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Abstract 

Background:  Increasing restrictions on pesticide application in the production process of agricultural food products 
indicate urgent need for safer alternatives to keep the product quality, and to inhibit pathogen infections. In the pre-
sent study, effect of three essential oils from rosemary, thyme and tarragon, in concentrations of 500 and 1000 ppm, 
were evaluated on shelf life and postharvest decay of Valencia oranges and under laboratory conditions. Valencia 
fruits were inoculated with or without crushing the fruit peel surface with the blue mold fungi (Penicillium italicum). 
The extent of decay and some quality parameters were evaluated during 4 weeks.

Results:  When inoculation was performed with peel surface crushing, all fruits were fully decayed after 1 week, and 
only fruits in control (without infection) remained intact. However, when fruits were inoculated by just submerging 
and without peel crushing, depending on applied oil sources and oil concentrations, significant reduction in fruit 
decay was observed. Tarragon and thyme essential oils in both concentrations reduced the fruit decay; however, their 
1000 ppm rather than 500 ppm was more effective on preventing fruit decay. Rosemary essential oil was less effective 
than the other two essential oils on preventing orange decay by blue mold fungi.

Conclusions:  Tarragon and then thyme oils were most effective on preventing fruit decay and can be effectively 
used during postharvest handling and storage to keep Valencia orange fruits out of decaying.
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Introduction
Plant essential oils represent an alternative to pesticide 
application in the production processes of agricultural 
foods. The literature indicates the efficient records of 
essential oils on postharvest quality of many crops [5, 
19]. Citrus fruits are vulnerable to mechanical injury at 
postharvest and handling, which accelerates their decay 
by various fungi [6, 21]. Blue mold fungi (Penicillium 
italicum Wehmer) are one of the main decay agents of 
all citrus fruits [6]. Different chemicals and pesticides are 
generally used to control such postharvest diseases; how-
ever, the pesticides-resistant accessions are simply arisen 
among the fungi [11].

Since the ancient times, various natural compounds 
have been used to control plant diseases and to prevent 
product losses due to microbial effects [13, 14]. Plant-
based products are safe substances and good candidates 
for control of disease and pests, and nowadays some of 
them are available that could effectively suppress patho-
genic infections in agriculture products [15, 16]. The 
demand for food products free of pesticides and chemi-
cals is growing.

It has been shown that application of plant essential 
oils or plant extracts can effectively control many plant 
pathogens particularly postharvest infections ([2, 3, 6 
19], Plaza et  al. 2015). Plant essential oils have antifun-
gal and antibacterial effects, and these effects vary based 
on plant species and applied oil concentrations [2, 6, 10, 
17, 25]. Plant essential oils can play role in control of fruit 
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decay induced by Botrytis cinerea, Penicillium italicum, 
Phytophtora citrophthora, Rhizopus stolonifer and by 
Aspergillus spp. [2, 6, 8, 20]. Essential oils from oregano, 
lavendula, thyme, rosemary and fennel plants signifi-
cantly prevented the blight disease of Phytophthora on 
tomato plants [25].

In an experiment by Camele et  al. [6], 12 essential 
oils from various aromatic herbs of Mediterranean 
region were used in different concentrations against 
postharvest diseases of citrus fruits including B. 
cinerea, P. italicum, P. citrophthora and R. stolonifer, 
and only three of them were effective to prevent dis-
ease infection [6]. In addition, various studies revealed 
that application of natural plant-based essential oils 
are effective on prevention of both mycelium growth 
and spore germination of many fungal pathogens [6, 
18, 20, 25]. Peppermint and sweet basil essential oils 
have shown promising fumigation controlling against 
fungal diseases, and essential oils from Ocimum sanc-
tum, Prunus persica, Zingiber officinale were effec-
tive against gray decay in various plants [27]. Essential 
oils from areal parts of oregano, thyme, lavendula, 
rosemary and fennel at different concentrations were 
found to reduce blight infection of tomato, the most 
effective were the oils from thyme and oregano plants 
[25]. In a study using six essential oils from different 
plant species, it was shown that garlic essential oil 
had complete inhibition on eight various fungal dis-
eases under laboratory conditions [17]. Many studies 
indicate the effectiveness of essential oils and plant 
extracts of clove, thyme, bay, basil, Angelica, calamus, 
citronella, lime and palmarosa on fungal and bacterial 
diseases [17, 18].

Oranges are generally very susceptible to decay during 
postharvest, and application of chemicals and fungicides 
could face consumer with health risk. Plant essential oils 
can significantly reduce postharvest decay of fruits. The 
effects of rosemary, tarragon and thyme oils have not 
been yet studied on Valencia orange fruit decay. So, in 
the present study essential oil from these three different 
aromatic plants were used and evaluated for their pos-
sible preventing effects on infection and growth of blue 
decay fungi of Valencia oranges.

Materials and methods
Plant material
This study was done under laboratory conditions at Tar-
biat Modares Uni., Tehran-Iran. Valencia fruits were col-
lected from a field in Jiroft (Kerman province) as a main 
area for citrus growing in southeast of Iran. The fruits 
were then immediately transferred to laboratory and 
those with uniform size and appearance were further 
selected for treatment applications.

Inoculation and infection process
Fruits were first disinfected using 10% hypochlorite solu-
tion for 5 min, and then were washed using tap water and 
very gently were dewatered using a thin-layered filter 
paper. Inoculant source was prepared from contaminated 
fruits after homogenized in distilled water at 20  °C. The 
suspension was passed through a filter paper, and an ali-
quot of the filtrate was transferred to various bowls for 
infection of fruits. The concentration of spores was equal 
in all bowls.

In the first experiment, fruit peel was crushed (about 
1 mm depth) on two sides, using a sharp-tip pin, which 
was infected with inoculant suspension solution. Inoc-
ulated fruits were allowed for 24  h at 20  °C and rela-
tive humidity of 85% to fix the disease agent in crushed 
points.

In the second experiment, orange fruits were treated 
without crushing, and only by emerging in inoculant sus-
pension for 1 min. Then, inoculated fruits were allowed 
to fix disease agent for 24 h. The temperature was main-
tained at 20 °C with relative humidity 85%, similar to the 
first experiment. The decaying intensity and the overall 
decayed fruits were recorded at the end of each respected 
week. The decaying level of fruits was also categorized 
as fruits with no decay (intact fruits), those fruits with 
partial decay, fruits with half decayed, and those fully 
decayed fruits.

Treatment application
After inoculation with spores of blue mold fungi (Peni-
cillium italicum Wehmer), fruits were treated using 
different concentrations of essential oils of rosemary 
(Rosmarinus officinalis L.), thyme (Thymus vulgaris) and 
tarragon (Artemisia dracunculus). Pure essential oils (in 
liquid form) were purchased from market (Zardband 
Company, Tehran-Iran), and their corresponding con-
centrations of 0, 500 and 1000  ppm were prepared in 
distilled water. For this purpose, the essential oils were 
dissolved in 1 mL ethanol (75%) and then distilled water 
was added to reach the corresponding concentrations of 
500 ppm and 1000 ppm of each essential oil. These con-
centrations were prepared in a 0.5-L bowl and fruits of 
each treatment were flooded/submerged for 2 h and then 
were allowed to dryness (for 20  min) at room tempera-
ture of 20 ± 3 °C. The zero concentration was regarded as 
control.

Two control treatments were used; the first series as 
control 1 were those fruits without any treatment (with-
out infection and without essential oil treatments, nega-
tive control). The second series as control 2 were those 
fruits that inoculated with blue decay fungi inoculants, 
but received no essential oil or other curing treatments, 
positive control. The fruits in both series of controls and 
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in the main treatments were kept under same laboratory 
conditions. The temperature during 4  weeks of storage 
was 20 ± 3 °C, and the air relative humidity was in range 
of 75–85% during the course of experiment. The experi-
ment was arranged in completely randomized design 
with three replications, each consisted of three fruits. 
After applying the treatments, fruits of each replication 
were transferred to plastic baskets and after determina-
tion of their original weight, they were transferred to 
experimental room with specific conditions (20 ± 3  °C 
temperature, 75–85% relative humidity).

Measurements
Total soluble solids (TSS), vitamin C content, fruit 
juice pH and total acids of fruits were determined at 
the end of 2nd week, when still significant intact fruits 
were remained for all treatments. The percentage of 
intact fruits as well as the percent of decayed fruits 
were recorded at the end of each respective week up to 
4 weeks. The average weight of three fruits in each rep-
lication was recorded before and after the experiment, 
using a precise balance. The rate of fruit weight loss 
and fruit decay percentage was recorded. Total solu-
ble solids (TSS) of fruits were measured by a portable 
Refractometer (Atago model Tokyo, Japan), and total 
acids of fruits were measured and calculated based 
on citric acid and using titration by NaOH 0.1 N until 
reaching the target pH of 8.1 following Souri and Aslani 
[22]. For the determination of fruit vitamin C, 50  g of 
fresh fruit slices was crushed and squeezed by a hand 
squeezer in vicinity of 10 mL metaphosphoric acid 6%, 
and then the juice was transferred into a 25-mL tube, 
then centrifuged at 4000 rpm for 10 min. Five milliliters 
of the supernatant was transferred into an Erlenmeyer 
flask, and 20 mL of metaphosphoric acid 3% was added. 
The titration of the extract was done by 2,6-di-chloro 
phenol indophenols until appearance of a rosa color, 
which the amount of vitamin C (mg 100 g−1 FW) was 
calculated accordingly and based on a standard curve 
of different l-ascorbic acid concentrations according to 
Souri and Aslani [22].

Essential oil analysis
The essential oils were analyzed using GC–MC appara-
tus. The analysis was performed on a Varian CP-3800 
GC coupled with Varian 4000 (Ion trap) Mass system. 
The carrier gas was helium and mass spectra were 
taken at 70  eV. Mass range was from m/z 35 to 400 
amu. Identification of each individual constituent of 
the essential oil was achieved based on their retention 
indices and following Ghanbari et  al. [13]. The com-
pounds were identified by comparison of their mass 

spectra with those of the internal reference mass spec-
tra library or with authentic compounds and confirmed 
by comparison of their retention indices with authen-
tic compounds or with those reported in the literature. 
For quantification purpose, relative area percentages 
obtained by FID were used without the use of correc-
tion factors.

Statistical analysis
Data were analyzed by SPSS 16 software, and comparison 
of means was done at 5% level of Duncan’s multiple range 
test.

Results
In the first experiment, when fruit inoculation was done 
using peel crushing, the essential oils of three herbs in 
their two concentrations of 500 and 1000 ppm were not 
effective to prevent decaying progress (data not shown). 
So, at the end of 1st week, similar to fruits in control 2, all 
fruits were decayed.

In the second experiment, when inoculation was done 
using fruit submerging without crushing, the results 
showed that the oils and their corresponding concentra-
tions were effective in preventing the Valencia orange 
fruit decay (Tables 1, 2 and 3).

The percentage of intact fruits without decay symp-
toms during 4 weeks is presented in Table 1. The results 
(Tables  1, 2) show that application of 500  ppm rose-
mary oil was not effective on reducing fruit decay pro-
gress; however, it was partially effective on preventing 
fruit decay only when 1000  ppm rather than 500  ppm 
was applied. The oil from thyme was effective in both 
concentrations; however, higher concentration of 1000 
rather than 500 ppm was more effective to prevent fruit 
decay. Tarragon oil was the most effective among three 
oils, particularly in 1000 ppm concentration (Tables 1, 2). 
The fruits treated with rosemary oil were the first to be 
decayed and those fruits treated with tarragon oil were 
decayed the last. After 2 weeks, only thyme and tarragon 
oils at higher concentration of 1000 ppm were fully effec-
tive on reduction of blue mold decay (Table  1). At the 
end of 3rd week and 4th week, all inoculated fruits were 
decayed and only some fruits in negative control were 
intact (Table 1).

The decay intensity of fruits at the end of 1st, 2nd and 
3rd week is presented (Table 2). For each presented date, 
the fruit decay intensity in treatments was as following: 
positive control > rosemary 500 > rosemary1000 > thyme 
500 > tarragon500 > thyme1000 > tarragon1000 > negative 
control.

Determination of fruit quality characteristics (Table 3) 
showed that there was no significant difference among 
treatments for fruit juice pH among treatments (data not 
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shown). Total acids were significantly highest in fruits of 
control 1 and those inoculated fruits that were treated 
with 1000 ppm tarragon oil. The least total acids of fruits 
were recorded in 500  ppm rosemary oil treatment. The 
significant maximum vitamin C content was recorded in 
fruits in control 1, thyme oil at 1000 ppm and tarragon oil 
at 1000 ppm treatments. The least amount of vitamin C 
was recorded in control 2 and in fruits treated with both 
concentration of rosemary oil. The significant maximum 
TSS was obtained in fruits in control 1 and fruits treated 
with 1000  ppm tarragon oil, while the least TSS was 
obtained in control 2 and 1000 ppm rosemary oil treat-
ment (Table 3).

Results showed that the weight loss was increased by 
inoculation treatment and decaying intensity of fruits 
(Fig. 1). The highest weight loss was recorded in fruits in 
control 2, and in fruits treated with 500 ppm rosemary oil 
and both concentration of thyme oil. Fruits in control 1, 
as well as those treated with 1000 mg L−1 of tarragon and 
thyme oils showed the least fruit weight loss.

The analysis of essential oils of these three sources 
shows that the oils are composed of various compounds 
(Table 4).

Discussion
In the present study, when Valencia fruits were inocu-
lated with crushing, they were rapidly decayed during 
1 week, regardless of oil sources and concentrations (data 
not shown). Valencia fruits are rather resistant to decay-
ing if they are harvested and stored in proper conditions; 
however, over their damage or crushing, they are decayed 
very rapidly [21]. It seems that the speed of disease 
growth was high, as none of plant’s oil and dosages were 
effective to reduce the fungal infection rates. This indi-
cates that the penetrating rates of oils and fungi into fruit 
tissues might be different, which can be a limiting fac-
tor in the application of essential oil for such purposes. 
Different antifungal and antibacterial effects of essential 

oils under in  vitro and in  vivo conditions confirm this 
speculation [2, 7, 12, 15]. It has been shown that thyme, 
oregano, clove and cinnamon essential oils completely 
inhibited Penicillium digitatum and P. italicum growth 
either when added into the medium at 1000 μL L−1 or by 
their volatiles with 10  μL per 5-cm-diameter Petri dish. 
However, similar to our results, in in  vivo experiments, 
none of the oils tested effectively reduced the incidence 
of P. digitatum and P. italicum on oranges after being 
applied directly over the inoculated wound at 10, 100 or 
1000 μL L−1 [21].

In the second experiment, when fruits were inoculated 
without peel crushing (by submerging), significant pre-
vention of fruit decay was achieved by oil treatments. 
Our data indicate that the protective role of fruit peel 
is very important. This role could be due to the phys-
icochemical properties of fruit peels, as orange peel has 
a wide range of bioactive compounds [23, 26] including 
essential oils and alcohols, which could probably have a 
synergetic effect on applied essential oils in the present 
study.

The highest number of intact fruits and the lowest fruit 
weight loss were in control 1 and in those fruits treated 
with tarragon and thyme oils at 1000  ppm, while both 
concentrations of rosemary and the first level of thyme 
and tarragon oils were not very effective. Similarly, it 
has been shown that oils characterized by high concen-
trations of S-carvone were less effective than those con-
taining the R-enantiomer [8]. In another study, using 
essential oils from 12 Mediterranean aromatic plants, 
only 3 of them were effective to suppress various post-
harvest diseases of citruses [6]. Effectiveness of different 
essential oils on preventing the growth of plant patho-
gens has been well established [3, 10, 23, 20, 27]. The oils 
of thyme (500  ppm) and vervain (1000  ppm) were sig-
nificantly reduced several peach fruit postharvest decay 
[12]. On the other hand, thyme oil was the most effec-
tive from 18 essential oils tested against five pathogens 

Table 1  The percentage (%) of intact (not decayed) fruits when fruits were surface inoculated with blue mold fungi

Ros, Thyme and Tar are abbreviations for rosemary, thyme and tarragon plants that their essential oil was used in two concentrations of 500 and 1000 ppm in this 
study

After 1 week After 2 weeks After 3 weeks After 4 weeks

Negative control 100 100 90 55

Positive control 0 0 0 0

Ros500 0 0 0 0

Ros1000 11.1 0 0 0

Thym500 22.2 0 0 0

Thym1000 44.4 11.1 0 0

Tar500 22.2 0 0 0

Tar1000 55.5 33.3 0 0
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(Lasiodiplodia theobromae, Colletotrichum gloeospori-
oides, Alternaria citri, B. cinerea and P. digitatum) under 
in vitro conditions [8].

The essential oils of various plants including Mentha 
arvensis, Ocimum canum and Z. officinale were effective 
against Penicillium italicum fungi. Mint extract was effec-
tive on prevention of blue mold infection on postharvest 
of orange and lemon fruits that resulted in longer storage 
ability of 6–7 days. However, using zingiber essential oil, 
the shelf life of orange and lemon was improved by 4 and 
8 days [26]. The volatile phases of oregano and thyme in 
0.3 µg mL−1 concentration were the most effective, which 
completely prevented the growth of disease blight disease 

of phytophthora on tomato plants [25]. Full prevention by 
other essential oils (lavendula, rosemary and fennel) was 
obtained at 0.4–2 µg mL−1 [25].

Although in the present study oil from rosemary had 
the least effect on blue mold decay of fruits; however, the 
effectiveness of rosemary oil on various microbial activi-
ties on food stuffs [2] as well as its biostimulation effect 
of seedling growth have been well demonstrated [24].

Postharvest quality of fruits was also influenced by oil 
treatments in our study. Postharvest decay of strawber-
ries was also controlled using different concentrations of 
cumin essential oil. The fruit firmness and the amount of 
soluble solids were not affected by cumin essential oil, 
while total acids, fruit juice pH and vitamin C content 
were influenced by oil treatments [3]. Similar effects were 
also obtained on tomato blight infection with thyme and 
oregano oils [25].

Different compounds including alcohols, aldehydes, 
fatty acids derivatives, terpenoides and phenols are gen-
erally present in essential oil in various plant species [9, 
15]. Many bioactive effects of plant essential oils are due 
to antioxidant properties of these oil components, which 
probably in combination induce antimicrobial effects. It 
has been shown that essential oil from two thyme species 
inhibits the growth and morphology of fungi mainly due 
to disturbing the enzymatic activity of fungal cells [18]. 
So, nowadays, thyme essential oil is used as a protective 
compound in many food products [4].

Essential oils are safe and effective alternatives to syn-
thetic pesticides [14, 15]. Green plants and their natural 
products represent effective biological agents with anti-
biotic effects that are less toxic and more biodegradable 

Table 3  Total acids, vitamin C concentration, fruit juice pH 
and total soluble solids of fruits under various treatments 
at the end of 2nd week

Ros, Thyme and Tar are abbreviations for rosemary, thyme and tarragon plants 
that their essential oil was used in two concentrations of 500 and 1000 ppm in 
this study

Different letters in each column are statistically different (Duncan’s multiple 
range test)

Total acids (%) Vitamin C 
(mg/100 g FW)

TSS (%)

Negative control 1.31a 152.5a 13.7a

Positive control 1.19ab 92.1c 11.7b

Ros500 1.17b 96.4c 12.0ab

Ros1000 1.24ab 97.2c 11.7b

Thym500 1.22ab 112.6b 12.7ab

Thym1000 1.28ab 147.3a 13.3ab

Tar500 1.20ab 115.9b 12.7ab

Tar1000 1.31a 149.4a 13.7a

Fig. 1  Percentage of fruit weight loses under various treatments. Neg-control, Pos-control, Ros, Thyme and Tar are abbreviations for rosemary, 
negative control, positive control, thyme and tarragon plants that their essential oil was used in two concentrations of 500 and 1000 ppm
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[24]. They have higher systemic effects with high toxic-
ity against a wide range of fungal and bacterial pathogens 
[5, 19]. The main advantage of plant essential oils is their 
biological activity in gaseous phase which represents 
them as excellent fumigant for control of storage decays 
[26, 27] and for repelling of many insects [14, 15, 27]. 
Nevertheless, solubility in water, their volatile nature, and 
sometimes required high concentrations for such pre-
venting effects are seen as real limitation to their practi-
cal application.

The essential oils of these three sources are composed 
of various compounds and their antimicrobial activ-
ity cannot be confirmed based only on the action of one 
compound [4, 10]. The major constitute of oil from tar-
ragon (methyl chavicol 83%), thyme (thymol 53%) and 
rosemary (1,8-cineole 49.7%) may contribute in the pre-
venting effects observed in this study. In fact, the thyme 
oil is characterized by the high percentage of phenolic 
precursors (thymol, p-cymene and o-cymene) and phe-
nolic compounds [7].

The antimicrobial action of these essential oils (tarra-
gon and theme oils) may be attributed to their ability to 
penetrate through microbial membranes to the interior 
of the cell and exhibit inhibitory activity on the functional 
properties of the cell, and to their lipophilic properties [1, 
4, 19]. The mechanisms of action may relate to the abil-
ity of different components of their oils to alter microbial 
cell permeability, damage cytoplasmic membranes, inter-
fere with cellular energy generation system, and disrupt 
the proton motive force [1, 4].

Conclusion
In this study, when orange fruits were inoculated by 
submerging rather than by crushing, significant inhibi-
tion effects of essential oils were observed on blue mold 
decay. The essential oil of tarragon and thyme particu-
larly at 1000  ppm effectively reduced the postharvest 

infection rate of blue decay of orange fruits. Essential 
oils from these plants are simply accessible and can 
be obtained or purchased in much lower cost than 
expensive unsafe synthetic fungicides. Food safety is 
very important particularly in fresh fruits and vegeta-
bles. So, essential oils represent very safer and effective 
natural products for control of postharvest pathogenic 
infections of Valencia oranges, and probably in other 
citrus products.
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Table 4  Composition of the essential oils of three sources

Tyme essential oil Tarragon essential oil Rosemary essential oil

Thymol 53% Methyl chavicol 83% 1,8-Cineole 49.7%

Para-cymene 13.3% Trans-ocimene 4.5% α-Pinene 13.2%

Gamma-terpinene 12.5% Limonene 4.3% Camphor 7.4%

Carvacrol 9.8% Methyl eugenol 4.1% β-Pinene 5.2%

Linalool 2% Alpha-pinene 1.6% Camphene 5.4%

1.8-Cineol 1.4% Unknown compounds 7% Borneol 4.6%

Myrcene 1.5% α-Terpineol 2.1%

Terpinolene 1.4% Myrcene 2.8%

Alpha-thujene 1.3% Unknown compounds 9.5%

Unknown compounds 3%
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