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Abstract

There are a diversity and variability of oil producing plants and different ex-
traction methods. These vegetable and essential oils are substances stored and
released by plants from their fruits, leaves, flowers, bark and stem, being
complete of plant origin that provides some benefits. In the plant these oils
are also known as antioxidant substances, which have the function of natural
protection. It is known that the extraction method has a strong influence on
its quality and composition due to its variability and environmental condi-
tions, besides possible adulteration. Oils that are rich in polyunsaturated fatty
acids are the most relevant to the cosmetic industry but are most sensitive to
oxidation. The oxidation of these oils generates what is known as rancidity,
with the presence of smaller and undesirable molecules, thus reducing the
quality of the oil beyond its nutritional value, making them harmful to hu-
man health. Stocking conditions, such as exposure to sunlight and heat, are
major phenomena that accelerate the degradation of these oils. Infrared spec-
trometry with Fourier transform (FTIR) is a tool with potential to evaluate
the degradation effect of vegetable oils. Infrared spectra of Almond (Prunus
dulcis), Andiroba (Carapa guianensis aubl.), Copaiba (Copaifera langsdorffi)
and Rosehip (Rosa aff. Rubiginosa) oils before and after exposure to sun light
for 90 days were analyzed, with objective of evaluating the effect of the degrada-
tion on the composition of the oil, which were acquired in local commerce of
the city Porto Velho. The spectra trends show the occurrence of oxidation, with
the reduction of unsaturation, in addition to the fractionation of carbon chains
and appearance of functional groups such as aldehyde and alcohol.
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1. Introduction

Vegetable oils are natural substances and insoluble in water, obtained from olea-
ginous species, and according to Farias et al [1], consist of triacylglycerides,
which are esters formed between glycerol and three fatty acids. However, in ad-
dition to having fatty acids and glycerides in their composition, vegetable oils are
also made up of some substances such as steroids, tocopherols, phenols, flavo-
noids, volatile compounds, vitamins, pigments, etc., as described by Herman and
Esteves, apud Pereira [2].

Vegetable oils, some also called essential oils, are substances that help plants
to grow, a defense system in the protection against parasites and pollination, ac-
cording to Silva [3], whose difference is in the form and procedure of how this
essential oil will be extracted, part of the plant will be used in the extraction
process, such as fruits, flowers, leaves, bark and stems, being widely consumed
by the population for producing some benefit, applied to human health as a
cosmetic product and also in food.

Among the fatty acids that form the tri-esters of lipids in vegetable oils, unsa-
turated fatty acids stand out, as they have important functions in the human
body. According to Allinger et al. [4] the most important unsaturated fatty acids
obtained by fat hydrolysis are oleic, linoleic and linolenic acids.

As described by Rampazzo [5], oils and fats are of relevant importance in the
body, as caloric sources, of essential fatty acids, in addition to transporters of
fat-soluble vitamins, nutrients and antioxidants. Also according to Rampazzo
[5], unlike saturated and monounsaturated fatty acids that can be synthesized by
the body and easily obtained in the diet, some polyunsaturated fatty acids,
known as essential fatty acids, having as examples, the important omegas (w-3
and w-6), cannot be synthesized by the body, and must be obtained through the
consumption of foods rich in the respective acids, observing that there are few
sources rich in essential fatty acids, the most common being in the diet, the fish.

However, several authors have demonstrated the existence of vegetable oils
rich in polyunsaturated fatty acids, such as Andiroba (Carapa guianensis), Co-
paiba (Copaifera langsdorfiii), Almonds (Prunus dulcis) and Rosehip (Rosa aff.
rubiginosa), as shown in Table 1.

As described by Pereira [2], a-linolenic and linoleic fatty acids belong to the
(-3 and w-6) families, respectively, that is, they are essential fatty acids.

Also according to Pereira [2], the intake of essential fatty acids, such as (w-3
and w-6), are very important, as it is known that they help to reduce blood cho-
lesterol levels and perform valuable physiological functions to living organisms.
Since they are present in the formation, development and functioning of the
brain and retina, they are still abundant in most cells of these organs.

According to Silva [6] and Ferrari et al [10], Andiroba, C. guianensis is a tree
of the Meliaceae family, occurring in central America up to the north of South
America (Venezuela, Ecuador, Colombia, Peru and Brazil). It stands out as large,

reaching up to about 30 meters in height. Andiroba oil has a long medicinal
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Table 1. Fatty acid content in vegetable oils from Carapa guianensis, Copaifera langsdorttii,
Prunus dulcis, and Rosa aff. rubiginosa.

Substance C. guianensis C. langsdorttii P. dulcis R.rubiginosa
(A) (B) © (D)
Arachidonic acid 2.26% 1.10% 0.10% - 0.50% 0-1.00%
Behenic acid 0.55% 3.00% - 0 - 1.00%
Stearic acid 10.53% - 1.00% - 10.00% 1.00% - 2.00%
Linoleic acid 12.93% 35.70% 20.00% - 34.00% 43.00% - 49.00%
Linolenic acid - - - 32.00% - 38.00%
Oleic acid 42.71% 35.30% 43.00% - 70.00% 14.00% - 16.00%
Palmitic acid 31.02% 24.90% 4.00% - 13.00% 3.00% - 5.00%

Letters in parentheses correspond to source: (A) Silva [6], (B) Silva [7], (C) Askin et al [8] and (D) Valla-
dares apud Santos et al. [9].

history and as a herbal medicine, is used mainly in South America. It is esti-
mated that in Brazil, the annual consumption of andiroba oil is 30 thousand li-
ters, while the export is on average 450 thousand liters per year.

According to Silva [7], Copaiba, C. langsdorffii, popularly known as copaiba,
is found in the Amazon. From this plant, an oil-resin can be extracted from its
stem, which is used in folk medicine as a bactericide and anti-inflammatory.

According to Ferreira [11], the Almond tree, P. dulcis is a commercially culti-
vated species, having its origin in Central Asia. Almond trees can be grown in
temperate, warm and subtropical climates. The adaptation in certain regions, al-
lows the plants to survive in semi-arid climates, with low precipitation (<150
mm).

The Rosehip, Rosa aff. rubiginosa as described by Santos et al [9], originally
from the Mediterranean area and Central Europe, was brought to South America
by Spanish colonists, and grows in southern and central Chile as a wild plant of
low agricultural value. It is known that its oil is popularly used as a herbal medi-
cine to treat skin diseases and largely by the cosmetics industry.

However, according to Rampazzo [5], although vegetable oils used in food are
less harmful to health, we have to take into account some important issues.
Comparing them to animal fats, which are mostly saturated, they are not easily
oxidized by oxygen and other oxidizing agents, while vegetable oils due to the
greater number of unsaturation are highly reactive and vulnerable to oxidation
as described by Naz et al apud Rampazzo [5]. This is one of the biggest tech-
nological obstacles to use, being able to preserve them during processing and
storage, due to their sensitivity to heat and oxidation.

Based on the wide variety of oilseed species and rich in unsaturated fatty acids
present in the Amazon, however, a study is needed to assess the effect of the de-
gradation of these oils on their composition.

The Spectrophotometry in the infrared region with Fourier transform (FTIR)

has been used by several authors in evaluating vegetable oils, and according to
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Souza [12] it is an excellent tool to evaluate the oxidative process in oils rich in
unsaturated fatty acids. Allied to this, according to Pereira [2], FTIR shows itself
as a fast and ecologically correct analytical method, as there is no need to use
toxic or aggressive reagents, or even the generation of harmful residues to the
environment, which causes that the use of this tool is widely applied. And accord-
ing to Schneider [13], FTIR-ATR is cited by the American Oil Chemists Society, as
an official method for the determination of trans isomers in vegetable oils.

It is observed in the literature that the FTIR-ATR technique has been widely
used in the classification of vegetable oils, as described by Nenadis et al [14].
According to Ismail et al [15], however, this technique has been applied in
quantitative analysis due to the fact that infrared energy is directly proportional
to the concentration of substances that are present in the sample. This evaluation
technique, because it is not destructive, fast and generates little chemical residue,
has been widely applied in the quality control of vegetable oils as described by
Uncu et al [16], in the evaluation of the peroxide index according to Marina et
al [17], in determining the acidity index according to Jiang et al [18].

In general, vegetable oils in the presence of oxygen, heat, light and humidity
are very unstable and undergoes various types of chemical reactions of degrada-
tion, which makes their conservation difficult, taking the production and storage
processes fundamental steps for the maintaining its quality as described by
Simdes et al. [19].

Considering as based the changes caused by the degree of establishment and
consequently the difference in absorption bands, that is, their respective areas,
aiming to show that the storage conditions can maintain the quality of the
product intended for the population. And considering the commercial impor-
tance of vegetable oils from andiroba, copaiba, almond and rosehip, this study
had as objective evaluate the effect of exposure to sunlight on these oils rich in
unsaturated fatty acids by the (FTIR) technique.

2. Methodology

In the present work, four vegetable oils from species of our biodiversity were
studied, two of them native to the Amazonian territory, Andiroba (Carapa guia-
nensis) and Copaiba (Copaifera langsdorfiii), and the other two native to the
Middle East, and introduced in several regions of the land, the Almond (Prunus
dulcis) and the Rosehip (Rosa aff. rubiginosa), being acquired in the local phar-
maceutical trade in the city of Porto Velho.

For the assessment of degradation in the light, the 15 ml transparent glass bot-
tles containing the respective vegetable oils were kept for 90 days at room tem-
perature in the city of Porto Velho State of Rondonia, with a minimum temper-
ature during the night of approximately 23°C and during the day maximum
temperature of approximately 35°C, and average relative humidity of 84%.

The samples, initially considered “in natura’, were analyzed using the Fourier

transform infrared spectrometry (FTIR) technique, and after exposure to sun-
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light radiation for 90 days, where further FTIR analyzes of the same samples
were carried out under conditions similar analyzes.

For the acquisition of FTIR spectra, the Shimadzu Prestige 21 spectrometer
was used, equipped with an ATR (attenuated total reflectance) accessory. FTIR
spectra were recorded for a total of 20 number scans over 4000 - 500 cm™ with a
resolution of 4 scans on a spectrum FTIR system.

From the results obtained, comparative analyzes were carried out between the
spectra before and after the exposure of the samples to sunlight, with the pur-
pose of evaluating the degradation of the samples, based on the variation of the
transmittance bands and their respective areas, with the help of the OriginPro
9.1 software.

Thus, in order to facilitate comparative analyzes between the spectra before
and after exposure to sunlight, the bands in the infrared region, present in each
sample, were tabulated from their wave number in which they present the great-
est transmittance intensity, their area in cm? the organic group to which it cor-

responds and its mode of vibration.

3. Results and Discussion

The evaluations carried out take into account the relationship between the area
of the characteristic band of a species and its concentration, considering the re-
lationship between the intensity of absorption in relation to the baseline of the
spectrum, which in turn is directly related to the concentration of the spectrum
species, represented by the area of the band in question.

Organic compounds when exposed to energy, from heat or solar radiation,
can generate radicals due to the homolytic breakdown of chemical bonds. These
radicals can react with other molecules, producing new radicals, and in the
presence of atmospheric oxygen, generating peroxides and hydroperoxides, that
is, unstable compounds that can be broken down into other even more reactive
radicals as described by Solomons [20].

The self-oxidation process of these vegetable oils can be started with the re-
moval of an allylic hydrogen from the compound, that is, a fatty acid, under
conditions favored by light and temperature, generating an allyl radical. Then,
these radicals can easily react with atmospheric oxygen and form peroxide radi-
cals, which are then converted into hydroperoxides, which will act as propaga-
tors of the reaction, resulting in the formation of more stable products according
to Ramalho [21].

The FTIR spectra for vegetable oils under oxidative conditions of exposure to
sunlight, over of 90 days are shown in Figures 1-4, and their respective Tables
2-5, with information extracted from the FTIR spectra.

The FTIR spectra of the samples are similar, with specific differences as to the
intensity of some bands, due to the fact of high amounts common to the studied
oils of oleic and linoleic acids, for example. The region from 1800 to 1000 cm™ is

known as the region of digital printing, for presenting significant changes in the
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—— Vegetable oil of andiroba after exposure to sunlight
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Figure 1. FTIR spectrum of Andiroba oil, before (up) and after exposure to light (down).
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Figure 2. FTIR spectrum of Copaiba oil, before (up) and after exposure to light (down).

distribution of the absorption maximums. Thus, it is more appropriate to iden-
tify spectral changes as described by (Souza et al [22]. In this region, the bands
next of 1228 and 1161 cm™ are observed, where they are related to saturated acyl
groups according to Guill’en, et al [23]. The infrared spectra of the oxidized
samples did not reveal peaks close to 3300 cm™ indicating the absence of hydro-
peroxides, which are normally formed during oxidation as described by Srivas-
tava et al. [24].
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—— Vegetable oil of almonds

P — Vegetable oil of almonds after exposure to sunlight
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Figure 3. FTIR spectrum of Almond oil, before (up) and after exposure to light (down).

—— Vegetable oil rosehip
—— Vegetable oil rosehip after exposure to sunlight
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Figure 4. FTIR spectrum of Rosehip oil, before (up) and after exposure to light (down).

The FTIR spectra analyzed show that the functional groups responsible for the
typical absorption bands of the triacylglycerides, in the middle infrared region,
are attributed to the carbonyl stretch (C=0) at 1747 cm™ and signal of average
intensity close to 1161 cm™ characteristic of the axial deformation of the group
(C-0O) of the ester group. Intense bands with absorbances at 2924 and 2853 cm™
are assigned, respectively, the symmetric and asymmetric axial strain vibrations
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of the (CH,) groups of fatty acids in triacylglycerides according to Guill’en, et al
[23].
It is possible to observe from the results obtained from the plotted FTIR spectra,

Table 2. Values of the characteristic absorption bands for each group present in Andiroba oil, the re-
spective areas, the modes of vibration before and after exposure to sunlight.

Sample “in natura® Sample after sun exposure Organic group Vibration mode

Wave number Band area Wave number Band area
-1 2 -1 2

cm cm cm cm

3005 3.71 3111 a 3005 58.67 =C-H (cis) Axial deformation
2953,2922,2852 223225  2953,2922,2852 2081 “C-H(CHy),  Asymmetric and Syn,lmetrical axial

-C-H (CH>) deformation

1747 118.47 1739 1788.65 -C=0 Axial deformation

1670 2.65 Absent - C=C (trans) Axial deformation

1652 9.42 Absent - C=C (cis) Axial deformation

1462 306.87 1462 500.87 -C-H (CH>) Symmetrical angular deformation

1417 2.39 Absent - =C-H (cis) Angular deformation

1396 2.44 Absent - =C-H (cis) Angular deformation

1377 101.15 1375 817.33 -C-H (CH3) Symmetrical angular deformation

1215 4.63 1228,1217,1205  777.03 C-O Axial deformation

1161 99.86 1161 36.43 C-O Axial deformation

721 123.21 721 90.22 -(CH2)n- Asymmetric angular deformation

Table 3. Values of the characteristic absorption bands for each group present in Copaiba oil, the respec-
tive areas, the modes of vibration before and after exposure to sunlight.

Sample “in natura” Sample after sun exposure Organic group Vibration mode

Wave number Band area Wave number Band area

cm™ cm? cm™? cm?
2951,2920,2852 242627  2951,2920,2852  2319.07 -C-H (CH), Asymm‘?tric and Syn,lmetrical
-C-H (CH>) axial deformation
1747 85.42 1747 83.11 -C=0 Axial deformation
1670 3.11 Absent - C=C (trans) Axial deformation
1652 10.35 Absent - C=C (cis) Axial deformation
1456 340.99 1460 388.63 -C-H (CH;)  Symmetrical angular deformation
1417 2.48 Absent - =C-H (cis) Angular deformation
1396 1.89 Absent - =C-H (cis) Angular deformation
1375 110.29 1375 134.35 -C-H (CHs)  Symmetrical angular deformation
1230 6.55 1238 5.36 C-O Axial deformation
1217 0.85 Absent - C-O Axial deformation
1163 79.60 1159 72.47 C-O Axial deformation
721 72.45 721 68.78 -(CH2)n- Asymmetric angular deformation
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Table 4. Values of the characteristic absorption bands for each group present in Almond oil, the respec-
tive areas, and the modes of vibration before and after exposure to sunlight.

Sample “in natura” Sample after sun exposure Organic group Vibration mode

Wave number Band area Wave number Band area
-1 2 -1 2

cm cm cm cm
2053,2022,2852 233538  29532922,2852 219772 o (CH). Asymmetricand symmetrical axial
-C-H (CH>) deformation
1749 30.92 1741 482.69 -C=0 Axial deformation
1670 2.94 Absent - C=C (trans) Axial deformation
1652 11.00 Absent - C=C (cis) Axial deformation
1458 323.86 1462 409.14 -C-H (CH») Symmetrical angular deformation
1417 2.72 Absent - =C-H (cis) Angular deformation
1396 3.10 Absent - =C-H (cis) Angular deformation
1377 102.60 1377 351.89 -C-H (CH3) Symmetrical angular deformation
Ausente - 1228, 1217, 1207  218.29 C-0 Axial deformation
1157 50.52 1157 19.91 C-0 Axial deformation
721 74.17 721 68.12 -(CHz)n- Asymmetric angular deformation

Table 5. Values of the characteristic absorption bands for each group present in Rosehip oil, the respec-
tive areas, and the modes of vibration before and after exposure to sunlight.

Sample “in natura” Sample after sun exposure  Organic group Vibration mode

Wave number Band area Wave number Band area
-1 2 -1 2

cm cm cm cm
3008 51.01 3008 72.09 =C-H (cis) Axial deformation
2922, 2852 1599.81 2922,2852 1518.66 -C-H (CHy) Asymmetric and Syn.lmetrical axial
deformation
1743 721.82 1743 1344.08 -C=0 Axial deformation
1670 1.58 Absent - C=C (trans) Axial deformation
1652 7.90 Absent - C=C (cis) Axial deformation
1463 233.74 1462 311.73 -C-H (CH>) Symmetrical angular deformation
1417 7.27 Absent - =C-H (cis) Angular deformation
1396 6.62 Absent - =C-H (cis) Angular deformation
1375 79.28 1375 339.59 -C-H (CH3) Symmetrical angular deformation
1236 76.62 1228,1217,1205  221.04 C-O Axial deformation
1159 479.20 1159 316.89 C-O Axial deformation
721 692.22 721 693.97 -(CH2)n- Asymmetric angular deformation

and tabulated values to identify four main trends that facilitate the analysis of
the degradative effect related to exposure to sunlight on the studied samples.
The first trend, and perhaps the most relevant to assess the oxidative effect on

the samples, is the disappearance of the characteristic bands of unsaturation in
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the spectra of the oil samples after exposure to sunlight. In all samples studied
under exposure condition, thus the disappearance of the bands in 1670, 1652,
1417 and 1396 cm™. As described by Silverstein et al [25], these bands corres-
pond respectively to the axial strain between trans carbons, axial strain between
cis carbons, angular strain (=C-H cis), and also angular strain (=C-H cis). This
trend expresses a phenomenon that was already expected, the attack on unsatu-
ration, which are points of the chain of great reactivity, where there is a great
electronic density conducive to the attack of an oxidizing agent, which makes the
oil more sensitive to degradation.

The second trend that can be observed is the increase in the characteristic
band of axial deformation of the carbonyl group between 1739 and 1749 cm™.
The only exception is copaiba oil. This factor indicates the occurrence of sample
oxidation, since according to Rampazzo (5), hydroperoxides are the main prod-
ucts of the oxidation of vegetable oils, and these in turn are compounds of high
instability that tend to decompose into secondary compounds such as aldehydes
and ketones. This explains the increase in the area of the characteristic band of
carbonyl group (C=0).

A third observed trend was the increase in the methylene (C-H) stretch band
between 1463 and 1456 cm™, which again would be caused by the oxidative
process, relating not only to the decrease in the amount of unsaturation in the
sample but also to the fractionation of the carbon chain into smaller molecules
by the oxidative process.

The fourth tendency to be observed is the increase in the area of the characte-
ristic stretch band (C-H) of terminal methyl groups between 1377 and 1375
cm™. This phenomenon suggests that the carbon chain of the samples was frac-
tionated into smaller molecules by the oxidative process. Where during lipid
oxidation reactions, fatty acids esterified into triglycerols and phospholipids de-
compose, forming small and volatile molecules that produce the unwanted aro-
mas known as oxidative rancidity, according to Fennema et al [26].

According to Smith et al [27], a band in 1739 cm™ may appear due to oxida-
tion, which indicates the decomposition of hydroperoxides in carbonyl com-
pounds, that is, in secondary oxidation products.

According to Vlachos et al, [28], the band at 1742 cm™ is related to the stret-
ching of the ester carbonyl group, which demonstrated in their studies, a band
widening in this region when the sample is submitted to high temperatures. This
information is due to the formation of aldehyde compounds or other secondary
products of oxidation that cause an absorption in 1746 cm™, related to the vibra-
tion of triglyceride carbonyl ester stretching.

According to Rohman et al. [29], absorption bands at 1117 cm™ arise from
vibrations from the ether bond stretches in triacylglycerols, whereas the stret-
ching vibrations of the bond (C-O) of the ester groups occur next 1163 cm™, as
described by Shi et al [30].

In addition to the trends mentioned, the samples were also observed, after
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exposure to sunlight, only in the oil samples: almonds, andiroba and rosehip,
that is, Figure 1, Figure 3 and Figure 4, the appearance of a low intensity band
between 3452 and 3454 cm™', which is a characteristic band of hydroperoxides,
one of the main products of oil oxidation, mentioned above.

Another important point to note is the decrease in the characteristic band of
axial strain (=C-H) between 3008 and 3005 cm™, which was expected for sam-
ples of andiroba and rosehip oils did not occur (Figure 1 and Figure 4). Still
occurring the opposite to the expected, an increase in the area of this band.
However, what observe was the increase in area that would not be related to var-
iation in the axial strain band =CH, but to the appearance of an OH stretch
band, characteristic of hydroxyl, in the region close to 3000 cm™ and overlap-
ping the stretch band (=CH). Note the widening of the band between 3008 and
3005 cm™ for higher frequencies. The appearance of the characteristic hydroxyl
band in turn can be analyzed as a result of the oxidation of the samples since al-
cohols are one of the lipid oxidation products.

In relation to the carbonyl group (-C=0), it can be observed that there was an
increase of practically fifteen times in the area value in cm? for samples of Andi-
roba oil and almonds, suggesting the formation of aldehyde compounds and
other products secondary. While Copaiba oils were practically unchanged and
Rosa Mosqueta increased by almost two times in relation to samples after the
exposure process.

As described by Nascimento Filho et al [31], the absorption band to the me-
thylene group (=CH,), related to angular deformation of medium intensity next
to 1460 cm™, tends to stay due to the oxidation process, reported in your study
by heating. What can also be observed, in this work for all samples studied, its
permanence and even an increase in area in cm?, after 90 days of exposure to so-
lar radiation.

The absorption band at 1417 cm™ (-CHs), that is, angular deformation in the
plane, there is an absence in all samples evaluated after the exposure process, the
same observed by Nascimento Filho et al [31]. Where this change is possibly re-
lated to the progressive increase in the degree of polymerization due to the ap-
pearance of cross-links and consequent decrease in double bonds, as can be seen
in all samples studied.

It can also be observed that the absorption band to the group (C-O) 1161
cm™!, relative to angular deformation in the plane, stay after the exposure
process with a decrease in the values in area (cm?), being higher (63.5%) for An-
diroba, (60.5%) for Almonds, (33.8%) for Rosehip and (9.0%) for Copaiba. Sug-
gesting a possible formation of aldehyde compounds and other secondary com-
pounds, as can be seen by the increase in the band (-C=0), after the sun expo-
sure process.

Finally, it can also be observed that the absorption band 721 cm™ (-CH), re-
ferring to symmetrical angular deformation in the plane and asymmetric angular

deformation outside the plane, remains with values close to the area (cm?), even
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after the process of exposure to sunlight for all evaluated oils, the same process
was observed by Nascimento Filho et al [31], following the polymerization
process of Andiroba oil under heating at 180°C, for 8 hours, but the absence of
the band after 16 hours of heating. For the present study, the permanence of the
721 cm™ band can be explained by the daily temperature and the exposure time,
maximum daily temperature of 35°C and for 90 days, respectively. Therefore, at
a temperature of 35° and exposure time of 90 days, they were not enough to
promote significant changes in this band of 721 cm™, which may show the low

polymerization of the samples.

4. Conclusions

FTIR evaluation has proved to be an effective technique for studying the degra-
dation process in vegetable oils, and used in conjunction with ORIGINPro 9.1
software and in the evaluation of the calculation of the area of altered bands with
characteristic bands for a given region.

After exposure to sunlight, the disappearance of the characteristic bands of
unsaturation in the FTIR spectrum was observed, indicating the high degrada-
tion and/or oxidation of the samples evaluated as a function of solar radiation.

Clearly, the observed results demonstrate the sensitivity to light that oils rich
in polyunsaturated fatty acids present. Therefore, to ensure good durability of
these oils, we recommended adequate storage and protected them from sunlight
with possible use of a amber bottle, thus preventing their oxidation which is re-
lated to the appearance of undesirable components and ensuring the conserva-

tion of polyunsaturated fatty acids.
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