigar and Silverstein, 1981) and presented in

the MS computer library (WILEY275.L).

Suspension preparing

At first, Penicillium digitutum  and P. italicum

separately in medium PDA (potato dextrose agar) for

four days had been cultivated. By sterile lob, spores

at petridish were moved in to 100 ml sterile

distillated water. For separating spore from each

other and spreading them in to water, was added 2-3

drops of mixed NPX. After 5 min, it’s located on

shaker set. Number of cells in one milliliter of

suspension was determined by hemacytometer. From

present suspension, 10  (spore/ml) concentrations5

were prepared.

Preparing of fruits and antifungal activity assay 

Orange fruits (Washington Navel type) were

harvested from commercial garden located in Darab

(Fars Province, Iran) and immediately move to

laboratory. The fruits were selected free of wounds

and rots and as much as possible homogeneous in

physiological maturity stage and size. Based on my

previous experiment, fruits washed with distilled

water and surface-disinfected by spray of ethanol

(70%). Surface of fruits were dried by below in lab.

Four points on the fruits was holed by sterile nail in

2 mm depth. One milliliter of Penicillium digitutum

and P. italicum suspension injected in hole and then

fruits kept during 4 hr for establishing of fungus

spore in holes.

In this experiment, we used 0, 200 and 400 ìl

of Zataria multiflora Boiss. essential oil as two

method of application: 1) spray on the polluted fruits

and 2) dipping of polluted fruits for 10 and 20 min

in essential oil solution. after apply of treatments, the

fruits kept in plastic bag and storage in 11 ºC for

one month. Data recording performed every two

weeks and polluted fruits were removing from bags.

For providing of various concentrations of essential

oil, we used 2 ml of tween 80 as dissolver. Control
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fruits were treated with distillated water contains

same dissolver. 

Statistical analysis

Data were analyzed statistically using analysis of

variance (ANOVA) and differences among the means

were determined for significance at P#0.05 using

Tukey test (by SPSS software, version 13). The

experiment was arranged as a completely randomized

design (CRD) with three replications for each

treatment. Each replication included 4 fruits. Each

fruit include 4 holes.

Results and Discussion

Chemical compositions of essential oil

Water distilled essential oil from aerial parts of

Zataria multiflora Boiss. was analyzed by GC and

GC-MS systems. The components identified are

given in Table 1 with their relative percentages. The

28 compounds were characterized in the oil of Shiraz

thyme, making up of 99.592% of the oil. As seen,

major components of Shiraz thyme oil were:

carvacrol (63.17%) followed by thymol (15.1%), p-

cymene (7.87%), linalool (3.88%), á-pinene (3.19%)

and Carvacrol methyl ether (1.92%) (Figure1). Other

components were present in amounts less than 1%.

In particular phenols were the most abundant

compound group of the oil (78.27%).

Possible modes of action of phenolic (and

terpene) compounds have been reported in different

reviews [4,11,21]. In our opinion major components

of Shiraz thyme (carvacrol, thymol, p-cymene and

linalool), have key roles in their antifungal activities.

Antifungal activities of these compounds have been

reported by others [8,19,26,22]. However, the

mechanisms of action of these compounds have not

been completely elucidated. Lis-Balchin and Deans

[17] reported that strong antimicrobial activity could

be correlated with essential oils containing high

percentage of monoterpenes, thymol, eugenol and

cinnamic aldehyde.

These results are in agreement with those

published by Omidbeygi et al. [22] and Suhr and

Nielsen [28], who reported that the major

components of thyme essential oil are thymol,

carvacrol, linalool and á-pinene.

Antifungal activity

Penicillium digitatum  (green mould)

The results of antifungal activity of Shiraz thyme

essential oil against the Penicillium digitatum  are

shown in Table 2. Essential oil of Shiraz thyme

showed antifungal activity against P. digitutum  only

in dipping application.

It is obvious that application method of essential

oil is important. So, dipping method was significantly

better than spray method on control of green mould.

The spray application of various concentration of

Shiraz thyme essential oil had no effect on control of

green mould. Ramezani and Solaimani [25]

mentioned that dipping method of eucalypt essential

oil was better than spray for control of green mould

on citrus fruit, that in agreement with results of this

experiment. Dipping method had maximum inhibitory

effect on P. digitatum . High inhibitory effect of

Shiraz thyme oil was obtained in 200 ìl for 10 min

(17%) and no significant difference in comparison

with 200 ìl for 20 min (25.5%) and 400 ìl  for 10

min (22.5%). 

Penicillium italicum (blue mould)

The results of Shiraz thyme essential oil

application on blue mould of citrus fruit were shown

that this oil had not suitable inhibitory effect (Table

3). Application of different levels of Shiraz thyme

essential oil were not decreased the Penicillium

italicum growth in comparison with control (p#

0.05).

Both application method of essential oil (spray

and dipping) are shown any antifungal activity on

blue mould. Therefore, we conclude that strain of

fungi have key role in response to essential oil as

antifungal activity [25].

After this, the goal of the present work was to

evaluate how the antifungal effectiveness of the

Shiraz thyme essential oil assayed was affected by

the relative concentration of their major volatile

compounds. In our study, most of the antifungal

activity in essential oil from Thymus genus appears

to be associated with phenolic compounds (thymol

and carvacrol), these results agree with those reported

by other authors [9,12,27]. Attending to the volatile

profile of the essential oil, a richer relative

concentration of phenolic compounds (carvacrol,

thymol, p-cymene, linalool, á-pinene and Carvacrol

methyl ether) were quantified in Zataria multiflora

Boiss. These results suggest that it could be a

synergistic action among phenolic components and

the above cited compounds.

Conclusion

Zataria multiflora Boiss. oil obtained by

hydrodistillation was investigated by capillary GC

and GC/MS and compared in terms of Retention

index and chemical composition. The antifungal

activities of oil against Penicillium digitutum  and P.

italicum were investigated. Our data, confirm the

antifungal potential of Zataria multiflora Boiss.

essential oil. Our results showed that essential oil of
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Table 1: Chem ical composition of Shiraz Thyme essential oil. 

No. Compound Amount (%) Retention index (RI)

1 á-thujene 0.028 930.23

2 á-pinene 3.190 940.31

3 camphene 0.074 956.20

4 3-octanone 0.156 981.40

5 â-pinene 0.304 984.88

6 myrcene 0.116 989.15

7 á-terpinene 0.250 1020.8

8 p-cymene 7.870 1028.6

9 limonene 0.230 1033.2

10 1,8-cineol 0.091 1037.1

11 ä-terpinen 0.140 1061.5

12 Cis-linalool oxide 0.066 1075.3

13 Trans- linalool oxide 0.106 1091.9

14 linalool 3.880 1100.0

15 1,4-terpineol 0.085 1183.4

16 á-terpineol 0.110 1201.1

17 thymol methyl ether 0.185 1233.6

18 carvacrol methyl ether 1.920 1245.1

19 thymol 15.10 1292.8

20 carvacrol 63.17 1310.8

21 thymol acetate 0.256 1354.6

22 carvacrol acetate 0.730 1373.2

23 Trans-caryophyllene 0.937 1439.8

24 arom adendrene 0.148 1459.1

25 á-humulene 0.022 1473.2

26 ledene 0.098 1512.4

27 spathunenol 0.033 1598.8

28 caryophyllene oxide 0.297 1606.6

Fig. 1: Structures of the major compound identified in the essential oil of Shiraz thyme (Zataria multiflora

Boiss.)

Table 2: Effect of shiraz thym e essential oil to inhibition of P.

digitatum  growth (% ) on the orange fruit.

M ethod Percentage

spray

0 80

200 86.67

400 100

Dipping 

Time con.*

10 0 83

20 0 100

10 200 17

10 400 22.5

20 200 25.5

20 400 27.5

* Concentration

Table 3: Effect of shiraz thym e essential oil to inhibition of P .

italicum  growth (% ) on the orange fruit.

M ethod Percentage

spray

0 91.67

200 100

400 91.67 

Dipping

 Time con.*

10 0 83.33

20 0 100

10 200 100

10 400 91.67

20 200 100

20 400 100 

* Concentration
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Shiraz thyme have antifungal activities against

Penicillium digitatum  under in vivo condition. Also,

antifungal activities of Shiraz thyme on Penicillium

digitutum  and P. italicum need more confirmation

experiments under in vitro condition. Therefore, for

increasing postharvest shelf-life time, application of

200 ìl of Shiraz thyme essential oil for 10 min as

dipping method can be suggested.
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