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ARTICLE INFO ABSTRACT
Article type: Background: Deep-frying, a popular food preparation technique, has
. been associated with detrimental health effects due to the degradation of
Research Article frying oils. Therefore, researchers have focused on establishing

relationships between oil quality parameters and implementing strategies

Avrticle history: to minimize adverse effects on oil quality and enhance consumer health.

Received: July 16, 2023 Aims: This study aims to investigate the qualitative changes in discharge
Accepted.' January'6 2024 point of industrial and guilt frying oils and develop kinetic models to
Published': July 4 20’2 4 predict these changes during the deep-frying process.

Methods: Over four consecutive days, each lasting six hours, 100 grams

of semi-prepared potatoes were deep-fried for 8-10 minutes at 180°C in a

fryer containing industrial and guilt frying oil. At 45-minute intervals, oil
Keywords: samples were collected from the fryer and analyzed for acidity, peroxide
Industrial and guilt frying value, anisidine value, polar compounds, and absorption in the 200-900
oil, Polar Compounds, Deep = "M range. Subsequently, k_metlc models were fitted to the _tlme-dep_endent
Frying, Polar Compounds chang_es in the _measure_d oil qyallty parameters. To investigate the_lmpact
Dispos,al Point Prediction’ of frying duration on oil quality parameters, a standardized experimental

’ setup was employed.

Results: The lowest levels of acidity, anisidine value, and polar
compounds were observed in the control sample, while the highest levels
were detected in the fourth-day oil sample. In contrast, peroxide value
initially increased and gradually decreased from the second day onward,
indicating a statistically significant (P< 0.05) pattern. As frying duration
increased, polar compounds and the intensity of absorption at the
characteristic wavelength increased significantly.
Conclusion: A strong correlation (r2 = 0.9865) was established between
the intensity of absorption at 380 nm and the percentage of total polar
compounds, providing a sensitive and reliable indicator for monitoring oil
degradation.

@ OIS Food Research Journal, 2024,34(2):45-60
MR DOI:10.22034/FR.2024.57557.1887


https://portal.issn.org/resource/ISSN/2008-515X
https://foodresearch.tabrizu.ac.ir/
mailto:beigmohammadi.zahra@gmail.com
mailto:z.beigmohammadi@iau-tnb.ac.ir

M. Asghari Sehat et al.

46

Introduction: Deep frying is a ubiquitous
food preparation technique characterized by
the complete immersion of food items in
heated oil at temperatures ranging from 150 °C
to 190 °C. This widespread popularity can be
attributed to the distinctive sensory and
organoleptic properties imparted to the cooked
food. The rapid heat-transfer during deep
frying leads to the formation of a crispy,
golden-brown crust on the exterior of the food.
This crust serves a dual purpose: it acts as a
barrier, minimizing moisture loss from the
interior and maximizing heat transfer to
achieve efficient cooking. Furthermore, the
Maillard reaction, facilitated by the high
temperatures, generates a complex array of
volatile flavor compounds responsible for the
characteristic aroma and taste associated with
deep-fried foods. These sensory attributes,
including texture crispness, good taste, and
unique aroma and color, are particularly
appealing to  younger  demographics,
contributing to the enduring popularity of
deep-fried foods (Asokapandian et al., 2020).
In the deep-frying process, intricate chemical
reactions, including hydrolysis, oxidation,
denaturation, isomerization, and,
polymerization, ensue due to the interplay
between oil and various factors such as
moisture, oxygen, and heat. This results in the
transfer of moisture from the food to the oil and
the absorption of oil into the food, giving rise
to the generation of deleterious compounds.
Simultaneously, these reactions contribute to a
decline in the quality of the oil. Additionally,
chemical transformations and mechanical
deformations, such as wrinkling, expansion,
and crust formation, occur in the fried food
products (Dash et al., 2022). The extent of
these changes depends on various factors, such
as the characteristics of food and oil, the type
of fryer, the type of heating process, the
increase in factors such as the rate of

integration of air and oil, the number of times
of frying, and the duration of immersion of the
food. Considering the very unfavorable effects
of these reactions on oil quality, in order to
reduce corruption and to identify and
determine the point of oil disposal during the
deep-frying  process, various important
indicators have been determined. The most
important of these indicators are polar
compounds, anisidine value, peroxide, volatile
and non-volatile compounds, peroxide
number, free fatty acids, acid value, iodine
number, and smoke point. To mitigate the
negative consequences of oil degradation on
human health and ensure food safety, various
indicators like free fatty acids, peroxide value,
and smoke point have traditionally been used
to monitor oil quality (Manzoor et al., 2022).
This study explores the potential of using the
absorption spectrum in the 200-900 nm range,
particularly the intensity of polar compound
absorption, as a novel indicator for
determining the disposal point of frying oil.
The disposal point refers to the stage at which
the oil degrades to a level where it becomes
unsuitable for further use.

Material and methods: For this purpose, on
four consecutive days for 6 h with 45 min
intervals, 100 g of semi-prepared potatoes
from the Paris brand for 8 to 10 min in a fryer
containing 4 L of Aftab brand oil. It was fried
at atemperature of 180 °C, at the end of 6 hours
of work, the fryer was turned off and some of
the oil inside the fryer was removed in a
container, after cooling the oil inside the
container, 3 Falcon tubes of 50 ml (total 150)
of the oil sample was separated to evaluate and
perform various tests, and after labeling, it was
placed in the freezer at -10 °C. This
standardized approach using pre-prepared
potatoes minimizes variability associated with
raw material differences and ensures
consistency across frying sessions. The fryer
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operated for 6 hours with 45-minute intervals
between frying batches to simulate a typical
restaurant setting. To comprehensively
evaluate the oil quality changes in the used on
the 4 day samples and the control sample (total
of 5 samples) throughout the frying process,
five key parameters were assessed for each
sample were performed: Acidity (measures the
free fatty acid content, an indicator of oil
hydrolysis), Peroxide Value (reflects the
concentration of peroxides, formed during oil
oxidation), Anisidine Value (provides insights
into the presence of secondary oxidation
products in the oil), Polar Compounds (the
concentration of polar compounds, generated
through various degradation reactions, serves
as a marker for overall oil deterioration),
Absorption Spectrum in 200-900 nm (with a
specific focus on the intensity of absorption at
380 nm, constitutes the novel indicator under
investigation. It is hypothesized that the
absorption intensity within this specific
wavelength range correlates with  the
concentration of polar compounds and,
consequently, the degree of oil degradation).
Kinetic modeling was performed using
MATLAB software to mathematically
describe the changes observed in the oil quality
parameters over the four-day period. This
approach allows for the identification of trends
and potential reaction rates associated with oil
degradation. Statistical analysis was conducted
using SPSS software with a 95% confidence
level to evaluate the significance of the
observed changes. This step ensures the
reliability and generalizability of the findings
by minimizing the likelihood of chance
observations. It is noteworthy that previous
research has primarily focused on established
oil quality parameters like free fatty acids and
peroxide value. The present study aims to
bridge this knowledge gap by exploring the
potential of the absorption spectrum,

particularly in the 200-900 nm range, as a
novel indicator for determining the tipping
point of frying oil. This approach has received
less attention in prior investigations
(Senanayake, 2018), and its potential to
provide a more sensitive and efficient method
for monitoring oil quality warrants further
exploration.

Results and discussion: The findings of this
study support the hypothesis that frying time
significantly impacts various oil quality
parameters. We observed a positive correlation
between frying duration and the levels of
acidity, polar compounds, anisidine value, and
absorption within the 200-900 nm range.
These  observations  were  statistically
significant (p < 0.05), indicating a robust
relationship between extended use and oil
deterioration. This trend aligns with
established knowledge — as frying progresses,
the oil undergoes a cascade of degradation
reactions, leading to the accumulation of these
markers. The control sample exhibited the
lowest levels of all measured parameters,
reflecting its fresh and unused state.
Conversely, the oil used for the fourth
consecutive day displayed the highest levels,
signifying the most advanced stage of
degradation. This observation is visually
depicted through the Kkinetic modeling
performed using MATLAB software, allowing
for a comprehensive understanding of the
changes over time. Thus, the lowest level of
acidity was related to the control treatment,
and the highest level of acidity was related to
the fourth-day sample. Interestingly, the
changes in peroxide value displayed a non-
monotonic pattern. Initially, the peroxide value
increased with frying time, reflecting the
formation of peroxides during the early stages
of oxidation. However, this value subsequently
decreased. This deviation from the trend
observed for other parameters might be
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attributed to the decomposition of peroxides
into secondary oxidation products at later
stages of frying. Further investigation is
warranted to elucidate the underlying
mechanisms responsible for this specific
pattern. The peroxide changes first increased
and then decreased, and the changes in this
treatment were different from those of the
other treatments. While the acidity and
anisidine  values  surpassed established
thresholds for oil rejection (Zhang et al., 2022),
indicating a point of unacceptable degradation,
polar compounds and peroxide value did not
reach these limits within the timeframe of this
study. This suggests that the proposed
indicator, absorption intensity within the 200-
900 nm range, might be more sensitive in
detecting earlier stages of oil degradation
compared to traditional methods. The anisidine
values were significantly different between the
treatment and control samples (p<0.05). As the
number of days passed, the amount of
anisidine in the fried oil increased, which was
statistically significant (p<0.05). Thus, the
lowest number of anisidines was related to the
control treatment, and the highest number of
anisidines was related to the fourth-day
sample. There was a significant difference in
polar compounds between the treatment and
control sample (p<0.05). As the number of
days elapsed, the number of polar compounds
in fried oil increased, with a statistically
significant difference (p<0.05). Thus, the
lowest amount of polar compounds was related
to the control treatment, and the highest
amount was related to the sample on the fourth
day. The absorption at in 200-900 nm was
significantly different between the treatment
and control samples (p<0.05). With the
passage of time, the amount of absorption in
200-900 nm range in fried oil increased, which
was statistically  significantly  different
(p<0.05). This aligns with the findings of

Tynek et al. (2021), who reported a similar
increase in absorption within the 200-900 nm
range as frying progressed. The observed
positive correlation between frying time and
absorption within the 200-900 nm range,
particularly at 380 nm, strengthens the
potential of this novel indicator. This finding
supports the notion that the intensity of
absorption by polar compounds, generated
during various degradation reactions, can be a
valuable tool for monitoring oil quality.
Researchers suggest that measuring polar
compounds is a crucial indicator of oil
breakdown. The amount of polar compounds
formed during frying is influenced by factors
like moisture content, oil composition, and the
presence of antioxidants. This study
demonstrates that the absorption spectrum,
particularly the intensity of absorption by polar
compounds, offers a potentially more
convenient and potentially more sensitive
method for assessing oil quality compared to
traditional approaches.

Conclusion: This study underscores the
importance of monitoring and controlling oil
quality during deep-frying. The findings
demonstrate that measuring changes in various
oil quality parameters, including the newly
proposed absorption intensity of polar
compounds within the 200-900 nm range,
offers valuable insights into the degradation
process. By implementing these methods at
different intervals, food establishments can
optimize frying practices, minimize oil waste,
and ultimately ensure the production of safe
and high-quality deep-fried food products.
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Figure 1- Acidity, peroxide, percentage of polar compounds, absorbance in 200 to 900 nm and anisidine number
in of industrial and frying oil during 4 days of use for frying potatoes
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Table 1- Comparison of absorption at 200-900 nm in
fried potato oil sample

Absorption at 200-

900 nm Treatments
0.79 £0.08? Control
1.92 +0.12° First day
2.73 +£0.04¢ Second day
4.79 +0.1¢ Third day
10.00+0.63¢ Fourth day

Similar small letters in a column indicate the absence of
significant differences between the means (p>0.05)
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Figure 2- Kinetic diagram of zero degree corresponding to changes in acidity
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Figure 3- First-order kinetics diagram of the fit of anisidine changes
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Figure 4- Kinetics diagram of the first order limited proportional to the changes of the polar compounds
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Figure 5- First-order kinetic diagram corresponding to absorption changes in the region of 200 to 900 nm
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