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ABSTRACT
The potential use of babassu (Orbignya phalerata Mart.) in 
several activities is large. In view of these facts, this study 
aimed to determine the physicochemical composition of 
the babassu almond (OpAM) and evaluate the chemical, 
physical and physicochemical aspects of babassu coconut 
oil isolated by different methods of extraction. Babassu nut 
oil was removed by extraction with a hot solvent (Soxhlet) 
(OpS), hydraulic pressure (OpHP) and cold extraction (Blight 
and Dyer) (OpBD). Two artisanal samples from the states of 
Pará (OpP) and Maranhão (OPM) were also tested. OpAM 
presented 2% protein, 49.5% fat, 42.4% carbohydrates 
and water activity of 0.670. No statistical differences were 
found between the babassu coconut extraction techniques 
which presents saturated fatty acids as major oil fatty acids, 
especially lauric (41.6%), myristic (14.6%) and unsaturated 
oleic (15.7%). No samples tested positive in the thiobarbitu-
ric acid reactive substances test, and they also showed low 
levels of acidity. Babassu coconut oil showed good oxidative 
stability with a high induction period. The samples tended 
to green and yellow colors, and the babassu oil extracted 
by Soxhlet was less viscous than the others.
Keywords: Blight Dyer; Orbignya; Pressing and artisanal 
oils; Soxhlet.

RESUMEN
El uso potencial de babassu (Orbignya phalerata Mart.), en 
varias actividades es amplio. En vista de esto, este estudio 
tuvo como objetivo determinar la composición fisicoquímica 
de la almendra de babassu (OpAM) y evaluar los aspectos 
químicos, físicos y físicoquímicos del aceite de coco de ba-
bassu aislado mediante diferentes métodos de extracción. El 
aceite de coco de babasú se aisló mediante extracción con 
un disolvente caliente (Soxhlet) (OpS), mediante presión 
hidráulica (OpHP) y utilizando un disolvente frío (Blight 
and Dyer) (OpBD). También se analizaron dos muestras 
artesanales de los estados de Pará (OpP) y Maranhão (OPM). 
OpAM presentó 2% de proteína, 49,5% de grasa, 42,4% 
de carbohidratos y una actividad de agua de 0,670. No se 
encontraron diferencias estadísticas entre las técnicas de 
extracción de babassu de coco que presentan ácidos gra-

sos saturados como los principales ácidos grasos oleosos, 
especialmente láurico (41,6%), mirístico (14,6%) y oleico 
insaturado (15,7%). Ninguna muestra resultó positiva en 
la prueba de sustancias reactivas al ácido tiobarbitúrico, 
y también mostraron niveles bajos de acidez. El aceite de 
coco Babassu mostró una buena estabilidad oxidativa con 
un alto período de inducción. Las muestras tendían a los 
colores verde y amarillo, y el aceite de babassu extraído por 
Soxhlet era menos viscoso que los otros. 
Palabras clave: Blight Dyer; Orbignya; Prensado y aceites 
artesanales; Soxhlet.

INTRODUCTION
Babassu (Orbignya phalerata Mart.) is a native fruit 
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found in Brazil and Colombia. The fruits are ellipsoidal, 
weighing between 90 and 280 g. The name babassu refers 
to three different species in the Palmae family: Scheelea, 
Attalea, and Orbignia, where babassu is usually referred to 
the name Orbignya phalerata. The fruits have a thin bark 
(the epicarp) that surrounds a layer of secondary starch 
(mesocarp) and there is a rigid wood in the center of the 
coconut (the endocarp) with 3 or 4 almonds, from which 
the oil is extracted1.

All varieties of babassu are important because of their 
ecological, social, economic and environmental aspects. 
The fruit (coconuts) is much appreciated by both man and 
wildlife. Each crop can have between 3 and 5 bunches, and 
each bunch can produce 300 to 500 coconuts2.

The main product of babassu is almond oil, constituting 
65% of its weight, and is used in manufacturing soap, 
glycerine, and edible oil, and later transformed into margarine, 
in addition to cakes used in producing animal feed.

Babassu oil is obtained through mechanical extraction 
or through solvents, which is a more expensive chemical 
process, but also considered more efficient for extraction, 
since the residual content of oil is lower3.

Barbosa et al.4 found results that suggest that unrefined 
babassu coconut oil reduces microvascular effusions and 
protects against histamine-induced effects in post-capillary 
venules in hamsters. In addition, both the almond and its 
oil are important sources of energy. Sousa et al.5 showed 
that babassu coconut oil can be considered a potential 
alternative for the treatment and prophylaxis of benign 
prostatic hyperplasia, and Alves et al.6 found that babassu 
fixed oil is a source of bioactive compounds with anti-
Candida parapsilosis action.

Babassu almond artisanal oils present physicochemical 
characteristics such as an acidity test (oleic/lauric fatty 
acids%) clost to the limits established by the international 
norms of the Codex Alimentarius7, indicating a quality factor 
of raw matter and a good conservation state of the oils. 
Saponification indices indicate that there is a low presence 
of carboxylic groups in these oils and that the chemical 
composition of these oils and lipid triacylglycerols esterified 
with monocarboxylic fatty acids8.

The physicochemical composition of babassu coconut 
oil removed by different methods of extraction (by hot 
solvent, hydraulic pressure, using a cold solvent or by 
artisanal methods) has yet to be reported. In order to define 
the possible use of babassu coconut almonds, as well as 
their oil, it is necessary to obtain the nutritional composition 
of its almond, as well as to define the best way to extract 
its oil, investigate its composition and predict its shelf life 
through analyses such as calculating the oxidative stability 
index (induction period), malondialdehyde (MA) content 
and acidity9,10. 

In this way, the aim of this research was to determine 
the physicochemical composition of the babassu almond 
and evaluate the chemical, physical and physicochemical 
aspects of babassu coconut oil removed by different  

methods of extraction (hot solvent, hydraulic pressure and 
cold extraction).

MATERIALS AND METHODS
Material

Babassu coconut almonds were collected through 
coconut breakers in the city of Ipaporanga, Ceara, Brazil, 
and were crushed using a Walita@ 400W household mixer, 
freeze-dried, and stored in polyethylene bags protected 
from light and humidity.

The oils were obtained from the freeze-dried samples, 
and a completely randomized design was used for three 
different extraction methods (babassu coconut oil extracted 
by Blight and Dyer - OpBD, babassu coconut oil extracted 
by Soxhlet - OpS, and babassu coconut oil extracted by 
pressure - OpHP) in triplicate.

In addition to the oils obtained in the laboratory, oils 
from the popular market of Pará (OpP) and Intersectoral 
Movement of Coconut Babassu-MIQCB (MA) from Maranhão 
(OpM) were purchased and analyzed. Three packs (500 
mL) of each of the commercial samples were evaluated.

Extractions of babassu coconut oil with 
solvent (hexane) and cold pressure

The babassu oil was extracted from freeze-dried 
almonds. Two extracts were obtained in the production of 
babassu oil: by Soxhlet and by cold pressure and carried 
out in triplicate.

For extraction by Blight and Dyer, fifty grams of the 
homogenized sample was weighed in a beaker to which 
50 mL of chloroform and 100 mL of methanol were added. 
Subsequently, 50 mL of chloroform and 50 mL water were 
added. This mixture was stirred for 15 minutes using a magnetic 
stirrer. The material was filtered using a glass funnel with 
a filter paper containing anhydrous sodium sulphate into 
a separating funnel of 500 mL. After complete separation 
and clarification, the chloroform layer was collected in 
a flat-bottomed flask and then evaporated on a rotating 
evaporator until complete removal of the solvent.

For extraction by Soxhlet, the freeze-dried sample (50 
g) was subjected to the extraction process using a solvent 
reflux extractor (hexane), whose extraction is intermittent, 
avoiding the high boiling temperature of the solvent and 
consequently avoiding its decomposition as a hexane solvent 
and as equipment. The dried sample was immersed in 150 
ml of solvent, and it remained in reflux equipment after 
boiling at 62 °C inside a flat bottom flask for eight hours11.

Pressure extraction was carried out using a hydraulic 
press (Marconi model MA098/ACA20/EL) with a microwave 
sample (60 g) preheating system and heating of the press 
chamber base with temperature up to 200 ºC, temperature 
controller, protection system with light, an electric hydraulic 
pump, hydraulic pressure and relief valve, with manual 
control.

Pressure of 100 kgf/cm² was used for 5 minutes at room 
temperature (about 30 °C). 
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After each process (with or without solvent), each material 
was weighed to calculate the yield of the obtained oils.

Analysis of almond centesimal composition
Almonds were submitted to centesimal composition 

analysis. Moisture analysis was performed by drying the 
sample in an oven according to AOAC12. Water activity was 
performed by direct reading of the crushed samples using a 
4TE Aqua Lab Dew Point Water Activity Meter (Decagon). 
Proteins were measured using the Bradford method13, lipids 
by the cold solvent extraction method14, ash by the dry ash 
method15 and the theoretical calorific value was calculated 
according to values provided by the MERRIL and WATT16.

Composition of fatty acids and physicochemical 
characterization of babassu coconut oil

Lipid extraction was performed according to Bligh and 
Dyer (1959) and the Analytical Standards of the Adolfo Lutz 
Institute17. The preparation of methyl esters was performed with 
the mixture of 100 mg of lipids extracted, 2 mL of n-hexane 
(chromatography grade), and 0.2 mL of hydroxide potassium 
2 M solution in methanol (chromatography grade). This 
solution was stirred at room temperature in a vortex for 30 
seconds. Next, 3 mL of saturated solution of sodium chloride 
was added. The upper phase was analyzed. Identification 
and quantification of fatty acids was performed using a 
Shimadzu GCMS QP2010 gas chromatograph equipped 
with mass selective detector and a DB-1 column (30 m long 
× 0.250 mm thickness × 0.250 mm internal diameter) using 
helium carrier gas. The chromatograph was programmed as 
follows: initial temperature of 25 ºC and an increase of 50 
ºC/minute until 230 ºC. The temperature of the injector and 
column were set at 250 ºC and 110 ºC, respectively. The 
injector was operated with a split ratio of 10. A co-injection 
of the internal standard was performed in all injections. 
The internal standard used was methyl heptadecanoate at 
0.200 µg/mL. This compound was purchased from Sigma.

The peaks were identified by comparison with those of 
authentic fatty acid standards. The percentage of individual 
fatty acids was calculated from the peak area using an external 
five-point calibration curve for each fatty acid studied.

Test of thiobarbituric acid reactive substances (TBARS)
For this analysis, 1 g of oil was initially added to 5 ml 

of 0.100% TCA. The mixture was centrifuged at 5000 rpm 
for 20 min at 4 °C. For the peroxides analysis, a solution of 
0.500% thiobarbituric acid diluted in 20% trichloroacetic 
acid solution was used. An equal volume of the crude 
extract and the TCA-TBA solution was added into 3 ml test 
tubes. These were mixed using a vortex and then heated 
for 30 min at 95 °C. After the reaction time, they were 
transferred to an ice bath. Spectrophotometric readings of 
the supernatant were made at 532 and 600 nm. Calculations 
of the malondialdehyde content were expressed in nm of 
dry matter MDA.g-1, using the molar coefficient of MDA: 
Ɛ = i55.mM.cm-1.

Acidity level
The acid number was expressed as the number of 

milligrams of potassium hydroxide needed to neutralize the 
free acids of one gram of sample. The free fatty acids were 
determined in a solution of oil or fat in ethanol by titration 
with sodium hydroxide solution and using phenolphthalein 
as an indicator18.

The free fatty acid content was calculated based on the 
molecular weight of the predominant acid (lauric acid). Two 
grams of the sample was weighed in a 125 mL Erlenmeyer 
flask, then 25 mL of a neutral ethyl ether-ethanol (1:1) 
mixture was added and manually shaken. Two drops of 
1.0% ethanolic solution of phenolphthalein was added to the 
mixture. Titration was done using 0.1 M NaOH solution or 
until pink coloration. Results for lauric acid were expressed 
as a percentage of free fatty acids, with a gram equivalent 
of 200 using the formula: 

V x N x 200 / P= % lauric acid

where V= number of mL of KOH solution spent in 
titration; N= normality of the KOH solution, duly standardized; 
P= number of grams of the sample and 200= factor for 
lauric acid18.

Rancimat stability
In a reaction tube (with care being taken not to smudge 

the walls), 3 g of each sample were submitted to the following 
conditions: 110 °C temperature, 200 us/cm conductivity, 
and 10L/ h−1 air flow, during the necessary period to reach 
the end point (Metrohn 873 Rancimat stability equipment, 
Herisau, Switzerland). 

Color measurement
The colorimetric measurements a *, b * and L * of 

babassu coconut oil samples were evaluated using a CR-400 
Konika Minolta colorimeter and a CIELAB scale.

Rheological behavior
The rheological behavior of babassu oils was determined 

by a R/S plus SST 2000 Brookfield Searle cylindrical rotating 
rheometer. The measurements were done at 25 °C, which 
was adjusted through a thermostatic bath coupled to the 
equipment. The equipment provided the shear stress and 
strain rate data through RHEO V 2.8 software. Rheological 
determinations were obtained with a variation of the 
deformation rate from 0 to 500 s-1 (upward curve) and from 
500 to 0 s-1 (downward curve), every 1 minute and with 25 
points recorded for each curve.

Statistical Analysis
Comparison of the samples by measured properties was 

accomplished with one-way analysis of variance (ANOVA), 
followed by Tukey’s tests. Rheological analysis were done in 
triplicate and a new sample was used at each measurement. 
The data obtained were adjusted to the Casson and Newton 
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models (Table 1) by non-linear regression. Statistical analyses 
were performed using SAS software version 9.119. The level 
of confidence for all statistical analyses was set at least 95%.

RESULTS 
Centesimal composition

Analysis of the centesimal composition of the commercial 
coconut almond had a mean moisture content of 4.9% and 
water activity of 0.670. The sample had 2.1% protein, 49.5% 
lipids, 1.4% ash and 42.4% carbohydrates.

samples, meaning that even if present, malondialdehyde is 
only present in a low quantity.

The sample that presented the lowest endpoint (the 
onset time of oxidative deterioration signs) is the same as that 
obtained by cold extraction with solvents (OpBD) (Figure 
1). The product obtained by pressing at room temperature 
(OpHP) presented the second lowest endpoint, followed 
by OpM samples (handmade), OpS (hot solvent) and the 
OpP-sample. 

The OpS sample presented a duplicate whose endpoint 
was not reached during the final analysis period of the 
equipment, remaining without presenting indicative results 
of oxidation. It should be noted that the sample with the 
highest oxidative stability (OpP) was the one with the highest 
acidity indexes (Table 2), followed by OpS and OpM samples.

Considering the OpBD and OpHP samples with the 
lowest acidity indexes, it can be stated that they present high 
oxidative stability, for oxidative stability index using Rancimat .

Thus, the samples presented high oxidative stability, a 
fact that is related to the composition of fatty acids, acidity 
and the MDA content found within them. The major presence 
of saturated fatty acids and the low amount of peroxides 
explain the good results found by the Rancimat test.

Color measurement
As for luminosity (L), OpS samples (45) and OpM samples 

(44.6) were considered the clearest and not statistically different 
(Table 3). On the other hand, the manually-processed OpP 
sample (41) presented lower L, indicating greater proximity 
to the dark color. OpBD (44) and OpHP (44) presented 
intermediate results.

All samples presented negative results regarding parameter 
a, evidencing a tendency to green color, especially the OpM 
and OpP samples, however, these differed statistically from 
one another and from the others. The OpBD sample showed 
OpS and OpHP similarities. All the samples presented 
positive results for criterion b, showing a tendency to yellow 
coloration. The OpBD, OpS, and OpHP samples were not 
statistically different. The OpM and OpP samples were also 
similar, presenting the highest values found.

The Chroma parameter measures the color saturation. 
Samples obtained artisanally in the OpM and OpP presented 
higher intensity and were statistically similar, whereas the 
others (OpBD, OpS, and OpHP) had no statistical difference, 
showing smaller values. The OpBD and OpHP samples had 
statistically equal hue saturation angles. The OpS sample and 
the manually-processed OpM and OpP presented different 
angles between them, with the first being the most open and 
the last the shortest. 

Rheological behavior
The results regarding rheological behavior are presented 

in table 4. For the Casson model, the babassu oil extracted by 
BD presented lower initial stress and lower plastic viscosity 
of Casson, thus being considered more fluid (less viscous) 
than the other samples.

Model Equation

Casson  (τ)0,5= K
oc + κc (ϒ)

05

Newton τ= η(ϔ)

Table 1. Rheological models used to evaluate the rheological 
behavior of babassu oil.

Where: τ = shear stress (Pa), K= consistency index (Pa.s), n= flow 
behavior index (dimensionless), ϒ= shear rate (s-1), Koc= initial 
tension of Casson (Pa), Kc= viscosity of Casson (Pa.sn).

In 100 g of babassu coconut almonds, 49.5 g of lipids 
which corresponds to 446 kcal; 2.05g of proteins equivalent 
to 8.2 kcal; and 42.4 g of carbohydrates equivalent to 169 
kcal were measured. Thus, a total of 623.kcal per 100g 
was measured.

Babassu coconut oil yield
Using hot extraction with hexane (OpS), the average 

obtained yield was 58 + 0.01% of lipids (Table 2). A yield of 
55.6 ± 0.01% (OpHP) was obtained at the end of the pressing 
at room temperature (30 °C). For artisanal oils (OpM and 
OpP), it was not possible to calculate the yieldbecause we 
did not have access to the preparation of the acquired oils.

Efficiency of extraction and composition of 
babassu coconut oil 

OpHP, OpBD and OpS samples were analyzed. Fatty 
acid composition analysis results of the oil samples are 
shown in table 2. Taking the result relative to the sample 
obtained by pressing at room temperature, it was observed 
that saturated fatty acids - SFA represented 78% of the sample; 
monounsaturated was (MUFA) 15.7%; and polyunsaturated 
(PUFA) was 2.3%.

Thiobarbituric acid reactive substances (TBARS) 
test, acid number and period of induction 

or oxidative stability
From the analyzed samples, two presented null results, 

characterizing the absence of malondialdehyde oil obtained 
in the laboratory by OpBD and OpM. OpP presented a small 
amount, while OpS and OpHP presented the largest amount. 
However, there was no statistical difference between the 
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Table 2. Characteristics of babassu oils.

AG OpHP OpM OpP OpBD OpS

Lipid extraction
by technique (%) 55.6+0.01%a - - 49.5+0.006%a 58.3+0.01%a

Fatty acids     
C6:0 0.410a 0.440a 0.550a 0.370a 0.460a
C8:0 5.64a 5.76a 5.99a 5.02a 6.04ª
C10:0 5.12a 5.00a 4.76a 4.56a 5.24ª
C12:0 41.6a 42.4a 41.2a 37.00a 44.4ª
C14:0 14.6qb 14.8ab 14.4ab 13a 15.5b
C16:0 7.67ab 7.72ab 7.68ab 6.83a 8.10b
C18:0 2.64a 2.85a 3.09a 2.35a 2.99ª
C18:1 15.7a 14.2a 15.5a 14.0a 15.0a
C18:2 2.26a 2.50 2.54a 2.01a 2.62a

Values of
malondialdehyde
–MDA (µM) 0.620a 0.000a 0.130a 0.000a 0.400a

Acidity (mg KOH/g) 0.010b 0.010b 0.030a - -

Acidity (oleic acid-%) - - 0.010 - -

Acidity (lauric acid-%) 0.420b 0.460b 1.300a 0.190c 0.320bc

Repeat letters indicate that there is no statistical difference between the samples.
OpHP - Babassu coconut oil extracted by hydraulic pressing 
OpM - Commercial oil of the Intersectoral Movement of the Babaçu Coco Breakers 
OpP - handmade babassu coconut oil from Pará 
OpBD - sample of babassu coconut oil by Blight and Dyer
OpS - babassu coconut oil extracted by Soxhlet

Figure 1: Period of induction or oxidative 
stability of babassu coconut oil samples 
at 100oC.

OpP – Manually processed babassu coconut 
oil from Pará 
OpM - Commercial oil of the Intersectoral 
Movement of the Babaçu Coco Breakers 
OpHP - Babassu coconut oil extracted by 
pressing 
OpS - Babassu coconut oil extracted by Soxhlet
OpBD - Babassu coconut oil sample extracted 
by Blight and Dyer
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In relation to the Newton model, the samples showed 
similar values for Newtonian viscosity. All samples presented 
a good fit of the data to the rheological model, presenting 
a high coefficient of determination and low mean square 
error for the two models tested.

Commercially available babassu oil showed a rheological 
behavior similar to babassu oil obtained through the press, 
followed by the oil obtained by extraction through Soxhlet.

DISCUSSION
In this research, we determined the physicochemical 

composition of babassu almond (OpAM) and evaluated the 
chemical, physical and physicochemical aspects of babassu 
coconut oil removed by different methods of extraction.

The water activity found for samples analyzed was close 
to the levels necessary for developing molds and yeasts, which, 
depending on the conditions of product manipulation and 
storage, would influence the deterioration rate of the food20. 
Thus, the use of good manipulation practices is fundamental 
for the conservation of this product, as well as the correct 
processing and storage.

Protein levels were lower than other Brazilian vegetables 
oil sources. Ferrari and Soler (2015) found 1.2 to 9.4 % of 
protein investiganting babassu oil composition, Ferreira et al.22 
found 15.6% protein using the method by Kjeldahl. Using the 
same method, Dessimoni-Pinto et al.24 found 12.3% protein 
in macaúba. Lima, Garcia and Lima25 found 24.5% protein 
for cashew nuts using the method described by AOCS26. 

Table 3. Colorimetric parameters of babassu coconut oils.

Samples L a B Croma Hue

OpS 45.1a -3.29b 3.11b 4.53b 136.a
OpM 44.6ab -3.95d 6.65a 7.74ª 120c
OpBD 44.1b -3.27ab 4.02b 5.18b 129b
OpHP 43.9b -3.18a 3.65b 4.85b 131b
OpP 41.4c -3.68c 7.57a 8.42ª 115.1d

Repeat letters indicate that there is no statistical difference between the samples.
OpS - Babassu coconut oil extracted by Soxhlet
OpM - Commercial oil of the Intersectoral Movement of the Babaçu Coco Breakers 
OpBD - Babassu coconut oil sample extracted by Blight and Dyer
OpHP - Babassu coconut oil extracted by pressing 
OpP – Manually processed babassu coconut oil from Pará 

Table 4. Parameters of the Casson and Newton rheological models.

Model Parameters OpHP OpBD OpS OpP

Casson Koc (Pa) 0.055 ± 0.012 -0.009 ± 0.012 0.022 ± 0.044 0.032 ± 0.036

 Kc (Pa.sn) 0.212 ± 0.000 0.209 ± 0.000 0.213 ± 0.002 0.216 ± 0.002

 R2 0.999 0.999 0.995 0.996

 MSE 0.026 0.016 0.247 0.180

Newton η (Pa.sn) 0.046 ± 0.000 0.043 ± 0.000 0.046 ± 0.000 0.047 ± 0.000

 R2 0.999 0.999 0.995 0.996

 MSE 0.031 0.016 0.245 0.179

Koc= Initial Casson tension, Kc= Casson plastic viscosity, η = Newtonian viscosity, R2= coefficient of determination, MSE= Mean squared error. 
OpHP - Babassu coconut oil extracted by pressing 
OpBD - Babassu coconut oil sample extracted by Blight and Dyer.
OpS - Babassu coconut oil extracted by Soxhlet.
OpP – Manually processed babassu coconut oil from Pará. 
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We observed that the babassu almond presented much 
lower protein content than that found in other almonds. 
The different results found for the percentage of cocoa 
babassu can be explained by the methodology used, since 
most of the studies with almonds were carried out using 
the Kjeldahl method, which counts organic nitrogen and 
ammonia; whereas the Bradford method is based on the 
interaction between BG-250 dye and protein macromolecules 
containing basic or aromatic amino acids.

Regarding lipid content, the results found are in agreement 
with the value found by Vieira21 through centrifugation with 
ethyl and petroleum ethers. The oil removed during this 
analysis was separated and constitutes the OpBD sample. 
The ash was close to that reported by Vieira21, who found an 
average of 1.2% ashes in babassu coconut almonds. Ferreira 
et al.22 found 3.1% for ash in their work with Brazilian nuts. 
Carvalho et al.27 found ash values of 3.2% for chicha, 2.5% 
for gurguéia nuts, and 3.1% for sapucaia through gravimetry 
after incineration in a muffle oven at 550 °C. Lima, Garcia 
and Lima25 found about 2.5% ash in cashew nuts. Thus, 
it is possible to observe that the babassu coconut has the 
lowest percentage of ash compared to other studies.

Regarding carbohydrates, Vieira21 found about 23.6% 
of carbohydrates through the difference in the values of 
other constituents of almonds. These variations are due to 
the results found for protein and ash, which differed from 
the values found in this study. 

The caloric value of 567 kcal in 100 g of babassu coconut 
almonds is close to another quantified for Brazilian nuts. 
Ferreira et al.22 found a caloric value of 680 kcal per 100 g 
of Brazilian nuts. It can be observed that babassu coconut 
almonds have a large amount of carbohydrates and lipids, 
being important nutrients for food as energy sources, as 
well as having a high caloric value (623 Kcal).

Fats and oils are recognized as essential nutrients for 
human health and provide the most concentrated source 
of energy available. Babassu coconut almonds can be 
used in preparations in order to enrich total caloric value 
and to stimulate the ingestion of carbohydrates and lipids 
when necessary.

The lipid yield by hot extraction was higher than 
other extractions. Using hexane as a solvent under a 
temperature above its boiling point, this type of extraction 
obtains triglycerides, free fatty acids, lecithins, waxes, 
carotenoids, chlorophyll and other pigments, as well as 
sterols, phosphatides, vitamins and essential oils17. The 
presence of these other compounds must be considered 
within the total obtained.

The yield for samples obtained by pressing at room 
temperature (30 °C) is very approximate to that obtained 
by extraction with a hot solvent, without any damage that 
could be caused by the presence of hexane residues and 
subjecting the raw material to high temperatures. Ferreira 
et al.22 obtained a yield of 61 ± 1.32% for Pará nuts via cold 
pressing by pressing the Marconi brand ME 098 at room 
temperature (31 ºC) with an initial pressure of 3 tons and 

a final pressure of 12 tons. In extracting cashew nut oil by 
pressing the pre-crushed nuts (classified as xerem) previously 
heated to 60 °C in a domestic microwave oven and using 
a force of 50 tons, Lima25 found an average extraction ratio 
yield of 45.7%, considering that cashew nut almonds have 
an average of 45% oil.

In comparing the oil content found in babassu coconut 
almonds with cashew and Brazilian nuts, we obtained 
intermediate values for the production of babassu coconut 
oil, characterizing it as a food with a large amount of lipids, 
which is an important nutrient in human food.

The fatty acid composition for OpHP, OpM and OpP 
samples were close to results reported by Vieira, Lima 
and Nascimento28, that found 62.7 ± 1.13% of SFA, 12.36 
± 1.47% of MUFA and 2.52 + 0.59% of PUFA. The Food 
Composition Table - TACO29 found 50.9% of AGS, 18.6% 
of AGM and 30.2% of AGP. Ferreira et al.23 found 93.4% of 
AGS and 6.5% of AGM, failing to determine AGP values.

Regarding the lauric acid content (C12: 0) in oil (about 
41%), the assay was higher than what was quantified by 
Vieira21, who found 31.57 ± 1.03%. Also noteworthy was 
the presence of 15.73% oleic acid (C18: 1n9c) and 14.6% 
myristic acid (C14:0).

The main fatty acids present in the babassu oil evaluated 
by Ferreira et al.30 were lauric acid (54.7), myristic acid 
(11.8%), caprylic acid (9,6%), and capric acid (9.2). Total 
unsaturated fatty acids represent 9.5% of babassu oil.

Among other palm oils similar results have been found 
in fruits such as sour coke (Butia capitata var capitata), which 
has high levels of lauric acid (42.1%), followed by oleic 
acid (16.9%) and myristic acid (10.5%), with predominantly 
saturated fatty acids (78.9%)31. 

Similar amounts of lauric acid can be found in other 
fruits. In the case of the guabiroba pulp and almond, a 
typical fruit of the Cerrado, Nosaki et al.32 found a high 
concentration of saturated fatty acids (89.2%), mainly 
lauric acid (48.3%), followed by myristic acid (14.3%) and 
caprylic acid (10.3%).

Several authors have analyzed fatty acids from food 
and associated consumption of these substances with health 
benefits33,34,35,36.

Malondialdehyde was only present in low quantities. 
Peroxides are primary oxidation products and are unstable 
intermediates. In the course of their decomposition, 
compounds of a very diverse nature are generated, which 
are designated as by-products. The parameter generally 
used to measure the extent of oxidation at this stage is the 
number of TBARS37. Due to the interference of the factors 
external to the oxidation process (eg light, temperature, 
etc.), it is important to apply the TBARS methodology, 
since it allows the verification of the oxidative stability 
in the samples, as other methods require extraction for 
analytical determination.

It is known that the main fatty acid found in babassu 
coconut oil is lauric acid. Thus, if we consider this fatty 
acid as a parameter and compare it with RDC No. 482, 
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dated September 23, 19999, we find results (Table 2) that 
show that OpBD and OpS samples presented the lowest 
values of acidity by lauric acid. OpHP and OpM presented 
similar values. OpP presented the highest index, being above 
the maximum value established by the cocoa babassu oil 
legislation. Using the value established by RDC nº 270, dated 
September 22, 200538, the acidity index for cold pressed and 
unrefined vegetable oils, all the analyzed oils were below 
the value established by the legislation. They are still lower 
than the maximum allowed by law for refined oils and fats.

Machado, Chaves and Antoniassi39 evaluated the 
physical and chemical characteristics of hydrogenated 
cocoa bean oils at two melting points (28 °C and 34 °C) to 
compare the effects of hydrogenation processes on fatty 
acid composition, physical characteristics, and chemical 
properties of the oils, finding acidity indexes within the 
limit of RDC No. 270, dated September 22, 200538, with 
0.092% lauric acid for the first sample, 0.096% lauric acid 
for the second, and a maximum value of 0.3% lauric acid.

Hydrogenation, together with the great presence 
of lauric acid, can increase the oxidative stability of the 
product, causing it to have an acidity index within those 
recommended by the regulators of Identity and Quality of 
Oils and Fats34.

The sample with the highest oxidative stability (OpP) 
was the one with the highest acidity indexes. All samples 
were subjected to processes involving heat to obtain them, a 
factor that affects the stability of an oil39. The OpP and OpM 
samples were also kept in their original sales packaging, 
which did not have specific light protection barriers. In its 
manufacturing, it is assumed that processing conditions are 
under the minimum control of contact with water and air, 
which are other factors that cause product deterioration. 
On the other hand, the OpBD sample, which presented the 
most rapid oxidation signals, was obtained in a non-heat 
process and kept under refrigeration in opaque glass bottles. 
Its acid number is the smallest of the samples.

Determination of the oxidative stability index using 
Rancimat occurs when there is a formic acid formation 
that solubilizes, increasing the electrical conductivity of the 
water40; a trend quickly observed in the OpS and OpHP 
samples, and better preserved from the previous pro-
oxidant factor analysis. Regarding the other samples, they 
probably underwent initial stages of lipid oxidation, and as 
the latter progressed, the primary products of lipid oxidation 
decomposed faster than they were formed, a fact observed 
in rancid oils that have very low lipid concentrations41. The 
high oxidative stability can be attributed to the predominant 
composition of saturated fatty acids, followed by oleic and 
monounsaturated acid.

Using the same methodology used in the present study, 
Melo et al.42 show that the babassu oil does not present 
an induction period, characterizing itself as having high 
oxidative stability. According to this study, even after 30h of 
analysis, there were no sudden changes in water conductivity 
caused by the presence of volatile compounds resulting from 

oxidation processes. Souza et al.43 suggest that antioxidant 
substances, possibly phenolic compounds, may contribute 
to the longer induction time presented by oils. 

Regarding the colorimetric measurement of babassu 
coconut oil, RDC No. 270, dated September 22, 200537, 
we determined that these have a characteristic color and 
did not indicate parameters for their evaluation. 

Determination of lipids in foods by solvent extraction 
in a Soxhlet-type apparatus provided results consisting not 
only of lipids but also of free fatty acids, fatty acid esters, 
lecithins, waxes, carotenoids, chlorophyll and other pigments; 
also, sterols, phosphatides, vitamins A and D and essential 
oils, which can lead to the highest luminosity presented by 
this sample17. The artisanal extraction processes of babassu 
coconut oil involve the use of heat, with temperatures that 
do not present judicious control. Heat could be responsible 
for differences in color parameters between hot (Soxhlet 
and artisan) and cold- (Blight and Dyer and cold pressing) 
processed oils.

For the Casson model, babassu oil extracted by BD 
was considered more fluid (less viscous) than the other 
samples. The oil extracted through the press presented 
higher initial tension, followed by the commercial oil and 
the oil extracted by Soxhlet.

Babassu oil extracted by BD presented lower results 
for Newtonian viscosity. All samples presented Newtonian 
behavior. The increase of the rate of deformation applied 
in the samples, which means that an increase of the shear 
stress occurs and this relation is close to linearity, characteric 
of Newtonian behavior.

CONCLUSIONS
The babassu coconut almond has a predominance 

of carbohydrates and lipids. Of these, the saturated fatty 
acids stand out in nutritional composition. The almond 
also has a small percentage of proteins. It is a food with a 
high energy value that can be consumed in situations that 
demand higher caloric intake. The value of water activity 
indicates that it is necessary to guarantee conditions that 
prevent the development of molds and yeasts in its processing 
and storage. No statistical differences were found between 
extraction methods. Among the methods employed, the 
best procedure to preserve the sensorial and nutritional 
characteristics was pressing at room temperature, which 
in addition to not requiring heat, does not use solvent.

The analyzed oils did not present statistical differences 
regarding fatty acids. Among the saturated fatty acids, 
lauric acid was present in the greatest quantity, followed by 
myristic acid. Also, the presence of oleic monounsaturated 
fatty acid is noteworthy. Tests that evaluate oxidative 
stability have found favorable results for the use of babassu 
coconut oil. The particularities of laboratory and artisanal 
extraction processes such as temperature, pressure, and 
the use of solvents explain the differences between the 
sw21`colorimetric patterns of each sample.

The samples presented Newtonian behavior. The babassu 
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oil extracted by Blight and Dyer was less viscous than the 
others, presenting lower Casson viscosity, lower initial stress 
and lower Newtonian viscosity than the other samples.
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