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1 | INTRODUCTION

| Manochehr Bahmaei®

Abstract

This cross-sectional study attempts to determine the rancidity and quality of dis-
carded oils in fast food restaurants. Samples of the discarded frying oils were col-
lected randomly from 50 fast food restaurants in Tehran, Iran. Their physicochemical
properties were assessed and compared to the standard values. The means (+SD) of
the physicochemical indicators of the rancidity in the discarded oils were as follows:
peroxide value, 3.06 (0.51) (mEq/kg); free fatty acids content, 1.52 (2.26) (%); p-ani-
sidine value, 57.63 (4.02) (mEqg/kg); total oxidation value, 64.53 (4.15); total polar
compounds (TPC), 20.19 (1.02) (%); viscosity, 107.87 (2.35) (cp); and red color, 9.64
(0.84). Positive correlations were found between the TPC, viscosity, and red color
(p < 0.01) of the oil samples. The majority of discarded oil from fast food restaurants
were overdegraded containing hazardous secondary oxidative products, and also,
the consumption of nonstandard frying oil has increased in fast food restaurants.
Policymakers should develop guidelines to determine whether and when frying oils
should be discarded and consider the consumption of overdegraded oils as a public
health hazard.
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flavors, and odors. In Iran, like many developing countries, there has

been a steady increase in the consumption of fried foods because

Frying is one of the most common methods used for preparation
of foods throughout the world. Fast food is termed as a food ob-
tained from restaurants and other catering establishments, where
the aim is to provide a fast service and rapid customer turnover at
reasonable prices. Fast foods include burgers, pizzas, sandwiches,
and French fries (Sebastian, Ghazani, & Marangoni, 2014). They are
easily served and prepared by energy-efficient cooking methods and

increase palatability due to fat absorption, crust formation, pleasant

of the high demand for such foods as a result of changing lifestyle,
growth in the number of working women, and rapid expansion of fast
food centers (Bahadoran, Mirmiran, Golzarand, Hosseini-Esfahani, &
Azizi, 2012; "Statistical Center of Iran, Household Expenditure and
Income Statistics, 2016: www.amar.org.ir").

The physical and chemical properties of edible oil influence the
degree of oxidation and hydrolysis reactions, which occur during fry-

ing. It is known that the frying oils used continuously or repeatedly
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at high temperatures in the presence of oxygen and water are sub-
ject to thermal oxidation, polymerization, and hydrolysis, and the
resultant decomposition products can adversely affect the flavor
and color of the foods. Their stability depends on the composition
of fatty acids and natural antioxidants, as well as the frying tempera-
ture (Crosa et al., 2014).

During the frying process, different by-products including alco-
hols, cyclic compounds, polymers, dimers, and free fatty acids are
produced as a result of oxidation and hydrolysis reactions, which
have adverse impacts on human health (Chen, Chiu, Cheng, Hsu, &
Kuo, 2013). Also, they play important roles in the flavor, texture, and
aroma acceptability of the fried products (Li, Ngadi, & Oluka, 2008).
Due to the relatively high temperature of frying (150-180°C) and
repeated heating, various undesired chemical reactions such as fis-
sion, hydrolysis, oxidation, polymerization, and pyrolysis occur very
rapidly in triacylglycerol (Aladedunye, 2015; Zhang, Saleh, Chen, &
Shen, 2012). These reactions result in other transformations in the
physicochemical properties of the frying oil including its appearance
(color, smell, foaming, viscosity, and density) and nutritional charac-
teristics (increase in trans fatty acid [TFA] content, polar materials,
and polymeric compounds and decrease in unsaturated fatty acid
[USFA] compounds; Al-Harbi & Al-Kahtani, 1993). Consequently,
various by-products, such as esters, aldehydes, ketones, and per-
oxides that can be absorbed by the foods, are produced (Saguy &
Dana, 2003). Peroxide is the first compound that is produced after
oxidation of fats and oils. It can have negative impacts on human
health and may contribute to different diseases such as cardiovas-
cular diseases (CVDs), cancers, allergies, and obesity (Pizzino et al.,
2017). During deep frying, different reactions occur depending on
the factors such as replenishment of fresh oil, frying condition, and
the original quality of the frying oil. Oil storage and cooking con-
ditions can also produce a variety of materials due to oil oxidation
and polymerization and thus contribute in the incidence of noncom-
municable diseases (NCDs; Mozaffarian, Katan, Ascherio, Stampfer,
& Willett, 2006; Oyagbemi, Azeez, & Saba, 2009). Also, some in-
vestigations about the negative effect of TFAs and SFAs on health,
especially on coronary heart diseases (CHDs), have been conducted
(Oomen et al., 2001).

Two irreversible processes including hydrolytic and oxidative
rancidity determine the chemical stability of the frying oil, which af-
fect the oil turnover during the frying process. Therefore, the quality
of utilized frying oils and the factors that can influence their heat
resistance are also important in order to monitor the quality of fried
foods in fast food restaurants (Sebastian et al., 2014).

Various criteria are being used to judge when the frying oils
need to be discarded. In restaurants and food services, changes in
the physical properties of frying oils are considered as an indicator
of oil quality. For instance, the frying oil may be discarded when it
becomes dark, causes too much smoke, produces strong odor and
greased texture, or when a persistent foam layer of the specified
thickness is observed (Moreira, Castell-Perez, & Barrufet, 1999).
There is no agreement among different authors on the limits of color
changes in frying oils because changes in their color depend on the

CWILEY--2%

oil variety, duration of exposure to light and heat, and the food itself.
However, the information or protocol about discarded oils is limited.

The presence of metals in vegetable oils depends on several
factors. They might come from the soil, environment, and genotype
of the plant, fertilizers, and metal-containing pesticides, introduced
during the production process or by contamination from the metal
processing equipment (Jamali et al., 2008).

To the best of our knowledge, the majority of studies conducted
in Iran (Aalipour Hafshejani, Mahdavi, & Aalipour Hafshejani, 2015;
Arbabi & Deris, 2011; Farrokhzadeh et al., 2013; Hassanzadazar,
Ghayurdoost, Aminzare, Mottaghianpour, & Taami, 2018; Mohammadi,
Hajeb, Seyyedian, Hossein Mohebbi, & Barmak, 2013; Navab
Daneshmand & Ghavami, 2012; Pourmahmoudi, Akbartabar Turi,
Poursamad, Sadat, & Karimi, 2008) have determined the frying oils’
rancidity by their peroxide value (PV). However, this study, for the first
time, was conducted to do the analysis based on a set of physico-
chemical parameters (PV, free fatty acids [FFA], p-anisidine value [p-
AV], total oxidation [TOTOX] value, red color, total polar compounds
[TPC], and viscosity) and compared to the standard values reported
by American Oil Chemists’ Society (AOCS), International Organization
for Standardization (ISO), and Institute of Standards and Industrial
Research of Iran (ISIRI) to evaluate the rancidity and quality of dis-
carded frying oils in fast food restaurants and also to measure the
amounts of their SFAs, TFAs, and heavy metal pollutants.

2 | MATERIALS AND METHOD

2.1 | Sample preparation

In this cross-sectional study, samples of discarded frying oils were col-
lected randomly from 50 fast food restaurants in five districts (north,
east, west, south, and center) of Tehran, Iran. The districts were clas-
sified as high, moderate, and low socioeconomic status based on
the Ministry of Economic and Financial Affairs’ report (Tajali-pour &
Alikhani, 2012). The oils’ status in fast food restaurants was assessed
by conducting an interview with the fast food restaurants’ chefs about
the used oil type, frequency of changing the oil in the fryer, frying
methods, filtering methods, disposal mechanism of the discarded oil,
the way of selling discarded oil, and the source of their knowledge
about oil and frying procedure. The tests for quality control were
based on the standards of AOCS, ISO, and ISIRI. According to the gov-
ernment standards of frying oil in Iran, the acceptable limit of PV, FFA,
p-AV, Ni, and Pb is 2 mEqg/kg, 1%, 6 mEqg/kg of oil, 0.5 and 0.1 ppm,
respectively ((INSO), 2016b). The physicochemical properties of the
fried oils including fatty acid profile, PV, FFA, p-AV, TOTOX value, red
color, TPC, and viscosity as the indicators of oils’ rancidity after fry-
ing were measured. The presence of heavy metals such as iron, lead,
nickel, arsenic, and copper in the oils according to the ISIRI standards
was also assessed ((INSO), 2016a; (INSO), 2018; AOCS.Cd8b-90,
2011; 18-90; Masek, Latos, Chrzescijanska, & Zaborski, 2017).

The discarded oil samples were collected at the intervals of
10 days. To obtain homogeneous samples (200 ml) and reducing
the errors, the samples were mixed by using a stainless-steel spoon.
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Then, they were passed through the paper filter to a dark-colored
PET container (to prevent chemical changes). Subsequently, the en-
coded samples were transported in a cooler box with ice sheets to
the food laboratory where the oil samples were filtered and stored
at 4°C. The samples were analyzed after 16 hr. All measurements
were replicated three times.

2.2 | Determination of fatty acid profiles

Fatty acid methyl esters (FAMEs) were prepared from 0.5 g of oils
according to I1ISO 12966 (2011). Then, they were analyzed using gas
chromatography (GC) (Agilent 6890 GC, carrier gas Helium, flame gas
H,, column HP-88: 100 m) with a flame ionization detector (FID). The
initial oven temperature started at 180°C, hold for 5 min, increased
at the rate of 1°C/min to 190°C, hold for 20 min, then increased at
the rate of 1°C/min to 200°C, and then hold for 17 min. The FID
temperature was 220°C, the injection temperature was 210°C, and
the retention time was 62 min. The quantification was done by com-
paring the peak area/height of lipid standards in the sample normali-
zation system (“International Organization for Standardization (1SO),
Animal, and vegetable fats and oils—Gas chromatography of fatty
acid methyl esters,” 2011; Saghafi, Naeli, Tabibiazar, & Zargaraan,
2018).

2.3 | Peroxide value (PV) measurement

The PV measurement was performed according to AOCS Cd 8b-90
and expressed as mEq/kg of fat. For this purpose, 5 g of the oil
sample was dissolved into 30 ml of acetic acid: isooctane (3:2) in a
flask (AOCS.Cd8b-90, 2011). The flask was swirled before the ad-
dition of saturated potassium iodide. The mixture was subjected
to an excess of iodide via a saturated solution of potassium iodide
(0.5 ml). The solution was swirled again for 1 min. The peroxides
oxidized the iodide to iodine, and the iodine was titrated to a col-
orimetric endpoint (blue color disappeared) using 0.01 N sodium
thiosulfate (Na,S,0,) solution (standardized using potassium di-
chromate and potassium iodide) with starch (10%) as an indicator.
The amount of produced iodine was directly proportional to PV
((INSO), 2018).

2.4 | Free fatty acids (FFA) content

Free fatty acids (FFA) are often used to assess the quality of frying
oils (Chen et al., 2013). The high FFA values are due to triacylglyc-
erol hydrolysis that takes place upon release of water from the food
being fried. The determination of FFA is a simple titration to an end-
point of pH 8.3 with sodium hydroxide, and the results are expressed
as %FFA ((AOCS.Ca 5a-40).

2.5 | p-anisidine value (p-AV) measurement

p-Anisidine value (mEqg/kg) was determined by a spectrophotomet-
ric method according to AOCS Cd 18-90. One milligram of the oil

sample was placed into a 25-ml volumetric flask and diluted to vol-
ume with 5-10 ml isooctane. Then, the absorbance of the sample
was measured at 350 nm as a blank using an ultraviolet/visible spec-
trophotometer (UV Mini 1240; Shimadzu Co.). Next, 5 ml of the solu-
tion was pipetted into the test tube and 5 ml of the isooctane solvent
into the second test tube. One milliliter of the p-anisidine solution
was poured into each of the test tubes. After 10 min, the absorbance
of the first test tube was measured at 350 nm using the second test
tube as a reference. The p-AV was measured by the formula given in
the standard method (AOCS.Cd 18-90; Masek et al., 2017).

2.6 | TOTOX value calculation

The total (TOTOX)
TOTOX = 2PV + p-AV, where PV and p-AV represent peroxide value
and p-anisidine value, respectively (De Abreu, Losada, Maroto, &
Cruz, 2010).

oxidation value was calculated as

2.7 | Color measurement

The color measurement was carried out using a Lovibond PFX 995
instrument, and the intensity of redness (R-value) was measured ac-
cording to AOCS Official Methods Cc 13b-45. The oil samples were
treated with colorful filter aid earth, agitated for 2.5 min, and then
filtered ((INSO), 1998).

2.8 | Total polar compounds (TPC) measurement

Total polar compounds was measured according to INSO (4087).
The components of the oils and fats were determined by column
chromatography under the conditions specified in the standard. To
do this, the polar and nonpolar compositions of the test piece were
separated by a column. Then, the nonpolar compounds were washed
and weighed. As measuring the polar compounds according to INSO
(4087) is time-consuming and costly, the polar component metering
device of the Tetso Company was used (Testo 270 instrument; Testo
Company; Uriarte & Guillén, 2010).

2.9 | Viscosity measurement

Viscosity as an indicator of polymerization after frying was meas-
ured using a DV-I Prime viscometer, Spindle number 2 (Brookfield),
and constant shear rate = 100 1/s (Kang & Yang, 2013; Liu et al,,
2016).

2.10 | Statistical analysis

After collecting the required data, the data analysis was per-
formed by the SPSS software (version 16; SPSS Inc., Chicago, IL,
USA). Data were summarized using frequency (%) for categorical
variables, mean (xSE), and median (minimum-maximum) for normal
and non-normal distribution of data. Kolmogorov-Smirnov's test
was used for checking the normality of the data. Between-group
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comparisons were conducted using Kruskal-Wallis and Spearman's
correlation matrix analyses. p-Values <0.05 were considered as

statistically significant.

3 | RESULT

The results given in Table 1 show that most of the studied fast food
restaurants (66%) add fresh oil to the old discarded oils during the
frying process. Sixty-eight percent of them use oil filtration in their
kitchen. Metal filtration was the most used type of filter (36%). The
majority of fast food restaurants replaced their discarded oil com-
pletely with fresh oil twice a week (54%), and the most important
criterion for changing oil was color (84%). Previous cooking training
course was the main source of information and awareness of the
interviewees about fats and oils (48%).

Comparison of the fatty acid profile and heavy metals in the
discarded oil samples of Tehran fast food restaurants with the
standards of ISIRI is shown in Figures 1 and 2, respectively. In both
comparisons, the fatty acid and metal contents were lower than the
ISIRI standards. Table 2 indicates that the rancidity parameters of
discarded oils were higher when they were changed once a week
compared to daily one; however, they were not significantly differ-
ent. The rancidity parameters in the majority of the fast food restau-
rants, which performed oil filtration, were lower than those that did
not filter their oils (Table 3). The results of the Kruskal-Wallis anal-
ysis showed that the physicochemical parameters of the discarded
oils were not significantly different based on the frequency of oil
filtrations, too.

Figure 3 illustrates the chemical measurements of rancidity in

the discarded frying oil samples obtained from fast food restaurants.

50
45
40
35
30
25
20
15

10

FIGURE 1 The mean of fatty acids in 5
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TABLE 1 Frying oil practices by fast food restaurants®

Variables Results

Adding fresh oil to the previ- o Yes: 66% (33)
ous oil in the fryer e No: 34% (17)

Qil filtration (per day) e Once: 38% (19)

e Twice and more: 30% (15)
e Did not filter: 32% (16)

Filter type o Metal: 36% (18)
e Fabric and paper: 20% (10)
e |nstrument: 12% (6)
e Did not filter: 32% (16)

Replacement with fresh oil o Daily: 8% (4)
e Three times a week: 28% (14)
e Twice a week: 54% (27)
e Once a week: 10% (5)

Most important criteria for e Color change: 84% (42)
changing the used oil e Decrease in volume: 10% (5)
e Burn odor: 6% (3)

Learning about oil and cooking e Training courses: 48% (24)
e Personal experiment: 34% (17)
o Seller of fryer: 18% (9)

?Brand names and the specifications of fast foods are reserved for the
research team.

The majority of discarded frying oil samples had acceptable TPC
value and FFA based on INSO limits. The average FFA levels for dis-
carded oil samples showed wide variations in FFA levels, from 0.01%
to 9.64%. Since there is not any standard (limited line) for PV and
p-AV for discarded oils in Iran, the limit line of these parameters is
based on usability limits of edible oil.

A correlation analysis of the given parameters is shown in Table 4.

There was a correlation (p < 0.01) between TPC and viscosity and

M Discarded frying
m Standards

45

0.97 .
000000

Total trans fatty acids
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0.7
M Discarded frying oils

m Standard limitation 0.6

0.6
0.5
0.4
0.3
0.2

0.1

Pb Cu Fe

between TPC and red color. The PV values were also correlated to
TOTOX and red color. Furthermore, there was a significant correla-
tion (p < 0.01) between TOTOX and p-AV.

4 | DISCUSSION

Different factors including price, acceptable shelf life, acceptable
organoleptic properties, and nutritional value can affect the oil se-
lection. Storage conditions including light, temperature, and oxygen
pressure can have impacts on the shelf life of frying oils (Vitrac,
Trystram, & Raoult-Wack, 2000).

The qualitative findings indicated that most of the fast food
restaurants used to replenish the fryers with fresh oil during the fry-
ing and did oil filtration once a day. The majority of fast food restau-
rants replaced their discarded oil completely with fresh oil twice
a week due to its color change. In fast food restaurants, the oil's
quality is usually monitored based on its color and odor, as well as
the taste of fried food (Sebastian et al., 2014). A study in the United
Kingdom showed that a certain way to determine that oil has de-

graded to the point of discard is when food begins to have an “off”

FIGURE 2 The mean of heavy metals
in the discarded frying oils compared

to the standards of the Iranian National
Standardization Organization

Ni

odor or taste. This may manifest itself as a bitter taste, especially a
bitter after-taste (McSavage & Trevisan, 2001). The main source of
information about the interviewees about fats and oils was the cook-
ing course and training. Overall, it seems that the cooking course
does not provide adequate information about desirable cooking
practice and food safety.

The mean PV of the discarded oils examined in the present
work was 3.06, which is higher than the sufficiency to use oils rec-
ommended by INSO (<2). This can be caused by many factors such
as oil type, amount of antioxidants, storage life and conditions, and
also temperature in the frying process. Several similar studies in Iran
have also shown that the PV index for discarded oils was higher than
the standard limit (Arbabi & Deris, 2011; Farrokhzadeh et al., 2013;
Mohammadi et al., 2013; Pourmahmoudi et al., 2008). The results of
a study in Iran (2018) showed that more than 80% of oil samples had
higher range of PV and AV than the recommended limits of INSO
(Hassanzadazar et al., 2018). PV gives the initial evidence of rancidity
in unsaturated fats. It is also a measure of the extent to which an oil
sample has undergone primary oxidation, especially during storage.
Freshly refined oils usually have a PV lower than 1 mEq/kg oil, while

at a PV of above 10 mEq/kg oil, the oil is considered to be oxidized

TABLE 2 Physicochemical analysis of discarded frying oils from fast food restaurants in Tehran based on oils’ fryers change

Three times a week

Variable Daily (n = 4) (n=14)

Peroxide value (mEq/kg) 2.05(0.82)? 2.98(0.97)
p-AV (mEq/kg) 48.95 (12.74) 53.77 (5.47)
TOTOX (mEq/kg) 53.05(12.34) 60.99 (5.77)
TPC (%) 18.70(2.77) 21.67 (2.14)
Viscosity (cp) 102.64 (3.17) 110.61 (4.06)
Red color 8.94 (1.12) 10.95 (1.68)

Twice aweek (n=27) Once a week (n = 5) Total (n = 50)
3.61(0.87) 4.26(2.50) 3.06 (0.51)
60.03 (7.59) 78.70 (12.69) 57.63 (4.02)
66.52 (7.65) 87.22 (11.99) 64.53 (4.15)
19.50 (1.16) 21.50(6.72) 20.19 (1.02)
107.43 (3.56) 107.80 (9.90) 107.87 (2.35)
10.15 (3.52) 9.34(2.82) 9.64(0.84)

Abbreviations: p-AV, p-anisidine value; TOTOX, total oxidation values; TPC, value for total polar compounds.

Mean (SE).
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TABLE 3 Physicochemical analysis
of discarded frying oils from fast food

Do filtration daily (n = 34)

CWILEY--2

restaurants in Tehran based on frequency

of filtration Variables*

Peroxide value
(mEq/kg)

p-AV (mEq/kg)

TOTOX (mEq/
kg)

TPC (%)

Viscosity (cp)

Red color

Twice or more No filtration
Once (n = 19) (n=15) Total (n = 34) (n=16)

3.44 (1.14)* 3.06 (0.64) 3.27 (0.69) 3.58(1.15)
58.40 (6.67) 52.35(7.25) 55.73 (4.87) 61.66(7.28)
65.29 (7.08) 58.96 (7.65) 62.50(5.15) 68.83(7.07)
18.52 (1.03) 19.26 (1.79) 18.85 (0.96) 23.03(2.34)

104.06 (1.35) 110.98 (6.87) 107.11(3.12) 109.48 (3.23)

0.93 (0.06) 0.88 (0.07) 9.42 (1.06) 10.09 (1.40)

Abbreviations: p-AV, p-anisidine value; TOTOX, total oxidation values; TPC, total polar compounds.
*Kruskal-Wallis analysis did not indicate the significant difference.

**Mean (SE).

(Gunstone, 2008; Sebastian et al., 2014). It has been shown that an
increase in temperature can cause a reduction in PV due to the de-
composition of hydroperoxides. The amount of production and fail-
ure of hydroperoxides in oil depends on the temperature, time, and
composition of the fatty acids. Because peroxide test is a function
of the unstable nature of hydroperoxides, it cannot be used solely
as an accurate indicator of the amount of oxidation of oils and fats
(Navab Daneshmand & Ghavami, 2012). In fact, the primary oxida-
tion products rapidly break down into secondary oxidation products,
and thus, their total accumulation in the oil could be greatly under-
estimated (Kubow, 1992). Therefore, PV may not indicate the actual
extent of oil deterioration and is not recommended for measuring oil
deterioration during the frying process (Farhoosh & Moosavi, 2010).

The Iranian National Standardization Organization requires that
fryer oil should be discarded when FFA levels in the oil exceed 1%
((INSQ), 2016b). More than 36% of our discarded oil samples had FFA
levels above 1%. The United States Department of Agriculture and
some European countries have regulatory guidelines on maximum FFA
levels in frying oil, ranging from 1.0% to 2.5%, depending on the reg-
ulations of a given country (Bailey & Shahidi, 2005; Sebastian et al.,
2014). In this study, the maximum level of FFA content for discarded
oil was 9.64%.

According to the standard of INSO, a desirable p-AV for fresh fry-
ing oil is <4.0, with an upper limit of 6.0 ((INSO), 2016b). At a p-AV
above 6, the oil would be highly oxidized. According to our findings,
p-AV of the discarded samples was 58 that can result in higher oxida-
tion. Determination of p-AV is considered to be the most accurate and
reliable method to assess the oxidative state of oils (van der Merwe,
du Plessis, & Taylor, 2004; Sebastian et al., 2014). This measurement
requires laboratory procedures and a number of simple instrumental
methods suitable for use in a food processing factory. Combination of
p-AV with PV (TOTOX = 2PV + p-AV) can indicate the overall oxidation
state of oils over time. In general, the recommended standard TOTOX
value is less than or equal to 19.5 mEq/kg, which increases linearly
with both PV and p-AV (De Abreu et al., 2010). Similar to the findings
of De Abreu et al., the findings also showed that the TOTOX value in

the discarded oil samples had an increasing trend (range 23-120).

The present research results revealed that the mean (+SD) of
TPC was 20 (£7)%, which is acceptable according to INSO recom-
mendations ((INSO), 2016b). Several reports and standards have
reported the maximum level of TPC for oils to be discarded as 25%-
27% (Gertz & Stier, 2011; Uriarte & Guillén, 2010). However, more
researches are needed to find the threshold level at which frying
oils should be discarded (Melton, Jafar, Sykes, & Trigiano, 1994). In
Europe and many other places of the world, TPC is used as a reg-
ulatory index for determining when frying oil should be discarded
(Sebastian et al., 2014). It seems that TPC test does not provide an
accurate estimate of the oils’ deterioration; therefore, other reliable
factors such as p-AV should be considered too.

During the frying process, some polymerization of the fat may occur.
In some cases, this leads to foam formation. Polymerization (thermal or
oxidative) can affect the greasiness of fried foods. The polymerization
values of 0.5%-5.36% have been reported for commercial samples of
used frying oils (Orthoefer & List, 2007). In the present study, the mean
of discarded oil viscosity was increased (108 cp), which is an undesirable
characteristic. Increasing the viscosity is an indicator of the level of po-
lymerization in high oxidation stage of oils (Kang & Yang, 2013).

The findings of this study indicated that TFAs, UFAs, and heavy
metal pollutants were in the acceptable range according to the INSO
standards. Since oil is subject to mandatory pricing in Iran and the
commercial price is relatively high and not cost benefit for the pro-
ducers, its production has TFAs, as indicators of hydrogenated oils, in
most of the discarded oil samples, may show that the usage of non-
standard frying oils for guilds and industrial applications. The evalua-
tion of fatty acid profiles in the studied discarded frying oils showed
that in the formulation of fresh frying oils used in fast food restau-
rants, a larger volume of soybean oil than palm oil is used. Since soy-
bean oil has very low resistance due to having high amount of UFAs
with dual bands and thus reduces the oxidative stability of the oil, it
is not suitable for frying; also because of producing aldehydes, the
probability of heart and cancer diseases increases. Although palm oil
has higher SFAs than other types of vegetable oils, it has a significant
role in improving the physicochemical properties, oxidative stability,

and quality of frying oils (Amirsardari, Asadollahi, & Eshaghi, 2018;
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FIGURE 3 Rancidity measurements
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Shahidi, 2005). It seems that, because of easy access and low price,
the usage of soybean oils in fast food restaurants has increased.

In general, concerning the policies of Iran's Ministry of Health
and Medical Education (MOHME), the content of total TFA of ed-
ible oils and fats has considerably reduced from 18.2% in 2006 to
1.36% in 2013. Furthermore, the plans of MOHME were very effec-
tive in reducing TFA intake via edible oils in the Iranian population.
Regarding the World Health Organization (WHO) recommendation
to reduce the risk factors of NCDs, and due to increase in the in-
cidence of CHD in Iran, it is necessary to design a comprehensive
study for determining the total dietary intake of TFA from all risky

sources among the Iranian population, as well as identifying its pos-
sible effects on human health (Abedi et al., 2016).

A comparison between the given parameters showed the cor-
relation of TPC value with viscosity and red color. The viscosity of an
oil is dependent upon its TPC value and so are its electrical proper-
ties; therefore, it seems plausible that the viscosity of oil can be esti-
mated from its electrical properties. The advantage of knowing such
a relation would enable to determine the viscosity of oil by measur-
ing only its electrical properties (Kumar, Singh, & Tarsikka, 2013).
Also, there was a weak correlation between p-AV and the other pa-
rameters because p-AV targets secondary oxidation products, while
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TABLE 4 Correlation analysis of the

CWILEY--2%

. . . Variables* Peroxide value  p-AV TOTOX TPC Viscosity Red color
physicochemical parameters of discarded
frying oils from fast food restaurants in Peroxide value 1
Tehran (mEa/kg)
p-AV (mEq/kg) 0.144 1
TOTOX (mEq/ 0.306* 0.958** 1
kg)
TPC (%) 0.077 0.245 0.242 1
Viscosity (cp) -0.149 0.254 0.232 0.602** 1
Red color -0.524** -0.105 -0.157 0.387**  0.192 1

Note: Values represent the Spearman's correlation coefficient (r) for the linear analysis.
Abbreviations: p-AV, p-anisidine value; TOTOX, total oxidation values; TPC, total polar compounds.
*Correlation is significant at the 0.05 level (2-tailed).

**Correlation is significant at the 0.01 level (2-tailed).

the rest of the parameters are more sensitive to both the primary
oxidation and the hydrolysis stages of frying oil breakdown (Karimi,
Wawire, & Mathooko, 2017; Sebastian et al., 2014).

This study indicated that the majority of discarded oil from fast
food restaurants in Tehran were overdegraded containing hazardous
secondary oxidative products. Due to the potential toxicity of oxi-
dation products, this could pose a public health hazard (McSavage
& Trevisan, 2001). Frying oil should be considered as a food item
because fried foods will absorb a significant amount of oil, and there
are many hazardous degradation products present in them. The high
values of degradation products found in frying oils raise concerns
about the safety of the foods served in some fast food restaurants
in Tehran and anywhere in the world. In this context, it would seem
appropriate to suggest to local public health authorities include fry-
ing oil safety monitoring as part of the food premises’ health inspec-
tion process. The 4th International Symposium on Deep-Fat Frying
has recommended the implementation of such regulatory guidelines
to protect public health (Boons & Mendoza, 2010). Unfortunately,
there are no such guidelines or regulatory standards for frying oils
in most of countries. There are several methods available for ana-
lyzing the heat abuse of oils. Usually, cooks decide on the quality of
frying oils by visual observations such as color, excessive foaming,
and smoking. Another assessment is based on odor and taste of the
fried foods, as well as the cost of buying fresh oil. Therefore, it is
essential to monitor the quality of oils to avoid the health conse-
quences of consuming foods fried in degraded oils. Hence, it is highly
recommended to inspect the performance of oil quality in fast food
restaurants and food industry establishments and create regulatory
standards for the quality of frying oils (Zargaraan et al., 2018).

The new rules of Food Safety and Standards Authority of India
(FSSAI) are now prohibiting cooking more than three times using the
same oil. To ensure that the rule is followed, eateries will be required
to keep a log of their purchase and use of edible oils since 2017. The
FSSAI has directed all Food and Drug Administrations (FDA) across
the country to notify restaurants using more than 50 L of oil per
day to maintain a daily chart. As per the new rules, the TPC limit is
25%, beyond which the oil is not suitable for use. A regulation has

been set by FSSAI to ensure such used cooking oil is neither directly

used in the food preparation nor re-entered into the food chain. Per
this regulation, all Food Business Operators whose consumption of
edible oils for frying is more than 50 L per day shall maintain the
records and dispose used cooking oil to agencies authorized by the
FSSAI or Commissioner of Food Safety of States/UTs from time to
time (FSSAI, 2017). This is a simple lesson from India that should be
considered in fast food restaurants.

Further research is needed to find such rapid multiparameter
test kits in order to establish the quality of reused oil and the point at
which it should be discarded in fast food restaurants and also more
appropriate methods to monitor the quality of frying oils (Bansal et
al., 2010).

So it needs to develop rapid, simple, convenient-to-use, and pow-
erful tests for checking deterioration of the oil. Using this method,
it would be possible to monitor oil quality online; yet, it is necessary
to develop policies and guidelines that can be used to determine
whether the frying oil should be discarded or not. It is necessary to
train food operators in fast food restaurants in order to apply proper

methods of cooking and frying foods.

5 | CONCLUSION

The present research results showed that the majority of fast food
restaurants in Tehran use overdegraded frying oils, which are not
discarded at the proper time. All the tasted discarded samples
showed extremely high levels of degradation based on their p-AV
and TPC. There was no significant relationship between the oils’
rancidity parameters, replenishment, filtration, and frequency of
filtration. Furthermore, there were positive correlations between
TPC, viscosity, and red color. Considering the potential toxicity of
the products of oxidation and hydrolysis of frying oils, any further
utilization of used frying oils could be noticed as the public health
hazard. It seems that, because of easy access and low price, the use
of nonstandard oil, which is not suitable for frying in Iranian fast
food restaurants, has increased. Prevention of oil exposure to extra
heat, use of antioxidants, filtration or absorbents, pressure frying,

avoidance of intermittent frying, and regular exchange of heated oil
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with fresh one are strategies that can be used by restaurant keepers
to improve the condition. It is necessary to train food operators in
fast food restaurants in order to apply proper methods of cooking
and frying foods. Also, it would be better that policymakers design
education programs concomitant with more vigilance from adminis-
trative organizations that may additionally help in the improvement.
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