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Carapa guianensis species belongs to the Meliaceae family and, in the Brazilian Amazon, it has great
importance in folk medicine, mainly because the oil extracted from its seeds presents varied biological
activities. Thus, the present work aimed to analyze, by gas phase chromatography coupled to mass
spectrometry (GC/MS), the chemical composition of manually extracted andiroba oil, from Mamangal
community, located in Igarapé-Miri, Pard, Brazil. As results, 99.63% of the constituents of the oil sample
were identified and quantified from which the main components were oleic, palmitic, stearic, and linoleic
acids. The manual oil extraction from andiroba seeds in the Mamangal community is sustainable and
economically viable. Due to the high content of saturated and unsaturated fatty acids C. guianensis oil can
be considered interesting useful for pharmaceutical and cosmetic industries. Indeed, the unsaturated fatty
acids represented 57.5% of the oil constituents, among which the essential ones stand out, as they have
great applicability in healing drugs formulation.
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A espécie Carapa guianensis pertence a familia Meliaceae e, na Amazénia brasileira, tem grande
importancia na medicina popular, principalmente porque o 6leo extraido de suas sementes apresenta
atividades bioldgicas variadas. Assim, o presente trabalho teve como objetivo analisar, por cromatografia
em fase gasosa acoplada a espectrometria de massas (CG/EM), a composicdo quimica do dleo de andiroba
extraido manualmente, da comunidade Mamangal, localizada em lgarapé-Miri, Pard, Brasil. Como
resultado 99,63% dos constituintes da amostra de 6leo foram identificados e quantificados, dentre os quais
0s principais componentes foram os &cidos oléico, palmitico, estearico e linoléico. A extragcdo manual do
6leo de sementes de andiroba na comunidade Mamangal é sustentavel e economicamente viavel. Devido
ao alto teor de acidos graxos saturados e insaturados, o 6leo de C. guianensis pode ser Gtil para as indUstrias
farmacéutica e cosmética. De fato, os &cidos graxos insaturados representaram 57,5% dos constituintes do
6leo, entre os quais se destacam os essenciais, por apresentarem grande aplicabilidade na formulagéo de
medicamentos curativos.

Palavras-chave: 6leo de andiroba, Carapa guianensis, cidos graxos.

1. INTRODUCTION

Species of the family Meliaceae (Sapindales) shows great commercial value such as Cedrela
fissilis, Cedrela odorata, Swietenia macrophylla, and some of them can be used in landscaping
(Guarea Guidonia and Melia azadarach), or in environmental recovery (Trichilia claussenii), and
also in folk medicine (Carapa guianensis, Carapa procera, and Azadirachta indica). In Brazil,
the species of this family are found especially in Amazon and Atlantic Forests, occupying lowland
and upland areas [1].
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In the Brazilian Amazon, the species Carapa guianensis Aubl. stands out and is popularly
known as andirobeira, a large tree, reaching up to 55 m in height, and the part of the trunk that
originates from the roots towards the branches, is cylindrical and straight. The bark is thick and
bitter, reddish or greyish in color, and the leaves are alternate, composed, with full margins, and
bright dark green. The flowers are grouped at the end of the branches (inflorescence), white to
cream in color, and lightly scented [2].

The herbal C. guianensis (andiroba), is considered one of the most valuable species in the
Northern region of Brazil, whose wood is used in the construction of houses, furniture, and boats,
while the seeds are useful for oil extraction [3]. Because of its broad biological activity C.
guianensis oil is widely consumed in folk medicine, with medicinal properties such as: analgesic
[4], anti-bacterial [5-7], anti-inflammatory [8], anti-fungal [9], anti-allergic [10], anti-malarial
[11], antioxidant [12], and healing properties. Additionally, it is also effective in the treatment of
bruises, herpes ulcers, rheumatism, and ear infections, and as repellent against insect bites [13-
15].

The oil extracted from C. guianensis seeds has yellow color, bitter taste, is rich in fatty acids
and, at temperatures below 25 °C, it solidifies. However, the andiroba oil normally contains about
5% of non-saponifiable material, in which the limonoids andirolide A-Y, carapanolides, and
carapanosins stand out [5-7]. Other compounds include triterpenes, flavonoids, coumarins,
benzoic acid derivatives (3,4- and 2,6-dihydroxymethylbenzoate), and long chain fatty acids
(tetratriacontanoic and triacontanoic acids) [16].

Manual extraction of andiroba oil varies according to the culture and knowledge of each
community. However, the steps of collecting and selecting seeds, dough preparation (andiroba
bread), and oil extracting are performed by all members of the community [3]. The various
benefits to human health attributed to andiroba oil reinforce the importance of develop studies
concerning to its chemical composition. In this sense, the present study aimed to analyze, by gas
chromatography coupled to mass spectrometry (GC/MS), the chemical composition of andiroba
oil, manually extracted in the Mamangal community, located in Igarapé-Miri, Para.

2. MATERIALS AND METHODS

This research is part of the project “Ethnocognition of medicinal plants grown in backyards in
the community of Mamangal, Merud River, Igarapé-Miri, Para” and is registered in the National
System for the Management of Genetic Heritage and Associated Traditional Knowledge
(SisGen), under the number A2B82CE. The research was submitted and approved by Platform
Brazil system and Ethics Committee of the Institute of Health Sciences (UFPA), under the
registration number CAAE- 89148418.7.0000.0018.

2.1. Collection and botanical identification

Plant collection and visits to Mamangal community were carried out through a guided tour,
from August to October 2018. Herborization process followed techniques described by Ming
(1996) [17], and the species identification was based on specialized literature and consultations
to platforms Flora do Brasil 2020 and Missouri Botanical Garden. A voucher specimen (R.L.
Sousa et al. 46, HIFPA1906) has been deposited in the biological collection of the Federal
Institute of Para Herbarium, in Abaetetuba, Para.

2.2. Oil extraction

The andiroba fruit is a brown hedgehog and, when it is ripe, it falls from the trees to the ground.
The impact of this fall causes the fruit to open, releasing 4 to 16 seeds, which are rich in oil (Figure
1).
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Figure 1. Andiroba fruit with seeds after falling from the tree.

The oil from andiroba seeds was extracted by a resident of Mamangal community
(01°53°274°°S; 49°01°701°°W), located on the banks of Mamangal Grande River. The extraction
method used was the traditional one, which began with the manual collection of seeds in places,
such as the forest, under trees, floating on Mamangal Grande river, or in floodplain areas. The
next phase consisted of seed selection, based on color, smell, and germination process. Then, the
selected nuts were subjected to cooking over a wood fire for about an hour and a half, and the
correct cooking point was verified by shell breaking and nut flexibility. In resting phase, the seeds
were placed in a pan and kept for 30 days. After that period, the pulp was removed, molded into
ball shapes (andiroba bread) and placed on a board. This extraction phase lasted 25 days and the
andiroba bread was smashed two to five times/day [18].

2.3. Oil analysis

Initially, the andiroba oil was subjected to lipid esterification, according to the methodology
by Khan and Scheinmann (1997) [19]. Subsequently, fatty acid methyl esters were analyzed by
Gas Chromatography/Mass Spectrometry (GC/MS), as described by Silva et al. (2009) [20] and
Silva (2018) [21], which was adapted in a Shimadzu QP Plus-2010 system, under the following
conditions: capillary silica column Rtx-5MS (30 m x 0.25 mm; 0.25 pum film thickness); oven
temperature programming starting in 100°C (5 min) and then with a gradient of 4°C/min up to
260°C (20 min); injector temperature of 250°C; carrier gas: helium (linear velocity of 1.2 ml/min);
split-type injection of 1.0 ul of the sample. lonization was achieved by electronic impact technique
at 70 eV; temperatures of ion source and transfer line in 220°C and 250°C, respectively. The
guantification of the sample was performed by gas chromatography using a flame ionization
detector (FID) (Shimadzu QP 2010 system), under the same conditions as the GC/MS, except that
nitrogen was used as carrier gas. The identification of sample components was based on the linear
retention index (RI) calculated in relation to the retention times of a homologous series of
n-alkanes, their retention times, and on fragmentation pattern observed in mass spectra, by
comparing these values with authentic fatty acids samples existing in Adams (2007) [22] and Nist
(NIST - National Institute of Standards and Technology, 2011) databases.

3. RESULTS AND DISCUSSION

In total, nine chemical constituents have been quantified and identified by GC/MS analysis
representing 99.63% of andiroba oil constituents, from which 42.06% of saturated fatty acids and
57.57% of unsaturated fatty acids (Table 1 and Figure 2).
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Table 1. Profile of fatty acids methyl esters from andiroba seed oil.

RI Fatty acid methyl ester %
1725 Tetradecanoic acid, methyl ester 0.03
1905 Palmitelaidic acid, methyl ester 1.09
1934 Palmitic acid, methyl ester 27.3
2096 Leinoleic acid, methyl ester 9.29
2109 Oleic acid, methyl ester 47.19
2133 stearic acid, methyl ester 12.52
2329 Arachidic acid, methyl ester 1.87
2527 Docosanoic acid, methyl ester 0.25
2730 Tetracosanoic acid, methyl ester 0.09

saturated fatty acids 42.06

unsaturated fatty acids 57.57

Total 99.63

RI: Calculated retention index (Rtx-5MS column)
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Figure 2. Total ion chromatogram of fatty acid methyl esters from andiroba seed oil.

The main components found were oleic (47.19%), palmitic (27.3%), stearic (12.52%), and
linoleic acids (9.29%) (Figure 3). The results obtained in this study are in accordance previously
reports performed with andiroba oil [12, 21, 23].
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Figure 3. 2D chemical structures of the main compounds identified in andiroba seed oil (C. guianensis).

The oil extracted from C. guianensis seeds is widely used in folk medicine in the Northern
region of Brazil. According to De Sousa et al. 2019 [18, 24], in studies carried out in two rural
communities in Para state, andiroba oil mixed with honey, “cabacinha” seed oil or castor oil, was
indicated for treatment of cough, sinusitis, muscle strains, edema, and ecchymaosis. While fresh
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and unmixed oil was widely used for healing skin wounds in humans and pets, sore throats or
internal inflammatory processes [18, 24].

Under laboratory conditions, the topical use of andiroba oil was effective in tissue formation,
epithelialization, angiogenesis, and collagen deposition in skin lesions, when compared to the
control group [25]. Likewise, the ethanolic extract of C. guianensis leaves contributed to the
increase in wound contraction rate, resistance to skin breakage, and improvement in
hydroxyproline content of granulation tissue [14]. These benefits attributed to andiroba oil may
be due to the fatty acids present in its chemical composition, as they contribute to the synthesis
of biologically active compounds.

Oleic acid was the fatty acid found in greater proportion in andiroba oil, confirming the results
found in ethnobotanical and pharmacological studies that point out several benefits of this oil to
human health [26-28]. Other works have shown that this fatty acid prevented the risk of
developing rheumatoid arthritis by increasing levels of leukotriene A3, a potent LTB4 leukotriene
inhibitor [29]. In breast cancer cells, oleic acid reduced the expression of Her-2/neu oncogene and
acted synergistically with the anti-cancer trastuzumab [30]. Oleic acid may be a therapeutic option
for lipid dysregulation, as it signaled SIRT1-PGC1 complex to increase the oxidation rates of
fatty acids [31]. In addition, it reduced the inflammatory effects of long-chain saturated fatty acids
on human aortic endothelial cells, reducing cellular incorporation of stearic acid and activation of
NF-xB [32].

Palmitic and stearic acids represented 39.82% of C. guianensis oil composition. According to
Marsifiach and Cuenca (2019) [33], these saturated fatty acids are not known for being beneficial
to health when taken orally. However, they can be interesting if administered topically due to
their molecular structure. Saturated fatty acids tend to be stronger than unsaturated fatty acids,
and consequently, more occlusive. This property can be beneficial for skin disorders, such as
dermal dehydration. Saturated fatty acids form a protective barrier on the skin, enabling a valuable
clinical application, as it prevents water loss and facilitates the absorption of other bioactive
compounds present in the oil.

In the composition of andiroba oil, linoleic acid represented 9.29% of the fatty acids identified
and quantified by GC/MS, which constitutes about 40% of the fatty acids in human skin, mainly
used in treatment of skin wounds [34, 35]. In 2014, Cela et al. [36] attested the efficacy and safety
of the emulsion based on andiroba oil to relieve pain and erythema caused by depilation with
intense pulsed light. As well, the same formulation demonstrated analgesic and anti-inflammatory
potentials after photoepilation [36]. The evaluation of C. guianensis ethanolic extract in topical
treatment of excision wounds did not demonstrate antibacterial activity, but great healing potential
[14]. The topical application of andiroba oil also had significant effect on wound healing under
certain experimental conditions [25].

The description of the chemical profile of C. guianensis oil empirically contributes to affirm
its medicinal use. These results are in accordance with the study by Penido et al. (2006) [8], who
described relevant data regarding the anti-inflammatory effect of andiroba oil, inhibiting
Zymosan-induced arthritis in mice. It also reduced the degree of oral mucositis induced by
5-fluorouracil in mice [37].

The andiroba oil commercialized and consumed in the Baixo Tocantins region (Pard, Brazil)
is extracted, in general, manually, as it is a cheap extraction method and does not require the use
of electricity. It is suggested that the extraction technique does not alter the chemical composition
of the product, according to a study developed by Araujo-Lima et al. (2018) [23], since they tested
three methods of extracting C. guianensis seed oil, and found that these different processes did
not alter its physicochemical aspects.

The extraction of andiroba seed oil in the Mamangal community occurs in a sustainable way,
and the community members respect the productive cycle of C. guianensis species. The seeds
were collected in the forest under the trees or floating in the floodplain areas because during high
tides period, there are places where the seeds are deposited, and in others, they are dragged by the
current of rivers and watercourses.

The andiroba oil production chain involves seed collectors, extractors, middlemen, and local
and external consumers. The local consumer corresponds to family, neighbors, and friends. In
relation to external consumers, commercialization was mentioned, such as in lgarapé-Miri,
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Barcarena, and Abaetetuba cities, in Ver-o0-Peso fair in Belém (Pard, Brazil), and in pharmacies.
The middlemen were represented by people known in the community, who buy all stored
production.

The commercialization of andiroba oil in the Mamangal community is an activity considered
to be profitable, as extractors reported selling the entire production quickly, as there is a great
demand. The price of a liter of oil in the second half of 2019 ranged from 40.00 BRL to
65.00 BRL. According to the extractor who donated the oil for this research, the largest
production of seeds coincides with the rainiest period, but in the years when the months of July
to November are very rainy, the andiroba trees bear fruit all year round. This climatic factor,
according to the participant, is important, as it guarantees the oil sale without interruption, and
income complementation.

Andiroba plant is included in the National List of Medicinal Plants of Interest to the Unified
Health System, which reinforces the importance of qualitative and gquantitative analyses. Thus,
based on the GC/MS technique, it was possible to infer that the consumption or topical use of
andiroba oil does not cause damage to human health, since its major constituents are present in
other oils that are part of the general population diet, such as olive and sunflower oils.
Furthermore, the results of other studies carried out under certain experimental conditions with
rats did not show any toxic [38] or genotoxic effects [12], and did not interfere with their fertility
[39].

4. CONCLUSION

The manual extraction of andiroba seed oil in the Mamangal community is sustainable and
economically viable. Carapa guianensis oil can be considered useful for pharmaceutical and
cosmetic industries, due to the high content of saturated and unsaturated fatty acids. Unsaturated
fatty acids represented 57.5% of the analyzed oil constituents, among which the essential ones
stand out, as they have great applicability in the formulation of healing drugs.
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