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Abstract

The food frying process causes physicochemical modifications in the oils, affecting their sensorial characteristics
and eventually producing toxic effects. The objective of this work was to study the degradation of sunflower oil
used in potato immersion frying, considering the free fatty acid content, peroxide index and refractive index, high-
lighting the critical and optimal points of the process. Experimental planning and response surfaces were used,
considering the variables temperature, total process time and potato:oil ratio. The three variables showed a sig-
nificant linear effect on the percentage of free fatty acids (R2 = 98.3%). The value of the peroxide index was
strongly influenced by temperature and, to a lesser extent, by other variables (Rz = 98%). The refractive index was
influenced linearly and quadratically by time and temperature and only linearly by the potato:oil ratio (R2 = 97.2%).
These results indicate that frying processes conducted at warmer temperatures may increase the useful life of the
oil, whose characteristics directly influence the quality of the final product.

Additional keywords: experimental planning; free fatty acids; quality control; thermal processes; vegetable oils.

Resumo

O processo de fritura dos alimentos causa modificagcdes fisico-quimicas nos éleos, afetando suas caracteristicas
sensoriais e podendo produzir efeitos toxicos. Este trabalho objetivou estudar a degradacéo do 6leo de girassol
utilizado na fritura por imerséo de batatas, considerando a concentragao dos acidos graxos livres, indice de pero-
xido e indice de refragdo, destacando os pontos criticos e étimos do processo. Utilizou-se a ferramenta de pla-
nejamento experimental e superficies de resposta, sendo as variaveis consideradas a temperatura, o tempo total
do processo e propor¢éo entre batatas e o 6leo. As trés varidveis mostraram efeito significativo e linear na por-
centagem de &cidos graxos livres (R2 = 98,3%). O valor do indice de peroxidos foi fortemente influenciado pela
temperatura e, em menor proporgao, pelas outras variaveis (R? = 98%). O indice de refracdo sofreu influéncia
linear e quadratica do tempo e da temperatura e apenas linear da propor¢céo batatas/6leo (R? = 97,2%). Estes
resultados indicam que processos de fritura conduzidos em temperaturas mais amenas podem aumentar a vida
atil do 6leo, cujas caracteristicas influenciam diretamente na qualidade do produto final.

Palavras-chave adicionais: acidos graxos livres; controle de qualidade; 6leos vegetais; planejamento experi-
mental; processos térmicos.

Introduction followed by the soybean, with 29% and the rapeseed,

with 16%. The predominance of the first two refers to
their use also for biodiesel production (USDA, 2011). In
Brazil, sunflower productivity is above the world aver-

The Food and Agricultural Policy Research
Institute (FAPRI) report, which analyzes various issues

related to world agriculture since 2005 (including the
market for seeds, bran, protein cakes and vegetable
oils), points to a continuous increase in the consump-
tion of vegetable oils, dairy products and protein cakes
and bran in most countries of the world (Vernetti,
2015). In this scenario, sunflower oil stands out, being
fourth placed in terms of world production and con-
sumption, representing 8% of the total oilseed produc-
tion. The first place belongs to the palm, with 32%,

age (1300 kg/ha against 2000 kg/ha in Brazil), alt-
hough its production is not among the 10 largest in the
world (Embrapa, 2016).

The consumption of fried and pre-fried foods
increased in recent years, which led to an increase in
the intake of oils and fats after having been subjected
to high temperatures in the frying process (Ans et al.,
1999; Gimeno et al., 2011). It has been noted that this
fact has been influenced by social, economic and
technical reasons, since people have less time to pre-

340




Cientifica, Jaboticabal, v.45, n.4, p.340-346, 2017

ISSN: 1984-5529

pare their food and, thus, the frying process provides
an alternative for rapid preparation, while providing
pleasant sensory characteristics to the fried foods.

The frying process is generally carried out in
open containers, at elevated temperatures (180-200 °C),
in direct contact with the air. These conditions cause
physicochemical modifications in the oils (thermo-
oxidation, rancidification, hydrolysis), some of which
are visible, such as darkening, viscosity increase,
foaming and smoke. These transformations affect the
sensory characteristics of the oil in use and influence
the acceptability of the fried product, as well as
produce toxic effects such as gastrointestinal irritation,
inhibition of enzymes, destruction of vitamins and
carcinogenesis when the case is a continuous and
prolonged ingestion of rancid products (Freire et al.,
2013). In addition, there is evidence that laboratory
animals, fed on deep frying processed oils, may exhibit
metabolic alterations that result in weight loss, growth
suppression and increased liver cholesterol (Block &
Barrera-Arellano, 2009).

During the heating of the oil in the frying pro-
cess, a complex series of reactions produces numer-
ous degradation compounds. With the course of the
reactions, the functional, sensorial and nutritional quali-
ties change. When the food is submerged in the hot oll
in the presence of air, the oil is exposed to three
agents that cause changes in its structure: the water
from the food itself, leading to hydrolytic changes; the
oxygen that comes in contact with the oil and from its
surface leads to oxidative changes and, finally, the
temperature at which the process occurs, resulting in
thermal changes, such as isomerization (formation of
trans fatty acids) and scission reactions (aldehydes
and ketones), forming several degradation products,
such as epoxides and hydroperoxides (Jorge et al.,
2006).

The thermal stability of the oils depends on
their chemical structure: oils with saturated fatty acids
are more stable than the unsaturated ones, although
the latter are the most widely spread and used types.
Sunflower oil, for example, has a composition of
86.10% unsaturated fatty acids and 13.9% saturated
fatty acids. In soybean oil, this ratio is 84.15% unsatu-
rated and 15.85% saturated. The predominant unsatu-
rated fatty acids are the oleic, linoleic and linolenic, with
linoleic predominance in both cases (Food Ingredients
Brasil, 2014). It is worth mentioning that in sunflower oil
the proportion of linolenic acid (0.15%) is substantially
lower than in soybean oil (4.72%), which makes it a
more indicated oil for frying, since the presence of the
three double bonds of linolenic acid makes it much
more susceptible to oxidation (Osawa, 2010)

Since oils with high levels of unsaturated fatty
acids are widely used in cooking and in the industry,
researchers and specialized technicians have been
asked to study new analytical methods capable of
evaluating processing and storage conditions. Based
on the above, several countries have established tech-
nical regulations to control the quality of oils and fats
used for frying, setting maximum limits for polar com-
pounds, ranging from 24 to 27%, and, in some of them,

also for % FFA, which is 1.0%, expressed as oleic acid
(Lima & Gongalves, 1994; Dobarganes, 2000). In Bra-
zil, the legislation establishes only the maximum tem-
perature of 180 °C during frying (Brasil, 2004a), while
the percentage of free fatty acids (maximum value of
0.9%) and polar compounds (maximum of 25%) are
given according to a technical report (Brasil, 2004b).

The ways to determine when an oil has
reached the point of discard are not simple. Many dif-
ferent foods are fried in different types of ail, in various
types of containers, in long periods and very different
operating conditions. The combination of all these vari-
ables is what determines the rate at which degradation
reactions occur and therefore a specific method may
be good for evaluating in one system and not be appli-
cable to others (Choe & Min, 2007). Thus, it is neces-
sary to have control methods to evaluate the change
produced, as well as to seek objective criteria to define
when the oils should be discarded. In this context, the
objective of the present work was to evaluate the
physicochemical alterations of the sunflower oil sub-
jected to the stress originating from the frying process
of potatoes and to evaluate, among the studied varia-
bles (temperature, frying time and potato:oil ratio),
which had greater influence on the final quality of the
oil, measured by the % FFA, peroxide index and
refractive index responses.

Material and methods

The material used (sunflower vegetable oil
and potatoes) was purchased in a local market, in the
city of Uberlandia - MG. All purchased vegetable oil
was homogenized in a polypropylene canister to
avoid batch differences. At the time of the experiment
the potatoes were peeled and then sliced with an
electric slicer (brand REPHALE), with thicknesses
between 1-1.5 mm, to increase the contact surface.

Experimental Planning

To evaluate the effect of the variables on the
responses, a 2% experimental design was performed,
totaling 17 experiments (3 central points). The inde-
pendent variables were temperature - X1, which ranged
from 100 to 200 °C; frying time - Xz, which ranged from
1.25 to 12.75 h; and the potato:oil ratio - Xs, which
ranged from 0O to 0.5. The responses of interest were %
free fatty acids (Y1), peroxide index (Yz2) and refractive
index (Ys). Table 1 summarizes the experimental con-
ditions used.

The reliability of the responses was verified
by the proximity of the results of the experiments in
the central point and by the value of the regression
coefficient (R?). The experiments were conducted on
different days and in an order different than that
described above, so as not to interfere with the
analysis of the results and, mainly, to merge the
central points in the center of the experimental
design. The variables and responses obtained have
been inserted in the STATISTICA® software for
estimation of effects, analysis of variance, and
construction of response surfaces, in which only the
significant effects were considered.
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Table 1 - Experimental design performed.

Experiment X1 X2 X3 T (°C) t (h) Proportion
1 -1 -1 -1 120 4 0.1
2 +1 -1 -1 180 4 0.1
3 -1 +1 -1 120 10 0.1
4 +1 +1 -1 180 10 0.1
5 -1 -1 +1 120 4 0.4
6 +1 -1 +1 180 4 0.4
7 -1 +1 +1 120 10 0.4
8 +1 +1 +1 180 10 0.4
9 —a 0 0 100 7 0.25
10 +a, 0 0 200 7 0.25
11 0 - 0 150 1.25 0.25
12 0 +a 0 150 12.75 0.25
13 0 0 —-a 150 7 0
14 0 0 +a 150 7 0.5
15 0 0 0 150 7 0.25
16 0 0 0 150 7 0.25
17 0 0 0 150 7 0.25

The immersion frying was conducted in a 5-li-
ter commercial electric fryer with temperature control,
respecting the experimental planning table (Table 1).
At each experiment, the first step was to collect a sam-
ple of the oil for analysis and initial quality verification in
terms of free fatty acid content, peroxide index and
refractive index. During the conduction of the experi-
ments, the temperature was also checked with a man-
ual thermometer to avoid calibration errors of the digital
display of the electric fryer. At the end of the experi-
ment, oil samples were collected in capped test tubes,
duly identified and stored in the dark, under refrigera-
tion, until analysis.

Analyses

The analyses were carried out on both the
potatoes and the pre- and post-frying oil. In the pota-
toes, a moisture analysis was carried out according to
the greenhouse method at 105 °C for 24h - Ca 2c¢-5
method (AOCS, 2009), only to ensure that the raw
materials used had an approximate moisture content,
thus not interfering with the responses.

Analyses of free fatty acid content (% FFA),
refractive index and peroxide index were performed in
the oil. The free fatty acid content was determined by
titration with sodium hydroxide (NaOH), by the cold
method 2201 of IUPAC (1979). Measurement of the
oxidation compounds was done using the official
method Cd8-53 (American Oil Chemists' Society -
AOCS, 2009). This method determines all substances
in terms of milliequivalents (meq) of peroxide per 1000
g of sample which oxidize the potassium iodide under
the test conditions. These substances are generally
considered as peroxides or other similar products
resulting from the oxidation of fat. Measurement of the
refractive index of the samples was done using the
official method Cc7-25 (AOCS, 2009). This value is

related to the degree of saturation of the bonds, but is
affected by other factors such as free fatty acid con-
tent, oxidation and heat treatment, being a good indi-
cator of degradation. The reading was done in a
refractometer using the solvent petroleum ether as a
diluent.

Results and discussion

The average moisture of the potatoes was
79.97 + 0.52%, which agrees with the experimental
results found by Quadros et al. (2009).

The experimental responses are presented in
Table 2. The % FFA of the oil before any processing,
expressed as percentage of oleic acid, was equal to
0.12%. After the frying process, the results found for
the %FFA response were outside the limits estab-
lished both by international technical regulations
(maximum of 1.0% - Lima & Gongalves, 1995;
Dobarganes, 2000) and by a Brazilian technical report
(maximum of 0.9% - Brasil, 2004b) in 11 of the 17
trials performed. This fact is due to both the
experimental conditions applied and the composition
of the oil itself, which presents a higher unsaturation
of fatty acids and is therefore more prone to
hydrolysis reaction. Among these, the highest values
found for the % FFA response (> 2%) occurred in
experiments 8 and 10. In experiment 8, a combination
of high values (coded level + 1) was observed in the 3
independent variables, which is strongly non-ideal for
a frying process. In experiment 10, the highest
temperature of all experimental design was applied,
which shows that this variable presents a strong
interference in the free fatty acid content. Similar
results were found in the experimental work of Jorge
et al. (2005), whose results showed that, after 7.5
hours of potato frying, sunflower oil already reached
1.1% FFA.
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Table 2 - Free fatty acid content (% FFA), peroxide index and refractive index as function of experiments.

Experiment FFA (%) Peroxide index (meg/kg) Refractive index
1 0.34 8.01 1.4634
2 1.10 12.01 1.4680
3 0.75 8.00 1.4666
4 1.60 15.01 1.4790
5 0.75 8.00 1.4690
6 1.40 14.01 1.4730
7 1.16 12.01 1.4685
8 2.01 20.00 1.4850
9 0.46 7.00 1.4625
10 2.10 20.01 1.4820
11 0.71 6.00 1.4685
12 1.63 15.01 1.4750
13 0.74 10.00 1.4676
14 1.50 14.00 1.4720
15 1.23 10.54 1.4670
16 1.29 10.15 1.4690
17 1.12 10.01 1.4685

The lowest values of % FFA, in turn, were
obtained in experiments 1 and 9. In experiment 1, a
combination of low values (coded levels -1) could be
observed for the 3 variables studied. In experiment 9,
the lowest temperature of all experimental design was
applied, which confirms the previous analysis that indi-
cates a strong influence of this variable on the
responses.

At the beginning of the experiments, the per-
oxide index was 0.99 meqg/kg oil. After performing the
experimental design, several values of this index were
outside the limits permitted by the norms that regulate
the quality of vegetable oils for consumption in Brazil
(RDC 270/05 - Anvisa), which establish that for cotton,
sunflower and palm oils, the maximum value for the
peroxide index should be 10 meqg/kg. The highest val-
ues (> 20 meg/kg) also occurred in experiments 8 and
10, showing the strong influence of temperature and its
relationship with other variables. Jorge et al. (2005)
also found, in potato frying with sunflower oil at 180 °C,
values higher than 20 meg/kg, in times higher than 8h
of process. According to Monferrer and Vollalta (1993),
this response can act as a quality parameter that indi-
cates as the point of oil discard that when it reaches
values higher than 15 meg/kg. The peroxide index
values were lower in experiments 9 and 11, where the
lowest temperature (9) and the shortest process time
(11) were respectively applied. However, it is worth
noting that the peroxide index does not present a linear
behavior, since at the stage of advanced oil degrada-
tion its value declines (Freire et al., 2013). Thus, the
peroxide index cannot be used as the only indicator of
oil quality.

The refractive index values showed little or no
variation from the initial value, which was 1.4605. Del
Ré & Jorge (2007) studied the behavior of the refrac-
tive index of sunflower oil after the frying of hamburg-

ers; the results were similar, with little variation of this
quality parameter.

The experimental variables and responses
were included in the STATISTICA® software to evalu-
ate the effects of the variables on the responses of
interest, as shown in Table 3.

The temperature was the variable with the
greatest influence on the % FFA, followed by the time
and the potato:oil ratio. The linear influence of all varia-
bles was higher, indicating a linear behavior of the
response surfaces, and the coefficient of determination
(R?) was 98.3%.

The temperature and the process time were
the variables with the greatest influence on the perox-
ide index, followed by the ratio. In this case, more
terms were statistically significant, giving greater com-
plexity to the adjusted equation, which presented a
high coefficient of determination (98.0%).

The refractive index, although with little varia-
tion, was also more affected by the temperature and
process time, and the interaction between these varia-
bles was likewise a statistically significant term. The
coefficient of determination, in this case, was equal to
97.2%. Figure 1 (a, b, c) shows the surfaces con-
structed for each response, combined with a pair of
independent variables. For the construction of the
curves, statistically non-significant terms were
excluded from the model.

Figure 1a shows that high temperatures com-
bined with a long exposure time are detrimental to the
quality of the sunflower oil in terms of its free fatty acid
content. Milder temperatures, in turn, can increase its
useful life, even if it is exposed to a longer process
time. Similar results were obtained in the experimental
study with soybean oil conducted by Silvani & Taham
(2013).
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Table 3 - Effect of independent variables upon responses of free fatty acid content (FFA), peroxide index
and refractive index.

FFA Peroxide index Refractive index
Coded variable Effect Value-p Effect Value-p Effect Value-p
média 1.216 0.000 10.317 0.000 1.468 0.000
X1 (T) 0.862 0.000 6.887 0.000 0.010 0.000
X112 0.020 0.751 2.280 0.004 0.003 0.014
Xz (t) 0.492 0.000 4.055 0.000 0.005 0.000
X2? -0.030 0.586 0.183 0.707 0.002 0.015
X3 (prop) 0.412 0.000 2.605 0.001 0.004 0.002
X3? -0.095 0.156 1.198 0.059 0.001 0.216
X1X2 0.072 0.334 1.250 0.083 0.005 0.002
X1X3 -0.027 0.706 0.750 0.266 0.001 0.450
X2X3 0.027 0.706 0.027 0.706 -0.001 0.557
(a) (b)
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Figure 1 - Response surfaces of acidity (a), peroxide value (b) and refractive index (c) as a function of
temperature and time.

Figure 1b shows the relationship between the in the region in which the values of the variables are
peroxide index response and the variables tempera- increased and the temperature affects the frying pro-
ture and potato:oil ratio. A peak of degradation appears  cess more than the food ratio itself.

344




Cientifica, Jaboticabal, v.45, n.4, p.340-346, 2017

ISSN: 1984-5529

In Figure 1c, it is possible to observe a linear
and quadratic behavior of the variables in the refractive
index response. Here again it has been observed that
the combination between high temperatures and pro-
longed process times can be very detrimental to the oil
used in the frying, which corroborates the previous
analysis that warmer temperatures or shorter process
times aid in maintaining the quality of the oil and, con-
sequently, of the final product.

Conclusions

The temperature was the most significant
among the studied variables, followed by the time and
the potato:oil ratio. Empirical equations were extracted
from the experimental data, showing good adjustment
coefficients. It can be concluded that the frying process
carried out at lower temperatures, despite making the
process longer, contributes to increase the useful life of
the oil used, directly impacting the quality of the final
product.
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