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Abstract

Avocado oil has a good thermal stability. However, there is a lack of knowledge about the behavior when hydrolysis 
is involved with oxidation processes. This study demonstrated potential for deep frying process of avocado oil. 
The behavior of cold-pressed olive oil and avocado oil in a domestic frying process with natural potatoes was 
studied. Both oils were subjected to successive frying cycles and the following chemical properties were analyzed: 
degree of acidity, peroxide value, p-anisidine value, total oxidation (TOTOX) value, polar compounds, total phe-
nolic content, Fourier-transform infrared spectra with attenuated total reflectance, and fatty acid profile. A grad-
ual increase was observed in the degree of acidity, p-anisidine, TOTOX, polar compounds but a decrease in total 
phenolic content during deep-frying period for both oils. It was determined that avocado oil and olive oil take 
10 and 13 days of frying cycles, respectively, to reach the limit value of 25% for polar compounds. It was demon-
strated that both vegetable oils are suitable for domestic frying processes, enduring a high number of deep-frying 
cycles before reaching the limit of polar compounds established by health regulations, despite the generation of 
oxidation and hydrolysis processes.
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Introduction

Avocado (Persea americana) is produced in various parts 
of the world, with the countries of the American conti-
nent being the largest global producers (>70%) (Food 
and Agriculture Organization [FAO], 2022). Avocado 
oil (EVAO) is relatively new and highly appreciated by 
consumers because of its beneficial properties for health 
(Tan, 2019). EVAO has a high percentage of monoun-
saturated fatty acids (MUFAs), followed by saturated 
fatty acids (SFAs) and a lower proportion of polyunsatu-
rated fatty acids (PUFAs), in addition to the presence of 

antioxidant components, such as phenolic compounds, 
tocopherols, and sterols (Flores et al., 2019).

Avocado oil has shown good behavior against thermal 
deterioration processes, compared to unrefined oils, such 
as extra-virgin olive oil (EVOO), a characteristic that 
is related to a low content of PUFAs, a high content of 
MUFAs, such as oleic acid, and content of total polyphe-
nols (Forero-Doria et al., 2017; Moura et al., 2023). Even 
EVAO does not show major changes in its fatty acid com-
position when it undergoes refining process (Satriana 
et al., 2024). On the other hand, refined oils are enriched 
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components of oil. Both types of factors are relevant for 
the performance of frying process (Aladedunye, 2011). 
Using unrefined edible vegetable oil in culinary processes 
can avoid the intake of synthetic antioxidants, such as 
butylated hydroxyanisole (BHA), butylated hydroxy-
toluene (BHT), and tert-butylhydroquinone (TBHQ),  
which have been linked to adverse effects on human 
health (Arabsorkhi et al., 2023).

For a frying process, a series of complex chemical reac-
tions are documented, such as polymerization, oxidation, 
and hydrolysis of triacylglycerides, which result in toxi-
cological and nutritional consequences (Asokapandian 
et al., 2019; Dobarganes and Márquez-Ruiz, 2007). 
Therefore, the level of deterioration of oils subjected to 
frying processes must be determined compulsorily.

However, using unrefined oils, such as EVAO, in 
deep-frying processes can positively impact the compo-
sition of fried foods through compound migration. This 
results in the enrichment of fried foods with biologically 
active components, such as sterols and unsaturated fatty 
acids (Samaniego-Sanchez et al., 2021).

Some methods used to determine the quality of oils 
during the frying process include peroxide value (PV), 
triglyceride polymers (TGP), polar fatty acids (PFA), fatty 
acid composition, and polar compounds (PCs). Among 
these, PCs are a robust indicator and are widely used 
in various international regulations, with a maximum 
allowed value of 25 wt% (Flores et al., 2018; Holgado 
et al., 2021; Sánchez-Muniz et al., 2008).

The present study aimed to explore the deep-frying pro-
cess behavior of extra-virgin EVAO and compare it with 
extra-virgin EVOO mimicking domestic preparation 
conditions.

Materials and Methods

Frying test

Both EVAO and EVOO, labeled as extra-virgin oils, were 
purchased from the local market in the city of Talca, 
Chile. Both oils were subjected to a prolonged period 
(≥10 days) of discontinuous heating at 180°C ± 5°C in a 
2.5-L Somela domestic fryer (model: deep-fryer df535t; 
dimensions: height 280 mm × width 375 mm × depth 315 
mm). The frying process consisted of a cooking session 
of 200 g of potato in each oil for a period of 10 min with 
food and 5 min without food, repeated for four times 
each day, for a total period of 60 min with the oil at 180°C 
every day, where a frying cycle matched with the end of 
each study day. The hot oil was stored in the switched off 

with variable proportions of unrefined oils because of 
their high content of bioactive compounds during fry-
ing temperatures, research that could be the basis for 
another type of frying with beneficial effects on health 
(Fedko et al., 2024). In literature, there is a permanent 
search for new sources of oils that can be resistant to high 
temperatures, especially if they are cold-extracted oils, 
where advanced heating techniques demonstrate that 
these cooking media could be useful at frying tempera-
tures (Correa et al., 2024). In addition, traditional frying 
process becomes an important comparative method to 
improve nutritional and technological properties, such as 
flavor and other attributes (Cheng et al., 2024).

However, there is a lack of knowledge about the behav-
ior of EVAO during deep frying processes, where the oil 
is in direct contact with foods that transfer moisture and 
other components to the oil, as well as the migration of 
lipid compounds from the frying medium to the fried 
product, thus improving the nutritional quality of the 
final product (Fedko et al., 2024). Oils that have PUFAs, 
such as linoleic fatty acid and linolenic fatty acid in high 
proportions are suitable for raw consumption because 
of their nutritional properties (Kapoor et al., 2021). 
Furthermore, PUFAs are unstable when subjected to high 
temperatures, even generating toxic compounds (Tsai 
et al., 2023). Additionally, in certain population groups, 
dietary intake of SFAs is associated with multi-cause 
mortality, and decreasing dietary intake of SFAs could 
increase survival rates in these vulnerable groups (Zheng 
et al., 2023). Therefore, the choice of oil with an adequate 
proportion of fatty acids and bioactive components, as 
well as the conditions of the frying process, is essential 
for the thermal stability of oils and the quality of the fried 
product (Téllez-Morales et al., 2024).

Frying process is a very old culinary process that has been 
evidenced in Egyptian wall paintings describing a dough 
frying process; these representations show frying as a 
method of food preparation long before the current era of 
frying (Stier, 2004). This is a food preparation process used 
widely to the present day globally. It consists of immersing 
raw food in hot oil until it is cooked, providing the organ-
oleptic characteristics desired by consumers (Li et  al., 
2018). The heat from the oil is transmitted to the food 
through convection, and within the food, it is conducted 
by conductivity. Water vapor generated inside the food 
migrates outward, influencing the formation of the outer 
layer and interacting with the surrounding oil (Rodríguez 
et al., 2021). The factors that affect the performance of oil 
during the frying process are categorized into two groups: 
(1) external factors, such as frying time, frying tempera-
ture, presence of oxygen and type of fryer, and variables 
that are manipulated by an operator, and (2)  internal 
factors that involve the composition of major and minor 
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multiplied by proportionality factors according to the 
following equation:

1 (16:1% 18:1% 20:1%)
10.3 (18:2% 20:2%) 21.6 (18:3%)

Cox value =
100

× + + +
× + + ×

	 (2)

Fourier-transform infrared spectroscopy with attenuated 
total reflectance (FITR-ATR) of EVAO and EVOO

An FTIR spectrometer (FT/IR-4X model; Jasco 
Corporation, Japan) equipped with attenuated total 
reflectance (ATR) sampling device was used to determine 
the FTIR spectra of both EVAO and EVOO prior to the 
frying process (ti) and at the end of the frying process 
(tf). The FTIR spectra was determined in a transmittance 
range of 4,000–550 cm–1 in mid-infrared mode using the 
Spectramanager 2.0 software for obtaining and process-
ing the spectra, in conjunction with the OriginPro soft-
ware for graphic purposes, by following Han et al. (2020) 
with slight modifications, with a scan for 64 samples and 
a spectral resolution of 4 cm. The experiments were eval-
uated at room temperature and the spectra were adjusted 
using background air spectrum.

Refractive index

Refractive indices of both EVAO and EVOO were deter-
mined using a portable refractometer (Yieryi DR-102 
digital refractometer; Shen Zhen Yieryl Technology Co., 
Ltd., Guang Dong, China) at 25°C.

Color measurements

Oil color parameters L*, a*, and b* were measured by 
handheld colorimeter (DOHO DR18; Shenzhen Three 
NH Technology Co. Ltd., China).

Statistical analysis

Two-sample t-test for independent data was performed 
to determine statistically significant differences between 
samples. The SPSS 19.0 (Statistical Product and Service 
Solutions) software was used for statistical analysis, and 
statistical significance level was set at P < 0.05.

Results and Discussion

EVOO is mostly a monounsaturated vegetable oil (>75%), 
and has shown good performance during different 

fryer at room temperature until the next study day. The 
potatoes were cut using a household potato slicer in the 
shape of a stick, with a side of 10 mm. These were then 
added to an initial volume of 2.1  L of each oil, without 
replacement or addition of fresh oil. The frying process 
was applied every 24 h, imitating domestic conditions. 
Sufficient volume of oil was extracted from the frying 
medium of the fryer for analysis after four frying sessions 
on each study day. Each analysis was evaluated in tripli-
cate. The samples were stored in amber-colored bottles 
and kept in a refrigerator (4 ± 1°C) for further analysis.

Analytical determinations

Chemical analysis. An initial fatty acid profile of both 
EVAO and EVOO was determined using a gas chro-
matograph (Model 5890 Series II; Hewlett Packard), 
which was equipped with a split/splitless injector with 
automatic sampler and flame ionization detector. Methyl 
esters to be injected were obtained using methanolic 
potassium (2 N). The capillary column used by the sys-
tem was SP2380 (30-m long, 0.25-mm internal diameter, 
and 0.20-µm film thickness). The carrier gas was hydro-
gen, with a flow rate of 1 mL/min. Injector and detector 
temperatures were kept at 220°C and 250°C, respectively. 
The initial oven temperature was 180°C, and the gradient 
temperature ranged from 180°C to 220°C (at 3°C/min). 
The injected volume was 1 µL. The injection volume was 
used. more details are described elsewhere (Ourrach 
et  al. 2012). Oil quality parameters (i.e., free acidity, 
peroxide value [PV], and p-anisidine values [p-AV] 
were determined according to the analytical methods 
described in the European Commission Regulations. 
Total oxidation values (TOTOX) were calculated as fol-
lows (Farhoosh et al., 2009): 

	 TOTOX = 2PV + p-AV,	 (1)

Total PCs were determined using an electrochemical 
sensor (Testo 270; Testo AG, Lenzkirch, Germany). The 
results obtained are represented as mean + standard 
deviation of at least three replicates.

Reagents and standards. p-anisidine reagent and analyti-
cal solvents were acquired from Merck-Chile. Potassium 
iodide and sodium thiosulfate were obtained from 
Winkler Ltd. (Santiago, Chile).

Calculated oxidizability value (Cox)

The Cox values of oils were calculated as proposed by 
Fatemi and Hammond (1980). Briefly, the sum of propor-
tions of unsaturated fatty acids is considered, which was 
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Table 1.  Optical characteristics and methyl ester fatty acid 
(FAMEs) of EVAO and EVOO.

Initial fatty acid** Percentage (%)

Avocado oil Olive oil

  C14:0 0.05 + 0.002 0.03 + 0.001

  C16:0 13.51 + 0.001 12.42 + 0.001

  C16:1 ω 9 ω 7 5.4 + 0.004 0.92 + 0.003

  C17:0 – 0.08 + 0.002

  C17:1 – 0.18 + 0.003

  C18:0 0.48 + 0.001 1.82 + 0.042

  C18:1 ω 9 55.94 + 0.056 72.31 + 0.056

  C18:1 ω 7 7.23 + 0.060 3.04 + 0.001

  C18:2 16.13 + 0.012 7.67 + 0.002

  C20:0 0.06 + 0.002 0.34 + 0.001

  C18:3 0.93 + 0.003 0.68 + 0.003

  C20:1 0.17 + 0.003 0.33 + 0.001

  C22:0 0.03 + 0.002 0.11 + 0.001

  C24:0 0.06 + 0.004 0.07 + 0.002

  Total saturated 14.19 14.87

  Total monounsaturated 68.70 76.45

  Total polyunsaturated 17.06 8.35

 � Polyunsaturated/ 
saturated (P/S)

1.20 0.56

 � Unsaturated/saturated 
(U/S)

6.04 5.70

Refractive index (RI)

  Initial refractive index 1.4668 ± 0.0002 1.4663 ± 0.0002

  Final refractive index 1.4677 ± 0.0001 1.4673 ± 0.0001

Colorimetric parameters

  L* initial 2.53 ± 0.46 5.85 ± 0.43

  a* initial –0.32 ± 0.16 –0.64 ± 0.006

  b* initial 4.36 ± 0.76 10.07 ± 0.72

  L* final 12.80 ± 0.81 10.85 ± 0.75

  a* final 0.82 ± 0.05 –0.35 ± 0.07

  b* final 1.51 ± 0.01 4.28 ± 0.21

**As methyl ester.

culinary processes, such as deep frying, sautéing, and 
boiling. Minor components present in oils, such as anti-
oxidant compounds, are important parameters to predict 
their behavior during thermal and hydrolytic deteriora-
tion processes (Pérez-Cordova et al., 2023).

The fatty acid composition of commercial oils EVOO and 
EVAO is shown in Table 1. It can be observed that EVAO 
presents a decreasing amount of different fatty acids 
in the following order—MUFAs, PUFAs, and SFAs—
with a high proportion of MUFAs (>68%). On the other 
hand, EVOO contains decreasing order of fatty acids, 
as follows—MUFAs, SFAs, and PUFAs—with a high 

proportion of MUFAs (>76%). During thermal oxidation, 
it has been shown that PUFAs degrade first, followed 
by MUFAs and then SFAs (Santos et al., 2002). In this 
sense, it would be expected that EVAO, since it contains 
a higher proportion of PUFAs compared to SFAs, should 
present less stability compared to EVOO.

Additionally, it has been shown in prolonged high-
temperature thermal processes applied to unrefined 
vegetable oils that the ratios PUFAs–SFAs (P/S) and 
MUFAs–SFAs (M/S) have a tendency to decrease, where 
the oils presenting higher initial values of these two ratios 
demonstrate less thermal stability (Flores et al., 2019). 
In this study, both P/S and M/S ratios have lower values 
for EVAO, compared to EVOO, with values of 53.3% and 
5%, respectively. This could be associated with the higher 
degree of EVAO unsaturation, a parameter that would 
serve as a predictive criterion of its thermal behavior. 
Additionally, refractive index (RI) is a quick measure to 
determine the physicochemical changes, which increases 
with deterioration, that vegetable oils undergo. In this 
case, there are significant differences (P < 0.05) for dif-
ferent samples, that is, fresh oil samples and oil samples 
at the end of frying process. An increase in RI for both 
oils is evidenced, where EVAO starts with a higher RI 
value, compared to EVOO, and ends with a higher value. 
RI increases due to the presence of compounds, such as 
free fatty acids, ketones, aldehydes (Aydınkaptan and 
Mazi, 2017). This behavior correlates well with other 
indicators, such as total PCs or acidity index, with higher 
values ​​for EVAO compared to EVOO. According to the 
comparison of the initial and final L*, a*, and b* parame-
ters of EVAO, during the thermal process, the luminosity 
increased considerably, becoming lighter, with a slight 
tendency toward green and red, in addition to a decrease 
in its yellow hue. These changes could be related to the 
degradation of oil, in addition to the degradation of chro-
mophore compounds during processing. A similar trend 
occurred in case of EVOO, where a marked decrease in 
the yellow hue was observed, which could be associated 
with a decrease in carotenoids present in the oil.

The Cox value calculated in Equation (2) and based 
on the fatty acid profile, has been related to higher values, 
there is a susceptibility to oxidation processes and there-
fore a lower stability of vegetable oils of different degrees 
of unsaturation (Abril et al., 2019; Xu et al., 2015). EVOO 
and EVAO presented Cox values of 1.70 and 2.54, respec-
tively. EVOO presented 33% lower Cox value than that 
for EVAO, which indicated greater susceptibility of 
EVAO to oxidation processes.

Figure 1 shows the content of total phenols (in ppm 
gallic acid equivalent [GAE]) determined by the Folin–
Ciocalteu method at initial and final processing of both 
EVOO and EVAO. At the beginning, it was observed that 
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Figure 1.  Total phenols at the beginning and end of the frying process for EVOO and EVAO.

EVOO had more than double the total phenols, com-
pared to EVAO. It is well known that the amount and 
type of total phenols present in a food matrix depends 
on multiple factors, such as plant species, variety, part 
of the plant species, degree of maturity, cultivation con-
ditions, processing conditions of food, among others 
(Jemai et al., 2009; Menz and Vriesekoop, 2010). Initially, 
EVOO showed a high content of total phenolics, but after 
deep frying, its content dropped drastically by the end 
of processing period (day 10). A different behavior was 
observed for EVAO, which initially contained a much 
lower amount of total phenolic compounds than EVOO; 
however, by the end of processing period, it retained a 
higher proportion than EVOO. EVOO has been shown 
to contain phenolic compounds such as elenolic acid, 
oleuropein aglycon, hydroxytyrosol, tyrosol, vanil-
lic acid, vanillin, p-coumaric acid, and tyrosol acetate, 
among others (Christophoridou et al., 2005; Gómez-
Alonso et  al., 2002). On the other hand, avocado fruit 

in previous investigations showed the following pheno-
lic acids: gallic acid, protocatechuic acid, gentisic acid, 
4-hydroxybenzoic acid, chlorogenic acid, vanillic acid, 
caffeic acid, syringic acid, homovanillic acid, p-coumaric 
acid, ferulic acid, sinapinic acid, ellagic acid, 3-hydroxy-
cinnamic acid, benzoic acid, and trans-cinnamic acid, 
among others (Hurtado-Fernández et al., 2011; Kosińska 
et al., 2012). This shows that both plant species may con-
tain a different profile of antioxidant components and 
therefore a different behavior during thermal oxidation.

Figure 2 shows that acidity values (AV) changes during 
frying processes. AV indicates the amount of free fatty 
acids produced by the hydrolysis of oil. AV was higher in 
EVAO than in EVOO during much of the frying process. 
On the second day of processing, it was observed that 
AV for EVAO was significantly different (P < 0.05) from 
that for EVOO; this was maintained until the 10th day 
of processing, reaching a final value of 1.4% for EVAO 
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Figure 3.  Peroxide value (PV) during the processing period of EVOO and EVAO.

and 0.9% for EVOO. These results demonstrated that a 
greater hydrolysis reaction was produced in EVAO than 
in EVOO under the applied frying conditions.

Figure 3 shows the evolution of PV during the frying pro-
cess of EVOO and EVAO. PV is a chemical property used 
to measure the extent of rancidity in oils and is associ-
ated with the production of primary oxidation com-
pounds, such as hydroperoxides. It is observed in both 
graphs that initially the EVOO values were higher, com-
pared to EVAO values, close to 3.8 and 2.9, respectively. 
Then there was an increase in PV until day 5 for EVAO 
and day 6 for EVOO, with values of around 10 meq O2/g 
fat. However, a decline in PV on the 10th day of process-
ing for both oils was observed, with 5.6 meq O2/g fat for 
EVOO and 2.3 meq O2/g fat for EVAO. 

This indicator is used widely in quality control during the 
processing of vegetable oils subjected to thermal deteri-
oration (Flores et al., 2018). However, this parameter is 
proved unstable during long periods of deterioration and 
leads to the misinterpretation of results, attributed to the 
formation of secondary oxidation products by the break-
ing of hydroperoxides (Naz and Saeed, 2019). Previous 
research suggests that hydroperoxides are unstable and 
decompose into carbonyl compounds, such as ketones 
and aldehydes (Oppong et al., 2021; Zhang et al., 2012). 

From the perspective of fluid physics, the frying process 
is complex and involves significant convection, which 
generates high heat transfer coefficients. During frying, 
the medium is exposed to atmospheric oxygen, which 
produces advection through fluid. This causes the pro-
jection of substances, forming hydroperoxides mainly 
on oil’s surface. These hydroperoxides, having a rela-
tively short half-life, decompose in heated columns and 

accumulate in cold areas (Touffet et al., 2021). This trend 
is clearly reflected in Figure 3, where the curve reaches a 
maximum value and then starts to decline.

In addition to PV and because of its instability, it is 
necessary to measure other more robust parameters 
that account for thermal oxidation. p-AV, in addition 
to quantifying primary oxidation compounds, has the 
ability to quantify more stable secondary lipid oxidation 
compounds, such as ketones and aldehydes, providing 
a more complete picture of deterioration (Leong et al., 
2015). Figure 4 shows the behavior of p-AV for EVAO 
and EVOO during heat treatment, with initial p-AV 
value of 7.4% for EVOO and 10.1% for EVAO. Then a 
sustained growth of p-AV was observed up to 10th day 
of processing, reaching an increased value of 298.6% and 
219.8% for EVOO and EVAO, respectively. Both curves 
present a similar linear fit, with respective slope values of 
3.94 and 3.49 for EVOO and EVAO. Coefficient of deter-
mination, r2 was 0.94 and 0.92 for EVOO and EVAO, 
respectively; r2 is an important predictor of thermal dete-
rioration. Other investigations applied conventional and 
microwave heat treatments to soybean and corn oils and 
showed increased r2, ranging from 24.83% to 580% (Naz 
and Saeed, 2019).

The TOTOX value is an indicator of total deteriora-
tion of fats and oils. This index links peroxide value to 
p-AV value, providing total information on the primary 
and secondary oxidation products formed (Shahidi and 
Wanasundara, 2002). This indicator has had adequate 
correlations with other parameters of deterioration of 
fats such as the induction time of the Rancimat meth-
odology (Arabsorkhi et al., 2023). Subramanian et al. 
(2000) showed that a good quality vegetable oil has a 
TOTOX value of <4. In the present study, TOTOX value 
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Unrefined oils usually have higher PC and acidity val-
ues, compared to refined oils, due to production process 
and not subjected to refinery process. PCs are well cor-
related during extensive deterioration processes; hence, 
it is considered as a robust parameter in the monitoring 
of deteriorated oils (Azpillicueta and Remirez, 1991). 
Additionally, the hydroperoxides formed can, because 
of frying medium, form alkoxy radicals, which, by means 
of a β-cleavage mechanism, form compounds of lower 
molecular weight (aldehydes) together with other free 
radicals. This results in a loss of mass of frying medium 
and continuation of degradation reactions (Wang et al., 
2023). Therefore, when considering sanitary regulations, 
PC is an important criterion for ruling out the use of oils 
in the deep frying processes (Flores et al., 2018; Holgado 
et al., 2021; Sánchez-Muniz et al., 2008). 

On the 10th day of this study, EVAO reached the maxi-
mum value allowed and EVOO attained a slightly lower 
value, despite the fact that at the end of processing, total 
phenolic compounds were found in a much lower propor-
tion in EVOO than in EVAO (<20%). It was shown that 
in different thermal processes, the stability of vegetable 

for EVOO was 17.4–50.3 and 13.7–32.6 for EVAO. This 
demonstrated that both oils were more oxidized due to 
thermal treatment, compared with the initial redox activ-
ity. Other studies showed an increase in primary and 
secondary oxidation compounds along with incremental 
changes in physical parameters, such as viscosity, during 
frying processes. This was due to the polymerization 
reactions that highly deteriorated lipids undergo (Liu 
et al., 2024).

Figure 5 shows the evolution of PCs in both oils sub-
jected to frying. PCs increased with increase in frying 
cycles for both oils. In the case of EVAO, the initial PC 
value was 10% and was 25% on the 10th day of process-
ing. For EVOO, the initial PC value was 7.4% and was 
22.3% on the 10th day of processing. On the other hand, 
the smoke point of EVOO and EVAO was high (>200°C 
for both oils). This demonstrated good stability at high 
temperatures, and thus low production of PCs under 
deterioration conditions, compared to less stable oils 
(Betancur et al., 2017; Yousif and Shakir, 2023). However, 
PCs depend on both fatty acid composition and presence 
of minor compounds that help in the protection of oils. 

Figure 4.  p-Anisidine (p-AV) index during the processing period of EVOO and EVAO.
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compounds, such as tocols (tocopherols and tocotrienols),  
at the beginning of frying process. Peaks at 3006 cm–1 and 
1648 cm–1 are common in vegetable oils and correspond 
to the stretching vibration of =CH and C=C, respec-
tively, related to the presence of unsaturated fatty acids 
in EVOO and EVAO (Han et al., 2020). At 1745 cm–1, an 
intense signal corresponding to ester functional group 
of triacylglycerides was observed (Chauhan et al., 2015). 
In the 1459 cm–1 band, it matched the anti-symmetric 
C-H stretching vibration, which indicated the presence 
of methyl esters in oils (He et al., 2023). Peak signals at 
1160 cm–1 and 1095 cm–1 were associated with asymmet-
ric and symmetric stretching vibration of C-O-C, respec-
tively, which indicated the presence of ester groups, 
characteristic of vegetable oils (Gu et al., 2019). Finally, 
all oil samples exhibited absorption band of 721  cm–1 
associated with C-H bond of long chain alkanes (He 
et al., 2023).

Conclusions

EVAO contains a high percentage of MUFAs and a low 
proportion of PUFAs, which favors its stability against 
thermal and hydrolytic deterioration, even providing 
nutritionally beneficial compounds to frying medium. It 
was shown that both vegetable oils are suitable for domes-
tic frying processes, with generation of oxidation and 
hydrolysis due to increased periods of frying sessions. 50 
for EVOO and 40 for EVAO with at least 10 days in used 
at the total, which could be carried out without exceeding 
the limit of PCs (25%) established by the health regula-
tions of many countries. On the other hand, several coun-
tries are recognized producers of avocado fruit (Mexico,  

oils strongly depends on the fatty acid profile, with high 
MUFA contents favoring stability in thermal deteriora-
tion processes (Flores et al., 2021; Forero-Doria et al., 
2017; Flores-García et al., 2018). Additionally, the frying 
process impacts the quality of lipid fraction in fried food 
and is related to the migration of components. Therefore, 
it is essential to control the level of deterioration in order 
to maintain quality. The migration and/or transfer of 
components from the frying medium to the food could 
be related to oil degradation, leading to toxic effects on 
health, as well as the beneficial components present in 
unrefined oils such as case of EVAO and EVOO (Flores 
et al., 2018; Samaniego-Sanchez et  al., 2021). Deep fry-
ing with unrefined oils requires special care regarding 
the content of unsaponifiable components, because it is 
observed that during the initial days of frying, there is 
nutritional enrichment and improvement of fried foods 
(Alves de Carvalho et al., 2022). However, compared to 
the current study, few studies are conducted on the limit 
of quality parameters of highly monounsaturated unre-
fined edible vegetable oils (Feitosa et al., 2019).

The study of functional groups present in EVOO and 
EVAO was done with an FTIR spectrometer (Figure 6). 
It was observed that the global distribution of signals 
complies with the patterns of an edible vegetable oil and 
no signals attributable to contamination by exogenous 
substances in lipid matrices were observed (He et al., 
2023). Although different oil spectra presented minimal 
differences, a weak signal at 1510 cm–1 was present prior 
to the frying process (ti) but not present at the end of 
frying process (tf) in both EVOO and EVAO. This signal 
may correspond to the stretching vibration of aromatic 
C=C, thus related to the presence of natural aromatic 
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ing of foods: a critical review on process and product param-
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3400–3413. https://doi.org/10.1080/10408398.2019.1688761

Aydınkaptan, E. and Mazi, I.B., 2017. Monitoring the physicochem-
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http://doi.org/10.3989/gya.1162162

Azpillicueta, M.C.A. and Remirez, M.T.M., 1991. Estudio de 
la degradación de los aceites de oliva sometidos a fritura. I. 
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fica esta degradación. Grasas y Aceites 42: 22–32. https://doi.
org/10.3989/gya.1991.v42.i1.1274

Betancur, D., Giraldo, L. and Cardozo, C., 2017. Extracción ter-
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75–85. https://doi.org/10.23850/22565035.728
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obtained from different extraction technique and in vitro 
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of Pharmacy and Bioallied Sciences 7: 284–288. https://doi.
org/10.4103/0975-7406.168027

Christophoridou, S., Dais, P., Tseng, L.H. and Spraul, M., 2005. 
Separation and identification of phenolic compounds in olive 
oil by coupling high-performance liquid chromatography with 
post-column solid-phase extraction to nuclear magnetic reso-
nance spectroscopy (LC-SPE-NMR). Journal of Agricultural and 
Food Chemistry 53: 4667–4679. https://doi.org/10.1021/jf040466r

Cheng, L., Wang, Q., Li, X., Huang, X., An, F., Luo, Z., Wang, J., 
Zeng, Q., Shang, P., Liu, Z. and Huang, Q., 2024. Exploring the 
influence and mechanism of different frying methods on the fla-
vor quality of low-salt sour meat. Food Chemistry: X 23: 101591. 
https://doi.org/10.1016/j.fochx.2024.101591

Correa, K.L., de Carvalho-Guimarães, F.B., Mourão, E.S., Oliveira 
Santos, H.C., da Costa Sanches, S.C., Lamarão, M.L.N., et al. 
2024. Physicochemical and nutritional properties of vegetable 
oils from Brazil diversity and their applications in the food indus-
try. Foods 13: 1565. https://doi.org/10.3390/foods13101565

Dobarganes, M.C. and Márquez-Ruiz, G., 2007. Formation and 
analysis of oxidized monomeric, dimeric and higher oligomeric 
triglycerides. In: Erickson M.D. (ed.) Deep frying: chemistry, 
nutrition and practical applications. American Oil Chemists’ 
Society Press, Champaign, IL, pp. 87–110.

Farhoosh, R., Kenari, R.E. and Poorazrang, H., 2009. Frying stabil-
ity of canola oil blended with palm olein, olive, and corn oils. 
Journal of the American Chemical Society 86: 71–76. https://
doi.org/10.1007/s11746-008-1315-x

Fatemi, S.H. and Hammond, E.G., 1980. Analysis of oleate, linoleate 
and linolenatehydroperoxides in oxidized ester mixtures. Lipids 
15: 379–385. https://doi.org/10.1007/BF02533555

Fedko, M., Siger, A., Szydłowska-Czerniak, A., Rabiej-Kozioł, D., 
Tymczewska, A., Włodarczyk, K. and Kmiecik, D., 2024. The 
effect of high-temperature heating on amounts of bioactive 

New Zealand, Chile, South Africa, and Spain); they pos-
itively value the possible applications of EVAO, taking 
into account that the oil is extracted from avocado fruit. 

In the case of EVOO, its good behavior at high tempera-
tures is widely recognized. Its main producing countries 
(Spain, Italy, Greece, and Turkey) could positively value 
its domestic applications in frying processes in order to 
reach more consumers. Performance of both oils could 
have a positive impact on consumers, in the sense that 
the deep frying processes of unrefined oils, involves the 
contribution of substances of high nutritional value, 
especially those present in unsaponifiable fraction, whose 
behavior could be part of future research.
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