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Abstract
The main aim of the present research was to identify and estimate cyclic fatty acids that
form during the frying process by Nuclear Magnetic Resonance (NMR) in oils that were
used in the frying of french fries and fresh potatoes by frequent replenishment or without
it. The potato fingers (1×1×4 cm) were fried in sunflower oil (3L), using the three systems
designed: 1) sunflower oil without replacement oil, 2) sunflower oil with replacement oil,
and 3) the oil extracted from commercial french fries. In addition, some chemicals (%
FFA, peroxide value, polymer %, polar % and oxidized fatty acids content) and some
physical characteristics (refractive index, viscosity and colour) of fresh and fried oils were
determined. Also, fatty acids profile by GC for sunflower oil and extracted oil from french
fries were determined. The results indicated that all physical and chemical properties of
fried oil used in this work increased when the frying time increased at 180±5˚C for 30 hrs,
5 hr/day. Cyclic fatty acids could be identified using the NMR. Finally, the results indicate
the possibility of using a device to identify the presence of cyclic fatty acids in frying oils.

1. Introduction
Deep-fat frying is widely used in food preparation
because it provides appealing characteristics. The fat or
oil acts as a heat transfer medium and as an important
ingredient of fried food. As a consequence, fried foods
are considered a significant part of the diet. In addition,
consumption of fried frozen pre-fried foods has greatly
increased during the last decade (Varela et al., 1996).
During the frying process, various chemical reactions
occur, such as oxidation, hydrolysis, polymerization,
isomerization, and cyclization (Cuesta et al., 1993;
Romero et al., 1998). Thus, the physicochemical
characteristics of the oil are affected. This thermal
degradation should be studied not only for technological
reasons (production of fried foods with acceptable
qualities) but also for safety and nutrition because it is
now known that some polar compounds from frying fats
can present certain toxicity (López et al., 1995). In
addition, numerous cyclic fatty acids are formed in
vegetable oils at temperatures ≥200°C. Their structures,
occurrence, and biological effects have been reviewed
(Sébédio and Grand, 1989). These compounds are
potentially toxic and have been detected at low, but
varying, levels (0.01–0.7%) in commercial frying oil.
The levels required to produce a physiological effect are
unknown.
*Corresponding author.
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Vegetable oil has wonderful attention as a renewable
resource in the background of environmental concerns
and fossil fuel depletion (Meher et al., 2006; Kouzu et
al., 2008; Desroches et al., 2012; Atabani et al., 2013;
Talebian-Kiakalaieh et al., 2013). Dimer acids, produced
by the dimerization of unsaturated fatty acids from fried
vegetable oil, are high value-added products and are
widely used as adhesives (Kadam et al., 2014; Li et al.,
2014), plastic additives (Ko et al., 2013; Li et al., 2014)
and lubricants (Lee et al., 201).
Several synthesis methods have been investigated to
date to obtain dimer acids. However, the reported
methods inevitably produce a mixture of several isomers
of dimer acids including acyclic and cyclic dimer acids
(CDAs) owing to the use of different raw materials. Due
to several possible couplings, synthesized CDAs may
have several chemically different functional groups on
the cyclic ring. Moreover, both the detection and
separation of specific dimer acids from the product
mixture are difficult due to in molecular weights of the
acids. The development of analysis techniques for such
complex compounds is required like nuclear magnetic
resonance (NMR).
The present research aimed to identify and determine
the cyclic fatty acids that form during the frying process
eISSN: 2550-2166 / © 2022 The Authors.
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by NMR in oils that were used in the frying of french
fries and fresh potatoes by frequent replenishment or
without it. In addition to all chemical and
physicochemical characteristics that happened during the
frying process were determined.
2. Materials and methods
2.1 Materials
Potatoes (Cara variety) were purchased from a local
market, El-Qalubiya Governorate, Egypt. french fries
were obtained from Farm Frites-Egypt (The International
Company for Agricultural Development-10th of
Ramadan City). Sunflower oil was purchased from a
local market. Chemical and solvents of analytical grade
were purchased from El-Gomhouriya Company for
Trade Chemical and Drugs, Cairo Governorate, Egypt.
2.2 Methods
Local market potatoes were washed peeled and cut
into fingers dimensions of 1×1×4 cm using a manual
cutting machine.
2.2.1 Frying process

There were three different experiments, in each
experiment 3 kg of sunflower oil was used in the deepfrying process, which was carried out using a domestic
fryer (Model 7122 A, Tefal super 500 Delux, France) at
180±5°C. The first experiment was conducted using prefried potatoes. The second design used potatoes from a
local market (french fries), but the oil was substituted
every 5 hrs. In the third procedure, potatoes from a local
market without substitution were used. The period of
frying was 30 hrs (5 hrs daily for 6 consecutive days), in
100 mL of oil, withdrawn at the end of frying and the oil
was left to cool to room temperature, it was then stored
in dark bottles at -18°C till further analyses.
2.2.2 Determination of moisture and oil uptake
Moisture content and the oil uptake of sample
potatoes were determined according to the method
described by the AOAC (2016).
2.2.3 Determination of some physico-chemical
properties
Refractive index (RI) at 40°C, free fatty acids (FFA)
(as oleic acid) and peroxide value (PV) (meq O 2/kg oil)
were determined according to the method described by
the AOAC (2016). The colour of oil samples was
measured using a Lovibond Tintometer Model F, 5.25inch cell, according to AOAC (2016).
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2.2.4 Viscosity
Viscosity (cP) was monitored using Brookfield
Viscometer RVDV Spindle SC4-21 connected to water
bath Brook-field TC500. Viscosity determination was
carried out at 40±0.1°C according to the method
described by Howard (1991).
2.2.5 Polymer content
Polymer content (PC) of oil samples was determined
following the method mentioned by Wu and Nawar
(1986).
2.2.6 Polar content
Total polar compounds (TPC) of the oil samples
were determined using column chromatography
according to the method described by (Waltking and
Wessels, 1981).
2.2.7 Oxidized fatty acids content
Petroleum ether-insoluble oxidized fatty acids were
determined according to the method described by (Billek
et al.,1978).

2.2.8 Determination of the fatty acids profile
Fatty acids were carried out by preparation of methyl
ester followed by the identification of methyl esters
using an Agilent 6890 series Gas Chromatograph
apparatus equipped with a DB23 (60 m × 0.32) (ISO,
2011).
2.2.9 NMR Spectral Analysis
The samples were dissolved in CDCl3 (750 μL) and
an accurately measured volume of the solution (550 μL)
was transferred to a 5 mm NMR tube. 1H NMR spectra
were recorded with a Varian 400 spectrometer advanced
capillary tube system. Typically, 50 scans were collected
into 32K data points over a spectral width of 0−16 ppm
with a relaxation delay of 1 s and an acquisition time of
1.7 s. Prior to Fourier Transformation (FT), an
exponential weighting factor corresponding to a line
broadening of 0.3 Hz was applied. The spectra were
phased corrected and integrated automatically. When
necessary, accurate integration was performed manually
for the peaks of interest.
3. Results and discussion

It is important in any scientific study to shed light on
the raw materials that are used in the preparation of food.
Table 1 indicates some properties of fresh sunflower oil,
as well as the oil extracted from french fries, and the
fatty acid composition in both samples. The results
showed that the refractive index (at 40°C), viscosity (at
© 2022 The Authors. Published by Rynnye Lyan Resources
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40°C), red colour at (yellow 35), the free fatty acids
(calculated as oleic acid %) and the peroxide value were
1.4581 and 1.4730, 45.90 and 58.00, 010 and 0.00, 0.21
and 0.02% and 0.75 and 0.50 for both samples,
respectively. The results also show the values of
polymer, polar contents and oxidizing fatty acids for
both samples, which were 0.001 and 0.00%, 3.50 and
2.50% and 0.00 and 0.00%, respectively.
In addition, the fatty acids composition of both oil
samples indicates that the predominant saturated fatty
acid in the oil of both samples was palmitic acid (36.75
and 6.49%), followed by stearic acid (4.17 and 3.45%),
the results also indicate a higher content of two acids in
the oil extracted from french fries than fresh sunflower
oil. In addition, oleic acid was found to be the
predominant unsaturated fatty acid in both samples
(41.92 and 25.79%), followed by linoleic acid (14.02 and
62.10%), respectively.
In the same context, the values of total saturated
fatty acids for oil extracted from the french fries were
higher (42.86%) than that of the sunflower oil (11.35%),
and conversely, the values of the unsaturated fatty acid
content in the sunflower oil were (88.65%) higher than
the oil sample extracted from of french fries (57.14%).
Also, the results in Table 1 indicate that the fresh
sunflower oil sample contains a lower percentage of
eISSN: 2550-2166

trans fatty acids (0.13%) than the oil sample extracted
from french fries (0.64%). The differences in the
characteristics oil sample and oil extracted from french
fries may be due to the difference in both samples, which
the results indicate that the first sample is sunflower oil
and the second sample may be palm oil.
During the process of preparing fried foods in an oily
medium, the moisture content of the food decreases with
increasing time, and conversely, an increase in the oil
content occurs in the fried food. Table 2 indicates that
the moisture content of potato samples at the zero time of
frying at 180±5˚C for 30 hrs was less than that of fresh
potatoes. There has been a gradual decrease in the
moisture content of all samples during the frying process
may be due to the increased frying period, the rate of a
decrease in moisture content of the french fries sample,
and conversely, the rate of reduction in moisture content
fresh sample fried in oil with replacement was similar to
that of fresh sample fried in oil without substitution. The
oil uptake percentage in the same table was 8% at zero
time in french fries and this may be related to the
previous treatment of the french fries one in the factory,
it also had a clear higher percentage throughout the
experiment than fresh potatoes. On the other hand, fried
fresh potatoes using replenishment had the lowest
percentage of oil uptake.
© 2022 The Authors. Published by Rynnye Lyan Resources
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Table 1. Fatty acids composition of sunflower oil and extracted oil from french fries.
Characters and fatty acids
Oil extract from french fries (%)
Sunflower oil (%)
Refractive index (at 40°C)
1.4581
1.4730
Viscosity (CP) (at 40°C)
45.90
58.00
Red color (at yellow 35)
0.1
0.00
Acidity (%) as oleic acids
0.21
0.02
PV (meq. O2/Kg oil)
0.75
0.50
Polymer content (%)
0.001
0.00
Polar content (%)
3.50
2.50
Oxidized fatty acids (%)
0.00
0.00
Fatty acids
C6:0
0.18
0.00
C12:0
0.21
0.00
C14:0
0.90
0.06
C16:0
36.75
6.49
C16:1
0.19
0.10
C17:0
0.09
0.40
C17:1
0.01
0.02
C18:0
4.17
3.45
C18:1
41.92
25.79
C18:2T
0.13
0.64
C18:2
14.02
62.1
C18:3
0.64
0.19
C20:0
0.39
0.26
C20:1
0.23
0.17
C22:0
0.17
0.69
Σ Total saturated fatty acids
42.86
11.35
Σ Total unsaturated fatty acids
57.14
88.65
Σ Total trans fatty acids
0.64
0.13
Σ Total cis fatty acids
99.36
99.87

131

Shaker et al. / Food Research 6 (4) (2022) 128 - 137

FULL PAPER

Table 2. Moisture content and oil uptake of frying french fries, fresh potatoes with frequent replenishment and fresh potatoes
without replenishment.
Treatment

French fries

Replenishment
oil

Without
replenishment
Treatment

Frying time (hrs)
0
5
10
15
20
25
30
0
5
10
15
20
25
30
0
5
10
15
20
25
30

Moisture content (%)
68.93
20.11
21.20
23.20
22.90
20.50
19.60
79.59
29.17
30.56
31.54
30.50
32.60
32.90
79.59
30.65
31.68
33.70
32.90
33.10
31.50

Oil uptake (%)
8.00
13.50
15.60
17.00
17.90
18.98
20.01
0.00
9.90
10.50
10.58
10.94
11.30
11.90
0.00
9.90
11.23
11.90
12.01
13.02
14.09

Table 3. Some physical characteristics of fresh and extracted oils from frying pre-fried frozen potatoes, fresh potatoes with
frequent replenishment and fresh potatoes without replenishment during frying for 30 hrs.
Refractive index
Viscosity (cP)
Red color
Treatment
Frying time (hrs)
(At 25°C)
(at 25°C)
(at yellow 35)
Fresh oil
0
1.4730
58.00
0.0
5
1.4739
61.00
1.6
10
1.4745
64.50
2.3
15
1.4758
70.00
3.86
French fries
20
1.4775
75.00
6.4
25
1.4781
79.00
8.4
30
1.4793
85.00
10.3
5
1.4736
60.00
1.6
10
1.4740
62.00
1.9
15
1.4749
66.00
2.8
Replenishment
oil
20
1.4757
70.50
3.0
25
1.4763
73.50
4.7
30
1.4771
77.50
6.2
5
1.4738
60.00
1.6
10
1.4749
64.00
2.1
15
1.4760
70.00
3.85
Without
replenishment
20
1.4779
75.50
6.5
25
1.4783
79.00
8.5
30
1.4792
84.50
10.1

The results in Table 3 show the effect of the frying
process on some physical characteristics (refractive
index at 40°C, viscosity (cP) and colour as red units at
35 yellow units) of oils used in frying french fries and
fresh potatoes using frequent replenishment or without it.
The values of refractive index, viscosity and colour were
1.4730, 58.00 and 0.00 at zero time of the frying process
at 180±5˚C, for 30 hrs 5 hrs /day, respectively. There
eISSN: 2550-2166

was an increase in the refractive index values of french
fries sample in sunflower oil from 1.4739 to 1.4793 and
there was also an increase in the viscosity of the oil,
where the value increased from 61.00 to 85.00 at the end
of frying (30 hrs). In a related context, there was a clear
change in the colour of the oil (medium) for frying the
french fries sample, which the red colour value increased
from 1.6 to 10.3 at the end of the frying period.
© 2022 The Authors. Published by Rynnye Lyan Resources
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From the previous results, it is clear that the highest
value is recorded in the oil sample as a frying medium
for french fries. While the lowest value was in the
sample of oil used as a medium for frying fresh potatoes
with the replaced oil. Also, the data found that the high
values of refractive index, viscosity and red colour in the
oil sample as a medium for frying re-fried frozen
potatoes may be due to the french fries, which contain an
oil content of about 8%, this oil differs in its properties
from the sunflower oil used as a medium for frying and
was also exposed to heat previously, that may have
affected its properties. Data in this table illustrated that
refractive index, viscosity and colour increased due to
increased frying time in the three experiments. These
changes in the oil with frequent replacement were lower
than in both oils used in french fries and fresh potatoes
without replacement. These variations may be attributed
to the dilution effect caused by the frequent replacement
of fresh oil (Romero et al., 2000).
The effect of the frying process on free fatty acids
(FFA% as oleic acids), peroxide values (PV meq O 2/kg
oil), polymer content (PC%) total polar compounds
(TPC%) and oxidized fatty acids (OFA%) of oils used in
frying process was studied and the results are tabulated
in Table 4. It was found that FFA% increased by
increasing the frying period in all the samples. This
increment was higher in the oils used in frying fresh
potatoes without replenishment and french fries
compared to the oil used in fresh potatoes with
replacements. When food is fried in heated oil, the
moisture changes to steam, which evaporates with a
bubbling action and gradually subsides as the food are
fried. Water, steam, and oxygen initiate the chemical
reactions in the frying of oil and food. Water, a weak
nucleophile, attacks the ester linkage of triacylglycerols
that produce di- and monoacylglycerols, glycerol, and
free fatty acids. The other type of hydrolysis thermal
eISSN: 2550-2166

hydrolysis takes place mainly within the oil phase rather
than the water-oil interface. Free fatty acids are used to
monitor the quality of frying oil (Chung et al., 2004).
Frequent replacement of frying oil with fresh oil slows
down the hydrolysis of frying oil (Romero et al.,1998).
Results in the Table 4 revealed that PV, which was used
as a measurement of the primary products of oxidation,
was sharply increased through the first 5 hrs in different
experiments and continued rising but it was slow in the
oil that was used in frying fresh potatoes that has been
replaced. At the end of the experiment, the rising PV was
not stable and began to decrease. This may be explained
by the breakdown of the ester of triglycerides to produce
carbonyl and aldehydic compounds as a result of
secondary oxidation (Li et al., 2014
Total polar compounds (TPC%) of oils indicate that
the total amount of degradation compounds in frying oils
was also determined and the results are tabulated in
Table 4. Results showed that oil used in the frying
process of french fries had affected the TPC% during the
first 10 hrs when compared with other oils used in the
frying process. However, in general, TPC% in the oil
used in the frying of french fries and fresh potatoes
without replenishment was the greatest if compared to oil
that was used in the case of frying fresh potatoes with the
frequent replenishment.
This trend of increment was also noticed when
monitoring the changes in PC% for oils used in frying
experiments, where sharp increments in PC% occurred
during the first 10 hrs followed by a gradual increase at
the end of the experiment. Also, these changes in PC%
were high pronounced in oils used for frying french fries
and fresh potatoes followed by the oil used in frying
fresh potatoes with replenishment. Polymers are mainly
responsible for the increase in viscosity, refractive index,
specific gravity and contribute to the foaming tendency
of heated oil (Wang et al., 2016). The formation of
dimers and polymers depends on the oil type, frying
temperature, and time of frying. As the amount of frying
and its temperature increases, the amounts of polymers
increase (Cuesta et al., 1993; Takeoka et al., 1997) as
oxidized polymer compounds accelerate the oxidation of
the oil. Polymers accelerate the degradation of the oil,
increases the oil viscosity, reduces heat transfer,
produces foam during deep-fat frying, and develop
undesirable colours in the food. Moreover, the polymer
compounds cause a high oil uptake in foods (Tseng et
al., 1996). The results in the Table 4 revealed that values
of the oxidized fatty acids increased with the increase in
frying time in all treatments, but this increase was high
in the oils that were used in the frying of french fries and
fresh potatoes without replenishment.

© 2022 The Authors. Published by Rynnye Lyan Resources
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The results in Table 3 increment the refractive index
values of the oil for frying fresh potatoes at 180±5˚C for
30 hrs, the increased value in refractive index from
1.4736 at 5 hrs from the beginning of frying to 1.4771 at
the end of the frying period. Also, the viscosity of
sunflower oil (medium of the frying) was increased
gradually during the frying process, with the replacement
oil. In this direction, the red colour value increased in the
oil medium for frying fresh potatoes, with the
replacement of part of the oil. Red colour values
increased from 1.6 to 6.2 at the end of the frying period.
Finally, the obtained results indicate that it is possible to
rely on the properties of refractive index, viscosity and
red colour as an indication of the state of deterioration in
the oil as a frying medium in the experiment in which the
oil was not replaced.
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Table 4. Chemical characteristics of fresh and extracted oils from frying pre-fried frozen potatoes, fresh potatoes with frequent
replenishment and fresh potatoes without replenishment during the frying for 30 hrs.
Oils extracted Frying time
FFA
PV
Polymer
Total Polar
Oxidized fatty
from
(hr)
(% as oleic acids) (meq O2/Kg oil)
contents (%)
Compounds (%)
acid (%)
Fresh oil
0
0.02
0.50
0.00
2.50
0.00
5
0.35
3.80
0.185
6.34
0.39
10
0.80
6.90
0.60
11.51
0.85
15
0.96
10.60
1.01
16.54
1.29
French fries
20
1.50
17.60
1.24
23.23
1.90
25
2.10
24.75
2.99
27.02
3.10
30
3.30
20.15
5.90
31.01
4.20
5
0.34
4.05
0.25
5.50
0.40
10
0.45
4.90
0.43
8.50
0.70
15
0.59
6.70
0.75
13.60
0.91
Replenishment
oil
20
0.90
8.60
0.95
19.01
1.05
25
1.68
10.20
1.30
25.03
1.80
30
2.41
13.80
1.95
28.50
2.01
5
0.36
4.10
0.24
5.60
0.41
10
0.89
7.10
0.59
10.90
0.79
Without
15
1.50
10.36
0.99
17.01
1.10
replenishment
20
2.13
18.34
1.25
25.10
1.70
oil
25
3.50
25.20
2.80
29.37
2.90
30
4.66
23.20
5.50
32.40
4.50

3.1 Determination of cyclic fatty acids by NMR
NMR was used to determine the contents of different
substances in complex mixtures, whereby quantitative 1H
NMR spectroscopy was also useful. NMR spectroscopy
provides high selectivity and absolute quantification of
specific compounds in a mixture using an internal
standard (IS) reference material. The magnitude of the
NMR peak is directly proportional to the number of
nuclei and the molar concentration of the sample. Based
on this intensity relationship, the concentration of the
analyte can be measured by quantitative 1H NMR using
the ratio between the integral value of the sample’s
specific chemical shift and that of the IS (Ohtsuki et al.,
2012; Ohtsuki et al., 2013). The oxidation of edible oils
and fats is a matter of major concern not only from the
technological and economic point of view but also for
safety reasons, due to the undesirable properties of some
compounds produced in this process (Guillen and Ruiz
2001). In this experiment, NMR spectroscopy is a
powerful
technique
able
to
investigate
the
thermodynamic properties of complex systems such as
aldehydes, ketones, peroxides and hydrated proteins
(Mallamace et al., 2015), cellulose (Corsaro et al., 2013),
colloids (Mallamace et al., 2015) Furthermore, the NMR
technique usually considered the recognized analytical
technique as well as Gas Chromatography and Mass
Spectrometry (Gallo et al., 2015). NMR experiments was
performed by using a 500 MHz Joel.
Figure 1, Figure 2 and Figure 3 display the NMR
results of added fresh oil, french fries and without added
fresh oil, respectively in the frying process.
eISSN: 2550-2166

From the charts, two types of signals, first type find
9 signals at: 0.9 ppm for CH3 Methyl proton at the end
of all acyl chains, (CH2). Methylene of acyl chains at 1.3
ppm, (CH2-CH2-CO) protons of acyl at 1.6 ppm, (CH2CH=CH) Allylic methylene’s at 2 ppm, CH2-CO protons
of acyl moieties at 2.3 ppm, (=CH2-CH2-CH2=) Bisallylic methylene’s at 2.8 ppm, CH2-OCOR the
methylene’s (α) of glycerol unit at 4.1 ppm, CH2-OCOR.
The methylene’s (α’) of glycerol unit at 4.3 ppm, CHOCOR the methine (β) of glycerol unit at 5.3 ppm and
CH=CH for the olefinic protons of all unsaturated fatty
acids at 5.4 ppm. All these signals are found in all charts
of sunflower oil NMR and it is considered a sunflower
oil fingerprint.
From the results in Figure 1, in which 3 samples
were analysed at different times: the first sample (5h)
after 5 hrs of frying process: the second sample (15h)
after 15 hrs of frying process and the third sample (25h)
after 25 hrs of frying process; first sample (5h) added
fresh oil throughout the frying process, in the second
sample (15h) french fries without adding any fresh
sunflower oil throughout frying process, in the third
sample (25h) used fresh potatoes without adding any
fresh sunflower oil throughout the frying process. Notice
in Figure 1 the signal of the aldehydic group increased as
follows, aldehydic signals in sample 3 (25h) were more
than in sample 2 (15h) and more than in sample 1 (5 h),
because the degradation of sunflower oil through
different frying process increases, and produces more
aldehydes as illustrated (Sacchi et al., 1996; Owen et al.
2000; Esbensen et al., 2002).
© 2022 The Authors. Published by Rynnye Lyan Resources
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Figure 1. Assignment and description of the principal proton
NMR signals with added fresh oil (5h, 15h and 25h).

Figure 2. Assignment and description of the principal proton
NMR signals with french fries (5h, 15h and 25h).

degradation of sunflower oil through different frying
process increased, and produces more aldehydes as
illustrated in the previous sample (a) (Sacchi et al., 1996;
Owen et al., 2000; Esbensen et al., 2002).
Finally, the pattern in Figure 3 in sample 1 (5h),
sample 2 (15h) and sample 3 (25h) is shown when frying
the sunflower oil for 5 hrs,15 hrs and 25 hrs using fresh
potatoes without adding any fresh sunflower oil
throughout the frying process, displays signals of an
increased of aldehydic group where signals in sample 1
(5h) are less than in sample 2 (15h) and less than sample
3 (25h), because the degradation of sunflower oil
through different frying process increases, and produce
more aldehydes as illustrate in the previous discussion
(Sacchi et al., 1996; Owen et al., 2000; Esbensen et al.,
2002).

Figure 3. Assignment and description of the principal proton
NMR signals without added fresh oil (5h, 15h and 25h).

The pattern in Figure 2 in sample 1 (5h), sample 2
(15h) and sample 3 (25 h) frying the sunflower oil for 5
hrs, 15 hrs and 30 hrs with french fries without adding
any fresh sunflower oil throughout the frying process,
notice the signal of aldehydic group increases as the
aldehydic signals in sample 1 (5h) are less than in sample
2 (15h), and less than in sample 3 (25h), because the
eISSN: 2550-2166

From the above discussion, in the three experiments,
it can be noticed that in the first sample (at 5 hrs) there
was no appearance of an aldehydic group because the
degradation did not start, in the second sample (15 hrs),
notice the appearance of the aldehydic group due to the
increase in degradation, finally at last sample at (25 hrs)
the intensity of aldehydic increases drastically due to the
increase of degradation by frying. Furthermore, by
comparison, in the last sample (25h, 25h and 25h) in the
three samples (Figures, 1, 2, and 3), it was noticeable
that the intensity of the aldehydic group was more than
in the non-added fresh oil frying process in the sample
(3) than pre-fried frozen in the sample (2) and added
fresh oil in sample (1).
© 2022 The Authors. Published by Rynnye Lyan Resources
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In the same context, while frying the appearance of
fatty acids containing a cyclopropene unit within the
chain, the protons of the ring methylene were observed
as a singlet at 0.73-0.75 ppm (Gosalbo et al., 1993;
Hartmann et al., 1994). The signal at 1.57 ppm was
caused by the protons of the methylene moieties β to the
cyclopropene ring as well as those of C3 (Gosalbo et al.,
1993) or these signals were contained in the strong
methylene peak (Hartmann et al., 1994). The signal at
2.37 ppm was attributed to the four protons of the
methylene moieties adjacent to the carbons carrying the
cyclopropene ring (Gosalbo et al., 1993) or a peak at
2.37 ppm caused by the protons at C2 and that α to the
cyclopropene ring.
4. Conclusion
The cyclic fatty acids are formed during the frying
process. It is possible by using the Nuclear Magnetic
Resonance (NMR) apparatus was possible to identify the
cyclic fatty acids in the frying oils. The results also
concluded that the process of replacing a percentage of
the oil used in the frying process increases the oil's
survival in good condition. This was demonstrated by
estimating some of the natural and chemical properties of
fresh oil during different stages of the frying process.
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