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ABSTRACT

The objective of this study was to investigate quality and safety of deep-fried oils collected
from two types of locally restaurants; fast food and family style at four times. The results
included physiochemical properties of sunflower oil used for deep-frying and their biological
consequences. The results showed that the highest viscosity, refractive index (RI1), and peroxide
value (PV) were 63 cP, 1.4892, and 11.3 mEg/kg respectively, while the lowest smoking point
220 °C was observed in the fried-oil family restaurant. Furthermore, the highest acid value (AV)
0.969/100g was found in fried-oil for fast food restaurant. The level of linoleic fatty acids was
56.14 mg/100 mg oil in the un-heated sunflower oil decrease to 53.33 and 52.55 mg/100 mg in
the fast food oil and to family restaurant oil respectively. Blood serum of rats fed with diet
containing oxidized oil, from family and fast food restaurants compared with un-heated oil-fed
group. The biochemical parameters analyzed indicated higher levels (P<0.05) of plasma Total
cholesterol(TC) 96.16 mg/dl were observed in fast food fried-oil fed group of rats compared to
corresponding family restaurant oil groups 89.72 mg/100ml. Significantly low levels (P<0.05) of
Triglyceride(TG) 59.72 mg/100ml, High Density Lipoprotein Cholesterol (HDL-c) 17.92
mg@/100ml and raised Low Density Lipoprotein Cholesterol (LDL-c) 61.47 mg/100ml were noted
in family restaurant fried-oil groups. Serum Malondialdehyde(MDA) level was 4.33 nmol/ml in
the family restaurant group compared to the 3.77nmol/ml in the fast food oil group, Although
increment of liver enzymes; alkaline phosphatase (ALP), Alanine transaminase (ALT), Aspartate
transaminase(AST) when compared with rats fed unheated oils.
Keywords: Deep frying, Finger Chips, Sunflower oil, Nutritional
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INTRODUCTION

Deep-frying is an extensively utilized
cooking method in food production either at
home or in restaurants and food production
due to its low price and high request, since it
yields appropriate food of high suitability.
Its popularity is associated to the simple and
food preparation speed and sensory
properties, for instance special taste and
flavor (34). The procedure is based on the
dipping food in oils or fats at elevated
temperatures, relying upon the fresh
materials, in that way leading to alterations
of physical and chemical (35). Alterations in
food and oil rely on the food properties, kind
of the oil and state method, which cooks and
dehydrates the food, throughout frying
procedure the chemical reactions that
happen in oil are not only include thermal
and auto-oxidations, they are more
complicated (12). The oil is in connect with
the air and food at elevated temperature and
this provide an increase to the oxidative
occurrence, hydrolytic and thermal changes
in the oil throughout deep frying process.
These coincident complex reactions reason
the creation of some complexes which
alteration the oil quality (46). Additionally,
potentially poisonous compounds advanced
in the oxidized oil (17). Therefore, the oil
frying quality is a major significance
because of those compounds absorption into
the food throughout frying, thus influencing
the final products quality (36). Totally these
lead fried food relies on the frying oil quality
since the majority of the compounds,
harmful to health, produced in the oil
throughout  frying process has been
presented to be absorbed via the food (49).
The by-product’s production for example
polar compounds, dimeric and polymeric
(26), substances which can be detrimental to
health (20). The major constituents of a diet
are oils whose suitable usage can be useful
in stopping specific diseases. Several
compounds formed during the deterioration
procedures activated via frying are probable
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human carcinogens. Instances of such
complexes involve polycyclic aromatic
hydrocarbons, acrylamide, and alkyl furans
(48).

Various toxic compounds generated in the
heated oil that may cause the deleterious
influences noticed when ingested via rats
throughout deep fat frying like acrylamide,
Polymers, Cyclic fatty acid monomers are
potentially toxic. (40, 21 and 12). Even
though prior investigations have
concentrated on  serum  biochemical
indicators, however less attention has been
paid to the influences of fats utilized for
frying foodstuffs under restaurant conditions
on the some metabolic enzymes’ activity in
rat liver. The relationship between diet and
plasma lipid concentration and
atherosclerosis have been well documented
and studied (43). Atherosclerotic lesions in
men and in animals show to be associated to
raised plasma TG, LDL-c, HDL-c and
excess fat eating (29).

One of the most common has popular is
frying finger potato chips, which frying food
potato chips alterations the potato color into
golden-yellow and improve flavor and
aroma as well as crisply texture is frying
finger potato chips. The common oils
utilized in Kurdistan region- lraq are
sunflower and corn. Though most vegetable
oils are high in unsaturated fatty acid, they
are prone to thermo oxidative alteration and
much quicker than in oils including high
quantity of monounsaturated and saturated
fatty acids (13). Extended and repeated
heating causes many physical and chemical
alterations in oil that consequences in
serious biological injures on consumption,
may have detrimental impact on blood
pressure, serum glucose and lipids,
inflammatory and oxidative stress markers,
and liver histology (22).

The objective of this study was to evaluate
the influence of deep-fat frying conditions
on the physiochemical properties of oil
during finger chips fries preparation from
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family and fast food restaurants in Erbil city,
and investigating the effects of frying oils
used in these restaurants on oxidative stress
markers in rats.

MATERIAIS AND METHODS

A total 45 of oil samples were collected and
analyzed daily, from the Control(un-heated
sunflower), fast food and family style
restaurants in  Erbil city-lrag. Both
restaurants used the same brand of sunflower
oils and fryer type (design). As well as,
same working hours, 16 pm to 23pm, with 2
hours in between sampling and heating
185+5°C. Five replicates were taken in five
days ( Sunday to Thursday). The samples
were then placed in sanitized and
unbreakable glass containers. Sampling
containers did not change chemically or
affected by oil samples. The samples were
then transferred to the approved laboratory
of the province’s health center as quickly as
possible and under the temperatures of 5°C—
15°C for further analysis.

Physicochemical analysis of oil:

Brookfield viscometer (Brook Field, DV-E
Viscometer) was used to measure the
viscosity of oil samples at 25 °C according
to the method described by (41). Refractive
index was determined using a digital
refractor meter (RFM330) at 25 °C
according to AOAC official method
N0.921.58 (4). Smoke point was identified
according to AOCS official method No. Ca
ga-48 (5). The acid value and the percentage
of fatty acid was expressed as following,
acid value (mg KOH/g oil) = FFA*1.99 (4).
Peroxide value (PV) was also measured
according to AOAC method No. 965.33 (4).
The fatty acid composition was assessed at
the USKIM-Kahramanmras sutcu Imam
University/Turkey, using gas
chromatography (GC) and using the fatty
acid methyl ester (FAME) following AOAC
Official method NO.969.33 (4). P-Anisidine
value (P-AV) of oil sample was analyzed
according to the AOCS Official Method Cd
18-90 (6).
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Animal experimental design

A total of eighteen male albino rats were
employed in the investigation. All rats were
male Albino rats, 6-8 weeks of age,
weighing between 130-150 grams at the time
was started. Animals were bred and housed
in the animal house of Agricultural
Engineering Sciences College, Salahaddin
University-Erbil. The rats were divided into
3 equal groups, group | were fed fresh
sunflower oil, group Il received fast food
fried sunflower oil, and group Il was fed
family style sunflower oil and garlic.
Climate  regulated  conditions  were
maintained and temperature was set as (22 +
2 °C). Regular 12-hours daily cycles were
kept utilizing an automated light-switching
devise The rats distributed into three groups,
first one of received standard rat chow
including 0.5% NaCl, 10% dietary fat (un
heated sunflower oil) and 22% protein
(25and 30), and tap water ad libitum. The
second group also received standard rat
chow but substitute fresh sunflower oil with
10% of fried sunflower oils obtained from
fast food restaurant, and third group
substitute with 10% of fried sunflower oils
obtained from family style restaurant. The
animals were fed for Six weeks. After six
weeks, blood sample was immediately
obtained from every animal of the untreated
(control), treated groups, in clean centrifuge
tubes, and centrifuged at 3000 rpm for 20
minutes. Serum stored at -20°C until utilized
for biochemical tests.

Serum biochemical analyses

The biochemical parameters which included
serum lipid profiles; TC, TG, LDL-c and
HDL-c were determined on the sera
specimen by using the Cobas diagnostic kit
with fully automated chemical analyzer
(Cobas C 311) (27). The level of MDA in
blood serum was measured by the
spectrophotometric method (47)

Biochemical analysis of liver functions

Serum Aspartate Transaminase (AST), and
Alanine Transaminase (ALT) activities were
determined spectrophotometrially,

ISSN 2072-3875



Euphrates Journal of Agriculture Science-13 (1): 21-31 , (2021) Rasul
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biochemistry analyzer. Alkaline a
phosphatase (ALP) activity was determined 260.00 b bc
. . D bcd cd bcd
according to the method described by S o d
Belfield and Goldberg (11). g 50.00 f II II I I
Statistical analysis: 40.00 |
Control 16pm 18pm 20pm 22pm

Statistical analysis was conducted using the
property program SAS software (42), to
analysis data by the experiment of the
factorial in a completely randomized design.
The means were compared using Duncan’s
multiple range tests at (P < 0.05).

RESUITS AND DISCUSSION

The deep-frying effect at two various
restaurants on the  sunflower oil
physiochemical characteristics was
analyzed, where it is finger potato chips
frying throughout 8 hours was investigated,
were results compared to those samples
heating the oils from restaurants and un-
heated oil (Control) every two hours. Deep-
fat frying is a complex physicochemical
proceedings  which  is  concurrently
influenced with several factors for example
time, temperature, frying oil and fried
substance character, stable or periodic
heating, fryer model, filters application and
supplement of oil (15 and 30).

The results that the viscosity of the oil used
in the fast food restaurant increased
significantly (P<0.05) in the first two hours,
then the changes in viscosity values are not
significant (P<0.05) because Replenishing
the frying oils with fresh ones increased the
viscosity but they were still  (Figure 1),
while compared to the oil in the family
restaurant, where the increase was
significant even to a higher value at the end
or the passage of eight hours.
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& Family Restaurant  ® Fast Food Restaurant

Figure 1. Change in viscosity in sunflower
oil samples during four-time frying
185+5°C from Family and fast food
restaurants.

* Means with the same letter for each line
are not significantly different at P<0.05.

This can be because fried potato fingers
quantity in fast food restaurants more than
family restaurants; subsequently the rise in
absorbed oil and the adding of fresh oil to
supersede the oil soak up via the potato
fingers. Although, removal of the moisture
inevitably leads to a substantial oil uptake
which quantities to about 35% of the chip
mass (1).

Data also showed that the refractive index of
the oils increased with that of sunflower oil
going from the initial 1.4881 to 1.4889 and
1.4891 on frying of the final potato chips
from family and fast food restaurants
respectively (Figure 2). There is a significant
difference (P<0.05) in the mean values of RI
of sunflower oil throughout frying process;
therefore, continuous rise in the Refractive
index (RI) of the oil due to repeated frying
batches indicates that deep-frying rises
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Figure 2. Change in Refractive Index in
sunflower oil samples during four-time
frying 185+5°C from Family and fast food
restaurants.
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rancidity of the oil. Greater the refractive
index higher is the chances of spoilage
because of oxidation. Rl is a fundamental
value that associates with the molecular
weight, fatty acid, chain length of fatty
acids, unsaturation degree and, conjugation
degree, which increase in the refractive
Index of the oil due to repeated frying
batches, indicates that deep frying increases
rancidity of the oil. (8 and 23).

* Means with the same letter for each line
are not significantly different at P<0.05.

Photo color index (PCI) act as an indicator
to measure the oil degradation by assessment
of the color indicator of the oil (Fig. 3).
Maximum values of PCI were noticed in
sunflower oil deep-frying with values of 3.8
and 3.7 from family and fast food restaurant
respectively after 8 hours of frying. This is
ascribed to differential oxidation of oils
throughout frying process and accumulation
of non-volatile disintegrated compounds for
example oxidized triacylglycerol’s and FFA
(38). The deep-frying investigations
majority presented color darkening of oil
was positively correlated with time of frying
and frying temperatures, but they did not
indicate how the oxidation products
influence on color alterations throughout
deep-frying operation (2). However, an
increase from 0.3 to 3.3 at 16 pm in the color
value of the oil used in the fast food
restaurant was seen in the first two hours,
(figure 3). It may be due to the increase in
frying potato fingers quantitatively and thus
the rise in deterioration as well as the
absorption of oil and the amount of frying
oil reduces as it is replaced by un-heated oil
after this period in order to continue frying.
the fresh oil replenishment process is
diluting chemical compounds in the frying
oil and most adsorbents have a bleaching
effect, and improved the color of the oil,
especially at high levels of fresh oil
replenishment(28).
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Figure 3. PCl measurements of oil
samples collected during four-time
frying185+5°C. from fast food and
family restaurants

* Means with the same letter for each line
are not significantly different at P<0.05
collapse disintegrate.

Smoke point is defined as the temperature at
which oil starts to smoke constantly and can
be seen like bluish smoke (7). It is a sign of
the fat chemical decomposition to glycerol
and free fatty acids (2). A decrease in the
smoke point values was seen after both
frying in both restaurants. This decrease is
constant with the rise in fatty acid value
(Figure. 4).
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Figure 4. Smoke Point measurements of
oil samples collected during four-time
frying 185+5°C from fast food and family
restaurants

* Means with the same letter for each line
are not significantly different at P<0.05.

The alteration in their smoke point was
significant reduce (P < 0.05) throughout
frying operating, starting from 248 °C to
lowest 221 °C at 22 pm. However, an
increase in smoke point was seen in fast
food restaurant from 222.33 °C at 20 pm
and then raised 226.67 °C. This increase
may be due to the replenish fried oil with
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un-heated oil. This is also consistent with
alterations in FFA percentage for each oil.
The results also showed highest acid value
(AV) (0.95 mg KOHY/qg) for the fried oil in
fast food restaurant at 22 pm (Fig. 5). Higher
of acid value is recorded in fried oil samples
with higher level of FFA, which indicates
reduced oil quality (9). When the greatest
increase occurred in certain periods first two
hours from fast food restaurants fried oil.
This is a sign of the exposure of oil’s to
deterioration factors, though free fatty acids
are vyielded throughout triacylglycerol
hydrolysis and as decay resultants from
oxidized triacylglycerol’s. The principal
chemical reactions occurred throughout
process of deep fat frying are hydrolysis (16
and 46), further hydroperoxides
disintegration is one of the most essential
signs of frying oil decay.

As shown in Figure 5, the oil’s AV before
frying process was 0.2 mg/g, there was
significant difference in the amount of AV
between the two oil samples at the end time,
suggesting degree of hydrolysis as well as
amount of finger potato fried.
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Figure 5. Acid value measurements of oil
samples collected during four-time of
frying185+5°C from fast food and family
restaurants.

* Means with the same letter for each line
are not significantly different at P<0.05.
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The alteration in peroxide value (PV) (mEq
/kg of sample) of the oil is presented in
Figure 6. The PV of the fried oils fast food
and family restaurants respectively (10 and
12.2 mEq/kg) were significantly greater (P <
0.05) than un-heated (2 mEqg/kg). However,
significantly increase (P<0.05) in the PV at
the beginning of the frying process was fast
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from both restaurants, and then rise in PV is
non-significant (P<0.05) particularly from
fast food frying oil.

Additionally, to adding oil as an alternative
of absorbed oil by the of potato fingers
during frying resulted in the decrease in PV
throughout frying. Also addition of the un-
used oil lead to increase moisture content of
fried oil that can have a positive impact on
the production of a steam-blanket over the
oil surface, thereby decreasing connection
with air as well as aiding to volatilize and
eliminate peroxides, flavors, and odors
which would otherwise collect in the frying
oil (44). Considering all the repoints, food
investigators (45) have concluded that the
PV is not a good indicator for the oxidation
determine because hydroperoxides are
unsteady under frying circumstances. The
peroxide detection provides the initial
evidence indication of rancidity in
unsaturated fatty acids in both fats and oils.
Other procedures are existing, but the most
broadly utilized is PV. It determines the
extent to which an oil sample has undergone
initial oxidation, the secondary oxidation
extent may be measured from the p-
Anisidine value examine (14 and 48).
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Figure 6. Peroxide value measurements of
oil samples collected during four-time
frying185+5°C from fast food and family
restaurants.

* Means with the same letter for each line
are not significantly different at P<0.05.

The p-Anisidine value (p-AV) in oil of
sunflower utilized at 16 pm to 22 pm frying
process raised from 1.7 to 20 and 27 in fresh
oils to in oils of fast food and family finger
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potato fries respectively. According to the
literature, the p-AV must be less than 10 for
good quality of oil (32).
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Control 16pm 18pm 20pm 22pm
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@ Family Restaurant mFast Food Restaurant @ Control
Figure 7. P-Anisidine Value
measurements of oil samples collected
during four-time frying185+5°C from fast
food and family restaurants.

* Means with the same letter for each line
are not significantly different at P<0.05.

A rapid increase of p-AV in family
restaurants oil was seen, but its severity was
decreased in the final of frying period (Fig.
7). Though, the p-AV assesses the oxidation
secondary products, involving non-volatile

this parameter, indicative of that oil sensitivity
to thermo oxidation inside deep-fat frying

process

(18).

carbonyl compounds produced from
hydroperoxides, so as (2), stated that the
carbonyl compounds degradation and the
absorption of these composites by fried
product reasons decrease the severity of p-
anisidine value growth of oil throughout
deep-fat frying process.

Table 1. illustrates the main fatty acid
isomeric constitution of the sunflower oil.
The oil samples fatty acid constitution had a
significant difference (P < 0.05) before and
after deep-fat frying operation. At the final
stages of frying process, the decrease in the
relative percentage of oleic acid C18:1 was
32.33%, 32.87% and 33.33% for control
sample, family and fast food restaurants,
respectively. Throughout the identical frying
course, nonetheless the proportion of linoleic
acid was 56.14% in fresh sunflower oil
decreased to 52.55 and 53.33%, in family
and fast food restaurant oils, respectively.
However, there was significant difference
for

Table (1) Changes in fatty acids’ composition (%) of sunflower oils after frying185+5°C of
French fries chips.

Fatty Acids Contr Family Restaurant oil Fast Food oil

ol 16pm | 18pm | 20pm | 2pm 16pm | 18pm | 20pm 22pm
Caprylic  C-8:0 0.02d | 0.04c | 0.04c [0.06b [0.08a [ 0.04c | 0.06b | 0.05bc 0.03c
Myristic  C-14:0 | 0.06bc | 0.08ab | 0.08ab [ 0.09a [ 0.09a [ 0.07b | 0.04c | 0.07 b 0.07b
Palmitic C-16:0 | 5.83a |573b | 5.68b |559b [563b [573b |[5.96a |[5.91a 5.93a
Palmitoleic C-16:1 | 0.15a | 0.12a | 0.12a | 0.10a [ 0.10b [ 0.19a | 0.27a | 0.11la 0.16a
Stearic  C-180 [4.08d |4.49c |466c¢c |4.79a | 48% |4.88b |501b |4.21b 5.03b
Oleic C-18:1 | 32.33e | 32.6d | 32.71d | 32.85c | 32.87c [ 33.00b | 33.03b | 32.41e 33.33a
Linoleic C-18:2 | 56.14a | 54.9b [ 54.02c | 53.88c | 52.55e | 53.83c | 53.17d | 54.12cd | 53.33d
Linolenic C-18:3 | 0.05a [ 0.03b [ 0.01b [ 0.01b | 0.03b | 0.01b | 0.00b | 0.03b 0.01b
Arachidic C-20:0 0.21c | 0.19c | 0.20bc | 0.20bc | 0.22b [ 0.33a [ 0.26b [ 0.26b 0.30a
Behenic C-22:0 |0.8la [0.79a [0.77a [ 0.73b | 0.72b | 0.62b | 0.58b | 0.62b 0.63b
Lignoceric C-24:0 | 0.31b | 0.32b | 0.32b [0.34b [0.33b | 0.32b | 0.23d | 0.37a 0.39%

* Means with the same letter for each line
are not significantly different at P<0. 05
After frying oil, fatty acid of linoleic
reduced, whereas oleic acid increased (40).
The level of stearic and reduced throughout
frying process in both fast food and family
restaurants. Other fatty acids likewise
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displayed a significant linear tendency to
rise (Lignoceric) or to reduce (Behenic).

In view of this, a rat experiment with
careful diet handling and special feeding
methods was conducted to study their
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influences on feed competence and fat
consumption. They were

collected from both fast food and family
kind restaurants through a controlled
commercial- kind deep-frying operation
typical of the industry. The influence of fried
oil on liver function enzymes was assessed.
Significant difference (P <0.05) among
fresh, family and fast food groups was seen
on liver function.

Table 2. Both fresh and fried oils
comparable in their influence upon serum
cholesterol and peroxidation of lipid. It
seems that long term feeding with both fresh
and fried did have an influence upon serum
lipid profile. However, it that extended
heating rises LDL-c level. Highest
increase LDL-c levels 61.47 mg/100ml,

lower HDL-c levels 17.92 mg/100ml In the
serum of rats fed on a diet containing family
restaurant oil, While research has largely
indicated that increase LDL-c level has a
negative effect on the body, which increases

a person's risk for coronary heart
disease, peripheral vascular and
cerebrovascular disease (3). In our study

found rats serum MAD was significantly
increased in groups fed with heated
sunflower oil used from family restaurant
and fast food restaurant group 4.33 pumol/L
and 3.77 pmol/L than group fed with
unheated oil ( Control) 3.00 umol/L, as
well as MDA is one of the end products
of lipid peroxidation that is indicate for
cell damage (10).

Table (2) Serum lipid profile, Malondialdyhyd and Liver enzymes of rats in the
experimental groups after six weeks, feeding with fried oil sunflower.

Biochemical Control Family Fast Food
Restaurant
parameters Group G Restaurant Group
roup

Triglycerides 71.21a 59.72 ¢ 63.10 b
Total Cholesterol 85.79 ¢ 89.72b 96.16 a
HDL-Cholesterol 3141a 17.92 ¢ 20.22 b
LDL-Cholesterol 4402 c 61.47 a 58.92 b
Malondialdyhyd 3.00c 4.33a 3.77hb
AST 75.60 ¢ 121.17 a 98.90 b
ALT 2292 ¢ 51.00 a 44.15b
ALP 62.00 c 111.00 a 96.00 b

* Means with the same letter for each line

are not significantly different at P<0.05.
Abbreviations: HDL-c, high-density
lipoprotein cholesterol; LDL-c; low-density
lipoprotein cholesterol; TC, total cholesterol;
TG, triglycerides;. ALT= alanine
Liver enzymes such as, ALP and AST were
significantly increased (p<0.05) in fried oils
fed rats compared to control (Table 2).
Group Feeding heated Family restaurant oil
led to significant(p < 0.05) higher levels of
AST, ALT and ALP was 121.17 IU /L,
51.00 1U /L , 111.00 IU /L respectively in
comparison to un-heated oil fed group was
75.60 1U /L , 22.92 IU /L, 62.00 IU /L
respectively . as well as level of this liver
Enzymes in serum group feeding heated fast
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aminotransferase, AST = aspartate
aminotransferase, ALP = alkaline
phosphatase.

food restaurant oil lower than group feeding
heated family restaurant oil, the reason may
also be due to the increase in the amount of
fried potatoes in fast food restaurants, in
return, increase absorbing the heated and
degraded oil, Subsequently reducing the
accumulation of oxidants compounds in the
oil during the deep frying process and
replacing it with fresh oil. Improved plasma
ALT and AST levels are indicative of liver
injury (37). Plasma ALP is an allergic
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detector for intrahepatic and extra hepatic
bile barrier (19). It is known that nutritional
fat sources strongly affect some biochemical
changeable both in biological membranes
and in plasma (39 and 33), utilization fried
oils diets reasons a major rise of biochemical
pointers of liver injury

CONCLUSION

In conclusion, fried oil
physiochemical properties and biological
impact in both fast food and family style
restaurant in deteriorating with frying time.
In this investigation, we assessed some
physicochemical and nutritional properties
such as viscosity, PCI, RI, smoke point, AV,
PV, p-AV, fatty acids composition, TG,
HDL and TC/HDL, throughout frying of
finger chips in both family and fast food
restaurants in Erbil city. The results showed
that higher physicochemical changes occur
in fast food restaurant in comparison to
family restaurant in the first hours of deep-
frying of oil. However, in the last hours, the
results deterioration of the oil used in frying
was more obvious in the family restaurant
frying oil. Which feeding fried-oil with un-
used oil during frying can compromise the
deteriorated physiochemical and biological
properties of the fried oil; extended heating
of sunflower oil raises level of LDL-c and
MDA. Fried oils diets consumption reasons
a major rise of biochemical pointers of liver
injury, that whether Feeding led to
substantial greater AST, ALP and LDH
proportions in compared to un-heated oils.
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