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Compostos volateis obtidos por hidrodestilacio da vinha¢a de cana-de-agticar, um
residuo da producdo de etanol

Resumo: A vinhaca é o principal residuo das industrias de producdo do etanol. Gerada em
grande quantidade, ela é constituida por dgua, compostos organicos e inorganicos e é usada
extensivamente como fertilizante na agricultura, promovendo melhora na qualidade do solo e
no rendimento de culturas. Entretanto, possui elevado potencial poluidor, elevada taxa de
matéria organica, podendo levar a contaminacdo do solo e de aguas, além do risco de
lixiviagdo por componentes minerais. Neste estudo, os componentes volateis da vinhaca foram
obtidos por hidrodestilacio em aparelho Clevenger e analisados por cromatografia a gas
acoplada a espectrometria de massa (CG-EM). A mistura obtida apresentou aspecto de cera e
sua anadlise por CG-EM indicou que é rica em acidos graxos, alcoois e ésteres. Os componentes
majoritarios foram alcool feniletilico (22,28%), acido miristico (17,45%), acido palmitico
(15,81%), palmitato de etila (8,99%) e hexadecanol (6,06%).

Palavras-chave: Vinhaga de cana-de-agucar; volateis; producdo de etanol; CG-EM.

Abstract

Sugarcane vinasse is the main by-product from ethanol production industries. Generated in
large quantities, it is composed by water, inorganic and organic compounds and is extensively
used as fertiliser in agriculture, promoting improvements in soil quality and crop vyield.
However, it has high pollution potential, as the high concentration of organic matter can lead
to contamination of the soil and water, in addition to the risk of leaching of the mineral
components. In the current study, the volatile components of vinasse were obtained by
hydrodistillation using a Clevenger apparatus, then analysed by gas chromatography-mass
spectrometry (GC-MS). A waxy material was obtained, and the GC-MS analysis indicated that
vinasse is rich in fatty acids, alcohols and esters. The major components were phenylethyl
alcohol (22.28%), myristic acid (17.45%), palmitic acid (15.81%), ethyl palmitate (8.99%) and
hexadecanol (6.06%).

Keywords: Sugarcane vinasse; volatiles; ethanol production; GC-MS.

* Instituto Federal do Triangulo Mineiro, Nucleo de Bioprospecgdo em Produtos Naturais (NuBiProN),
Rua Jodo Batista Ribeiro, 4000, Distrito Industrial Il, Uberaba-MG, 38064-790, Brasil.

R luiscunha@iftm.edu.br

DOI: 10.21577/1984-6835.20170047

L)

Rev. Virtual Quim. |Vol 9| |No. 2| |764-773|

x


http://rvq.sbq.org.br/
mailto:luiscunha@iftm.edu.br
http://dx.doi.org/10.21577/1984-6835.20170047

Volume 9, Nimero 2

Margo-Abril 2017

Revista Virtual de Quimica
ISSN 1984-6835

Volatile Compounds Obtained by the Hydrodistillation of
Sugarcane Vinasse, a Residue from Ethanol Production

Ana V. A. Lima,® Mariana A. S. Barbosa,” Luis C. S. Cunha,™* Sérgio A. L.
de Morais, Francisco J. T. de Aquino,“ Roberto Chang,” Evandro A. do
Nascimento®

®Universidade de Uberaba, Departamento de Engenharia Quimica, Campus Aeroporto, CEP
38055-500, Uberaba-MG, Brasil.

® Instituto Federal do Triangulo Mineiro, Nicleo de Bioprospeccdo em Produtos Naturais,
Departamento de Quimica, Campus Uberaba, CEP 38064-790, Uberaba-MG, Brasil.

“Universidade Federal de Uberlandia, Nucleo de Pesquisa em Produtos Naturais, Instituto de
Quimica, Campus Santa Moénica, CEP 38408-144, Uberlandia-MG, Brasil.

* lJuiscunha@iftm.edu.br

Recebido em 27 de outubro de 2016. Aceito para publicagdo em 7 de fevereiro de 2017

1. Introduction
2. Materials and methods

2.1. Material collection

2.2. Extraction of volatile compounds from vinasse

2.3. Analysis of the volatile compounds

2.4. |dentification of volatile constituents

3. Results and discussion

4. Conclusions

1. Introduction

Vinasse is the residue obtained from the
ethanol distillation process, characterized by
its high biochemical and chemical oxygen
demand. It is used as a fertiliser for
agricultural and animal pasture areas.
Depending on the application time, area and
concentration, its agricultural application has
been shown to contribute to the soil nutrient
content, reduced land degradation and

improved crop yield." However, the leaching
of mineral components, such as potassium
and nitrate, combined with the high level of
organic matter in vinasse, provides a source
of contamination of soil, surface water,
groundwater and the surrounding
environment if applied in excess to a
particular area.”? Specific recommendations
should be followed for each region in order
to prevent excessive use and subsequent
leaching of minerals.®> Furthermore, studies
have shown that the dilution of vinasse in
water (50% v/v) has mutagenic effects on
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Tradescantia pallida.* Therefore, it has been
recommended that use of vinasse be carried
out with caution, despite being economically
viable. When the vinasse is not used in
fertigation, some alcohol production
industries have instead deposited it in
regions known as “sacrifice areas”. These
areas pose a great risk to groundwater and
rivers by potential leaching.” The vinasse
from sugarcane is rich in organic matter and
mineral components,® and its composition
may vary depending on several factors,
including the raw material used to produce
ethanol, the distillation process employed,”
collection method, and the technology used
for the production of ethanol and
determination of soil quality.®

In addition to several studies that have
evaluated the use of vinasse as a fertiliser,
several other studies have evaluated its:
potential use for bioremediation of soil
contaminated with diesel oil,’ mutagenic
activity,4 use in combustion processes,8
treatments to reduce the pollution potential
(e.g., biodigestion)>® and the volume
generated in the ethanol production
process,5 chemical composition,lo'11 use in
animal  feed,***? biogas production,13
biohydrogen production,” allelopathic
activity for weed contro and the
evaporation and concentration of vinasse for
use as fuel.®

15
1,

As vinasse is a waste product generated in
high quantities by the alcohol industry (10-18
L vinasse per litre of alcohol produced),’ it is
a threat environment. So, research has
focussed on new applications of vinasse and
technologies to reduce the volume produced
and its pollution potential.®

Vinasse is a rich source of organic
compounds, and these compounds could be
analysed and identified by gas
chromatography coupled to mass
spectrometry (GC-MS). Previous studies have
used GC-MS to identify several organic
compounds in the residues derived from the
distillation of molasses and sugarcane juice
used to produce rum.*>*®

A more detailed knowledge of the

Vo

chemical composition of sugarcane vinasse
generated by ethanol production is important
for determining its properties, and could be
useful for identifying new uses for this by-
product. To our knowledge, no studies in the
literature have investigated the volatiles
present in sugarcane vinasse produced as a
by-product of ethanol production. Therefore,
the objective of this study was to obtain the
volatile fraction of vinasse by
hydrodistillation and to characterize its
chemical composition using GC-MS.

2. Materials and methods

2.1. Material collection

Vinasse samples were collected from an
alcohol distillery located in the municipality
of Buritizal, Sdo Paulo, Brazil (20°11'29" §,
47°42'18" W), on the morning of 26 August,
2013. The samples were stored under
refrigeration until extraction of the volatile
components.

2.2. Extraction of volatile compounds

Approximately 250 mL of vinasse was
extracted by hydrodistillation for 4 hours
using a Clevenger apparatus. The mixture
obtained was extracted with 10 mL
dichloromethane, after that the organic layer
was separated. This fraction was dried with
anhydrous sodium sulphate, then
concentrated by evaporation at room
temperature, and kept in a closed vial at -
10°C for further analysis.”” The resulting waxy
mixture was dissolved in dichloromethane at
a concentration of 5 mg/mL and analysed by
GC-MS.

2.3. Analysis of volatile compounds

The analysis was performed using a gas

Rev. Virtual Quim. |Vol 9| |No. 2| |764-773|



LVa

chromatograph coupled to a mass
spectrometer (QP2010; Shimadzu, Kyoto,
Japan) equipped with a DB-5 J&W capillary
column (5% phenyl 95%
polydimethylsiloxane; 30 m x 0.25 mm x 0.25
pum film thickness). Helium was used as the
carrier gas at a flow rate of 1 mL/min, and
the detector and injector temperatures were
set to 220 and 240°C, respectively. The
injection volume was 1 pL of the solution at a
concentration of 5 mg/mL, and the split ratio
was 20:1. The oven temperature was
programmed from 60 to 246°C at a rate of
3°C/min and then kept at this temperature
for 38 min. The electron impact energy was
set at 70 eV, and fragments from m/z 40 to
650 were collected.™®

2.4. Identification of the volatile

constituents

Identification of the volatile components
of the vinasse was achieved based on the
arithmetic index (Al) and the mass spectra of
reference compounds from the Nist08,
Wiley139, Wiley229 and ShimDemo, and
Shim2205 libraries.’**® Some patterns were
used in the analysis, they are marked with an
asterisk (*) in Table 1. The Al was calculated
based on alkane standards (C8-C30) using
the following equation: Al (x) = 100 PzC +
100][(t (x) - t (Pz))/t (Pz + 1) - t (Pz))] where t
is the retention time in minutes; x is the
unknown compound, PzC is the carbon
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number of the alkane Pz that runs before x,
and Pz + 1 is the alkane that runs after x.*
Quantification  was  obtained  after
normalization of the peak areas in the

total ion chromatogram. The results

represent average values of three
experiments. Compounds of concentration <

0.9 % were not considered. Similarity indexes

<92 % were also rejected.

3. Results and discussion

The extraction of vinasse by
hydrodistillation  using the Clevenger
apparatus promoted volatilization and

dragging of compounds in the mixture,
resulting in a product with a waxy
consistency, here it was called vinasse wax.
As we were unable to find any other studies
that have used this methodology to extract
vinasse, this wax obtained from the
hydrodistillation process was considered as a
new material.

For each litre of vinasse, 17.5 g of dry
matter was obtained, and 36.0 mg was
obtained by steam distillation. Therefore, the
vinasse wax had a vyield of 0.2%. Figure 1
shows the chromatogram for the vinasse wax
obtained by GC-MS.

Table 1 shows the volatile compounds
identified in vinasse according to Figure 1.
Table 2 presents the classification of
compounds by their functional groups.
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Figure 1. Chromatogram of vinasse wax
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Table 1. Volatiles of vinasse wax

Vo

Al Al 0 Identification
qeok compounc literature | calculated (%) method
1 Furfural 828 836 1.84 a,b,cd
2 2-Phenylethanol 1120 1120 22.28 b,c,d, e
3 Dodecanoic acid (lauric acid) 1565 1566 2.68 a,cd
4 Pentadecanal 1716 1714 1.25 a,b,cde
5 Tetradecanou:. acid (myristic 1770 1766 17.45 b d, e
acid)
6 Pentadecan-1-ol 1773 1782 1.78 a,b,cde
4 Ethyl tetradgcanoate 1795 1794 09 ab,c d
(ethyl myristate)
8 Hexadecan-1-ol 1874 1881 6.06 a,cd
9 Hexadecanoic acid 1959 1965 15.81 a,b,c de
(palmitic acid)
10 Ethyl E-hexadec-9-enoate 1975 1972 4.30 b, c,d, e
(ethyl palmitoleate)
11 N.I - 4.57 a,b,c
12 Ethyl hexadecanoate 1992 1991 8.99 a ¢ d
(ethyl palmitate)
2-phenylethyl dodecanoate
13 e v 2053 2055 2.00 def
14 N.I === === 1.85 a,b,c
15 Ethyl (2)-octadec-9-enoate 2171 2166 506 b,c d e
(ethyl oleate)
16 S R EECRIE 2196 2192 4.57 a,c,d
(ethyl stearate)
17 Heptacosane” 2700 2700 1.64 a,cd
Total identified (%) 93.61

Al, arithmetic index; N.I., not identified. Identification method: (a) Al compared with the Al
described by Adams;'® (b) Al compared with the NIST standard reference data;* (c) mass
spectrum compared with the mass spectral database by Adams;” (d) mass spectrum
compared with the Shim2205 and Wiley libraries spectra; (e) mass spectrum compared with

the NIST standard reference data;® (f) Al compared with the Pherobase database.”

functional groups

Functional groups

Vinasse wax (%)

Alcohols 30.12
Aldehydes 3.09
Esters 22.82

Long chain alkanes 1.64
Fatty acids 35.94
Not identified 6.42

Table 2. Classification of compounds present in the vinasse wax according to their
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The major components identified in the
volatile phase of vinasse were phenylethyl
alcohol (22.28%), myristic acid (17.45%),
palmitic acid (15.81%), ethyl palmitate

Lima, A. V. A. et al.

(8.99%) and hexadecan-1-ol (6.06%), as
shown in Table 1. Figure 2 shows the formula
of the major compounds identified.

o /\/\/\/\/\/\)CJ)\
S on

2-phenylethanol

(e}
/\/\/\/\/\/\/\)I\OH

Palmitic acid

Myristic acid

/\/\/\/\/\/\/\/\OH
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(0]

/\/\/\/\/\/\/\)j\o/\

Ethyl palmitate

Figure 2. Main volatile compounds of vinasse wax

Evaluation of the compounds present in
the waxy material, separated by their
functional classes, showed that fatty acids
were present in the highest percentage
(35.94%), followed by alcohols (30.12%) and
esters (22.82%). Long-chain alkanes and
aldehydes were the least abundant
components. The free fatty acids found in the
vinasse wax contained saturated carbon
chains, with myristic acid (17.45%) being the
predominant fatty acid, followed by palmitic
acid (15.81%) and lauric acid (2.68%). Ethyl
palmitate (8.99%), ethyl stearate (4.57%) and
ethyl palmitoleate (4.30%) were the
predominant esters. The high concentration
of esters in the wax may be explained by the
conversion of fatty acids to esters via
esterification reactions that occur during
fermentation.”” All esters identified in the
wax were ethyl esters. This may be related to
the high availability of ethanol generated
during fermentation.” The constituents of
the vinasse wax may have originated from
sugarcane, or from products formed as a
result of reactions that occur at different
stages of the manufacturing process.

Two studies that have characterized the
resulting waste from rum production were
found in the literature.”®'® In one of these
studies, extractions were carried out using
organic solvents on the dry residue from the
distillation of molasse. Subsequent GC-MS
analysis of these extracts revealed that long-
chain alkanes (Cy—Cs3), methyl and ethyl
esters (predominantly palmitate and oleate),
phytosterols (stigmasterol, B-sitosterol and
campesterol), free fatty acids Ci5.0-Cseo
(saturated and unsaturated chains, mainly
C16 and C18) and triglycerides were the main
components. Long-chain aldehydes, ket-2-
ones, ketosteroids and acetates of fatty
alcohols were the minor components.'®
Other study analysed the residue from the
distillation of sugarcane juice derived from
rum manufacturing. The same classes of
constituents were present when the dry
residue was extracted with organic solvents
and the extract analysed by GC-MS. However,
there were variations in the proportion of
each of the classes of compounds and the
components identifed.™ Discrepancies
observed between literature studies and the
present work may be explained by
differences in the industrial process,
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extraction method and solvents used.
However, some classes of compounds, such
as long-chain alkanes, esters, free fatty acids,
aldehydes and alcohols, have been found in
all  residues, regardless of ways of
obtainment.

The Clevenger steam distillation method,
which only extracts the volatile components
of vinasse, innovatively employed in this
work, allowed us to obtain a new material
from vinasse derived from ethanol
production. This highlights the simplicity of
the methodology used.

The fatty acids observed in the vinasse
wax are also present in high concentrations
in the essential oils of different plant species,
obtained by the same extraction method.
These essential oils have demonstrated
antimicrobial and antifungal activities.'”**
The biological activities of volatile natural
products obtained by steam distillation are
mainly related to the predominant
constituents, or from synergistic action of the
major and minor compounds present in the
mixture.”® Several fatty acids have been
studied alone or in mixtures, and have shown
antimicrobial and antifungal activities against
different microorganisms.zs'zs'27 Furthermore,
these fatty acids have high commercial value.

Alcohols represented 30.12% of the
composition of the volatile phase of vinasse,
and 22.28% corresponded to phenylethyl
alcohol. Pentadecanol and hexadecanol
represented 7.84% of the composition. Long-
chain alcohols have proven antimicrobial
activity.”® Phenylethyl alcohol is a compound
with the odour of roses, found naturally in
the essential oils of some vegetables and
foods such as tea, coffee, cocoa, beer and
cheese.” It is an important aromatic alcohol,
widely used in cosmetics, perfumes and food.
Phenylethyl alcohol can be produced by
chemical synthesis, however, its high
relevance to a number of industries,
combined with its high commercial price,?
has led to the evaluation of alternative
methods of biotechnological production.®

Regarding the esters identified in the
vinasse wax, ethyl palmitate was the

Vo

predominant compound in this class, making
up 8.99% of the total composition. This
compound has anti-inflammatory,**
acaricide®® and antimicrobial activities.®

The aldehydes presented in the vinasse
wax included only pentadecanal (1.25%) and
furfural (1.84%). Pentadecanal is an aliphatic
aldehyde found in the essential oils of some
plants.>** Furfural is used in the chemical
industry as an intermediate for the
production of various materials such as
nylon, lubricants, solvents, adhesives,
pharmaceuticals and  plastics.®®  This
compound can be produced from the
degradation of sugars during ethanol
production. When exposed to high
temperatures and an acidic environment,
polysaccharides (hexoses and pentoses) can
decompose to compounds including
hydroxymethylfurfural and furfural,
respectively.”’

A future direction for this research is the
evaluation of the chemical composition of
vinasse wax produced by other alcohol
industries. The chemical composition of
vinasse from sugarcane varies from one
industry to another,*® therefore, it is possible
that the composition of the volatile wax also
differs. Further studies are then necessary to
have a general profile for vinasse waxes.

4. Conclusions

Alcohols, aldehydes, esters, fatty acids
and long chain alkanes were classes of
compounds in the vinasse wax. The major
components identified in the volatile phase
of vinasse were 2-Phenylethanol, myristic
acid, palmitic acid, ethyl palmitate and
hexadecan-1-ol. Thus, the wax obtained from
sugarcane vinasse is a source of industrially
important compounds with recognized
biological activities, justifying the assessment
of this material in different biological assays,
including its toxicity.

Rev. Virtual Quim. |Vol 9| |No. 2| |764-773|



LVq
References

! vadivel, R.; Minhas, P. S.; Kumar, S.; Singh,
Y.; Rao, N.; Nirmale, A. Significance of
vinasses waste management in agriculture
and environmental quality — review. African
Journal of Agricultural Research 2014, 9,
2863. [CrossRef]

> Moran-Salazar, R. G.; Sanchez-Lizarraga, A.
L.; Rodriguez-Campos, J.; Davila-Vazquez, G.;
Marino-Marmolejo, E. N.; Dendooven, L.,
Contreras-Ramos, S. M. Utilization of vinasses
as soil amendment: consequences
and perspectives. SpringerPlus 2016, 5, 1.
[CrossRef]

® Prado, R. M.; Caione, G.; Campos C. N. S.
Filter cake and vinasse as fertilizers
contributing to conservation agriculture.
Applied and Environmental Soil Science 2013,
2013, 1. [CrossRef]

* pedro-Escher, J.; Maziviero, G. T.;
Fontanetti, C. S. Mutagenic action of
sugarcane vinasse in the Tradescantia Pallida
test system. Ecosystem & Ecography 2014, 4,
1. [CrossRef]

> Cortez, L. A. B.; Rossell, C. E. V.; Jordan, R.
A.; Leal, M. R. L. V.; Lora, E. E. S. R&D needs in
the industrial production of vinasse; Cortez,
L. A. B.; Edgard Bliicher: Sdo Paulo, 2014.
[CrossRef]

® Larsson, E.; Temgberg, T. Dissertagcdo de
Mestrado, Chalmers University of
Technology, 2014. [Link]

’ Mariano, A. P.; Crivelaro, S. H. R.; de
Angelis, D. F.; Bonotto, D. M. The use of
vinasse as an amendment to ex-situ
bioremediation of soil and groundwater
contaminated with diesel oil. Brazilian
Archives of Biology and Technology 2009, 52,
1043. [CrossRef]

8 Silva, D. R.; Crespi, M. S.; Crnkovic, P. C. G.
M.; Ribeiro, C. A. Pyrolysis, combustion and
oxy-combustion studies of sugarcane
industry wastes and its blends. Journal of
Thermal Analysis and Calorimetry 2015,
121, 309. [CrossRef]

®Mota, V. T.; Aradjo, T. A.; Amaral, M. C.
Comparison of Aerobic and Anaerobic

Lima, A. V. A. et al.

Biodegradation of Sugarcane Vinasse. Applied
Biochemistry and Biotechnology 2015, 76,
1402. [CrossRef] [PubMed]

10 Yuanjin, X.; Guiping, X.; Yuanan, W.
Determination of organic acids in cane
vinasse by micellar electrokinetic capillary
chromatography with indirect ultraviolet
detection. Chinese Journal of
Chromatography 2006, 24, 35. [PubMed]

1 scull, I.; Savén, L.; Gutiérrez, O.; Valifio E.;
Orta I.; Mora, P. O.; Orta, H.; Ramos, Y.;
Molineda, A.; Coto, G.; Noda, A. Physic-
chemical composition of concentrated
vinasse for their assessment in animal diets.
Cuban Journal of Agricultural Science 2012,
46, 385. [Link]

12 de Oliveira, M. C.; da Silva D. M.; Carvalho,
C. A. F. R; Alves, M. F; Dias, D. M. B.;
Martins, P. C.; Bonifacio, N. P.; Souza Junior,
M. A. P. Effect of including liquid vinasse in
the diet of rabbits on growth performance.
Revista Brasileira de Zootecnia 2013, 42, 259.
[CrossRef]

13 Belhadj, S.; Karouach, F.; El Bari, H.; Joute.
Y. The biogas production from mesophilic
anaerobic digestion of vinasse. Journal of
Environmental Science, Toxicology and Food
Technology 2013, 5, 72. [Link]

14 Sydney, E. B.; Larroche, C.; Novak, A. C,;
Nouaille, R.; Sarma, S. J.; Brar, S. K.; Letti, L. A.
J.; Soccol, V. T.; Soccol, C. R. Economic
process to produce biohydrogen and volatile
fatty acids by a mixed culture using vinasse
from sugarcane ethanol industry as nutrient
source. Bioresource Technology 2014, 159,
380. [CrossRef]

> Soni, N.; Leon, R. G.; Erickson, J. E.; Ferrell,
J. A,; Silveira, M. L.; Giurcanu, M. C. Vinasse
and Biochar Effects on Germination and
Growth of Palmer Amaranth (Amaranthus
palmeri), Sicklepod (Senna obtusifolia), and
Southern Crabgrass (Digitaria ciliaris). Weed
Technology 2014, 28, 694. [CrossRef]

16 Nuissier, G.; Bourgeois, P.; Grignon-Dubois,
M.; Pardon, P.; Lescure, M. H. Composition of
sugarcane waxes in rum factory wastes.
Phytochemistry 2002, 61, 721. [CrossRef]
[PubMed]

v Nuissier, G.; Bourgeois, P.; Fahrasmane, L.;
Grignon-Dubois, M. Evaluation of vinasses

Rev. Virtual Quim. |Vol 9| [No. 2| |764-773]


http://dx.doi.org/10.5897:AJAR2014.8819
https://dx.doi.org/10.1186%2Fs40064-016-2410-3
http://dx.doi.org/10.1155/2013/581984
http://dx.doi.org/10.4172/2157-7625.1000145
http://dx.doi.org/10.5151/BlucherOA-Sugarcane-SUGARCANEBIOETHANOL_55
http://publications.lib.chalmers.se/records/fulltext/195305/195305.pdf
http://dx.doi.org/10.1590/S1516-89132009000400030
http://dx.doi.org/10.1007:s10973-015-4532-1
https://dx.doi.org/10.1007/s12010-015-1653-8
https://www.ncbi.nlm.nih.gov/pubmed/25957273
http://www.ncbi.nlm.nih.gov/pubmed/16827307
http://www.ciencia-animal.org/cuban-journal-of-agricultural-science/articles/V46-N4-Y2012-P385-Idania-Scull.pdf
http://dx.doi.org/10.1590/S1516-35982013000400005
http://www.academia.edu/4834424/The_biogas_production_from_mesophilic_anaerobic_digestion_of_vinasse
http://dx.doi.org/10.1016/j.biortech.2014.02.042
http://dx.doi.org/10.1614/WT-D-14-00044.1
http://dx.doi.org/10.1016/S0031-9422(02)00356-4
http://www.ncbi.nlm.nih.gov/pubmed/12423895

Lima, A. V. A. et al.

from sugarcane molasses distillation as a new
source of sugarcane wax. Chemistry of
Natural Compounds 2008, 44, 552. [CrossRef]
¥ Cunha, L. C. S.; Morais, S. A. L.; Martins, C.
H. G.; Martins, M. M.; Chang, R.; Aquino, F. J.
T.; Oliveira, A.; Moraes, T. S.; Machado, F. C;
Silva, C. V.; Nascimento, E. A. Chemical
composition, cytotoxic and antimicrobial
activity of essential oils from Cassia
bakeriana Craib. against aerobic and
anaerobic oral pathogens. Molecules 2013,
18, 4588. [CrossRef]

% Sousa, R. M. F.; de Morais, S. A. L.; Vieira,
R. B. K.; Napolitano, D. R.; Guzman, V. B;
Moraes, T. S.; Cunha, L. C. S.; Martins, C. H.
G.; Chang, R.; de Aquino, F. J. T.; do
Nascimento, E. A.; de Oliveira, A. Chemical
composition, cytotoxic, and antibacterial
activity of the essential oil from Eugenia
calycina Cambess. leaves against oral
bacteria. Industrial Crops and Products 2015,
65, 71. [CrossRef]

20 Adams, R. P. Identification of Essential Oil
Components by Gas
Chromatography/Quadrupole Mass
Spectroscopy, 4th ed., Allured Publishing
Corporation: Carol Stream, USA, 2007.

! National Institute of Standards and
Technology (NIST). Standard Reference Data.
Available

from: <http://webbook.nist.gov/chemistry/n

ame-ser.html>. Accessed: 18 September
2013.
> The Pherobase. Database of Insect

Pheromones and Semiochemicals. Available
from: <http://www.pherobase.com>.
Accessed: 18 September 2013.

> Walker, G. M.; Stewart, G. G.
Saccharomyces cerevisiae in the production
of fermented beverages. Beverages 2016, 2,
1. [CrossRef]

% Orhan, I.; Ozcelik, B.; Sener, B. Evaluation
of antibacterial, antifungal, antiviral, and
antioxidant potentials of some edible oils and
their fatty acid profiles. Turkish Journal of
Biology 2011, 35, 251. [CrossRef]

2 Furtado, F. B.; de Aquino, F. J. T.; do
Nascimento, E. A.; Martins, C. M.; de Morais,
S. A. L.,; Chang, R.; Cunha, L. C. S.; Leandro, L.
F.; Martins, C. H. G.; Martins, M. M.; da Silva,
C. V.; Machado, F. C.; de Oliveira, A. Seasonal

Vo

variation of the chemical composition and
antimicrobial and cytotoxic activities of the
essential oils from Inga laurina (Sw.) Willd.
Molecules 2014, 19, 4560. [CrossRef]

°® Huang, W. C.; Tsai, T. H.; Chuang, L. T.; Li, Y.
Y.; Zouboulis, C. C.; Tsai, P. J. Anti-bacterial
and anti-inflammatory properties of capric
acid against Propionibacterium acnes: a
comparative study with lauric acid. Journal of
Dermatological Science 2014, 73, 232.
[CrossRef] [PubMed]

7 pgoramoorthy, G.; Chandrasekaran, M.;
Venkatesala, V.; Hsu, M. J. Antibacterial and
antifungal activities of fatty acid methyl
esters of the blind-your-eye mangrove from
India. Brazilian Journal of Microbiology 2007,
38, 739. [CrossRef]

%8 Fischer, C. L.; Drake D. R.; Dawson, D. V.;
Blanchette, D. R.; Brogden, K. A.; Wertza, P.
W. Antibacterial Activity of Sphingoid Bases
and Fatty Acids against Gram-Positive and
Gram-Negative Bacteria. Antimicrobial
Agents and Chemotherapy 2012, 56, 1157.
[CrossRef]

29 Mukherjee, K.; Tribedi, P.; Mukhopadhyay
B.; Sil, A. K. Antibacterial activity of long-ch
ain fatty alcohols against mycobacteria. FEMS
Microbiology Letters 2013, 338, 177.
[CrossRef] [PubMed]

* Beluci, N. C. L; de Moraes, F. F.
Inclusdo molecular de alcool feniletilico
em beta-ciclodextrina. Biochemistry
and Biotecnology Reports 2013, 2, 355.
[CrossRef]

%' Hua, D.; Xu, P.

Recent advances in
biotechnological production of 2-
phenylethanol.  Biotechnology = Advances
2011, 29, 654. [CrossRef] [PubMed]

32 5aeed, N. M.; El-Demerdash, E.; Abdel-
Rahman H. M.; Algandaby, M. M.; Al-Abbasi,
F. A.; Abdel-Naim, A. B. Anti-inflammatory
activity of methyl palmitate and ethyl
palmitate in different experimental rat

models. Toxicology and Applied
Pharmacology 2012, 264, 84. [CrossRef]
[PubMed]

* Bu, C. Y.; Duan, D. D.; Wang, Y. N.; Ma, L.
G.; Liu, Y. B.; Shi, G. L. Acaricidal activity of
ethyl palmitate against Tetranychus
cinnabarinus. Information Technology and

Rev. Virtual Quim. |Vol 9| |No. 2| |764-773|


http://dx.doi.org/10.1007/s10600-008-9150-8
http://dx.doi.org/10.3390:molecules18044588
http://dx.doi.org/10.1016/j.indcrop.2014.11.050
http://webbook.nist.gov/chemistry/name-ser.html
http://webbook.nist.gov/chemistry/name-ser.html
http://dx.doi.org/10.3390:beverages2040030
http://dx.doi.org/10.3906:biy-0907-107
http://dx.doi.org/10.3390:molecules19044560
http://www.ncbi.nlm.nih.gov/pubmed/?term=Huang%20WC%5BAuthor%5D&cauthor=true&cauthor_uid=24284257
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tsai%20TH%5BAuthor%5D&cauthor=true&cauthor_uid=24284257
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chuang%20LT%5BAuthor%5D&cauthor=true&cauthor_uid=24284257
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20YY%5BAuthor%5D&cauthor=true&cauthor_uid=24284257
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20YY%5BAuthor%5D&cauthor=true&cauthor_uid=24284257
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zouboulis%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=24284257
http://www.ncbi.nlm.nih.gov/pubmed/?term=Tsai%20PJ%5BAuthor%5D&cauthor=true&cauthor_uid=24284257
https://dx.doi.org/10.1016/j.jdermsci.2013.10.010
https://www.ncbi.nlm.nih.gov/pubmed/24284257
http://dx.doi.org/10.1590/S1517-83822007000400028
http://dx.doi.org/10.1128:AAC.05151-11
https://dx.doi.org/10.1111/1574-6968.12043
https://www.ncbi.nlm.nih.gov/pubmed/23136919
http://dx.doi.org/10.5433/2316-5200.2013v2n3espp355
https://dx.doi.org/10.1016/j.biotechadv.2011.05.001
https://www.ncbi.nlm.nih.gov/pubmed/21601630
http://www.ncbi.nlm.nih.gov/pubmed/22842335
http://www.ncbi.nlm.nih.gov/pubmed/22842335
https://dx.doi.org/10.1016/j.taap.2012.07.020
https://www.ncbi.nlm.nih.gov/pubmed/22842335

LVa

Agricultural Engineering 2012, 134, 703.
[CrossRef]

3 Cortés, Y.; Hormazabal, E.; Leal, H.; Urzua,
A.; Mutis, A.; Parra, L.; Quiroz, A. Novel
antimicrobial activity of a dichloromethane
extract obtained from red seaweed
Ceramium rubrum (Hudson) (Rhodophyta:
Florideophyceae) against Yersinia ruckeri and
Saprolegnia parasitica, agents that cause
diseases in salmonids. Electronic Journal of
Biotechnology 2014, 17, 126. [CrossRef]

3> Owolabi, M. S.; Lawal, O. A.; Dosoky, N. S.;
Satyal, P.; Setzer, W. N. Chemical
composition, antimicrobial, and cytotoxic
assessment of Mitracarpus scaber Zucc.
(Rubiaceae) essential oil from southwestern
Nigeria. American Journal of Essential Oils
and Natural Products 2013, 1, 4. [Link]

Lima, A. V. A. et al.

% Gressler, V.; Fujii, M. T.; Colepicolo, P.;
Pinto, E. Characterization of volatile
composition of Laurencia dendroidea by gas
chromatography-mass spectrometry.
Brazilian Journal of Pharmacognosy 2012, 22,
805. [CrossRef]

¥ Wondu Business and Technology
Services. Furfural chemicals and biofuels
from agriculture. Rural Industries Research
and Development Corporation, 06/127,
Sydney, 2006. [Link]

% Antonetti, C.; Licursi, D.; Fulignati, S.;
Valentini, G.; Galletti, A. M. R. New frontiers
in the catalytic synthesis of levulinic acid:
from sugars to raw and waste biomass as
starting feedstock. Catalysts 2016, 6, 1.
[CrossRef]

Rev. Virtual Quim. |Vol 9| [No. 2| |764-773]


http://dx.doi.org/10.1007/978-3-642-27537-1_84
http://dx.doi.org/10.1016/j.ejbt.2014.04.005
http://www.essencejournal.com/vol1/issue1/pdf/2.1.pdf
http://dx.doi.org/10.1590/S0102-695X2012005000069
https://rirdc.infoservices.com.au/downloads/06-127
http://dx.doi.org/10.3390/catal6120196

	Resumo
	Abstract
	1. Introduction
	2. Materials and methods
	3. Results and discussion
	4. Conclusions
	References

