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Resumo

O abacate (Persea) é uma fruta amplamente cultivada e consumida em territério brasileiro,
entretanto ainda sdo escassas informacgdes sobre o perfil nutricional de variedades cultivadas no
Brasil. O objetivo desse estudo foi quantificar e comparar os teores de proteina, lipidio total,
umidade e cinzas de cinco variedades de abacate. A analise centesimal foi realizada nas variedades
Breda, Fortuna, Geada, Margarida e Quintal. Os dados foram analisados estatisticamente através
da diferenga e comparagdes entre médias. Os resultados indicaram que o teor de proteinas da
variedade Margarida foi maior do que os encontrados nos outros abacates. Quanto aos lipidios, o
abacate Geada apresentou menor quantidade em comparagdo com as demais variedades. A
umidade foi observada em menor quantidade no abacate Fortuna, seguido pelas variedades Breda,
Margarida, Quintal e Geada. Os valores de cinzas foram menores nos abacates Geada, Margarida e
Quintal e maiores na variedade Breda. Por fim, os dados apresentados mostram a inexisténcia de
um padrao unico de composi¢cao centesimal dos abacates, indicando a existéncia de variagoes
relevantes no perfil nutricional das cinco variedades estudadas, ampliando as possibilidades do seu
uso alimentar.

Palavras-chave: Persea; Valor Nutritivo; Oleos; Composi¢do Centesimal; Alimento Funcional

Abstract

Avocado (Persea) is a fruit widely cultivated and consumed in Brazil, however there is still scarce
information on the nutritional profile of varieties grown in Brazil. The objective of this study was to
quantify and compare the protein, total lipid, moisture and ash contents of five avocado varieties.
The centesimal analysis was carried out on the varieties Breda, Fortuna, Geada, Margarida and
Quintal. The data were statistically analyzed through the difference and comparisons between
means. The results indicated that the protein content of the Margarida variety was higher than those
found in the other avocados. As for lipids, the Geada avocado presented a lower amount compared
to the other varieties. Moisture was observed in smaller quantities in the Fortuna avocado, followed
by the Breda, Margarida, Quintal and Geada varieties. The ash values were lower in the Geada,
Margarida and Quintal avocados and higher in the Breda variety. Finally, the data presented show
the inexistence of a single pattern of centesimal composition of avocados, indicating the existence
of relevant variations in the nutritional profile of the five varieties studied, expanding the possibilities
of their food use.

Keywords: Persea; Nutritive Value; Oils; Centesimal Composition; Functional Food

Resumen

El aguacate (Persea) es una fruta ampliamente cultivada y consumida en Brasil, aunque aun hay
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poca informacion sobre el perfil nutricional de las variedades cultivadas en Brasil. El objetivo de este
estudio fue cuantificar y comparar los contenidos de proteina, lipidos totales, humedad y ceniza de
cinco variedades de aguacate. El analisis centesimal se realizd en las variedades Breda, Fortuna,
Geada, Margarida y Quintal. Los datos se analizaron estadisticamente mediante la diferencia y
comparaciones entre medias. Los resultados indicaron que el contenido proteico de la variedad
Margarida era mayor que el encontrado en los otros aguacates. En cuanto a los lipidos, el aguacate
Geada presentaba una cantidad menor en comparacién con las otras variedades. Se observé
humedad en cantidades menores en el aguacate Fortuna, seguida por las variedades Breda,
Margarida, Quintal y Geada. Los valores de fresno eran mas bajos en los aguacates Geada,
Margarida y Quintal y mas altos en la variedad Breda. Finalmente, los datos presentados muestran
la inexistencia de un Unico patron de composicion centesimal de aguacates, lo que indica la
existencia de variaciones relevantes en el perfil nutricional de las cinco variedades estudiadas,
ampliando las posibilidades de su uso alimenticio.

Palabras clave: Persea; Valor Nutricional; Aceites; Composicion Censemal; Alimentos Funcionales

1. Introduction

The avocado tree is a plant native to Central and South America (NASRI;
HALABI; HAJIB; CHOUKRI et al., 2023; STEPHEN; RADHAKRISHNAN, 2022)
and the literature brings evidence of its cultivation in this region since the 8th
century B.C. The coincidence of the temporal correlation between the discovery of
the avocado and the discovery of the Americas guarantees the species the
certificate of being a tropical native plant (RANADE; THIAGARAJAN, 2015). In
Brazil, the first reports on avocado cultivation date back to 1787. And although the
plant can be found throughout the Brazilian territory, due to the existence of
climatic conditions and favorable soil for its cultivation, it was only from 1925 that
avocado production began to have commercial relevance (DONADIO, 1995;
NOGUEIRA-DE-ALMEIDA; UED; ALMEIDA; ALMEIDA et al., 2018; PEREIRA,
2015; VALE, 2017).

The objective of the present study was to quantify and compare the protein, total
lipid, moisture and ash contents of five varieties of Brazilian avocados, from a

single crop located in the south of Minas Gerais, in order to expand the knowledge
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about the avocados produced in this important producing region of the country,
comparing the data with information from other regions and other national and

international varieties.

2. Literature Review

A characteristic that attracted attention from the beginning of the discovery
of the avocado on the American continent was the existence of different types of
fruits, which presented what seemed to be variations of the same species. This
observation and knowledge later allowed the grouping of fruits by similarity and
origin, making it possible to classify them by races, more precisely three: Mexican,
Guatemalan (or Guatemalan) and Antillean. It is known that the first two, Mexican
and Guatemalan, can be associated with their center of origin, but Antillean is not
originally from the Antilles, as it developed and evolved in the lowlands of Mexico
and Central America (DONADIO, 1995; FORD; SPAGNUOLO; KRAFT; BAUER,
2023). In addition, each breed still encompasses many varieties of the fruit that,
from the natural crossing between them, resulted in a substantial number of
commercial varieties, therefore considered hybrids. For example, hybrid varieties
of the Antillean and Guatemalense breeds are the cultivars Breda, Fortuna,
Geada, Margarida, Ouro Verde and Quintal, typical species of Brazil (ALMEIDA;
SAMPAIO, 2013; KRUMREICH; MENDONCc¢A; BORGES; CRIZEL-CARDOZO et
al.,, 2024; NOGUEIRA-DE-ALMEIDA; UED; ALMEIDA; ALMEIDA et al., 2018;
PEREIRA, 2015). These hybrid species of the Antillean and Guatemalan breeds,
produced in Brazil, are known worldwide as 'Tropical Avocados', a name given in
the international market to facilitate the differentiation from other varieties known
only as "Avocados". The main characteristics of Brazilian fruits, in the literature,
are: larger size, low or medium oil content and concentrated consumption in the
domestic market (ALMEIDA; SAMPAIO, 2013; KRUMREICH; MENDONCA;
BORGES; CRIZEL-CARDOZO et al., 2024; NOGUEIRA-DE-ALMEIDA; UED;
ALMEIDA; ALMEIDA et al., 2018). Hass and Fuerte avocados, on the other hand,
are hybrid varieties of the Mexican and Guatemalan breeds, typical species of

Mexico, which are usually simply called "Avocado", serving as a synonym to
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designate the fruits of this species (FORD; SPAGNUOLO; KRAFT; BAUER, 2023;
PEREIRA, 2015). The main characteristics of these varieties are: small fruits,
much smaller than the "Tropical Avocados”, but which have a high oil content and
vast dominance of the international trade of the fruit (CAMPQOS, 1985; DONADIO,
1995; FRANCISCO; BAPTISTELLA, 2005; KOLLER, 1984; NOGUEIRA-DE-
ALMEIDA; UED; ALMEIDA; ALMEIDA et al., 2018).
In Brazil, there is a preference for the consumption of fruit in natura or in sweet
preparations, with the addition of sugar, milk, lemon or honey, in the form of
desserts (DAIUTO; VIEITES; TREMOCOLDI; VILEIGAS, 2010; NOGUEIRA-DE-
ALMEIDA; UED; ALMEIDA; ALMEIDA et al., 2018). And although it is a native
fruit, with several cultivars produced and widely marketed in the country, there is
little information available about the varieties usually planted and marketed in
Brazil (Breda, Fortuna, Geada, Margarida and Quintal) (ALNASAN, 2019). So
much so, that the Brazilian Food Composition Table (TACO) brings the reference
of the composition of avocado, in general, without any specification or
differentiation of the variety, while for banana, for example, there are eight
different species listed (NEPA, 2011). Another example is in the table of nutritional
composition of foods consumed in Brazil by the Brazilian Institute of Management
and Statistics (IBGE) used in the household budget survey published in 2019,
where the avocado reference used was avocado, described as green-skinned,
Florida-type (IBGE, 2011).
Of all the properties present in avocados, it is its high lipid content that arouses the
greatest search for scientific knowledge, especially in the Brazilian varieties that are
beginning to be studied for this purpose (NOGUEIRA-DE-ALMEIDA; UED;
ALMEIDA; ALMEIDA et al., 2018; PIO; PEREIRA; ZAMBON; SILVA et al., 2025;
VARGAS VARGAS; CORTES ROJO, 2024). A peculiarity of the fruit is that this
amount of lipids is contained in greater concentration in the pulp, although there is
oil, in smaller quantities, in peel and seed (TANGO; CARVALHO; SOARES, 2004,
TANGO; TURATTI, 1992). In addition, there is an inverse relationship between lipid
content and moisture (GONDIM; MOURA; DANTAS; MEDEIROS et al., 2005;
LUCCHESI; MONTENEGRO, 1975; TANGO; CARVALHO; SOARES, 2004),
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sometimes, the high moisture content in the pulp of some cultivars can be a
problem for obtaining oil, resulting in low extraction yield with the consequent
increase in production costs (TANGO; CARVALHO; SOARES, 2004).

3. Methods

Raw materials

Samples were collected from five Brazilian varieties of avocado: Breda,
Fortuna, Geada, Margarida and Quintal. All the samples, used for the extraction of
the fruit pulp, which belong to a single plantation, were provided by a private
property, located in the rural area of Sacramento/MG, whose geographic
coordinates are: latitude 20009'49" S, longitude 47003'20" W and 1,245.15 m
altitude, distant 50km from Sacramento: latitude 19051'55" S, longitude 47°26'24" W
and 832 m altitude. The collection of avocados followed the harvest calendar of
each variety, that is, the fruits of the Geada variety were harvested in April, the
Quintal variety in July and those of the Breda, Fortuna and Margarida varieties in
October 2022. About ten fruits of each variety were randomly harvested from the
plantation. Of these, three avocados of each cultivar that were at the appropriate
level of ripeness on the date of pulp removal were selected in order to enable the
sample collection procedure. The performance of laboratory analyses of foods using
three independent samples, randomly collected from different fruits, and analyzed in
triplicate, is described as the gold standard of quality in methodological practice,
aiming to ensure reliability, reproducibility and accuracy of the experimental results.
The degree of ripeness was determined manually, pressing the fruit and
determining if it was soft enough for consumption (LUCCHESI; MONTENEGRO,
1975; WOOLF; WONG; EYRES; MCGHIE et al., 2009). This technique, widely
described in the literature, is used in scientific work carried out with avocado, and
there is no other way of standardization in the extraction of samples.
The samples were separated by variety, stored in glass, and transported to the
Nutrition and Metabolism Laboratory of the Department of Health Sciences of

FMRP-USP, where they were frozen and stored without contact with light for
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subsequent analysis of the components of the fruit pulp. All analyses were

performed in triplicate.

Centesimal composition

The quantification of crude protein in the food was done by determining the
total nitrogen of the sample, according to the method proposed by Kjeldahl
(GOYAL; SINGH; JINDAL; KAUR et al., 2022). With 0.1 g of avocado, the sample
was digested in concentrated sulfuric acid, with subsequent distillation of the
ammonia in a receiving solution and quantification of the ammonia by titration by
volumetry with a standard solution. At the end of the analysis, the result obtained
from the total nitrogen content in the sample is multiplied by a conversion factor for
crude protein, of 6.25, which is used for most foods (CECCHI, 2003). The results
were expressed in g/100g.
Total lipid was determined according to the method proposed by Bligh and Dyer
(BLIGH; DYER, 1959). The homogenization of 500 mg of avocado pulp was
performed with 0.8 mL of distilled water, in 10 mL tubes. Then, 2 mL of methanol
and 1 mL of chloroform were added and the samples were subjected to vortex
shaking for 1 minute. After the addition of 1mL of water and 1mL of chloroform, they
were subjected to a new stirring for 2 minutes and then centrifuged at 1000 rpm for
5 minutes, to separate the chloroform from the aqueous phase. The lower phase
(chloroform), approximately 1.4 mL, was transferred to a test tube containing 1g of
anhydrous sodium sulfate to remove traces of water. The 0.5 mL aliquot of the
water-free chloroform phase was transferred to a beaker, previously weighed, and
taken to the oven, with forced air circulation, at a temperature of 45°C for
evaporation of all the chloroform and new weighing of the beaker. The calculation
was obtained by differentiating the beaker weighing’s in relation to the initial mass of
the tissue used. The results were expressed in g/100g.
For moisture determination, 15 Petri dishes were identified and marked in an
overhead projector pen, before weighing, to perform the triplicate analysis of the 5
avocado varieties. The plates were heated for half an hour in the oven at 105°C

and, subsequently, weighed on an analytical scale, recording the initial mass m1.
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In each plate, 5 g of avocado pulp were placed and, again, one by one, the plates
were weighed, noting the mass with the m2 pulp. Then, they were placed in the
greenhouse at 105°C for 24 hours. After the deadline, the plates were removed
from the greenhouse, waiting for it to cool completely and, once again, they were
weighed to obtain the mass m3 (LUTZ, 2008; MORETTO, 2003).

The percentage of moisture (mean and standard deviation) was calculated using the

formula below and the results were expressed in g/100g.

% humidity = (m2 —-m1) - (m3 -m1)/(m2 -—m1) x 100

To determine the ashes, 15 crucibles were identified and marked with pencils,
before weighing, to perform the ftriplicate analysis of the 5 avocado varieties. The
crucibles were heated for half an hour in the oven at 105°C and, subsequently,
weighed on an analytical scale, noting the initial mass m1.

Subsequently, 0.5 g of avocado pulp were placed in the crucibles and, again, one
by one, they were weighed, noting the dough with the pulp m2. Then, the crucibles
were placed in the muffle furnace preheated to 5500C and left until the residue
turned white, or light gray, or showed constant weight. Finally, the crucibles were
removed from the muffle furnace and placed in a desiccant for complete cooling
and, once again, they were weighed to obtain the mass m3 (AOAC, 1997).

The percentage of ash was calculated using the formula below and the results were

expressed in g/100g.

Cinzas =(m3-m1)/(m2-m1) x 100

Statistical analysis

To estimate the means of the dosage values, a linear regression model was
used, including the species (Breda, Fortuna, Geada, Margarida and Quintal) as an
independent variable (in the form of indicator variables or "dummy")(DRAPER,;
SMITH, 1998). Comparisons between species were based on contrasts, using the

"Ismeans" package of the R program.
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4. Results and Discussion
Table 1 shows the compilation of the results regarding the mean and
standard deviation of the protein, lipid, moisture and ash analyses of the five

avocado varieties studied.

Table 1 — Protein, lipid, moisture and ash content in g/100g of avocado in samples
of Breda, Fortuna, Geada, Margarida and Quintal avocado varieties (mean +

standard deviation).

Breda Fortune Geada Margarida Quintal
Proteins 1,99+048 165+040 1,88+0,24 3,01£0,10 1,32+0,17
Lipids 22,87 +298 21,73+0,75 14,94+3,38 24,71+1,69 29,93+238
Moisture 73,37 £0,98 70,69+0,97 86,28+0,73 73,32+0,46 78,07 +0,70
Ashes 0,81+0,05 047009 0,17+0,22 0,17+0,02 0,39+0,02

Figure 1 shows the comparison between the means of the observed values of
proteins, lipids, moisture and ashes according to the species (Breda, Fortuna,

Geada, Margarida and Quintal).
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contrasts
n mean (IC95%) (p<0.05)
Breda 3 —_—— 1.987 (1.584 , 2.389)
Fortuna 3 —_— 1.650 (1.247 , 2.053) 3
Geada 3 —_—— 1.877 (1.474 , 2279) [ T
Margarida 3 —_—— 3.010 (2607 , 3.413) 6 0 I
Quintal 3 —_—— 1.320 (0917 , 1.723) o
[ I T T 1
0 1 2 3 4 ANOVA, <0.001
LIpIdS (gl1009) contrasts
n mean (IC95%) (p<0.05)
Breda 3 —_— 22,867 (19.632 , 26.101) P P
Fortuna 3 —_—— 21.727 (18.492 , 24961) 1 i
Geada 3 . 14.940 (11.705 , 18.175) I It
Margarida 3 r—— 24710 (21.475 , 27.945) [
Quintal 3 —e—— 29933 (26699 , 33.168) L &
I T T T T T T 1
0 5 10 15 20 25 30 35 ANOVA, <0.001
Humidity (g/100g) anianii
n mean (IC95%) (p<0.05)
Breda 3 —— 73.370 (72351 , 74.389) T ® 9
Fortuna 3 —— 70693 (69674 , 71.713) ] l f. ? @
Geada 3 —— 86.280 (85261 , 87.299) & I I 7
Margarida 3 —— 73.323 (72.304 , 74.343) ) ) I I
Quintal 3 — 78.073 (77.054 |, 79.093) & & b &
r T T T T 1
65 70 75 80 85 90 ANOVA, <0.001
Ashes (011009) contrasts
n mean (IC95%) (p<0.05)
Breda 3 —— (0.813 (0674 , 0.953) l 90
Fortuna 3 —_—— 0.467 (0.327 , 0.606) I T
Geada 3 e 0.167 (0.027 , 0.306) & & I
Margarida 3 —_— 0.170 (0.031 , 0.309) )
Quintal 3 —_—— 0.387 (0.247 , 0.526)
I T T T T T T T T T 1
0 01 02 03 04 05 06 07 08 09 1 ANOVA, <0.001

Figure 1: Comparison of the protein, lipid, moisture and ash content in the samples

of the Breda, Fortuna, Geada, Margarida and Quintal avocado varieties with the

corresponding 95% confidence intervals (95%CI). The vertical bars to the right of

the figures indicate evidence of differences between the means, according to

contrast tests (p<0.05).

Regarding proteins, the Margarida variety was the one with the highest protein

content. The other varieties Breda, Fortuna, Geada and Quintal did not show any

difference between them. As for lipids, the variety that proved to be discrepant from

all the others was the Geada avocado, which has the lowest amount of lipids. The
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comparison between pairs highlighted that the lipid value of the Breda avocado is
higher, when compared to Geada, and lower when compared to Quintal. The
Fortuna avocado was different from the Geada and Quintal varieties, having more
lipids in relation to the first and less, when compared to the second. The Margarida
avocado, in turn, was different only from the Geada variety, with a higher lipid value.
Finally, the Quintal avocado proved to be different from the Breda, Fortuna and
Geada species, with its lipid content being higher than them. Regarding moisture,
the Fortuna variety was the one with the least amount of water. Next, the Breda and
Margarida avocados showed similar moisture, with the second highest amount of
water present in the fruits. The Quintal variety appears next as the third place in the
ranking, behind only the Geada avocado, which proved to be the variety with the
highest water content. Regarding the ash values, the Geada, Margarida and Quintal
varieties are similar, having lower residue values. And, although the Fortuna
avocado maintains similarity with Quintal, this parity was not observed in relation to
the Geada and Margarida varieties.

Finally, the Breda species was the only one that was different from the others, with
higher residue values compared to the other avocados.

The rationale of the present discussion is centered not only on the comparison
between the varieties, but also on the attempt to correlate their characteristics with
a similar fruit (Avocado Hass) and with some foods that can be used as a reference
for certain characteristics. With regard to Hass, the justification for this comparison
is due to the fact that it is the most consumed and studied variety worldwide
(RAMOS-AGUILAR; ORNELAS-PAZ; TAPIA-VARGAS; GARDEA-BéJAR et al.,
2021), in addition to being the main cultivar marketed in several countries for export
or industrialization (ALNASAN, 2019; RANADE; THIAGARAJAN, 2015). In Brazil,
which is an extensive country, and produces several avocado cultivars, the most
cultivated, according to Alnasan et al. (2019), are the varieties: Breda, Fortuna,
Geada, Margarida and Quintal (ALNASAN, 2019; PEREIRA, 2015).

The analysis of the protein content of the five avocado varieties studied revealed a
variation in values that comprises a range between 1.32 and 3.01 g/100g, with the

highest content being observed in the Margarida variety. Study conducted by

11
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Krumreich et al. (2024), with Brazilian avocados of the Margarida variety, found a
protein value of 1.85 g/100g (KRUMREICH; MENDON¢A; BORGES; CRIZEL-
CARDOZO et al., 2024). In the present study, the percentage of protein found in
this same variety was higher, in the order of 3.01 g/100g, and this cultivar was even
the one that differed from the others in this regard. Gouveia et al., in turn, claim that
the protein content in the fruit pulp varies from 1 to 2%. In the Breda variety, which
was analyzed by the authors, the content found was 1.73 g/100g (GOUVEIA;
SCHAUN; MASKE; SCHEIK et al., 2015), apparently slightly lower than that
observed in the present study (1.99 g/100g) in the same variety. In the Fortuna
avocado, protein values in the order of 1.12 g/100g have already been found by
Oliveira et al. (2013) (OLIVEIRA; PIO; RAMOS; LIMA et al., 2013), while the data of
the present study showed a content of 1.65 g/100g for a similar cultivar, a higher
value when compared to the mentioned work. In Hass avocado, the protein content,
described in the literature, is 1.96 g/100g, according to USDA data, 2011
(DREHER; DAVENPORT, 2013; FORD; SPAGNUOLO; KRAFT; BAUER, 2023).
Observing our studied varieties, the results found indicate that the avocados Quintal
(1.32 g/100g), Fortuna (1.65 g/100g) and Geada (1.88 g/100g) have lower protein
content when compared to Hass. However, the species Breda (1.99 g/100g) and
Margarida (3.01 g/100g) showed more proteins in their composition.

Some possible explanations for the differences in results between the present study
and those mentioned above may be related to the differences between the varieties,
which have different genetic material, and also to aspects related to the crop, such
as climate, temperature, water variation, soil compounds or even UV radiation.
Additionally, altitude seems to be another factor that can influence the nutrient
composition of the fruit (CARVALHO; BERNAL E; VELASQUEZ; CARTAGENA V,
2015), indicating that its quality undergoes changes related to these variables.
Another relevant observation is that Oliveira et al. (2013) claim that there is a
positive relationship for protein and lipid contents. Thus, the analyses of these
authors revealed that the cultivars with the highest lipid contents were the ones that
also stood out in the amounts of proteins. In this sense, the variety that presented
the highest lipid content was the Quintal avocado with 29.93 g/100g, but its protein
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content was 1.32 g/100g. At the other extreme, the cultivar with the lowest lipid
content was the Geada avocado with 14.94 g/100g, but its protein content was 1.88
g/100g, that is, higher in crude values when compared to the Quintal avocado that
has twice as many lipids, in raw values, when compared to the latter.

As a parameter of comparison, in a broader analysis of protein contents in the
vegetable kingdom, the plant reference with the highest consumption in the
Brazilian population is beans  (COELHO, 1991). In this sense, a study that
compared eleven varieties of beans found protein levels in the order of 18.17 to
25.93 g/100g (PIRES; OLIVEIRA; CRUZ; MENDES et al., 2005), evidencing values
higher than those found in the different avocado cultivars, so that, according to our
data, avocado can be considered only a complementary source of vegetable
protein, without the same nutritional capacity as a protein source found in beans.
When compared to other fruit species, it is noted that the protein content of avocado
is sometimes higher than those found, for example, in the "Tommy Atkins" mango
(0.44 g/100g) (MARQUES; CHICAYBAM; ARAUJO; MANHAES et al., 2010), guava
(0,40 g/100g) (MENEZES; DORNELLES; DE OLIVEIRA FOGAgA; BOLIGON et al.,
2016), blueberry (0,44 g/100g) (CONCENc¢O; STRINGHETA; RAMOS; DE
OLIVEIRA et al., 2014) and kiwi (1,23 g/100g) (SOUSA, 2018) and, at other times,
lower, when compared, for example, to banana varieties (Ambrosia 3.65 g/100g,
Bucaneiro 4.35 g/100g and Calypso 4.62 g/100g) (AMORIM; OLIVEIRA; VIEIRA;
FRANCESCHINA, 2015).

Regarding the lipid portion of the fruit, this seems to be the fraction that arouses the
greatest interest in the scientific community, being, therefore, the one with the
largest number of published studies. And this interest is mainly based on the
information that avocados accumulate oil during their ripening, while most fruits
accumulate sugars (FORD; SPAGNUOLO; KRAFT; BAUER, 2023). In fact, this
content is quite high, with a variation of 5.9% to 43.5% of the pulp, depending on
the variety evaluated and the sample, and some authors report lipid levels between
60% and 88% of the total calories, indicating that avocado has about 20 times more
fat than the average of other fruits (NAVEH; WERMAN; SABO; NEEMAN, 2002;
ORHEVBA; JINADU, 2011).
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In the present study, lipid levels ranged from 14.94 to 29.93 g/100g. The results
indicate that, among cultivars planted in the same crop, which is to say the same
soil and altitude, the lipid contents that make up the fruit are different and specific to
each variety. For the same varieties, planted in different soils, in the same way, this
uniqueness has also been observed. In a comparative analysis with the Breda
cultivar, a Brazilian study by Gouveia et al. found an oil rate of 15.8 g/100g
(GOUVEIA; SCHAUN; MASKE; SCHEIK et al., 2015). In the present study, the
cultivar had a lipid content equivalent to 22.87 g/100g, a result higher than that
reported by the authors. Another example of difference is the study conducted by
Oliveira et al., which analyzed the total fat composition of the fruits of the Fortuna,
Margarida and Quintal avocados, finding lipid content values equivalent to 6.43,
8.74 and 10.95 g/100g (OLIVEIRA; PIO; RAMOS; LIMA et al., 2013). For these
same varieties, the values found in the present study were 21.73, 24.71 and 29.93,
respectively, levels that are equivalent to double or even triple those mentioned.
The literature reviewed presents very discrepant rates of fat contents, with values
ranging from 5.9 to 43.5 g/100g, depending on the cultivar studied and the sample
(NAVEH; WERMAN; SABO; NEEMAN, 2002; ORHEVBA; JINADU, 2011) or
between 5 and 35 g/100g (GOUVEIA; SCHAUN; MASKE; SCHEIK et al., 2015).
Numerous articles attest to this discrepancy, such as the study conducted by
Oliveira et al. (2013), which investigated eleven species of avocados, including the
Hass and Fuerte varieties, called avocados, finding values between 5.7 and 26.12
g/100g of lipids. In this case, the highest lipid levels were observed in the fruits of
Hass and Fuerte avocados (21.07 and 26.12 g/100g, respectively) (OLIVEIRA; PIO;
RAMOS; LIMA et al., 2013), in line with the literature, which indicates that these are
the most abundant varieties in oil. On the other hand, Bora et al. (2001), analyzing
the Fuerte variety, from Jodo Pessoa, Paraiba, found lipid content of 15.39 g/100g
(BORA; NARAIN; ROCHA; QUEIROZ PAULO, 2001). In Venezuela, in turn, the
analysis carried out by Gomez-Lépez (2002), with thirteen varieties of Venezuelan
avocados, found oil levels between 11.23 and 18.80 g/100g (COSTAGLI; BETTI,
2015; GOMEZ-L6OPEZ, 2002). While in Moroccan avocados, in an analysis carried
out with eight varieties, the lipid contents remained between 8.41 and 30.44 g/100g
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(NASRI; HALABI; HAJIB; CHOUKRI et al., 2023). In Mexico, Espinosa et al.,
conducted an analysis to compare six Mexican native varieties with the Hass variety
and the lipid values found ranged from 18.28 to 26.77 g/100g, with the Hass
species showing the lowest crude values 18.28 g/100g (ESPINOSA-ALONSO;
PAREDES-L6PEZ; VALDEZ-MORALES; OOMAH, 2017).

Studies that analyzed the same variety, but produced in different soils, also showed
that the oil content contained in the fruits is discrepant, reinforcing the importance of
considering external variables related to planting to answer this question. In this
sense, for example, Hass avocados, from six different locations, were analyzed in
Colombia, and the lipid content values were in the order of 7.8 to 18.9 g/100g of oil
(CARVALHO; BERNAL E; VELaSQUEZ; CARTAGENA V, 2015). The possible
explanation for different amounts in the same species of fruit is supported by the
argument that the composition, not only of macronutrients, but also of the profile of
bioactive compounds of avocado seems to undergo changes due to the influence of
variables such as: soil, UV radiation, temperature, altitude, among others
(CARVALHO; BERNAL E; VELASQUEZ; CARTAGENA V, 2015; OLIVEIRA; PIO;
RAMOS; LIMA et al., 2013; ORHEVBA; JINADU, 2011).

It is known that another important issue related to oil deposition in the fruit is directly
associated with its degree of ripeness, because as the fruit ripens there is an
increase in lipid content and a decrease in moisture (CARVALHO; BERNAL E;
VELAaSQUEZ; CARTAGENA V, 2015) and there is an inversely proportional
combination between lipids and moisture in the fruit (GONDIM; MOURA; DANTAS;
MEDEIROS et al, 2005; LEE; YOUNG; SCHIFFMAN; COGGINS, 1983;
LUCCHESI; MONTENEGRO, 1975; OLIVEIRA; PIO; RAMOS; LIMA et al., 2013;
TANGO; CARVALHO; SOARES, 2004). Woolf et al. (2009) and Di Stefano et al.
(2017) consider this to be one of the most notable characteristics of the avocado, as
the fruit ripens while attached to the avocado tree and continues its ripening
process after harvesting, that is, from the removal of the fruit from the tree. These
two cycles of fruit maturity are called physiological and commercial ripening,
respectively (DI STEFANO; AVELLONE; BONGIORNO; INDELICATO et al., 2016;
WOOLF; WONG; EYRES; MCGHIE et al., 2009). From that moment on, the
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complete ripening of the fruit can take 3, 4, 6, 10, 18 or even 21 days, deadlines
that are, once again, influenced by the cultivar, in addition to other external factors,
such as storage time and temperature (WOOLF; WONG; EYRES; MCGHIE et al.,
2009).

Finally, the literature has long associated the similarity of avocado oil to olive olil
(OLIVEIRA; PIO; RAMOS; LIMA et al., 2013), not only highlighting the similarity of
the raw material for extracting the oils, as both are extracted from fruit pulp, but, and
mainly, due to the fact that both oils seem to have similar physicochemical
properties, with potential beneficial effects on the health of the consumer
(FERRARI, 2015; OLIVEIRA; PIO; RAMOS; LIMA et al., 2013; TANGO;
CARVALHO; SOARES, 2004; TANGO; TURATTI, 1992). In terms of lipid content, it
appears that the oil values of olives, likewise, resemble those of avocados. Thus, an
analysis carried out by Pestana-Bauer et al. (2011), in Brazilian olives, planted in
the region of Rio Grande do Sul, found oil values in the percentage of 19.79%. The
authors also cite references from other studies, indicating that the percentage of oil
found in olives, worldwide, is around 18 to 30 percent (PESTANA-BAUER;
GOULARTE-DUTRA; ZAMBIAZI, 2011).

The most scientifically relevant information of the present study may be the
indication that the lipid levels existing in the Brazilian varieties may be similar and,
in some cases, higher than those of the Hass and Fuerte avocados, called
"Avocados". This calls into question the knowledge, until then, that the Brazilian
varieties, called Tropical Avocados, were not equal to the Hass and Fuerte
avocados in this regard (TANGO; CARVALHO; SOARES, 2004). On the contrary,
even the Geada cultivar, whose oil contents were lower, has a lipid content like the
Hass avocado from Mexico or the Fuerte variety. Such results imply the affirmation
that Brazilian avocados can occupy the same space, currently reserved for the
Hass and Fuerte varieties, in the national and world market, as a lipid source.

The moisture content of avocado, as previously mentioned, is inversely proportional
to the lipid levels of the fruit. This is because the largest fraction of the fruit is
composed of the pulp, which basically contains lipids, as a macronutrient, and water
(GONDIM; MOURA; DANTAS; MEDEIROS et al, 2005; LEE; YOUNG;
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SCHIFFMAN; COGGINS, 1983; LUCCHESI; MONTENEGRO, 1975; OLIVEIRA,;
PIO; RAMOS; LIMA et al., 2013; TANGO; CARVALHO; SOARES, 2004). In the
observation of the results obtained, in fact, the Geada variety was the one with the
lowest lipid content (14.94 g/100g) and the highest moisture content (86.28 g/100g),
in line with the literature (GONDIM; MOURA; DANTAS; MEDEIROS et al., 2005;
LEE; YOUNG; SCHIFFMAN; COGGINS, 1983; LUCCHESI; MONTENEGRO, 1975;
OLIVEIRA; PIO; RAMOS; LIMA et al., 2013; TANGO; CARVALHO; SOARES,
2004). High moisture content makes the fruit susceptible to greater proliferation of
fungi and, consequently, greater deterioration. Additionally, considering avocado as
an important nutritional source of lipids, its commercial value can be reduced in very
"wet" fruits. On the other hand, moisture values between 50 and 60 g/100g are
associated with an increase in the shelf life of the fruit, since they retard the growth
of microorganisms (NASRI; HALABI; HAJIB; CHOUKRI et al., 2023; WOGU, 2014).
The variability of moisture contents, as well as lipids, are widely described in the
literature. A Moroccan study, carried out with eight varieties of local avocados,
found moisture values between 57.88 and 84.71 g/100g (NASRI; HALABI; HAJIB;
CHOUKRI et al., 2023). In the work produced by Oliveira et al. (2013), with eleven
varieties of avocado, including Fortuna, Margarida and Quintal, moisture values for
these species were found to be 81.38, 81.20 and 75.20 g/100g, respectively
(OLIVEIRA; PIO; RAMOS; LIMA et al., 2013). For these same varieties, the present
study found moisture contents of 70.69, 73.32 and 78.07 g/100g, respectively. From
these results, it can be inferred that the moisture values of the Fortuna and
Margarida avocados, in the present study, were lower than those found by the
authors, however, in relation to the contents of the Quintal variety, the comparison
showed similar values. Regarding the Breda cultivar, Gouveia et al. (2015), reported
having found a moisture content of 78.18 g/100g (GOUVEIA; SCHAUN; MASKE;
SCHEIK et al., 2015), This value is different from that found in the present study,
which was 73.37 g/100g for the same species. Regarding the Hass and Fuerte
varieties, the moisture values presented by the authors were 62.11 and 60.97
(OLIVEIRA; SILVA; GONCGALVES, 2014), values lower than those found in national
varieties. On the other hand, a study conducted by Bora et al. (2001), with the
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Fuerte cultivar, from Joao Pessoa, Paraiba, found moisture values of 78.24 g/100g
for this species of fruit (BORA; NARAIN; ROCHA; QUEIROZ PAULO, 2001). A
study carried out by Carvalho et al. (2015), analyzing six varieties of the Hass
avocado at different altitudes, in Colombia, showed moisture contents between 69.3
and 81 g/100g (CARVALHO; BERNAL E; VELASQUEZ; CARTAGENA V, 2015),
once again attesting to the discrepancy in values, even among the most studied
variety and with the highest consumption in the world. In this case, it seems that the
factor that led to the difference was the altitude.

In relation to ashes, fruits, in general, have a variable content, between 0.3 and 2.1
g/100g (MENEZES; PURGATTO). In a comparative analysis, the varieties Fortuna,
Margarida and Quintal studied by Oliveira et al. (2013), presented ash values in the
order of 1.00, 0.81 and 0.83 g/100g, respectively (OLIVEIRA; P1O; RAMOS; LIMA
et al., 2013). In the present study, these same avocado species presented values of
0.47, 0.17 and 0.39 g/100g, respectively, values below those found in the study.
Regarding the cultivar Breda, it was the only one that was different from the others,
with higher residue values compared to the other avocados, in a total of 0.81
g9/100g. When this variety was studied by Gouveia et al. (2015), the ash values
found by the authors were 0.58 g/100g (GOUVEIA; SCHAUN; MASKE; SCHEIK et
al., 2015). Regarding Moroccan avocados, Nasri et al. (2023) found ash contents
ranging from 0.57 to 1.37 g/100g (NASRI; HALABI; HAJIB; CHOUKRI et al., 2023).
The varieties Hass and Fuerte, in turn, presented ash values equivalent to 2.40 and
1.30 g/100gq, respectively (OLIVEIRA; PIO; RAMOS; LIMA et al., 2013). Compared
to these varieties, analyzed in the aforementioned study, Brazilian avocados have
lower ash contents, which may presuppose that they are richer in substances with

energy potential.

5. Conclusion
Avocados can be complementary sources of protein, especially Margarida.
All of them showed significant amounts of lipids. Regarding ashes, Brazilian

avocados studied have lower levels compared to varieties from other countries The
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natural inexistence of a single pattern of centesimal composition of the avocados
evaluated, with relevant differences in the nutritional profile of the five varieties,
especially proteins and lipids, expands the possibilities of their dietary use.
Additionally, the present study brings to light unpublished data on crop varieties in

Brazil.
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