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Abstract
Pistachio nut is a strategic product throughout the world, especially in Iran. There are some problems that reduce
production and export of pistachios, for example, postharvest fungi, especially Aspergillus spp., that lead to production
of mycotoxins. Nowadays the use of chemical and synthetic antifungals is discouraged and reduced because of health
risks to mankind and nature. In present study we investigated the antifungal activities of carvacrol and allyl isothiocyanate (AITC) on conidia germination and mycelial growth in Aspergillus flavus at six concentrations and two observation times (3 and 7 days after inoculum). The results indicated that these compounds could inhibit spore germination
and mycelial growth completely at 12 and 2.9 μL L-1 for mycelial growth and conidia germination, respectively. In
addition, the ED50 and ED95 values were determined for all treatments. It was concluded that the natural compounds
examined in the present study could be used as antifungal agents against food spoilage and mycotoxin producing fungi. Further studies on natural antifungal compounds to replace chemical fungicides are required.
Keywords: Allyl isothiocyanate, Carvacrol, Conidial germination, Mycelial growth.

Introduction
Pistachio (Pistachia vera L.) is a favorite tree nut

ins are secondary metabolites produced by fungi that

worldwide especially in Iran. Pistachio nuts substan-

are distributed worldwide. Of the mycotoxins, the

tially contribute to the agricultural exports of Iran and

aflatoxins (AFs) are the most important and attract a

are known as “green gold” (Aghdaie, 2009). Pistachio

significant amount of attention due to their mutagenic,

kernels are a rich source of oil and fatty acids such as

carcinogenic and teratogenic effects (Bhat et al.,

the oleic acid (52-68%) and linoleic acid (12-27%)

2010). The aflatoxins are highly toxic compounds

and protein (20% on average) that are essential for

produced by some species of Aspergillus, such as A.

humans (Tsantili et al., 2010). Unfortunately some

parasiticus and A. flavus (Afsah- Hejri et al., 2013),

contaminants can lead to significant economic losses

and may be present in a wide range of food commodi-

of this important product (Herrman et al., 2002).

ties, such as nuts.

Mycotoxin contamination of food is a serious

Aspergillus family members are wound-invading

health risk for humans and animals and has been re-

pathogens. Aspergillus spores enter through the split

garded as a high priority food safety issue during the

hull and colonize between the kernel and coat, where

past three decades (Afsah-Hejri et al., 2013), especial-

they produce AFs (Mahoney and Rodriguez, 1996).

ly in developing countries (Rustom, 1997). Mycotox*Corresponding author: s.alizadeh@tabrizu.ac.ir

85

Journal of Nuts 6(2):85-94, 2015
ISSN: 2383 - 319x

Aflatoxin contamination of pistachio nuts signifi-

toxin production on exposure to the essential oils ex-

cantly reduces the quality and value of pistachios and

tracted from two varieties of thyme. In their research,

directly affects farmers and consumers, and especially

they found that the oils from these plants were strong-

leads to problems regarding international export of

ly fungicidal, resulting in low aflatoxin production.

this nut. During the past 36 years there have been

They recommended the substitution of currently used

some cases where Iranian pistachios have been sold at

antifungal and aflatoxin inhibiting chemicals by natu-

low prices or sent back because of aflatoxin contami-

ral compounds. The high inhibitory effect of thyme

nation.

may relate to its essential oil components that include

The contamination of pistachio by A. flavus can be

thymol, carvacrol, eugenol, which may inactivate

reduced by certain chemical, biological and physical

some essential enzymes of fungi (Davidson, 2001).

methods. Application of chemical antifungal sub-

Carvacrol is one of the important components of es-

stances is commonly used for preserving agricultural

sential oils that have antifungal activities (Lima et al.,

products. However, most of these compounds are syn-

2013; Elshafie et al., 2015; Tsao and Zhou, 2000;

thetic and expensive and have side effects on human

Manuel et al., 2011).

beings. As a result, the use of chemical and synthetic

In addition of essential oils, there is another group

fungicides has been restricted because of health con-

of compounds that includes some molecules that come

cerns linked to chemical residues on products. For this

from the enzymatic hydrolysis of glucosinolates

reason, these problems have prompted an increase in

(GLs), namely isothiocyanates (ITCs) that can be used

research on cultural and biological alternatives for

as ‘biofumigants’.

controlling this fungal contamination.

GLSs are β–thioglycoside N-hydroxysulphates (also

Natural substances with biocidal activity represent

known as (Z)-N-hydroximinosulphate esters or S-

an interesting alternative, and essential oils (Tsao and

glucopyranosyl thiohydroximates) with a side chain R

Zhou, 2000), aromatic compounds and bioactive mol-

and a sulphur-linked β–D-glucopyranose moiety

ecules produced by various plant defense systems are

which can be found in at least 16 higher plant fami-

being studied for their fungicidal action (Neri et al.,

lies, particularly Brassicaseae, where a single GL is

2006). Plant extracts with anti-microbial and antifun-

often dominant (Fahey et al., 2001). These compounds

gal properties can be used to prevent formation of

are hydrolysed by the myrosinase (thioglucosideglu-

aflatoxin in nuts.

cohydrolase E.C. 3.2.1.147), producing not only ITCs,

In recent years many researchers have explored

but also a combination of nitriles, thiocyanates and

natural herbal compounds such as essential oils that

oxazolidinethiones in varying amounts according to

exhibit little harm to human health and the environ-

the hydrolysis conditions and the chemical nature of

ment. Plant extracts have demonstrated antimicrobial

the GL.

effects due to several compounds, including phenolics,

Some ITCs are volatile substances and could po-

flavonoids, allicin, thiosulfinates, betalain and phytoa-

tentially be successfully employed as gaseous treat-

lexins (Harris et al., 2001), and there is an ongoing

ments of fruit or vegetables before storage or in modi-

and urgent need to discover new antimicrobial com-

fied atmosphere packaging. For example, the treat-

pounds with diverse chemical structures and novel

ment of pears for 24 h at room temperature with an

mechanisms of action (Parekh and Chanda, 2007).

allyl isothiocyanate (AITC) enriched atmosphere pro-

Omidbeygi et al., (2007) showed that the essential

duced good control of blue mould (Penicillium expan-

oils of thyme and cloves had high inhibitory effect on

sum) (Mari et al., 2002).

Aspergillus flavus. Rasooli and Razzaghi (2004) stud-

Allyl isothiocyanate (AITC), C4H5NS, a natural

ied the inhibition of A. parasiticus growth and its afla-

compound commonly found in the Brassicaceae fami86
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Fungal spore suspension and inoculums preparation

ly (Tookey et al., 1980), possesses a strong antimicrobial activity against bacteria and other pathogenic

To obtain spores of Aspergilus flavus inoculum,

bacteria (Inoue et al., 1983). The major pungent com-

the fungus was sub-cultured by streaking spores on

ponent of black mustard (Brassica nigra) and brown

fresh potato dextrose agar (PDA) plates and incubated

mustard (B. juncea), and of wasabi (Eutrema wasabi

for 7 d at 25 °C. The seven-day-old spore cultures of

Maxim.), is allyl isothiocyanate (AITC). AITC is re-

the fungus were suspended in sterile distilled water

leased from a naturally occurring glucosinolate, si-

containing 0.001 mL L–1 of Tween 80. The spore sus-

nigrin, by the action of myrosinase. It has been used

pensions were then filtered with 6 layers of cheese-

as a preservative and is considered safe for human

cloth to remove debris such as mycelia and condensed

consumption (Kermanshai et al., 2001).

agar fragments, and its concentration was adjusted to

It has been demonstrated that AITC effectively in-

103 and 106 fungal spores' mL–1 suspensions using a

hibits a variety of pathogenic microorganisms such as

haemocytometer. This suspension was used to study

M. laxa, R. stolonifer, Neofabraalba,and B. cinereae

the effect of carvacrol and AITC on mycelial growth

(Mari et al., 2002)

and conidia germination of A. flavus.

In this study we investigated the possibility of us-

Control of Aspergillus flavus by compounds

ing some natural antifungal substances to inhibit the

The effect of carvacrol on inhibition of conidia

growth of aflatoxin-producing fungi. In this regard,

germination and mycelium growth of Aspergillus fla-

we present this in vitro study in which we evaluate the

vus was tested in vitro on malt extract agar at six con-

antifungal activity of allyl isothiocyanate (AITC) and

centrations.

carvacrol on Aspergillus flavus isolated from contamiEffects of AITC and Carvacrol on conidia germination

nated pistachios.

The inhibition of conidia germination was tested
by spreading 100 µL of A. flavus conidia suspension

Materials and Methods

(103 conidia mL−1) onto 90 mm Petri dishes containing
Isolation, purification and identification of Aspergillus from pista-

20 mL of malt extract agar (MEA). In each case dif-

chio

To isolate the contaminant fungi, pistachio nuts

ferent aliquots of pure AITC and carvacrol (0, 0.01,

that showed obvious Aspergillus sporulation were

0.03, 0.06, 0.12 and 0.24 µL per plate, equivalent to

surface-sterilized with 5% sodium hypochlorite solu-

0.12, 0.37, 0.74, 1.5 and 3.0 μL L-1, respectively, were

tion for one minute before being rinsed three times

placed, using a microsyringe, on a 90-mm diameter

with sterile distilled water, After three days shaking

paper filter (Whatman No. 1), positioned on the inside

overnight and filtration of contaminated nuts solution

cover of the dish. The dishes were quickly closed and

by cheesecloth, all visually characterized Aspergillus

sealed with Parafilm and incubated at 25 ºC (Bluma et

isolates were sub-cultured on PDA (potato dextrose

al., 2008). To evaluate the fungicidal activity of AITC

agar) containing antibiotics (streptomycin and neomy-

and carvacrol on conidia germination, the dishes were

cin) to obtain pure cultures. The Petri-dishes were

opened after two days and the paper filter removed,

incubated for 7 days at 25 °C and observed daily for

after which the fungus was allowed to grow for the

the emergence of colonies, which were then counted.

next 3 and 7 days, respectively. Petri dishes inoculated

Isolates were purified through single-spore methods

with A. flavus but treated with distilled water were

and then transferred to PDA slants. Species were de-

used as controls. Conidia germination was determined

termined using microscopic features.

by observing the conidia directly with a light microscope.

Carvacrol and allyl isothiocyanate, as commercial
preparations with purity of 95%, were purchased from
Sigma–Aldrich.
87
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Effects of AITC and carvacrol on mycelium growth

Statistical analysis

Mycelium growth inhibition was evaluated by

The statistical effect of carvacrol and AITC con-

placing a plug (6-mm diameter) from an actively

centration on A. flavus growth was studied with analy-

growing culture (the margins of a 7-day-old culture) in

sis of variance based on a completely randomized

the center of a MEA plate.

design. The means comparisons were made using
Duncan’s Multiple range tests at P≤0.05. All statistical

In each case different aliquots of pure AITC and
carvacrol (0, 0.06, 0.12, 0.24, 0.48 and 0.96 µL,

analyses were carried out using the SPSS software.

-1

equivalent to 0.74, 1.5, 3.0, 5.9 and 11.8 μL L , re-

For each compound, the effective dose (ED) for 50

spectively) were placed, using a microsyringe, on a

and 95% inhibition (ED50 and ED95, respectively) was

90-mm diameter paper filter (Whatman No. 1), posi-

calculated using probit analysis applied to the percent-

tioned on the cover of the dish. The dishes were

ages of conidial germination and mycelial growth of

quickly closed and sealed with Parafilm and incubated

A. flavus obtained from in vitro experiments. Regres-

º

at 25 C. The dishes were opened after 7 days to eval-

sion lines between the logarithm of the compound

uate mycelium growth. Petri dishes inoculated with A.

concentrations and the effectiveness indices trans-

flavus but treated with distilled water were used as a

formed in probit were calculated using the Stat-

control. Mycelium growth (colony diameter) was

graphics software.

measured with a ruler (centimeter) Data were exResults

pressed as percent of conidia germination or mycelium growth inhibition compared with the control. In

Effect of carvacrol on conidial germination and mycelial growth of

turn, Parafilm and filter papers were removed from the

A. flavus isolated from pistachio nuts

dishes and another assessment was carried out after 7

The results showed significant inhibitory effect of

days at 25 ºC in order to evaluate whether the activity

carvacrol on conidia germination of A. flavus isolated

of the compounds was fungistatic or fungicidal. The

from pistachio nut. In the first control, after 3 days,

experiments were performed twice.

carvacrol completely inhibited conidia germination of

When mycelial growth was asymmetrical, four di-

fungus at 3.0 μL L-1 (100%). In addition, carvacrol at

ameter measurements were determined and averaged.

1.5 and 0.74 μL L-1 indicated 93% and 86% germina-

Inhibition of mycelial growth (IG) was calculated as a

tion inhibition, but at 0.74 μL L-1 didn't show an ac-

percentage from the difference between growths of

ceptable inhibitory effect on conidia germination of A.

treated and control mycelium, as shown below:

flavus (13 %). After 7 days, approximately the same

GI (%) = 100 (C-T) / C

results were obtained for germination inhibition. The

Where: C is mycelium diameter in control dishes

highest germination inhibition was at 3.0 and 1.5 μL
carvacrol per liter (100% and 93 % respectively). But

and T ismycelium diameter in treated dishes.

we observed large reduction of conidia germination
inhibition at 0.37 and 0.12 (35% and 0.9%) after 7
days (Fig. 1).

88
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Fig 1. Effect of different concentrations of carvacrol on conidia germination of A. flavus

On the other hand results obtained for the effect of

complete inhibition of mycelium growth was found at

carvacrol on mycelium growth of A. flavus at 3 days

5.9 μL L-1. However in the 7-day experiment, mycelial

and at 7 days showed that carvarol could inhibit com-

growth inhibition reduced and was less pronounced at

-1

pletely mycelial growth of fungus at 12 μL L in both

the lower concentrations because of fungal growth

cases. Different concentration of carvacrol had signif-

(Fig. 2).

icant effect on A. flavus mycelial growth. After 3 days,

Mycelial growth inhibition (GI) %

a
100
90
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a a

After 3 days
After 7 days

70
60
50

c

c

40
30

d

d

20
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b

b

e

e

f

0
0

0.74

1.48

2.95

5.90

11.81

-1

Carvacrol Concentration (µl L )

Fig 2. Effect of different concentrations of carvacrol on mycelial growth of A. flavus

Effect of Allyl isothiosyanate on conidial germination and mycelial
growth of A. flavus isolated from pistachio nuts

after 7 days of inoculum, plates containing MEA

AITC had significant a effect on conidia germina-

with AITC at different concentrations, we observed

tion of A. flavus at 1.5, 0.74, 0.37 and 0.-12 μL L-1

similar results, except that there was less inhibition at

with 92, 69, 47 and 15% in the 3-day experiment.

the lower concentrations. So at 1.5, 0.74, 0.37 and

However 3.0 (μL L-1) completely (100%) inhibited

0.12 μL L-1 AITC, there were 91, 72, 28 and 12%

spore germination of this fungus after 3 days. We

inhibition (Fig. 3).

observed similar results in the second experiment,
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Fig 3. Effect of different concentrations of AITC on conidia germination of A. flavus

Our results showed a highly significant effect of

inoculum with A. flavus. However there was high

AITC on mycelial growth of A. flavus. Our results

percentage of growth inhibition at 12 and 6 µL L-1

showed that AITC at 12, 6.0 and 3.0 μL L-1 complete-

(100%) whereas we observed reduced in mycelial

ly inhibited mycelium growth of A. flavus after 3 days.

growth inhibition at lower concentrations (3.0, 1.5 and

This growth inhibition was lower after 7 days from

0.74) of AITC) (Fig. 4).
a b
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Fig 4. Effect of different concentrations of AITC on Mycelial growth of A. flavus

Logarithmic regression lines of the compound

ED95. On basis of these results, AITC was a better

concentrations and the effectiveness indices trans-

mycelial growth inhibitor (ED50 = 2.18 μL/L, ED95 =

formed in probit were used to calculate the ED50 and

4.5 μL/L) than carvacrol (Table 1).

Table 1. ED50 and ED95 (μL L−1) of treatments with Carvacrol and AITC measured by conidial germination
and mycelial growth of A. flavus
Natural compound

ED50

ED95

Mycelial growth

2.5882

5.6169

Conidia germination

0.375

1.145

Mycelial growth

2.1817

4.4978

Conidia germination

0.301

1.264

Carvacrol

AITC
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Discussion
The results of this experiment indicated that car-

The antimicrobial activity of AITC is suggested to

vacrol and AITC have a significant inhibitory effect

involve a reaction with thiol groups of glutathione or

on conidia germination and mycelial growth of A.

redox-active proteins, with subsequent inhibition of

flavus isolated from pistachio nuts.

sulfhydryl enzyme activities and inhibition of redox-

The antimicrobial and antifungal effect of aro-

based defenses (Kolm et al., 1995; Jacob and Anwar,

matic plant EOs has been described in several studies

2008). The addition of exogenous thiol groups can

(Arras and Usai, 2001; Alizadeh et al., 2010). In par-

suppress the antimicrobial effect of AITC (Tajima et

ticular, the major phenolic components of EOs, main-

al., 1998). The activity of AITC varies with the con-

ly carvacrol, have been suggested to have a potent

centration and pathogen.

antimicrobial activity in vitro (Ultee et al., 2002;

Mari et al., (2002) demonstrated inhibition of co-

Bouchra et al., 2003; Abbaszadeh et al., 2014; Pérez-

nidial germination and mycelial growth of several

Alfonso et al., 2012) against Aspergillus spp. (Bisht et

post-harvest fruit pathogens by natural ITCs. A few

al., 2011; Fernanda et al., 2012). Little literature exists

years later, Manici et al., (1997) confirmed inhibition

on the effect of carvacrol on pathogenic food fungi

of fungal growth of eight plant pathogenic fungi from

(Morcia et al., 2012), although carvacrol was effective

different taxonomical classes by four ITCs (benzyl, 3-

on inhibiting spore germination of Botrytis cinerea

methylsulfinylpropyl,

(Martinez-Romero et al., 2007) and mycelial growth

butenylisothiocyanates).

allyl

and

2-hydroxy-3-

of Fusarium spp. (Muller-Riebau et al., 1995). Ab-

The mechanism by which ITCs inhibit fungal

baszadeh et al., (2014) have mentioned the potent

growth is not yet completely known. Nevertheless,

inhibitory activity of thymol, carvacrol, eugenol and

some hypotheses suggest a non-specific and irreversi-

menthol against Aspergillus spp. In addition, Mar-

ble interaction of the ITC with the sulfidryl groups,

kovic et al., (2011) demonstrated that carvacrol has

disulfide bonds and amino groups of proteins and

more remarkable antifungal potential against Aspergil-

amino acid residues (Fahey et al., 2001). Reactions

lus spp. than Penicillium spp. The above-mentioned

with the sulfhydryl group and a decrease in the

studies are consistent with our findings.

amount of free amino groups of the proteins’ amino

Bouddine et al., (2012) revealed that A. niger

acid side residues were observed. The main target of

growth was completely inhibited by carvacrol at con-

toxic lipophilic compounds on eukaryotic cells is

centrations of 0.025% MFC (minimal fungicidal con-

thought to be the cell membrane (sikkema et al., 1995)

centration). The antifungal mechanism of carvacrol is

AITC is a lipophilic compound, therefore it is possible

not well understood although membrane and cell wall

it could react with some enzymes present at the plas-

disruption with morphological deformation, collapse

ma membrane level, causing fungi growth inhibition

and deterioration of the conidia and/or hyphae have

or cell death.

been hypothesized (Ahmad et al., 2011) Several stud-

Reduction in fungal growth inhibition after 7 days

ies have shown that phenols have very strong antifun-

compared by 3 days can be because of logarithmic

gal activity. On the other hand, The World Health

control of fungal growth, or reduction of components

Organization (WHO) has stated that carvacrol residue

after 7 days because of their volatility.

in food is without danger to the consumer as long as

Our results showed an interesting antifungal po-

they do not exceed 50 mg/kg (WHO, 2002). Thus, it

tential of Carvacrol and allyl isothiocyanate against

could be applied as post-harvest treatment for control-

postharvest fruits spoilage fungi. Additionally, the

ling food decay.

properties of carvacrol and AITC as antibacterial, antifungal and anticancer compounds and their safety for
human and environment, have increased their interest
91
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as food supplements (Singh and Singh, 2012; Zhang,

Bhat R, Rai RV, Karim A (2010) Mycotoxins in food

2012). As pistachio is an important product of Iran

and feed: present status and future concerns.

and is strategic to export, we suggest further

Comprehensive Reviews in Food Science
and Food Safety. 9, 57-81.
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