Journal of Nuts 11(2) (2020) 143-158

,,.2 } Journal of Nuts
P ! - ) )
N T Journal homepage: ijnrs.damghaniau.ac.ir

Investigating the Effects of Storage Time on Fats, Carbohydrates, Proteins, Taste, Color,

and Texture Attributes of Roasted Pistachios by Two Fixed and Rotary Methods
Ahmad Shakerardakani™, Mahin Rahdari®*

! Pistachio Research Center, Horticultural Sciences Research Institute, Agricultural Research, Education and Extension
Organization (AREEO), Rafsanjan, Iran

2 Master of Science in Food Science & Technology, Department of Agriculture, Kar Higher Education Institute,
Rafsanjan, Iran

® Pistachio Safety Research Center, Rafsanjan University of Medical Sciences, Rafsanjan, Iran

ARTICLEINFO ABSTRACT

Keywords: Roasted pistachios are among the most delicious nuts in the world. In addition to
Quality; their pleasant taste, they have significant nutritional and antioxidant effects. This
Roasted pistachio; . L. .

Sensory characteristic; study aims to evaluate the nutritional, sensory, color, and texture attributes of

Storage time roasted pistachio nuts using fixed and rotary methods at 160 °C during three

storage times of 0, 3, and 6 months, at the ambient temperature (20£2°C). The
results showed that the moisture percentage of the samples decreased and increased
after the roasting process and during the 6-month period of storage, respectively.
The available fat percentage of the samples showed no significant change after
roasting and storage. The protein content of the roasted samples declined because
of the Maillard reaction. Although carbohydrates are less sensitive to temperature
than proteins, after the roasting process, the sugar and starch content of the
pistachio nuts decreased. Due to the thermal process, the texture was more fragile,
and the hardness of the samples decreased. Because of the caramelization and
browning reactions that happened during the roasting process, the color of the
samples turned dark and less green. These changes intensified after the 6 months of
storage. According to the results, quality changes were not significant in the two
methods of roasting and storage (p< 0.05). Also the temperature and storage time
had no specific destructive effect on the nutritional, sensory, color and texture
properties of roasted pistachios. Therefore, the use of these two methods of

roasting at 160°C for 15 minutes is recommended.

Introduction

Nuts are important sources of nutrients, unsaturated fats increase in nutritional features awareness (O'Neil et al.,
and proteins and when used either roasted or raw are 2010). Pistachio is a grain nutty from pistachio tree
useful for health (Ros, 2010). In recent decades nuts (Pistacia vera L.). Pistachio that is one of the popular
consumption increased due to their availability and nuts in the world that is known as the green gold
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because of its high economic value. It is the most
important agricultural product that is produced in some
arid and semi-arid areas of countries, such as Iran, USA,
Syria and Turkey (Sharifkhah et al., 2020; Eslami et al.,
2019; Hsu et al., 1991). Among these countries, Iran is
one of the biggest producer of pistachio in the world that
is ranked second in pistachio production (Norozi et al.,
2019). Pistachio is noticed in many communities due to
its mineral contents and health promoting properties.
According to FAO reports, in 2016 pistachio production
in Iran stand for 315151 tons that is considered to be as
much as non-oil exports. Pistachio is usually used as
salty, roasted snack or as ingredients in bakery and
confectionery products, desserts and ice cream (Tsantili
et al., 2010, Shakerardekani et al. 2017; Shakerardekani
et al. 2013). Roasting is a vital step in improving its
quality, because in roasting process, aroma, taste, color,
texture and appearance of nuts will improve. It was
shown that, in this thermal process physical, texture and
sensory properties changed and many chemical
reactions happened (Nikzadeh and Sedaghat 2008). For
example, enzymes and adverse microorganism activity
reduced during the roasting process. In addition,
roasting affected lipids, carbohydrates, amino acids,
moisture, color, and texture of pistachio nuts, and as a
result free fatty acids increased. Total pistachio
carbohydrate amount and also moisture content reduced
and resulted in pigment compositions and desirable
flavor. Roasting process increased general popularity of
products (Kahyaoglu and Kaya 2006; Pittia et al., 2001;
Saklar et al., 1999; Kato et al., 1981; Jayalekshmy and
Mathew  1990).

embrowning, Maillard and Starker, included variety of

Products  from  non-enzyme

products with the complex structure that most of them
were unsaturated. Dual bands in structure of these
compounds attracted light and as a result act similar to
brown pigments and participated in creating dark color
in roasted product. Enzyme embrowning of sugar,
thermal  dehydration, and also

sugar  analysis
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consequence in producing brown pigments with organic
acids and types of aldehydes and ketones (Danehy,
1986; Friedman, 1996; Namiki, 1988; Ozdemir and
Devres, 2000). Many researchers use color as a quality
control indicator because the brown pigments increase
with enzyme-embrowning reaction improvements.
Accordingly, one could point out to Kahyaoglu and
Kaya (2006) in roasting sesame seeds, Ozdemir and
Devres (2000) in roasting hazelnuts, Mendes et al
(2001) in roasting coffee seeds, and Kahyaoglu (2008)
in roasting pistachio kernels. However, the roasting
method improves total acceptance but reduces the
nutritional value.

In 2014, Sazgarnia studied the effects of different
roasting conditions including temperature (90, 120 and
150°C), time (20, 35 and 50 minutes), physicochemical
characteristics, sensory, texture and geometric
characteristics of pistachio seeds and kernel. Increasing
roasting temperature causes reduction in moisture

content,  sensory, hardness, breaking  power,
instrumental hardness and entropy, and increase in
bitterness and uniformity in shape of roasted pistachio
kernel. Increasing roasting time reduces moisture
content of the pistachio kernels. Results of sensory test
show roasted pistachio kernels have good acceptance in
terms of taste, color and texture. An artificial neural
network is able to be used in prediction of geometric
characteristics of roasted pistachio kernels. Breaking
power, instrumental and sensory hardness, external
modulus of elasticity, pressure energy and moisture
content have the biggest standard coefficients and more
than other cases affected by roasting temperature. Color
and flavor characteristics have the biggest standard
coefficients and have the most effects on total
acceptance of roasted pistachio. Also Mohammadi
moghaddam et al. (2017) expressed that chemical
changes occurred during roasting and drying, caused
and taste changes. In this

temperature (90, 120, and 150°C ), time (35, 20, and 50

flavor research, the
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min), and air flow velocity (5.0, 5.1, and 5.2 m/s) of
roasting were studied on the texture characteristics of
pistachio seeds, including the breaking point, hardness,
compressive strength, and apparent modulus of
elasticity. Increasing the roasting temperature led to a
decrease in the breaking point, hardness, and pressure
energy of pistachio kernel. An increase in the time and
air flow rate of roasting did not exert significant effects
on the breaking point, hardness, and pressure energy. In
addition, an increase in the temperature, time, and air
flow of roasting led to a decrease in the external
modulus of elasticity. According to the results, the
interaction among the three studied factors of
temperature, time, and air flow rate of roasting showed
significant effects on the break point.

Dehdashti et al., 2015 studied the effect of different
temperatures on color and kinetics of pistachio color. In
this research they studied effects of temperatures 120,
140 and 160°C, and duration of 20, 30 and 50 minutes
on the roasted pistachio color changes. Quality tests of
color are about index changes including L", ", b" index
of total color changes, Hue angle and embrowning
index. Results showed that with the roasting temperature
and time rise, all the color indexes changed. The
changes in the color of final product were not desirable
in consumer point of view. With the temperature rise,
the rates of color changes (including embrowning)
increased.

Shakerardekani et al. (2011), in relation to roasting
pistachio for producing pistachio paste declare that
recommended temperature and time for producing
pistachio paste are respectively 130-140°C for 30 to 40
minutes.

Hojjati et al. (2013) roasted 3 types of Ahmad
Aghaei, Akbari and Kallehghoochi pistachio (immersed
in saline water, dried and rotated at 135°C) traditionally,
and studied characteristics of volatile compounds, color,
odor and declared that glossiness of kernels reduced

because of Maillard process. In addition, 26 compounds
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diagnosed in these pistachio and Akbari pistachio had
greater smell intensity than the two other varieties.

Nikzadeh and Sedaghat (2008) evaluated the effect
of storage time on the moisture, texture and sensory
characteristics of roasted pistachios. According to
results, hardness and facture force increased during the
storage period. In addition, with the increase of storage
period, the moisture rate, hardness and fracture reduce
significantly. The use of higher temperature in roasting
caused less hardness. Results showed that, correlation
between sensory characteristic and instrumental results
were very important. Therefore, the aim of this study
was the evaluation of nutritional, sensory, color and
texture of roasted pistachio nuts with fixed and rotary
methods at 160 °C for three storage periods of zero,
three, and six months.

Materials and Methods

The Fandoghi pistachio samples were prepared from
Jalal Abad processing unit (Sirjan, Kerman province).
The sun dried raw pistachios (3 kg) were roasted in
160°C

(Tabriz, construction of Iran). The roasting process was

for 15 minutes in rotary roasting machine

carried out at Jalalabad Pistachio Terminal roasting
company (Sirjan, Iran). 4 kg of raw samples were
roasted in laboratory oven (UNB 400, Memmert,
Germany) with 160°C for 15 minutes that is considered
as fixed roasting method. After roasting, all the
pistachios cooled in ambient temperature. The moisture,
sensory, color and texture features of roasted pistachio

nuts was measured at 0, 3 and 6 months of storage.
Nutritional characteristics
Moisture measurement

The available free water in the roasted samples was
determined using their weight reduction after drying
them in an oven using the method introduced in the

book titled “Current Protocols in Food Analytical
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Chemistry (Wrolstad et al., 2001) as well as the ISIRI
627 method. To measure moisture percent, first the oven
temperature (UNB 400, Memmert, Germany) was set on
105°C and then Aluminum plate was placed in oven to
the number of samples for 1 hour and transferred them
to the desiccator for 30 minutes to cool them and to
reach the constant weight. Then, the weight (M;) of
empty plate was measured and 3 to 10gr of powder
sample was poured in plate and dispersed it completely
into plate and its weight (M,) was measured. Samples
were placed in an oven for 4 hours. After this time, the
plates were removed from the oven and placed in a
desiccator to reach the laboratory temperature. Then, the
weight was recorded (M3), finally, the moisture content
of the samples was calculated according to the following
formula (Eq. 1).

Moisture (%) = (M;+M,) — M3/M,x100 Eq.1

Fat percentage

The extraction of oil from the samples was carried out
using a Soxhlet machine (Soxtherm S306 AK,
Germany) with hexane utilized as the solvent according
to the method described by Wrolstad et al (2001). About
20 g of pistachio powder weighted and transferred into
Soxhlet apparatus. The fat extraction action was
continued for 2 hours. Fat percentage was calculated

from the equation 2:

Fat (%) = (My+M,)-Ma/M,x100 Eq.2

M1 = weight of empty filter paper, M2 = weight of
the sample, M3 = filter paper and sample weight after

the process

Measurement of the crude protein content by the
Kjeldahl method

The crude protein content (Eqg.3) was calculated based
on the measurement of the total nitrogen in the samples

by assuming that all nitrogen is of the protein type; the
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measurement was carried out using the method
introduced by Wrolstad et al (2001). The nitrogen

conversion factor was considered at 6.25.

Protein (%) = titration volume x 1.4x 0.1x 6.25 x100/

sample weight Eq. 3

Measurement of carbohydrate percentages by the DNS
method

Glucose is a monomer for the measurement of which a
DNS reagent was used. The adsorption of each sample
was read by a spectrophotometer with the wavelength of
540 nm. According to the standard curve already
obtained as well as the dilution coefficient, the sugar in
pistachios was calculated (Eg.4) and reported (Ceirwyn,
1994).

The sugar concentration (from the standard curve) = the

real concentration x dilution coefficient Eq.4

Sensory evaluation

The samples were evaluated by 30 panelists, including
15 males and 15 females aged 25 to 45, at the intervals
of 0, 3, and 6 months of storage time in terms of the
sensory taste, color, texture, aroma and odor. Six
pistachios from each controlled samples with a three-
digit code given to the panelists, also fresh water was
given them to drink between each detection step and in
this way panelists were done by rating each parameter
based on five point descriptive Hedonic measure (very
like = 5), (like = 4), (neither like nor dislike = 3),
(dislike = 2) and (very dislike = 1) (Meilgaard et al.
1999).

Color measurement

The color of the roasted pistachios was measured by a
colorimeter, and the value of each of the sample's a, b,
and L" parameters were set. L is light indicant and is

variant between 0 and 100, and a~ (from green to red)



A. Shakerardakani & M. Rahdari

and b (blue to yellow) parameters are color components
that are variant between -120 to 120.

Hardness measurement

Hardness was measured using a firmness measuring
device (Lutron FG5020, Taiwan) with the probe
diameter of 8 mm. The necessary force for creating
primary rupture and failure in texture was measured.
Half of pistachio kernels placed underneath the
apparatus on the flat surface from the higher surface.

Statistical analysis

The variance analysis test (ANOVA) was used for the
purpose of statistical data analysis. The Tukey’s test
from Minitab 16 software was also used to compare the
means. The number of the controlled samples was set at
18 using a completely randomized design in the form of
a factorial experiment (2 methods, 3 storage times, and
3 repetitions).

Results

Effects of the roasting method and storage time on the
moisture percentage of the roasted pistachios

At the end of the drying stage, the samples’ moisture
decreased to about 5% and after roasting in two roasting
devices, it decreased to 0.9-1.1%. As Table 1 shows, the
roasted samples’ moisture in the fixed method for time 0
absorbed moisture after 3 months and increased
significantly. Then, it reached a balanced state with the
storage environment, and after this time during the 6
months of storage, there was no significant change in
the moisture percentage. In relation to the rotary
roasting method, the roasted samples’ moisture had no
significant difference with the samples of 0 and 3
months of storage. However, after the 6-month storage,
the roasted samples’ moisture showed a significant

increase. The mean comparison of the interactive effect
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of the roasting method and storage time on the moisture

amount was not significant (P= 0.707).

Effects of the roasting method and storage time on the

fat percentage of the roasted pistachios

As Table 1 shows, roasting had no significant effect on
the samples’ fat amount. In addition, the data on the
mean comparison of the time interaction effect and the
roasting method were not significant (P = 0.064). The
results of the present study showed no significant

change in the fat percentage of the roasted samples.

Effects of the roasting method and storage time on the

roasted pistachios’ protein percentage

The mean comparison of the data obtained from the
Kjeldahl test showed that the protein percentage of the
roasted samples during the six months of storage
decreased significantly in the fixed and rotary methods.
In contrast, the protein content in the roasted samples
did not show any significant difference in the fixed and
rotary methods in the three-month period. Also roasting
method and storage time interaction showed significant
reduction in protein content (P = 0.000). In studied
samples, roasted sample in the rotary method had more
reduction in protein percent compared to fixed method.

Effects of the roasting method and storage time on the

roasted pistachios’ carbohydrate percentage

The mean comparison of the data obtained from the
roasting method and storage time (Table 1) showed that
the carbohydrate percentage of the roasted samples
decreased significantly in the fixed method during the
six-month storage time. In addition, a significant
decrease was observed in the carbohydrate percentage
of the roasted samples in the rotary method during the
six-month storage time. The study of the samples during
the storage time showed that the roasted samples had no
significant difference in the fixed method during the six

months with the roasted samples in the rotary method
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during the six months. However, the interaction between

the storage time and the roasting method led to a
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significant decrease in the carbohydrates (P <0.05).

Table 1. Comparison of the effect of roasting method and storage time on moisture content, fat, protein and carbohydrate.

Sample/storage month Moisture (%) Fat (%) Protein (%) Carbohydrate (%)
Fixed method

0 1.08+£0.14 b 20.62+0.25a 24.96+0.34 b 30.86+0.30 b

3 1.41+0.00 a 19.31+0.29 a 22.23+0.18 ¢ 25.03+0.29d

6 1.51+0.02 a 21.00+141a 20.91+0.18d 20.99+0.91e
Rotary method

0 1.08+0.17 b 31.39+0.29 b 26.44+0.43 a 35.80+0.69 a

3 1.35+0.07 b 31.35+0.49b 22.290.19¢ 28.62+0.54 ¢

6 1.56+0.12 a 29.95+0.85 b 20.77+0.04d 19.27+1.02 e

Note: *Different letters show significance difference (P<0.05); + Standard error

Effects of the roasting method and the storage time on
the roasted pistachios’ sensory characteristics

After the study of the interaction mean comparison of
the data from the sensory evaluation of the roasted
samples stored during different durations (Table 2), the
panelists declared that the roasting method and the
storage time were significantly different in color, odor,
and taste, but there was no significant difference among
them in crispiness. Besides, in relation to the color of
roasted samples , the roasted sample in the rotary
method, during the six-month period, showed a
significant difference compared with other samples.

In relation to crispiness of roasted sample in 0
storage time with the samples of three and six months
storage time in fixed method and six months of rotary
method had significant difference but with roasted
samples in rotary method of 0 and 3 months storage
didn't have significant difference. Odor and taste in

roasted samples in 0 and 3 months duration of storage in
two fixed and rotary methods compared to each other
didn't have significant difference, and just stored
samples in 6 months storage in two methods had
significant difference compared to other times of
storage. Taste also in roasted samples in fixed method
had significant decrease, while taste of roasted samples
in 0 time and 3 months storage time in rotary method
had no significant decrease and was significant just in
six months storage time.

Also roasted sample in six months’ time in both
roasted samples of fixed and rotary didn't have
significant difference in terms of taste and also roasted
sample with fixed method of three months storage time
didn't show significant difference with the roasted

samples in six months storage time.

Table 2. Comparison of the effect of roasting method and storage time on sensory characteristics

Sample/storage month Color Hardness Odor Taste
Fixed method

0 4.36+0.76 a 4.70+0.53 a 4.20+0.890 a 4.86+0.34 a
3 4.10+0.80 a 4.10+0.75 bed 4.26+0.58 a 3.10+1.15¢
6 4.26+0.82 a 3.66+0.95 cd 3.460.77b 2.26+0.78d
Rotary method

0 4.20+0.76 a 4.53+0.57 ab 4.66+0.47 a 4.20+0.71 b
3 4.46+0.68 a 4.23+0.85 abc 4.16+0.74 a 4.13+0.73 b
6 3.06+0.78 b 3.53+0.81d 2.73+0.69 ¢ 2.53+0.97 cd

*Different letters show significance difference (P<0.05); + Standard error
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Effects of the roasting method and the storage time on

the roasted pistachios’ color test

The mean comparison of the two methods of roasting
and storage time (Table 3) was not significant in terms
of L, &, and b™ indices. L" Index decreased in both
fixed and rotary methods during the storage time. In
addition, the fixed samples of the zero and tree-month
storage time as well as the zero and three-month period
in the rotary method had no significant difference with
each other. Likewise, the fixed samples of the three-
month period, the six-month period, and the rotary
samples of the six-month period had no significant
difference in terms of index L~ (Table 3).

In relation to a" index no significant change seen in

samples. While b” index in two methods of roasting and

Journal of Nuts 11(2) (2020) 143-158

storage time had significant reduction. No significant
difference was seenn in b” index in fixed samples of
zero and three months storage time samples with each
other and fixed of three months and six months
compared to each other. But there was significant
difference between fixed sample of zero time and fixed
of six months. There wasn't significant difference in
rotary method of zero and three months storage time.
Differences of fixed samples of zero and three months
and rotary of zero and three months compared to each
other weren't significant and fixed samples of zero and
three months and rotary of six months with each other

weren't significant.

Table 3. Comparison of the effect of roasting method and storage time on color

Color
Sample/storage month L a b
Fixed method
0 70.42+1.83 a -11.16+3.31a 30.831.55a
3 62.84+1.79 ab -9.58+2.63 a 28.15+1.61 ab
6 55.40+4.49 b -8.17¥49a 23.80+3.86 bc
Rotary method
0 72.50£1.37 a -11.01+2.11a 29.331.69 a
3 68.031.93 a -9.23+2.03 a 29.62+0.87 ab
6 55.71+6.57 b -6.95+0.13 a 22.76+0.85 ¢

*Different letters show significance difference (P<0.05); + Standard error

Effects of the roasting method and storage time on the

roasted pistachios’ hardness

The results of the mean comparison of data on the
interaction between the two methods of roasting and
storage time (Table 4) did not show a significant
difference in the roasted pistachios’ hardness (P> 0.05).
In the roasting method with the fixed method, the
roasted samples’ hardness in the zero and three-month
periods had no significant change. The change in the
six-month period had a significant increase compared to

the storage. In addition, in relation to the roasted
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samples in the rotary method, no significant difference
was observed between the roasted samples in the zero
and three-month periods of storage. However, hardness
showed a significant increase after the six-month
storage period of the samples. The fixed samples of the
zero time, the fixed samples of the three-month period,
and the rotary method of the three-month period had no
significant difference with each other. In addition, the

fixed method of the zero time with the rotatory method
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of zero and the three-month storage time had no

significant difference. Besides, the rotary method of six

Journal of Nuts 11(2) (2020) 143-158

months and the fixed method of three months had no

significant difference.

Table 4. Comparison of the effect of the method of roasting and storage time on hardness (N)

Sample

Hardness

Fixed method/storage month

0
3
6

1.13+0.27 cd
2.03+£0.43 bc
3.83+0.50 a

Rotary method

0
3
6

0.94+0.08d
1.490.27 cd
2.71+0.38 b

*Different letters show significance difference (P<0.05); + Standard error

Discussion

Effects of the roasting method and storage time on the

moisture percentage of the roasted pistachios

According to the results, the moisture of samples was
about 5% at the end of the drying stage, and the
moisture of roasted samples decreased from 0.91% to
1.19% after roasting. Therefore, after roasting, moisture
of samples was low and during storage time had
significant increase. In fact, moisture increase during
storage can be related to samples low moisture
compared to the air humidity after roasting and storage
at room temperature without packaging and finally fast
absorption of air humidity. During storage time
pistachio’s moisture and air humidity balanced and after
that had no significant increase. Based on Iran National
Standard (No. 15), the maximum amount of moisture in
roasted pistachio shouldn't exceed 3 percent. So, the
moisture of investigated samples in all three times was
in the standard range. In the researches done by
Bhattacharya and Prakash, 1997; Kahyaoglu and Kaya,
2006; Nikzadeh and Sedaghat, 2008 according to pea,
sesame and pistachio also the storage time was
significantly affected moisture content. With increase in
relative moisture, moisture content

storage was

increased (Tavakolipour, 2000).
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Effects of the roasting method and storage time on the

fat percentage of the roasted pistachios

According to Nikzadeh and Sedaghat (2009), roasting
had no effect on total fat, total simple fats and total
compound fats. Also the obtained results match with the
results of Kamangar et al., 1975; Clarke et al., 1976;
Kashani and Valadon, 1983.

Effects of the roasting method and storage time on the

roasted pistachios’ protein percentage

Protein has formed about 20% of the kernel (Kashani,
1982). According to Kashani and Valadon (1984),
proteins are sensitive to heat and because of heat with
destruction of specific amino-acids, proteins affected,
and as a result caused reduction of food nutritional
value. Nikzadeh (2008) reported that part of incidence
of amino acids compounds may be because of their

participation in Maillard reaction.

Effects of the roasting method and storage time on the

roasted pistachios’ carbohydrate percentage

Carbohydrates are nutritious components that make
up to 10% of pistachio kernel. Carbohydrates compared
to unstable nutrition like vitamins showed less
vulnerability compared to heat. Kashani (1982) declared

that after roasting all three compositions carbohydrate,
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particularly total free sugar and at the end total available
carbohydrate reduced significantly. In effect of roasting
the monomer sugars show reduction, while Maltose
increased and stachyose and raffinose had no change.
Significant reduction in sugars related to reducing
sugars; Fructose and Glucose that will almost
completely destroy. Since Maltose may produce starch
due to hydrolysis, and because the amount of this sugar
increases after roasting, can conclude that during
roasting hydrolysis of starch happens. Yet no evidence
found to testify that raffinose and stachyose directly
found in Maillard reaction and to be able to combine
with proteins and Amino acids.

Kashani and Valdon (1984) studied the effect of
roasting on pistachio and declared that during roasting
process, pistachio's sugar and starch was affected and
reduced. Also, Rohan and Stewart (1966) studied
changes in sugar content in roasted cocoa, they reported
complete destruction of dropped sugars. Also they
declared that sucrose participated in reaction and
hydrolyzed during cocoa seeds roasting.

Oupadissakoon and Young (1984) studied peanut
roasting, that sugar content reduced sugar to 0.8%, and
sucrose content hydrolyzed. Also Jayalekshmy and
Mathew (1990) studied change in carbohydrate and
protein amount of coconut during roasting, and declared
that total amount of free sugars and on the other hand
total carbohydrate significantly reduced after roasting.
Also Nikzadeh (2008) approved that common methods
of roasting pistachio caused reduction of total available
carbohydrate, total free sugar, starch and starch gum and
also single sugars affected strongly specially reducing
sugars. So we can say part of drop of these compounds
may be due to the participation in Maillard reaction.
Kader also observed reduction of carbohydrate during
storage in 1982 and declared this reduction may be
because of proportional respiratory activity with storage

place temperature.
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Effects of the roasting method and the storage time on

the roasted pistachios’ sensory characteristics

The roasting caused progress in the nutty seeds taste
and as a result increased palatability of product.
Monosaccharide and Amino acids that are basic
precursor of taste, participated in Maillard reaction, and
increase Pyrazine compounds. Because of production of
different types of aromatic products with complex
structures like Aldehyde and Pyrazine that were results
of Maillard and Strecker reaction during roasting,
roasting process control in terms of taste was very hard
and because of need to complex tools and the time
required for analysis costed very much. In general,
many of heat and chemical reactions that happen during
roasting process improved total sensory quality of seed
(Nikzadeh and Sedaghat, 2008).

During study, Nikzadeh et al. (2011) results of
analysis of data related to total acceptance score of
pistachio samples in sensory evaluation confirmed
significance of effect of roasting temperature and
storage time that had most acceptance for roasted
pistachios in zero time, and reduced after three months.
According to other panelist's scores analysis, moisture
of samples, spiciness and color changes increased.
Crispiness didn't show significant change that can
declare crispiness of samples reduced because of
samples moisture absorption during storage time. While
during analysis of data from Maskan and Karatas studies
(1999) difference
absorption of pistachio wasn't significant.

Khoshnoodinia and Sedaghat (2014) with study of

effect of time on sensory characteristics of Ohadi

in spiciness, moisture and oil

roasted pistachio showed that over time hardness of
different samples reduced, however in controlled sample
the least amount of hardness happened respectively in
zero and end of third month time. Effect of storage time
on pistachio taste showed that until the first month of
controlled samples there was no significant difference;

this shows that to the end of first month of storage of
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controlled samples had more total acceptance because of
better texture. Even in the second month of storage total
acceptance in samples didn't have significant effect. In
the third month of storage, the total acceptance was
significantly reduced because of increase of spiciness in
control samples. Other researches also showed same
results about spiciness taste in roasted walnuts and pine
nuts (Haqg et al., 2013; Mehyar et al., 2012).

Oro et al., (2009) studied physical and chemical
properties and the ability of American walnut oil storage
obtained through the hydraulic pressure and it was
found that sensory characteristics of American walnut
oil didn't change until 60 days of storage in room
temperature in darkness. Bendin et al., 2011 studied
sensory quality of sunflower oil extracted by pressure by
quantitative and descriptive analysis and found volatile
compounds of sunflower oil agreed the presented data
2000 used
antioxidants about roasted cashew nuts and showed that

by sensory judgment. Sharma et al.,
total acceptance of samples during storage time reduced.
But this process was more agreeable about the samples
with antioxidants and after 5 months this sample had
negligible reduction in total acceptance. In sensory test,
roasted pistachios in zero time (exactly after roasting)
showed the most acceptance amount that this point

during 6 months showed reduction.

Effects of the roasting method and the storage time on

the roasted pistachios’ color test

Conditions of total roasting of pistachio seed should be
controlled specifically; because, not only help the
development of taste and odor but also are effective on
pistachio’s final product's color (Cammarn et al., 1990).
Roasting by non-enzyme browning reaction caused
pigment increase. Color is one of the most important
apparent characteristics of food that causes total
palatability increase of product (Maskan, 2001). In
addition to increase in consumers acceptance, color was

noticed for roasting process control that controlled by
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color degree. Because brown pigments increased during
browning reactions and Caramelization (Saklar et al.,
1999: Sena et al., 2001). The products from non-enzyme
browning reaction, Maillard and Strecker, included
variety of products with complex structures that most of
them were unsaturated.

Dual bands in these structures attracted light, as a
result, treated the same as brown pigments and
participated in creating dark color of roasted product.
Sugar Caramelization, thermal dehydration and sugar
analysis also caused production of brown pigments with
organic acids and various aldehyde and ketones
(Ozdemir, 2001).

Index L~ showed brightness within the range of 0
and 100, with a~ and b “having been the color
coordinates of green-red and blue-yellow coordinates,
respectively. Regarding index a”, positive amounts were
considered as red colors, and negative amounts were
considered as green colors, while the positive amount of
b" was related to yellow colors and negative amounts to
blue colors (Minolta, 1994). The observed reduction of
unit L~ was because of the browning reactions which
turned the nuts darker (Severini et al., 2000).

Hojjati et al., 2013 with the study of roasting effect
on color and volatile compound of pistachio declared
that seeds' brightness reduced during roasting process
that is done because of Maillard reaction. In storage
time significant change was seen in L" index. In the
studies done according to walnut, the temperature effect
and packing space on total antioxidants and walnut
pigments during L° index storage reduced
(Christopoulos and Tsantili, 2011). During storage, L"
had a reduction process that is indicative of browning
process evaluation and weaken the seeds quality. Effect
of storage time on color (Koyuncu et al., 2003 and
Lopez et al., 1995) matched the walnut browning and
products browning mainly depends on phenols chemical

or enzyme oxidation (Christopoulos et al., 2008).
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On the other hand, a” green-red color coordinated in
roasted samples had significantly increased. This
increase universally showed that during roasting, green
intensity reduced in samples, while red intensity
increased. Pistachios b” amount reduced significantly
during processing which showed less yellow color. This
observed color changes less desirable. The same process
reported by Pumillia et al., 2014 during studying the
changes in chlorophyll, chlorophyll analysis products
and Lutein in roasted pistachios seed and also L", b" and
a for pistachio oil roasted in 180°C for 5, 10, 20, 30,
and 40 minutes ( Durmaz and Gokmen, 2011).

Tstantili et al., (2010) reported fresh pistachios color
(shell, kernel membrane, and inner part of seeds)
coordinates compared to physical, composition and
sensory figures in various figures of pistachio from
Greece. According to the investigated samples in this
study declared brightness amounts matched with the
expressed information from Iran's pistachio (shell,
kernel membrane, and inner part of seeds).

But modeling of moisture, color and tissue changes
in sesame seeds didn't correspond with the results of this
study during roasting process (Kahyaoglu and Kaya,
2006). In addition roasting conditions effect on color
changes reported by other researches like C&mmerer and
Kroh (2009) peanut, Ozdemir et al., 2001; Ozdemir and
Devres (2000) huzelnut, Kahyaoglu and Kaya (2006)
sesame seed and Wall and Gentry (2007).

Effects of the roasting method and storage time on the

roasted pistachios’ hardness

Comparison of mean texture changes during six
months had the same results with researches done by
other researches. Crispiness was a major attribute in
kernel evaluation. This texture characteristic was in
undeformation materials that were easily and suddenly
breakable, and were related to textures mechanical
characteristics. This texture characteristic caused the
kernels to be more delicious and more desirable to
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consume (Ozdemir, 2001). Roasting nus in low
temperatures caused gradual penetration of heat in
kernel, without burning the nuts surface. As a result,
moisture hardness and crispiness of kernels reduced.

These findings correspond with Nikzadeh and
Sedaghat studies (2008) that its inverse relationship
observed between roasted temperature and hardness of
pistachio. Hardness amount reduction with roasting time
increase also showed by (Kahyaoglu and Kaya, 2006)
for sesame seeds. Obtained data from this study showed
that with roasting; moisture, hardness and breakage had
significant reduction. Mean comparison of data showed
that texture changes in roasted pistachio during storage
time were significant. Also hardness force and breakage
and firmness increased during storage time. According
to the studies done by Edalatian et al., (2007) and
Sedaghat et al., (2006) it was determined that with
increase in temperature, the pistachios hardness reduced
and roasted pistachios texture changed during storage.
One of the main reasons of it can be their moisture
increase during this period. Also during storage time fat
oxidation increased, so in addition to peroxide and free
radicals of fat increase, their distractive products like
Aldehydes also increased that all these oxidation
products were able to react with vitamins, amino acids
and proteins. As a result, in addition to staleness
creation, it caused hardness of texture (St. Angelo and
Ory, 1975; Senter et al., 1984; Gardner, 1979). Also
Raee et al., 2007 showed that, the most and the least
hardness was obtained respectively after three months
and twelve months from roasted pistachios storage by
using machine. Reduction in hardness amount of
samples because of high-temperature of roasting
reported by other researchers (Mohammadi moghadam
et al., 2017; Shakerardakani, 2011). Also according to
walnut during storage, moisture increased slightly, in
addition, hardness of walnut textures also increased
(AgnieszkaKita, 2007).
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Conclusions

Pistachios are important sources of nutrients,
unsaturated fats, and proteins, so using them in both
roasted and raw forms could be useful for human health.
However, the heat process and storage time could
change their moisture, texture, color, and chemical
content, including proteins and fats. During roasting, the
content of moisture, proteins, and carbohydrates
decreases. Due to the desirable changes occurred in
terms of taste, color, and hardness in the samples,
roasting in fixed and rotary methods could be desirable
in both storage times (3 and 6 months). According to the
results of the study, all important reviewed parameters
were within the standard range. At the end, it is
suggested to use these two roasting methods (fixed and
rotary) under the roasting conditions of 160 °C for 15

min.
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