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Hugo de Souza Rodrigues,3 and Nelson Ramos Stradiotto2

1 Departamento de Quı́mica, Faculdade de Filosofia, Ciências e Letras de Ribeirão Preto, Universidade de São Paulo,
14040-901 Ribeirão Preto, SP, Brazil
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A simple, fast, and complete route for the production of methylic and ethylic biodiesel from tucum oil is described. Aliquots of
the oil obtained directly from pressed tucum (pulp and almonds) were treated with potassium methoxide or ethoxide at 40◦C for
40 min. The biodiesel form was removed from the reactor and washed with 0.1 M HCl aqueous solution. A simple distillation at
100◦C was carried out in order to remove water and alcohol species from the biodiesel. The oxidative stability index was obtained
for the tucum oil as well as the methylic and ethylic biodiesel at 6.13, 2.90, and 2.80 h, for storage times higher than 8 days.
Quality control of the original oil and of the methylic and ethylic biodiesels, such as the amount of glycerin produced during
the transesterification process, was accomplished by the TLC, GC-MS, and FT-IR techniques. The results obtained in this study
indicate a potential biofuel production by simple treatment of tucum, an important Amazonian fruit.

1. Introduction

The search for alternative fuels to replace oil-derived energy
sources has received increased attention worldwide over the
last decades, more specifically since the oil crisis in the
20th century. Fossil fuels constitute a finite energy source,
and they emit a large amount of pollutants [1]. Interesting
alternatives have been presented as possible substitutes for
fossil fuels, such as fuel ethanol [1] and biofuels from
animal and plant oils. Nowadays, these oils appear as a
promising replacement for diesel oil, and special attention
has been devoted to biodiesel [2]. This biofuel consists of
monoalkylesthers of long chain fatty acids, derived from
plant or animal oils [2]. A schematic diagram for the
production of biodiesel from triacylglycerols is shown in
Figure 1.

Biodiesel production offers several advantages, since this
fuel is renewable and environmentally friendly, can be mixed
with diesel, not to mention its numerous animal [3–7] and
plant sources [8–14].

Of all the reported sources of plant oils for biodiesel
production, tucum (Astrocaryum vulgate Mart) must be
highlighted [15]. The fruit of tucum trees is extensively used
by Amazonian communities for the production of food and
cosmetics [15–17] among other applications.

The oil is commonly extracted from tucum by pressing
the entire fruit (pulp and almonds together). Some scientific
studies about its use as a biofuel have been reported [16, 17].
In terms of chemical composition, the tucum oil is rich in
betacarotene [16] and contains oleic and palmitic acids as
the major fatty acids, apart from a small level of linoleic acid
[15]. This oil is considered an important raw material for
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Figure 1: Schematic diagram of triacylglycerol transesterification
by alcoholysis, in the presence of catalysts.

the production of oleochemicals, and it is stable to oxidative
deterioration.

Despite its interesting advantages from an oleochemical
view point, application of tucum oil as a raw material for
biodiesel production has not been extensively reported. In
this context, Lima et al. [18] studied the production of
biodiesel from tucum by transesterification with anhydrous
ethanol and methanol, using NaOH as catalyst. The authors
concluded that the properties of the two types of biodiesel
(ethanolic and methanolic) were very similar to those of oil-
derived diesel.

In this context, research on biodiesel production from
tucum fruit is justified, once this constitutes an important
motivational factor for Amazonian rural communities. In
this way, the Amazonian rural population could obtain their
own biofuel in a sustainable fashion. Therefore, the aim
of this work was to develop a simple, fast and efficient
alkaline (KOH) route for the production of methylic and
ethylic biodiesels from tucum oil, extracted from Amazonian
trees by local communities in a sustainable way, in order to
provide a local biofuel production.

2. Materials and Methods

2.1. Biodiesel Production. The tucum oil was obtained by
pressing the entire fruit (pulp and almonds) in a conven-
tional mechanic press. The obtained oil was filtered through
a glass tube of 1 cm diameter filed with cotton. Potassium
methoxide and potassium ethoxide were prepared using
potassium hydroxide P.A., and methanol P.A., and ethanol
P.A. purchased from Sinth, respectively, following a similar
experimental process described in the literature [18]. The
methoxide form was obtained after adding 9.5 g of KOH
at 120 mL of methanol under stirring until the complete
dissolution (exothermic reaction). The ethoxide form also
was obtained after adding 9.5 g of KOH at 150 mL of ethanol
under stirring until the complete dissolution.

Each aliquot the of oil-alcohol-KOH mixture (methylic
or ethylic form) was kept under stirring at 40◦C for
40 min. The transesterification process was monitored by
thin layer chromatography: the development of separation in
hexane/ethyl acetate 95%/5% solution can exhibit a decrease
of oil band and increase of biodiesel bands through the time.

After the decantation step, each biodiesel form was
separated from glycerin and washed with HCl 0.1 M solution.
A simple distillation at 100◦C was performed, in order to
remove both water and alcohol from the biodiesel samples.
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Figure 2: Chromatogram with mass spectrum identification
obtained for the free fatty acids of tucum oil-identification of its
major oleochemical components.

2.2. Oxidative Stability Studies. The importance of this study
consists of finding out up to which time point there is
no formation of secondary compounds of oxidation, and
to establish when the onset of increasing oxidation rate,
peroxide index, oxygen absorption, and formation of volatile
substances take place.

The oxidative stability measurements were carried out
using a 873 Rancimat equipment from Metrohm. The tucum
oil and the methylic and ethylic biodiesel samples were
submitted to an air gas flow of 10 L/h, under a continuous
heating at 110◦C ± 0.3◦C.

2.3. GC-MS Analysis. The chromatographic analysis of the
biodiesel samples such as the original oil and of the glycerin
obtained during the transesterification process was carried
out using an HP gas chromatograph, model CG 5890, series
II, equipped with an HP1 column (100% dimethyl polysilox-
ane) with 30 m length and 0.2 mm internal diameter. The
mobile phase consisted of H2 and N2 (30 L/min) and air
(300 L/min). An injection volume of 0.5 µL was used in
all the measurements. An injector temperature of 200◦C
was employed, and analysis was accomplished by using a
temperature ramp from 80 to 200◦C. The mass spectra
of the main chromatographic peaks monitored in a mass
spectrometer HP model 5988A, which was coupled to the
chromatograph.

2.4. FT-IR Analysis. The spectroscopic measurements for all
the studied species were recorded on an infrared spectropho-
tometer from Perkin Elmer, model 1430, in the spectral work
range from 4500 to 450 cm−1.

3. Results and Discussion

The methylic route was more efficient for biodiesel produc-
tion (75.1%) than the ethylic route (66.7%). Both results
allowed us to propose this methodology as an alternative
route for biodiesel production. The presence of Lauric,
Miristic, Palmitic, and Oleic fatty acids as the major com-
ponents of the tucum oil, detected retention times range
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Figure 3: oxidative stability index measurements for: (a) tucum oil,
(b) methylic biodiesel, and (c) ethylic biodiesel.

from 12 to 23 min, was confirmed by GC-MS, as indicated
in Figure 2, in good agreement with previous works reported
in the literature [15–18].

Biodiesel production was also confirmed by the FT-IR
technique. In this case, it is possible to check the location
of the bands of the carbonyls of the oils in relation to the
ones of the biodiesel. The main difference observed between
the infrared spectrum of tucum oil and those of its biodiesels
was a small displacement of the C=O stretching band of the
biodiesel samples to lower energy (1747–1740 cm−1), which
can be explained in terms of the substitution of glycerol by
the methoxilic radical [18].

The studies of oxidative stability index indicated loss of
chemical stability for the biodiesels in relation to the original
oil, as indicated in Figure 3. The results about stability
index and storage time are reported in Table 1. While it
was possible to observe a stability time of 6.13 h for the
oil samples, only 2.90 h and 2.80 h were observed for the
methylic and ethylic biodiesels. According to Brazilian laws,
for example [19], the indexes obtained for biodiesels in this
work are under the recommended values (6 h at 110◦C). The
oil form is more stable because it is rich in carotenoids.

The storage time differs from the oxidative stability
index values once no induced oxidation was provided or

Table 1: Oxidative stability index and storage time studies obtained
for the tucum oil and the methylic and ethylic biodiesels.

Sample Oxidative stability index
(h)

Storage time at 20◦C
(days)

Tucum oil 6.13 35.2

Methylic biodiesel 2.90 9.52

Ethylic biodiesel 2.80 8.73

accelerated. It consists in the storage time at 20◦C. In this
case, it was possible to observe a storage time of 35 days for
the tucum oil, which is possible due to the presence of water
and the high acidity of the sample.

4. Conclusions

The proposed methodology successfully produced methylic
and ethylic biodiesel from the tucum oil using KOH as
reagent for alkoxide production. In spite of being used in
several ways by local Amazonian communities, the tucum
oil can also be converted into its biodiesel form, consisting
of an interesting self-production route for biofuel and thus
contributing to sustainable exploitation of this species. The
oxidative stability indexes and storage time make this oil a
good precursor for local biodiesel production, even though
further studies are needed to establish its application in diesel
engines, for example.
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