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The aim is to evaluate the effects of frying and roasting on nuts. Frying and roasting were performed according to the local Jordanian
home-made cuisine, and the nuts under experiment were raw almonds, pine, cashew, and pistachio. Nuts samples were roasted at
110∘ C for 16 minutes and fried at 175∘ C for 2.5 minutes. The results show that both roasting and frying of nuts did not affect the
flavonoids content except for roasted pistachios where significant rise of flavonoids content was detected. Total phenolic content
showed no significant differences except for pine nuts in which it increased significantly in both roasting and frying. Oxidative
stability, presented by 1,1-diphenyl-2-picryl-hydrazyl (DPPH), was significantly different in all nuts except for pistachio nuts that
have shown no differences. Fatty acids profile, presented by saturated fatty acids (SFA), oleic acid (OL), and essential fatty acids
(EFA), was affected significantly by roasting and frying, especially for SFA in almonds and pine nuts and 𝛼-linoleic acid (ALA)
contents of pine. In conclusion, the effects of roasting and frying on the aforementioned nuts species were positive for fatty acids
profile and antioxidants activity.

1. Introduction
Consuming nuts is a very common phenomenon across different European countries, with its highest consumption rate
in Mediterranean regions [1]. The consumption of nuts (raw
or processed) has increased over the last decades due to their
availability, reasonable price, and the rise in the nutritional
health awareness [2]. The availability of legumes and nuts in
Jordan has increased from 40 to 60 g/person/day. Additionally, the Food Based Dietary Guidelines for Arab Countries
in 2013 recommended regular consumption of nuts.
The consumption of nuts yields beneficial effects on
health due to their (1) desirable lipid profile, which is higher
in unsaturated fatty acids (USFA) than saturated fatty acids
(SFA), and (2) high antioxidants contents [3]. Epidemiological and interventional studies have shown how frequent
consumption of nuts can enhance cardiovascular health by
decreasing serum levels of low-density lipoprotein- (LDL-)
cholesterol and risk of developing type II diabetes [4, 5].

Expressly that plant-derived omega 3 polyunsaturated fatty
acids (PUFA) 𝛼-linolenic acid (ALA) (which is high in
nuts) is deliberated as the precursor of the longer chain
fatty acid in the body and hence the eicosapentaenoic acid
(EPA) and docosahexaenoic acid (DHA). Clinical trials and
prospective studies identified well the last two fatty acids for
their beneficial effects on prothrombotic cardiovascular risk
factors [6].
Additionally, nuts have also been shown to promote
weight maintenance when consumed as the source of fat in
moderate diets [7]. This is a healthier practice instead of
eating high fat content snacks from unhealthy sources such
high energy condense food items (fried food, confectionary
snacks, etc.) which are known to contain SFAs and transfatty acids [8]. Oxidation of fat and fat-containing foods is
responsible for the deterioration in the food quality and nutritive value. Additionally, the oxidation of PUFA in food may
be related to diseases such as atherosclerosis, diabetes, and
cancer [9].
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Moreover, nuts contain certain bioactive compounds
which act as antioxidants (such as a variety of phenolic compounds and flavonoids), free radical scavengers, and metal
chelates that may also play a role in the reduction of the
risk for the development of chronic diseases. Phytochemical
compounds are available in almonds [10], pistachio, cashew,
and pine nuts. Chen and Blumberg demonstrated that
flavonoids and phenols intake can decrease the risk of a number of chronic diseases including cardiovascular diseases,
hypercholesterolemia, and diabetes mellitus due to their
attributes of being antioxidant and anti-inflammatory and
antiproliferation [11]. These antioxidants exist in all parts of
the plant; nuts (seeds) are one of the richest sources [12].
Roasting and frying are two of the most common methods of nuts’ thermal processing in order to enhance their
sensory properties [13–15]. Although there are several commercial products, for example, nut bars or snacks that contain
roasted and fried nuts, there is a lack of a scientific comparison of the differences in their nutrients content. Such
nutritional alteration might be unfavorable and lead to negative health impacts upon consumption. Roasting and frying
not only can change the obvious rawness of nuts but also
can subsequently have chemical changes on nuts. More than
50% of nuts’ energy comes from the fat content of nuts [6];
therefore it is important to study the chemical and bioactive
changes that take place due to frying and roasting.
In Jordan, one of the common and traditional ways to
present the local cuisine (rice-based meals) is to top rice with
fried nuts: pine, almonds, peanuts, cashew, and pistachio.
Nuts are also introduced as raw, roasted, fried or as a part of
desserts in special occasions and ceremonies.
To the authors’ best knowledge, there is no work found
in the field of analyzing the chemical changing of the raw
nuts after roasting or frying according to Jordanian culture. In
relevant studies, roasted nuts were tested, but not fried nuts.
This study is aimed to investigate the effects of roasting as well
as frying on the content of total SFAs, monounsaturated fatty
acids (MUFA) presented by oleic acid (OL), essential fatty
acids (EFA), oxidative stability presented by 1,1-diphenyl2-picryl-hydrazyl (DPPH), and bioactive compounds presented by flavonoids and phenolic. Roasted and fried nuts
which were experimented with in this study were obtained
from two major stores in Amman, Jordan.

2. Materials and Methods
2.1. Raw and Roasted Nuts. Dehulled raw and commercially
roasted nuts (almonds, pine, cashew, and pistachio) (4 kg
each) were purchased from two major local nuts stores in
Amman. Commercially, the roasting of nuts in Jordan is
carried out using a rotating drum roaster at approximately
110∘ C for 16 minutes. The following samples were used for the
analysis: Indian cashew (Anacardium occidentale), European
pine syn. Scots pine (Pinus sylvestris), pistachio (Pistacia vera
“Kerman”) from Aleppo, and almond (Prunus amygdalus)
from India. Identical cultivar of each type of the raw nuts was
roasted in each store to apply similar roasting conditions of
the sold one and to assure that the same nuts cultivars are
used from the two local nuts stores. The raw and roasted nuts
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were ground and sieved to obtain fine powder. The samples
were then stored at −20∘ C until they were experimented with
in this study.
2.2. Pan Frying of Raw Nuts. Identical raw nuts from each
species were used from the two local nuts stores and pan
frying of dehulled raw nuts (almonds, pine, cashew, and pistachio) (100 g) was carried out at 175∘ C for 2.5 minutes using
refined corn oil as heating medium. Fried nuts were ground,
sieved, and stored at −20∘ C until they were experimented
with in this study. This process was carried out for the four
nut types studied in this paper.
2.3. Fat Extraction. About 50 g of ground raw, roasted, and
fried samples (almonds, pine, cashew, and pistachio) were
soaked in petroleum ether for about 24 hours and then
filtered. The petroleum ether phase was evaporated using
a rotary evaporator under vacuum at a temperature not
exceeding 40∘ C for 15 minutes. The lipid fraction was stored
at −20∘ C in a freezer for additional analysis.
2.4. Nuts Extraction. The powder of raw, roasted, and fried
nuts’ (almonds, pine, cashew, and pistachio) extraction was
carried out according to the method of [16]: 10 g of each sample was suspended in 100 ml of 90% ethanol and continuously
shook for 2 hours. After filtration, the samples were vacuum
evaporated. The extract was then recovered with 2 ml of 90%
ethanol and assayed for its antioxidant activity, total phenolic
compounds, and flavonoids.
2.5. Total Polyphenols Content (TPC). Total polyphenols content was carried out according to the methods of [16]. Samples
of each extract (0.4 ml) were mixed with 2 ml of FolinCiocalteu reagent (diluted 10 times). After 3 minutes, 1.6 ml of
7.5% sodium carbonate was added. The absorbance was read
at 750 nm after 30 minutes of incubation at room temperature
(26 ± 2∘ C). Blank sample of gallic acid was used as a
reference in spectrophotometric analysis. A standard curve
was prepared and the results were expressed as mg gallic acid
equivalent/g sample.
2.6. Total Flavonoids Content. 1 ml of the extract was added
to 1 ml of aluminum trichloride (2% w/v). After 15 minutes
of incubation, the absorbance was measured at 430 nm and
the results were expressed as mg quercetin equivalents per
mg sample. A standard curve was prepared by using a blank
sample of pure quercetin acid as a reference in spectrophotometric analysis.
2.7. Free Radicals Scavenging Activity (DPPH). The antioxidant activity of the sample extracts was evaluated using 2,2diphenyl-1-1 picrylhydrayl (DPPH) radical according to the
method of [17]. An aliquot of 30 𝜇l of the sample extracts was
added to 0.5 ml of DPPH solution (25 mg/l) diluted to 5 ml
of methanol. A control without extract was also prepared.
The mixture was shaken vigorously and allowed to stand for
45 minutes in the dark and the absorbance was measured at
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515 nm. The antioxidant activity of the extract was calculated
using the following formula:
% Inhibition
=

Absorbance sample − Absorbance control
Absorbance control

(1)

∗ 100.
2.8. Vitamin E Determination. Vitamin E was determined
following the method used by [18]. The analysis of vitamin
E was carried out using a Knauer HPLC System (Germany).
The determination was carried out following the method of
Gimeno et al. (2000) [18]. The oil sample of raw, roasted, and
fried peanut was diluted in hexane (1 : 10). An aliquot of 200 𝜇l
was transferred to a test tube containing 600 𝜇l of methanol
and 200 𝜇l of the internal standard solution (300 mg/ml of
𝛼-tocopherol acetate in ethanol). The mixtures were mixed,
centrifuged at 3000 g for 5 min, and then filtered through
a 0.45 mm pore size filter. Fifty micrometers was directly
injected into the Knaur HPLC system. The mobile phase was
methanol-water (96 : 4, v/v) and the elution was performed
at a flow rate of 2 ml/min. The analytical column was Venusil
XBP, C18 (2) (Agelant Technologies, USA), and was kept at
45∘ C. Detection was performed at 292 nm using Knauer UV
detector (model Smartline 2500, Germany).
2.9. Determination of Fatty Acids Profile. Fatty acid methyl
esters (FAMEs) of the nuts samples were prepared according
to the method outlined in [17]. The prepared FAMEs were
studied using capillary Gas Liquid Chromatography (GLC)
analysis [19]. The prepared methyl esters were analyzed using
capillary GLC column (Restek, Rtx-225, USA, cross-bond
90%-cyano-propyl-methyl-poly-siloxane, 60 m and 0.25 𝜇m
df) immediately after esterification by injection 1 𝜇l of the
hexane layer through the injection port of the GLC (model
GC-2010, Shimadzu, Inc., Kyoto, Japan). The GLC condition
was at 15∘ C/min and held at this temperature for 10 minutes, and then it was increased from initial column oven
temperature 165∘ C to 180∘ C at 1∘ C/minute and then further
increased to 220∘ C at 3∘ C/min and held at this temperature
for 10 minutes. Injector temperature was 240∘ C and the flame
ionization detector temperature was at 250∘ C, flow rate of
He was 0.8 ml/min, and the split ratio used was 80 : 1. Fatty
acid identification was carried out by ingestion standard
fatty acids (Sigma, USA). SFAs were detected as the sum
of palmitic acid (C16:0), margaric acid (C17:0), stearic acid
(C18:0), arachidic acid (C20:0), and lignoceric acid (C24:0).
Monounsaturated fatty acids (MUFA) were detected by OL
only as it is the predominant MUFA fatty acids in nuts. PUFA
were detected by the sum of essential fatty acids (EFA) alphalinolenic acid LA (an omega-3 fatty acid) and linoleic acid
ALA (an omega-6 fatty acid).

3. Statistical Analysis
Each type of nuts from each store was tested separately; then
the results altogether were averaged. It is worthy to mention

that very close results were obtained from the two stores due
to (1) the identical cultivars species that was used by the
authors of this paper and because (2) similar conditions of
nuts roasting and frying were applied in the two major local
nuts stores as well. All tests were done three times and then
subsequently averaged. Statistical analyses were performed
using SPSS (Statistical Program for Social Sciences) version
17.0 for Windows. All analyses were conducted in triplicate,
and data reported as means ± standard deviation (SD) and
differences between means were considered significant at
𝑝 value < 0.05 differences between means were considered
significant at 𝑝-value < 0.05. Fatty acids’ area [𝜇V⋅s] from
the chromatogram was completed and calculated by using
Microsoft Office Excel 2007 (12, 0, 4518, 1014) MSO.

4. Results and Discussion
The bioactive compounds of nuts such as the antioxidants
capacity, phenols, flavonoids, vitamin E, and fatty acids are
associated with numerous health benefits and are affected by
heat treatments. Therefore, this study is aimed to investigate
the effects of roasting and frying on the content of total saturated fatty acids, essential fatty acids, oxidative stability, and
bioactive compounds presented by flavonoids and phenolic
acids. Quercetin and gallic acid were used only as standards
to expressed total phenolic and total flavonoids contents.
Table 1 demonstrates the antioxidant capacity expressed by
total flavonoids, total phenolic, and percentage of DPPH
inhibition. Our results were not too distant in conclusion to
other results from the literature apart from different units
were used [20, 21].
4.1. Antioxidants Capacity. The antioxidant capacity and high
phenol content of nuts whether raw or roasted/fired indicate
that the associated health benefits would not be restricted to
the lipidic fraction. They also explain that the importance of
the stability of phenol compounds preserves from eventual
thermal degradation and guarantees their antioxidant potential. Nuts are not a major source of dietary carotenoids [11].
Among the four types of tested nuts, the carotenoids contents
were not detected or neglected. Therefore, the majority of the
antioxidant capacity in nuts applies on DPPH, flavonoids, and
phenolic acids. Table 1 shows that the tested nuts are known
for the high content of gallic and quercetin acid which dabble
as an antiproliferative, antimutagenic, and antioxidant [20].
Many factors have influenced the levels of phenol compounds in nuts such as the environmental factors, soil composition, and maturation level [20]. Table 1 demonstrates
that roasting and frying (i.e., heat treatments) have led to
insignificant consequences on total flavonoids among tested
raw nuts with the exception of pistachio that showed onefold
increase on roasted ones (raw = 6.71 and roasted = 13.74,
𝑝 < 0.05).
This work shows that heat treatments have no significant
influence on the total phenolic content expressed by gallic
acid in cashew, pistachio, and almonds except for pine which
have shown a significant increase on the total phenolic
compounds (𝑝 < 0.05). A similar effect has been also noticed
in phenolic acid (gallic acid) for pine nuts. The increase of
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Table 1: Effect of roasting and frying on antioxidant activity as compared to raw nuts.
Raw

Roasted

Fried

Cashew
Pistachio
Almond
Pine

Total flavonoids content (mg quercetin acid equivalent/g sample)
4.25 ± 1.41a
5.20 ± 0.34a
6.71 ± 1.17a
13.74 ± 1.58b
a
6.49 ± 2.43
4.58 ± 1.16a
a
4.58 ± 0.24
6.06 ± 1.03a

Cashew
Pistachio
Almond
Pine

5.39 ± 1.88a
6.74 ± 1.72a
5.87 ± 1.55a
3.46 ± 0.35a

Total Phenolic content (mg gallic acid equivalent/g sample)
6.73 ± 0.63a
10.50 ± 3.12a
8.46 ± 1.38a
7.62 ± 2.07b

7.09 ± 0.78a
10.46 ± 3.45a
8.24 ± 1.85a
6.82 ± 1.35b

Cashew
Pistachio
Almond
Pine

80.87 ± 8.07
78.51 ± 6.92a
59.50 ± 7.13b
48.36 ± 8.15a

DPPH Inhibition (%)
59.99 ± 5.12a
74.20 ± 5.61a
78.1 ± 4.61b
63.2 ± 3.32ab

59.45 ± 7.71a
75.60 ± 7.61a
31.64 ± 3.87a
72.3 ± 4.82b

b

6.94 ± 2.57a
6.85 ± 2.40a
10.60 ± 1.23a
7.95 ± 0.44a

Values within the same row with different superscript letters are significantly different (𝑝 < 0.05).

total phenolic content as a result of roasting and frying could
be due to the Maillard reaction which results in formation
Maillard derivative such as pyrroles and furans that may
react with Folin-Ciocalteu reagent [22]. However, roasted
nuts have had 14% more total polyphenols than raw nuts and
the percent of free polyphenols decreased [23]. Moreover,
studies on almonds and hazelnuts showed an increment in
antioxidant activity as an effect of roasting [24, 25].
Nuts’ antioxidant capacities were evaluated by the DPPH
radical scavenging method, which is based on the measurement of the reduction ability of antioxidants towards the
radical DPPH [26]. Free radicals scavenger activity shows different manipulating on different nuts. While heat treatments
significantly increase the DPPH activity in pine nuts, such
treatments decrease the DPPH activity in cashew nuts (𝑝 <
0.05). Roasting almonds have increased the DPPH, but frying
almonds DPPH was noticed to have decreased. The results
indicated that heat treatments significantly increased DPPH
values in pine nuts, as opposed to cashews, in comparison to
raw ones (𝑝 < 0.05). Roasting increased DPPH in almonds
against the raw peers.
According to Açar and colleagues, roasting nuts may
destroy some bioactive compounds, but it can also form
antioxidant compounds through the Maillard reaction. However, the total antioxidants capacity after roasting is the result
of the thermal degradation of naturally occurring antioxidant
compounds and the formation of new Maillard reaction
products having antioxidant activity. Chandrasekara and
Shahidi suggested that roasting cashews at high temperatureshort time enhances effectively its antioxidant activity [Chandrasekara and Shahidi, 201] which is shown to be true as well
in this study.
An increase in those compounds is believed to give the
plausible taste in roasted and fried nuts rather than the raw
one. Raw nuts are known to have a tart-like taste but once

roasted or fried this specific taste can disappear. One of
the explanations stems from the increase in flavonoids and
phenols.
4.2. Fatty Acids Profile. The literature shows how healthy nuts
consumption can be due to their fatty acids composition.
Around 62% of nuts energy is coming from fat [27]. Fatty
acids composition of nuts is beneficial because SFA is low
and MUFA content is significantly higher than SFA, which
has also been demonstrated in this work for specific nut
types (SFA = ranges 7–18% while MUFA (OL) ranges 40–70%
of total fat). The type of dietary fat intake affects plasma
cholesterol level more than the total fat intake [27]. The high
content of MUFAs and PUFAs is considered healthy fats in
nuts oil content which can counterbalance the unfavorable
SFAs [28].
Table 2 demonstrates the effect of roasting and frying on
fatty acids profiles expressed by total SFA, MUFA presented
by OL, and EFA expressed by (ALA and LA). Heat treatments
have shown no alterations on fatty acids for pistachios. This
suggests that roasting and frying have no effects on fatty acids
profile content in pistachios. Almond nuts’ fatty acids were
all significantly affected when fried. Almonds’ SFA and EFA
(ALA and LA) have increased when fried, whereas OL has
significantly decreased.
Heat treatments have had a significant effect on pine
nuts’ fatty acids profile. Our results show that pine nuts’ EFA
and SFA significantly increased when fried (an explanation
might be due to the presence of vegetable oil median used)
but as the frying oil median was removed from the nuts
surface by blister paper immediately after frying; thus another
explanation might be that nuts contain pores during the
frying process that might absorb the oil median inside the
nuts. On the other hand, roasting pine nuts significantly
abridged LA to the half while doubling OL content (𝑝 <
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Table 2: Effect of roasting and frying on fatty acids profile as compared to raw nuts.
Fatty acids profile
Roasted
Saturated fatty acids%
18.77 ± 0.58b
10.37 ± 1.11a
7.63 ± 0.18b
7.74 ± 0.04b
Oleic acid%
62.27 ± 0.89b
61.55 ± 1.64a
68.37 ± 0.22b
68.76 ± 0.5b
Linoleic acid%
18.61 ± 0.18a
27.90 ± 0.68a
23.94 ± 0.05a
23.44 ± 0.54a
𝛼-linolenic acid%
0.35 ± 0.24a
0.36 ± 0.03a
0.053 ± 0.00a
0.06 ± 0.00a

Raw
Cashew
Pistachio
Almond
Pine

17.83 ± 0.44a
11.92 ± 1.40a
7.2 ± 0.07a
7.09 ± 0.01a

Cashew
Pistachio
Almond
Pine

60.52 ± 1.14b
60.86 ± 5.14a
69.31 ± 0.18b
39.82 ± 0.06a

Cashew
Pistachio
Almond
Pine

21.51 ± 0.96b
26.88 ± 6.29a
23.41 ± 0.28a
52.68 ± 0.10b

Cashew
Pistachio
Almond
Pine

0.15 ± 0.01a
0.33 ± 0.07a
0.052 ± 0.00a
0.30 ± 0.01b

Fried
17.78 ± 0.45a
11.27 ± 0.77a
8.15 ± 0.27c
8.99 ± 0.06c
57.18 ± 0.27a
61.57 ± 5.34a
65.1 ± 0.53a
38.29 ± 0.19a
24.77 ± 0.50c
26.76 ± 5.61a
26.69 ± 0.48b
52.16 ± 0.11b
0.27 ± 0.15a
0.40 ± 0.06a
0.066 ± 0.01b
0.56 ± 0.01c

20
15
10
5
0

Fried
Roasted
shew
Cashew

Raw
Roasted
Fried

Cashew
17.83
18.77
17.78

Pi
hi
Pistachio

Raw

Almond

Pine

Pistachio
11.92
10.37
11.27

Almond
7.2
7.63
8.15

Pine
7.09
7.74
8.99

Figure 1: Saturated fatty acids%.

Percentage % of
total fatty acids

0.05). Cashew nuts showed no impact in ALA, but LA has
significantly increased when fried as well as roasted.
ALA has the proinflammatory actions of the n-6
eicosanoids [6]. Therefore, due to the balance of n-6 and n3 PUFA in the diet and its critical effect on cardiovascular
disease CVD, the intake of fried almonds and pine should
be controlled. The results shown in this work identify how
roasted pine nuts can be a better diet balance with respect
to the aforementioned health factors. In order to evaluate
the oxidative quality of commercial fried nuts, Marmesat
and colleagues demonstrated that frying oil changes the
composition of fatty acids by the incorporation of substantial
contents of the frying fat. High temperature of fat (during
frying) may exert some effect on the quality and stability of
the oxidative of the oil used in the frying process [6].
The high content of MUFAs and PUFAs is considered
healthy fats in nuts oil content which can counterbalance
the unfavorable SFAs [28]. Accordingly, nuts have positive
impacts as far as CVD is concerned by preventing LDL
oxidation, mediated by fatty acids profile and antioxidants
content [21].
Figures 1–4 simplified the heat treatments effects among
each type of nuts in regard to their fatty acids content.
Table 3 summarizes the impacts of heat treatments on fatty
acids content among cashew, pistachio, pine, and almonds to
simplify the recommendation according to fatty acids type.
Table 3 demonstrates ascending ranking of the tested nuts’
values which are derived and shown in Table 2. There were
no differences recorded in cashew nuts’ fatty acid profile
when roasted or fried. Cashews are the richest in SFA while

Percentage % of
total fatty acids

Values within the same row with different superscript letters are significantly different (𝑝 < 0.05); % SFA +OL + ALA + LA = 100%.

80
60
40
20
0

Fried
Roasted
Cashew
shew

Raw
Roasted
Fried

Cashew
60.52
62.27
57.18

Pistachio
Pi
hi

Raw
Almond

Pistachio
60.86
61.55
61.57

Pine
Almond
69.31
68.37
65.1

Figure 2: Oleic acid%.

Pine
39.82
68.76
38.29
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Table 3: Appraisal between the percentage of fatty acids content among raw and heat-treated nuts.

SFA

OL

LA

ALA

Raw

Roasted

Fried

Cashew 17.8%

Cashew 18.7%

Cashew 17.8%

Pistachio 11.9%

Pistachio 10.4%

Pistachio 11.3%

Almonds 7.2%

Almonds 7.6%

Almonds 8.1%

Pine 7.2%

Pine 7.7%

Pine 9%

Almond 69.3%

Pine 68.7%

Almond 65.1%

Pistachio 60.9%

Almond 68.4%

Pistachio 61.5%

Cashew 60.5%

Cashew 62.3%

Cashew 57.2%

Pine 40%

Pistachio 61.5%

Pine 38.3%

Pine 52.7%

Pistachio 27.9%

Pine 52.2%

Pistachio 26.9%

Almond 24%

Pistachio 26.8%

Almond 23.4%

Pine 23.4%

Almond 26.7%

Cashew 21.5%

Cashew 18.6%

Cashew 24.8%

Pistachio 0.33%

Pistachio 0.36%

Pine 0.56%

Pine 0.3%

Cashew 0.035%

Pistachio 0.4%

Cashew 0.15%

Pine 0.06%

Cashew 0.27%

Almond 0.05%

Almond 0.05%

Almond 0.06%

Percentage % of
total fatty acids

% represents the percentage out of total fat content.

60
40
20

Fried
Roasted

0
Cashew
hew

Pistachio
h

Cashew
Raw
21.51
Roasted 18.61
Fried
24.77

Raw
Almond

Pistachio
26.88
27.9
26.76

Pine
Almond
23.41
23.94
26.69

Pine
52.68
23.44
52.16

Percentage % of total fatty acids

Figure 3: Linoleic acid%.

5. Conclusion

0.6
0.5
0.4
0.3
0.2
0.1

Fried

0
shew
Cashew

Raw
Roasted
Fried

Pi
t hi
Pistachio

Cashew
0.15
0.35
0.27

Roasted
Raw
R
Almond

Pistachio
0.33
0.36
0.4

Figure 4: 𝛼-Linolenic acid%.

Nuts generally contain essential nutrients that enhance the
antioxidant activity and contribute to health benefits. However, the way of serving, processing, and consuming nuts
could affect these nutrients. Indeed, heat-treated nuts
(roasted/fried) resulted in a significant positive and/or negative changes of nuts properties, varied according to nuts type.
Altogether, heat treatment of nuts could have an impact
that cannot be ignored; therefore, we recommend consuming
different nuts as raw or as heat-treated in spite of high content
of calories as an alternative to nonnutrient high-calories food.

6. Further Work

Pine
Almond
0.052
0.053
0.066

almonds and pine are the lowest with near values to each
other. Cashews’ OL did not differ as previously stated in this
section of this work. Raw and fried almonds are the highest
in MUFA (expressed by OL), while raw and fried pine nuts
were the lowest. Roasted pine nuts were the highest in MUFA
content.
In regard to EFA, pine nuts and pistachios have appeared
to be the richest sources of it while almonds and cashews
were, in contrast, the poorest. The last finding of this paper
showed that the heat treatments among cashews and almonds
were ineffective with respect to their EFA.

Pine
0.3
0.06
0.56

It has been stated that properties of nuts might depend on
temperature and time of roasting and frying. This can motivate a future work for conducting similar analysis while taking into consideration roasting/frying temperature, time, and
other processing factors. Different effects of roasting/frying
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on various nut species would also be a useful area for further
study to have an accurate explanation.
[11]

Additional Points
Research Limitations/Complications. Nuts were brought from
local stores that might experience different circumstances
with respect to storage/processing factors and the values of
the active compounds could be affected.

[12]
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