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SUMMARY

Antifungal activity of thyme essential oil against Monilinia fructigena and development 
of an effective and stable oil formulation for agricultural use were studied in this paper. 
Bioactivity of the oil itself and its developed formulation, an emulsifiable concentrate (EC), 
was tested in vitro and in vivo. In vitro experiments, using a slightly modified agar overlay tech-
nique, showed that the initially emulsified thyme essential oil, as well as the developed for-
mulation, significantly inhibited mycelial growth of M. fructigena in vitro. Experiments in vivo, 
performed on inoculated apple fruits, revealed that the formulation successfully decreased 
oil evaporation from the treated area and provided a significant level of M. fructigena sup-
pression, 64.7-72.1% compared to the control. To our knowledge, an EC formulation of thyme 
essential oil for agricultural uses had never been developed before. The presented results are 
initial findings and evaluation of product activity should be continued in the field to deter-
mine its efficacy and activity spectrum, and to estimate the economic aspect of its use. 
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INTRODUCTION

The development of modern fungicides, and the 
storage technologies improved during the 1960s 
and 1970s, have significantly extended the shelf life 
of fruit after harvest. However, postharvest losses  

caused by fungal diseases still vary from the estimat-
ed 5-20% in the United States to more than 50% 
in developing countries (Janisiewicz and Korsten, 
2002). In addition, the use of fungicides is restricted 
due to consumers’ demand for less chemical residues 
in fresh produce (Ragsdale and Sisler, 1994; Gullino 
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and Kuijpers, 1994). The application of substances of 
natural origin, such as essential oils, could be a de-
sirable solution, safe both for human health and the 
environment (Janisiewicz and Korsten, 2002; Zhang 
and Zheng, 2005; Tasiwal et al., 2009). Essential oils 
have been well-known for their antimicrobial prop-
erties since the 1880s (Chamberlain, 1887). Some of 
them, such as the tea tree oil from Melaleuca alterni-
folia (Maiden & Betche) Cheel, have been effective-
ly used in human medicine for years (Hammer et al., 
2003). The inhibitory effect of tea tree oil on Bot-
rytis cinerea and other postharvest fruit pathogens 
in vitro has also been documented (Tanović et al., 
2005; Hrustić et al., 2012). However, its further ex-
amination in the field against B. cinerea, using the 
commercially available formulated product Timor-
ex 66EC (Stockton Chemical Corporation, Israel), 
showed that grey mould control can be achieved on-
ly partially (13.3-55.9%), depending on disease pres-
sure (Tanović et al., 2012). 

In our previous investigation, thyme essential oil 
had exhibited a great potential as a crop protect-
ant against some postharvest apple fruit pathogens 
(Tanović et al., 2010; Hrustić et al., 2011). Of the 
56 tested oils, including tea tree oil which is already 
on the market, the volatile phase of thyme oil exibit-
ed the highest toxicity (Hrustić et al., 2012; Graho-
vac et al., 2012). Therefore, the aims of our present 
study were: 

•  to determine the effect of an emulsified thyme es-
sential oil on a Monilinia fructigena isolate in vit-
ro and in vivo 

•  to investigate the possibility of developing an effec-
tive thyme essential oil formulation with stable an-
tifungal activity 

•  to test the bioactivity of such formulation using an 
isolate of M. fructigena as a model organism. 

MATERIAL AND METHODS

Test organism

An isolate of M. fructigena was derived from a 
diseased apple fruit showing brown rot. Small frag-
ments were aseptically excised from the border be-
tween healthy and diseased parenchymal apple tis-
sue and placed onto the surface of potato-dextrose 
agar (PDA) in Petri plates. The obtained isolate  

was cultured on PDA at 24oC and stored at -80oC 
in 20% glycerol for long-term storage and at 4oC 
on PDA slants for short-term storage. Patogenici-
ty of the isolate was confirmed by inoculation of a 
healthy apple fruit previously surface sterilized with 
0.5% NaOCl. The obtained isolate was identified 
based on morphological characteristics of the colo-
ny and conidia using the synoptic key described by 
Lane (2002). Identification was confirmed by mul-
tiplex PCR, proposed by Côté et al. (2004), using 
the common reverse primer MO368-5 (5’-GCAAG-
GTGTCAAAACTTCCA-3), which is specific for 
Monilinia spp., and three species-specific forward 
primers: MO368-8R (5’-AGATCAAACATCGTC-
CATCT-3’, for M. fructigena and M. polystroma), 
MO368-10R (5’-AAGATTGTCACCATGGTT-
GA-3’, for M. fructicola) and Laxa-R2 (5’-TGCA-
CATCATATCCCTCGAC- 3’, for M. laxa). The 
template DNA for multiplex PCR was extracted 
from 7-day-old mycelium of the isolate grown on 
PDA medium, according to the method described 
by Harrington and Wingfiled (1995).

Inoculum preparation

Mycelial fragments (R=10 or 3 mm), cut from the 
edge of 10-day-old PDA culture of M. fructigena, 
were used in the experiments in vitro and in vivo, re-
spectively.

Test substances

Commercially available thyme essential oil (Thy-
mus vulgaris L.) was provided by Beolab Co., Bel-
grade, Serbia. Iprodione (Kidan 250 SC, Bayer Crop-
Science, Germany) and tea tree essential oil (Timorex 
gold, Stockton Group, Israel) were used at label rates 
in all experiments.

Initial emulsion preparation 

In order to test the contact activity of thyme essen-
tial oil against M. fructigena in vitro and in vivo, an in-
itial thyme oil emulsion was prepared as follows: 100 
μl of thyme essential oil was dissolved in 100 μl of 35% 
ethanol and detergent at 0.1% and emulsified in 10 ml 
of sterile distilled water. The effect of a blank prep-
aration (a mixture of sterile distilled water and the 
same amounts of ethanol and detergent as in the in-
itial emulsion) on mycelial growth was tested before 
the experiment. 
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Initial emulsion activity

An in vitro antagonistic assay was performed on 
10 ml of solidified PDA medium in 90 mm Petri 
plates using a slightly modified agar overlay tech-
nique (Cooper, 1963). The tested substances (100 μl)  
were added into wells (10 mm), cut 1 cm from the 
edge of each Petri plate, while mycelial fragments (10 
mm in diameter) of the tested isolate were placed 1 
cm from the opposite end of each plate. The treat-
ments included: initial thyme oil emulsion, two refer-
ence treatments (the commercial biofungicide based 
on tea tree essential oil and the conventional fungi-
cide iprodione) and sterile distilled water as a nega-
tive control. The assessment was made seven days af-
ter treatment by measuring mycelial growth towards 
the well. The experiment was done in three replica-
tions and repeated once. Since all experimental con-
ditions in the repeated experiment were the same, 
all obtained data were pulled together and subjected 
to the analysis of variance (ANOVA) and Duncan’s 
multiple range test.

An in vivo antagonistic assay was performed on ma-
ture apple fruits (cv. Idared) of similar size. Each fruit 
was surface disinfected and wounded with a sterile nail 
(4-mm diameter and 3-mm depth). A 10 µl drop of each 
treatment (initial thyme oil emulsion, commercial tea 
tree oil, iprodione, and sterile distilled water) were add-
ed into each wound 15 minutes or 24 hours prior to in-
oculation, which was performed by placing a myceli-
al plug (3 mm) on each wound. Fruits inoculated with 
sterile PDA plugs were used as a negative control. The 
fruits were placed on two layers of moist paper towels 
on a wire rack in a plastic container at 24°C, 97% RH 
(relative humidity). The width and length of lesions 
on the inoculated fruits were measured seven days af-
ter inoculation. Each treatment was done in three repli-
cates and the experiment was repeated once. The results 
from both experiments were pulled together and sub-
jected to the analysis of variance (ANOVA) and Dun-
can’s multiple range test. 

Formulation development

The vegetable oil used for formulating thyme essen-
tial oil was purchased from a commercial source (Oleon, 
Belgium) and used without further purification. Sur-
factants of commercial quality (Rhodia, Italy and Aji-
nomoto OmniChem, Belgium) were used. 

The emulsifiable concentrate (EC) of thyme essen-
tial oil was prepared by mixing the essential oil (10%) 

with nonionic emulsifiers (10%) and esterified rape seed 
oil (80%). A magnetic stirrer (IKA, RH basic 2) was  
used for homogenization (30 minutes). A blank for-
mulation was prepared the same way as the EC formu-
lation and contained vegetable oil instead of thyme es-
sential oil. 

Several important physical parameters of the for-
mulation product were determined, using the fol-
lowing standard CIPAC methods: MT 3 for densi-
ty, MT 75 for pH value, MT 47.2 for persistent foam, 
MT 36.1 for emulsion stability and re-emulsification 
(CIPAC, 1995).

Formulation activity

In vitro and in vivo activity of the developed formu-
lation was determined the same way as it was described 
for the initial emulsion testing. Prior to the experiment, 
the effect of blank formulation on mycelial growth was 
tested.

RESULTS

Test organism

After 4-day incubation of apple tissue fragments on 
PDA medium at 24oC, a creamy to yellow colony with 
sparse sporulation and entire margin developed. Co-
nidia were unicellular, hyaline, ellipsoid or ovoid, ar-
ranged in chains. Based on morphological characteris-
tics of the colony and arrangement and shape of its co-
nidia, the isolate was identified as M. fructigena. Iden-
tification was confirmed by the resulting 402 bp PCR 
product, which was proposed by Côté et al. (2004) as 
the product size specific to M. fructigena.

Initial emulsion activity

As the results presented in Figure 1 indicate, sig-
nificant differences in mycelial growth in vitro were 
found (p<0.01) as a consequence of the activity of 
different treatments. Duncan’s multiple range test 
showed that the initial thyme oil emulsion exhibit-
ed significantly stronger mycelial growth inhibition 
than tea tree oil, which was used for comparison. Both 
treatments were, however, less effective than the fun-
gicide iprodion applied at label rate. The blank prep-
aration did not cause any inhibitory effect on myceli-
al growth, and its effect was therefore excluded from 
the analysis. 



276

Brankica Tanović et al.

Figure 1.  The effects of initial thyme oil emulsion and reference treatments on mycelial growth 
(Mean ± SD) of M. fructigena in vitro. Bars with the same letters are not significantly different 
(Duncan’s test, p > 0.01).

Figure 2.  The effects of initial thyme oil emulsion and reference treatments in supression 
of brown rot divelopment on apple fruits inoculated with M. fructigena 
15 minutes or 24 hours after treatment

In the experiments in vivo, the initial thyme oil emul-
sion suppressed entirely the development of disease on 
inoculated apple fruits (Figure 2). However, the effect 
of the initial emulsion decreased from 100%, achieved 
when inoculation was done 15 minutes after treatment, 
to 32.7% when inoculation was delayed for 24 hours. 

Formulation characteristics

Starting from thyme essential oil as an active sub-
stance, an emulsifiable concentrate (EC) was devel-
oped. Physical properties of the formulation are shown 
in Table 1.

0

5

10

15

20

25

30

Thyme oil
initial emulsion

Tea tree oil Iprodione Control

M
yc

el
ia

l g
ro

w
th

 (m
m

) 

Treatments 

b 

a 

c 

d 

Thyme oil 
initial emulsion

Tea tree oil Iprodione Control

Treatments

M
yc

el
ia

l g
ro

w
th

 (m
m

)

0

20

40

60

80

100

Thyme oil
initial

emulsion

Tea tree oil Iprodione

E
ff

ic
ac

y 
(%

) 

Treatments 

inoculation
after 15 min

inoculation
after 24 h

Treatments

Iprodione

inoculation
after 15 min

inoculation
after 24 h

Tea tree oilThyme oil 
initial

emulsion

Ef
fic

ac
y 

(%
)



� 277

Pestic. Phytomed. (Belgrade), 28(4), 2013, 273–280

Table 1.  Physical properties of the developed formulation 
based on thyme essential oil

Density (g/cm3)  0.900
pH value (1%)  3.24
Persistent foam (cm3) 28

Stability of Emulsion  
and Reemulsification (cm3)

0.5 h  0/0
1 h  0/0
2 h  0/0
24 h  0/0
REE  0/0

Formulation activity

In our in vitro experiment, the developed thyme oil 
formulation demonstrated strong mycelial growth 
inhibition (52.4%), compared to the control (Fig-
ure 3). However, there was a significant difference 
between the developed formulation and the fungi-
cide iprodione (p < 0.01). The blank formulation did 
not cause any inhibitory effect on mycelial growth, 
and its effect was therefore excluded from further 
analysis. 

0

5

10

15

20

25

30

Thyme oil
formulation

Tea tree oil Iprodione Control

M
yc

el
ia

l g
ro

w
th

 (m
m

) 

Treatments 

b 
a 

c 
d 

0

20

40

60

80

100

Thyme oil
formulation

Tea tree oil Iprodione

E
ff

ic
ac

y 
(%

) 

Treatments 

inoculation
after 15 min

inoculation
after 24 h

Figure 4.  Efficacy of the developed thyme oil formulation and reference treatments 
in suppression of brown rot development on apple fruits inoculated with  
M. fructigena 15 minutes or 24 hours after treatment

Figure 3.  The effects of the thyme oil formulation and reference treatments on mycelial 
growth (Mean ± SD) of M. fructigena in vitro. Bars with the same letters are not 
significantly different (Duncan’s test, p > 0.01).
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In the experiment in vivo, the formulated product 
achieved 72.1% efficacy when inoculation was per-
formed 15 minutes after treatment. When inoculation 
was delayed for 24 hours, the decrease in efficacy of 
27.9% was not statistically significant (Figure 4). It in-
dicates that evaporation of the essential oil from treated 
surface was successfully reduced by the developed for-
mulation. It was also observed that components of the 
formulated product, as well as the product itself, did 
not cause any phytotoxic effects. 

DISCUSSION

The results of this study confirmed a reported strong 
inhibitory potential of thyme essential oil against M. 
fructigena (Hrustić et al., 2011). A modified agar over-
lay technique was used to test its contact activity since 
such effect had been previously determined for the oil 
vapor phase. It is assumed that testing and evaluation 
of the antimicrobial activity of essential oils is often 
very difficult because of their volatility, water (in)solu-
bility, and complexity (Janssen et al., 1987). A number 
of oils have been tested against fungi using different 
techniques (Daferera et al., 2003; Tanović et al., 2004; 
Tanović et al., 2009; Bakkali et al., 2008; Ćosić et al., 
2010; Arslan and Dervis, 2010). Common assay tech-
niques can be classified based on whether or not they re-
quire a homogeneous dispersion in water (Janssen et al., 
1987). The agar overlay technique, which does not re-
quire homogeneous dispersion of oil in water, uses res-
ervoirs (holes or cylinders) or discs as the source of va-
por. Techniques that do require homogeneous disper-
sion in water, known as dilution techniques, are mostly 
used to determine the minimum inhibitory concentra-
tion (MIC) or minimum lethal concentration (MLC) 
of an investigated oil (Janssen et al., 1987). According to 
Morris et al. (1979), the results obtained using these two 
groups of techniques are not necessarily comparable. In 
addition, simultaneous use of different techniques can 
yield different results depending on the chemical prop-
erties of the oil tested (Pellecuer et al., 1980). Therefore, 
the results presented in different articles after testing es-
sential oils for antimicrobial activity are very difficult to 
compare (Janssen et al., 1987). Differences in microbial 
growth, the method of exposure of microorganisms to a 
plant oil, the solubility of that oil or its components, the 
use of an emulsifier and its amount, and other elements 
may account for differences in the results obtained in 
vitro. In order to confirm the validity of in vitro results, 
in vivo studies may be required (Hammer et al., 1999).

To determine the full potential of thyme essential oil 
as a crop protectant, we created an initial oil emulsion 
allowing the diffusion of oil towards the tested isolate. 
Under such conditions, we observed a significant inhibi-
tion of mycelial growth of the M. fructigena isolate in vit-
ro, confirming previous promising reports for this oil as 
an antifungal substance. The initial oil emulsion caused 
100% disease prevention when inoculation of apple fruits 
was performed 15 minutes after treatment. However, in-
oculation that was delayed for 24 hours resulted in a sig-
nificant efficacy decrease (32.7%), indicating possible oil 
evaporation from the treated surface. It is generally ac-
cepted that the most important limitation for applica-
tion of essential oils as crop protectants is their relative-
ly quick volatilization (Dayan et al., 2009). This prob-
lem can be resolved in different ways during the formu-
lation process (Moretti et al., 2002). One of possible ways 
is mixing the essential oil with (a) carrier oil phase(s) to 
suppress essential oil volatilization. Vegetable oils are a 
good choice for carrier oil phase as they are fully biode-
gradable and therefore environmentally friendly. Even 
more appropriate are esterified derivates of vegetable oils 
that are less viscous and consequently more convenient 
for formulations. The addition of surfactants is neces-
sary because of a poor water solubility of essential oils. 
Surfactants are also necessary for assisting in the spread-
ing and penetration of the formulated product (Wang 
and Liu, 2007). Taking into account the physicochemi-
cal characteristics of thyme essential oil, a simple way of 
volatilization control by carrier oil phase was used in our 
study. The modified carrier oil phase in our thyme essen-
tial oil formulation is a renewable source and a value-add-
ing quality to the product. Stable efficacy of the formu-
lated product in case of delayed inoculation confirmed 
our assumption that the formulation would be able to 
decrease oil evaporation from treated area.

An additional important problem in practical appli-
cation of essential oils in agriculture is a lack of persist-
ent efficacy in the field (Chen at al., 2013). This prob-
lem could also be resolved by improved formulation. 
Newly-developed essential oil formulations should en-
sure stability during biopesticide production, process-
ing and storage, improve convenience for users, protect 
the biopesticide from environmental conditions and 
increase biopesticide activity against target organisms. 
(Chen at al., 2013, Isman, 2000). In conclusion, fur-
ther experiments are needed to evaluate the product’s 
activity under field conditions and economic aspects of 
its use. To our knowledge, an EC formulation of thyme 
essential oil had never been developed before. There-
fore, the results of our in vitro and in vivo experiments 
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are initial findings and product testing should be con-
tinued to determine its effect under field conditions as 
well as its spectrum of activity. 
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Razvoj formulacije na bazi 
etarskog ulja timijana i njen  
uticaj na Monilinia fructigena 
REzIME

U radu je proučavana antifungalna aktivnost etarskog ulja timijana na Monilinia fruc-
tigena, kao i mogućnost razvoja efikasne i stabilne formulacije ulja za upotrebu u poljo-
privredi. Bioaktivnost etarskog ulja kao i razvijene formulacije – koncentrata za emulziju 
(EC) testirana je u ogledima in vitro i in vivo. Ogledi in vitro, izvedeni po delimično mo-
difikovanoj metodi testiranja antimikrobne aktivnosti na površini agara, pokazali su da i 
inicijalno emulgovano ulje i razvijena formulacija značajno inhibiraju porast micelije izo-
lata M. fructigena. U ogledima in vivo na inokulisanim plodovima jabuke pokazano je da 
je procesom formulisanja značajno smanjena isparljivost ulja sa tretirane površine i po-
stignuta inhibicija razvoja mrke truleži ploda 64,7-72,1% u poređenju sa kontrolom. Koli-
ko nam je poznato, u ovom radu je po prvi put razvijena EC formulacija etarskog ulja ti-
mijana za upotrebu u poljoprivredi. Dobijeni rezultati predstavljaju početak istraživanja 
koje treba dopuniti rezultatima ispitivanja efekata razvijene formulacije u uslovima prak-
tične primene, proučavanja spektra njenog delovanja, kao i ekonomske isplativosti nje-
ne primene. 

Ključne reči: Timijan; formulacije; etarska ulja


