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Abstract

The Babassu nut (Orbignya phalerata Mart.) mesocarp is traditionally
transformed to flour and consumed in some Brazilian areas for its attributed
medicinal activity; however, its chemical properties remain to be elucidated.
The present work aimed at analyzing the babassu mesocarp phytochemical
constituents. Babassu nut samples were collected in the Brazilian Amazon,
and their mesocarps were prepared and macerated in different solvents. The
chromatographic fractionation of selected methanol extracts yielded three
fractions, A-5, A-6, and B - 1 that were characterized with high resolution
methods. Fraction A-5 was characterized through GC/MS as a fatty acid
mixture with predominance of eicosanoic (38.67 %) and 11-octadecanoic
(21.71 %) acids. Fraction A-6 was characterized by the presence of three
phytosteroids (32.02 %), sesquiterpene (nerolidol; 24.89 %), and diterpene
(17-acetoxy-19-kauranal; 15.17 %). The 1H and 13C NMR spectra on fraction
A-6 showed characteristic chemical shifts for its compounds. Compound B-1
was identified as ergostanol-3-benzoate based on NMR experiments in one and
two dimensions. These results constitute the first identification of babassu
mesocarp chemical constituents in 1 and 2-dimensions, paving the way to
understanding its role in popular medicine.
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Introduction

The Babassu palm tree, Orbignya phalerata Mart. (Arecaceae), is widely
distributed in the Brazilian northern, northeastern, and mid-western regions.
Babassu occurrence is particularly concentrated in the region known as
“Mata dos Cocais”, which entails the States of Maranhão, Tocantins, and
Piauí [1]. In the State of Amazonas, babassu palm trees occur in non-flooded
landscapes [2, 3]. This species has several scientific synonyms: Attalea lydiae
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(Drude) Barb. Rodr., Attalea speciosa Mart. Orbignya barbosiana Burret,
Orbignya martiana Barb. Rodr., and Orbignya speciosa (Mart. Ex Spreng.)
Barb. Rodr. [2, 4].

The babassu nut mesocarp is a food source, has medicinal applications
in popular culture, and its oil is employed in biodiesel production [5-7].
Despite being one of the most economically important fruits in Brazil, the
babassu nut composition and its nutritional and medicinal values remain
little investigated. The babassu nut mesocarp is predominantly amylaceous
(ca. 66 %), containing calcium, phosphorus, magnesium, potassium, and
iron [1]. The flour obtained from the babassu mesocarp-after its drying,
grinding, and roasting-is consumed as garnish in traditional dishes or drunk
dissolved in water to treat rheumatism, ulcers, and inflammations [8, 9].
Furthermore, immunomodulatory, anti-inflammatory, and antithrombotic
activities have been reported [8, 10-12]. This work presents the very
first report on the phytochemical composition of the Amazonian babassu
mesocarp.

Materials and methods

Babassu nut samples and extract preparation

Two babassu nut samples were obtained in natura from the Nossa Senhora
Aparecida Community in the city of Rio Preto da Eva-in the Brazilian
State of Amazonas. The nuts were rinsed, dried at room temperature, and
manually peeled with the help of a knife to remove their mesocarps (initial
weight the mesocarps: 1818 g). Mesocarp extracts were prepared as follows:

Mesocarp sample A (880 g) was subjected to maceration with methanol
at room temperature for seven days, followed by maceration with water
in a refrigerated environment for five days. This protocol resulted in one
methanolic extract (Extract 1) and one aqueous extract (Extract 2).

Mesocarp sample B (938 g) was subjected to successive macerations with
hexane, methanol, and water for seven days in each solvent, yielding one
hexane extract (Extract 3), one methanol extract (Extract 4), and one aqueous
extract (Extract 5).

All organic extracts were concentrated using a rotary evaporator, and the
aqueous extracts were obtained after being lyophilized. All five extracts
were subjected to thin layer chromatographic separation. From this step,
promising extracts (as informed by thin layer chromatography analyses) were
selected for chromatographic fractioning.
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Chromatographic fractionation of methanolic extract 1

The methanolic extract 1 (6.11 g) was subjected to chromatographic
fractionation on a silica gel column (70 - 230 mesh; h × ϕ = 24.0 × 5.0 cm)
and eluted with hexane, hexane: EtOAc (2 - 50 %), EtOAc, and MeOH. Out
of the resulting 23 fractions, the combined fractions 11 and 12 were subjected
to another chromatographic fractionation on silica gel (230-400 mesh; h x ϕ =
32.0 × 1.5 cm) and eluted with hexane and hexane: EtOAc (10 - 50 %). In
parallel, fractions 5 (henceforth labelled as A - 5) and 6 (henceforth labelled
as A - 6) were analyzed by GC/MS and 1H and 13C NMR.

Liquid-liquid partition of extract 4

The methanolic extract 4 (18.94 g) was successively partitioned with hexane,
dichloromethane, ethyl acetate, and methanol. The hydroalcoholic phase
was fractionated on a XAD-2 chromatography column (h x ϕ = 20× 3.8 cm)
and eluted with MeOH:H2O:HOAc (50:45:5), H2O: formic acid (95:5), H2O,
MeOH, CH2Cl2, and EtOAc. Out of the nine fractions yielded, fraction 7
was eluted with CH2Cl2, fractionated on a silica gel column (70 - 230 mesh;
hex × 30 × 3.0 cm), and eluted with hexane and hexane: EtOAc (2 - 50 %) to
yield compound B-1.

Chemical analysis procedures

Nuclear Magnetic Resonance (NMR) spectra were measured in a Bruker
DRX 400 apparatus; chemical shifts (δ) were expressed in ppm and coupling
constants (J ) in Hertz; TMS was used as internal standard. The Gas
Chromatography/Mass Spectroscopy (GC/MS) run was conducted with
a Shimadzu A - 17 system, equipped with a DB-5 (30 m × 0.25 mm ×
0.25 µm) fused silica capillary column; the heating scheme used consisted
of 60 ◦ C – 210 ◦ C, 10 ◦C/min; 210 ◦C – 280 ◦C, 10 ◦C/min, remaining
for 10 min. Column chromatography (CC) was performed on silica gel 60
(Merck, 70-230 mesh), Amberlit (XAD-2, Supelco). Analytical Thin-layer
Chromatography (TLC) was carried out on Merck Kiesegel 60 F254 plates
(0.25 mm).

Results and Discussion

A total of five babassu nut extracts were obtained from macerations with
methanol (Extract 1; 21.26 g and Extract 4; 22.25 g), hexane (Extract 3; 0.17 g),
and water (Extract 2; 11.49 g and Extract 5; 3.54 g). Two of the methanol
extracts (Extracts 1 and 4) were selected, fractionated, and partitioned. Out
of extract 1, fractions A-5 and A-6 were selected and analyzed through
GC/MS and NMR, whereas extract 4 was further characterized with NMR
experiments in one and two-dimensions.

×

oC oC oC oC oC oC
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Fatty acid composition of fraction A-5

Fraction A-5 (2.0 mg) from extract 1 had its chemical composition
characterized through GC/MS. This fraction is rich in fatty acids identified
as methyl esters, containing 47.80 % of saturated and 40.75 % of mono
unsaturated fatty acids (Table 1). Eicosanoic, or arachidic acid, (C20:0
38.67 %) and 11-octadecenoic acid (C18:1 21.71 %) were also present in this
fraction. The characteristic signals of the fatty acids in Fraction A-5, as
revealed by 1H and 13C-NMR spectra, are presented in Table 2. The 1H
NMR spectrum revealed signals of double bonded hydrogens (δ 5.39-5.33),
hydrogens adjacent to the carbonyl group (δ 2.32-2.30), and methyl groups
(δ 0.86-0.83); whereas the 13C NMR spectrum exhibited typical acid carbonyl
chemical shifts in the range of δ 175.83 to 174.68 and olefinic carbons shifts
between δ 132.33 and 129.35.

Previous studies on babassu nut fatty acids from the Maranhão region
revealed the predominance (44.9-54.7 %) of short chain saturated fatty acids,
such as lauric acid (C12:0) [13, 14]. Ours is the first report on babassu
mesocarp fatty acids analysis revealing predominance of saturated (C20:0)
and unsaturated (C18:1) fatty acids. There are registers of these predominant
fatty acids in fruits of some botanical families; for instance, eicosanoic acid
was found in high concentrations (26.0-33.3 %) in Sapindaceae fruits [15],
and the 11Z-octadecenoic acid (cis-vaccenic acid) is a common (1.9-95.1 %)
octadecenoic acid among pulp lipids in fruits from other families [16].
Octadecenoic acid has been detected at low proportions (2.0-2.4 %) in the
mesocarp of some species of the Arecaceae [17]. Palm fruits are one of the
main sources of oils and fats, but few studies have focused on their chemical
composition.

Chemical composition of fraction A-6

The GC/MS analyses of fraction A-6 (5.0 mg), from extract 1, revealed the
presence of steroids (32.0 %), sesquiterpene (24.9 %) and diterpene (15.2 %),
these major constituents of fraction A-6 are presented in Table 3 and their
structural formulae in Fig. 1. The 1H NMR spectrum for this fraction
exhibited signs of olefinic hydrogens between regions of δ 5.39-5.32 and
5.11-5.09; carbinolic hydrogens at δ 4.34-4.28, 4.19-4.12 and 3.29-3.18, and
methyl groups at δ 0.96-0.81. The 13C NMR spectrum showed signals of
methyl groups at region δ 29.59-15.54 as well as signals of olefinic double
bonds compatible with ergostane 7, 22-diene 3-ol (δ 137.0, 115.7, 135.2 and
129.3) and β-sitosterol (δ 139.0 and 121.5). This spectrum also showed
the olefinic double for nerolidol sesquiterpene (δ 145.79, 135.16, 131.47,
125.60, 125.45 and 111.62). The carbinolic carbons were found between
δ 80.30-71.00 and carbonyls of diterpene at δ 194.01 and 173.23.

(C18:1
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Compounds Formula 
(M/Z) RT/ MIN %

nonanoic acid, 9-oxo-, methyl ester C10H18O3 (186) 12.37 2.85

9-hexadecenoic acid (Z)-, methyl ester C17H32O2 (288) 16.63 1.63

eicosanoic acid, methyl ester C21H42O2 (326) 17.94 38.67

14 methyl pentadecanoic acid, methyl ester C17H34O2 (270) 18.38 3.57

11-octadecenoic acid, methyl ester C19H36O2 (296) 20.61 21.73

Octadecenoic acid, methyl ester C19H38O2 (298) 20.74 4.55

9-octadecenoic acid(E)-, methyl ester C19H36O2 (296) 21.02 2.59

11, 14- eicosadienoic acid, methyl ester C21H38O2 (322) 21.57 1.75

9-octadecenoic acid, methyl ester C19H36O2 (296) 26.12 3.23

11-undecenoic acid, methyl ester C12H22O2 (198) 29.23 5.27

tetracosanoic acid, methyl ester C25H50O2 (382) 30.88 2.71

HO HO3
10 9

7

12

OH

OH
12

1614

15
9

74

1819
O

17-acetoxy-19-Kauranal

OCOCH3

20
21 22

Ergostane-3, 12-diol

Nerolidol

Ergostane-7, 22-diene-3-ol

Table 1. Fatty acid composition (%) of babassu extract fraction A-5 after its 
chemical derivatization.

Figure 1. Chemical structures of the predominant constituents of fraction 
A-6.
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RMN1H
(CDCl3, 400 MHz)

RMN13C
(CDCl3, 100 MHz) Functional groups

175.83 - 174.68 CO

5.39 - 5.33 132.33 - 129.35 -CH=CH-

2.05 - 1.69 26.41 - 24.14 CH2-CH=CH-

2.32 - 2.30 33.41 - 33.31 CH3OCOCH2-

1.55 - 1.22 30.54 - 28.61 -(CH2)n-

0.86 - 0.83 15.56 - 15.45 -CH3

O

18

3
10

19

5
7

14

12

17

21 20

28

24 26

27

4' 2'

1' O

Table 2. Chemical shifts (δ) in the 1H and 13C-NMR spectra of babassu 
extract fraction A-5.

Identification of compound B-1

Compound B-1 (3.0 mg), from extract 1, was characterized as an
ergostane-type steroid (Fig. 2) based on one-dimensional (1H and 13C),
and two-dimensional (HSQC and HMBC) NMR spectra. The 1H NMR
spectrum showed signs of methyl groups typical of ergostane-type steroids
defined by two singlets at δ 0.86 (Me-18) and 0.89 (Me-19), and four doublets

Figure 2. Chemical structure of compound B-1.
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Compounds Formula 
(M/Z) RT/ MIN %

ergostane-3, 12-diol C28H50O (418) 45.24 13.47

ergosta-7, 22-dien-3-ol C28H46O (398) 46.68 13.86

β-sitosterol C29H50O (414) 47.05 4.69

3, 7, 11-trimethyl, 1, 6, 10-dodecatrien-3-ol (nerolidol) C15H26O (222) 50.53 24.89

17-acetoxy-19-kauranal C22H34O3 (346) 52.89 15.17

Table 3. Major chemical constituents (%) of the fraction A-6.

at J = 6.5 Hz at δ 0.82 (Me-21), 0.88 (Me-26 andMe-28), and 0.92 (Me-27).
The oxymethyl hydrogen signal was verified at δ 4.33 (m). The 13C NMR
spectrum showed steroid signals at the δ 56.90-11.42 region, as well as signals
of aromatic carbons in δ 132.29 (C-1’), 130.92 (C-4’), 130.49 (C-3’ and C-5’),
and 128.82 (C-2’ and C-6’). The carbon signal at δ 167.71 indicated carbonyl
of the benzoyl ester group linked at C-3 (δ 66.20) with axial arrangement.
The HMBC experiment showed oxymetinic hydrogen correlations (δ 4.33)
with carbon signals at δ 167.71 (C = O), 132.20 (C-4’), and 130.92 (C-3’
and C-5’). These lines of evidence led to identifying compound B-1 as
ergostanol-3-benzoate. This compound is reported for the first time in
Arecaceae nuts. Steroid of the ergostane and stigmastane types [18] were
previously found in Areca catechu (Arecaceae) fruits. Silva et al. [19] identified
several foods, including oleaginous plants, that are natural phytosteroid
sources and exhibit hypocholesterolemic properties, potentially helping to
prevent cardiovascular diseases.

Conclusion

In this work we have deepened the current understanding of the babassu
mesocarp composition via high-resolution chemical analysis methods. We
have revealed the presence of fatty acids, steroids, sesquiterpene, and
diterpene in the babassu nut, adding information that is valuable to
explaining the economic importance of this palm tree Brazil. However,
further knowledge on the babassu nut mesocarp constituent molecules is
still required to better understand the nut’s dietary value and to justify its
use in popular medicine.
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Análisis de constituyentes químicos del mesocarpo del 
Babasú (Orbignya phalerata Mart.)

Resumen: El mesocarpo de la nuez del babasú (Orbignya phalerata 
Mart.) se transforma tradicionalmente en harina y se consume en 
algunas zonas de Brasil por la actividad medicinal que se le atribuye; 
sin embargo, sus propiedades químicas aún no han sido dilucidadas. 
El presente trabajo busca analizar los constituyentes fitoquímicos del 
mesocarpo del babasú. Se colectaron muestras de nueces de babasú en 
la Amazonia brasileña y sus mesocarpos se prepararon y maceraron en 
distintos solventes. El fraccionamiento cromatográfico de extractos de 
metanol seleccionados produjo tres fracciones (A-5, A-6 y B-1) que 
se caracterizaron con métodos de alta resolución. La fracción A-5 se 
caracterizó a través de CG/EM como una mezcla de ácidos grasos con 
predominancia de los ácidos eicosanoico (38.67 %) y 11-octadecanoico 
(21.71 %). La fracción A-6 se caracterizó por la presencia de tres 
fitoesteroides (32.02 %) sesquiterpeno (nerolidol; 24.89 %) y diterpeno 
(17-acetoxi-19-kauranal; 15.17 %). Los espectros de 1H y 13C de la RMN 
en la fracción A-6 mostraron desplazamientos químicos característicos 
para sus componentes. Con base en los experimentos de RMN en una y 
dos dimensiones, el compuesto B-1 fue identificado como ergostanol-
3-benzoato. Estos resultados constituyen la primera identificación de
los constituyentes químicos del mesocarpo del babasú en una y dos
dimensiones, lo cual allana el camino para el entendimiento de su papel
en la medicina popular.

Palabras clave: arecaceae; ácidos grasos; cromatografía de gases/
espectrometría de masas; resonancia magnética nuclear; fitoesteroides; 
terpenos.
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Análise dos constituintes químicos do Mesocarpo de 
Babaçu (Orbignya phalerata Mart.)

Resumo: O mesocarpo do coco de Babaçu (Orbignya phalerata Mart.) 
é tradicionalmente transformado em farinha e consumido em algumas 
áreas do Brasil pela sua suposta atividade medicinal; no entanto, suas 
propriedades químicas ainda não foram elucidadas. O presente trabalho 
buscou analisar os constituintes fitoquímicos do coco de Babaçu. 
Amostras de coco de Babaçu foram coletadas na Amazônia brasileira, e 
seus mesocarpos foram preparados e macerados em diferentes solventes. 
O fracionamento cromatográfico dos extratos de metanol selecionados 
gerou três frações (A-5, A-6 e B-1) que foram caracterizadas com 
métodos de alta resolução. A fração A-5 foi caracterizada mediante  
CG/EM como uma mistura de ácidos graxos com predominância dos 
ácidos eicosanóico (38.67 %) e 11-octadecanóico (21.71 %). A fração A-6 
se caracterizou pela presença de três fitoesteróis (32.02 %), sesquiterpeno 
(nerolidol; 24.89 %) e diterpeno (17-acetoxy-19-kauranal; 15.17 %). Os 
espectros de 1H e 13C da NMR na fração A-6 mostraram deslocamentos 
químicos característicos dos seus componentes. O componente B-1 foi 
identificado como ergostanol-3-benzoato segundo os experimentos de 
RMN em uma e duas dimensões. Estes resultados constituem a primeira 
identificação dos constituintes químicos do mesocarpo de Babaçu em 1 
e 2 dimensões, o que pavimenta o caminho para entender seu papel na 
medicina tradicional.

Palavras-chave: arecaceae; ácidos graxos; cromatografia de gases/
espectometria de masas; ressonância magnética nuclear; fitoesteróis; 
terpenos.
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