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APRESENTAÇÃO

A coleção “Ciências Exatas e da Terra: Exploração e Qualificação de Diferentes 
Tecnologias 3” é uma obra que objetiva uma profunda discussão técnico-científica 
fomentada por diversos trabalhos dispostos em meio aos seus 22 capítulos. Esse 3º volume 
abordará de forma categorizada e interdisciplinar trabalhos, pesquisas, relatos de casos e/
ou revisões que transitam nos vários caminhos das Ciências exatas e da Terra, bem como 
suas reverberações e impactos econômicos e sociais. 

Tal obra objetiva publicizar de forma objetiva e categorizada estudos e pesquisas 
realizadas em diversas instituições de ensino e pesquisa nacionais e internacionais. Em 
todos os capítulos aqui expostos a linha condutora é o aspecto relacionado às Ciências 
Naturais, tecnologia da informação, ensino de ciências e áreas afins.

Temas diversos e interessantes são, deste modo, discutidos aqui com a proposta 
de fundamentar o conhecimento de acadêmicos, mestres e todos aqueles que de alguma 
forma se interessam por inovação, tecnologia, ensino de ciências e demais temas. Possuir 
um material que demonstre evolução de diferentes campos da engenharia, ciência e 
ensino de forma temporal com dados geográficos, físicos, econômicos e sociais de regiões 
específicas do país é de suma importância, bem como abordar temas atuais e de interesse 
direto da sociedade.

Deste modo a obra Ciências Exatas e da Terra: Exploração e Qualificação de 
Diferentes Tecnologias 3 apresenta uma profunda e sólida fundamentação teórica bem com 
resultados práticos obtidos pelos diversos professores e acadêmicos que desenvolvem seu 
trabalho de forma séria e comprometida, apresentados aqui de maneira didática e articulada 
com as demandas atuais. Sabemos o quão importante é a divulgação científica, por isso 
evidenciamos também a estrutura da Atena Editora capaz de oferecer uma plataforma 
consolidada e confiável para estes pesquisadores exporem e divulguem seus resultados.

Francisco Odécio Sales
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ABSTRACT: This work investigated the use of 
Luehea divaricata and Pterodon emarginatus 
antioxidant natural extracts as biofuel additives 
and their compositions, more specifically for 
soybean biodiesel.  The soybean biodiesel 
was produced by homogeneous catalysis 
using methanol and sodium methoxy by 
transesterification and characterized using 
NMR and gas chromatography techniques. The 
vegetable origin additives came from L. divaricata 
barks and P. emarginatus seeds. Although these 
species are reported the literature regarding their 
phenolic composition and antioxidant properties, 
the studies about antioxidant activity in biodiesel 
are not reported. The oxidative stability of 
soybean biodiesel added with the extracts 
was evaluated using the Rancimat equipment 
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accelerated oxidation technique according to the EN 14112 specification. The analysis of 
results showed a significant increase in the induction period when the alcoholic extracts of 
this two vegetable species were added, evidencing their antioxidant action in the soybean 
biodiesel. The values found for the extract-added biodiesel induction were over 8.0 h, when 
the additive concentration was equal or over 125 ppm with the L. divaricata extract and 1200 
ppm with the P. emarginatus extract.
KEYWORDS: Induction time, Natural antioxidants, Pterodon emarginatus, Luehea divaricata.

1 |  INTRODUCTION
In the last few decades, biodiesel has become a biofuel of great importance in the 

world energy matrix. Biodiesel is considered a renewable, biodegradable and non-toxic 
fuel (Meira et al., 2015). It can be obtained from different raw-materials and production 
methodologies (Sarin et al., 2007; Berchmans and Hirata, 2008; Gaurav, Srivastava and 
Singh, 2013). In industry, it is usually obtained through the transesterification of vegetable 
oil and animal fat, using basic homogeneous catalysis and in the presence of methanol. This 
results in a mixture of fatty acid methyl esters and glycerin. 

In any phase of the biodiesel productive process, degradation might occur due to the 
presence of oxygen, water, light, temperature, metallic ions, microorganisms, peroxides, 
among other factors that alter its physicochemical properties. The effect of these factors 
varies with the product conditions, for example, time and place of storage and transportation. 
Another factor influencing degradation is the biodiesel composition, depending on the raw-
material used (Zhou, Xiong and Liu, 2017). The biodiesel degradation process is one of 
the main disadvantages in comparison with the petroleum diesel. To be commercialized, 
biodiesel must meet the quality specifications set by the norms (EN, ASTM and ANP in 
Brazil), such as viscosity, specific mass, acidity index and oxidative stability. 

The oxidative stability is mainly related to the fatty acids composition of the raw-
material used. The presence of unsaturated fatty acids interferes directly with the biodiesel 
oxidative stability (Sarin et al., 2010). The hydrolytic and oxidative degradation are the main 
problem in the long-term storage of biodiesel (Bandioli et al., 1995). Therefore, the use of 
antioxidant additives is an alternative to increase biodiesel stability, wich should reach 8 h by 
ANP regulation. Antioxidants can be classified according to their action mechanism: primary, 
secondary, synergists, oxygen removers, biological, chelating agents and mixed antioxidants 
(Galvan et al., 2014). They can also be categorized as natural or synthetic (Kumar, 2017). 
Primary antioxidants react interrupting the propagation of the auto-oxidation process chain 
reaction, through the donation of protons of the OH or NH active groups, preventing the 
formation or dissemination of free radicals. Substituted phenolic compounds, secondary 
aromatic amines and thiophenes are the most used primary antioxidants (Varatharajan and 
Pushparani, 2017). Secondary antioxidants act delaying the chain reaction initiation rate, 
through the medium hydroperoxide decomposition (Rashed et al., 2015).  
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The biodiesel industry uses synthetic antioxidant additives that act as primary 
antioxidants. Most synthetic antioxidants are phenolic or polyphenolic compounds which are 
different one from another regarding the substituent alkyl groups (Amarowicz et al., 2004). 
Some of the main antioxidants used in the biodiesel industry are di-tert-Butyl-hydroxytoluene 
(BHT), tert-Butyl-hydroxyanisole (BHA), tert-butyl-hydroquinone (TBHQ) and propyl gallate 
(Pr-G)(Galvan et al., 2014; Supriyono et al., 2015; Yang et al., 2017). 

Although the synthetic antioxidants are the most used industrially, many vegetable 
species have been studied regarding their application as antioxidant additive in biodiesel, 
for example Rosmarinus officinalis (Medeiros et al., 2013), Moringa oleífera (Fernandes et 
al., 2015), Curcuma longa (Sousa et al., 2014) and Origanum vulgare (Spacino et al., 2016). 
The antioxidant property results from the fact that vegetable species presents secondary 
metabolites in their chemical composition, wich act as antioxidants (Varatharajan and 
Pushparani, 2017).

Brazil has a great diversity of vegetable species with antioxidant activity potential, 
such as the Luehea divaricata, popularly know in Brazil as “açoita-cavalo”. This species 
belongs to the Tiliaceae family and is found in many Brazilian regions (Lorenzi et al., 
2010). The L. divaricata bark extracts present several secondary metabolites such as 
flavones, flavonoids, glycosyl, steroids, catechin and epi-catechin, among others that act as 
antioxidants (Tanaka et al., 2005). Another species that also presents antioxidant secondary 
metabolites is the Pterodon emarginatus Vog. (Leguminosae/Papilonaceae), popularly 
known in Brazil as ‘sucupira branca’, it is widely used in domestic medicine as an anti-
inflammatory (Carvalho et al., 1999). The fruit and seeds of this species present terpenoids 
(Coelho et al., 2005) and phenolic compounds such as flavonoids and isoflavones (Dutra, 
Leite and Barbosa, 2008; Dutra et al., 2009) in their composition, containig molecules with 
antioxidant properties. Although those species are reported in the literature their phenolic 
composition and antioxidant properties, studies there about antioxidant activity in biodiesel 
are not reported. This work evaluated the effects of the antioxidant L. divaricata and P. 
emarginatus extracts as additives in soybean biodiesel.

2 |  EXPERIMENTAL PROCEDURES

2.1 Production of Biodiesel
Fresh biodiesel was obtained by transesterification of soybean oil with methanol and 

sodium methoxy (both reagents were analytic grade without previous purification) added as 
a catalyst, following the 2:1 molar ratio (oil/alcohol) in the presence of 1% (w/w) catalyst.  
The reaction medium was stirred at 65 oC for 1 h and the biodiesel was separated from the 
mixture. The biodiesel was purified by washing with water to remove residual catalyst and 
dried with anhydrous sodium sulfate (Adapted from Ferrari, Oliveira and Scabio, 2005).
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2.2 Biodiesel Analysis

2.2.1 Biodiesel conversion rate

Nuclear magnetic resonance spectra (1H-NMR) were used to analyze the triglyceride 
conversion into biodiesel. The results were obtained in a 400 MHz Bruker model 

Ascend device. The biodiesel sample was solubilized in deuterated chloroform. The results 

were analyzed using the software TopSpin3.5pl7 / Bruker. The integration of signals of 

the methyl ester hydrogens (IMe) at  d3.6 ppm and the hydrogen signal of the methylene 

group adjacent to the carbonyl group (ICH2α) in  d 2.3 ppm of 1H-NMR were used to find the 

conversion of Equation 1 (Ruschel et al., 2016).

                                        (2IMe/3ICH2α) x 100                eq. 1

2.2.2 Specific mass

The specific mass was determined by pycnometry by using a 25 mL calibrated 
pycnometer. The analyses were carried out in triplicate at 20 oC (Santo Filho, 2010).

2.2.3 Kinematic viscosity

The kinematic viscosity was determined following the norm ASTM D 445 at 40 oC 
with a Cannon Fenske viscosimeter. 

2.2.4 Flash point

The biodiesel flashpoint was determined using the Pensky – Martens closed cup 
flahspoint equiment, following the method Tiegel Apparat Geschlossenem, according to the 
norms NRB 7974 and ASTM D 56. The sample, 50 mL ± 0,5 mL, was placed in the test tank 
and the lid was closed. 

2.2.5 Acidity index determination

The acidity index was obtained by volumetric titration, adapted from the standard EN 
14104 and according to Sousa et al. (2014). In triplicate, 2 ± 0.002 g biodiesel were weighed 
in Erlenmeyer flasks, and solubilized in 25 mL of ether-alcohol solution in a 2:1 ratio and five 
phenolphthalein indicator drops. It was titrated with KOH solution (0.1 mol L-1) until pH 7.  

2.2.6 Fatty acid profile determination

The fatty acid profile was determined through gas chromatography according to the 
methodology of Official Method of Analysis, Ce1-62 and Ce 2-26 (AOCS, 1998).  A Perkin-
Elmer chromatograph model CLARUS 580 was used, with an Elite-Wax capillary column 
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(60 m, 0.25 mm, 0,5 mm).  The conditions set were: 10 µL as injection volume, heating ramp 
with an initial temperature of 190 °C, and of 10 °C min-1 to 230 °C rate, which were kept for 
20 minutes. The biodiesel sample was solubilized in hexane HPLC grade at the time of the 
analysis.

2.3 Obtaining the antioxidants extracts

2.3.1 Luehea divaricata Extract

The methanolic extract from L. divaricata barks was prepared by continuous solid-
liquid extraction in the Soxhlet equipment, using ethanol as a solvent for 10 h. The extract 
was filtered and the solvent removed in a rotary evaporator, obtaining the dry extract. The 
yield of extract obtained from the L. divaricata barks was 11.30 % (w/w). The antioxidant 
additive was prepared through the dry extract solubilisation in methanol, and was added to 
the biodiesel in the following concentrations 125 ppm, 250 ppm, 500 ppm and 1000 ppm.

Pterodon emarginatus Extract
The methanolic extract from P. emarginatus seeds was prepared by solid-liquid 

continuous extraction in the Soxhlet equipment, with methanol as a solvent for 12 h. The 
extract was filtered and the solvent removed in a rotary evaporator, obtaining the dry 
extract. The yield of extract obtained from the P. Emarginatus seeds was 12.80% (w/w). The 
antioxidant additive was prepared through the dry material solubilisation in methanol, and 
was added to the biodiesel in the following concentrations 125 ppm, 250 ppm, 500 ppm, 
1000 ppm, 1200 ppm and 1500 ppm.

2.4 Oxidative stability determination
Oxidative stability measurements were carried out using the Rancimat equipment 

model 893 (Metrohm, Herisau, Switzerland) as in EN 14112. The tests consisted in passing 
a 10 L h-1 air flow through 3.0 g sample with and without antioxidant additive in the soybean 
biodiesel.  The accelerated oxidation test was performed using the Rancimat Method. The 
induction period was obtained in accordance with the EN 14112 method and according to 
the resolution No 14/2012 by the National Agency of Petroleum, Natural Gas and Biofuels 
(ANP). All samples were tested in triplicate.

3 |  RESULTS AND DISCUSSION

3.1 Conversion rate 
Aiming at determining the conversion rate in methyl esters, the 1H RMN 

characterization was carried out.
The fatty acid methyl esters conversion rate was obtained according to the method 

proposed by Ruschel et al. (2016). The relation of integrals of methoxyl hydrogen signal 
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in d3,6 ppm (1.4552 integral)  and the hydrogen signal in the methylene group adjacent to 
the carbonyl group in d 2,3 ppm (1.0012 integral) were used. The calculation resulted in 
96.9% conversion rate. These esters comprise 96.9% of the present substances in the B100 
biodiesel used, and they are also in agreement with the current Brazilian legislation (ANP), 
which establishes a minimum limit of 96.5 %.

3.2 Soybean biodiesel characterization
The soybean biodiesel produced was characterized regarding its specific mass, 

kinematic viscosity, flash point and acidity index as shown in Table 1.

Parameters Value Limit Norm

Kinematic viscosity at 40 oC (mm2 s-1) 4.18 ± 0,03 3.0 a 6.0 EN ISO 3104

Specific mass at 20 oC (kg m-3) 876.00 ± 0.02 850 a 900 EN ISO 3675

Flash point (°C) Over 100.0 Min. 100.0 EN ISO 3679

Acidity value (mg KOH g-1) 0.46 ± 0.02 0.5 EN 14104 (5)

Table 1. Physical-chemical properties of biodiesel produced from soybean. All data reported 
represent the arithmetic means of triplicate assays.

Physicochemical parameters, specific mass, kinematic viscosity, flash point and 
acidity index are within the limits set by the EN norms, as shown in Table 1. The values 
found are also in accordance with the literature (Zuniga    et al., 2011; Sousa et al., 2014). 
Sousa et al. (2014) when studying soybean methyl biodiesel obtained a 884.5 kg m-1 specific 
mass value, 4.12 mm s-1 kinematic viscosity and 176.5 °C flash point and these values are 
close to those found by Zuniga et al. (2011).

3.3 Fatty acid profile
The biodiesel oxidation process is mainly influenced by the fatty acid composition 

of the vegetable oil used as raw material. The higher percentage of unsaturated fatty 
acids present is, the higher the susceptibility to degradation of the oil is, and consequently, 
the biodiesel degradation. Oxidation usually occurs via auto-oxidation or polymerization, 
depending on conditions such as suitable moisture, light and/or heat (Ferrari, Oliveira 
and Scabio, 2005). In addition, other characteristics are affected such as the kinematic 
viscosity and iodine index among others. These properties are directly related to the biofuel 
performance in the engine (Lobo et al., 2009). 

The determination of fatty acid profile was carried out by the composition of fatty acid 
esters in the soybean biodiesel. Table 2 presents the soybean biodiesel composition, the 
data obtained is in line with the existing literature (Souza et al., 2014; Farias et al., 2016).
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Fatty acid Soybeana (%) Soybeanb  (%) Soybeanc (%)

Palmitic (16:0) 10.77 11.60 6.95

Estearic (18:0) 4.20 3.20 4.23

Oleic (18:1) 26.57 22.80 36.02

Linoleic (18:2) 51.16 55.63 42.62

Linolenic (18:3) 6.48 6.66 6.45

a Experimental results. All data reported here are arithmetic means of triplicate assays.

b Souza et al., 2014

c Farias et al., 2016

Table 2. Fatty acids composition of soybean biodiesel.

3.4 Oxidative stability determination
As observed in Table 2, the soybean oil composition presented 84.21% unsaturated 

fatty acids and this influences directly the biodiesel oxidative stability. The higher the 
unsaturation number present in the methyl ester composition, is the higher the biodiesel 
oxidation is. Thus, to overcome this problem, it is necessary to work with raw material 
blends and/or additives such as antioxidants to increase the biodiesel induction period. The 
longer the biodiesel induction period is, greater the oxidative stability is (Zhou et al., 2017). 

In this study, two vegetable extract antioxidant additives were used, the P. emarginatus 
seed methanolic extract and the L. divaricata bark ethanolic extract. Both extracts presented 
secondary metabolites with antioxidant properties. The extract concentrations employed 
in this study were 125 ppm – 1000 ppm to L. divaricata and 125 ppm - 1200 ppm to P. 
Emarginatus. These range values were used because in concentrations above them the 
formation of solids after oxidation test. Table 3 shows the results of accelerated oxidation tests 
of B100 and B100 biodiesel with different concentrations of additives. The B100 induction 
period value found was 4.79 h ± 0.84, this value is below the limit set by the European norm 
(EN 14112). To overcome problems resulting from the low oxidative stability and reach the 
minimum induction period required for commercialization, the industry of vegetable oil and 
biodiesel employ antioxidant additives. The results shown in Table 3 confirm the antioxidant 
action of the L. divaricata and P. emarginatus extract in the biodiesel, since the induction 
period was over 8 hours, in the concentrations 125 ppm and 1000 ppm, respectively.
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Concentration of additives (ppm) Induction Period (h)
P. emarginatus a        L. divaricata a

0  4.79 ± 0.84 4.79 ± 0.84
125 5.30 ± 0.55 8.08 ± 0.63
250 5.91 ± 0.38 8.94 ± 0.31
500 6.99 ± 0.89 8.99  ± 0.16

1000 7.85 ± 0.34 10.01 ± 0.30
1200 8.84 ± 0.05 ----
1500 9.54 ± 0.92 ----

a Experimental results. All data reported here are arithmetic means of triplicate assays. The data 
are expressed as the mean ± SD.

Table 3. Oxidative Stability of soybean biodiesel with and without additives. All data reported 
here are arithmetic means of triplicate assays.

These results are plotted in Figure 1. There are differences in the antioxidant capacity 
between these two vegetable species extracts. It is possible to verify that L. divaricata 
extract has an effective antioxidant response at 125 ppm, reaching the minimum oxidation 
time required by ANP with concentrations 8x smaller than P. emarginatus. However, the 
response of the induction period by the L. divaricata extract did not increase proportionally 
with concentration as the P. emarginatus extract, as shown in Figure 1.

Figure 1. Effect of extract concentration in induction period of soybean biodiesel.
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This is probably due to the difference in her composition of the secondary metabolites, 
that is not foccus of this research. These additives probably promote the removal or 
inactivation of the free radicals formed during the reaction initiation or propagation, 
interrupting the oxidation (Yaakob et al., 2014). 

4 |  CONCLUSIONS
P. emarginatus and L. divaricata alcoholic extracts were efficient as antioxidant 

additives in soybean methyl biodiesel, retarding the oxidative process. This could be 
confirmed by the Rancimat test. These results indicate that these extracts are efficient 
natural antioxidants for biodiesel and vegetable oils. The use of vegetable extracts as 
antioxidant additives presents advantages when compared to synthetic antioxidants for being 
environmentally friendly, nontoxic, biodegradable, sustainable and renewable. Regarding 
the use of natural origin antioxidants, both extracts showed powerful antioxidant properties 
when applied in soybean biodiesel. The L. divaricata and P. emarginatus extracts reached 
the minimum time of 8 hours at concentrations of 125 ppm and 1200 ppm respectively.
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