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Abstract

Background: One of the primary challenges in pistachio production,
consumption, and export is contamination by various microorganisms at different
stages. Pistachio kernels have a high lipid content, which makes them highly
susceptible to fungal and bacterial spoilage, thus reducing their shelf life during
storage. Percidine is a compound known for its strong oxidizing properties,
enabling it to rapidly eliminate many microorganisms. It also holds environmental
significance.

Materials and Methods: In this study, the microbial flora of contaminated
pistachio was subjected to different concentrations (0, 1, 2, and 2.5%) of percidine
for 0.5, 1, 1.5, 2, and 5 min.

Results: The results showed that a 1% concentration of percidine for 0.5 min can
inhibit microbial growth by over 99%.

Conclusion: Reducing microbial contamination in pistachios is crucial for
producing a safe product and boosting its economic viability.

Pakdaman N, Moradi M, Javanshah A, Abdolahi Ezzatabadi M, Saberi N. Assessing the Efficacy of Percidine as
an Eco-Friendly Disinfectant to Control Microbial Contaminations in Pistachio Nut. Pistachio and Health Journal.

2023;6(1-2):46-53.

Pistachio and Health Journal/ Vol. 6, No. 1-2, Winter,Spring 2023, 46-53

46


mailto:pakdaman@pri.ir

Najmeh Pakdaman et al./ Assessing the Efficacy of Percidine as an Eco-Friendly Disinfectant

1. Introduction

Pistachio (Pistacia vera L.) due to its high
nutritional value and dehisced shell, is one of the
most popular nuts in the world. Iran is
recognized as an important pistachio-producing
country [1]. Microbial contamination is one of
the most important factors affecting the quality
of pistachios and limiting their exports. For
example, various species of Aspergillus fungi
such as A. flavus and A. parasiticus produce
aflatoxin, the deadliest fungal toxin, which
contaminates pistachios and other oil-rich nuts
[2-5]. Aspergillus fungi have a strong tendency
to grow on oil-rich nuts. The spores of these
fungi are present in the air, soil, and agricultural
environments [6] and can grow at temperatures
between 10°C and 45°C, with the optimum
temperature being between 25-28°C [1, 7].
Some countries have laws limiting the allowable
levels of aflatoxin in food.

In addition to fungal contamination,
pistachios can be a suitable source of pathogenic
bacteria [8]. Contamination of pistachios with
some bacteria such as Escherichia coli, Bacillus
cereus, Klebsiella, Salmonella, etc. can cause
various problems for humans [8-10]. Although
low water activity in dried products can limit
bacterial growth, it does not have much effect on
their survival. Under favorable environmental
conditions, the spores of bacteria can grow and
cause food poisoning in consumers [11].

To ensure pistachio safety and prevent
microbial contamination, several measures are
implemented throughout production, including
good agricultural practices during cultivation,
proper handling and processing techniques,
regular microbial testing, and strict hygiene
standards.

There have been many methods tested to
control microbial contamination, maintain
quality, reduce waste, and increase the storage

life of horticultural products. For example,
sodium hypochlorite (NaOCI) is often used as a
sanitizing agent in postharvest practices for
fruits and vegetables [12]. NaOCI is cost-
effective and easy to apply. The effectiveness of
hypochlorite  solutions is influenced by
temperature changes, organic matter residues,
and pH levels. Chlorine compounds react with
organic substances, potentially leading to the
formation of harmful Dby-products like
chloramines and trihalomethanes, which are
known carcinogens [13]. Consequently, there is
a growing trend towards eliminating chlorine
compounds from sanitizing processes [14].
Generally recognized as safe (GRAS) sanitizers
such as organic acids (acetic acid, citric acid,
lactic acid), hydrogen peroxide (H202), sodium
carbonate (Na2CO3), and potassium carbonate
(K2COs3) can serve as alternatives to chlorine
compounds for controlling postharvest diseases
in fresh horticultural products [15-17].
Percidine (C2H4O3), also known as
peroxyacetic acid or peracetic acid, is an
antimicrobial substance obtained from the
combination of hydrogen peroxide and acetic
acid. This compound, in addition to having
environmental advantages, can quickly affect a
wide range of microorganisms [18-20]. Due to
its antibacterial, antiviral, and antifungal
properties, percidine has attracted a lot of
attention in recent years and is widely used for
disinfecting fruits and vegetables, cheese and
dairy processing plants, various drinks, and food
processing equipment [13, 21-24]. Another
reason that makes percidine more important than
other disinfectants such as chlorine dioxide is
that it does not produce harmful byproducts.
Percidine decomposes upon contact with organic
compounds to oxygen and acetic acid, ultimately
producing water and carbon dioxide [25].
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Percidine is also more potent than hydrogen
peroxide, is unaffected by catalase and
peroxidase, the enzymes that break down
hydrogen peroxide [26], and retains its activity
in the presence of organic loads or food residue
when kept at acidic pH [22]. It has been utilized
by the food industry for many years because
percidine activity is consistent across several
critical factors such as temperature (from O to
40°C) and pH (from 1 to 8) and does not require
the use in high concentrations.

In this study, the ability of percidine to reduce
the population of contaminating microorganisms
in pistachios and improve their quality is
evaluated.

2. Materials and Methods

2.1. Product preparation

In this study, samples of P. vera cv. Fandoghi
were collected from 4 different directions of
trees in a commercial garden in the Rafsanjan
region in October 2019. After peeling and
drying, pistachios were used for various next
stages of the experiment. The measured
parameters included the percentage of inhibition
of fungal (mold and yeast) and bacterial growth
on pistachio.

2.2. Cultivation and identification of
Microbial population contaminating
pistachios

Three sets of one hundred dried pistachios
were placed in one-liter flasks. Then, 500 ml of
sterile distilled water containing a concentration
of 2 g I'* peptone (as a source of nitrogen) was
added to each flask. The flasks were shaken for
2 hours at 150 rpm on a shaker at room

Inhibition (%)

temperature [27]. Suspensions with densities of
10 were prepared and 100 pl were cultured on
petri dishes with a diameter of 8 cm containing
Malt Extract Agar (MA, HiMedia™, India, 35 g
I1) and Nutrient Agar (NA, HiMedia™, India,
28 g I'Y) media for fungal (mold and yeast) and
bacterial growth, respectively. The petri dishes
were incubated in the dark at 28 °C for 48 h. A
stereomicroscope and microscope were used to
differentiate fungi and bacteria based on their
morphological characteristics. The dominant
isolates were identified and collected from the
collection of the Technology and Production
Management Department at the Pistachio
Research Center (PRC) and used in subsequent
stages of the research.

2.3. Inhibitory percent of microbial growth
by percidine

Initially, 15% percidine was prepared from
Barafza Keshavarz Pars Company. To
investigate the effect of percidine on microbial
populations, a suspension of the most common
microbial flora identified in sterile distilled
water was prepared, and different concentrations
of percidine (0, 1, 2, and 2.5%) were added
separately to the suspensions. After 0.5, 1, 1.5,
2, and 5 min, suspensions were cultured on MA
and NA media. These concentrations and
treatment durations were selected with pre-
treatment being carried out.

The cultured petri dishes were incubated in
the dark at 28 °C for 48 h. The inhibitory percent
of microbial growth was calculated based on the
number of colonies grown on each treatment
compared to the control (without percidine
treatment), as following formula:

number of colonies under control condition — number of colonies under different peracetic acid treatments

X 100

number of colonies under control condition
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2.4. Statistical analysis of results:

This research was carried out using a
completely randomized factorial design with a
minimum of three replicates for each treatment.
The treatments consisted of four different
concentrations of percidine (0%, 1%, 2%, and
2.5%) and five different time points (0.5, 1, 1.5,
2, and 5 minutes). Statistical analysis was
conducted using SPSS software, and mean
values were compared using the Duncan
multiple range test at a significance level of 5%.

3. Results

3.1. Inhibition effect of percidine on
pistachio contaminating fungi (mold and
yeast)

The inhibition percent of different
concentrations of percidine (1, 2, and 2.5%) over
various time intervals (0.5, 1, 1.5, 2, and 5 min)
on the growth of toxigenic (strain 4) and non-
toxigenic (strain 17) strains of A. flavus are
shown in Fig. 1.

As the results show, treatment with the lowest
concentration of percidine (1%) for 0.5 minutes
completely inhibited the growth of this toxigenic
strain (Fig. 1a). No significant difference was
observed between the different concentrations
and treatment times in this stage (Fig. la).
Similar results were obtained for the non-
toxigenic strain of A. flavus (Fig. 1b).

The effect of different concentrations and
treatment times of percidine on the inhibition
percent of the growth of Pichia kudriavzevii
(strain yp3-5), Saccharomyces sp. (strain 224),
and Lachancea thermotolerance (strain 8-47)
yeast species is shown in Fig. 2. As the results
show, in all cases, percidine treatment inhibited
the growth of these species by more than 99%.

3.2. Inhibition effect of percidine on pistachio
contaminating bacteria

The effect of percidine concentration and
treatment time on the inhibition percent of the
growth of Bacillus subtilis (strain B5VRV) and
Pseudomonas fluorescens (strain 58-8) bacteria
is shown in Fig. 3. As the results show, the
lowest concentration of percidine (1%) for the
shortest treatment time (0.5 minutes) completely
inhibited the growth of these bacteria. Increasing
the concentration and treatment time of
percidine did not have a significant effect on the
results.

4. Discussion

Microbial contamination is a significant
factor that impacts the quality of pistachios and
hinders their exportation. Fungal toxins, also
known as mycotoxins, pose a major challenge to
food safety. Reports from the Food and
Agriculture Organization (FAO) indicate that
approximately 25% of food products are
contaminated by mycotoxins annually [1]. This
contamination not only has adverse effects on
consumer health but also results in substantial
economic losses across various levels of the food
supply chain [28]. In certain countries, including
those in Europe, regulations have been
implemented to limit the permissible levels of
fungal toxins such as aflatoxin (10 ppb) and
ochratoxin A (5 ppb) in food products [29-32].
A study conducted in 2010 revealed that the
removal of aflatoxin alone from Iranian
pistachios leads to a 26% increase in the price of
pistachios at the producer level [33].

The extensive use of chemical disinfectants
can have many adverse effects on human health
and the environment. The findings of the current
study suggest that treating pistachio
contaminants with an eco-friendly disinfectant
called percidine at a 1% concentration can
inhibit fungal growth (mold and yeast) by up to
99.9% and completely prevent bacterial growth.
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The study by Ribiero et al. [34] focused on
the antimicrobial effect of percidine on nuts.
Despite the presence of microbial contamination
and high initial moisture, no aflatoxin was found
in any of the treated samples. The results showed
that optimal disinfection conditions involve
using 250 mg I of sodium hypochlorite for 5.8
minutes, and 140 mg It of percidine for 15
minutes. The study confirmed that both sodium
hypochlorite and percidine, at the concentrations
used, do not impact aflatoxin levels, but instead
help control fungal populations.

In a different study, Ayoub et al. [35]
explored the impact of percidine fungicide,
SWITCH, and SIGNUM on the fungus Botrytis
cinerea, which is a major threat to tomato plants
in Morocco. Various concentrations of percidine
and commercial fungicides were tested to inhibit
the growth of B. cinerea mycelium and spore
germination. The results indicated that
concentrations of 16.77 and 14.47 pg ml-1 of
SWITCH and SIGNUM and 1.5% percidine
completely halted the growth of the fungus.
However, when these fungicides were combined
with 5% percidine, their effectiveness was
reduced to 5.0 ug ml-1, achieving a reduction in
fungicide use of over 95%.

Wang et al. [36] conducted a study on the
antimicrobial properties of percidine and its
mechanism of action against Morganella
psychrotolerant bacteria. They found that when
the bacteria were exposed to 20 ppm of percidine
for 5 minutes, their population decreased to an
undetectable level. Additionally, percidine
delayed the growth of the bacteria. The results
indicated that percidine destroys the bacterial
cell wall.

Hasani et al. [37] compared two methods for
disinfecting de-shelled pistachios to eliminate
pathogenic bacteria Salmonella and Listeria.
One method involved using a disinfectant

combination of peracetic acid and ethanol, while
the other method utilized an Advanced
Oxidation Process (AOP) using UV-C, ozone,
and hydrogen peroxide. The study found that
using a 2.5% concentration of peracetic acid and
ethanol was more effective than the AOP
method in inactivating Salmonella in pistachios.
However, Listeria was more susceptible to
hydrogen peroxide and the AOP method. The
research concluded that both disinfection
methods can reduce contamination of pistachios
with Salmonella and Listeria, but their
effectiveness depends on the specific pathogen
and product.

The wuse of peracetic acid significantly
reduces the risk of pistachio contamination by
fungi, bacteria, and microbial flora. This makes
it a crucial factor in reducing the microbial
population of pistachios in processing terminals,
especially in washing basins. As a result, the
likelihood of Iranian exported pistachio samples
not meeting global health standards, particularly
those of the European Union, is greatly reduced,
potentially even reaching zero. Consequently,
this decrease in rejected Iranian pistachio
samples from global markets may lead to an
increase in the price of pistachios at the Iranian
producer level.

5. Conclusion

Microbial contamination is among the most
important factors that affect the quality of
pistachios and limit their export. The results of
this study showed that the use of percidine can
significantly (up to over 99%) reduce the
contamination of pistachios with fungi, yeast,
and bacteria. Given the importance of pistachio
health in exports and its economic value, the use
of peracetic acid as an eco-friendly disinfectant
can be important.
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