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MACAIBA PALM: FATTY AND AMINO ACIDS COMPOSITION OF FRUITS

Abstract
The lipid content of dried pulp and kernels of Acrocomia intumescens palm fruits grown in the Northeast region of Brazil

was determined to be about 34.6 and 49.2.6%, respectively. The hexane extracted oils from these parts showed refractive indices -
1.4427 and 1.4310, specific gravity - 0.9012 and 0.9213, peroxide - 2.96 and 1.37, acid - 1.5 and 2.1, iodine - 77.1 and 18.0, and
saponification values - 158.0 and 230.4 respectively. Gas chromatography analysis showed a total of 24 and 18 fatty acids in pulp and
kernel oils, respectively. The fatty acid composition of the pulp and kernel oils was 18.6 and 78.9% saturated, 65.5 and 20.0%
monounsaturated 15.6 and 0.0% polyunsaturated, respectively. The principal saturated acids in pulp and kernel oil were palmitic and
lauric acid with 13.3 and 45.5% of total fatty acids. Oleic acid was the predominant monounsaturated fatty acid in both oils with a
concentration of 63.2 and 19.7%, respectively. The amino acid profile of pulp proteins was superior to  kernel proteins, but contained
only 49.5 of the methionine, 59.1 of he lysine and 96.2% of the valine found in the FAO reference protein. However, it contained
leucine, isoleucine phenylalanine and threonine at 117, 136, 183 and 124% of the reference protein. The kernel proteins were deficient
in essential amino acids with the exception of phenylalanine and isoleucine found at 156 and 101% of the reference protein,
respectively.© 2004 Altaga. All rights reserved.
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Resumen
En este estudio se caracterizó el aceite de palma de la región noreste del Brasil. Se determinó que el contenido en lípidos de

la pulpa seca y de la semilla de los frutos de palma Acrocomia intumescens fueron del 34,6 y 49,2%, respectivamente. Los aceites
extraídos en hexano de estas partes tuvieron índices de refracción de 1,4427 y 1,4310, densidad específica de 0,9012 y 0,9213, índice
de peróxido de 2,96 y 1,37, acidez de 1,5 y 2,1, índice de yodo de 77,1 y 18,0 e índice de saponificación de 158,0 y 230.4,
respectivamente. Análisis por cromatografía de gases mostró un total de 24 y 18 ácidos grasos en pulpa y semilla, respectivamente. La
composición de ácidos grados de ambos fue 18,6 y 78,9% de ácidos grasos saturados, 65,5 y 20,0% de mono-insaturados, 15,6 y 0,0%
de poli-insaturados, respectivamente. El ácido graso saturado principal fue en pulpa y semilla el ácido palmítico y laúrico con un 13,3
y 45,5% del total. El ácido oleico fue el predominante entre los mono-insaturados en ambos aceites, con una concentración de 63,2 y
19,7%, respectivamente. El perfil de aminoácidos de las proteínas de la pulpa fue superior al de las proteínas de la semilla, pero
contuvo solo el 49,5% de metionina, 59,1% de lisina y 96,2% de valina, del contenido de la proteína de referencia de la FAO. Sin
embargo, su contenido de leucina, isoleucina, fenilalalina y treonina fueron 117, 136, 183 y 124% del de la proteína de referencia. Las
proteínas de la semilla fueron deficitarias en aminoácidos esenciales con la excepción de la fenilalanina y isoleucina que fueron un
156 y 101% del contenido de la proteína de referencia. © 2004 Altaga. Todos los derechos reservados.

Palabras clave: Macaíba, Acrocomia intumescens, aceites de pulpa y semilla, composición de ácidos grasos y aminoácidos

Resumo
Neste estudio caracterizouse o aceite de palma da rexión noreste do Brasil. Determinouse que o contido en lípidos da polpa

seca e da semente dos froitos de palma Acrocomia intumescens foron do 34,6 e 49,2%, respectivamente. Os aceites extraídos en
hexano destas partes tiveron índices de refracción de 1,4427 e 1,4310, densidade específica de 0,9012 e 0,9213, índice de peróxido de
2,96 e 1,37, acedume de 1,5 e 2,1, índice de iodo de 77,1 e 18,0 e índice de saponificación de 158,0 y 230.4, respectivamente. O
análise por cromatografía de gases mostra un total de 24 e 18 ácidos graxos en polpa e semente, respectivamente. A composición de
ácidos graxos de ámbolos dous foi 18,6 e 78,9% de ácidos graxos saturados, 65,5 e 20,0% de mono-insaturados, 15,6 e 0,0% de poli-
insaturados, respectivamente. O ácido graxo saturado principal foi en polpa y semente o ácido palmítico e laúrico cun 13,3 e 45,5%
do total. O ácido oleico foi o predominante entre os mono-insaturados en ámbolos dous aceites, cunha concentración de 63,2 e 19,7%,
respectivamente. O perfil de aminoácidos das proteínas da polpa foi superior o das proteínas da semente, pero contivo só o 49,5% de
metionina, 59,1% de lisina e 96,2% de valina, do contido da proteína de referencia da FAO. Sen embargo, seu contido de leucina,
isoleucina, fenilalalina e treonina foron 117, 136, 183 e 124% do da proteína de referencia. As proteínas da semente foron deficitarias
en aminoácidos esenciais coa  excepción da fenilalanina e isoleucina que foron un 156 e 101% do contido da proteína de referencia.
© 2004 Altaga. Tódolos dereitos reservados.

Palabras chave: Macaíba, Acrocomia intumescens, aceites de polpa e semente, composición de ácidos graxos e aminoácidos
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INTRODUCTION

The family of plants Palm or Palmaceae includes
about 3000 to 3700 species grouped among 240 to 387
genera. The genera Acrocomia contains about 26 species
out of which 10 species are considered originated from
Brazil. Many species of these genera are known for their
potential as a source of oil, among which Acrocomia
aculeata (macaúba), Acrocomia totai (mucaja) and
Acrocomia instumescens (macaíba) occupy an important
place. Due to the similarities among the palms of
Acrocomia genera, different regional names are used to
designate these palms, sometimes confusing one to
another.

The principal difference among three palms is that
though both Acrocomia aculeata (macaúba) and
Acrocomia totai (mucaja) are thorny palms, Acrocomia
totai contains less thorns than Acrocomia aculeata
while, Acrocomia intumescens palm possesses a belly
in its trunk (Teixeira, 1996). The pulp of the fruits of
this genus is consumed ‘in nature’ and/or is used for the
extraction of oil that can be used as culinary oil, in soap
manufacture and in household medicines. The kernel
contains about 55% oil, which possesses characteristics
similar to that of olive oil  (Lorenzi, 1996).

Very little information on the fruits of Acrocomia
genera is available except fatty and amino acids
composition of the pulp and kernel portions of Acrocomia
sclerocarpa Mart  (Amaya-Farfan et al., 1986) and
triglyceride composition of pulp oil of Acrocomia aculeata
(Lago et al., 1991). No reports have been published on
Acrocomia intumescens. The present work was undertaken
to provide information on fatty and amino acids
composition of the pulp and kernel portions of Acrocomia
intumescens palm fruits grown in the north eastern region
of Brazil.

MATERIALS AND METHODS

Preparation of pulp and kernel samples
The frui ts  (Acrocomia intumescens) were

obtained from the palm trees grown in the state of
Paraíba, Northeast region of Brazil. The pulp from the
fruits was separated manually, dried at 500C for 24 hrs,
packed in polyethylene bags and stored in a refrigerator
(~40C) until use. The nuts were also dried under the
same conditions as described. The dried pulp and
kernels were ground in a mill, screened through the
screens of 40 mesh sizes, packed in polyethylene bags
and stored in a refrigerator.

Five lots each of dried kernel and pulp portions
were prepared from the fruits of different Acrocomia
intumescens palms.

Proximate analysis of pulp and kernels
Moisture, protein, lipid, ash and crude fibre

contents were determined following the standard AOAC
(1990) methods. Total carbohydrate content was
calculated by difference. Five different lots were analysed
in duplicate.

Extraction of oil
The oils were obtained by extraction of dried pulp

and kernel powder with solvent hexane. Three lots for
each type of oil were prepared.

Physical and physicochemical properties of oils
The specific gravity and refractive index were

determined at 40oC using specific density bottle and
refractometer, respectively. For determination of acid,
peroxide, iodine and saponification values standard AOAC
(1990) methods were used. Three different samples of oil
were analysed in duplicate.

Fatty acid composition of oils
Fatty acids were transformed to their methyl esters

(FAME) following the method of Hartman and Lago
(1973) and were determined by using a gas chromatograph
HP 5890 Series II (Hewlett Packard) equipped with a
flame ionisation detector. One and half micro-litre of the
FAME sample was injected and GC separation was carried
out on HP-INNOwax capillary column (Hewlett Packard,
30m length, and 0.25 mm id. and 0.25 µm film thickness).
The carrier gas (helium) head pressure was maintained at
11.5 psi and the column flow rate was 1 ml/min. The oven
temperature was held initially at 120oC for 1 min, increased
at 8oC/min up to 210oC and maintained at this temperature
for 45 min. The temperatures of injection port and of
detector were 250oC and 280oC, respectively. FAME were
positively identified by matching their retention time and
mass spectra with those of the authentic standards obtained
from various firms (Sigma; Nu-Chek-Prep, USA) which
were also run under identical analytical conditions using
high resolution GC-MS system (GCQ of Finnigan Mat).

Three different samples of oil were analysed in
duplicate.

Amino acids composition of proteins
The solvent extracted meals were used for the

determination of amino acids in an amino acid analyser
(Hewlett Packard Amino Quant Series II, HP 1090).
Samples of 100 mg finely powdered were taken in
ampoules and hydrolysis was carried out using 5 ml of 6
N HCl containing 0.05% marcaptoethanol at 105°C for
24 h. Filtered hydrolysate was dried in a vacuum desiccator
and redissolved in 0.1 N HCl containing sarcosine and
norvaline as internal standards. One micro-litre of the
solution was injected directly in amino acid analyser with
reverse phase column using sodium acetate buffer in
channel A: 20 mM, pH 7.2, containing 0.018%
triethylamine and 0.3% tetrahydrofuron, and in channel
B: 100 mM, pH 7.2 containing 40% acetonitrile and 40%
methanol, both HPLC grades. Double prederivatisation of
the amino acids was achieved by reacting with
orthophthalide except for proline, which was derivatised
with 9-fluorenylmethyl chloroformate. The carrier gas was
maintained at a flow rate of 0.45 ml/min and the gradient
was 0 to 60% channel B in 17 min. The amino acid
standards used for calibration, identification and
quantification studies were obtained from Hewlett Packard.

Tryptophan was not determined. Three different lots
of defatted meal were analysed in duplicate.

ALTAGA ©2004                                        Bora and Rocha: Macaíba Palm: Fatty and amino acids composition of fruits
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RESULTS AND DISCUSSION

Table 1 shows the proximate composition of the
dried pulp and kernel fractions of macaíba (Acrocomia
intumescens) fruit. High lipid content was observed in
each fraction of the fruit: 49.2% in kernel and 34.6% in
pulp. The protein content of kernel was superior (8.5%)
to that of pulp (3.8%). The kernels also contained high
fibre content (30.4%). In earlier studies Markley (1985)
also mentioned that the kernel was rich in fibre.

Freshly extracted oil from the pulp possessed a thin
consistency, light green colour, pleasing odour and was
liquid at the temperature of refrigerator (~ 40C), while the
kernel oil was transparent and partially solidified at room
temperature. The physicochemical properties of the oils
are shown in Table 2. The acid value of pulp oil was
smaller (1.5%) in comparison to that of kernel oil (2.1%).
Correia (1975) also reported a low acid value for kernel
oil. Considering the intense activity of the lipolytic
enzymes in Acrocomia intumescens fruit pulp as reported
by Arckoll (1988), the pulp oil still showed low acid
values. However, the peroxide value of pulp oil was higher
(2.97) than kernel oil (1.37). The iodine values for pulp
and kernel oils were 77.1 and, 18.0, respectively indicating
the presence of more unsaturated fatty acids in pulp oil.
Similar iodine values for pulp (77.2) and kernel oil (16.2)
were also reported by Correia (1975). The same author
reported saponification values of 190 and 214-254 for
pulp and kernel oils much higher than 158 and 230,
respectively found in our study.

The result of fatty acid analysis of these oils is
shown in Table 3. Similar to other palm oils, the two oils
presented distinct qualitative and quantitative fatty acid
composition. The pulp and kernel oils contained 25 and
20 fatty acids, respectively. Amaya- Farfan et al. (1986)
reported the presence of 7 and 10 fatty acids in pulp and
kernel oils of Acrocomia sclerocarpa while, Lago et  al.
(1991) could detect only 9 fatty acids in kernel oil of

Acrocomia aculeata palm fruits. The distribution of fatty
acids in pulp oil in our study was as follows: 16 saturated,
7 monounsaturated and 2 polyunsaturated fatty acids
which accounted for about 18.6, 65.5 and 15.6% of the
total fatty acids, respectively. Similarly, kernel oil
contained 14 saturated and 6 monounsaturated fatty acids,
totalling about 78.9 and 20.0% of fatty acids.  Oleic (C18:1)
acid was the predominant fatty acids in pulp oil with
63.2%, followed by palmitic (C16:0) with 13.3%,  linoleic
(C18:2) with 8.8% and linolenic (C18:3 ) acid with 6.8%.
Stearic (C18:0) and palmitolic (C16:1) acids were also present
at 3.9 and 2.0% concentrations. Besides these, the
concentrations of C13:0, C14:0, C17:0, C17:1 and C20:1 varied
from 0.06 to 0.15%. Rest of the 13 fatty acids were present
in trace quantities (<0.06%). Oleic and palmitic acid have
also been reported to be the principal fatty acids of pulp
oil of Acrocomia sclerocarpa Mart (Amaya-Farfan et al.,
1986) and of another palm specie Astrocaryum vulgare
Mart (Bora et al., 2001).

Monounsaturated fatty acids constituted 65.5% of
the total fatty acids in pulp oil, among which oleic (C18:1)
acid alone was responsible for 96.5% of monounsaturated
fatty acids. Other monounsaturated fatty acids were C16:1
(2.0%), C17:1 (0.11%), C20:1 (0.14%), and C14:1,  C15:1 and
C20:1 (< 0.06%). Monounsaturated fatty acids are as
effective as polyunsaturated fatty acids in the reduction
of low-density lipoprotein cholesterol in humans (Mensink
and Katan, 1989). The pulp oil also contained 15.6%

Table 1.- Proximate composition of the dried macaíba palm
(Acrocomia intumescens) fruit pulp and kernel. Five lots of dried kernel
and pulp were analysed in duplicate.

Table 2.- Physical and physicochemical properties of macaíba palm
(Acrocomia intumescens) fruit pulp and kernel oils. Oils from 3 lots
of dried pulp and kernel were analysed.

Table3.- Fatty acid composition of macaíba palm (Acrocomia
intumescens)  fruit pulp and kernel oils. Tr: traces (<0.06% of the total
fatty acids); Nd: not detected; 3 lots of dried pulp and kernel were
analysed in duplicate.

Constituents (%) Pulp Kernel 

Moisture 8.9±1.1 4.8±0.3 
Lipids 34.6±1.9 49.2±1.6 
Protein 3.8±0.2 8.5±1.1 
Ash 3.3±0.1 3.1±0.7 
Fibre 5.9±0.6 30.4±2.1 
Carbohydrates (by diff.) 43.5 4.1 

 

Characteristics Pulp oil Kernel oil 
Refractive Index 1.4427±0.0004 1.4110±0.001 
Specific Gravity 0.9012±0.0006 0.9213±0.0043 
Acid Value 1.5±0.14 2.1±0.12 
Peroxide Value 2.96±0.32 1.37±0.21 
Iodine Value 77.1±2.2 18.0±1.14 
Saponification Value 158.0±2.1 230.4±2.4 
 

% of the total fatty acids Fatty acid 
Pulp oil Kernel oil 

Saturated fatty acids 18.63 78.93 
(C6:0) Tr 0.18±0.1 
(C7:0) Tr  Tr 
(C8:0) Tr  5.61±0.15 
(C9:0) Tr 0.06±0.002 
(C10:0) Tr  4.90±0.03 
(C11:0) Tr  Tr 
(C12:0) Tr 45.53.±0.67 
(C13:0) 0.15±0.02  Tr 
(C14:0)  0.07±0.01 10.62±0.31 
(C15:0)  Tr  Tr 
(C16:0) 13.26±0.17  7.97±0.33 
(C17:0) 1.15±0.15   Tr 
(C18:0) 3.94±0.02  3.82±0.09 
(C20:0)  0.06±0.00  0.24±0.021 
(C22:0)  Tr Nd 
(C24:0)  Tr  Nd 
Monounsaturated fatty acids 65.49 20.04 
(C14:1) Tr Tr 
(C15:1) Tr 0.13±0.01 
(C16:1)  2.03±0.08 0.08±0.01 
(C17:1)  0.11±0.01 Tr 
(C18:1) 63.24±2.3  19.67±0.38 
(C20:1)  0.14±0.01  0.16±0.04 
(C22:1)  Tr Nd 
Polyunsaturated fatty acids 15.56 0,0 
(C18:2) 8.75±0.95  Nd 
(C18:3)  6.81±0.30  Nd 
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polyunsaturated fatty acids among which C18:2 and C18:3
were present in 8.7 and 6.8% concentrations.

Similar to other palm kernel oils, Acrocomia
intumescens kernel oil also belongs to lauric oil group
due to the predominance of lauric (C12:0) acid  (45.53%).
Lauric oils are exceptional in having a substantial
proportion of shorter chain fatty acids including lauric
acid. Other major fatty acids were C18:1 (19.7%), C14:0
(10.6%), C16:0 (7. 9%), C8:0 (5.6%), C10:0 (4.9%) and C18:0
(3.8%), while C6:0,  C9:0, C20:0, C15:1,  C16:1 and C20:1 were
present at concentrations varying from 0.06 to 0.2% of
the total fatty acids. Rest of the 7 fatty acids was present
in trace (< 0.06%) quantities. In the kernel oil of the fruits
of other species of Acrocomia genus: Acrocomia
sclerocarpa and Acrocomia aculeata and also of other
genus Astrocaryum vulgare Mart, lauric and oleic acids
has also been reported as  principal fatty acids by Amaya-
Farfan et al. (1986), Lago et al. (1991) and Bora et al.
(2001), respectively. The lauric oils are highly saturated,
and are used in the manufacture of cocoa butter substitutes.

The  kernel oil contained the same monounsaturated
fatty acids as pulp oil except for C20:1. Oleic (C18:1) acid
represented 98.1% of monounsaturated (20.0%) fatty acids.
No polyunsaturated fatty acid was detected in kernel oil
though Amaya-Farfan et al. (1986) and Lago et al. (1991)
reported trace quantities of C18:2 in the kernel oil of
Acrocomia sclerocarpa and 2.7 to 5.8% of total fatty acids
in Acrocomia aculeata, respectively.

The data on amino acids composition of  Acrocomia
intumescens fruit pulp and kernel proteins are shown in Table
4. In relation to essential amino acids, pulp proteins possessed
a better profile than kernel proteins. Similar observations
for fruits of other palms Astrocaryum vulgare Mart and
Acrocomia sclerocarpa fruits were made by Bora et al. (2001)
and Amaya-Farfan et al. (1986). In Acrocomia intumescens
fruit pulp proteins, except for methionine, lysine and valine,
which were the first, second and third limiting amino acids
respectively, other essential amino acids: leucine, isoleucine,

phenylalanine and threonine were present at concentrations
of 116.9, 136.0, 182.5 and 123.5%, of the FAO (1981)
reference protein, respectively. In kernel proteins only
isoleucine (101.0%) and phenylalanine (155.7%) were
present at concentrations higher than that of reference protein.
Rests of the essential amino acids were deficient.

Similar to other oil seed proteins, macaíba palm
pulp and kernel proteins were rich in aspartic (15.01and
7.29 g/100 g of protein, respectively) and glutamic (12.65
and 26.6 g/100 g of protein, respectively) acids. Besides
these, arginine was also present in fairly high
concentrations (9.27 and 14.90 g/100 g of protein,
respectively).  Other non-essential amino acids such as
alanine, glycine, proline, serine and tyrosine in pulp
protein were present at higher concentrations than in
kernel proteins.

CONCLUSIONS

The macaíba palm (Acrocomia intumescens) fruit
pulp and kernel are rich sources of lipids containing about
34.6 and 49.2% on dry weight basis. The pulp oil
possessed about 81% mono and polyunsaturated fatty
acids, while kernel oil contained about 78.9% saturated
fatty acids. The kernel oil belong to lauric oil group, which
is characteristic of palm oils, and can be used in the ma-
nufacture of margarine and as a substitute for cocoa butter,
while pulp oil can be used for culinary purposes. The fatty
acid composition of macaíba   (Acrocomia intumescens)
fruit oils differed qualitatively as well as quantitatively
with the fruit oils of other Acrocomia species. Better
keeping quality and thermal stability of kernel oil can be
attributed to its high concentration of saturated fatty acids
and high oleic/linoleic acids ratio. The pulp and Kernel
proteins were deficient in some essential amino acids
however, pulp protein showed a better essential amino
acid profile than kernel proteins.

Table 4.- Amino acid composition (g/100 g of protein) of macaíba palm (Acrocomia intumescens)
fruit pulp and kernel proteins. 3 lots of defatted pulp meal and kernel were analysed.

ALTAGA ©2004                                        Bora and Rocha: Macaíba Palm: Fatty and amino acids composition of fruits

Amino acid Pulp Protein Kernel 
Protein 

% of FAO (1981) reference protein 

   Pulp Protein Kernel Protein 

Essential:     
Isoleucine 4.08±0.1 3.03±0.09 136.0 101.0 
Leucine 7.6±0.05 5.44±0.4 116.9 83.7  
Lysine 3.25±0.14 3.85±0.24 59.1 70.0  
Methionine 1.09±0.06 1.03±0.03 49.5 46.8  
Phenylalanine 5.11±0.32 4.36±0.08 182.5 155.7 
Threonine 4.94±0.19 3.66±0.09 123.5 91.5  
Valine 4.81±0.1 4.94±0.04 96.2 98.8  
Non-Essential:     
Alanine 9.23±0.03 6.36±0.30 - - 
Arginine 9.27±0.34 14.90±0.32 - - 
Aspartic acid 15.01±0.16 7.29±0.18 - - 
Cystine 0.35±0. 01  1.08±0.03 - - 
Glutamic acid 12.65±0.6 26.06±1.05 - - 
Glycine 6.26±0.07 5.93±0.02 - - 
Histidine 1.63±0.06 2.17±0. 04 - - 
Proline 4.76±0.13 3.36±0.07 - - 
Serine 5.65±0.27 3.77±0.06 - - 
Tyrosine 4.31±0.06 2.74±0.22 - - 
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