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Abstract
The influence of storage conditions on the properties of biodiesel from macaúba (Acrocomia aculeata (Jacq.) Lodd. ex Mart).
seed oil was evaluated. The biodiesel samples were stored for 12 months at 25 °C and 4 °C. The physical properties of the biodiesel:
acidity index, peroxide and refractive index, flash point, and oxidative stability were determined. The chemical composition of the
biodiesel was determined by gas chromatography coupled to mass spectrometry and by infrared spectroscopy. The analysis of the
main components and the Hierarchical Analysis were used to group the samples. The oxidative stability of biodiesel, which
developed low acid and peroxide indexes, and the ester composition were maintained stable, regardless of the storage method.
However, storage at 4 °C proved to be more efficient in maintaining the characteristics of the biodiesel. The high quality of
biodiesel and its stability confirm the potential of the agro-industrial use of biodiesel from Acrocomia aculeata.
Keywords: oxidative stability; palm biodiesel; chemical composition; biodiesel; Acrocomia aculeate; chemometrics.
Introduction
The use of renewable energy sources is a growing demand in
the world, and studies on biomass sources available for the
consolidation of renewable energy programs have been
motivated by the production systems to the search for
energy inputs (Abdalla, et al. 2008). Biodiesel, a
biodegradable fuel produced from fats and oils is not toxic
and is environmentally friendly, Pinto, et al. (2005).
Currently, Brazil imports much of the diesel oil it consumes.
Increasing Brazil's biodiesel production will displace the
diesel imports; thereby, saving the country approximately
160 million US dollar if all diesel import is replaced by
biodiesel produced in Brazil (GOV 2016).
In the northern region of the State of Minas Gerais, the
diversity of native flora is widespread and constitutes an
income source for traditional populations. Among the
species used, the fruits from palm trees provide several
valuable products. The main products of these palm trees
are the oil (extracted from the nut) and the cake (the residue
resulting from the oil extraction process). In this context, the
oil can be used to produce biofuels such as biodiesel and

biokerosene, as well as to produce bioethanol (Lima, et al.
2012).
Acrocomia aculeata (jacq.) Lodd. Exmart, Arecaceae,
(macaúba) is an arborescent, thorny, species of palm tree,
more than 16 meters high that can be found in the tropical
and subtropical regions of the Americas (da Motta, et al.
2002), commomly found in the North of the state of Minas
Gerais, a region where the cerrado biome is predominant
(Oliveira, et al. 2012). The oil extracted from macaúba fruits
has considerable economic potential; and in addition to
being a species used for ornamentation, natural medicine,
and as food ingredient, it has been studied for use in the
energy and industrial sectors, including the production of
Biodiesel (C. Mazzottini-dos-Santos, et al. 2014). The
macaúba is a native and perennial species found in several
Brazilian tropical forests. It presents 6,2 Kg oil productivity
per hectare competing with established oilseeds such as oil
palm. All fruit parts are usable and the seeds present high oil
content, which is majoritarian characterized by saturated
fatty acids, predominantly lauric acid (Reis, et al. 2017).
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Biodiesel, as well as the vegetable oils, undergoes
compositional analysis to detect specific compounds and
contaminants. Gas chromatography, usually linked to a mass
spectrometer, is the most commonly used for this type of
analysis because the quantification of components present
in very low concentrations can be accomplished with a high
accuracy(de Araujo, et al. 2001, Knothe 2006). The
identification of fatty acids, triacylglycerols, acylglycerols,
methanol, among others, can be achieved. However, the use
of a mass spectrometer is necessary to avoid ambiguities of
results because single mass spectrum of each component is
obtained (Mariani, et al. 1991, Plank and Lorbeer, 1992).
The evaluation of the oxidative stability is an important
factor in the industrial process. This evaluation involves the
analysis by infrared, CG-EM (Canha, et al. 2012) and
rancimat methods (Yang, et al. 2013). The monitoring of
these properties is important to determine the appropriate
storage conditions for biodiesel produced from macaúba oil,
reduce deterioration processes (Azevedo, et al. 2003,
Almeida, et al. 2010) and increase the possibilities of use
(Davide, et al. 2003, Lutz, 2005). Inadequate storage time
and temperature interfere with biodiesel quality
(Sambanthamurthi, et al. 2000). The oil chemical and
physical properties monitoring are essential for the biodiesel
storage adequate conditions definition, aiming to minimize
deterioration processes (Azevedo, et al. 2003, Davide, et al.
2003, Almeida, et al. 2010). The inadequate storage is
commonly associated with lipolytic microorganism's
proliferation, which promotes triacylglycerol and enzymatic
autocatalytic hydrolysis of oils and their derivatives
(Sambanthamurthi et al. 2000).
Studies that demonstrate the Macaúba biodiesel physicalchemical properties variations over time are not found in the
literature. In this perspective, o the objective of this study
was to monitor the physicochemical characteristics and
chemical composition of the oil fromAcrocomia aculeata
seeds as a function of time and storage conditions (25 °C and
4 °C) during a 12-month period. All the results obtained were
studied through multivariate analysis.

increased after 12 months of storage . However, the final
acidity index (M = 0.12%) was lower than the values
established by ANP/2014,(ANP 2014). After 12 months of
storage, the values are below the values found by Melo and
Souza for biodiesel from seed oil and pulp, respectively
(Serqueira, et al. 2015, Souza, et al. 2016). Acidity is an
essential factor in the quality control of biodiesel because
the presence of free fatty acids, triggers an entire oxidative
process of the fuel, causing deterioration of parts, corrosion,
incrustations and deposit of waste (Portela, 2011).The
hydrolytic or oxidative rancification, the main oxidation
mechanism of oils and fats, is associated with the reaction of
water or air oxygen with fatty acids, especially unsaturated
fatty acids (Bobbio & Bobbio 1992). The absence of double
bonds in the carbonic chain of saturated fatty acids makes
them more stable in the face of degradative processes (Reda
e Carneiro, 2007). The fatty acid composition of macauba oil
is, in higher percentage, saturated fatty acids, with
predominant lauric acid.
Peroxide value and oxidative stability index (rancimat)
The peroxide index is not a property that is reported in the
ABNT specifications; however, the oxidation parameter can
be evaluated through this analysis (El Boulifi, et al. 2013). In
relation to the storage conditions, higher values for the
peroxide index were obtained after storage of biodiesel
under environmental conditions, when the times 0 and 12
months for the treatments at 4°C and 25°C are compared (P
<0.00010). These values are lower than those found by
Boulif, 2013 for soybean biodiesel (El Boulifi, et al. 2013)
probably due to the macaúba biodiesel increased saturated
esters composition. The oxidation reactions of macaúba
biodiesel during the rancimat analysis occurred after nine
hours of treatment, a time greater than that required by the
ANP, which is at least eight hours (Table 1). However, there
was a decrease in the stability as a function of time,
especially when it was stored at 25 ºC. This information is
important for the definition of the storage conditions and
shelf life of the product.

Results and Discussion
Refractive index, specific density, and viscosity
The reaction time of one hour and the temperature of 45 ºC
was sufficient to obtain a 94.53% yield of biodiesel from
macaúba oil. The physicochemical properties of the biodiesel
from macaúba seed oil in the period of 01 to 12 months are
presented in Table 1. The determination of biodiesel
properties is important for verification of the quality of the
product, as is established by the rules of the National
Petroleum Agency (ANP). The quality standards presented in
this resolution were based on ASTM D6751(ASTM 2002) and
EN 14214 (EN14103 2003). The properties of biodiesel from
macaúba seed oil are within the established limits for the
acidity index, kinematic viscosity and flash point, even after
12 months of storage under both temperature conditions.
These factors confirm the potential of biodiesel from
macaúba seed oil for use as a biofuel.

There were no changes in the initial condition with regard to
the refractive index of the biodiesel stored at 4 °C and at 25
°C. The specific mass of the biodiesel is in accordance with
ANP specifications. It is directly related to the molecular
structure of the biodiesel components and can be modified
by changes in the structure or oxidative processes during
storage of the biodiesel. Viscosity is one of the main
parameters for evaluating the quality of biodiesel. There was
an increase in viscosity during storage at 4 °C and at 25 °C, in
agreement with Knothe et al., 2005. However, these values
are within the limits established by the ANP and are
consistent with biodiesel of a similar composition (Souza, et
al. 2016).
The degree of saturation and the size of the carbon chain
influence the viscosity of the biodiesel. A high viscosity can
cause processes of deposition of materials in the engines,
cause clogging and decrease the efficiency of the
combustion process (Lôbo, et al. 2009). This factor is one
reason why viscosity is an mportant parameter for

Acidity index
The level of acidity remained below that established by the
ANP when the biodiesel was stored at 4 °C and at 25 °C. In
the case of the biodiesel stored at 25 °C, the acidity
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Table 1. Physical and chemical properties of macaúba biodiesel before and after storage for 12 months at 4 °C and at 25 °C.
Properties
Units
Time Zero*
After 12 months
ANP 45/2014
Condição Inicial
25 °C
4 °C
Limit
-1
A
Bb
Bb
Acidity index
mg KOH g
0.045 ±0.0058
0.121±0.010
0.119 ±0.0100
0.5
-1
A
Ba
Bb
Peroxide index
meq.1000g
1.416±0.01215
2.224±0.000
2.0218±0
- **
A
Aa
Refractive index
1.4302±0.000
1.4322± 0.000
1.4313± 0Aa
**
A
Aa
Aa
Specific mass
Kg.m-³
927±0.000
927± 0.000
927±0
850-900
2 -1
A
Ba
Ba
Viscosity at 40ºC
mm s
4.143 ±0.000
4.272±0.000
4.175±0
3.0 a 6.0
A
Ba
Bb
Oxidative stability
h
9.83 ±0.233
3.81±0.148
5.98±0.247
8
o
A
Aa
Aa
Flash point
C
110±0.000
110±0.00
110±0
Min. 100
* Time zero: Analysis performed after biodiesel synthesis, before storage, at time zero. **(-) there are no guidelines from the Agencia Nacional de Petróleo, Gás Natural e biocombustíveis.
Different superscript letters indicate significant differences by the Tukey test at 5% confidence level when comparing the storage periods in different temperatures (25ºC and 4ºC) after storage for
twelve months. Capital letters compare storage time after 12 months and baseline condition and lowercase letters compare the storage method (temperature 25 and 4 ºC) after 12 month storage
period.

Fig 1. Infrared spectra of the biodiesel from macaúba seed oil. (a) BM0 (macaúba biodiesel time zero); (b) BM12A (macaúba
biodiesel stored at 25 °C for 12 months); (c) BM12R (macaúba biodiesel stored at 4 ºC for 12 months in the refrigerator).
Table 2. Principal esters identified in the analysis of biodiesel from macaúba oil by GC-MS.
nº
CCompounds
MS fragments (m/z)
1
Methyldodecanoate
43/55/74/87/143/171/183/214
2
Methyltetradecanoate
43/55/74/87/143/199/211/242
3
Methylhexadecanoate
43/55/74/87/143/227/239/270
4
Methyl (9Z, 12Z)-octadeca-9,12-dienoate
41/55/67/81/95/109/263/294
5
Methyl (Z)-octadec-9-enoate
41/55/69/74/83/97/123/222/265/296
6
Methyloctadecanoate
43/55/69/74/87/129/143/255/298

Fig 2. Multivariate analysis of the physical-chemical properties of macauba biodiesel stored at 25 ºC and 4 ªC ( BM - macaúba
biodiesel stored at 25 °C – 1 month up to 12 months and BMR macaúba biodiesel stored at 4 °C – 1 month up to 12 ). (a)
Dispositions scores of macaúba biodiesel samples analyzed as a function of PC1 (72.31%) and PC2(18.95%); (b) Dendrogram of
macaúba biodiesel samples, stored at 25 ºC and at 4 ºC.
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Table 3. Relative areas and retention times (RT) of the methyl esters present in the biodiesel produced from macaúba seed oil.
Relative area
Ester profile of
Initial Condition After 12 months
Macaúba Biodiesel
Time zero*
RT (min)
25 ºC
25 ºC
4 °C.
MethylDodecanoate - Methyllaurate – (C13H26O2)
6.348
46.7165
39.8942
40.4470
MethylTetradecanoate – MethylMyristate (C15H30O2)
10.263
10.7105
11.4493
11.7282
MethylHexadecanoato – MethylPalmitate (C17H34O2)
14.761
9.6597
9.2757
10.1078
Methyl Octadeca-9,12-dienoate – Methyl
18.508
2.5124
1.8225
1.5618
Linoleate (C19H34O2)
Methyl Octadec-9-enoate- MethylOleate (C19H36O2)
18.688
27.4589
33.2021
32.6128
MethylOctadecanoato – MethylStearate (C19H38O2)
19.268
2.9420
4.3563
3.5424
*Time zero: Analysis performed after biodiesel synthesis – initial condition.

Fig 3. Multivariate analysis of the infrared spectrum of macaúba biodiesel stored at 25 ºC and 4 ªC. (MA - macaúba biodiesel stored
at 25 °C – 1 month up to 12 months e MR macaúba biodiesel stored at 4 °C – 1 month up to 12 - refrigerator) (a) Dispositions of
scores for macaúba biodiesel samples analyzed as a function of PC1 (26.23%) and PC2(13.63%). (b) Dendrogram of results for
macauba biodiesel samples stored at 25º and 4 ºC.
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Fig 4. Macaúba seeds oil biodiesel infrared spectra.BM1A, BM7A - (macaúba biodiesel stored at 25 °C for 1 and 7 months); and
BM9R - macaúba biodiesel stored at 4 °C for 9 months (groups G1, G2 e G3) respectively classified at PCA and cluster analyzes.
BM1A and BM9R (macaúba biodiesel stored at 4 ºC for 9 months).

1705

evaluating the quality of the fuel and choosing the most
appropriate storage condition.

Multivariate analysis of physicochemical properties
The scores of the samples in the Principal Components
Analysis are represented in Fig. 2a. The physicochemical
properties of the macaúba biodiesel samples stored at 25 ºC
(BM – Macaúba Biodiesel) and at 4 ºC (BMR- Refrigerated
Macaúba Biodiesel) are arranged in four different groups.
This arrangement implies that the samples whose points are
close to one another in the Fig. have similar behaviors.
With four main components, it was possible to describe
100% of the data, most of the information regarding the
samples being provided by the variables accumulated in the
first two principal components. Principal component 1 (CP1)
accumulated 72.31% of the variance, and the principal
component 2 (CP2) accumulated 18.95% of the variance, to
give a total of 91.26% of the total variance. With regard to
the groups formed by G1, G2, G3 and G4, the samples in
groups G1 and G2 were submitted to storage at 4 ºC and 25
ºC and were evaluated from 0 to 9 months. The groups G3
and G4 were composed of only three samples kept at 25 ºC
and differed from the other groups, indicating that the
physical properties of these samples varied after nine
months of storage when submitted to the temperature of
25ºC.
The hierarchical clustering analysis (Fig. 2b) was used to
confirm the groups shown in the PCA, in which the samples
stored at the temperatures of 4 °C and 25 °C were more
prevalent in the G1 and G2 groups analyzed after nine
months of storage. Thus, the groups shown in Fig. 2 depict
the similarity of the samples through the smaller distance
from one another in the dendrogram. A greater similarity in
the characteristics of the samples maintained at 4 °C and a
greater dispersion in the samples maintained at 25 °C were
observed, mainly in relation to the acidity and peroxide
index from the tenth month of storage.
The increased acidity and peroxide levels indicate that the
biodiesel storage at room temperature favored the methyl
esters oxidation. After 9 months storage, it was also verified
a decreased oxidative stability with a decrease in the
induction period of the samples from groups G3 e G4,
varying from 9,83h, 7,05h and 5,98h at time zero, 6 and 12
months respectively. The macaúba seeds biodiesel presents
as majority ester the laurate methyl, saturated ester,
however, it has reactive species that are susceptible to
oxidation as unsaturated and polyunsaturated methyl esters
(Lapuerta, et al. 2012) although the oxidative stability
depends upon the chemical composition and feedstock
used, it will also depend upon the storage conditions. The
cluster analyzes classified the more homogeneous groups,
corroborating with the statistical results obtained for acidity,
peroxide index and oxidative stability, parameters that
correspond to sample grouping when statistical differences
are observed as a function of time and storage temperature
(P <0.00010).

Flash point
The flash point of the macaúba biodiesel was 110 ºC, a
temperature higher than the minimum of 100 ºC established
by the ANP. In general, biofuels present less risk of explosion
when in contact with air because the flash point is higher
than that of diesel (Alcantara, et al. 2000). However, the
value found was lower than those found for biodiesel
produced from of soybean (178 ºC) or sunflower (181 ºC)
oils (Soriano, et al. 2006), but it is close to the value
observed for biodiesel produced from babassu oil (112 ºC)
(de Oliveira Lima, et al. 2007).
Composition of methyl esters
The compounds detected in the chromatograms are shown
in Table 2. The biodiesel (Table 2 and 3) produced from
macaúba oil is mainly composed of saturated esters, 56% of
which is methyl dodecanoate (methyl laurate), the principal
ester. Being saturated, methyl laurate has a high resistance
to oxidation. In the synthesis of biodiesel, short chain
saturated fatty acids, such as lauric acid, interact effectively
in the transesterification reaction (Ferrari, et al. 2005).
However, the cetane index of the fuel is greater because of
the lower the degree of unsaturation. Long-chain
compounds, such as methyl oleate, which is also present in
the fuel, are more susceptible to oxidation and have higher
melting points and heats of combustion, characteristics
desired in the production of biodiesel.
The predominance of the saturated esters laureate (C 13:0),
myristate (C 15:0) and palmitate (C 176:0) was observed.
When a higher proportion of unsaturated esters was
present, the oxidative stability was lower. The higher
percentage of saturated esters present indicates that the
macaúba biodiesel has a good stability to oxidation. The
storage period did not change the percentage of saturation
in the esters present in biodiesel.
Infrared spectroscopy
In the infrared spectra of the macaúba methyl biodiesel
shown in Fig. 1 (a, b and c), the principal vibration bands
characteristic of asymmetrical and symmetrical stretching
-1
can be seen in the region from 2919 to 2849 cm (CH2). In
-1
the 1732 cm region, the intense band attributed to the C=O
stretching vibration occurs. A band with an average intensity
characteristic of the symmetrical angular C-H deformation of
-1
the methyl group (CH3) occurs at 1432 cm . The presence of
-1
an absorption band at 1732 cm (ν C=O) is characteristic of a
saturated aliphatic ester (Silverstein, 2000). This band is
associated with the C-C-(C=O)-O absorption of ester in the
-1
1300 and 1167 cm regions (Díaz-Muñoz, et al. 2016). These
characteristics confirm the presence of the saturated ester,
methyl dodecanoate, which is the principal component in
macaúba methyl biodiesel. There were no significant
differences in the infrared spectra of samples submitted to
storage at 25 °C and 4 °C at 0 and 12 months. The absence of
-1
bands in the 3640-3200 cm region, characteristic of free
hydroxyl (O-H) group, was observed in the biodiesel in all the
periods and conditions studied.

Multivariate analysis of Infrared analysis results
The scores in the Principal Components Analysis of the
infrared spectra of the samples are represented in Fig. 3a.
Each point represents the Fourier transform infrared
spectrum. The samples are arranged in three different
groups. This fact implies that those samples whose points
are close to one another possess a similar behavior, so they
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tend to stay in the same group. It was possible to describe
100% of the data with nineteen main components. Most of
the information regarding the samples are given by the
variables accumulated in the first two principal components.
Principal component 1 (CP1) accumulated 26.23% of the
variance, and the principal component 2 (CP2) accumulated
13.63% of the variance, to give a total of 39.86% of the total
variance. The samples belonging to the G2 group contained
all the refrigerated samples. In the other groups, the
samples were stored at 25 °C. Those samples whose points
are close have a similar behavior. The samples submitted to
4 ºC maintain their properties, whereas there is a greater
variation in the composition of the samples stored at 25 ºC.
The Hierarchical Analysis by Clustering (Fig.3b) was used to
confirm the groups as previously shown in the PCA, in which
the samples submitted to refrigeration were grouped in
group 02, and those stored at 25 ºC presented little
similarity. These data are in agreement with the clustering of
the physicochemical properties. The biodiesel may present
oxidative instability, depending on the raw material used for
its production. The inadequate storage at 25ºC led to
oxidative processes because of the action of microorganisms
and exposure to heat and humidity (Meher, et al. 2006).
Although oxidation cannot be avoided, it can be minimized.
Care in the process of synthesis and the use of refrigeration
diminish the action of these factors and minimize the
processes of deterioration.
The analysis of the infrared spectra (Fig. 4) of samples
representative of the groups G1, G2 and G3 classified in the
PCA show differences in relation to the bands attributed to
the ester stretching and the stimulation of sp3 carbon CH
present in CH groups, CH 2 and CH 3. There are also
differences in the absorption band around 1465 cm -1
corresponding to the angular deformation band in the plane,
symmetrical (CH2) and asymmetric (CH3). In the region
between 1,750-1,740 cm-1, the characteristic C = O stretch
of the ester carbonyl varied among the samples mainly in
the G1 group (Silverstein, et al., 2006).

°C under vigorous stirring for one hour in a Fisatom
mechanical stirrer Gerhard Knothe, (2010).
The reaction mixture was left in a separatory funnel and
allowed to stand for 24 hours for phase separation. Two
phases were observed: the upper phase contained the
biodiesel, and the lower one contained glycerol, soap, excess
base, and alcohol. The lower phase was collected in a 100mL beaker. The oil was washed with 25 mL of a 5% (v/v)
hydrochloric acid in the separatory funnel and left to stand
for 1.5 h. The aqueous phase was transferred to a becker,
the oil was again washed with 25 mL of 5% (v/v) HCl, and
then washed twice with 20 mL of saturated NaCl solution
and once with distilled water. The pH of the last wash was
neutral. The solution was transferred to an Erlenmeyer flask
and dried over 10 g of anhydrous sodium sulfate. After 45
minutes, the mixture was filtered and placed in a volume
meter. The biodiesel synthesis method aforementioned was
described by Knothe and cols(Gerhard Knothe, 2010). All the
reagents used were analytical grade (Synth).

Materials and Methods

The characterization of biodiesel was accomplished through
the determination of acidity and peroxide and refractive
indices, in accordance with the methods of the (AOCS 1998).
The determination of the flash point was performed
according to the specifications of NBR14598 of 12/2012
(ABNT).
A Brookfield Model LVDV-III + spindle S 63 viscometer at 250
rpm was used for the determination of the viscosity of the
macaúba biodiesel. The sample was heated to 40 °C. For the
conversion of the dynamic viscosity to kinematic viscosity,
the sample density was determined using a 25-mL
volumetric pycnometer, with three replications. The analysis
of oxidative stability was performed according to EN 14112
in a MetrohmRancimat 873 operated with the assistance of
Rancimat 873 Control software (EN14103 2003).

Biodiesel analyzes and storage conditions
The biodiesel was stored in amber glass vials at 4 °C and 25
°C. The acidity index, peroxide index, viscosity and refractive
index were analyzed before storage (time zero) and every 30
days for 12 months. The samples were identified with the
following description: BM - biodiesel samples from macaúba
stored in the environment at 25 ºC, BMR - biodiesel samples
stored in the refrigerated at 4ºC. The numbering 1, 2, 3, ...,
to 12, refers to the storage time, for example BM9R
(biodiesel sample of macaúba chilled for 9 months). The
chemical composition was also evaluated by infrared
spectroscopy and gas chromatography coupled to mass
spectrometry. The oxidative stability and flash point were
evaluated using the Rancimat method at time zero and after
six and twelve months of storage.
Characterization of the biodiesel

Plant material and oil extraction
The seeds of mature macaúba fruits were supplied by the
UBCM – Unidade Básica de Beneficiamento de Coco
Macaúba, located in the community of Riacho D'antas, in
Montes Claros in the north of the state of Minas Gerais
(16°25ꞌꞌ12ꞌꞌS - 44°18ꞌꞌ36ꞌꞌW), Brazil. The seeds were harvested
from mature fruits from natural population plants. The seed
oil was extracted by the cold extraction method involving
pressing with a mechanical press (MP 50 Scoth Tech). The
crude oil obtained was centrifuged for 15 minutes at 3500
rpm to remove the impurities.
Biodiesel synthesis

Methyl ester profile
For the production of biodiesel, 500 mL of the macaúba seed
-1
oil (Acidity value: 0.675 mg KOH g ) in a 1000mL, threenecked, round bottom flask was heated to 45 °C in a water
bath.Potassium methoxide solution (the ratio molar
oil/methanol was 1:20 and 1% m/m potassium hydroxide)
was added, and the reaction mixture was maintained at 45

Chromatographic analysis of the methyl ester profile was
performed using an Agilent Technologies (GC 7890A) gas
chromatograph coupled to a mass spectrometer detector
(MS 5975C) and equipped with a DB-5MS capillary column
(Agilent Technologies, 30 m long x 0.25 mm internal
diameter x 0, 25 μm film thickness). Helium (99.9999%
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purity) was used as the entrainment gas at a rate of 0.8 mL
-1
min . Using an autoinjector (CTC combiPaL), 1 μL of the
sample was injected into the chromatograph at a split ratio
o
of 1:10. The split/splitless injector was maintained at 240 C.
The chromatographic column was initially maintained at 150
o
-1
°C for 2 min and then heated at a rate of 4 C min to 300 °C,
where the temperature was maintained for 2 minutes (post
run). The interface temperature was maintained at 260 °C.
Ionization was achieved by electron impact at 70 eV. The ion
source was maintained at 230 °C, and the data acquisition
was performed in the full scan mode in the 30-600 (m/z)
range. Identification of the compounds detected in the
samples was performed by comparison with spectral data
from the NIST 2.0 library.
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