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Abstract

The behavior of Uruguayan virgin olive oil during the frying of frozen, pre-fried potatoes
was evaluated. The frying cycles consisted of 1 hour of thermo-oxidation of the oil,
/Z Editor followed by frying 300 g of potatoes. Samples were taken every five cycles, replacing the
Adriana Gambaro oil cgnsumed (sampling + oil absorption). The following deter.ioration parameter§ wgre
Universidad de la Reptiblica, ~ Monitored: polar compounds (PC), total polymers (TP), peroxide value (PV), extinction
Facultad de Quimica, coefficient at 268 nm (K268), and free acidity (%A), as well as the evolution of the fatty
Montevideo, Uruguay acid profile and the content of natural antioxidants (tocopherols and polyphenols). An
increase in PC, TP, and K268 was observed as the frying cycles progressed. In contrast,
PV and %A showed a reduction compared to the original oil and subsequently a slight
Received 21 Mar 2025 upward trend, which was not significant in PV. A marked loss of both types of natural
Accepted 8 Dec 2025 antioxidants was observed during the early stages of the study. This was accompanied
Published 5 Jun 2026 . L . . e
by a significant reduction in the ratio of polyunsaturated fatty acids to palmitic acid. In
conclusion, although this oil performed well and remained stable during the frying
process, its main advantages, such as natural antioxidants with known bioactive

& Correspondence properties, were lost during the first frying cycles.
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Comportamiento del aceite de oliva virgen uruguayo durante la fritura

Resumen

Se evalud el comportamiento de un aceite de oliva virgen del mercado uruguayo durante el proceso de fritura de papas
prefritas congeladas. Los ciclos de fritura consistieron en 1 hora de termoxidacion del aceite y posteriormente se fritaron
300 g de papas. Se tom6 muestra cada 5 ciclos realizando reposicion del aceite consumido (toma de muestra + absorcion
de aceite). Se siguieron los siguientes pardmetros de deterioro: compuestos polares (CP), polimeros totales (PT), valor
de perdxidos (VP), coeficiente de extincién a 268 nm (K268) y acidez libre (%A), asi como la evolucién del perfil de &cidos
grasos y del contenido de antioxidantes naturales (tocoferoles y polifenoles). Se observé el aumento de los CP, PT y K268
con el paso de los ciclos de fritura. En cambio, VP y %A mostraron una reduccion respecto al aceite original y posterior-
mente una leve tendencia al aumento, no significativa en VP. Se destacd la perdida de ambos tipos de antioxidantes
naturales en las primeras etapas del estudio. Ademas, se acompafié de una reduccion significativa en la relacién entre
los &cidos grasos poliinsaturados y el palmitico. En conclusion, se destaca que, si bien este aceite mostré buen desem-
pefio y estabilidad durante el proceso de fritura, sus principales atractivos, como los antioxidantes naturales de conocidas
propiedades bioactivas, se perdieron durante los primeros ciclos de fritura.

Palabras clave: aceite de oliva, fritura en profundidad, biofenoles, papas fritas

Comportamento do 6leo de oliva virgem uruguaio durante a fritura

Resumo

Avaliou-se o comportamento de um 6leo de oliva virgem do mercado uruguaio durante o processo de fritura de batatas
pré-fritas congeladas. Os ciclos de fritura consistiram em 1 hora de termoxidagao do 6leo e, posteriormente, foram fritas
300 g de batatas. Foram coletadas amostras a cada 5 ciclos, repondo o éleo consumido (coleta de amostra + absor¢éo
de 6leo). Foram acompanhados os seguintes parametros de deterioragéo: compostos polares (CP), polimeros totais (PT),
valor de peréxidos (VP), coeficiente de extingao a 268 nm (K268), e acidez livre (%A), assim como a evolugéo do perfil
de acidos graxos e do contetdo de antioxidantes naturais (tocoferois e polifenois). Observou-se o aumento dos CP, PT e
K268 com o passar dos ciclos de fritura. Em contrapartida, o VP e 0 %A mostraram uma redugéo em relagdo ao 6leo
original e, posteriormente, uma ligeira tendéncia de aumento, néo significativa no VP. Destacou-se a perda de ambas as
formas de antioxidantes naturais nas primeiras etapas do estudo. Além disso, foi acompanhada por uma redugao signifi-
cativa na relacdo entre os acidos graxos poliinsaturados e o palmitico. Em conclus&o, destaca-se que, se bem que este
6leo apresentou bom desempenho e estabilidade durante o processo de fritura, suas principais atragdes, como os antio-
xidantes naturais de conhecidas propriedades bioativas, foram perdidas durante os primeiros ciclos de fritura.

Palavras-chave: 6leo de oliva, fritura em profundidade, biofendis, batatas fritas

1. Introduction

Frying is a popular cooking process (domestic or industrial) that produces a food product with particular organ-
oleptic characteristics, such as aroma, flavor, and texture, which consumers highly appreciate. From a chemical
point of view, it is a complex process involving many reactions due to the combined action of oxygen, high
temperature, and water released by food. These reactions cause organoleptic changes not only in food, but also
in the frying oil. The most noticeable changes in oils subjected to frying include increased viscosity, foam for-
mation, darkening, and a decrease in the smoke point (Marquez-Ruiz & Holgado, 2018).

Among the frying oils most widely used in Uruguay are refined oils such as sunflower, rice, and high oleic sun-
flower oil, among others. Their use depends on consumer preferences. Likewise, each type of oil has a specific
fatty acid composition and minor components that affect its vulnerability to the frying process.

When the oil is subjected to the previously mentioned conditions, it undergoes oxidation, polymerization, hydrol-
ysis (which causes the formation of free fatty acids), cyclization, and isomerization (Siragakis & Karamanavi,
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2017). In addition, hydroperoxides, known as primary oxidation products, degrade into hydrocarbons, aldehydes,
and ketones, among other classes of compounds, known as secondary oxidation products. Conjugated di-, tri-
and tetraene groups can also form, leading to the loss of unsaturated fatty acids. All of these changes deteriorate
oil quality (Martinez-Pineda et al., 2011).

The set of deterioration compounds is defined as polar compounds, since they present higher polarity than
triglycerides, being the most important quality index established for frying oils. In fact, several countries, including
Uruguay, have legal limits that determine when the oil used must be replaced (Ministerio de Salud Publica [MSP],
2019). Some of these compounds may also be harmful to human health (Siragakis & Karamanavi, 2017). One
of the best known is acrylamide, which is considered carcinogenic and genotoxic (Vrettakou et al., 2014).

From a nutritional perspective, the main concern regarding the frying process is the lipid contribution resulting
from the absorption of oil by the food. This, on the one hand, generates high caloric content, and, on the other
hand, leads to the absorption of the components that make up the oil, including both beneficial and harmful
ones, generated by the deterioration through repeated frying.

In this context, the use of virgin olive oil emerges as an attractive option from a nutritional point of view. Virgin
olive oils are oils obtained from the fruit of the olive tree (Olea europaea L.), only by mechanical or other physical
means under specific thermal conditions that do not produce alterations in the oil and that have not undergone
any treatment other than washing, decantation, centrifugation, and filtration. Among the virgin olive oils suitable
for direct consumption, several categories are distinguished, from highest to lowest quality: extra virgin olive oil,
virgin olive oil, and ordinary virgin olive oil (International Olive Council [[OC], 2024).

Virgin olive oil contains between 97 and 99% lipids, mostly made up of triglycerides, and between 1 and 3% of
minor components. This minor fraction includes more than 200 compounds, including tocopherols, sterols, triter-
penes, pigments, phenols, and volatile compounds (Lopez-Bascon et al., 2024).

Several authors attribute the beneficial properties of virgin olive oil to the high presence of oleic acid, phenolic
components, and tocopherols. All these bioactive compounds are associated with the ability to reduce the risk of
cardiovascular diseases and inflammatory processes linked to various diseases and pathologies (Barp et al., 2024).

Virgin olive oil has gained importance in recent decades in Uruguay, positioning itself regionally and worldwide
as a very high-quality oil. Given that it is part of the Mediterranean diet and due to its content of bioactive com-
ponents, its consumption is encouraged by the general population, both raw and in preparations, and in different
cooking processes.

This type of oil, unlike refined oils, retains a greater number of minor components of nutritional interest. These
components may be absorbed by the food fried in this oil, thus providing a nutritional appeal that it would not
otherwise have (de Carvalho et al., 2022). In addition, the presence of natural antioxidants, mainly polyphenols
and tocopherols, provides a high resistance to oxidative deterioration (Siragakis & Karamanavi, 2017).

In Uruguay, olive oil has a significantly higher cost than other refined oils used for frying, which may limit its
application on a large scale despite its recognized nutritional and sensory advantages.

While refined oils lose most of their minor components during the refining process, they still retain residual
amounts of tocopherols, which contribute to some extent to the oxidative stability of the oil. In this context, it is
important to note that high-oleic sunflower oil, widely used for frying, has a fatty acid composition similar to that
of olive oil, with a high oleic acid content and relatively low levels of polyunsaturated fatty acids, which also
favors its oxidative stability.

Agrociencia Uruguay 2026;30(NE2):e1720 3



©
’R Segura N, Volonterio E, Callgjas N, Arias ME, Rubbo A, Martinez N, Lazaro J, Irigaray B

In the present study, the behavior of a virgin olive oil from the Uruguayan market was evaluated during the
repeated frying of frozen pre-fried French fries.

2. Materials and Methods
2.1 Materials

Frozen pre-fried potatoes (keeping the brand and batch constant in order to standardize the raw material), and
virgin olive oil purchased in the local market were used.

2.2 Frying Cycles

Frying cycles were carried out rather than consecutive fryings in order to reduce the duration of the experiment.
This type of study has been used by various authors in similar studies (Casal et al., 2010; de Carvalho et al.,
2022; Holgado et al., 2024).

A 3-L capacity domestic fryer was used, and 300 g portions of potatoes were fried. Frying conditions were es-
tablished by setting the temperature at 180 °C and the time at 3 minutes. Each frying cycle consisted of frying
one portion of frozen pre-fried potatoes, followed by an hour of thermoxidation at the frying temperature (in the
absence of food). Every five frying cycles, a sample was taken, and oil was replenished to maintain the fryer
level. A total of 20 cycles were performed.

2.3 Physicochemical Analyses

The following analyses were carried out on the virgin olive oil. All analyses were performed in triplicate, and their
respective average values were reported.

Polar compounds (PC) were determined according to the technique described by Segura et al. (2019). A sample
of 250 mg was applied to a 20 mL column with septa packed with 6.3 g of silica gel 60 (0.063-0.200 mm;
previously dried at 160 °C for 4 hours, with water content adjusted to 5%). Non-polar compounds were eluted
with 65 mL of the petroleum ether:diethyl ether mixture (90:10 v/v) in a round-bottom flask. Polar compounds
were then eluted with 50 mL of diethyl ether into another round-bottom flask. The solvent was removed from
both eluates in a rotary evaporator. The polar compound value was determined from the recovered mass of non-
polar compounds.

Total polymers (TP) were determined according to technique AOCS Cd 22-91 (American Oil Chemists’ Society
[AOCS], 2017). A solution was prepared from the samples of 50 mg/mL in tetrahydrofuran (THF). The determi-
nation was performed on a Shimadzu 20A HPLC equipment with an IR detector with Nucleogel GPC columns
of 100 and 500 A (5 ym x 300 mm x 7.7 mm). THF was used as a mobile phase with a flow rate of 1 mL/min.

Peroxide value (PV) was determined according to ISO 3960:2017 (International Organization for Standardization
[ISO], 2017). Titration was performed on 1 g of sample using a 0.01 N sodium thiosulfate solution with starch as
the indicator.

Free acidity (%A) was determined according to technique COI/T.20/DOC. No. 34 (IOC, 2017). Titration was
conducted on 1.5 g of sample using a 0.01 N sodium hydroxide solution with thymolphthalein as the indicator.

Extinction coefficient at 268 nm (K268) was determined according to technique COI/T.20/DOC. No. 19/Rev. 5
(I0C, 2019). Absorbance was measured at 268 nm in a solution of suitable concentration using isooctane as
solvent in a Shimadzu UV mini-2140 UV-Visible spectrometer.
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Fatty acid composition was determined by gas chromatography (GC), after derivatizing the oil o its correspond-
ing methyl esters with 2 N potassium hydroxide in methanol in accordance with [IUPAC 2.301 (International
Union of Pure and Applied Chemistry [IUPAC], 1987) /AOCS Ce 1a-13 (AOCS, 2017). A Shimadzu model 2010
chromatograph equipped with an FID detector and a SUPELCO SP-2330 capillary column (30 m x 0.25 mm x
0.20 um) was used. The temperature program started at 160 °C, which was maintained for 1 minute, then in-
creased to 224 °C at a rate of 4 °C/min, and maintained until completing the total analysis time of 17 minutes.
Nitrogen was used as the carrier gas at a pressure of 70 kPa and a split ratio of 1:80. The identification of the
fatty acids was performed by comparing the retention times with those obtained from a standard mixture of fatty
acid methyl esters (provided by Sigma-Aldrich) analyzed under the same chromatographic conditions.

Tocopherols were determined according to Andrikopoulos et al. (1991). A solution of the samples of 30 mg/mL
was prepared in 1 mL of isopropanol. The determination was carried out in a Shimadzu 20A HPLC equipment
with a fluorescence detector (excitation 290 nm; emission 330 nm) and a C18 column (5 ym x 250 mm x 4.6
mm). The solvents used were an aqueous solution of 5% acetic acid, acetonitrile, methanol, and isopropanol
according to the volumetric program shown in Table 1. Quantification was performed using a calibration curve
prepared with standards.

Table 1. Solvent program for tocopherol determination by HPLC

Time (min) 5% acetic acid Acetonitrile Methanol Isopropanol Flow rate (ml/min)

0 69 18 13 0 1
25 0 58 42 0 1
30 0 58 42 0 1
45 0 23 187 60 1
46 0 0 100 0 1.7
48 0 0 100 0 1.7

48.5 69 18 13 0 1
57 69 18 13 0 1

Biophenols were determined according to technique COI/T. 20/Doc. No. 29 (I0C, 2022). Biophenols were ex-
tracted from 2 g of sample using 5 mL of methanol-water solvent (80:20 v/v), and the mixture was maintained in
an ultrasound bath for 15 minutes. It was then centrifuged, and the aliquot of the upper phase was taken and
filtered using a 0.45 ym PVDF filter.

The determination of biophenols was performed on a Shimadzu 20A HPLC equipment with a diode array detec-
tor and a C18 column (5 ym x 250 mm x 4.6 mm). A 20 uL sample was injected using the volumetric solvent
program in Table 2 at a flow rate of 1 mL/min.

Table 2. Solvent program for biophenol determination by HPLC

Time (min) 0.2% HsPO4 Methanol Acetonitrile

0 96 2 2
40 50 25 25
45 40 30 30
60 0 50 50
70 0 50 50
72 96 2 2
82 96

Agrociencia Uruguay 2026;30(NE2):e1720 5
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2.4 Statistical Study

The Infostat software version 2020 (Universidad Nacional de Cérdoba, Argentina) was used for the calculation
of averages and the analysis of variance (ANOVA) through Tukey's Test, with a confidence interval of 95%.

3. Results
3.1 Figures and Tables
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Figure 1. Evolution of polar compounds (PC) and total polymers (TP) throughout the frying cycles

Means with a common letter are not significantly different (p > 0.05).

Table 3. Free acidity (%A), peroxide value (PV), and determination of extinction coefficient (K268) of the initial oil and its
evolution throughout the frying cycles

Cycle %A (%) PV (meqOzlkg) K268
Initial 117 £0.01¢ 146+06¢ 0.23+0.012
Cycle 5 0.46 +0.01 944040 1.60 £0.055
Cycle 10 0.6140.03" 70£032 1.65+0.02°
Cycle 15 0.80 +0.01¢ 724012 17340070
Cycle 20 0.99 0,01 ¢ 9.7+062 2.24+0.01¢

Means with a common letter within the same column are not significantly different (p > 0.05).
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Figure 2. Evolution of tocopherol and biophenol contents throughout the frying cycles

Means with a common letter are not significantly different (p > 0.05).
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Table 4. Evolution of the major biophenols in olive oil and their evolution throughout frying cycles

Initial Cycle 5 Cycle 10 Cycle 15 Cycle 20
Hydroxytyrosol 28814 nd nd nd nd
Tyrosol 17.7£09° 31+£0.2a 32+0.22 29+0.1a 26+0.1a
p-coumaric acid 104 £0.50 0.8+0.1a 06+0.1a 05+£0.1a 0.3+£0.1a
Decarboxymethyl oleuropein aglycone 234 +£1.20 05+0.12 nd nd nd
Oleuropein 20%01a 235+1.2¢ 223+1.1¢ 19.4+£1.0°b 17.3+£09°b
Decarboxymethyl ligstroside aglycone 16.4+£0.8¢ 13.6+£0.7¢ 10.0£0.5° 77042 6.2+032
Pinoresinol, 30.7+15¢c  287+14bc  271+14abc  253+13ab  248+122
1-acetoxy-pinoresinol
Luteolin 19.9+1.0¢c 1.8+0.1b 0.9+0.1ab 06+0.12 04+0.1a
Oleuropein aglycone 20.0+1.04 52+032 72+040 8.3+0.40c 88+04c
Ligstroside aglycone 13.3+£0.7¢ 6.8+032 871040 9.4 +0.50b¢ 10.3+£05¢
Total biophenols 227 +£11°b 109+5a 104 +5a 97+5e 93+5e

Means with a common letter within the same row are not significantly different (p > 0.05).
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Figure 3. Fatty acid composition of the initial oil and its evolution throughout the frying cycles

SFA: saturated fatty acids; MUFA: monounsaturated fatty acids; PUFA: polyunsaturated fatty acids. Means with a common letter are
not significantly different (p > 0.05).

Table 5. Evolution of the major fatty acids in olive oil and their evolution throughout the frying cycles

% (wiw)

Initial Cycle 5 Cycle 10 Cycle 15 Cycle 20
16:0 15.6£0.2 15.9+0.3 16.7£0.3 17.3+0.2 17.7+£0.2
16:1 1.4 +0.1 1.3+0.1 1.3+0.1 1.3+0.1 1.2+ 0.1
18:0 1.7+0.1 1.7+0.1 1.8 0.1 1.8+0.2 1.6 0.1
18:1 67.4+0.3 68.7+ 0.1 69.5+0.2 69.0+ 0.3 68.9 0.2
18:2 125+0.3 10.0+ 0.1 9.8+0.1 9.5+0.1 9.2+0.2
18:3 0.7+0.1 04+0.1 0.3+0.1 0.3+£0.1 0.3+0.1
20:0 0.3+0.1 02+0.1 02+0.1 02+0.1 02+0.1
20:1 0.3+0.1 02+0.1 02+0.1 02+0.1 0.1+£0.1
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4. Discussion

Figure 1 shows the evolution of the PCs and TPs throughout the frying cycles. The initial oil (without thermal
treatment) presented a PC value of 6.7 %, similar to values reported by Casal et al. (2010) for different extra
virgin olive oils from the Portuguese market, and by Holgado et al. (2024) for a Spanish extra virgin olive oil.

As expected, both PC and TP increased as the frying cycles progressed. After 15 cycles, the oil reached the
limit established by the National Bromatological Regulations (MSP, 2019) of 25% of PC. This time was shorter
than that found by Casal et al. (2010), where the olive oils analyzed by these authors resisted more than 20
frying cycles. It is worth mentioning that the cycles described by these authors do not differ greatly from those
used in this study. The main differences lie in the fact that they used a smaller fryer and fresh potatoes instead
of pre-fried frozen ones, apart from the origin and the extra-virgin quality of the oils. Frozen pre-fried potatoes
contain oil, so an exchange occurs between this oil and the olive oil in the frying bath. Therefore, if the lipids of
the potatoes have a high content of degradation compounds, these will be transferred to the frying oil, which will
contribute to the deterioration of virgin olive oil. In this regard, it was verified that the lipids in the uncooked pre-
fried potatoes had 31% PC, favoring deterioration processes. As a consequence, the resistance to oxidative
deterioration of the virgin olive oil used for frying these potatoes could be reduced.

Table 3 shows other deterioration parameters obtained for the oil and its evolution throughout the frying cycles.
First, it is important to note that the values of 1.17% for %A and 0.23 for K268 exceed the limits established by
the IOC for extra virgin olive oil: 0.8 and 0.22, respectively. Therefore, the oil should be classified as virgin (10C,
2024), although the label identified it as extra virgin. This aspect indicates that the initial oil already had some
degree of hydrolytic and oxidative deterioration.

PV and %A showed a decrease at the beginning of the process, evidencing the elimination of peroxides and
free fatty acids in the early stages of the process. As for peroxides, this could be explained by their decomposi-
tion as a result of the high temperature. This is verified by the increase in K268 and TPs observed during the
process, since both parameters measure peroxide degradation compounds.

Free fatty acids are eliminated due to their volatilization and the stripping effect exerted by the steam generated
during potato cooking. Although this value decreases in the first stage of the process, it increases as a result of
the oil hydrolysis generated by the water vapor formed during the successive frying batches. The increase in %A
during frying could be attributed to oxidation and hydrolysis. However, %A is a dynamic value because, while
free fatty acids are being produced, they have sufficient vapor pressure at frying temperatures to evaporate from
the surface (Siragakis & Karamanavi, 2017). Therefore, a slight variation is expected over the cycles (de
Carvalho et al., 2022).

These effects on %A and PV were also reported by de Carvalho et al. (2022) for three extra virgin olive oils used
for frying, two of Brazilian origin and one Spanish. They also monitored the p-anisidine value, as a measure of
secondary oxidation, observing a trend similar to that of K268 in the present study. The authors attributed the
small variations between oils to differences in fatty acid composition and minor components.

On the other hand, Casal et al. (2010) observed the same behavior in both PV and K268, except for the decrease
in the initial PV value. This could be explained by the fact that their initial oils had considerably lower PV values.
In addition, as previously mentioned, they worked with raw potatoes, which did not contribute degradation com-
pounds, as was the case in the present study. Another aspect these authors observed was that %A increased
during frying processes.

Figure 2 shows the values of natural antioxidants (tocopherols and biophenols) in the original oil and their evo-
lution during the frying cycles. The initial oil presented 300 ppm of total tocopherols and 207 ppm of biophenals.

8 Agrociencia Uruguay 2026;30(NE2):e1720
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These values are higher than those reported by Casal et al. (2010) for all the oils analyzed in their study. The
content of natural antioxidants depends on the variety and origin of the olive from which the oil is obtained, as
well as the fruit ripeness at harvest and the extraction process itself (Grompone, 2010).

An abrupt decrease in natural antioxidants in the early stages of the study is highlighted, affecting both tocoph-
erols and biophenols, with tocopherols reaching negligible values by the end of the study. In the case of biophe-
nols, it is important to note that within the quantified compounds, some of them transformed into oxidized forms
of the compounds originally present. Therefore, although there is no total loss of these compounds, by the end
of the process, they do not have the same antioxidant capacity as at the beginning.

When observing the main olive oil biophenols individually and their evolution during the frying cycles (Table 4),
the abrupt decrease of some compounds after the first 5 frying cycles can be appreciated, such as hydroxytyro-
sol, tyrosol, decarboxymethyl oleuropein aglycone, luteolin, and oleuropein aglycone, showing great lability of
these compounds in frying conditions. In other cases, such as pinoresinol, the decrease is more gradual, sug-
gesting that these biophenols have greater resistance to the frying process. Therefore, this type of biophenol
may contribute to extending the shelf life of olive oil during frying. However, oleuropein increased in cycle 5 and
then slowly decreased. This behavior is likely due to its formation from the decomposition of other more complex
biophenols or by the absorption of other degradation compounds that absorb at the same wavelength, since the
method used reports in the oleuropein elution region peaks that correspond to the formation of oxidation com-
pounds derived from decarboxymethyl ligstroside aglycone.

The loss of tocopherols due to frying cycles has been reported for several oils, particularly for virgin olive oils in
combination with biophenols (Casal et al., 2010; Holgado et al., 2024; Marquez-Ruiz & Holgado, 2018; Segura
et al., 2017). Their rapid loss implies that the resistance of virgin olive oils to deterioration during the frying
process is fundamentally governed by fatty acid composition and not by antioxidant content.

The fatty acid composition of the oil and its evolution during the frying cycles are presented in Figure 3. The
evolution of the ratio between PUFAs and palmitic acid (16:0) is also shown. The complete composition can be
seen in Table 5.

It can be observed that in the initial composition of olive oil, the main fatty acids are MUFAs, with oleic acid
accounting for 67.4%. A significant content of SFA is also present, with palmitic acid being the most abundant,
with 15.6%. Among the PUFAs, linoleic acid stands out with 12.5%. These values fall within the expected range
for this type of oil and comply with the commercialization standards established by the I0C (I0OC, 2024). This
composition explains why this oil is considered to have excellent frying properties, as it contains a high content
of MUFA (oleic acid >40%) and low content of PUFA, particularly linolenic acid <3% and linoleic acid <50%
(Marquez-Ruiz & Holgado, 2018).

Fatty acid composition showed minimal differences during the process. These are more evident when consider-
ing the PUFA/16:0 ratio, which showed a significant reduction as the frying process progressed. This behavior
was expected since PUFAs are more susceptible to deterioration, and their reduction is accompanied by an
increase in PC and TP, compounds formed from their degradation. Monitoring changes in fatty acid composition
of oils during frying is an effective method for assessing thermoxidative changes in oils (Siragakis & Karamanavi,
2017). Among the PUFAs present in the oil, linoleic acid is the most representative. This reduction in PUFA
content has also been reported by Casal et al. (2010).
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5. Conclusions

Uruguayan virgin olive oil presents favorable characteristics for frying due to its high composition of monoun-
saturated fatty acids, which contribute to its stability. However, natural antioxidants, highly valued for their nutri-
tional properties, are lost during the early stages of repeated frying. Therefore, the use of this type of oil for
frying, when aiming to preserve its full nutritional contribution to the fried food, is more appropriate when a limited
number of frying cycles are performed, as typically occurs in domestic cooking. For an industry or restaurant,
where repeated frying is carried out, its use does not seem to offer advantages over other oils with high oleic
acid content, although it still presents advantages over those with higher content of linoleic acid.

The present study was limited to a single oil sample, which did not meet the regulatory criteria established for
extra virgin oil. In any case, it was possible to evidence the rapid degradation suffered by natural antioxidants,
reaffirming the idea that oil deterioration under frying conditions depends fundamentally on their fatty acid com-
position. It should also be noted that this behavior could not be replicated in industrial frying conditions, because
continuous fryers are generally used in this context. In contrast, frying cycles such as those applied in this study
resemble discontinuous conditions, in which the oil remains hot without food while waiting for a new batch, the
period during which the greatest oil deterioration is observed.
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