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Available Online:01Jan2026  :  |ntroduction and Purpose: Frequent use of cooking oils in urban food preparation units produces oxidative
© compounds that are harmful to health. In this study, conducted during 2022, the quality of frying oil used

in food centers in Gorgan city was evaluated with respect to peroxide value (PV), acid value (AV), and
total polar materials (TPM) indices.
Methods: A total of 43 used oil samples were obtained from restaurants, kitchens, fast-food businesses,
and pastry shops. Analyses were carried out after observing quality controls, including replicates, blanks,
and standardization. PV, AV, and TPM were determined, and their dependence on temperature and
usage time was examined using the Spearman correlation test.
Results: The average TPM was 28.8 £ 4.8% in all samples, with the highest and lowest values being present
in pastry shops (30.4315.61%) and fast-food businesses (25.77+5.74%), respectively. The highest AV was
observed in kitchens (3.24+1.19 mg KOH/g), while the lowest AV was present in fast-food businesses
(2.35+1.04 mg KOH/g). The average PV was 7.813.6 meqg/kg, ranging from 2.2 to 14.2 meg/kg. These
values are considered relatively safe when compared with the national standard of 10. The variables
representing temperature and use time significantly affected AV and TPM, with a tendency towards
higher values of AV and TPM observed. More than 50% of restaurant and pastry shop samples, as well as
approximately 40% of other centers’ samples, were above the limits set by the standard.
Conclusion: Although restaurants utilize a large volume of frying oil, the results of our research indicate
that no significant differences were observed in the measured indicators among the different types of
Urban Food Prep Centers. Higher temperatures and longer usage times were found to directly contribute
to a decrease in oil quality, as indicative by higher AV and TPM values.
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Introduction

he process of repeatedly heating oil and its

use over long periods accelerates oxidation

and hydrolytic acidification. This process

produces harmful substances, such as hy-

droperoxides, aldehydes, and polymerized
triglycerides. The use of such oils has been associated
with an increase in cardiovascular diseases, metabolic
disorders, and cancer. Total polar materials (TPM), acid
value (AV), and peroxide value (PV) are commonly
used to monitor oil quality. In food service operations,
variables, such as frying oil usage frequency and frying
oil temperatures play significant roles in determining
the level of oil deterioration. Fried meals have become
popular in northern Iran, but there is limited information
regarding the physicochemical properties of frying oils in
food preparation centers in urban areas of northern Iran.
The purpose of this research was to evaluate the quality of
repeatedly used frying oils in food service operations in
Gorgan city in Iran.

Materials and Methods

This descriptive cross-sectional study was conducted
in Gorgan, Iran in 2022. The study population included
licensed food establishments such as restaurants, central
kitchens, fast-food outlets, and confectioneries. Stratified
random sampling was applied according to the propor-
tional size of each group. Calculations using G*Power
software showed that, with an effect size of 0.5, a power
of 80%, and 0=0.05, the minimum required sample size
was 37; therefore, 43 frying oil samples were collected to
account for potential losses during the study.

Data collection was done using a 12-item questionnaire
on the operations of each food establishment regarding the
type and brand of oil used, daily oil consumption, frying
temperature, oil usage period, maximum oil usage period,
and disposal methods for used oil. Oil quality parameters
were measured three times using standard methods. Clear
physical parameters included TPMs measured using the
AOCS Cd 20-91 and IUPAC 2.507 methods; some of
these were also verified using the Testo 270 device. AV
was measured using the AOCS Cd 3a-63 method via titra-
tion with a 0.2 N KOH solution. PV was also measured
via iodometric titration according to the ISO 3960 and
AOCS Cd 8-53 methods (1-3). The oil frying tempera-
tures were measured using a calibrated thermometer with
arange of 40-200°C.

Dadban Shat Y, et al. Quality A

The study used SPSS software, version 26 for data
analysis, as the study population did not show a normal
distribution according to the Shapiro—Wilk test results.
Non-parametric tests were used; the Kruskal-Wallis test
was applied to determine differences, and Spearman’s rho
was used to determine correlations between the study pa-
rameters and oil quality indices. The study used P<0.05 as
the level of significance.

Results

On average, the total polar material (TPM) for all the
samples was calculated to be 28.8% with a standard
deviation of 4.8%. This is significantly higher than the
international safety standard of 25%. Among all catego-
ries, confectioneries recorded the highest average total
polar material (30.43+5.61%), followed by restaurants
(29.9442.38%). More than half of the restaurant and con-
fectionery samples, and about 40% of the other centers,
exceeded the recommended limit. The average AV for all
the samples was calculated to be 2.87 mg/KOH/g with
a standard deviation of +1.18. Central kitchens recorded
the highest average AV (3.24 mg/KOH/g+1.19). This in-
dicates that hydrolytic degradation is advanced. High acid
values reflect higher levels of free fatty acids, which may
indicate reduced oil freshness and potential irritation to
the gastrointestinal system.

The average PV for all samples was calculated to be 7.8
meq/kg with a standard deviation of +3.6, which is lower
than the standard limit set by Iran (10 meqg/kg). However,
several samples were close to or exceeded this limit. High
PVs were recorded for confectionery products, which
may reflect higher frying temperatures and longer oil
reuse times. The average oil usage duration for all units
was calculated to be 12 hours/day, while the maximum
oil reuse times for fast-food establishments, confectioner-
ies, restaurants, and central kitchens were recorded as 96,
72, and 24 hours, respectively. The Spearman analysis re-
vealed positive correlations between frying temperature,
oil usage duration, TPM, and AVs at a significance level
of P<0.05, indicating that units with longer oil usage dura-
tions recorded higher degradation values. There were no
statistically significant differences in PV and AV among
center types (P>0.05), showing that oil deterioration is
an issue across all sectors. Regarding disposal methods,
74.4% of respondents sold used oil to soap manufacturing
companies, 23.3% disposed of it with solid waste or sep-
tic systems, and only 2.3% disposed of it in wastewater
systems.
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Conclusion

The results indicated that frying oils are being man-
aged rather poorly in different food preparation centers in
Gorgan. Although most peroxide value results remained
within acceptable limits, the higher TPM and AV results
indicate that oil degradation from repeated heating and
reuse persists. This is consistent with findings from other
Iranian cities. When TPM exceeds 25%, it indicates an
increase in oxidized triglycerides and polymers, which
are associated with oxidative stress and chronic inflam-
mation. Operational variables, particularly duration of
reuse and temperature, were more influential predictors
of frying oil quality than the type of food preparation
establishment. The overall results highlight the need to
improve monitoring and operator training, as well as the
implementation of standardized procedures for changing
frying oils. Developing a formal system for collecting and
recycling used frying oils could further reduce environ-
mental and health risks.
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