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Abstract 

Background: The macauba has been identified as the most promising native species for the production of vegetable 
oil and biomass. Several studies confirm its potential for numerous purposes (liquid and solid biofuels, food, cosmetics 
and pharmaceuticals), but this Brazilian biodiversity resource has been little explored, and work aimed at their domes‑
tication and genetic improvement are relatively recent. This study consisted of a multivariate approach to levels of 
trans fatty acids, oil yield and physical characteristics found in fruits of macauba of natural populations. The objective 
was to quantify the genetic variability among 35 genotypes of natural populations of macauba from 16 locations in 
different regions of Brazil. Euclidean Distance measurements were estimated and the cluster analysis obtained by 
the UPGMA method considering separately the fatty acid profile, and traits related to physical part and the fruits oil 
content.

Results: It was observed the formation of seven groups for the profile of fatty acids and five groups for physical 
characteristics and oil yield. Large variations were observed for different types of mesocarp (pulp) fatty acids and ker‑
nel. Oleic acid (18: 1) in mesocarp was the largest contribution to the total divergence. The results indicate variations 
to the physical characteristics and oil yield, especially the oil percentage in mesocarp and weight of the whole fruit 
which contributed 64.58 % of the divergence between genotypes.

Conclusions: The study identified genotypes potential to generate variability and obtaining selection gains, direct‑
ing plant breeding programs according with demands of oils market.
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Background
The macauba (Acrocomia aculeata (Jacq.) Lodd. Ex 
Mart.) from the family Arecaceae, is a native palm tree 
widely distributed in Brazil, being abundant in the cer-
rado biome [1]. Several reports on its traditional use as 
a source of oil for the manufacture of soap and use in 
food, in addition to the use of leaves as forage for ani-
mal feed and crafts, endocarp to coal, fruits for human 
consumption and pulp flour for producing various 
food products [2–4]. In Paraguay, neighboring coun-
try of South America, the exploitation of fruit macaúba 

(Acrocomia totai) has been practiced since 1940 [5], and 
in 2011 about 5000 tons of almond oil was produced 
and marketed [6]. Recently in Brazil, several studies 
have assessed the potential of macauba as a renewable 
biomass resource for generation of liquid and solid bio-
fuels [7], as well as oil for food industry, cosmetics and 
pharmaceuticals [8].

The use of oil for various purposes depends on the fatty 
acid profile which is associated with nutritional value 
and physico-chemical characteristics of oil. Changes in 
expression of fatty acids in soybean have been observed 
due to environmental influences such as planting time 
and temperature [9, 10], or due to the stage of maturation 
of the grain [11, 12]. However, changes in fatty acid com-
position through conventional breeding are possible and 
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have been successful in obtaining soybean to satisfy the 
market demand [13].

Despite its great potential as a source of oil besides sev-
eral applications for its fruits, and diversity of uses con-
sidering the possible products and by-products obtained 
by oil extraction, the domestication and breeding pro-
gram of macauba tree for oil yield has been incipient. 
Currently, new efforts are being focused on species with 
potential for biofuel production and it has been the main 
objective in projects funded for research involving this 
species. The production of biodiesel from macauba fol-
lows a technological approaches in the medium term, 
with the development of production systems of perenni-
als tropical plants for oil production, which is not possi-
ble the cultivation of oil palm, because of environmental 
constraints [14]. In a recent review Dias [15] says that the 
contribution of improvement programs of specific plants 
for oil and biodiesel is small considering the annual 
growth of the Brazilian program of biodiesel production 
and placement of Brazil on the world stage.

According to Cruz [16] the success of a preservation or 
pre-improvement program is dependent on knowledge of 
the amount of variation in the species of interest. Studies 
of the genetic diversity in natural populations are impor-
tant to quantify the variability, particularly in respect to 
traits of interest in addition to indicate collection sites 
and sampling strategies for the preservation and use of 
genetic resources. The macauba, even with the expo-
nential growth of search actions in the last 10 years and 
the resulting increase in knowledge, still is a wild specie. 
Recently, several studies have been conducted in order to 
characterize their productive, morphological and biom-
etric aspects [17, 18], phenology, reproductive [18–20] 
and molecular [21–23]. Those works were important in 
order to demonstrate the potential of this species in rela-
tion to the application of products and by-products and 
quantify the genetic diversity.

Genetic diversity studies in macauba related to fatty 
acid composition are non-existent and may be important 
to target improvement strategies to meet the needs of the 
oil market. Furthermore, this study also contributes to 
increasing knowledge about genetic diversity related to 
physical characteristics of fruit and oil yield among plants 
of macauba natural populations, in order to select gen-
otypes for the maintenance of genetic variability and to 
obtain plants promising.

Results and discussion
The dendrogram generated based on Euclidean dis-
tances presented the structuring of five groups among 
the genotypes considering the physical characteristics 
and oil content (Fig. 1a). The Itutinga genotypes formed 
a separate group, as well as the genotypes of the Coração 

de Jesus. Planaltina-1 and Lagoa Formosa-1 formed 
both isolated groups each. For the largest group (80  % 
genotype) observed a subdivision into two groups with 
greater proximity between Mirabela and Ingai, the state 
of Minas Gerais, and a second group of genotypes of the 
Alto Paranaíba region (Tiros-MG, Arapua-MG, Corrego 
Danta-MG and São Gotardo-MG), Buriti Vermelho-
DF, Formosa-GO and Combinado-TO. Regarding den-
drogram generated from the fatty acid profile (Fig.  1b) 
observed the structure formed into seven groups, with 
similarities when compared to analysis based on physi-
cal characteristics and oil content. Planaltina-1 again 
formed an isolated group. Mirabela-MG genotypes of the 
Montes Claros region, mostly, formed the largest group 
with the genotypes of Ingai, and totaled up yet genotypes 
of Coração de Jesus-MG, also in Montes Claros, and Bur-
iti Vermelho-DF. Next to this larger group, two groups 
were formed by individual genotypes, Combinado-1 and 
Mirabela-3. Two other groups had the same trend to 
group genotypes with common origin. A group formed 
by the majority of genotypes Formosa-GO and another 
seven genotypes of the Alto Paranaiba region. The prin-
cipal component analysis revealed that the dispersion of 
scores in cartesian axes, both the physical characteristics 
of the fruits and oil content (Fig. 2a) and to the fatty acid 
profile (Fig. 2b), showed the same pattern grouping and/
or similarity between the 35 genotypes observed in den-
dograms. Other studies of genetic diversity in macauba 
found the same trend of generating clusters related to the 
genetic origin using both quantitative variables [24] as 
molecular data [22, 23].

There was the importance of the percentage of oil in the 
mesocarp character to differentiate between genotypes. 
This was the most relevant trait contributing 47.57 % to 
the total dissimilarity. The weight of whole fruit (17.1 %) 
also played an important role in quantified distances 
(Table  1). In a study of divergence held with babaçu, 
Orbignya phalerata, the characters of greater contribu-
tion to discrimination of genotypes were the weight of 
kernels/plant, the weight of kernel/fruit weight and cir-
cumference at chest level [25]. The length of internodes, 
yield fruit/bunch and oil yield in the pulp were impor-
tant to discriminate genotypes of tucuma, Astrocaryum 
vulgare [26]. Oleic fatty acid (18:1) and linoleic (18:2) in 
the pulp were the traits related to the profile of fatty acids 
which contributed most to the total divergence and dif-
ferentiation of genotypes (Table 2) and explained 59.75 % 
of the total variation observed. The percentage of lauric 
acid (12:0) and oleic (18:1) kernel also had significant 
contribution (12.18 and 11.40 %, respectively).

It was observed high levels of oil percentage for geno-
types Itutinga-MG, Lagoa Formosa-MG and Tiros-MG, 
reaching values above 75 % oil in the mesocarp and 50 % 
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in almond. While genotypes of Montes Claros region, 
Coração de Jesus, and Nucleo Rural Jardim-DF showed 
oil content in the mesocarp around 30 %, and the lower 

value found was in Planaltina-1, 14.65 % (Table 3). Posi-
tive and significant correlation was identified between 
PFI and MES, 0.56 (Table 4). Among the OMES and MES 

Fig. 1 Dendrograms resulting from the analysis of 35 macauba genotypes, classified according to Euclidean Distance based on physical traits fruits 
and oil contente (a) and fatty acid profile of mesocarp and kernel oils (b), obtained by the UPGMA clustering method (Unweighted Pair‑Group Aver‑
age)
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characters the correlation was significant but negative. 
That is, while bringing the mesocarp percentage relative 
to whole fruit, decreases its oil content. Similar results 
were found in other species of palm trees. In tucumã 
the total weight of the fruit was positively correlated 
with weight of mesocarp [28]. Ciconini et al. [4] found a 
positive association between fruit mass of macaúba and 
mass of mesocarp. In pupunha palm (Bactris gasipaes), 
Santos et al. [29] observed a significant negative associa-
tion between oil content and mesocarp percentage in the 
fruit. It Ciconini et al. [4] found no correlation between 
mass of flesh and oil content in the mesocarp. However, 
most association was found between oil content in the 
mesocarp (OMES) and oil yield the wet base (REND) 
0.89, easily explained because the mesocarp of the fruit is 
the largest contributor to total oil (Table 4).

Table  5 allows interpreting an interesting varia-
tion between the major fatty acids that comprise the 

mesocarp oil and almond Macauba (Fig.  3a, b). Geno-
types Formosa-GO and Alto Paranaiba region, in Minas 
Gerais, showed relatively higher values for oleic fatty 
acid content (18:1), and generally lower for linoleic 
(18:2), especially Lagoa Formosa-MG with 79.12 and 
10.22 % for oleic to linoleic acid. The highest oleic acid 
content and reduction of polyunsaturated fatty acids 
raise the oil stability by reducing or eliminating the 

Fig. 2 Two‑dimensional graph of clustering of 35 macauba genotypes based on scores of the first and second principal components, considering 
physical traits fruits and oil contente (a) and fatty acid profile of mesocarp and kernel oils (b)

Table 1 Estimates of  relative contribution (Sj) of  charac-
teristics related to  physical aspects of  fruit and  oil yield 
for  genetic divergence among  the genotypes macauba, 
based on Singh statistical [27]

Character Sj Relative  
contribution (%)

Whole fruit weight (g) 90,693.57 17.01

Epicarp (%) 30,834.67 5.78

Mesocarp (%) 56,563.09 10.61

Kernel (%) 3246.887 0.61

Endocarp (%) 24,114.24 4.52

Oil content of mesocarp—dry basis (%) 253,578.4 47.57

Oil content of kernel—dry basis (%) 50,968.33 9.56

Oil content of whole fruit—wet basis (%) 23,110.53 4.34

Table 2 Estimates of relative contribution (Sj) of character-
istics related to the profile of fatty acids for genetic diver-
gence among  the genotypes macauba, based on  Singh 
statistical [27]

Oil source Character Sj Relative  
contribution (%)

Mesocarp Lauric acid (C12 0) 4.9544 0.00

Myristic acid (C14:0) 12.0266 0.01

Palmitic acid (C16:0) 28,354.77 20.14

Palmitoleic acid (C16:1) 3765.293 2.67

Stearic acid (C18:0) 2104.355 1.49

Oleic acid (C18:1) 55,773.67 39.61

Linoleic acid (C18:2) 10,198.41 7.24

Linolenic acid (C18:3) 136.5094 0.10

Arachidic acid (C20:0) 5.9596 0.00

Kernel Caprylic acid (C8:0) 853.1326 0.61

Capric acid (C10:0) 807.3406 0.57

Lauric acid (C12:0) 17,142.07 12.18

Myristic acid (C14:0) 2121.19 1.51

Palmitic acid (C16:0) 2069.523 1.47

Stearic acid (C18:0) 466.7626 0.33

Oleic acid (C18:1) 16,050 11.40

Linoleic acid (C18:2) 928.4484 0.66

Arachidic acid (C20:0) 3.0126 0.00
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need for hydrogenation [13]. The Planaltina-1 geno-
types, Formosa-4 and Carmo do Paranaíba-1 showed 
the highest values for the lauric acid (12:0). Oils with 
high lauric acid content are valued in the international 
market for its wide use in the food industry and cosmet-
ics [30]. The Mirabela-5 and Coração de Jesus-2 geno-
types showed a peculiar characteristic of high linoleic 
acid content (18:2), omega-6, a polyunsaturated fatty 

acid that has properties beneficial to human health 
[31]. Genetic divergence studies based on the profile of 
fatty acids in palm trees as potential inaja (Maximiliana 
maripa), tucuma (Astrocaruym vulgare), babaçu (Orbig-
nya phalerata) among others, are rare and/or unavail-
able in the existing literature, including macauba. Some 
works with the reduced number of samples to bring 
specific information, for example, referring to babaçu 

Table 3 Average values of  weight of  whole fruit (PFI) and  percentage of  epicarp (EPI), mesocarp (MES), kernel (AME) 
and  endocarp (END) by  weight of  fruit, mesocarp oil content (dry basis) (OMES), kernel oil content (dry basis) (OAME) 
and oil yield (wet basis) (REND) observed in natural populations of macauba

No Genotypes PFI EPI MES AME END OMES OAME REND
g  %

1 Mirabela‑1 42.07 23.55 45.38 4.81 26.59 61.31 37.06 19.16

2 Mirabela‑2 44.12 23.16 43.95 5.08 28.34 67.75 42.70 19.60

3 Mirabela‑3 36.52 24.78 44.55 5.59 24.65 53.39 44.51 15.74

4 Mirabela‑4 40.02 20.72 50.30 4.32 24.89 48.41 38.85 14.12

5 Mirabela‑5 45.34 23.90 49.85 4.76 22.03 57.87 43.61 16.39

6 Cor.Jesus‑1 49.58 22.72 46.83 6.90 28.79 30.00 36.82 6.58

7 Cor.Jesus‑2 48.34 18.42 55.02 4.85 22.04 24.97 33.24 5.01

8 Ingai‑1 44.82 35.01 36.06 5.30 23.16 74.28 39.97 20.68

9 Ingai‑2 53.03 22.65 46.89 5.09 25.54 65.40 37.76 17.64

10 Itutinga‑1 24.43 33.20 26.17 7.38 33.39 77.54 54.34 16.40

11 Itutinga‑2 32.57 42.28 23.58 7.67 28.39 73.81 61.16 14.76

12 Itutinga‑3 38.62 31.77 27.43 7.10 33.61 65.71 59.12 15.35

13 Tiros‑1 27.72 22.69 38.86 6.03 32.43 76.56 50.59 17.85

14 Tiros‑2 33.65 22.08 35.82 8.16 34.19 64.50 49.04 16.85

15 Arapua‑1 43.68 19.70 40.76 7.77 32.04 65.42 52.27 18.91

16 Arapua‑2 43.95 21.07 46.29 6.06 27.05 64.48 52.35 17.77

17 Lag. Formosa‑1 51.36 23.73 51.22 4.95 20.66 77.43 56.81 25.21

18 S. Gotardo‑1 58.62 18.82 43.43 8.65 29.36 43.77 51.04 12.52

19 Car. Paranaíba‑1 53.38 27.00 41.60 5.55 26.27 64.47 51.60 17.02

20 Cor. Danta‑1 37.91 21.91 40.38 6.86 31.20 49.90 46.76 13.89

21 Abaete‑1 49.33 27.37 40.94 5.29 26.67 64.01 45.12 16.18

22 Jardim‑1 34.60 26.47 44.44 5.61 22.81 32.79 43.26 8.25

23 Jardm‑2 39.37 24.67 32.87 8.73 34.17 60.35 43.56 14.81

24 Bur. Vermelho‑1 32.98 23.75 39.89 8.91 27.37 49.67 43.85 14.69

25 Bur. Vermelho‑2 31.35 20.29 40.52 7.96 31.64 55.55 44.07 14.19

26 Planaltina‑1 55.10 27.47 48.69 4.30 19.65 14.65 52.25 3.40

27 Planaltina‑2 44.47 24.59 40.76 5.82 27.38 51.42 44.65 10.29

28 Planaltina‑3 35.91 17.37 34.18 8.62 39.05 57.64 41.90 11.34

29 Planaltina‑4 27.42 23.91 39.05 6.17 31.05 44.10 40.34 11.27

30 Formosa‑1 48.92 19.76 40.26 9.23 30.79 54.55 45.26 13.46

31 Formosa‑2 44.84 19.74 42.55 8.03 34.66 45.74 40.48 10.78

32 Formosa‑3 38.93 20.87 37.84 8.43 33.16 50.41 42.40 13.58

33 Formosa‑4 44.15 19.11 45.10 7.09 29.28 53.99 40.25 14.30

34 Combinado‑1 42.49 22.35 38.26 10.39 29.53 56.38 46.45 17.46

35 Combinado‑2 23.91 23.43 36.88 8.91 31.23 51.10 49.36 13.14

General average 41.24 24.01 41.05 6.75 28.66 55.70 45.79 14.53
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oil composition [32] and tucuma [33]. These are impor-
tant information about the species, but do not quantify 
the variability in populations or genotypes for fatty acid 
composition. Ciconini et al. [34] found variation in fatty 
acid profile of macauba genotypes for the central region 
of Mato Grasso and observed high content of unsatu-
rated fatty acids in the mesocarp oil of macauba, due 
mainly to the high content of oleic acid (18:1). 

Conclusions
Genetic variability is significant between genotypes 
macauba, and interesting sites collections were aimed 
at conservation of plant genetic resources to establish a 
breeding program. Genotypes of Alto Paranaiba region 
(Lagoa Formosa and Tiros), Lavras region (Itutinga and 
Ingai) and Montes Claros region (Mirabela) are promis-
ing for generating populations (intra or inter progenies 
crossed) with prospects of obtaining genotypes upper 
and significant gains in selection for oil yield. Improved 
populations derived from crosses between progeny of 
genetically distant genotypes and superior performances 
are promising for selection.

The variability is high in chemical composition from 
oils, related to fatty acid levels found in the pulp and 
almond 35 characterized genotypes. It is possible the 
breeding of this species for different focuses, meeting 
diverse demands of the fatty acids market for the varia-
tion found in the oil composition of both the mesocarp 
(pulp) and kernel.

Methods
Natural populations of macauba (Acrocomia aculeate) 
from six regions in Brazil were assessed: Regions of 
Montes Claros, Alto Parnaíba and Lavras in Minas Ger-
ais State, region of Formosa, Goiás State, Combinado in 
Tocantins State and Distrito Federal (Table 6).

The fruits of macauba were collected from mature 
bunches, frozen and sent to Fats and Oils Laboratory 
(Embrapa Food Technology) for physico-chemical anal-
ysis. All parts of the fruit were weighted. Physical traits 
observed were: weight of whole fruit (PFI), percentage of 
weight of epicarp (EPI), mesocarp (MES), kernel (AME) 
and endocarp (END) by weight of the fruit; and oil pro-
duction traits: mesocarp oil content in dry basis (OMES), 
kernel oil content in dry basis (OAME) and oil yield (wet 
basis) (REND). The epicarp was removed, the mesocarp 
was cut and lyophilized, the woody endocarp was bro-
ken and the kernel was dried in an air-circulating oven at 
60  °C. The oil extraction was performed in triplicate on 
a Soxhlet apparatus for 16  h using petroleum ether (bp 
30–60  °C) as solvent. The fatty acid methyl esters were 
prepared according to Hartman and Lago [35] in tripli-
cate. In brief: the saponification step of oil was carried out 
with potassium hydroxide (0.5 M) in methanol at 70  °C 
for 4 min with occasional agitation and the methylation 
step with HCL in methanol was accomplished during 
3 min at 70 °C. The FAME were obtained by addition of 
ethyl ether followed by water washing, drying with anhy-
drous sodium sulfate and dilution with dichloromethane. 
Gas chromatography was performed in a Agilent 6890 
chromatograph fitted with a cyanopropylsiloxane capil-
lary column Quadrex 007 (60 m × 0.32 mm × 0.25 µm), 
and the following conditions: initial column tempera-
ture was set at 100  °C and held for 3  min, increased to 
150 °C at 50 °C/min, further increased to 180 °C at 1 °C/
min and finally increased to 200 °C at 25 °C/min and held 
for 10 min. Carrier gas used was hydrogen, at 1.4 mL/min 
(measured at 100 °C). Injection of 1.0 µL of a 2 % dichlo-
romethane solution of the sample was done in an injector 
operating at 250 °C and split mode (1:50) and FID detec-
tor was kept at 280 °C. Results were expressed as weight 
percent (area normalization). Identification of FAME was 

Table 4 Pearson correlation between the physical traits fruits and oil content observed in 35 genotypes macauba

ns Not significant

**, * Significant at 1 and 5 % probability by t test
a weight of whole fruit (PFI) and percentage of epicarp (EPI), mesocarp (MES), kernel (AME) and endocarp (END) by weight of fruit, mesocarp oil content (dry basis) 
(OMES), kernel oil content (dry basis) (OAME) and oil yield (wet basis) (REND)

Charactera PFI EPI MES AME END OMES OAME REND

PFI −0.21ns 0.56** −0.31ns −0.47** −0.24ns −0.13ns −0.05ns

EPI −0.57** −0.17ns −0.20ns 0.35* 0.49** 0.16ns

MES −0.56** −0.65** −0.48** −0.50** −0.16ns

AME 0.72** 0.06ns 0.19ns −0.04ns

END 0.26ns 0.11ns 0.02ns

OL‑MES 0.42* 0.89**

OL‑AME 0.30ns

REND
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based on comparison of retention times with those of NU 
CHEK standards 62, 79 and 87 (Elysian, MN).

For statistical analysis were considered two groups of 
characters: (1) fatty acid profile; and (2) physical char-
acteristics of fruit and oil yield. The experimental units 
were constituted of 3–6 fruits samples, and the average 
value obtained for each character used as observed data. 
Multivariate statistical procedures were performed as 

follow: (1) estimation of genetic distances between geno-
types from Euclidean distances calculated based on the 
characters evaluated; (2) the relative contribution of the 
variables were estimated for the total divergence [27]; 
(3) cluster genotypes by hierarchical method UPGMA 
(Unweighted Pair-Group Average); (4) principal compo-
nent analysis. Estimates of phenotypic correlations by the 
method of Pearson also were carried to verify the degree 

Table 5 Average of the main fatty acids from mesocarp and kernel of fruits of macauba genotypes from natural popula-
tions

No Genotypes Fatty acid profile of mesocarp oil (%) Fatty acid profile of kernel oil (%)

Palmitic (C16:0) Oleic (C18:1) Linoleic (C18:2) Lauric (C12:0) Oleic (C18:1)

1 Mirabela‑1 22.30 54.90 15.22 34.33 29.47

2 Mirabela‑2 20.83 55.06 15.20 31.89 32.55

3 Mirabela‑3 26.61 48.16 12.60 30.67 30.78

4 Mirabela‑4 23.41 55.16 13.62 35.49 30.02

5 Mirabela‑5 19.10 53.64 19.71 38.68 26.38

6 Cor.Jesus‑1 18.15 58.97 16.68 40.27 25.41

7 Cor.Jesus‑2 20.04 53.16 19.37 36.88 28.65

8 Ingai‑1 19.50 55.03 14.31 36.85 30.49

9 Ingai‑2 14.79 61.80 16.53 36.16 32.03

10 Itutinga‑1 15.87 65.98 8.44 40.21 26.97

11 Itutinga‑2 19.29 61.01 9.58 35.06 31.97

12 Itutinga‑3 20.20 56.85 10.53 39.37 28.52

13 Tiros‑1 7.96 73.32 15.40 37.72 33.02

14 Tiros‑2 14.64 64.44 14.40 36.22 32.93

15 Arapua‑1 8.05 75.52 13.12 38.26 31.62

16 Arapua‑2 14.07 62.14 18.39 39.17 30.02

17 Lag. Formosa‑1 6.93 79.12 10.22 40.81 28.96

18 S. Gotardo‑1 10.93 68.96 13.80 35.72 33.21

19 Car. Paranaíba‑1 12.91 68.88 12.52 45.31 23.61

20 Cor. Danta‑1 11.49 68.86 13.99 37.98 30.82

21 Abaete‑1 12.45 69.05 12.77 42.57 26.99

22 Jardim‑1 22.81 56.31 13.53 34.94 31.88

23 Jardm‑2 23.33 55.14 14.55 40.35 24.58

24 Bur. Vermelho‑1 20.28 63.45 10.59 36.20 27.90

25 Bur. Vermelho‑2 22.81 59.52 8.81 38.21 28.09

26 Planaltina‑1 13.49 60.42 17.61 46.98 20.37

27 Planaltina‑2 14.90 62.10 17.50 41.93 25.85

28 Planaltina‑3 18.48 60.57 15.70 35.34 30.67

29 Planaltina‑4 19.31 58.44 14.56 40.52 25.11

30 Formosa‑1 12.13 67.16 13.30 41.78 23.63

31 Formosa‑2 12.73 66.98 13.44 40.80 24.13

32 Formosa‑3 13.36 64.41 17.17 33.99 32.46

33 Formosa‑4 14.93 65.99 11.21 44.54 19.78

34 Combinado‑1 18.40 64.02 10.26 31.63 33.00

35 Combinado‑2 19.69 57.22 16.90 34.73 32.04

General average 16.75 62.05 14.04 38.04 28.68
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of association between the physical characteristics and 
oil yield. The analyzes were performed using the Genes 
software [36] and NTSYS pc 2.1 [37].

Authors’ contributions
LC performed data analyses, interpreted the data and wrote the manuscript. 
RA was involved in coordinating the work of oil extraction, laboratory analysis 
and revised the manuscript. NJ was involved in the collection of fruit samples 
and in the conception of the study. MB was involved in the conception of the 
study and revised the manuscript. AFM, JR, ID and HB conducted oil extrac‑
tion and chromatographic analysis. All authors read and approved the final 
manuscript.

Author details
1 Embrapa Cerrados, BR 020 km 18, Caixa Postal 08223, Brasília, DF 73310‑970, 
Brazil. 2 Embrapa Food Technology, Av. das Américas, Caixa Postal 29501, Rio 
de Janeiro, RJ 23020‑470, Brazil. 

Acknowledgements
FINEP, CNPq and Petrobras for funding and scholarships to undergraduate and 
postgraduate students.

Compliance with ethical guidelines

Competing interests
The authors declare that they have no competing interests.

Received: 19 November 2014   Accepted: 12 August 2015

References
 1. Lorenzi H, Souza HM, Costa JTM, Cerqueira LSC, Ferreira E. Palmeiras 

Brasileiras e Exóticas Cultivadas. Nova Odessa: Instituto Plantarum; 2004.
 2. Ministério da Indústria e do Comércio—Secretaria de Tecnologia 

Industrial: Produção de combustíveis líquidos a partir de óleos vegetais. 
Brasília, 1985.

 3. Almeida SP. Cerrado: aproveitamento alimentar. Brasília: Embrapa; 1998.
 4. Ciconini G, Favaro SP, Roscoe R, Miranda CHB, Tapeti CF, Miyahira MAM, 

Bearari L, Galvani F, Borsato AV, Colnago LA, Naka MH. Biometry and oil 
contents of Acrocomia aculeata fruits from the Cerrados and Pantanal 
biomes in Mato Grosso do Sul, Brazil. Ind Crop Prod. 2013;45:208–14.

 5. Markley KS. Mbocayá or Paraguay Cocopalm—an important source of oil. 
Econ Bot. 1956;10(1):3–32.

 6. Poetsch J, Haupenthal D, Lewandowski I, Oberländer D, Hilger T. Acroco-
mia aculeata—a sustainable oil crop. Rural. 2012;21(3):41–4.

 7. Dias JMCS, Souza DT, Braga M, Onoyama MM, Miranda CHB, Barbosa PFD, 
Rocha JD. Produção de briquetes e péletes a partir de resíduos agrícolas, 
agroindustriais e florestais. Brasília: Embrapa Agroenegia; 2012 [Embrapa 
Agroenergia: Documentos, 13].

 8. Andrade MHC, Vieira AS, Aguiar HF, Chaves JFN, Neves RMPS, Miranda 
TLS, Salum A. Óleo do Fruto da Palmeira Macaúba Parte I: Uma Aplicação 
Potencial Para Indústrias de Alimentos, Fármacos e Cósmeticos. In: Anais 
do II ENBTEQ ‑ Encontro Brasileiro sobre Tecnologia na Indústria Química: 
17‑19 October 2006; São Paulo. São Paulo: ABEQ; 2006, vol 1.

 9. Schnebly SR, Fehr WR. Effect of years and planting dates on fatty acid 
composition of soybean genotypes. Crop Sci. 1993;33:716–9.

 10. Moraes RMA. Eficiência de seleção para teores dos ácidos oléico e 
linolênico em soja cultivada em duas temperaturas. MSc dissertation. 
Universidade Federal de Viçosa, Programa de Pós‑graduação em Gené‑
tica e Melhoramento; 1999.

 11. Silva MTR, Moraes RM, Teixeira JPF. Variação da composição química de 
grãos de soja ‘Santa‑Rosa’ durante o seu desenvolvimento. Bragantia. 
1981;40(2):11–9.

Table 6 Populations, collecting sites macauba fruit sam-
ples and genotypes/local

Region–population Location of collection Genotypes/local

1. Region of Montes Claros‑
MG

Mirabela‑MG 1, 2, 3, 4 e 5

Coração de Jesus‑MG 6 e 7

2. Region of Lavras‑MG Ingaí‑MG 8 e 9

Itutinga‑MG 10, 11 e 12

3. Region of Alto Paranaíba‑
MG

Tiros‑MG 13 e 14

Arapuá‑MG 15 e 16

Lagoa Formosa‑MG 17

São Gotardo‑MG 18

Carmo do Paranaíba‑MG 19

Córrego Danta‑MG 20

Abaeté‑MG 21

4. Distrito Federal Núcleo Rural Jardim‑DF 22 e 23

Núcleo Rural Buriti 
Vermelho‑DF

24 e 25

Planaltina‑DF 26, 27, 28 e 29

5. Formosa‑GO Formosa‑GO 30, 31, 32 e 33

6. Combinado‑TO Combinado‑TO 34 e 35

Fig. 3 GC chromatograms of fatty acid methyl esters of mesocarp oil (a) and kernel oil (b) of macauba



Page 9 of 9da Conceição et al. BMC Res Notes  (2015) 8:406 

 12. Teixeira JPF, Ramos MTB, Moraes RM, Faraco MH, Mascarenhas HAA. 
Acúmulo de substâncias de reserva em grãos de soja. I. Matéria seca, óleo 
e ácidos graxos. Bragantia. 1985;44(1):295–309.

 13. Fehr WR. Breeding for modified fatty acid composition in soybean. Crop 
Sci. 2007;47:72–87.

 14. Gazzoni DL. Agroenergia: situação atual e perspectivas. In: Faleiro FG, 
Farias Neto AL, editors. Savanas: desafios e estratégias para equilíbrio 
entre sociedade, agronegócio e recursos naturais. Planaltina: Embrapa 
Cerrados; 2008. p. 861–78.

 15. Dias LAS. Biofuel plant species and the contribution of genetic improve‑
ment. Crop Breed Appl Biotechnol. 2011;1:16–26.

 16. Cruz CD, Ferreira FM, Pessoni LA. Biometria aplicada ao estudo da diversi‑
dade genética. Visconde do Rio Branco: Suprema; 2011.

 17. Chuba CAM, Machado MAGTC, Santos WL, Sanjinez‑Argandoña EJ. 
Parâmetros biométricos dos frutos da boicaiúva. In: Resumos do XX 
Congresso Brasileiro de Fruticultura and 54th Annual Meeting of the 
Interamerican Society for Tropical Horticulture: 12‑17 October 2008; 
Vitória. Vitória: Incaper; 2008: CD‑ROM.

 18. Teles HF: Caracterização de ambientes com ocorrência natural de 
Acrocomia aculeata (Jacq.) Lodd. Ex Mart. e suas populações nas regiões 
centro e sul do estado de Goiás. MSc dissertation. Universidade Federal 
de Goiânia, Programa de Pós‑Graduação em Agronomia; 2009.

 19. Scariot A, Lleras E, Hay JD. Reproductive biology of the palm Acrocomia 
aculeata in Central Brazil. Biotropica. 1991;23(1):12–22.

 20. Lorenzi GMAC. Acrocomia aculeata (Jacq.) Lodd. Ex Mart.—Arecaceae: 
bases para o extrativismo sustentável. PhD thesis. Universidade Federal 
do Paraná, Programa de Pós‑Graduação em Agronomia; 2006.

 21. Nucci SM. Desenvolvimento, caracterização e análise da utilidade de 
marcadores microssatélites em genéticas de populações de macaúba. 
MSc dissertation. Instituto Agronômico de Campinas, Programa de Pós‑
Graduação em Agricultura Tropical e Subtropical; 2007.

 22. Oliveira DA, Melo Júnior AF, Brandão MM, Rodrigues LA, Fonseca FSA, Fer‑
reira MFM, Silva GM. Diversidade genética de populações de Acrocomia 
aculeata (Jacq.) Lodd. (Arecaceae) no norte do estado de Minas Gerais. 
In: Anais do IX Simpósio Nacional sobre Cerrados and II Simpósio Inter‑
nacional sobre Savanas: 12‑17 October 2008; Brasília. Planaltina: Embrapa 
Cerrados; 2008, vol 1.

 23. Bellon G, Faleiro FG, Cargnin A, Junqueira NTV, Souza LS, Fogaça CM. 
Variabilidade genética de acessos de macaúba (Acrocomia aculeata) 
com base em marcadores RAPD. In: Anais do 5º Congresso Brasileiro de 
Melhoramento de Plantas: 10‑13 August 2009; Guarapari. Vitória: Incaper; 
2009: CD‑ROM.

 24. Manfio CE, Motoike SY, Resende MDV, Santos CEM, Sato AY. Avaliação de 
progênies de macaúba na fase juvenil e estimativas de parâmetros gené‑
ticos e diversidade genética. Pesquisa Florestal Brasileira. 2012;32:63–8.

 25. Santos MF. Variação genética em populações naturais de babaçu (Orbig-
nya phalerata Mart.) por marcadores morfoagronômicos e moleculares. 
MSc dissertation. Universidade Federal do Piauí, Programa de Pós‑Gradu‑
ação em Genética e Melhoramento; 2011.

 26. Flores BC, Oliveira MSP, Abreu LF, Oliveira NP. Divergência genética entre 
acessos de tucumanzeiro selecionados para teor de óleo na polpa por 
caracteres morfo‑agronômicos. In: Anais do II Congresso Brasileiro de 
Recursos Genéticos: 24–28 September 2012; Belém. Brasília: SBRG; 2012. 
pp 1–4.

 27. Singh D. The relative importance of characters affecting genetic diver‑
gence. Indian J Genet Plant Breed. 1981;41:237–45.

 28. Ribeiro LLO, Lima IL, Cunha LS, Pacheco EP, Silva RTL. Biometria dos frutos 
de tucumã (Astrocaryum vulgare Mart.) no município de capitão Poço/PA. 
Enciclopédia Biosfera. 2014;10(19):2776–86.

 29. Santos BWC, Ferreira FM, Souza VF, Rocha RB. Efeitos de Caracteres Físicos 
e Químicos Sobre o Teor de Óleo de Frutos de Pupunha. In: Anais do 7º 
Congresso Brasileiro de Melhoramento Genético de Plantas: 4–8 August 
2013; Uberlândia. Viçosa: SBMP; 2013. pp 1088–1090.

 30. Wandeck FA, Justo PG. A macaúba, fonte energética e insumo industrial: 
sua significação econômica no Brasil. In: Anais do VI Simpósio sobre o 
Cerrado: 4–8 October 1982; Brasília. Planaltina: Embrapa Cerrados; 1982. 
pp 541–577.

 31. Moraes F, Colla LM. Alimentos funcionais e nutracêuticos: definições, leg‑
islação e benefícios à saúde. Revista Eletrônica da Faculdade de Farmácia. 
2006;3:109–22.

 32. Machado GC, Chaves JBP, Antoniassi R. Composição em ácidos graxos e 
caracterização física e química de óleos hidrogenados de coco babaçu. 
Revista Ceres. 2006;53:463–70.

 33. Ferreira ES, Lucien VG, Amaral ASM, Silva CS. Caracterização físico‑química 
do fruto e do óleo extraído de Tucumã (Astrocarium valgare M). Alimentos 
e Nutrição. 2008;19:427–33.

 34. Ciconini G, Favaro SP, Souza CFT, Miyahira MAM, Corrêa A, Plein GS, Souza 
JLC, Santos GP. Óleo de polpa da Macaúba: Variabilidade das caracte‑
rísticas físico‑químicas em plantas do Mato Grosso do Sul. In: Anais do 
IV Congresso Brasileiro de Mamona and I Simpósio Internacional de 
Oleaginosas Energéticas: 7–10 June 2010; João Pessoa. Campina Grande: 
Embrapa Algodão; 2010. pp 1910–1914.

 35. Hartman L, Lago RCA. Rapid preparation of fatty acid methyl esters from 
lipids. Lab Pract. 1973;22(4):475–6.

 36. Cruz CD. Programa genes: aplicativo computacional em genética e 
estatística. Viçosa: UFV; 2001.

 37. Rohlf FJ. NTSYS‑pc: numerical taxonomy and multivariate analysis system, 
version 2.1. New York: Exeter Software; 2000.

Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Genetic diversity of macauba from natural populations of Brazil
	Abstract 
	Background: 
	Results: 
	Conclusions: 

	Background
	Results and discussion
	Conclusions
	Methods
	Authors’ contributions
	Received: 19 November 2014   Accepted: 12 August 2015References




