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Ciéncia e Tecnologia de Alimentos

Evaluation of antioxidants stability by thermal analysis
and its protective effect in heated edible vegetable oil

Avaliagdo da estabilidade de antioxidantes por andlise térmica e seu efeito protetor em dleo vegetal aquecido

Seme Youssef REDA ™

Abstract

In this work, through the use of thermal analysis techniques, the thermal stabilities of some antioxidants were investigated, in order to evaluate
their resistance to thermal oxidation in oils, by heating canola vegetable oil, and to suggest that antioxidants would be more appropriate to
increase the resistance of vegetable oils in the thermal degradation process in frying. The techniques used were: Thermal Gravimetric (TG)
and Differential Scanning Calorimetry (DSC) analyses, as well as an allusion to a possible protective action of the vegetable oils, based on the
thermal oxidation of canola vegetable oil in the laboratory under constant heating at 180 °C/8 hours for 10 days. The studied antioxidants were:
ascorbic acid, sorbic acid, citric acid, sodium erythorbate, BHT (3,5-di-tert-butyl-4-hydroxytoluene), BHA (2, 3-tert-butyl-4-methoxyphenol),
TBHQ (tertiary butyl hydroquinone), PG (propyl gallate) - described as antioxidants by ANVISA and the FDA; and also the phytic acid
antioxidant and the SAIB (sucrose acetate isobutyrate) additive, which is used in the food industry, in order to test its behavior as an antioxidant
in vegetable oil. The following antioxidants: citric acid, sodium erythorbate, BHA, BHT, TBHQ and sorbic acid decompose at temperatures
below 180 °C, and therefore, have little protective action in vegetable oils undergoing frying processes. The antioxidants below: phytic acid,
ascorbic acid and PG, are the most resistant and begin their decomposition processes at temperatures between 180 and 200 °C. The thermal
analytical techniques have also shown that the SAIB antioxidant is the most resistant to oxidative action, and it can be a useful choice in the
thermal decomposition prevention of edible oils, improving stability regarding oxidative processes.

Keywords: thermal analysis; thermal oxidization; thermal decomposition; food additives; antioxidants.

Resumo

Neste trabalho, utilizando as técnicas de analise térmica foram investigadas as estabilidades térmicas de alguns antioxidantes com o objetivo
de avaliar sua resisténcia com relagio a termo oxidagdo em 6leos comestiveis, por meio do aquecimento do dleo de canola e sugerir quais
seriam mais adequados para aumentar a resisténcia de 6leos vegetais frente a processos de degradagao térmica em frituras. As técnicas
utilizadas foram a Termogravimetria (TG) e Calorimetria Exploratéria Diferencial (DSC) e uma alusao da possivel agao protetora em dleos
vegetais, tomando como base, 0 estudo especifico da termo-oxidagao do 6leo de canola realizado em laboratério, sob aquecimento constante
em 180 °C/8 hours, por 10 dias. Os antioxidantes estudados foram o acido ascdrbico, acido sérbico, acido citrico, eritorbato de sédio, BHT
(3,5-di-terc-butil-4-hidroxitolueno), BHA (2, 3-terc-butil-4-metoxifenol), TBHQ (terc-butilhidroquinona), PG (galato de propila), descritos
como antioxidantes pela ANVISA e pela FDA e também o antioxidante acido fitico e o aditivo SAIB (isobutirato acetato de sacarose) utilizado
na industria de alimentos, para testar seu comportamento como antioxidante em 6leo vegetal. Os antioxidantes acido citrico, eritorbato
de s6dio, BHA, BHT, TBHQ e acido sérbico se decompdem em temperaturas inferiores a 180 °C, em que teriam pouca agdo protetora em
6leos vegetais submetidos a processos de frituras. Os antioxidantes acidos fitico, ascérbico e PG sdao mais resistentes e iniciam o processo de
decomposi¢ao no intervalo de temperatura entre 180-200 °C. As técnicas termoanaliticas mostraram também que o antioxidante SAIB é mais
resistente a agao oxidativa e pode ser uma escolha para ser usado na prevengdo da decomposi¢do térmica de 6leos comestiveis, melhorando
a estabilidade em face de processos oxidativos.

Palavras-chave: andlise térmica; termo-oxidagdo; decomposi¢ao térmica; aditivos em alimentos; antioxidantes.

1 Introduction

ISSN 0101-2061

Cooking was a breakthrough for mankind that improved
the flavor digestibility and quality of food. Heat treatment is an
operation widely used in food processing. As heat-processed
foods are much appreciated, analytical studies that can assess the
changes caused by heating have been demanded from researchers
(LAMBELET et al., 2003). Some foods like fats and oils, when
heated, suffer thermal oxidation and produce compounds such as
peroxides. The peroxides turn into aldehydes, ketones, epoxides,
dimers and polymers, undermining the quality of food. In
order to minimize such effects, the food industry makes use the

antioxidants (LITWINIENKO; KASPRZSYCKA-GUTTMAN;
JAMANEK, 1999).

There has been considerable interest in the field of
antioxidants in recent years and these efforts have led to a
better understanding of the mechanisms involved and of the
application areas in food. In addition, efforts are underway
for devising better and more uniform methodologies for the
evaluation and measurement of the oxidation and efficacy of
antioxidants (SHAHIDI, 2008).
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Evaluation of antioxidants stability

Antioxidants are additives that delay the onset of oxidative
changes in food (BRASIL, 1997). Thus, they contribute to food
preservation, prevent changes in flavor, and slow rancidity
and discoloration processes (BITAR et al., 2008). Several
antioxidants, such as citric acid, BHA (2 and 3-tert-butyl-4-
methoxyphenol), TBHQ (tertiary butyl hydroquinone), BHT
(3.5-di-tert-butyl-4-hydroxytoluene) and propyl gallate - PG -
(3.4.5-trihydroxybenzoate propyl), are used in food preservation
as stocked vegetable oils (KIM et al., 2009). The following
antioxidants: BHA, TBHQ, BHT, PG, as well as ascorbic acid,
sorbic acid and citric acid, are listed in the FDA (U. S. FOOD...,
2009) as authorized food additives. Also, ascorbic acid, sodium
ascorbate, calcium ascorbate, potassium ascorbate, erythorbic
acid, isoascorbic acid, sodium erythorbate, isoascorbate sodium,
lecithin, sodium lactate, citric acid, calcium citrate, calcium
citrate tri-acid, citric acid esters, fatty acids with glycerol and
glucose oxidase (Aspergillus niger), are allowed as antioxidants
in food by ANVISA (BRASIL, 1999a).

Phytic acid, due to its ability to chelate iron and inhibit
the emergence of hydroxyl radicals, is used as antioxidant and
to prevent discoloration and extend the average life of foods
(FILGUEIRAS et al., 2009).

The food industry uses sucrose acetate isobutyrate (SAIB) as
an additive in beverages. SAIB is a mixture of esters of sucrose
with a composition approximating the name sucrose diacetate
hexaisobutyrate (TAHERIAN; RAMASWAMY, 2007). Sucrose
acetate isobutyrate is used as a density-broker brominated
vegetable oil, exclusively for non-alcoholic beverages to
15 mg.kg! (BRASIL, 1999b). So, using SAIB as an antioxidant
in vegetable oils would not be technologically difficult, since
the food industry already uses it as an additive in beverages. In
its mechanism of action, it stabilizes the free radical through
electron delocalization in the aromatic ring (resonance effect)
and so, it ruthlessly spreads the oxidative free radical reactions
in the middle. Its mechanism of action slows the rate of
formation of the chain initiation of lipid radicals to destroy
the formed hydroperoxides (SILVERSTEIN; WEBSTER, 2000;
FOTL; AMORATI, 2009).

The knowledge of thermal stability of antioxidants is very
important in food preservation. Thermogravimetric techniques
continuously measure the mass of a sample as it is heated or
cooled at a controlled rate, or is held at a particular temperature
for a period of time. It is useful for monitoring processes that
involve changes in the mass of food or food component. To
evaluate the various types of processing and storage conditions
that some food might normally experience, DSC techniques
rely on changes in the heat absorbed or released by a material
as its temperature is varied at a controlled rate. These changes
occur when components within some food undergo some type
of phase transition or chemical reaction (oxidation, hydrolysis)
(ROOS, 2003).

In edible oils, the choice of antioxidant must be aimed at the
preservation of unsaturated fatty acids to increase the stability
to thermal degradation, which usually happens between 150
and 220 °C. However, the presence of high concentrations of
unsaturated fatty acids in vegetable oils requires greater thermal
stability of the antioxidant (YILMAZ; KARAKAYA, 2009).
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Several studies have been developed using thermal analysis
techniques to evaluate the effect of antioxidant addition in food
protection against oxidation (LITWINIENKO;KASPRZSYCKA-
GUTTMAN; JAMANEK, 1999; VECCHIO et al., 2008).

The present study investigated the thermal stability of the
following antioxidants: ascorbic acid, sorbic acid, citric acid,
sodium erythorbate, BHA, BHT, TBHQ, PG linked to the FDA
and ANVISA, as well as phytic acid and SAIB additive, to test it
as an antioxidant in vegetable oil in an isolated system, using the
thermogravimetry (TG) and differential scanning calorimetry
(DSC) techniques, and its protective action in vegetable oils
undergoing the process of heating, taking as standard the study
of canola oil subjected to heating.

2 Materials and methods

The following antioxidants were used in this study:
phytic acid [(myo-inositol hexakis (dihydrogen phosphate)],
tert-butyl hydroquinone (TBHQ), citric acid, 2 and 3-tert-
butyl-4-hydroxyanisole and 2,3-tert-butyl-4-methoxyphenol
(BHA) 3,5-di-tert-butyl-4-hidroxilueno or 2,6-di-tert-butyl-
4-methyl-phenol or 2,6-di-tert-butyl-p-cresol (BHT), sodium
erythorbate (monohydrate of D-isoascorbate sodium or
-lactone), 3.4.5-trihydroxybenzoate propyl or propyl-dacid-D-
erythro-hex-2-enoic-gallate (PG), sorbic acid or acid (2E, 4E)-
hexa-2.4-dienoic acid (SBA), acid-L-ascorbic acid and sucrose
acetate isobutyrate (SAIB).

2.1 Physicochemical characterization of canola vegetable oil

The determination of iodine value and free acidity was
performed by hydrogen nuclear magnetic resonance (‘H-NMR)
(CARNEIRO; REDA; CARNEIRO, 2005; REDA; CARNEIRO,
2006).

The peroxide index was performed according to Moretto et al
(2002).

2.2 Thermal analysis

The thermo analytical curves were obtained in module,
simultaneously, at TG/DSC equipment TA - Instruments,
Model 2960, operating under the following conditions: heating
rate of 20 °C/minute in an atmosphere of synthetic air flow of
70 mL/minute in an alumina crucible (a-Al,O,) containing
approximately 10 to 20 mg of sample at a temperature range of
25-600 °C.

2.3 Hydrogen nuclear magnetic resonance

About 10 to 20 mg of canola vegetable oil was dissolved
in 0.7 mL of CDCI, and its NMR spectrum was recorded on
spectrometer Varian Mercury-300 MHz operating on the FT
mode at room temperature.

2.4 Thermal stress of canola vegetable oil
(Brassica campestris)

Refined canola vegetable oil was subjected to continuous
heating, 8 hours daily, for 10 consecutive days. The amount of
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200 mL of vegetable oil was heated in a glass refractory heated
refractory ceramic ring with exposure resistant of 180 °C.

3 Results and discussion

Table 1 shows the results of the physical chemical
determinations for canola vegetable oil in natura and under
heating. The peroxide index was 1.90 mEq.kg" and it remained
within the range established by legislation (BRASIL, 2005). As the
peroxide value measures the degree of oxidation (FENNEMA,
2000), there was no change with respect to this result for the
canola oil in natura. Another important effect observed was the
reduction of the levels of peroxides after 16 hours of heating. It
was consistent with the characteristic chemistry of peroxides
produced in the thermal oxidative actions, which are very
unstable and degrade easily, being transformed into dimers and
polymers (LI; LAROCK, 2003). The degree of instauration of the
vegetable oil also diminished gradually with the progression of
heating and it was demonstrated through the iodine value data.
The progressive increase of free acidity was also an important
detected result. It is characteristic of heating processes when free
radicals are being generated (RAMALHO; JORGE, 2006). After
80 hours of heating, the vegetable oil polymerized entirely due to
the large number of polymers formed during the heating process.

It is important for vegetable oils that the value of peroxide
index remains within the limits specified not to cause any major
changes in food quality. Indeed, when the oil is heating in the
frying process, a complex series of reaction produces many
degradation compounds. In the course of the reactions, the
functional qualities of sensory and nutritional properties are
modified. Than, when the food is deep in hot oil, it is exposed
to water from the food itself, oxygen and the high temperature
at which the process occurs, resulting in thermal changes such
as isomerisation and fission reactions, producing aldehydes and
ketones to form many degradation products such as epoxides
and peroxides (FARIA et al., 2002).

Figure 1 shows the TGA/DSC of phytic acid. It was observed
a significant weight loss at 160 °C in the DSC curve. A change in
the physical state, by the endothermic peak, was observed at that
temperature. This demonstrates that the compound underwent
decomposition; phytic acid is not suitable as an antioxidant in

Table 1. Physicochemical analysis of canola oil by heating row (0 hour)
and under heating.

Time heating Peroxide Free acidity Iodine value
(hours) index ('H -NMR) ('H-NMR)
0 hour 1,90 0,13 114,34
8 hours 5,70 0,27 102,41
16 hours 7,70 0,48 96,06
24 hours 3,80 0,67 85,08
32 hours 3,10 0,82 77,20
40 hours 3,80 0,96 67,88
48 hours 1,90 1,24 60,24
56 hours 1,94 1,51 56,53
64 hours 1,90 1,64 53,94
72 hours 1,90 1,63 50,76
80 hours  Polymerization  Polymerization  Polymerization
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vegetable oils in frying processes, because it decomposes at
temperatures below 180-200 °C.

Figure 2 shows the TGA/DSC of citric acid. The analysis of
the DSC curve shows that the citric acid changes its composition
at around 160 °C, characterized by a strong endothermic peak
at that temperature. At the same time, it can be observed, in the
TG curve, a start in weight loss at around 160 °C, culminating
at around 220 °C. The two peaks revealed by the DSC curve
refer to a change in the physical state, indicating a process
of decomposition, making it unsuitable as a prophylactic
antioxidant in processes that require protection of food free
radical attack caused by high temperatures.

Figure 3 shows the TGA/DSC BHA. It is observed that
the decomposition of the antioxidant starts at around 120 °C.
The DSC curve shows an evident endothermic peak at around
60 °C indicating the melting point of the compound, which
is volatile in the temperature range of 100-240 °C. BHA does
not provide adequate protection, for example, to vegetable oils
at temperatures that food is exposed to in frying processes
(180-200 °C).

The TGA/DSC (Figure 4) shows the thermal behavior of the
antioxidant BHT, whose decomposition begins at around 120 °C,
similarly to BHA. The DSC curve shows an endothermic peak at

- 10
8,5 . TG
" 3
8,0 4
) - -6
£ 3
g o
4 7,0 4 T
6,5 4
-2
6,0 - -
T T T T T T T 0
0 100 200 300 400 500 600
Temperatura (°C)
Figure 1. TG and DSC curves of the phytic acid antioxidant.
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7 - —20
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Figure 2. TG and DSC curves of the citric acid antioxidant.
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Evaluation of antioxidants stability

around 70 °C, corresponding to its melting point. On the other
hand, Figure 5 shows the TGA/DSC of sodium erythorbate, where
changes in the antioxidant are observed at 170 °C and 340 °C. The
compound does not keep its structure intact in the temperature
range between 170 and 200 °C, with major changes right away.

Figure 6 shows the TGA/DSC of propyl gallate (PG). An
endothermic peak is observed at 150 °C, corresponding to its

10 ] -4
8 - DSC %,
oh
Ey 28
E g
< 44
-0
2 4
0 -
T T T T T _2
0 50 100 150 200 250
Temperatura (°C)
Figure 3. TG and DSC curves of the BHA antioxidant.
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0 50 100 150 200 250
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Figure 4. TG and DSC curves of the BHT antioxidant.
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Figure 5. TG and DSC curves of the sodium erythorbate antioxidant.
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melting point and an exothermic peak at around 350 °C, also
corresponding to its oxidation. The compound is stable up to
220 °C. Propyl Gallate is indicated as prophylactic in thermal
oxidative processes due to frying. However, in Figure 7, which
shows the TGA/DSC of sorbic acid, it is observed that the
decomposition temperature of this antioxidant is between 140 °C
(melting point) and 200 °C, temperature at which there is an
overlap between the TG and DSC curves, indicating that the
compound begins its melting and decomposition simultaneously.

Ascorbic acid (Figure 8) shows that the melting temperature
and decomposition of antioxidant starts at around 190 °C.

Anyway, Figure 9 shows the TGA/DSC of SAIB (sucrose
acetate isobutyrate), where it can be seen, in the DSC curve, an
inflection point at around 90 °C and another at around 150 °C.
As the TG curve shows no weight loss at these temperatures,
these points indicate loss of water. This observation was also
reported by Freire, Figueiredo and Ferrao (1999), when studying
olive oil. The analysis of the TG curve shows that the compound
has a single mass loss that starts at 248 °C and ends at 340 °C.
In the DSC curve, there is a very strong exothermic reaction
that causes deformation of the DSC peak and the deformation
in the TG curve (adding the oven heat and the heat generated
by burning of the sample). Thermal stability up to 250 °C was

1 r 60
TG
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o
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|
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0 100 200 300 400 500 600

Temperatura (°C)

Figure 6. TG and DSC curves of the propyl gallate antioxidant.
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Figure 7. TG and DSC curves of the acid sorbic antioxidant.
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the best value for the studied antioxidants, which can prevent
or minimize most effectively the thermal-oxidative damage.

Figure 10 shows the TGA/DSC TBHQ. The curve shows
that the decomposition of the antioxidant initiates at 120 °C,
with total decomposition at 210 °C. Therefore, it offers little
protection to vegetable oils undergoing a long process of heating.

10 -
9 - -0
8
7 A - —20
g 6 g
E 51 L 40 9
<
4
3 4 - —60
2
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0 100 200 300 400 500 600
Temperatura (°C)
Figure 8. TG and DSC curves of the ascorbic acid antioxidant.
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Figure 9. TG and DSC curves of the SAIB antioxidant.
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Figure 10. TG and DSC curves of the TBHQ antioxidant.
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4 Conclusions

The analysis of canola oil showed that upon heating
deteriorates gradually increased by the same antioxidant citric
acid. The results obtained through thermal analysis clearly
showed the thermal behavior of the antioxidants studied.
Citric acid, BHA, BHT, TBHQ, sodium erythorbate and sorbic
acid antioxidants decompose or start their decomposition at
temperatures below 180 °C, offering little protection to heated
vegetable oils. Phytic acid, ascorbic acid and yield compounds
are stronger, starting to decompose between 180 and 200 °C,
and are, therefore, more likely to offer resistance to vegetable
oils in the face of thermal oxidative processes. However, the
antioxidants that showed better resistance levels were SAIB
and PG, starting their decomposition at temperatures above
200 °C and 220 °C, respectively. Propyl Gallate is indicated as
prophylactic in thermal oxidative processes due to frying. From
these results, it is expected that SAIB can be an antioxidant
option to edible oils.
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