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Enhancing the Quality of Fresh Pistachio Fruit Using Sodium

Alginate Enriched with Thyme Essential Oil

A. Shakerardekani', M. Hashemi?, M. Shahedi®, and A. Mirzaalian Dastjerdi?

ABSTRACT

The combined coating-effects of Sodium Alginate (SA) and Thyme Essential Oil (TEO)
was investigated at three levels of, respectively, (0.0, 1.0, and 1.5 %) and (0.0, 0.3, and
0.5%) on fresh pistachio during 6 weeks of cold (3+1°C) storage. Physiochemical
parameters (hull and hard-shell color, hull hardness, soluble sugar, chlorophyll, and
soluble solids content) and microbial load (plate count agar) were measured every 2 weeks
of storage. Similarly, the sensory attributes of pistachio were evaluated by trained
panelists and Quantitative Descriptive Analysis (QDA) method from minimum (1) to
maximum level (15) score. While weight loss of each pistachio sample increased during
storage time, those treated with alginate had considerably less weight losses than other
treatments. The pistachio treated with combination of SA (1%) and TEO(0.3 or 0.5%)
showed significantly higher hull hardness, L* values, soluble sugar, chlorophyll, and
lower growth of microorganisms (mainly yeast and mold) than other treated and non-
treated (control) samples. The highest sensory scores of 12.3 and 10.6 for hull color of
pistachio were related to samples coated again with combinations of SA (1%) and TEO
(0.3 or 0.5%), respectively, and were significantly higher than the score of control sample
(6.4). Since the pistachio treated with the above-mentioned concentrations of SA and TEO
had significantly higher physiochemical, microbiological, and sensory attributes than the
other samples, their quality indicators were superior to other treatments (including
control samples) and, most probably, they had longer shelf lives and potential to preserve

their natural characteristics of fresh pistachio during storage.
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INTRODUCTION

Pistacia vera belongs to Anacardiaceae
family and its flavor, taste and nutritional
value (vitamins, minerals, and etc.) are
among the characteristics that make
pistachios  better than  other nuts
(Shakerardekani, et al., 2013). Fruit coating,
not only improves the appearance of fruit,
but also increases its shelf-life and quality.
The main benefit of fresh fruit edible coating
is usually the reduction of transpiration and
respiration of the product (Flores-Lopez, et

al., 2016). Edible coatings have potential to
control moisture, improve mechanical and
textural properties, prevent flavor loss, and
act as a carrier for various additives
(Azarakhsh, et al., 2014). Edible coatings
increase the shelf-life of fresh fruits by
reducing metabolic processes and microbial
growth as well as providing protective
barrier to reduce the rate of respiration and
transpiration (Yousuf, et al., 2018). Alginate
is a gum produced as sodium alginic acid
from marine seaweed called Macrocystis
pyrifera. The most efficient and unique
properties of alginates are their ability to
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react with multi-capacity metal ions to
create strong gels or polymers. Sodium
alginate with 2% concentration was effective
in decreasing the respiration rate of corn and
increasing the shelf-life of blue berries and
maintaining its antioxidant properties (Duan,
et al.,, 2011). According to the report by
Rojas-Grall, et al. (2008), alginate acts as a
barrier to gas and is effective in creating a
modified form of atmosphere to maintain the
quality of apple. Alginate has been used to
increase the shelf-life of plum (Yousuf, et
al., 2018) and strawberry (Diaz-Mula, et al.,
2012). Edible coating of pistachio kernel
significantly reduced the oxidation of kernel
and prolonged the shelf-life of the coated
nuts (Javanmard, 2008). Combination of
essential oils with edible coatings is an
effective way to solve some post-harvest
problems (Aloui, et al., 2014). In a report by
Guerreiro et al. (2015), alginate, in
combination with eugenol and citral oils,
was effective in increasing the shelf-life of
Arbutus unedo(Guerreiro, et al., 2015).
Also, the use of lemon grass essential oils
combined with alginate coating in pine fruit
increased its shelf-life (Azarakhsh, et al.,
2014). Coatings from whey protein
containing natural antimicrobial agents
reduced the storage of edible cereals, such as
weight loss, oxidative degradation and
moisture absorption, resulting in an increase
in shelf-life and health of edible kernel
during the storage (Javanmard and
Ramazan, 2009).

Shakerardekani et al. (2019) investigated
the effect of using different concentrations
of Arabic gum (0, 6 and 8% wi/v) in
combination with Shirazi thyme essential oil
(0, 0.3 and 0.5% wi/v), on the qualitative
characteristics (microbial growth, water loss,
carbohydrates,  chlorophylls,  phenolic
compounds, and antioxidants) of fresh
pistachio nuts during 36 storage days at a
temperature of 3+1°C. They reported that
the growth of mold, yeast and aerobic
bacteria on the fresh pistachios were
significantly less than in other pistachios
when using the 6% Arabic gum
concentration enriched with the thyme
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essential oil at 0.3 and 0.5%. Also, addition
of Shirazi thyme essential oil to the
formulation of Arabic gum (6%) reduced the
weight loss of pistachio samples. Addition
of essential oil to the Arabic gum coating
preserved the carbohydrates, chlorophylls,
phenolic compounds, and antioxidants in the
fresh pistachios kernels (Shakerardekani, et
al., 2019). Radi, et al. (2018) reported that
Micro-emulsion and nano-emulsion of
orange peel essential oil in pectin based
coatings reduced the quality loss. Also,
higher antimicrobial effects were observed
in orange slices coated with nano-emulsion.

Hosseini et al. (2019) reported that UV-C
treatment caused a significant decrease in
the weight loss of fresh pistachios compared
to the control. The fruit treated with
2.1kJm?of UV-C and the control packed
in non-perforated polyethylene terephthalate
were lighter, redder, and less yellow
compared to 4.5kJmtreated samples.
Molamohammadi et al. (2020) reported that
the highest sensory scores of color, texture,
and overall acceptance were observed in the
pistachio fruit treated with chitosan and
salicylic acid. Also, these treatments alone
or in combination reduced the growth of
bacteria and fungi. The weight loss and the
peroxide and free fatty acid values of treated
fresh pistachios were lower than the controls
at the end of the storage period.

In the current study, we aimed to reduce
the microbial growth and improve the hull
color, hard shell color, hull hardness, total
chlorophyll content, soluble sugars content,
total soluble solids and sensory properties of
fresh pistachios using sodium alginate
enriched with Shirazi thyme essential oil.

MATERIALS AND METHODS

In this experiment, commercial Ahmad
Ahaghi pistachio cultivars were harvested
from pistachio trees in Pistachio Research
Center (Rafsanjan, Kerman, Iran). After
transferring the samples to the laboratory,
fresh, healthy and uniform pistachios were
separated from unripped, damaged and
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early-split  pistachios. The effects of
different concentrations of sodium alginate
(0.0, 1.0 and 1.5%) (Sigma-Aldrich,
Germany) enriched with TEO (0.0, 0.3 and
0.5%) (Barij Essence Company, Iran) , on
the quality characteristics of fresh pistachio
were investigated during 6 weeks of storage
at 3+1°C (80+5% relative humidity).

Preparation of Sodium Alginate
Solution

Sodium  alginate  powder  (Merck,
Germany) was dispersed in distilled water at
70°C until it changed to a clear solution.
After cooling the solution, glycerol at
concentration of 1.5% (Sigma Aldrich) was
added to the solution as a plasticizer. In the
next step, sunflower oil was added to the
solution as an emulsion (Sigma Aldrich) at
0.025%. Finally, different concentrations of
essential oil of TEO were added to the
solutions. The volume of each solution was
1,000 mL and final formulation of each
solution included sodium alginate, glycerol,
sunflower oil and TEO. AIll formulations
were homogenized (Ultra-Turax T25, Janke
and Kunkle, IKa-Labortechnik, Breisgau,
Germany) for 5 minutes at 24,500 rpm.
After homogenizing the solution, small
bubbles form in the solution, which may not
form a uniform porous coating on the fruit.
For this reason, the solution was stored in
the refrigerator at 4°C for 24 hours to
remove the bubbles inside (Azarakhsh, et
al., 2014).
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Fresh Pistachio Alginate Edible Coating

Fresh pistachios with a soft skin (hull)
were used for testing. The pistachios were
separated from the clusters and treated. The
samples were immersed in sodium alginate
coating for 3 minutes, then waited for 1
minute at the laboratory temperature until
the gel layer on the surface of the fruit
became firm and did not have a watery and
soft state. In the next step, the coated fruits
were immersed in 2% calcium chloride for 2
minutes to form a gel. Subsequently, the
samples were dried at laboratory
temperature and 400 to 450 g fresh
pistachios  were  placed in  each
polypropylene container (12x15.5x10.5 cm)
(Figure 1). Then, pistachio samples were
weighed after treatment and stored in a
refrigerator at 3+1°C and 85+5% RH. The
quality parameters and sensory evaluation
was carried out in the zero week of
experiment as well as at the end on the 2",
4™ and 6" weeks of storage.

Weight Loss Measurement

In order to measure weight loss, fresh
pistachios were weighed at the beginning
and at the end of the storage period and their
weight loss was calculated using Equation

(1):
(%)Weight loss
__ (Initial weight — Secondary weight)
h Initial weight (D)
x 100

Pistachio Hull Color

Figure 1. Coated pistachio (left) and packed pistachio (right) in this research.
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Pistachios fresh hull color was measured
by determining the values of L* (Lightness)
and A4E (total color difference) at three
points of the hull of the fruit with
Chromameter of the Minolta CR-400. At
each measurement step, eight fruits were
randomly selected from each replicate. The
following equation was used to calculate

AE:
AE =[(L*xt—-L*x0)"2+ (a*xt—ax
0)A2 + (b *t—b * 0)*2]*1/2 (2)

Where, Lx, ax and bx represent the hull

color index of the fruit at different times and
Lo, axo and bxp are initial values.

Hardness of Fresh Hull

To determine the hardness of fresh hull
(N), a Penetrometer (FG-5020, Taiwan) was
used.

Soluble Sugars

In order to measure soluble sugars, 0.5 g
of pistachio meal (kernel without oil) was
weighed and mixed with 5 mL of 95%
ethanol and the supernatant was separated.
The extraction was repeated twice with 5
mL ethanol 70%. The solution was then
centrifuged for 20 min at a
Relative Centrifugal Force (RCF) of
1,372xg. After separating the liquid phase
from the solid, the liquid portion was used to
measure the soluble sugars. Then, 0.1 mL of
alcoholic extract was mixed with 3 mL of
freshly prepared solution of 0.15 g of
anthrone in 100 mL of sulfuric acid 72%.
This solution was placed in a Bain-marie
bath for ten-minute at a temperature of 90°C
to allow for a color reaction. The absorbance
of the samples was read by a
spectrophotometer at 625 nm, then, the
following formula was used to calculate the
amount of soluble sugar (g 100 g%)
(Irigoyen, et al., 1992):
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Soluble sugars = (%} X
(15 (Extract Volume)) % 100 (3)

0.5 (Sample weight)
Total Chlorophyll

The ground pistachio kernel (0.4 g) was
homogenized with 5 mL and 80% (v/v)
acetone. The solution was centrifuged at
11,200xg for 20 minutes, and the
supernatant was used for total chlorophyll
measurement. Absorbance (A) was read at
wave lengths of 645 and 663 nm (Lemoine,
et al., 2008). The following formula was
used to calculate the amount of total
chlorophyll.

Total chlorophyll (mg/100g) =
((20.2 x A645) + (8.02 x A663)) X
V/10 x 1000 4)

Microbial Growth

The Plate Count Agar (PCA) medium was
used for measuring the amount of aerobic
mesophilic bacteria, and Dichloran Rose
Bengal Chloramphenicol Agar (DRBC) for
measuring the amount of mold and yeast. To
measure the amount of pistachio
contamination, 10 g of fresh pistachio
samples were weighed and placed in
sterilized plastics. Ninety mL of peptone
water solution was added to the sample, and
was then put inside the Pulsifier (Model
PUL200, Microgen Bioproducts, United
Kingdom) for 15 seconds to remove
contamination from the pistachios. One mL
of the resulting mixture was poured into a
test tube containing 9 mL distilled water.
This process was continued until the
concentration of the solution reached 10°.
Then, 1 mL of the 108 dilution was poured
into each culture medium by the method of
linear culture. The PCA culture medium
containing the culture suspension was
incubated at 30°C for 48 hours, and the
bacteria with their colonies were counted.
The mold and yeast in the DRBC medium
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containing the suspension were counted after
being incubated at 25°C for 5 days. Finally,
the contamination was reported in CFU units
(Ozturk, et al., 2016).

Sensory Evaluation

For sensory evaluation, parameters of
changes in color of the fresh hull, hard shell
color, aroma of fresh pistachio, undesirable
odor, and juiciness of kernels texture were
scored during the storage period. In sensory
assessment, 8 female panelists with age
ranges of 35 to 40 assisted. Fresh water was
made available to panelists to drink between
each step as a cleaner. Quantitative
Descriptive Analysis (QDA) was used for
sensory evaluation. The range for each
quality parameter ranged from zero to 15
(Stone, et al., 2012, Meilgaard, et al., 1999).
The score of the evaluators for the desired
parameters such as fresh hull color, fresh
pistachio aroma and juicy texture tended to
be 15 points, but for undesirable parameters
such as stained shell and unfavorable aroma
and taste, it tended to zero (Shakerardekani,
2017, Stone, 2012).

Alginate 0%

led

Welght loss (%)

0.5

LSS S S SRR INNSSS

Alginate 1%

Statistical Analysis

This experiment was performed on three
factors from a factorial design based on a
completely randomized design with three
replications. The factors included edible
coating, essential oil, and storage time.
Statistical analysis of data was performed
using SAS 9.2 software. Means of each trait
were compared according to Duncan’s
multiple range tests at P< 0.05.

RESULTS AND DISCUSSION
Fresh Pistachio Weight Loss

Comparison of changes in mean weight
loss of fresh pistachios in different storage
times is shown in Figure 2. The results
indicated that there was a significant
difference between different treatments. On
the 2" week of storage, treatment with 1%
sodium alginate combined with TEO 0.3%
showed the lowest weight loss (0.25%),
compared to control and other treatments.
Also, in the same week, 1% sodium alginate
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Figure 2. Effects of Alginate coatings enriched with TEO on weight loss percentage of fresh pistachios
stored at 3+1°C and relative humidity of 80+ 5%. (*) The columns with common alphabets have no
significant difference (P< 0.05). (**) The bars above the columns represents the Standard Error (SE).
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treatment showed a lower weight loss
(0.37%) than control samples. On the 4%
week of storage, samples treated with
sodium alginate 1% combined with TEO
0.3% showed the lowest weight loss (0.
42%). Finally, on the 6" week of storage, the
samples treated with 1% sodium alginate
alone and in combination with TEO showed
the least weight loss. Also, TEO treatments
alone and 1.5 % sodium alginate treatment
combined with 0.3 % essential oil showed
significantly lower weight loss than control
samples (1.07%). In all treatments, weight
loss increased during storage time, but this
increase was less in alginate treated
pistachios (Figure 2).

The edible coatings application can be
regarded as a way to improve and increase
shelf-life of the fruit (Tavassoli-Kafrani et
al., 2016). Various reports also indicated
reduced weight of the fruits coated with
polysaccharides (Yousuf et al., 2018,
Khaliq, et al., 2015, Khalig, et al., 2016,
Dong and Wang, 2017, Oregel-Zamudio et
al., 2017).

According to Rojas-Grat, et al. (2009),
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application of alginate coating in
combination with sunflower oil was
effective in decreasing apple fresh cut
moisture content during storage. Edible
coating acts as an outer layer that reduces
evaporation and transpiration. So far,
beneficial effects of coatings on weight loss
of a wide range of fruits including apricot
(Ayranci and Tunc, 2004), peach
(Maftoonazad, et al.,, 2008), strawberry
(Diaz-Mula, et al., 2012), and litchi (Lin, et
al., 2011) have been confirmed.

Hardness of Pistachio Hull

The results of hardness evaluation of the
fresh pistachio hull are shown in Figure 3.
During the 2" week of storage, 1% alginate
treatment alone and combined with TEO 0.3
and 0.5%, as well as 1.5% alginate treatment
combined with TEO 0.3% significantly
increased the hardness of pistachio hull
when compared to control (24.9 N) and
other treatment samples. According to
results, on the 4" week of storage, the fresh
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Figure 3. Effects of Alginate coatings enriched with TEO on fresh hull hardness (N) of freshly stored
pistachios at 3+1°C and relative humidity of 80+5%. (*) The columns with common alphabets have no significant
difference (P< 0.05). (**) The bar above the columns represents the Standard Error (SE).
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hull hardness decreased in all treatments,
compared to the 2" week of storage. The
treatments mentioned on the 2" and 4%
week showed significantly higher hull
hardness in comparison with the control
(22.6 N) and other treatments. Finally, on
the 6" week of storage, the treatments
containing alginate 1% (26.0 N), alginate
1% combined with 0.3% essential oil (26.3
N), and alginate 1% combined with 0.5%
essential oil (25.7 N) showed significantly
higher hull hardness than control (21.3 N)
and other treatment sample. Reducing the
hardness of texture during storage is one of
the major factors in reducing the quality and
shelf life after harvesting the fresh product.
During the storage period, breakage of the
cell wall and the middle blade will reduce
the hardness of the products (Li and
Thomas, 2014).

The stiffness of fresh produce decreases
during the post-harvest period. During
storage, enzymes such as pectin-methyl
esterase, polygalactronase, and cellulose
break down cell walls, thereby reducing
product stiffness. Also, as the cell wall of
the parenchymal skin cells decomposes, the
stiffness decreases (Perkins-Veazie, 1995).

Decreased fruit firmness during the
ripening period, along with a shortening of
the pectin chain, is due to an increase in the
activity of the enzymes pectin, methyl
esterase, and polygalactronase (Desai and
Park, 2006). Many post-harvest treatments
can be delayed to reduce stiffness, one of
which is the use of edible coating. In a
report, the use of chitosan coating reduced
respiration rate and ethylene production of
fruits during storage, thus increasing the
shelf life of the product. This may be due to
an increase in the concentration of internal
carbon dioxide and a decrease in the
concentration of internal oxygen. Also, a
decrease in the activity of these enzymes
may be due to a decrease in the
concentration of oxygen due to the edible
coating and, therefore, maintaining the
firmness of the fruits (Vargas, et al., 20086,
Hernandez-Mufioz, et al., 2006). In the
present study, more firmness in coated fruits
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than in control may be related to lower
activity of these enzymes due to less
oxygen.

Fruit coating preserves integrity of the cell
by reducing cell wall decomposition
(Carvalho, et al., 2016). The results of this
study showed that covering fresh pistachios
improves pistachio texture and reduces
changes during storage, while reducing the
stiffness of control samples may be due to
increased activity of pectin, methyl esterase
and polygalacturonase enzymes, resulting in
reduced fruit firmness (Desai and Park,
2006, Siddig et al. 2012).The presence of
sunflower oil in alginate formulations
showed that sunflower oil can maintain
moisture as well as product texture
(Azarakhsh et al., 2014).

Maintaining fruit hardness is one of the
most important qualitative parameters of
fruit during storage. The hardness of
strawberry (Arbutus unedo) coated with
alginates alone and combined with eugenol
and citral essential oils was better than
control (Guerreiro et al., 2015). Fruit coating
with sodium alginate retains the hardness of
pineapple fresh cut (Azarakhsh et al., 2014)
and melon fresh cut (Raybaudi-Massilia et
al., 2008). Polysaccharide-based
edible coatings combined with calcium
chloride also maintains the firmness of fresh
cut fruit (Moreira et al., 2015). Calcium
chloride can maintain the hardness of fruit
texture by reacting with pectic acid in cell
wall to form calcium pectate, which
strengthens molecular bonds between the
cell wall components (Chong et al., 2015).

Pistachio Hull Color

According to the results of interactions
comparison between storage time and
concentration of alginate edible coating
(Figure 4), fruits covered with alginates 1
and 1.5% were lighter in the 2" and 4%
weeks, as compared to their color at the
beginning. During the remaining storage
weeks, L* index decreased, but this
reduction was not significant in alginate
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concentrations of 1 and 1.5% in each of the
2 4" and 6™ storage weeks; however,
significant differences were observed in the
uncoated treatment (control) samples during
the storage weeks. Also, during the last
storage week (week 6), the highest and
lowest L* values of fresh fruits were
observed in the fruits covered with alginate
1% (68.7 %) and control samples (42.4%),
respectively. Besides, the effects of
interaction between storage time and
concentration of TEO (Figure 4) showed
that, during the 2" and 4™ weeks of storage,
L* value increased compared to the week O.
There were no significant differences among
the control treatments (without TEO), a
concentration of 0.3 and 0.5% TEO on the
2M 4™ and 6™ storage weeks. The treatments
of 0.3% essential oil were lighter (60.9 and
62.0%) than 0.5% essential oil of thyme
(51.3%).The essential oil had a negative
effect on the fruit at a higher concentration,
destroying the cells and making the color of
the fruit duller.

Total color difference (AE) of uncoated
samples increased significantly after 6
weeks of storage, while in the coated fruit,
the slope showed a mild increase. The
lowest total change (4.1) at the end of the
experiment (week 6) was associated with
fruit coated with alginate 1% combined with
TEO 0.3% (Figure 5). Changes in color are
one of the most important changes in fresh
fruit during storage, which directly affect
consumer's acceptance of the product. With
respect to obtained results, fruit coating
significantly reduced the fruits’ weight, in
comparison with uncoated fruit. Fruit
coating with sodium alginate retains the
color of plum and pineapple fruit cut
(Azarakhsh et al., 2014, Valero et al., 2013)
more than uncoated fruit, which may be due
to delayed aging caused by protective effect
of alginate coating. They also reported that,
after adding lemongrass and vanillin oils to
coating, color changes and color protection
were more desirable, in comparison with
control samples. In this study, coverage of
enriched alginate with TEO showed a better
color protection than 0.3%.
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In one study, it was found that the use of
essential oil-enriched food coatings on the
edible fungus showed better L, a, and b
color indices, as well as fewer color
changes. These results were directly related
to the lower activity of polyphenol oxidase
enzyme compared to control samples. The
results show that the ability of coatings to
act as a barrier to oxygen required for brown
reactions is effective. Also, the presence of
essential oils in the coating as an
antimicrobial agent can prevent the growth
of some bacteria, including Pseudomonas
tolaasii, which cause brown spots on the
surface of the fungus. Therefore, by
reducing the activity of this enzyme by the
coatings, L index increased.The use of
chitosan coating containing salicylic acid on
fresh pistachios was associated with a
decrease in the activity of the polyphenol
oxidase enzyme, which improved the color
indices of L", ", and b" and better fresh hull.
This coating acts as a barrier against gases
and can reduce the browning reaction
(Molamohammadi et al., 2020).

The reduction of L", a", and b” indicates an
increase in  the decomposition  of
anthocyanin pigments in the pistachio hull
and browning reactions (Tomaino et al.,
2010). The presence of oxygen can increase
fruit browning reaction due to anthocyanins
degradation and phenolic compounds
oxidation by the enzymes (Kumari, et al.,
2015).

Soluble Sugars

The effects of various concentrations of
sodium alginate edible coating on the
amount of kernel soluble sugars during
storage weeks are shown in Figure 6. There
was no significant difference between
control treatments (without coatings) and
coated treatments on the 2" and 4™ storage
weeks. On the 6" week of storage, the
difference between treatments and control
samples was significant: 1% alginate with
9.02 g 100 g*and 1.5% alginate with 9.00 g
100 g* showed the highest soluble sugar,
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Figure 4. Effects of Alginate coatings (left) and TEO (right) on L* fresh pistachios stored at 3+1°C and 80+5%
RH. (*) The columns with common alphabets have no significant difference (P< 0.05). (**) The bar above the

columns represents the Standard Error (SE).
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difference (P< 0.05). (**) The bar above the columns represents the Standard Error (SE).
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compared to the control samples (8.72 g
100 gb).

According to Chrysargyris, et al. (2016),
the amount of soluble sugars in coated
tomatoes was higher than control samples,
which might be due to the creation of
atmosphere controlled by fruit over the
edible coating that ultimately reduced
breathing and transpiration.

Kernel quality indices included the weight,
moisturecontent, oil quality and
composition. Sugar composition is necessary
for good flavor and taste. Protein, oil, sugar,
and other components of nut kernel
influence its industrial use.The main sugar in
pistachio kernel is sucrose, followed by
glucose, fructose and inositol and total
sugars reached a peak of 43.3% of dry
weight early in the development of the
kernel, but then decreased to 7% at nut
maturity (Kazankaya et al., 2008).

Total chlorophyll content

Table 1 shows changes in the total
chlorophyll content during 6 weeks of
storage.  Significant  differences  were
observed in the total chlorophyll content
between coated and uncoated fruits during 2
weeks of storage. The control and uncoated
fruits, immersed in oil, showed a higher total
chlorophyll content than other treatments
during 2 weeks of storage. Coated fruits
with 1% alginate combined with 0.3 and
0.5% TEO and coated fruits with 1.5%
alginate enriched with 0.3% TEO had higher
chlorophyll contents than the samples of
other treatments after 4 and 6 weeks of cold
storage (Table 1).

The alginate, enriched with essential oil,
has antioxidant properties and is able to
preserve phenolic compounds and total
chlorophyll ~ content.  The  modified
atmosphere created by the Aloe vera gel
coating material delayed the ethylene
production rate, chlorophyll degradation,
and as a result, color change of fruits (Misir,
et al., 2014).
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Table 1. Effect of Alginate coutings enriched with TEQ on the total chlorophyll (myg 100 g™y content of fresh pistachio stored at 3+1°C, 80+3% RH
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Vishwasrao and Ananthanarayan (2016)
reported that guava coated with Hydroxyl
Propyl Methyl Cellulose (HPMC) show a
slow decrease in total chlorophyll content in
comparison with the control during storage.
Also, Nair et al. (2018) reported that guava
coated with chitosan and alginate coating
enriched with pomegranate peel extract
showed antioxidant activity and total
phenolic compounds higher in comparison
control samples. Joshi et al. (2017)
mentioned that the chlorophyll content in
papaya fruits coated with gum ghatti
(Anogeissuslatifolia), enriched with clove
oil, decreased gradually during the ripening
stage and the use of coating can delay the
degradation of chlorophyll.

Microbial Evaluation

The results presented in Table 2 show the
effect of treatments on microbial activity in
PCA culture media. Samples treated with
1% alginate with TEO (0.3 and 0.5%),
respectively, had a value of 1.308 and 1.544
(log CFU g1), which exhibited significantly

Table 2. Interaction effects of alginate coating enriched with Thyme Essential Oil (TEO) on aerobic mesophilic
bacteria (log CFU g*) of fresh pistachios stored at 3+1°C and relative humidity of 80+5%.

JAST

less amounts of contamination compared to
the control (3.89 log CFU g?) and other
treatments.

The comparison of mean values in Table 3
shows that during the storage time, the
activity of mold and yeast increased. On the
second week of storage, all treatments
showed less growth of mold and yeast
compared with samples of the control and
samples treated with 0.3% TEO. On week 4
of the storage period, fruits covered with 1%
alginate and 1% alginate enriched with TEO
of 0.3 and 0.5% concentrations, as well as
1.5% alginate enriched with TEO of 0.3 and
0.5% showed significantly less growths of
mold and yeast. At the end of storage (week
6), the combination of 1% alginate with
TEO at 0.3 and 0.5% concentrations, as well
as 1.5% alginate in combination with 0.5%
TEO, significantly reduced the growth of
mold and yeast on the DRBC medium in
comparison with the control (4.17 log CFU
g?l). Food microorganisms are one of the
main causes of deterioration among fresh
fruits (Antunes and Cavaco, 2010). Edible
coatings can protect the fruit from pathogens
by creating a coating on the surface of the

TEO (%) Alginate (0%) Alginate (1%) Alginate (1.5 %)
0% 39+0.0a® 32+0.1a 3.0+0.1a
0.3% 3.7+0.1a 1.3+0.0b 27+0.1ab
0.5% 35+0.1a 1.5+0.0b 32+0.1a

2a-b Values with similar letters are not significantly different (P< 0.05). Data represent mean values+SE.

Table 3. Interaction effects of alginate coating enriched with Thyme Essential Oil (TEO) on mold and yeast

growth (log CFU g?) of fresh pistachios stored at 3+1°C and relative humidity of 80+5%.

Treatment @ /Storage time (Week) 0 2 4 6

Control 1.0 +0.0cd 3.0+ 0.4ab 35+0.1ab 42+0.0a
AOTEO1 1.0+0.0cd 3.0+0.3ab 3.1+0.1ab 3.1+0.1ab
AOTEO2 1.0 +0.0cd 1.2+0.1cd 3.1+£0.1ab 3.8+0.2ab
ALTEQO 1.0+ 0.0cd 1.2+0.1cd 1.2+0.01 cd 3.7+0.0ab
A1TEO1 1.0+0.0cd 1.0+01cd 11+01cd 2.2+0.1bc
A1TEO2 1.0+0.0cd 1.0+01cd 1.0+01cd 2.3+0.2bc
A2TEQO 1.0 +£0.0cd 1.2 +0.1cd 3.2+0.2ab 3.7+0.2ab
A2TEO1 1.0 +£0.0cd 1.0+ 0.1cd 2.1+0.1cd 3.8+0.1ab
A2TEO2 1.0 +£0.0cd 1.0+ 0.1 cd 1.0+ 0.1 cd 2.2+0.1bc

a A: Alginate edible coating (0:0, 1:1.0, 2:1.5%); TEO: Thyme Essential Oil (0: 0, 1:0.3, 2:0.5%). a-d Values with

similar letters are not significantly different (P< 0.05). Data represent mean values+SE.

75


https://dorl.net/dor/20.1001.1.16807073.2021.23.1.8.1
https://jast.modares.ac.ir/article-23-32967-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-15]

[ DOR: 20.1001.1.16807073.2021.23.1.8.1]

Shakerardekani et al.

fruit, and since some herbal essential oils
have antimicrobial effects, the inclusion of
herbal essential oils in edible coatings
improves this quality (Raybaudi-Massilia et
al., 2008). Fruit coating with sodium
alginate in combination with lemongrass
essential oils reduced the growth of mold,
yeast, and bacteria in slices of the apple fruit
(Rojas-Grau et al., 2007) and pineapple
slices (Azarakhsh et al., 2014). Guerreiro et
al. (2015) stated that the use of alginate
coating in combination with eugenol and
citral oil reduced microbial growth during
fruit  storage  (Arbutus unedo L.).
Furthermore, Rojas-Grau et al. (2007) and
Azarakhsh et al. (2014) found that the
alginate edible coating cannot reduce
microbial growth effectively when used
alone, but it controlled microbial
contamination when herbal essential oils
were added. The 1% alginate treatment was
more effective than the 1.5% concentration,
which may be due to the higher
carbohydrate content of alginate at 1.5%.
Higher carbohydrate content provides more
suitability for the growth of microorganisms.
Also, as Buchanan and Shepherd (1981)
reported, thyme oil can reduce bacterial
growth due to the presence of thymol and

carvacrol, which are very effective
antimicrobial components in essential oils.

Sensory Eevaluation

The effects of alginate and TEO on the
hull color changes of treated pistachios
(Table 4) showed that the best scoring by
panelists was related to pistachios coated
with 1% alginate in combination with TEO
0.3 and 0.5% (12.3 and 10.6), which was
significantly higher than control samples
(6.4). Among the rest of the treatments and
the control samples, there was no significant
difference, but the treatments showed less
color variation than control samples.

Comparison of the effects of storage time
on the hard shell color (darkness) of treated
pistachios showed that, during storage, the
amount of hard shell darkness increased and
there was a significant difference between
storage times (Figure 7). Also, the least
darkness of hard shell (2.4) was observed by
the application of 1% alginate coating
enriched with 0.5% thyme essential oil on
the surface of fresh pistachios. Edible
coating of 1.5% of alginate did not show any
significant difference with control and the

Table 4. Effects of interaction of Alginate coatings with TEO on sensory properties of pistachios at 3+1°C and
relative humidity 80+5%.

Edible coating

Sensory properties TEO (%) Alginate (0%) Alginate (1%) Alginate (1.5%)
0.0 6.4+12c? 9.6 +£0.4 abc 9.8 +0.2 abc
Hull color 0.3 8.5+0.2 abc 12.3+05a 8.8+ 0.0 abc
0.5 8.1+0.8 bc 10.6+0.4 ab 7.7+0.1bc
0.0 3.2+03 a 3.6+04 a 3.840.2 a
0.3 27+01 a 25404 a 3.7+0.2a
Hard shell color (Darkness) 0.5 24+00 a 33+04a 34+03 a
0.0 83+0.7 a 88+06 a 95+ 04 a
Fresh pistachio aroma 0.3 9.3+£0.7 a 99+05 a 95+0.1 a
0.5 9.3+0.3 a 95+0.2 a 8.8+04 a
0.0 2.6+0.4 ab 1.4+0.2 bc 1.7+0.4 bc
Unfavorable Odor 0.3 1.3+0.1 bc 1.0+04 ¢ 3.3+04 a
0.5 3.3+03 a 1.1+0.1 ¢ 34+03 a
0.0 7.3+0.2 a 80+0.2 a 8.1+0.2 a
Texture (Juiciness) 0.3 78+03 a 83+04 a 83+04 a
0.5 75+0.1 a 79+00 a 7.4+00 a

2 a-c Values with similar letters are not significantly different (P< 0.05).
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highest hard shell darkness (3.8 %) (Table
4).

The results of the effects of different
concentrations of TEO on fresh pistachios
aroma (Figure 8) indicate that fresh
pistachio aroma decreases during the storage
weeks, but the slope of this decrease is
steeper in treated samples without essence
(control). There was no significant
difference between control treatment and 0.3
and 0.5% concentration of TEO on the 2™
and 4™ storage weeks. However, during the
6" storage week, essential oil treatments of
0.3% and 0.5% showed a new score of
pistachios with 8.7 and 8.2 compared with
control samples (6.8), respectively.The
juiciness score of the texture decreased
during the storage but the reduction was less
in pistachios coated with 1% alginates in
uncoated fruit. According to Figure 9 and
Table 4, on the 2" week of storage, although
there was no significant difference between
different concentrations of alginate coating,
the highest moisture content score (9.0) was
observed at the concentration of 1%
alginate. Also, on the 4" and 6™ weeks of
storage, 1% alginate treatment with 8.5 and
7.6 moisture content score was significantly
higher than the control score (7.0 and 6.5).

According to Table 4, the fruit coated with
1% alginate with 0.3% and 0.5%
concentration of TEO showed the lowest
unfavorable odor (1.0 and 1.1, respectively).
The results indicate that although treated
samples showed no statistically significant
difference with control samples (score of
2.6), the fruit coated with 1.5 % alginate
enriched with TEO 0.3 and 0.5% obtained
the highest unpleasant odor score by
panelists with 3.3 and 3.4, respectively.

It is an important issue for consumers to
accept fruits treated with edible coatings
because these coatings can change sensory
properties of the fruit. Sensory evaluation is
of great importance because treatments and
storage time can change the quality of the
fruit, as well (Rojas-Gral, et al.,
2009).There is no doubt that alginate edible
coating combined with TEO improves
storage time and assessment of panelists on
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Figure 7. Effects of storage time on the hard
shell darkness of fresh pistachios stored at
3+1°C and relative humidity 80+5%. (*) The
columns with common alphabets have no
significant difference (P< 0.05). (**) The bar
above the columns represents the Standard
Error (SE).
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Figure 8. Effects of interaction of storage
time and TEO on the aroma of fresh pistachios
at 3+1°C and relative humidity 80+5%. (*) The
columns with common alphabets have no
significant difference (P< 0.05). (**) The bar
above the columns represents the Standard
Error (SE).
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Figure 9. Effects of interaction of storage
time and TEO on the juicy texture of fresh
pistachios at 3+1°C and relative humidity
80+5%.(*) The columns with common
alphabets have no significant difference (P<
0.05). (**) The bar above the columns
represents the Standard Error (SE).
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freshly treated pistachio fruit compared to
control fruit. Similar results were observed
for coating of alginates combined with
lemongrass essential oil used on the
pineapple fresh cut by Azarakhsh, et al.
(2014). In this study, TEO (0.3%) in the
alginate coating improved storage life and
did not change the sensory properties. The
fruit coated with 1.5% alginate enriched
with TEO 0.3% and 0.5% obtained the
highest unpleasant odor by panelists with 3.3
and 3.4, respectively. According to the
results of other researchers, there is no
significant difference in sensory properties
of fruit coated by adding low-level essential
oil to alginate, while in high concentrations,
TEO reduces sensory properties. Du et al.
(1997) showed that, with the use of edible
coatings, the amount of internal carbon
dioxide increased but the amount of oxygen
decreased, and resulted in preserving the
quality of fruit during storage.

CONCLUSIONS

The results of this study indicated that,
during the storage period, the quality
properties (weight loss, hull and hard shell
color, hull hardness, soluble sugar, total
chlorophyll, total soluble solids and
microbial growth) and sensory evaluation
properties of fresh pistachios changed. In all
treatments, weight loss increased during
storage time, but this increase was less in
alginate treated pistachios. The results
showed that edible coating of fresh
pistachios improved pistachio texture and
reduced changes during storage. On the 6™
week of storage, the 1% alginate and 1.5 %
alginate showed the highest soluble sugar,
compared to the control samples. Also, the
combination of 1% alginate with TEO at 0.3
and 0.5% concentrations, as well as 1.5%
alginate in combination with 0.5% TEO,
significantly reduced the growth of mold
and yeast in comparison with the control.
The best hull color score and chlorophyll
contents were found in pistachios coated
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with 1 % alginate in combination with TEO
0.3 and 0.5%.

It can be concluded that, during storage,
the use of 1% alginate coating enriched with
0.3 and 0.5% TEO can extend the shelf life
and preserve the natural characteristics of
fresh pistachios compared to the control and
alginate treatment without TEO.

ACKNOWLEDGEMENT

Thanks and appreciation to Iran National
Science Foundation (INSF) and Pistachio
Research Center for the financial support.

REFERENCES

1. Aloui, H., Khwaldia, K., Licciardello, F.,
Mazzaglia, A., Muratore, G., Hamdi, M.
and Restuccia, C. 2014. Efficacy of the
Combined Application of Chitosan and
Locust Bean Gum with Different Citrus
Essential Oils to Control Postharvest
Spoilage Caused by Aspergillus flavus in
Dates. Int. J. Food Microbiol., 170: 21-28.

2. Antunes, M. D. C. and Cavaco, A. M.
2010. The Use of Essential Oils for
Postharvest Decay Control. A Review.
Flavour. Frag. J., 25: 351-366.

3. Ayranci E, Tunc S. 2004. The Effect of
Edible Coatings on Water and Vitamin C
Loss of Apricots (Armeniaca vulgaris
Lam.) and Green Peppers (Capsicum
annuum L.). Food Chem. 87(3):339-42.

4. Azarakhsh, N., Osman, A., Ghazali, H.
M., Tan, C. P. and Adzahan, N. M. 2014.
Lemongrass Essential Oil Incorporated
into Alginate-Based Edible Coating for
Shelf-Life  Extension and  Quality
Retention of Fresh-Cut  Pineapple.
Postharvest Biol. Tec., 88: 1-7.

5. Buchanan, R. and Shepherd, A. 1981.
Inhibition of Aspergillus parasiticus by
Thymol. J. Food Sci., 46: 976-977.

6. Carvalho, R. L., Cabral, M. F., Germano,
T. A., de Carvalho, W. M., Brasil, 1. M,
Galldo, M. I., Moura, C. F. H., Lopes, M.
M. A. and de Miranda, M. R. A. 2016.
Chitosan Coating with Trans-
Cinnamaldehyde Improves  Structural
Integrity and Antioxidant Metabolism of


https://dorl.net/dor/20.1001.1.16807073.2021.23.1.8.1
https://jast.modares.ac.ir/article-23-32967-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-15]

[ DOR: 20.1001.1.16807073.2021.23.1.8.1]

Enhancing the Quality of Fresh Pistachio Fruit

10.

11.

12.

13.

14.

15.

16.

Fresh-Cut Melon. Postharvest Biol. Tec.,
113: 29-39.

Chong, J.X., Lai, S. and Yang, H. 2015.
Chitosan  Combined  with  Calcium
Chloride Impacts Fresh-Cut Honeydew
Melon by Stabilising Nanostructures of
Sodium-Carbonate-Soluble Pectin. Food
Control, 53: 195-205.

Chrysargyris, A., Nikou, A. and
Tzortzakis, N. 2016. Effectiveness of Aloe
vera Gel Coating for Maintaining Tomato
Fruit Quality. New Zeal. J. Crop Hort.,
44: 203-217.

Desai, K. G. and Park, H. J. 2006. Study
of Gamma-Irradiation Effects on Chitosan
Microparticles. Drug Deliv., 13: 39-50.
Diaz-Mula, H. M., Serrano, M. and
Valero, D. 2012. Alginate Coatings
Preserve Fruit Quality and Bioactive
Compounds during Storage of Sweet
Cherry Fruit. Food Bioproc. Tech., 5:
2990-2997.

Dong, F. and Wang, X. 2017. Effects of
Carboxymethyl Cellulose Incorporated
with Garlic Essential Oil Composite
Coatings for Improving Quality of
Strawberries. Int. J. Biol. Macromol., 104:
821-826.

Du, J., Gemma, H. and Iwahori, S. 1997.
Effects of Chitosan Coating on the
Storage of Peach, Japanese Pear, and
Kiwifruit. J. Jpn. Soc. Hortic. Sci., 66: 15-
22.

Duan, J., Wu, R., Strik, B. C. and Zhao,
Y. 2011. Effect of Edible Coatings on the
Quality of Fresh Blueberries (Duke and
Elliott) under Commercial Storage
Conditions. Postharvest Biol. Tec., 59: 71-
79.

Flores-Lopez, M. L., Cerqueira, M. A., de
Rodriguez, D. J. and Vicente, A. A. 2016.
Perspectives on Utilization of Edible
Coatings and Nano-Laminate Coatings for
Extension of Postharvest Storage of Fruits
and Vegetables. Food Eng. Rev., 8: 292-
305.

Guerreiro, A. C., Gago, C. M., Faleiro, M.
L., Miguel, M. G. and Antunes, M. D.
2015. The Effect of Alginate-Based
Edible Coatings Enriched with Essential
Oils Constituents on Arbutus unedo L.
Fresh Fruit Storage. Postharvest Biol.
Tec., 100: 226-233.

Hernandez-Mufioz, P., Almenar, E., Ocio,
M. J. and Gavara, R. 2006. Effect of

JAST

79

17.

18.

19.

20.

21.

22.

23.

24,

Calcium Dips and Chitosan Coatings on
Postharvest ~ Life  of  Strawberries
(Fragaria x ananassa). Postharvest Biol.
Tec., 39: 247-253.

Hosseini, F. S., Akhavan, H. R,
Maghsoudi, H., Hajimohammadi-
Farimani, R. and Balvardi, M. 2019.
Effects of a Rotational UV-C Irradiation
System and Packaging on the Shelf Life of
Fresh Pistachio. J. Sci. Food Agric., 99:
5229-5238.

Irigoyen, J., Einerich, D. and Sanchez-
Diaz, M. 1992. Water Stress Induced
Changes in Concentrations of Proline and
Total Soluble Sugars in Nodulated Alfalfa
(Medicago sativd) Plants. Physiol. Plant.,
84: 55-60.

Javanmard, M. 2008. Shelf Life of Whey
Protein-Coated Pistachio Kernel (Pistacia
Vera L.). J. Food Process. Eng., 31: 247-
259.

Javanmard, M. and Ramazan, Y. 2009.
Application ~ of  Edible  Coatings
Incorporated Avishan-e Shirazi (Zalaria
multiflora)  Alcoholic ~ Extract  for
Inhibition of Aspergillus flavus Growth on
the Pistachio Kernel. J. Med. Plants, 8:
61-167.

Joshi, A. V., Baraiya, N. S., Vyas, P. B.
and Rao, T. R. 2017. Gum Ghatti Based
Edible Coating Emulsion with an Additive
of Clove Qil Improves the Storage Life
and Maintains the Quality of Papaya
(Carica papaya L., cv. Madhu bindu). Int.
J .Curr. Microbiol. Appl. Sci., 6: 160-174.
Kazankaya, A., Balta, M.F., Yoruk, I.,
Balta, F. and Battal, P. 2008. Analysis of
Sugar Composition in Nut Crops. Asian J.
Chem., 20: 1519-1525.

Khaliq, G., Mohamed, M. T. M., Ali, A,
Ding, P. and Ghazali, H. M. 2015. Effect
of Gum Arabic Coating Combined with
Calcium Chloride on Physico-Chemical
and Qualitative Properties of Mango
(Mangifera indica L.) Fruit during Low
Temperature Storage. Sci. Hortic., 190:
187-194.

Khalig, G., Mohamed, M., Ding, P.,
Ghazali, H. and Ali, A. 2016. Storage
Behaviour and Quality Responses of
Mango (Mangifera indica L.) Fruit
Treated with Chitosan and Gum Arabic
Coatings during Cold Storage Conditions.
Int. Food Res. J., 23: S141-S148.


https://dorl.net/dor/20.1001.1.16807073.2021.23.1.8.1
https://jast.modares.ac.ir/article-23-32967-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-15]

[ DOR: 20.1001.1.16807073.2021.23.1.8.1]

Shakerardekani et al.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Kumari, P., Barman, K., Patel, V.
Siddiqui, M. W. and Kole, B. 2015.
Reducing Postharvest Pericarp Browning
and Preserving Health  Promoting
Compounds  of  Litchi  Fruit by
Combination Treatment of Salicylic Acid
and Chitosan. Sci. Hortic., 197: 555-563.
Lemoine, M. L., Civello, P. M., Chaves,
A. R. and Martinez, G. A. 2008. Effect
ofCombined Treatment with Hot Air and
UV-C on Senescence and Quality
Parameters of Minimally Processed
Broccoli (Brassica oleracea L. var.
Italica). Postharvest Biol. Tec., 48: 15-21.
Lin, B., Du, Y., Liang, X., Wang, X,
Wang, X. and Yang, J. 2011. Effect of
Chitosan Coating on Respiratory Behavior
and Quality of Stored Litchi under
Ambient Temperature. J. Food Eng., 102:
94-99.

Li, Z. and Thomas, C. 2014. Quantitative
Evaluation of Mechanical Damage to
Fresh Fruits. Trends Food Sci. Technol.,
35: 138-150.

Maftoonazad, N., Ramaswamy, H. S. and
Marcotte, M. 2008. Shelf-Life Extension
of Peaches through Sodium Alginate and
Methyl Cellulose Edible Coatings. Int. J.
Food Sci., 43: 951-957.

Meilgaard, M., Civille, G. V. and Carr, B.
T. 1999. Sensory Evaluation Techniques.
CRC Press, Boca Raton.

Misir, J., Brishti, F. H. and Hoque, M.
2014. Aloe vera Gel as a Novel Edible
Coating for Fresh Fruits: A Review. Am.
J. Food Technol., 2: 93-97.
Molamohammadi, H., Pakkish, Z,
Akhavan, H. -R. and Saffari, V. R. 2020.
Effect of Salicylic Acid Incorporated
Chitosan Coating on Shelf Life Extension
of Fresh In-Hull Pistachio Fruit. Food
Bioproc. Tech., 13: 121-131.

Moreira, M.R., Cassani, L., Martin-
Belloso, O. and Soliva-Fortuny, R. 2015.
Effects of Polysaccharide-Based Edible
Coatings Enriched with Dietary Fiber on
Quality Attributes of Fresh-Cut Apples.
Int. J. Food Sci. Tech., 52: 7795-7805.
Nair, M. S., Saxena, A. and Kaur, C.
2018. Effect of Chitosan and Alginate
Based Coatings Enriched with
Pomegranate Peel Extract to Extend the
Postharvest Quality of Guava (Psidium
guajava L.). Food Chem., 240: 245-252.

80

35.

36.

37.

38.

39.

40.

41.

42,

43.

Oregel-Zamudio, E., Angoa-Pérez, M. V.,
Oyoque-Salcedo, G., Aguilar-Gonzélez,
C. N. and Mena-Violante, H. G. 2017.
Effect of Candelilla Wax Edible Coatings
Combined with Biocontrol Bacteria on
Strawberry Quality during the Shelf-Life.
Sci. Hortic., 214: 273-279.

Ozturk, 1., Sagdic, O., Yalcin, H., Capar,
T. D. and Asyali, M. H. 2016. The Effects
of Packaging Type on the Quality
Characteristics of Fresh Raw Pistachios
(Pistacia vera L.) during the Storage.
LWT-Food Sci. Technol., 65: 457-463.
Perkins-Veazie, P. 1995. Growth and
Ripening of Strawberry Fruit. Hortic.
Rev., 17: 267-297.

Raybaudi-Massilia, R. M., Mosqueda-
Melgar, J. and Martin-Belloso, O. 2008.
Edible Alginate-Based Coating as Carrier
of Antimicrobials to Improve Shelf-Life
and Safety of Fresh-Cut Melon. Int. J.
Food Microbiol., 121: 313-327.

Radi, M., Akhavan-Darabi, S., Akhavan,
H. R. and Amiri, S. 2018. The Use of
Orange Peel Essential Oil Microemulsion
and Nanoemulsion in Pectin-Based
Coating to Extend the Shelf Life of Fresh-
Cut Orange. J. Food Process. Pres., 42:
e13441.

Rojas-Grall, M. A., Raybaudi-Massilia, R.
M., Soliva-Fortuny, R. C., Avena-
Bustillos, R. J., McHugh, T. H. and
Martin-Belloso, O. 2007. Apple Puree-
Alginate Edible Coating as Carrier of
Antimicrobial Agents to Prolong Shelf-
Life of Fresh-Cut Apples. Postharvest
Biol. Tec., 45: 254-264.

Rojas-Grai, M. A., Tapia, M. S. and
Martin-Belloso, O.  2008.  Using
Polysaccharide-Based Edible Coatings to
Maintain Quality of Fresh-Cut Fuji
Aapples. Lwt-Food Sci. Technol., 41: 139-
147.

Rojas-Grai, M., Oms-Oliu, G., Soliva-
Fortuny, R. and Martin-Belloso, O. 2009.
The Use of Packaging Techniques to
Maintain Freshness in Fresh-Cut Fruits
and Vegetables: A Review. Int. J. Food
Sci., 44: 875-889.

Shakerardekani, A., Hashemi, M. and
Mirzaalian Dastjerdi, A. 2019. Effect of
Arabic Gum Coating Enriched with
Shirazi Thyme Essential Oil on Quality
Characteristics of  Fresh  Pistachio


https://dorl.net/dor/20.1001.1.16807073.2021.23.1.8.1
https://jast.modares.ac.ir/article-23-32967-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-15]

[ DOR: 20.1001.1.16807073.2021.23.1.8.1]

Enhancing the Quality of Fresh Pistachio Fruit

44,

45,

46.

47.

48.

49,

(Pistacia vera L cv. Ahmad-Aghaghi).
FSCT, 16: 113-126.

Shakerardekani, A., Karim, R., Ghazali,
H. M. and Chin, N. L. 2013. Textural,
Rheological and Sensory Properties and
Oxidative Stability of Nut Spreads: A
Review. Int. J. Mol. Sci., 14: 4223-4241.
Shakerardekani, A. 2017. Consumer
Acceptance and Quantitative Descriptive
Analysis of Pistachio Spread. J. Agr. Sci.
Tech., 19: 85-95.

Siddig, M., Ahmed, J., Lobo, M. G, and
Ozadali, F. (Eds.). 2012. Tropical and
Subtropical Fruits: Postharvest
Physiology, Processing and Packaging.
John Wiley and Sons. New Delhi, PP 656.
Stone, H., Bleibaum, R. N. and Thomas,
H. A. 2012. Sensory Evaluation Practices.
Academic Press, London, PP326.
Tavassoli-Kafrani, E., Shekarchizadeh, H.
and Masoudpour-Behabadi, M. 2016.
Development of Edible Films and
Coatings from Alginates and
Carrageenans. Carbohydr. Polym., 137:
360-374.

Tomaino, A., Martorana, M., Arcoraci, T.,
Monteleone, D., Giovinazzo, C. and Saija,
A. 2010. Antioxidant Activity and

JAST

50.

51

52.

53.

Phenolic Profile of Pistachio (Pistacia
vera L., Variety Bronte) Seeds and Skins.
Biochimie, 92: 1115-1122.

Valero, D., Diaz-Mula, H. M., Zapata, P.
J., Guillén, F., Martinez-Romero, D.,
Castillo, S. and Serrano, M. 2013. Effects
of Alginate Edible Coating on Preserving
Fruit Quality in Four Plum Cultivars
during Postharvest Storage. Postharvest
Biol. Tec., 77: 1-6.

Vargas, M., Albors, A., Chiralt, A. and
Gonzalez-Martinez, C. 2006. Quality of
Cold-Stored Strawberries as Affected by
Chitosan—Oleic Acid Edible Coatings.
Postharvest Biol. Tec., 41: 164-171.
Vishwasrao, C. and Ananthanarayan, L.
2016. Postharvest Shelf-Life Extension of
Pink Guavas (Psidium guajava L.) Using
HPMC-Based Edible Surface Coatings.
Int. J. Food Sci. Tech., 53: 1966-1974.
Yousuf, B., Qadri, O. S. and Srivastava,
A. K. 2018. Recent Developments in
Shelf-Life Extension of Fresh-Cut Fruits
and Vegetables by Application of
Different Edible Coatings: A Review.
Lwt-Food Sci. Technol., 89: 198-209.

52T il b oad & by T g w31 03liwl b i 036 0gu0 CpieS” o 33

G

S yiwd Oldel) o . £ 9 (Sl .o ( bl o ( ST L

o>

3 L4

c'/')éa.um).a%ja.:(TEO) sl wlel 5 (SA) e ST S5 s S
w)ﬂoj\}%(sljirﬁbaq-)a\ir)aﬁéjlsju\m9db('/.'/b;'/Y’c'/');('/.\/03\/'

LS (g3 05 gy e o Sl Sy 5 235 05 gy $55)) ol S 5 sla el
S o305k S win 53 a QBT il Cly) (05,8 b 5 (Uhomn ol 3150 5 b5 IS sloes
=S e AT o eds sl sl OLiol b5 aey e 1S 55 ¢ wlin sb 4y s
Coe )3 Ay 45905 2 O35 S &S Jl= jods ob5,1 (V0) STus 5 (V) oli> o 05 51 (QDA)

Wyl sl 4 s ST L odd osls Sidg sbajles bl ¢ Conl @bl 21530 s,ls L0 Ol

81


https://dorl.net/dor/20.1001.1.16807073.2021.23.1.8.1
https://jast.modares.ac.ir/article-23-32967-en.html

[ Downloaded from jast.modares.ac.ir on 2025-07-15]

[ DOR: 20.1001.1.16807073.2021.23.1.8.1]

Shakerardekani et al.

) TEO 545 V) SA I oS 5 b odd onls ik g dts . Azils (5 28 a5 JB 0y LialS
o 15 S 5 oy by 5 5 AT (sl 8 (L sl gy (s Oln (s /O L
AVl Olas (Uald) edis el il w5 bsles ple 4 S 1) (EKS7 5 jades biles)
iy Sla Gsmi by ey sy 0 ey 05 1 VP S WYY e o) D e
aslie 33 pum Sljad ol 535 (o /0L /¥) TEO 5 (as)3)) SA LS 5 L odd a3ls
sbosle Chle Lol osls (i g atey a5 il jlog 5VL a5 B b a4 (P/F) dald & ged 0,0 b
AV ey BB osb e 5 (S S bt S 58 el B ITEO 5 SA s
025 5 (Aald s &g oz 5D Ljlas sl & o LT kS sla el 0 bs 4 gad 5L
oy ks Sl st Lais (gl (6 i il 5 ails 5 Vb (8Ll jes 3L Jle! 4

.-U)‘J ‘5)‘.3)\.:.;1 Gb bju

82


https://dorl.net/dor/20.1001.1.16807073.2021.23.1.8.1
https://jast.modares.ac.ir/article-23-32967-en.html
http://www.tcpdf.org

