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ABSTRACT

Aflatoxin is the most prevalent group of carcinogenic mycotoxins, which produced mainly by Aspergillus flavus, on
pistachio. The aim of present study was to use Dehydroacetic acid (DHA) and ozonated water to control A. flavus growth and
accumulation of aflatoxin B1 on pistachios. In current experimental study, pistachio samples were firstly treated with DHA
and ozonated water solutions and contaminated with 1x10° A. flavus cell suspensions. The chemical inhibitory properties were
evaluated using enumeration of viable and cultivable fungal conidia on pistachios samples. The minimum inhibitory
concentration and minimum fungicidal activity of DHA and ozonated water was also measured by broth dilution method.
Finally Aflatoxin accumulation in treated samples was measured using HPLC technique. There wasn't seen any fungal growth
on pistachios treated with DHA. There was seen a statistically significant differences between the mean viable conidia on
pistachios treated with DHA and ozonated water (P=0.0001). MFC and MIC values for DHA was measured as 1/64 and 1/128,
whereas for ozonated water obtained 1/4 and 1/16. There were seen statistically significant differences between the aflatoxin
values in treated pistachios with two solutions. The inhibitory effect of DHA on the growth of fungi and production of
aflatoxin was much more than ozonated water in present study.
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INTRODUCTION

Aflatoxins (AFs) are known as potent sources of
health risks to both humans and animals, naturally
produced by the food borne Aspergillus species especially
A. flavus (Sheikh-Ali et al., 2014). They are primarily
contaminated a wide range of human food and animal
feeds, exhibited acute and chronic consequences including
mutagenic, carcinogenic and teratogenic  effects.
Aflatoxins are secondary fungal metabolites mixes
including Aflatoxin B1, B2, Gland G2 in nature and
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several synthesized forms such as Aflatoxin M1 and M2 in
dairy products. However the regulation for aflatoxin in
food has been regulated in more than 120 countries
(Williams et al. 2004), it has been estimated that over 5
billion people worldwide are exposed to dietary aflatoxin (
Strosnider et al., 2006).

The International Agency for Research on Cancer
(IARC) has graded aflatoxin B1 (AFB1) as a Group |
carcinogen, primarily affecting liver (Esteve et al., 1993).
There are seen also a synergism effect between aflatoxin
and chronic hepatitis B virus (HBV) for developing cancer
in endemic area resulted up to 30 times higher risk of liver
cancer in individuals exposed to each risk factor alone
(Kar, 2014).
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Various sources of human foods, agricultural
commodities, fruits, and tree nuts in tropical and
subtropical areas of the world may contaminate with
aflatoxin (Bandyopadhyay et al., 2007). Maize, peanut,
cottonseed, Brazil nut, pistachio nut, fig, spice and copra
are reported as the most common agricultural commodities
with the risk of aflatoxin contamination ( Jelinek et al.,
1989)

Pistachio is one of main tree nuts that disposed
to dietary aflatoxin exposure, reported as 7 to 45% of all
sources humans' total aflatoxin exposure (Bui-Klimke et
al., 2014). In Iran, pistachios are considered as a major
crop covering approximately 210000 ton ( Abbaszadeh et
al., 2006), production of dried nuts and it was played an
important role in the agricultural economy of several areas
in central parts of Iran. Pistachio was one of the main
Iranian export commodities, which banned by the
European Union (EU) in 1997 as a result of aflatoxin
levels ranging from 11-400 mg/kg in imported pistachio
consignments. There are many reports in literature for
Natural occurrence of AF in pistachio nuts. In turkey
analysis of 523 pistachio nut samples showed the mean of
AFB1 ranged 1-3.78 mg/g and the maximum level
detected was 113ng/g during 1998-2002 (Set and Erkme
2010).

Aflatoxins (AFs) are known as the main
contaminants in pistachio nuts mostly produced by
Aspergillus flavus .A survey on 50 samples of pistachio
nuts in Spain showed contamination with A. flavus in 30%
of samples, that 70.8% of these isolates were able to
produce aflatoxin B1 and B2. Aflatoxins were also
detected in 10% of samples, all exceeding the maximum
legal limit set for aflatoxin B1 or for total aflatoxin, with
one sample having a very high level of contamination
(1134.5 pg/ kg) (Fernane et al., 2010).

In Tunisia a study on the effect of the storage
period on AFB1 accumulation on pistachio nuts showed
that the contamination of pistachio nuts has occurred
clearly after two years of storage ranged from 2.7+0.3 to
12.742.2 pg/kg for AFB1 (Bensassi et al., 2010). In
Sweden, 9.5% pistachio nut samples had AFB1 higher
than 2ng/g (Thuvander et al., 2001).

There are reported several methods for control of
aflatoxin in crops and tree nuts either by prevention of
aflatoxin producer fungi and detoxification of toxin.
Rodriguze et al used four surfactants, Triton X-100,
Tergitol NP-10, Triton X-301, and Latron AG-98, all at
1% (wt/vol) in CYA agar, inhibited AFB1 production by
96 to 99% (Rodriguez and Mahoney 1994).

Patel et al (1989) used the combination of
Hydrogen Peroxide and Gamma Radiation in order to
detoxification and reduction of the toxin levels in

artificially contaminated groundnuts 40% inactivation of
aflatoxin (Patel et al. 1989).

Akbas and Ozdemir used ozone treatments for
the degradation of aflatoxin in pistachio kernels and
ground pistachios. They reported that AFB1 and total
aflatoxin could be reduced by 23 and 24%, respectively,
when pistachio kernels were ozonated at 9.0 mg L™ ozone
concentration for 420 min (Akbas and Ozdemir, 2006 ).

Several organisms have been tested for
biological control of aflatoxin contamination, including
bacteria, yeasts, and non-toxigenic strains o the causal
organisms, A. flavus and A. parasiticus (Yin et al., 2008).

In order to control aflatoxin accumulation in tree
nuts such as pistachios, it is first necessary to prevent the
growth of mycotoxins producing fungi. However the use
of chemical antifungal agents to control mycotoxins
accumulation has been intensively investigated (Velluti,
2003; Edlayne, 2009; Miller, 2001; Ismaiel, 2014), their
use must be intently considered with provision because of
ecological problems which may develop later.
Dehydroacetic acid sodium salt is used in cosmetics and
clinical tests show little to no evidence regarding the
ingredient's toxicity and potential for irritation (Gazzaniga
et al.,, 1994). Durakovi et al. (2011) used synthesized
analogues of Dehydroacetic acid to prevent the growth and
vomitoxin accumulation of Fusarium graminearum (
Durakovi et al., 2011).

The aim of present study was to used
Dehydroacetic acid and Ozonated water to control A.
flavus growth and accumulation of aflatoxin on pistachios.

MATERIAL AND METHODS:
Inoculums :

A stable Aflatoxin producing strain  of
Aspergillus flavus (PTCC 5004) was obtained from
Persian-type culture collection in Iran (Tehran, Iran) in a
Iyophilized vial. The fungi was cultured on slants of
Potato dextrose agar (Oxoid, Uk) and stored at 25°C.
Isolated new colonies of A. flavus used for inoculation of
PDA plates about 10 days at 25°C until they were well
sporulated. A spore suspension of 0.5 McFarland (1x10°
CFU/ml) was harvested in sterile PBS and Tween 20
(PBST).

Treatment of Pistachio samples in chemicals:

Two kg of freshly de-hulled dried pistachios was
prepared. Five 500 g Pistachios samples were then
maintained and separately immersed in 1N Dehydroacetic
acid, ozonated water at the final concentration of 10mg/lit
(O3aq) for 15 minutes at room temperature, A 1+1
combination of 1N Dehydroacetic acid (DHA) and
ozonated water (10mg/lit) as 3 test groups, sterile distilled
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water and a 500mg/lit Cyclohexamide solutions as
negative and positive control groups respectively. The
immersed Pistachios samples were incubated on a 100
RPM reciprocal shaker (Labtron, Iran) at room
temperature for 2 hours in other to treat with chemicals.

Growth inhibitory testing (viable cell counts):

Each treated samples were divided in five 100 g
and transferred in a 500ml flask containing 250 ml Yeast
extract broth (Merck, Germany) and inoculated with 5 ml
of A. flavus conidial suspensions (final concentration of
5000 CFU/ml), incubated for 72 hours on a reciprocal
shaker (Labtron, Iran) at room temperature. 5gr of each
pistachio samples were transferred in sterile Petri dishes
and put on a humid sterile gauze and incubated at 25°C for
one week (figure 1). All pistachio samples were firstly
analyzed for fungal growth and then washed with PBST
for determination absorbance (optical density) using
Spectrophotometer (Perkin-Elmer, Germany).

A 10ul of each sample was mixed with 90 ul of
normal physiologic serum and spread on Sabouraud
dextrose agar (Merck, Germany) plates containing 50mg/
lit Chloramphenicol for viable conidial counting. The
probable isolated colonies were enumerated and defined as
viable conidia cell counts per milliliter (CFU/mI). The
optical density (OD) of the broth is directly related to the
number of fungal cells present and can be used to examine
the antifungal efficacy of the treatment solutions 50 pl
washings were transferred on the sterile 96-well plates,
and the measurements were performed after the first 24
hour incubations.

Aflatoxin B1 analysis by HPLC:

After analyzing of growth inhibitory tests each
pistachios samples was washed with PBST, the treated
pistachios were separately dried at 50°C for 24 hours and
sent to Farough reference laboratory (Tehran, Iran) for
Aflatoxin B1 analysis with HPLC method using
immunoaffinity column.

STATISTICAL ANALYSIS

The colonization rate, spectrophotometric and
Aflatoxin results were analyzed using one-way ANOVA
and Tukey T-tests. The mean difference is significant at
the 0.05 level, and P < 0.05 was considered to be
statistically different

RESULTS:

The means of viable cell counting and the OD
(optical density) values of treated pistachios showed in
table 1 and 2 respectively. As can be seen from table 1, 1N
Dehydroacetic  Acid and 1+1 combination of
Dehydroacetic Acid and ozonated water completely
inhibited the growth of A. flavus similar to positive gold
standard Cyclohexamide solutions (figure 1), whereas
8716.7+£796.03 CFU/ml (meantSD) was isolated from
washing solutions of pistachio samples treated with
ozonated water. The untreated negative control group
revealed the highest colonization and OD values in all
measurements.

Ozonated water caused 73.6% reduction in the
growth of A. flavus on treated pistachios in compare with
negative control, showed the lower antifungal properties
than DHA that prohibited 100% growth of A. flavus.

One way ANOVA statistical test shows the
effectiveness of 1 N DHA and combinations of DHA and
ozonated water for complete control of A. flavus
colonization on treated pistachio samples similar to
positive control (P=0.0001)

As can be seen from table 3 there wasn't
detectable amounts of Aflatoxin B1 in untreated pistachios
and pistachio samples treated with Cyclohexamide as
positive control. The highest Aflatoxin B1 contamination
was seen in Negative control pistachios and pistachios
treated with ozonated water. The least Aflatoxin
contaminations was seen in pistachio samples treated with
DHA (p=0.0001) and combinations of DHA and ozonated
water (p=0.0001) as expected.

According to comparison of the groups in pairs
showed that DHA and combinations of DHA and ozonated
water had the most antifungal activity (P=0.0001) than the
ozonated water (P=0.001).

Table 1. Mean and SD of viable A. flavus conidia on treated pistachio samples (CFU/ml)

Treatment solutions Mean SD

1IN DHA 0 0

1+1 DHA and Oz. Water 0 0
10 mg/lit of Oz. Water 8716.7 796.03

Cyclohexamide (Pos. Cont) 0 0
Distilled water (Neg. Cont) 33000 4381.8

P=0.0001
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Table 2. Mean and SD of Optical Density values from treated pistachio samples

Treatment solutions Mean SD
1IN DHA 0.129 0.008
1+1 DHA and Oz. Water 0.143 0.012
10 mg/lit of Oz. Water 0.308 0.017
Cyclohexamide (Pos. Cont) 0.113 0.005
Distilled water (Neg. Cont) 0.341 0.215
P=0.0001
Table 3. Mean and SD of Aflatoxin B1 (ug/kg) values in pistachio samples
Treatment solutions Mean SD
Untreated Pistachios ND ND
1IN DHA 1.5 0.21
1+1 DHA and Oz. Water 1.59 0.21
10 mg/lit of Oz. Water 6.10 0.32
Cyclohexamide (Pos. Cont) ND ND
Distilled water (Neg. Cont) 6.19 0.33

DISCUSSIONS

The global pistachio market is provided by Iran
and the United States included over 70% of the world’s
pistachio exports, which 47% come from Iran and 25%
come from the US( Shahvardi, 2011; FAOSTAT, 2010).
However the report from Joint FAO/WHO Expert
Committee on Food Additives (2007) showed a big
diversity between Iranian and US pistachio qualities as
reported an average of 54ng/g aflatoxin, whilst the
majority of US pistachios embrace average levels below
the EU standard of 10ng/g ( JECFA, 2007). Unfortunately
this level of Aflatoxin contamination in Iranian pistachios
caused the losses of global market. Therefore, effective
methods are continually needed for control of
aflatoxigenic fungal pathogens in exported pistachio to
achieve the foregone world’s trade share.

There are several physical, chemical ( Bluma et
al., 2008), and novel biological (Rahaie et al., 2010)
methods in literature, which investigated in order to

Figure 1. Colonization of A. flavus on treated pistachio samples
From left to right: Pistachios treated with Cyclohexamide (Pos. Cont.), DHA, ozonated water and Distilled water (Neg.
cont.)

control of Aflatoxin producer fungi in food and tree nuts
commodities. Certain antifungal agents also were used for
control of aflatoxin producer fungi in agricultural
commodities; however there is ecological concern, which
may develop later ( Kohiyama et al., 2015).

Dehydroacetic acid that used in present study as
a chemical agent for in vitro inhibitor is a safe chemical
compound, which used in food industry, which showed
potentially antifungal and antimycotoxigenic properties
(Durakovi et al., 2010, ). Ozonated water as an antifungal
agents ( Arita et al., 2005) and also used for degradation
of aflatoxin B1 in dried figs ( Zorlugenc et al., 2008).

A stable Aflatoxin B1 producer (Mojtahedi et al.,
1979) standard strain of A. flavus (PTCC 5004) was used
for contamination of pistachio samples in present study.

Results of current study showed that 1N
Dehydroacetic acid (DHA) and 1+1 combination of DHA
and ozonated water completely inhibited the growth of A.
flavus on pistachios nuts and there wasn’t seen any
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growth of A. flavus after treatment with these two
chemicals. HPLC analysis of treated and contaminated
pistachios showed 1.5 and 1.59 pg/kg Aflatoxin Bl in
pistachios treated with DHA and the combination of DHA
and ozonated water respectively.

This antifungal property of DHA in present study
was in agreement with the results of Durakovi et al.
(2010) as they showed Antifungal and Anti-aflatoxigenic
Action of DHA against A. flavus and complete inhibition
of Aflatoxin B1 production the same as the current study
(Durakovi et al., 2010).

Durakovi also reported complete inhibition of
Fusarium graminearum and generation of vomitoxin in
treated maize ( Durakovi et al., 2011).

Profit of DHA for Removal of aflatoxin M1 from
artificially contaminated yoghurt was also used and the
percentage loss of the initial AFM1 amount in yoghurt
was estimated by about 22 to 45 % by up to28 day
storage, respectively. The toxicity of DHA was
investigated on brine shrimp (Artemia salina) larvae as a
screening system for the determination of their sensitivity
(Durakovic et al., 2015). However this chemical (DHA)
was used as a preservative in agricultural food and wine
industry, there wasn’t reported any toxicity and irritation
disorders by clinical investigations (Daniels et al., 1983).

Ozonated water caused 73.6% reduction in the
growth of A. flavus on treated pistachios in compare with
negative control, showed the lower antifungal properties
than the other two test chemicals that prohibited 100%
growth of fungi

HPLC test showed only contamination of
Aflatoxin Bl in contaminated pistachios because A.
flavus PTCC 5004 that used in present study solely
produced Aflatoxin B1 .

However 10 mg/lit of Ozone in water reduced
the growth of A. flavus on treated pistachios up to 73.6%,
but there wasn't seen any statistically differences in the
concentration of Aflatoxin B1 in treated pistachios in
comparison with negative control. This result isn't in
concordance with the results of Bashiri et al (Bashiri et
al., 2013) as they reported 32-47% reduction in Aflatoxin
B1 on pistachio treated with 4 and 8 mg/ml Ozone in
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