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Abstract

The avocado (Persea americana Mill.) Is a fruit that is originally from Central America, and it has a high nutritional
value. The pulp is the most widely consumed in the form of dessert, salads, sauces and cosmetics. Several studies
report that avocado pulp oil has a high concentration of unsaturated fatty acids that provide beneficial health effects.
The oil was extracted from four avocado varieties (Quintal, Fortuna, Ouro Verde and Hass) by reflux using two
solvents, methanol and hexane, to evaluate the fatty acid profile by GC-FID, as well as the antioxidant potential using
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several methods (elimination of DPPH radicals, bleaching of B-carotene, reducing power test and degradation of
deoxyribose). The oils had a moderate moisture content, and the most expressive yield was obtained using hexane,
mainly for the Quintal and Hass varieties. The percentage of the principal fatty acids varied according to the solvent
used, but oleic, palmitic, linoleic, palmitoleic and linolenic acids were identified in all the oils. No antioxidant
potential was observed for the oils by the methods used.

Keywords: Natural products; Fatty acids; Biological potential.

Resumo

O abacate (Persea americana Mill.) é um fruto originario da América Central e apresenta um alto valor nutritivo,
sendo a polpa a parte mais consumida, sob forma de sobremesa, saladas, molhos e cosméticos. Diversos estudos
relatam que o 6leo da polpa de abacate apresenta um alto teor de acidos graxos insaturados que proporciona efeitos
benéficos a salde. Este trabalho teve como objetivos analisar o rendimento dos éleos de quatro variedades de abacates
(Quintal, Fortuna, Ouro Verde e Hass) extraidos por refluxo utilizando dois solventes, metanol e hexano, avaliar o
perfil de acidos graxos por CG-DIC, bem como o potencial antioxidante frente a diversos métodos (eliminacdo de
radicais DPPH, branqueamento de p-caroteno, ensaio poder redutor e degradacdo da desoxirribose). Os 6leos
apresentaram umidade moderada, e rendimento mais expressivo foi para os 6leos extraidos em hexano,
principalmente para as variedades Quintal e Hass. A porcentagem dos acidos graxos majoritarios variou de acordo
com os solventes utilizados, mas, em todos os 6leos foram identificados os acidos oleico, palmitico, linoléico,
palmitoleico e linolenico. Os 6leos ndo se mostraram eficazes frente aos métodos utilizados para analisar o potencial
antioxidante.

Palavras-chave: Produtos naturais; Acidos graxos; Potencial bioldgico.

Resumen

El aguacate (Persea americana Mill.) es una fruta originaria de Centroamérica, y tiene un alto valor nutricional. La
pulpa es la mas consumida en forma de postre, ensaladas, salsas y cosméticos. Varios estudios informan que el aceite
de pulpa de aguacate tiene una alta concentracion de acidos grasos insaturados que proporcionan efectos beneficiosos
para la salud. El aceite se extrajo de cuatro variedades de aguacate (Quintal, Fortuna, Ouro Verde y Hass) por reflujo
utilizando dos solventes, methanol y hexano, para evaluar el perfil de acidos grasos por GC-FID, asi como el potencial
antioxidante mediante varios métodos (eliminacion de radicales DPPH, blanqueo de B-caroteno, prueba de poder
reductor y degradacion de desoxirribosa). Los aceites tuvieron un contenido de humedad moderado, y el rendimiento
mas expresivo se obtuvo con hexano, principalmente para las variedades Quintal y Hass. El porcentaje de los
principales acidos grasos varié segln el disolvente utilizado, pero en todos los aceites se identificaron los &cidos
oleico, palmitico, linoleico, palmitoleico y linolénico. No se observo potencial antioxidante para los aceites por los
métodos utilizados.

Palabras clave: Productos naturales; Acidos grasos; Potencial bioldgico.

1. Introduction

Fruits are considered sources of nutritional sources with beneficial properties, and they can also be good sources of
natural antioxidants. The avocado is a tropical fruit, grown almost everywhere in the world. The avocado pulp is very energetic
and caloric, and it is also a source of monounsaturated fatty acids and antioxidants, so it is very important in human nutrition.
However, the chemical composition of the pulp can vary according to its varieties and growing conditions (Green & Wang,
2020; Paramos et al., 2020). According to Chikwendu et al. (2020), avocado pulp is an good source of vitamin D, vitamin E,
vitamin B6, vitamin B12 and vitamin C, in addition to containing minerals such as potassium, phosphorus, calcium, iron and
sodium. It is also an excellent source of essential amino acids and fatty acids.

Fatty acids are organic acids that differ with respect to the number of carbons and the presence of unsaturation.
Several fatty acids are known, such as lauric, palmitic, palmitoleic, stearic, oleic, linoleic and linolenic acids. The fatty acids
commonly found in the avocado pulp oil are oleic (63.73%), linolenic (15.27%), palmitic (14.80%), palmitoleic (4.86%) and
linoleic acid (1.09%) (Rydlewsk et al., 2020; Wang et al., 2020).
Oleic acid is most commonly found in avocado pulp. There is evidence that this acid plays an important role in inhibiting the
development of cancer cells because of its ability to eliminate the expression of HER2 (erbB-2), an oncogene well known for

its involvement in the etiology, progression and metastasis of cancer (Kim et al., 2016; Carrillo, Cavia & Alonso-Torre, 2012).
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Fatty acids act on several organs, and their effects on the body have been studied more extensively. Research points to
the importance of ingesting essential fatty acids because, in addition to maintaining or improving the cognitive function of
patients, these substances can also improve memory, mood and reduce symptoms of depression. However, the absence of this
nutrient in the diet increases the risk of dyslexia, attention deficit, depression, dementia and Alzheimer's disease. These
substances are closely related to neuronal composition, neurochemical signaling and nerve transmission. Therefore, essential
fatty acids contribute to neurotransmission in the nervous system, acting in the modulation of the biophysical properties of the
membrane, and pre-synaptic vesicular secretion of neurotransmitters (Acharya et al., 2020; Saini & Keum, 2018). The
objectives of this work were to extract the oil from four avocado varieties using methanol and hexane and evaluate the yield

and composition of the oils as well as their antioxidant potential.

2. Methodology

The work was developed at the Organic Chemistry Laboratory - Essential Oils and at the CAPQ of the Department of
Chemistry (DQI) of the Federal University of Lavras. For this work, only the pulp of four varieties of avocado was used. The
avocado varieties came from two regions close to the city of Lavras, Minas Gerais, Brazil: Sdo Tomé das Letras (Quintal and

Fortuna varieties) and Carmo da Cachoeira (Ouro verde and Hass varieties).

2.1 Extraction of pulp oils from four avocado varieties

The avocados used were in the final stage of ripening because the fruits have the greatest oil content is at this stage,
and they were pulped with the aid of a spoon. The solvents used in this work, methanol and hexane, did not receive any
additional treatment.

The oil was extracted according to the method described by Matos (1988) by adding 150 g of the avocado pulp and
300 mL of solvent (methanol or hexane) to a round bottom flask (1000 mL), coupled to a ball condenser. The flask was heated
with a heating mantle, and after 6 hours of reflux, the solution contained in the flask was filtered using a Buchner funnel. The

solvent was rotary-evaporated, and the sample was stored under refrigeration.).

2.2 Determination of humidity

The pulp moisture was determined by adding 5 g of the pulp and 80 mL of cyclohexane to a round bottom flask (250
mL), which was attached to a Dean stark apparatus. The flask was heated with a heating mantle, and, after 2 hours, the volume
of water present in the distillate was measured (Pimentel et al., 2010). The yield of the oil present in the avocado pulp was

calculated and expressed in weight of oil per unit weight of material on a dry weight basis.

2.3 Ildentification and quantification of fatty acids

The identification of fatty acids was accomplished at the CAPQ (Chemical Analysis and Prospecting Center) of the
Department of Chemistry at the Federal University of Lavras, where the retention times of injected standards were determined
under the same conditions as the sample.

The fatty acid methyl esters were prepared by solubilizing 0.1 grams of sample in 2 mL of hexane and 0.2 mL of 2
mol L methanolic potassium hydroxide solution. This solution was vortexed for 30 seconds and then 3 mL of brine were
added. This solutions were left to stand until phase separation and then the supernatant was removed andt he determination of
fatty acids (FA) was performed on a Shimadzu model CG-17A gas chromatograph using an SP2560 column (100 m long by
0.25 mm internal diameter and 0.2-pum-thick liquid phase film) and equipped with a flame ionization detector at 260 °C, and a

split injector (1:20 ratio) at 260 °C. The initial oven temperature was 140 °C for 5 minutes; the temperature was programmed
3
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to increase at 4 °C per minute to 240 °C, where it was held for 30 min. The total run time was 60 minutes with a linear speed of
20 cm s, and 1 pL of sample was injected. The chromatogram obtained by injection of the samples was compared with that
obtained from the PUFA standard, and the peaks were integrated. Fatty acids were identified by comparing retention times.

The results were presented in percentages of area of the identified fatty acids.

2.4 Antioxidant tests
The evaluation of the antioxidant potential of the avocado pulp oil was achieved at the Laboratory of Organic

Chemistry - Essential Oils of the Department of Chemistry at the Federal University of Lavras using the following tests.

2.4.1 Elimination of DPPH radicals

This analysis was performed according to the method described in Rezende et al. (2017), in which an ethanolic
solution of DPPH (stock solution) was prepared at a concentration of 40 pg mL™. To test tubes, 2700 pL of the DPPH stock
solution was added, followed by the addition of 300 puL of the essential oil diluted in ethanol in concentrations of 25, 50, 100,
150, 200, 250 and 500 ug mL. In parallel, the control was prepared, containing all the reagents except oil. After 60 minutes,
readings were taken on a spectrophotometer (Shimadzu UV-1601PC) at 515 nm. The percentage of antioxidant activity was

calculated using the Equation 1.

AAY% = [1 - (Asample/Acontrol)] x 100 (1)

Where Acontrol represents the absorbance of the negative control (no sample) and Asmple iS the absorbance of the
samples.

2.4.2 p-Carotene bleaching

Oxidation of g-carotene was evaluated according to the method described by Kulisic et al. (2004). In a round-bottom
flask (500 mL), 0.003 g of B-carotene, 0.2 g of linoleic acid, 1 g of Tween 20 and 20 mL of chloroform were added. The
chloroform was removed using a rotary evaporator at 50 °C, and the residue was dissolved with 500 mL of oxygen-saturated
distilled water. To test tubes, 2500 pL of this solution and 100 pL of oil were added at concentrations of 25, 50, 100, 150, 200,
250 and 500 pug mL?, diluted in ethanol. The control was composed only of ethanol. The absorbance was measured
immediately on a spectrophotometer (Shimadzu UV-1601PC) at 470 nm. The blank was prepared in the same way as the
emulsion, except for [B-carotene, which was not added. The synthetic antioxidant used for comparison was BHT
(butylhydroxytoluene), and it was prepared in the same concentrations. The tubes were incubated at 50 °C for the oxidation
reaction and the absorbance reading was performed after an interval of 60 minutes. The percentage of antioxidant activity

(AA%) was calculated using the Equation 2.

AA% =100 x [1 - (Ao - AdAw - Ax)] (2)

Where Ay is the absorbance at the beginning of the incubation and A: is the absorbance after 60 minutes (both with

sample); Aq is the absorbance of the control at the beginning of the incubation and A is the absorbance after 60 minutes.
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2.4.3 Reducing power test

In the evaluation of antioxidant activity using the reducing power method (Silva et al., 2015), 50 pL of the samples in
the following concentrations 25, 50, 100, 150, 200, 250 and 500 ug mL? were added to 500 pL of 200 mM phosphate buffer,
pH = 6, and 500 pL of 1% potassium hexacyanoferrate III. The mixture was stirred and incubated at 50 °C for 20 minutes.
Then 500 pL of 10% trichloroacetic acid, 1500 pL of distilled water and 300 uL of 0.1% FeCls were added. The reading was
performed using a spectrophotometer (Shimadzu UV-1601PC) at a wavelength of 700 nm. To determine the antioxidant

activity, an absorbance curve versus sample concentration was constructed. The positive control used was ascorbic acid.

2.4.4 Degradation of deoxyribose

This method is based on the formation of the hydroxyl radical by means of a Fenton reaction, in which they will
attack deoxyribose by degrading it into several fragments, a methodology described by Boulanouar et al. (2013). In test tubes,
100 pL of the sample was added in concentrations of 25, 50, 100, 150, 200, 250 and 500 pg mL-1, diluted in water; 100 pL of
the FeSO4 / EDTA mixture, 100 puL of deoxyribose, 700 uL of 0.1 M phosphate buffer (pH = 7.4) and 100 pL of H202. Then,
the tubes were taken to the water bath at 50 ° C, where they remained for 60 min. Then 500 puL of TCA (trichloroacetic acid)
and 500 pL of TBA (thiobarbituric acid) were added. After adding the acids, the tubes were boiled for 10 min. The reading was
performed at a wavelength of 532 nm immediately after cooling the tubes, in a spectrophotometer (Shimadzu UV-1601PC).
Antioxidant activity (AA%) was calculated using the Equation 3.

AA% = (Acontrol' Asample /Acontrol) x 100 (3)

Where Aconwol represents the absorbance of the negative control (no sample) and Asample iS the absorbance of the

samples. The standard used for comparison purposes was mannitol.

3. Results and Discussion (can be separated or together) (TNR font 12 — left aligned)
3.1 Extraction and yield of oils

The oils were extracted using two different solvents, methanol and hexane. The yield values of the pulp oils of 4

avocado varieties are shown in Table 1.

Table 1. Yields of pulp oils from four varieties of avocado: extracted in different solvents.

Avocado Solvent Mass Moisture Oil yields
Varieties (mL) (9) (%) (% p/p BLU)
Quintal Methanol 169,47 3,57
. 69,72
Quintal Hexane 169,18 6,80
Fortuna Methanol 168,82 3,72
53,43
Fortuna Hexane 169,43 2,78
Ouro verde Methanol 154,84 16.93 2,49
Ouro verde Hexane 163,61 ’ 3,30
Hass Methanol 162,00 3,21
45,80
Hass Hexane 154,60 6,24

Source: Authors.

5


http://dx.doi.org/10.33448/rsd-v10i12.20541

Research, Society and Development, v. 10, n. 12, e401101220541, 2021
(CC BY 4.0) | ISSN 2525-3409 | DOI: http://dx.doi.org/10.33448/rsd-v10i12.20541

According to the data described in Table 1, the oils extracted in hexane had the highest yield, except for the sample of
the Fortuna variety, in which the highest yield was obtained with methanol (3.72%). It was also observed that in hexane two
varieties showed a higher yield compared to the others (Quintal and Hass) 6.80% and 6.24%, respectively. This result may be
related to the type of solvent used, since avocado oil has in its composition several fatty acids (nonpolar compounds) and
hexane is an apolar solvent, that is, it will be able to interact with the longest hydrophobic chains of fatty acids and neutral
lipids, solubilizing these classes of lipids (Paramos et al., 2020).

The varieties Quintal and Fortuna, from the city of Sdo Tomé das Letras were the ones with the highest percentage of
humidity (69.72%; 53.43%) respectively, followed by the varieties Ouro Verde (46.93%) and Hass (45.80%), varieties from
Carmo da Cachoeira.

According to Kassim & Workneh (2020) the humidity of the avocado pulp (Hass) was on average 55.00%. This result
is above that found in this study, which was 45.80%. The reduction in humidity is associated with increased concentrations of
oil and sugars, also indicating greater maturity (Shezi et al., 2020). It is important to note that moisture values for the same
avocado species may vary according to the stage of maturation, geographical location of the plant and the appropriate time for
harvest (Hernandez et al., 2016).

According to Flores et al. (2019), avocado oil can be used for food purposes, but the high moisture content affects the
yield of the lipid content. An alternative to increase this yield would be to dry the pulp before extracting the oil.

The difference in pulp oil yield can be explained according to research by Yang et al. (2020) and Ferreyra et al.
(2016), due to the effects caused by harvest season, choice of cultivar, altitude, location and climatic conditions of the place of
cultivation, and influence the oil extraction yield. The changes suffered by the fruit during the ripening process can also
influence the oil yield, as little oil is found in the avocado pulp, which is still green, showing higher oil concentrations when
the fruit is ripe (Shezi et al., 2020).

According to Satriana et al. (2019) there are several solvents that can be used for the extraction of oil from the
avocado pulp and the selection influences the extraction yield and composition of the oil, being important the choice of the
solvent according to the polarity of the target compounds, the molecular affinity between solute and solvent, mass transfer, the
use of a co-solvent, financial viability, environmental safety and human toxicity. In the present work, oil from the avocado
pulp methanol and hexane were used, and it was observed that the oil extracted with methanol did not obtain a good yield in
relation to hexane, which can be justified by the differences between the polarity of the solvent with the compounds present in
the oil.

3.2 Chemical composition of pulp oils from four avocado varieties

Table 2 shows the ratio of fatty acids present in the pulp oils of different avocado varieties.
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Table 2. Fatty acid profile of pulp oils from four avocado varieties: extracted in different solvents.

Composition (%0)

Quintal Fortuna Ouro verde Hass
Fatty acid

MET HEX MET HEX MET HEX MET HEX
Arachidonic - - 0,02 - 0,04 - 0,03 0,02
Behenic 0,05 0,04 0,04 0,04 0,04 - 0,04 0,02
Butyric - 0,04 * 0,03 - - 0,03 0,03
Docosadienoic 0,05 0,05 0,05 0,06 0,04 - 0,05 0,04

Docosahexaenoic 0,07 - - - - - - -
Eicosanoic 0,17 0,15 0,14 0,14 0,17 - 0,16 0,13
Stearic 0,86 0,93 1,10 1,14 0,64 0,61 1,01 0,52
Heptadecanoic (margaric) 0,07 0,05 0,07 0,07 0,07 - 0,06 0,07
Hexanoic (caproic) - 0,20 * 0,15 - - 0,10 0,10

Linolelaid - - - 0,02 - - - -
Linoleic 9,10 9,69 10,86 10,40 9,51 9,45 9,18 11,08
Linolenic 0,69 0,55 0,70 0,63 0,67 0,80 0,56 0,59
Myristic 0,03 0,03 0,03 0,03 0,03 - 0,02 0,03
Octanoic (caprylic) - 0,04 - 0,02 - - 0,50 0,35
Oleic 70,17 61,01 67,47 67,78 60,78 67,04 70,07 50,75
Palmitic 15,04 19,06 16,38 17,22 17,15 15,23 16,23 24,62
Palmitoleic 2,80 3,48 1,56 1,54 5,91 6,04 1,80 11,50

Ticosanoic 0,09 0,14 - - - - - -

HEX - hexane / MET — methanol. * trace elements. - not found. Source: Authors.

From the data described in Table 2, it can be seen that the varieties under study presented mainly oleic (50.75% to
70.17%), palmitic (24.62% to 15.04%), linoleic acids (11.08% to 9.10%), palmitoleic (11.50% to 1.80%), stearic (1.14% to
0.52%) and linolenic (0.80% to 0.55%), regardless of the solvent used, these results are in line with those obtained by Wang et
al. (2020); Rydlewski et al. (2020); Corrales-Garcia et al. (2019); Krumreich et al. (2018) and Tan et al. (2018).

Pulp oils from different avocado varieties are known to be very important sources of oleic acid (Krumreich et al.,
2018; Tan et al., 2018). The avocado varieties with the highest percentage of oleic acid were Quintal and Hass (70.17% and
70.07%), both oils extracted with methanol. Only the Fortuna variety showed approximately the same percentage for both
solvents (67.47% for methanol and 67.78% for hexane). According to Krumreich et al. (2018) this occurs because the fatty
acid content present in the avocado oil is influenced by the type of solvent used in the extraction, the extraction method used,
the temperature, pre-treatments and the moisture content of the pulp.

In relation to palmitic acid, the Hass variety stood out from the others, presenting a higher percentage when the oil
was extracted with hexane (24.62%). Evaluating the extraction of linoleic acid, it was observed that all oils obtained
approximately the same percentage, varying from 9.10 to 11.08%. The Hass variety also stood out in the amount of palmitoleic
acid, 11.50% (result obtained from hexane extraction) and the others varied from 1.54 to 6.04%. The amount of stearic acid
and linolenic acid found in the varieties under study was low and ranged from 0.52 to 1.14%, both for methanol and for
hexane.

Avocado is an important source of fatty acids and the factors that can interfere with nutrient content are the variety,
climate and region of cultivation of the avocado, time of the harvest year, maturation stages, among others (Shezi et al., 2020;
Yang et al., 2020; Acosta-Diaz et al., 2019; Ferreyra et al. 2016).

Fatty acids are a complex group of compounds that include monounsaturated, polyunsaturated and saturated fatty

acids (Wang et al., 2020). The presence in high concentrations of monounsaturated fatty acids such as oleic (omega 9) and
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polyunsaturated as linoleic (omega 6) in avocado oil makes it an option for use in culinary preparations and in salads, as they

characterize a product with good oxidative stability and high nutritional quality (Tan et al., 2018).

3.3 Antioxidant activity
3.3.1 Elimination of DPPH radicals

The avocado pulp oils under study did not have an antioxidant potential compared to the DPPH radical scavenging
method. These data partially corroborate with Daiuto et al. (2014) that analyzing pulp, seed and Hass avocado peel, observed a
lower activity for the pulp.

This absence of antioxidant activity of the pulp oils by the method of elimination of the DPPH radical is related to the
compounds present in them, since in its constitution no compound was detected that is easy to donate a hydrogen atom or that
has a bond double conjugate for DPPH radical stabilization. In addition, according to Sokmen et al. (2020) the nonpolar nature
of the oils may explain the low efficiency in stabilizing the hydrophilic DPPH radical. The general mechanism of DPPH

reduction can be seen in Figure 1.

Figure 1. General mechanism for reducing DPPH.

N NO
" v | . ‘o
\
~
NO
| | |
l ‘ DIPH \ \
(Violet) ;
N N
H N3
(N NO (ION NO
| H
NO NO
Dprean prrn
(Yellow) (Yellow)

Source: Authors.

It is determined in Figure 1 the possible forms of reduction of DPPH, in which this radical can be stabilized by a
hydrogen atom or by an eléctron (Rezende, 2016). Forero-Doria et al. (2017) obtained good results when analyzing the
antioxidant activity of avocado pulp oil, variety Hass, obtained by pressing at 22 °C, with a percentage of elimination of the
DPPH radical of 80%. Jimenez et al. (2020) report that there is a great variability in the results of the antioxidant activity of
avocado oil, since there are differences in the processes of obtaining the oils, in the avocado varieties, and in the extraction

methods, making comparison difficult.
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3.3.2 p-carotene bleaching

The oils extracted from the avocado pulps did not have an antioxidant potential compared to the O-carotene bleaching
method, a method that assesses the ability of a given substance to prevent oxidation of the O-carotene (Figure 2). This low
activity can be explained by the fact that the major constituents of the oils under study are not compounds that contain
hydrogen atoms in favorable positions. Phenolic compounds may present better activity in the face of this test, due to the easy

removal of a hydrogen atom from these functional groups, by peroxide radicals according to the reagents present in the test
(Lekouagheta et al., 2020).

Figure 2. Peroxidation of linoleic acid.

g, Linoleic acid

w
=
S
%

p-Carotene

Source: Authors.

Figure 2 shows the oxidation reaction of B-carotene, in which the capacity of the constituents of antioxidant

compounds to delay or inhibit the formation of free radicals generated in the peroxidation of linoleic acid is evaluated
(Rezende, 2016).

3.3.3 Reducing power test

The oils obtained from the avocado pulp did not show antioxidant activity compared to the reducing power method,
that is, they did not present in their composition constituents with the potential to reduce iron Il [Fe (CN) 6] 3- to iron Il [Fe
(CN) 6] 4- (Equation 4). Since this method evaluates the antioxidant capacity of the oil according to the reduction of the

ferricyanide ion to ferrocyanide, and as the reduction occurs, the solution tends to become greener.

Fe?* + [Fe(CN)g]* — Fe3* + [Fe(CN)g]* 4)
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3.3.4 Degradation of deoxyribose
In this method, the oils obtained from the avocado pulps also did not have antioxidante potential, since the method is
based on the formation of the hydroxyl radical by means of a Fenton reaction, in which they will attack deoxyribose degrading

it into several fragments, being the main, malonaldehyde (MDA) (Figure 3).

Figure 3. Probable mechanism of formation of the hydroxyl radical through the Fenton reaction and the degradation of

deoxyribose by this radical with the formation of the chromogen from malonaldehyde and thiobarbituric acid.

Fe' + H,0, - Fe'" 4+ OH+OH Fenton reaction

HO

OH
"OH > 0 O *  Other products
MDA

OH Malonaldelvde

Deoxyribose

HS N OH HS N O HO N -

MDA

Malonaldehyde OH 0 OH

Chromogen
Muobarbitunic acid

Source: Authors.

Figure 3 shows the likely mechanism of formation of the hydroxyl radical that will attack deoxyribose degrading it
into several fragments, one of which is malonaldehyde, which is capable of reacting with TBA (thiobarbituric acid), generating
a chromogenic compound that can be quantified by spectrophotometry (Rezende, 2016).

Compounds with antioxidant characteristics such as mannitol (standard) compared to the hydroxyl method have the
function of protecting deoxyribose, as there will be a competition for the hydroxyl radical. Then the intensity of the staining

will decrease and the formation of malonaldehyde will not occur (Figure 4).

Figure 4. Probable protection from deoxyribose by an antioxidant substance.

HO HO

o OH OH o4 OH OH

! oH 1 OH
+ 'O+ HO - \ o t H;0

OH OH OH OH

OH O
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Source: Authors.
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There are reports in the literature that fruits are rich in compounds that have high antioxidant potential, however, most
of these constituents are concentrated in the peels and / or seeds, and these activities are associated with the presence of various
compounds, such as vitamins, chlorophyll , and phenolic compounds (Paramos et al., 2020).

The absence of antioxidant activity in the avocado pulp oils used in this work, may be due to the structure of the fatty
acids present in the oils, since they do not present structures favorable to a high antioxidant potential, a fact that probably
reflects in their high sensitivity to oxidation (Espinosa-Alonso et al., 2017).

Garcia-Vargas and collaborators (2020) obtained ethanolic extract of the avocado peel and kernel of the cultivar Hass
through Soxhlet extraction. The moisture of the peel and stone was evaluated, on a fresh mass basis, in addition to the analysis
of phenolic compounds and antioxidant tests through the methods of elimination or reduction of the ABTS+ + and Fe®* cation
using the equivalent antioxidant capacity of Trolox (TEAC) and tests of the reducing antioxidant power of ferric ion (FRAP).
As results, moistures of 71% and 52% were obtained in the bark and stone, respectively. The authors observed a higher content

of phenolic compounds in the avocado peel, corroborating the higher antioxidant activity obtained in this residue.

4. Conclusion

The avocado pulp oils under study showed moderate humidity. The most expressive yield was for oils extracted in
hexane, which were more relevant for the Quintal and Hass varieties.

The major fatty acids identified in all oils regardless of the solvent were oleic, palmitic, linoleic, palmitoleic and
linolenic. The percentage of major fatty acids varied according to the solvents used. Oleic acid for the Quintal and Hass variety
showed a higher percentage in the oil extracted in methanol; for the Ouro Verde variety the same was observed in the oil
extracted in hexane. Palmitic acid also varied with the solvent, however the Hass variety was the one that showed the greatest
difference, with the most relevant value in oil extracted with hexane. It was observed that the percentage of linoleic acid varied
only for the Hass variety, with the oil extracted in hexane with a higher percentage. For palmitoleic acid, the oil of the Hass
variety extracted in hexane was the one that presented a very expressive percentage in relation to the others.

The oils obtained from the pulps of four varieties of avocados were not effective compared to the methods used to analyze the
antioxidant potential.

Studies have shown that monounsaturated and polyunsaturated fatty acids have important physiological functions for
the body. They have property against cancer, anti-inflammatory potential and can improve memory, mood and reduce
symptoms of depression. However, the absence of fatty acids in the diet increases the risk of dyslexia, attention deficit,
depression, dementia and Alzheimer's. The intake of fatty acids is important for actions on neuronal composition,
neurochemical signaling and nerve transmission. Fatty acids are able to prevent and / or treat cardiovascular disease,
hypertension and atherosclerosis. They also participate in metabolic functions in the body, assisting in the formation of
prostaglandins, prostacyclins, thromboxanes and other bioactive compounds responsible for the regulation of cellular
functions. However, the avocado pulp oils under study did not show antioxidant potential compared to the methods used. Thus,
it is extremely important to use different methodologies to assess antioxidant activity, to try to describe the ability to fight free

radicals presented by these metabolites, and thus elucidate the antioxidant mechanisms of different fatty acids on the body.
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