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Abstract

The objectives were to evaluate the properties of refined (ROO) and extra-virgin olive oil (EVOO)
in their natural state (fresh) and after heating, while comparing them with each other and with refined
soybean (SBO) and refined sunflower seed oil (SFO). The methodology was designed to simulate, in
controlled laboratory conditions, the home-frying process, while evaluating fatty acid profile (fatty acid
methyl esters were separated by gas chromatography), concentration of phenolic compounds (Gallic acid
dosage), antioxidant activity (DPPH), and production of polar compounds (thin layer chromatography)
before and after heating to 200 °C for six minutes. It was observed that, before and after heating, SBO
and SFO are rich in polyunsaturated fatty acids (FA) and ROO and EVOO are rich in monounsaturated
FA. Fresh or heated, ROO and EVOO do not have trans FA, which are present in SBO and SFO, and
increase in SBO after heating (+ 32.8%). The concentrations of phenolic compounds are always higher
in olive oils, despite the decrease that occurs after heating (-7.5% in the ROO and -24.6% in EVOO).
Antioxidant activity is greater when olive oils are fresh and remains present in EVOO after heating.
The concentration of polar compounds was similar for all oils after heating. In conclusion, ROO and
EVOO are the richest in monounsaturated FA even after heating, with no production of saturated or
trans FA. Despite losing some antioxidant activity, heated EVOO remains richer in monounsaturated
FA than ROO, SBO and SFO in the fresh version. All oils suffer similar rates of degradation.

Keywords: Olive Oil; Thermic Treatment; Oxidation stability; Phenolic Compounds; Mediterranean
Diet; Oils

1 Introduction

Vegetable oils are widely used in home food
preparation, either fresh as seasoning of cold
dishes or added to the preparations that will be
cooked, baked or fried by immersion. Oils from
different sources such as olive, soybean, sunflower
seed, canola and corn germ, among others can be
found in the market, and the composition of each

has differences that can impact the user’s health.
In respect to olive oil, studies conducted over
the past few decades have demonstrated many
health benefits due to the high content of oleic
acid (18:1n-9), and the presence of α-linolenic
acid (18:3n-3), antioxidants and free radical scav-
engers (Guasch-Ferre et al., 2014; Schwingshackl,
Christoph, & Hoffmann, 2015; Schwingshackl &
Hoffmann, 2014a, 2014b).
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Nomenclature

ROO refined olive oil

EVOO extra-virgin olive oil

SBO soybean oil

SFO sunflower seed oil

There are several different presentations of olive
oil in the market. Extra-virgin is obtained from
the fruit of the olive tree (Olea europea L.) by
mechanical means only, without any treatment
other than washing, filtrating, decanting, and
centrifuging (Codex, 2015). The minor com-
ponents from the olive fruit, including phenolic
compounds remain in the final product, unlike
other vegetable oils that are subjected to refining
processes (Ballus, 2014; Shahidi & Zhong, 2005).
The non-extra virgin olive oil is a blend of re-
fined olive oil and virgin olive oil. The ”Mediter-
ranean” food standard, recognized by science as
one of the healthiest, has in olive oil one of its
main components, according to the Second In-
ternational Conference on Olive Oil and Health
(Lopez-Miranda et al., 2010). The main bene-
fits of this food recognized by science are: it re-
duces LDL-cholesterol (LDL-c), increases HDL-
cholesterol (HDL-c)/LDL-c, reduces LDL-c oxid-
ability, improves glucose metabolism, helps blood
pressure control and endothelial function, pro-
motes antithrombotic environment, has a favor-
able effect against obesity, promotes less activa-
tion of fasting and post prandial nuclear factor
kappa-light-chain-enhancer of activated B cells
(NF-KB), reduces age-related cognitive decline
and Alzheimer’s disease (Lopez-Miranda et al.,
2010).
In Brazil, the olive oil consumption of about
200 milliliters per capita per year is quite low
as compared to other countries. In Greece it
is 26 liters, in Spain 12 liters, and in Portugal
7 liters (Nogueira-de-Almeida, Ribas Filho, de
Mello, Melz, & Almeida, 2015). One possible
reason for this low consumption is the combi-
nation of high price compared to other vegetable
oils, and the idea that its use should be restricted
to finishing cold dishes. There is, in fact, the

belief that, once heated, olive oil would suffer
changes in its lipid profile, thereby degrading
and losing its beneficial health properties. Ad-
ditionally, even recognizing that olive oil may
be the best option when used fresh, it is com-
monly believed that after heating, it becomes
worse than other oils in relation to nutritional
quality (Nogueira-de-Almeida et al., 2015). Oil
can be heated in many ways, but the most com-
mon process is by frying, which leads to multi-
ple reactions that generate mostly non-volatile,
chemical compounds, i.e., they remain in the oil,
affecting their physical properties (Katragadda,
Fullana, Sidhu, & Carbonell-Barrachina, 2010).
The quality of the foods cooked by this method
is dependent on: frying conditions, temperature,
time, type of food, and volume and type of oil
used (Katragadda et al., 2010). The formation of
aldehydes and volatile compounds during frying
depends mainly on the process temperature. The
trend towards the production of volatile com-
pounds also depends on the fatty acids’ compo-
sition (Katragadda et al., 2010). Heating also
modifies many properties of oils, such as the pro-
file of fatty acids, antioxidant capacity, and nutri-
tional quality (Nogueira-de-Almeida et al., 2015;
Valderas-Martinez et al., 2016). Some of these
can be evaluated by laboratory indicators, such
as the composition of fatty acids, the antioxidant
capacity, the amount of phenolic compounds,
and degradation (Allouche, Jimenez, Gaforio,
Uceda, & Beltran, 2007; Ballus, 2014; Cicerale,
Conlan, Sinclair, & Keast, 2009; Daskalaki, Kefi,
Kotsiou, & Tasioula-Margari, 2009; Freire, Fer-
reira, & Mancini-Filho, 2013; Nunes, de Souza,
Correa, & da Costa e Silva, 2013; Santos, Cruz,
Cunha, & Casal, 2013). This study intended to
describe properties of two types of olive oil in
their natural state and after heating at home-
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frying simulation, while comparing them to other
oils used for cooking.

2 Methods

Four options of the most used oils for home
cooking in Brazil were defined for the study:
refined olive oil (ROO), characterized as a
blend of refined olive oil and virgin olive oil;
extra-virgin olive oil (EVOO) characterized
as a mixture of extra-virgin olive oils; refined
soybean oil (SBO) and refined sunflower seed oil
(SFO).
Some parameters were defined considering that
the main objective of the study was to evaluate
the effects of heat treatment: temperature, type,
and duration of heating. We chose to mimic, in
controlled laboratory conditions, the process of
home-frying, since it is one of the most common
and more drastic heat treatment used in food
preparation. Therefore, we researched products
available in the Brazilian market that indicated
on the label their suitability for frying and
manufacturer’s instructions on the correct way
of preparation. Temperature and heating time
were set at 200 °C for 6 minutes, an estimated
average time to prepare 1 portion of food used as
a reference: potatoes, nuggets, chicken fingers,
fish, squid, croquette, polenta, meat, churros,
and vegetables. These products were used only
to obtain references for the methodology. The
trials were conducted only with the oils, and no
foods were prepared.
About 5 liters of oil were used for each heat
treatment. All samples were obtained, by do-
nation or purchased in supermarkets in the city
of São Paulo, within the expiration date as de-
scribed by the manufacturers on the label. The
same batch as described by the manufacturer
on the label was used for each sample, which
were coded with 3 non-sequential and random
numbers, making it impossible to identify them
at the time of the analytical methodology. The
samples were weighed, and after setting the fryer
to 200 °C they were deposited into the tanks and
the temperature monitored to reach the target
value of the heat treatment. The temperature
was measured for each sample at time zero, and
thereafter at every minute until reaching 200

°C. Once the target temperature was reached,
it was measured every minute to establish the
specific range of the heat treatment of each
sample as detailed in Table 1. After the heat
treatment, the samples were immediately placed
in amber vials with no head-space in order to
prevent oxidation, and cooled in a freezer until
the temperature reached below -10 °C.
Determination of fatty acids was carried out on
a single sample of each oil, and the other tests in
a set of three. All measurements were performed
at the Instituto de Tecnologia de Alimentos
(Food Technology Institute) (ITAL) of the State
of São Paulo, with the exception of the polar
compounds, which were measured by the Oils
and Fats Laboratory of the Food Engineering
School of Unicamp.
The following properties were measured before
and after heat treatment for each sample:

Antioxidant activity: determination of an-
tioxidant activity based on the ability
of the sample to reduce 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical, as described
by Brand-Williams, Cuvelier, and Berset
(1995).

Phenolic compounds: Concentration of phe-
nolic compounds expressed as gallic acid
equivalents, as proposed by Kim, Chun,
Kim, Moon, and Lee (2003).

Determination of fatty acid composition:
Conducted according to the Ce 1a-13
methodologies, CE 1h-05 and 996.06 of the
American Oil Chemists’ Society (American
Oil Chemists’ Society, 2009).

Determination of polar compounds:
Column chromatography using method-
ology standardized by the American Oil
Chemists’ Society (2009).

3 Results and Discussion

The results were expressed using the fresh val-
ues, in the case of fatty acids (in which only one
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Table 1: Conditions of Heat Treatment

Samples Time to reach the 200°C Temperature variation during heat
goal temperature treatment of 200°C for 6 minutes

Soybean oil 5 minutes and 21 seconds 201.97°C ± 2.13
Sunflower seed oil 6 minutes and 3 seconds 200.9°C ± 1.72
Refined olive oil 6 minutes and 16 seconds 199.27°C ± 2.08
Extra-virgin olive oil 5 minutes and 22 seconds 200.47°C ± 1.78

sample of each oil was measured), and as means
and standard deviations for phenolic compounds,
gallic acid and polar compounds (where determi-
nation was performed on three samples of each
type of oil), being grouped in tables. A compar-
ison between the characteristics of each of the
oils at time zero and after heat treatment was
presented in a descriptive way.

3.1 Results

The results are depicted in Tables 2 and 3.
Table 2 demonstrates that the four oils studied
are different in their composition when fresh, and
the differences remain after heating. SFO is the
poorest in saturated fatty acids and this pro-
file persists after heating. Olive oils (ROO and
EVOO) are the richest in monounsaturated fatty
acids and this profile also remains after heat-
ing. SBO and SFO are quite rich in polyunsat-
urated fatty acids, and SBO is especially rich in
omega-3, and this profile persists after heating.
There is also little change in the saturated fatty
acid profile after heating, although for EVOO the
amount is reduced. There is also little change in
the monounsaturated fatty acid profile, although
for EVOO the concentration increases. There is
little change in the polyunsaturated fatty acid
profile, although for EVOO there is a reduction
in levels of both omega-3 and omega-6. It is im-
portant to state that this is a descriptive study,
so we did not conduct statistical analysis that
would be relevant to support the findings.
When fresh, olive oils have no trans fatty acids,
although they are found in SBO and SFO. After
heating, olive oils still do not contain trans fatty
acids but they increase in amount in SBO and
remain present in SFO.

The quantities of phenolic compounds are much
higher in olive oils and this difference remains af-
ter heating. This process decreases the amount
of these compounds in olive oils (loss of 7.5% in
ROO and 24.6% in EVOO), and they become
undetectable in SBO and SFO. Even consider-
ing the decrement in phenolic compounds, heated
olive oils are still richer in these compounds than
SBO and SFO in the fresh version.
The antioxidant activity evaluated by the DPPH
method is greater in fresh olive oils and remains
significant for EVOO after heating. SBO and
SFO have no antioxidant activity, neither before
nor after heating. Olive oils lose their antioxi-
dant activity upon heating (100% for ROO and
26.6% for EVOO). Even considering the loss of
antioxidant activity, heated EVOO is still richer
in these compounds than ROO, SBO and SFO
in the fresh version.
The results for the polar compounds demonstrate
that all oils suffer some degree of degradation and
although having different concentrations of polar
compounds when fresh, after heating the values
are very similar.
Table 3 depicts the individual fatty acids. The
profile of SBO and SFO differs significantly from
olive oils. The omega-9 content is 66% less for
SBO and 47% less for SFO than for both olive
oils.
Some qualitative results on the characteristics of
the samples during the heat treatment have to
be underscored: SBO and SFO caused a burn-
ing sensation on the researcher’s eyes during the
frying test, possibly due to the production of
acrolein (Beauchamp, Andjelkovich, Kligerman,
Morgan, & Heck, 1985) and this was more in-
tense with SBO. ROO hardly caused any dis-
comfort. EVOO caused a perception of burning
in the mucosa of the digestive tract, possibly due
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to volatilization of spicy compounds which are
typical of this type of product.
Although many oils are used in industry, often in
extreme temperature conditions, it is important
to understand how they behave in household use
and thus provide health professionals with results
that can help educate their patients.
Data presented in this study were obtained sim-
ulating household conditions and it is worth
remembering that the experiments were con-
ducted only once under controlled temperature
and time. It is known that if the same oil is used
repeatedly for frying, its properties are progres-
sively lost and there is the risk of occurrence of
toxic by-products (Freire et al., 2013).
The fatty acids’ profile directly affects the sen-
sory properties of oils in the parameters of tex-
ture and melting point, which impacts on the
stability of the oil oxidation when exposed to
light and oxygen during the shelf life of the prod-
uct. Saturated fatty acids increase the melting
point, providing firmer texture than polyunsatu-
rated and monounsaturated acids, even when the
oil is in liquid form. In this study, the oil with
the lowest percentage of saturated fatty acids
was SFO, which possibly gives it a lower melting
point. The high content of oleic acid in olive oil
is important because it is less susceptible to ox-
idation than polyunsaturated fatty acids, which
predominate in other oils, therefore contributing
to its stability (Owen et al., 2000). It also helps
to reduce serum levels of LDL cholesterol and in-
crease HDL cholesterol. α-linolenic acid (ALA,
18:3n-3) helps reduce the risk of heart disease,
decreases blood pressure, and protects against
the formation of plaques in the arteries (Cicerale
et al., 2009).
Many metabolic reactions that occur physio-
logically in the human body cause reduction
of molecular oxygen releasing reactive species
known as free radicals. Due to the damage
caused by such radicals in the metabolism and
induction of various diseases, they must be in-
activated. That role is played by antioxidants
which can either be produced by the body or
ingested in the diet. One way to evaluate the
antioxidant capacity of oils is by the DPPH
method. In this study and by this method,
SBO and SFO did not show antioxidant activ-
ity, not even when fresh. Refined olive oil ex-

hibited antioxidant activity only before heating
but EVOO exhibited antioxidant activity before
and after heating, with greater activity than the
other oils even after being heated. Phenolic
compounds such as gallic acid, which was mea-
sured in this study, are among the antioxidants
found in plant foods. These compounds can
reduce blood pressure and protect against the
formation of atheroma plaques (Cicerale et al.,
2009). EVOO is not refined, therefore contain-
ing many unsaponifiable compounds, especially
phenols, which would generally be removed by re-
fining (Caruso et al., 1999; Ragazzi & Veronese,
1973). In fact, the data demonstrated that gallic
acid is present in olive oils, in higher amounts
in EVOO and, after heating, can still be found
in quantities higher than in the other oils stud-
ied even when fresh. Fresh SBO and SFO con-
tain gallic acid and may, therefore, be consid-
ered as having an antioxidant effect but, when
heated, even at a home process temperature and
for a short time, completely lose this property.
The phenolic compounds of olive oils have shown
higher antioxidant properties than vitamin E in
lipids and in DNA oxidation in vitro and ex vivo
(Fitó et al., 2007). They are also able to pre-
vent endothelial dysfunction, decreasing the ex-
pression of cell adhesion molecules and increas-
ing the production of nitric oxide (Fitó et al.,
2007). In addition, they inhibit platelet aggre-
gation and improve the mRNA transcript of the
antioxidant enzyme glutathione peroxidase (Fitó
et al., 2007). Other potential activities include
anti-inflammatory chemopreventive activity and
delay in the progression of atherosclerosis (Fitó
et al., 2007). Phenolic compounds play an im-
portant role in the quality of olive oils, as they
contribute significantly to the oxidative stabil-
ity. EVOO has remarkable resistance to oxida-
tion, which has been related to its composition
in fatty acids and high levels of natural antioxi-
dants such as phenolic hydrophilic and lipophilic
compounds (Papadimitriou et al., 2006).
Other authors have investigated the effect of heat
on edible oils. Daskalaki et al. (2009) found that
by frying at a temperature of 180 °C there was a
60% reduction of phenolic compounds (hydrox-
ytyrosol derivatives) in EVOO after 30 minutes.
At 100 °C for 2 hours, the decrement was of less
than 20%. Amati et al. (2008) also observed
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partial degradation of phenolic compounds in
EVOO, but only at 180 °C. Sánchez-Muniz and
Bastida (2006) considered that olive oils are the
most suitable for frying because they are more
resistant to heat oxidation. Santos et al. (2013)
stated that, even recognizing loss of antioxidant
properties, EVOO is the most stable household
oil, but emphasized that it is important not to
expose it to excessive temperatures, especially
for long periods, which could lead to loss of
its properties. Allouche et al. (2007) evaluated
the decrement of antioxidants in olive oil and
found that tocopherol and polyphenol were the
most affected by heat treatment and decreased
the most. Sanchez-Gimeno, Negueruela, Benito,
Vercet, and Oria (2008) when comparing the be-
havior of olive oil to SFO concluded that, during
frying, olive oil was the more stable to an ox-
idative process and was able to sustain its rich
oleic acid composition. Allouche et al. (2007)
found that the concentration of oleic acid, the
most abundant fatty acid in olive oil, does not
change with the duration of heating. Penz (2010)
reported that the lipid profile of olive oil suffers
little change after heat treatment. Furthermore,
according to these authors, heating does not lead
to a loss of phytosterol; on the contrary, the lev-
els may increase. This may be due to an in-
creased solubility of these compounds with in-
creasing temperature.
The evaluation of oil degradation after heat
treatment can be done by checking the produc-
tion of polar compounds, which are derived from
oxidation, hydrolysis or other degradation pro-
cesses. Those are compounds present in the hy-
drophilic phase of oil, which is unwanted, since
it is an oil-based product (lipophilic). The quan-
tification of polar compounds has been the most
efficient method to measure the quality of oils
(Carapinha, 2012). In Portugal, for example,
legislation sets the value of 25% as the maxi-
mum allowed in the oils used for frying (Cara-
pinha, 2012). The assessment is made by the
total content of these compounds, whose forma-
tion is strongly related to the primary and sec-
ondary stages of oxidation, demonstrating the
oil degradation (Kalantzakis, Blekas, Pegklidou,
& Boskou, 2006). The oily phase, hydrophobic,
must be the major and almost total composition
of oils. The results of this study demonstrate

that polar compounds already appear in the fresh
version at least for ROO, SBO and SFO, and may
have been formed during the refining process,
which includes heating steps. After the frying
tests, it was noted that the 4 oils had similar con-
centrations of polar compounds, which demon-
strates some degree of degradation always occurs
when they are heated. Dobarganes (1992) found
that when compared to other oils commonly used
(sunflower seed, soybean, and palm oil), olive oils
are the most stable, with less production of polar
compounds after five hours of thermal oxidation
and even after being used 15 times for frying.
The fatty acid composition of olive oils favors oxi-
dation stability, generating less polar compounds
while maintaining the integrity of the lipophilic
phase naturally present in olive oils. If foods were
to be fried in the oils during heat treatment, the
amounts of polar compounds would be different
due to the water activity of the food, oil absorp-
tion and food temperature before being added to
the fryer. Likewise, if the oils had been tested in
successive frying, the results of polar compounds
would possibly rise according to the number of
re-uses (Freire et al., 2013).
In order to make recommendations based on the
available scientific evidence, some authors draw
conclusions about olive oil. Sacchi, Paduano,
Savarese, Vitaglione, and Fogliano (2014) consid-
ered olive oil as the best option for food prepa-
ration, after observing that heating it hardly led
to the production of toxic products such as acry-
lamide and, even when considering this possibil-
ity, the antioxidants present in olive oil would
inhibit its formation. Dobarganes (1992) consid-
ered that, in the fresh version, olive oil is the best
choice, especially for its organoleptic characteris-
tics; for frying, it would also be the best option,
due to its greater stability.
This is a descriptive study, which is its main lim-
itation. The tests were made in a single sample
of each type of oil or at the most in three sam-
ples, therefore statistical analysis was not possi-
ble. However, in the absence of similar studies
in oils marketed in Brazil, the present data can
serve as foundation for future research. Addi-
tionally, the researchers chose to conduct a de-
scriptive study, considering the budget available
to include more indicators at the expense of more
samples. Another limitation is the fact that food
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was not used (only the oils were heated) and this
is an important issue, because the presence of
moisture in the food is quite relevant during the
frying process. With the inclusion of food, the
process could approach that of real cooking, but
on the other hand, variables related to the chosen
food would be introduced and the results could
not be generalized. The option therefore was for
a strictly experimental study, bringing concrete
information on the behavior of the oil itself.

4 Conclusions

The heating tests of this study, in conditions sim-
ilar to home-frying, demonstrated that ROO and
EVOO are the richest in monounsaturated fatty
acids and that they retained this profile after
heating, without any observed formation of satu-
rated fatty acids. When fresh, ROO and EVOO
have no trans fatty acids but these are present in
SBO and SFO. After heating, ROO and EVOO
also contain no trans fatty acids but they in-
crease in amount in SBO and remain present in
SFO. The quantities of phenolic compounds are
higher in ROO and EVOO and this difference
remains after heating. Even considering the loss
of antioxidant activity, the heated EVOO is still
richer in these compounds than ROO and SBO,
and SFO in the fresh version. All oils suffer some
degree of degradation and, whilst containing dif-
ferent concentrations of polar compounds when
fresh, they have similar amounts after heating.
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Khymenetz, O., Marrugat, J., & Covas,
M.-I. (2007). Bioavailability and antioxi-
dant effects of olive oil phenolic compounds
in humans: a review. Annali Dell’istituto
Superiore Di Sanita, 43 (4), 375–381. Re-
trieved from http : / / www . iss . it / publ /
anna/2007/4/434375.pdf

Freire, P. C. M., Ferreira, T. A. P. d. C.,
& Mancini-Filho, J. (2013). Principais al-
terações f́ısico-qúımicas em óleos e gor-
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