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ABSTRACT

The production of second generation ethanol (E2G) has proven to be an alternative to non-renewable
fuels, through transforming lignocellulosic waste into renewable fuel. In turn, rice husk has great
potential due to its availability and composition. The conversion of lignocellulosic biomass to biofuel
comprises a fundamental pretreatment step, however, at this stage, the formation of degradation
products (inhibitory compounds) occurs, among them, furfural, which cause negative effects on the
viability of fermentative cells, making the production of E2G unfeasible. Given the above, the objective of
this work was to remove the furfural inhibitor present in the lignocellulosic broth after the pretreatment
process, using oleic acid, through liquid-liquid extraction. The quantification of total reducing sugars in
the hydrolysate did not show significant variation between the pre and post extraction stages. Regarding
the furfural inhibitor, in tests performed with a solution made in the laboratory, removal of up to 62.30%
was obtained when the initial concentration was 5.00 g.L". With respect to the tests with the hydrolysate
from the rice husk pretreatment, the maximum removal observed was 10.40%, but the initial
concentration of furfural was 1.64 g.L". The results obtained indicate the possibility of using oleic acid as
an extracting agent of the furfural inhibitor from lignocellulosic hydrolysates.

Keywords: Furfural; Residual biomass; Liquid-liquid extraction

RESUMO

A producdo de etanol de segunda geracdo (E2G), vem mostrando ser uma alternativa aos combustiveis
ndo renovaveis, ao realizar a transformacdo de residuos lignocelulésicos em combustivel renovavel. Por
sua vez, a casca de arroz possui grande potencial devido a sua disponibilidade e composi¢do. A
conversao da biomassa lignoceluldsica a biocombustivel € composta por uma etapa fundamental de pré-
tratamento. Nessa etapa, ocorre a formacdo de produtos de degradacdo (compostos inibitorios), os
quais causam efeitos negativos na viabilidade das células fermentativas, o que torna inviavel a producado
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de E2G. Dentre eles, o furfural € um inibidor formado. Diante do exposto, o objetivo do trabalho foi
retirar o inibidor furfural presente no caldo lignocelulésico apds o processo de pré-tratamento através
da utilizacdo do acido oleico por meio de extracdo liquido-liquido. A quantificacdo dos acgUcares
redutores totais no hidrolisado ndo apresentou varia¢do significativa entre a etapa pré e pos extragao.
Com relagao ao inibidor furfural, nos testes realizados com solucdo feita em laboratério, obteve-se uma
remocdo de até 62,30% quando a concentrac¢do inicial dele foi de 5,00 g.L". J4 para os testes com o
hidrolisado proveniente do pré-tratamento da casca do arroz, a maxima remocao obtida foi de 10,40%,
porém a concentracgdo inicial do furfural era de 1,64 g.L'. Os resultados obtidos indicam a possibilidade
do uso do acido oleico como um agente extrator do inibidor furfural de hidrolisados lignocelulésicos.

Palavras-chave: Furfural; Biomassa residual; Extracdo liquido-liquido

1 INTRODUCTION

Brazil stands out worldwide in the use of renewable energy, with values
equivalent to 48.4% of the country's entire energy supply in 2020 (BALANCO
ENERGETICO NACIONAL, 2021). However, the imminent shortage of non-renewable
energy and the search for good environmental practices have led the government
and society to seek an increase in the percentage of renewable energy used.

A biofuel is a renewable fuel that can be generated from different sources,
mainly vegetable sources (MOTA; MONTEIRO, 2013). Among these, the production
of cellulosic ethanol or second-generation ethanol (E2G) is an important
sustainable alternative (VARGAS BETANCUR; PEREIRA JR, 2013), since it uses energy
from biomass from agro-industrial residues (PERES; JUNIOR; GAZZONI, 2005).

Rice is part of the diet of most people and Brazil stands out by representing
1.6% of the world production (EMBRAPA, 2017). The rice grain consists of a
protective layer, the husk, which accounts for approximately 20% of the grain's
weight. The main constituents of the husk are cellulose and lignin, representing
38.4 and 29.4% of its composition, respectively (REYES; PERALTA-ZAMORA; DURAN,
1998).

Among the steps for converting lignocellulosic biomass to biofuel, the
pretreatment step is responsible for cellulose exposure and hemicellulose
solubilization (CANILHA et al., 2012). At this stage, a liquor, rich in five-carbon

sugars (xylose and arabinose), is obtained, and the fermentation of these sugars
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must be executed by specific yeasts to obtain ethanol (MARTIN et al., 2007; NAKASU
et al., 2016; NAKANISHI et al., 2017; SANTOS et al., 2016). Dilute acid pretreatment
features high solubilization of hemicellulose, high cellulose digestibility, and an
alternative to the hazards presented by concentrated acid pretreatment
(CARVALHEIRO; DUARTE; GIRIO, 2008; GIRIO et al., 2010).

However, the formation of degradation products during the pretreatment
stage is one of the biggest problems associated with this process (GIRIO et al., 2010).
Inhibitors significantly reduce the cell growth rate, amount of ethanol produced,
and/or ethanol production rate in the fermentation stage (PALMQVIST; HAGERDAL,
2000; ALMEIDA; MODIG; PETERSSON, 2007; JAYAKODY; HAYASHI; KITAGAKI, 2011,
2013; LIU, 2011). The main inhibitors generated and which most impact yeast
kinetics are: furfural, 5-hydroxymethylfurfural, vanilla, syringaldehyde, and
coniferaldehyde (ZAUTSEN, 2011).

When heated in an acidic environment, polysaccharides are hydrolyzed,
especially hemicellulose, resulting in free sugars that can be degraded to furfural
from pentoses (QIAN et al., 2005). An alternative to overcome the problem of
inhibitors in the 2G ethanol production process is their removal from the
lignocellulosic broth. For this, a liquid-liquid extraction process can be used, in
which the organic phase is responsible for extracting part of the inhibitors from
the broth.

In general, the organic solvent must be poorly miscible, not extract sugars
from the lignocellulosic broth, efficiently extract the inhibitor, and be non-toxic to
yeasts (MALINOWSKI, 2001). However, biocompatibility is the most important
feature in this type of process (OFFEMAN et al., 2010). In this case, as shown in
previous studies, oleic acid may be a good option to be tested (BARROS; CABRAL;
NOVAIS, 1984; JASSAL; ZHANG; HILL, 1994; LEMQOS, 2017; ZAUTSEN, 2011).

Given the above, the search for an effective solvent to remove the furfural
inhibitor from lignocellulosic broth is an important step towards improving the 2G

ethanol production process. Therefore, the objective of this work is to remove the
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furfural inhibitor present in lignocellulosic broth from rice husk biomass after
dilute acid pretreatment, through the liquid-liquid extraction process, using oleic

acid as an extracting agent.

2 MATERIAL AND METHODS

2.1 Sample preparation

A biomass from a rice processing company in the city of Uberaba/MG was
used. The biomass was dried to a humidity below 10% in a forced air circulation
oven (Thelga, TE150CD) at 50°C for 48h (KHAMIS et al., 2019; RABELO, 2010). It was
later ground in a knife mill (Willye type - Fortinox FT-50). For the sieving of the

biomass, a sieve with an opening diameter of 297 pm was used.

2.2 Preparation of furfural solutions

Furfural solutions were prepared at 3 different concentrations, namely 1.00,
3.00, and 5.00 g. L', Furfural analytical reagent (purity > 99% - Sigma Aldrich) and

distilled water were used.

2.3 Pretreatment sample

For the pretreatment step, the methodology proposed by Santos (2014) was
used with adaptations. Initially, 25 g of crushed and sieved biomass with a diameter
smaller than 297 pm were weighed and then 100 mL of 0.1 M sulfuric acid solution
were added (ratio of 1:5) in a 500 mL Erlenmeyer flask. With the Erlenmeyer
properly closed, it was taken to an autoclave at a pressure of 1 atm and 121°C for
30 minutes. The sample was subsequently removed, filtered on filter paper, and

then the hydrolysate was obtained for the extraction step.
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2.4 Inhibitor extraction process

The liquid-liquid extraction process was carried out both for the synthetic
furfural solution and for the hydrolysate obtained after pretreatment according to
the methodology adapted from Lemos et al. (2017).

For the extraction process with an oleic acid/sample ratio of 1:1, 5 mL of
furfural or hydrolysate solution were pipetted and placed in a 50 mL Falcon-type
plastic tube. Next, 5 ml of the oleic acid extracting agent were measured and added
to the tube. This mixture was stirred for 60 seconds in a vortex mixer to ensure
complete mixing of the two components, before being left to stand at room
temperature for 6 hours to separate the two phases. Subsequently, a very thin
syringe needle (to avoid disturbing the system) was used to remove an aliquot of
the residual aqueous phase, in order to verify the amount of furfural that remained
there after extraction.

For the furfural inhibitor removal tests from previously prepared “synthetic”
solutions, the extraction process was used in two different proportions of oleic
acid/solution, 1:1 and 1:2.

In the process containing the hydrolysate obtained after pretreatment, the
quantification of total reducing sugars and furfural inhibitor were performed
before and after extraction. However, at this stage, we chose 3 different

proportions of oleic acid/hydrolysate, being 1:1, 1:2, and 1:3.

2.5 Analytical methodologies

The analysis of total reducing sugars (TRS) and furfural inhibitor was carried
out before and after extraction. All tests were performed in duplicate.

Sugars were measured using the 3,5-dinitrosalicylic acid (DNS) method
according to modified Bernfeld (1955). Initially, the lignocellulosic hydrolysate
sample was diluted 1:10 in distilled water so that the value was within the

previously made calibration curve. Afterwards, the sample and DNS reagent were
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added to a test tube that was placed in a bath with boiling water for 5 minutes. To
stop the reaction, the test tube was placed in an ice bath until it cooled down and
then distilled water was added to the tube. Finally, the sample was placed in a glass
cuvette and the reading was taken in a digital spectrophotometer (UV-VIS with
automatic scanning, Instrutherm) at 540 nm to quantify the total reducing sugar
present.

The quantification of furfural inhibitor was adapted from the methodology
of Khabarov et al. (2006). Initially, 1 mL of the sample and 5 mL of mercury acetate
were measured in a 50 mL volumetric flask and the volume was completed with
distilled water. From this solution, 1T mL was removed, and 0.3 mL of sulfuric acid
P.A. were added in a test tube and placed in a bath with boiling water for 30
minutes. After heating, the solution was transferred to a 100 ml volumetric flask
and made up to volume with distilled water. The sample was placed in a quartz
cuvette and read in a digital spectrophotometer (UV-VIS with automatic scanning,

Instrutherm) at 238 nm to quantify the furfural present.

3 RESULTS AND DISCUSSION

The quantification of total reducing sugars using the DNS reagent method
showed that the sugar concentration in the lignocellulosic broth was 9.30+0.30 g.L"
' before the extraction process. After extraction by oleic acid, the sugar
concentration in the lignocellulosic broth was 9.14+0.06 g.L-' at a ratio of 1:1.
Subsequently, at a ratio of 1:2, the result was 9.53+0.11 g.L"! of total reducing sugar
remaining in the analyzed sample. Finally, at a ratio of 1:3 of broth and extracting
agent, the result obtained was 9.49+0.19 g.L" of sugar. These results are presented
in Figure 1, which clearly demonstrates that oleic acid did not remove the reducing
sugar during the extraction step, since there were no significant variations in the

values of the pre- and post-extraction sugar concentrations. Validation was
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performed using the Tukey Test, which showed that there was no variation in a 95%

confidence interval.

Figure 1 - Concentrations of total reducing sugars (TRS) before and after liquid-liquid

extraction with volume ratios of 1:1, 1:2, and 1:3 aqueous solution/extracting agent
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Source: Authors, 2021

Thus, the results obtained demonstrate that the liquid-liquid extractive
process using oleic acid as an extracting agent did not remove sugar from the
hydrolysate, which is a relevant characteristic for the process according to
OFFEMAN et al. (2010). This property is important, since by not removing sugars
from the hydrolysate, there will be no loss of substrate from future fermentation.
Other works that used liquid-liquid extraction in fermentation processes for 1G
ethanol also did not show sugar removal by the extracting agent (LEMQOS, 2017;
LEMOS et al., 2018, 2020; ZAUTSEN, 2011).

The quantification of furfural in the water and furfural solution before
extraction presented values of 1.26, 3.66, and 5.01 g.L"! (samples 1, 2, and 3,

respectively).
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The values of furfural concentration after extraction with a 1:1 ratio, for
samples 1, 2 and 3, were, respectively; 0.88, 2.17, and 3.31 g.L''. These values
represent removal of 30.2% of furfural present in sample 1 compared to the initial
solution, 40.7% in sample 2, and 33.9% in sample 3.

Next, the same initial samples of furfural solution were used, but with an
oleic acid / solution ratio of 1:2. The results for furfural concentrations after
extraction were 0.66 gL' for sample 1, 1.40 g.L”" for sample 2, and 1.89 g.L"'for
sample 3. Thus, the removal from each of the samples in relation to the initial
solution was 47.6, 61.7, and 62.3%, respectively.

These results show that oleic acid was able to extract furfural from an
aqueous solution at concentrations close to those found in real hydrolysates (from
residual biomass), reaching values greater than 60% removal. It was also noticed,
as can be seen in Figure 2 and Table 1, that the increase in the ratio between the
aqueous solution and extracting agent resulted in greater removal in all cases,
especially for the initial concentration of 5.01 g.L"" by doubling the amount of oleic

acid used, approximately twice the removal of furfural inhibitor was obtained.

Table 1 - Furfural concentrations before and after liquid-liquid extraction with aqueous

solution/solvent volume ratios of 1:1 and 1:2

Furfural Post-extraction furfural Post-extraction furfural
concentration concentration (1:1) concentration (1:2)
Pre-extraction (g.L") (g.L") (g.L")

Furfural solution 1.26 +0.01* 0.88 + 0.09* 0.66 + 0.02*
(1gL"
Furfural solution

) 3.66 + 0.09* 2.17 £ 0.08* 1.40 + 0.04*
gl
Furfural solution * * *
5 gLl 5.01 £ 0.01 3.31 +£0.05 1.89 £ 0.02

*S.D. - Standard deviation
Source: Authors, 2021
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Figure 2 - Percentage of furfural inhibitor removal after liquid-liquid extraction with
aqueous solution/solvent volume ratios of 1:1 and 1:2 at different initial solution

concentrations

70

I Volume ratio 1:1

- [ Volume ratio 1:2

Furfural inhibitor removal (%)

c,=126gL" C,=366gL" C,=501glL"

Labels: black 1:1 ratio, blue 1:2 ratio.
Source: Authors, 2021

Finally, after analyzing the extraction with solutions prepared in the
laboratory, the tests were carried out using the hydrolysate coming from the rice
husk biomass after pretreatment with dilute acid. The value found for the furfural
inhibitor concentration before extraction was 1.64 g.L-". This value is close to that
found in the literature, since Khamis et al. (2019) studied the concentrations of
furfural present in rice husks and straw using different types of pretreatments and
found values of furfural concentrations from these biomasses ranging from 0.3 to
3.5 g.L". For other biomass, such as the sugarcane industry, values in the range of
0.1to0 0.6 g.L"" are found (ROQUE et al., 2019; DA SILVA MARTINS et al., 2015).

The furfural value obtained after extraction in the 1:1 ratio was 1.62 g.L,
showing a removal of approximately 1.2%. For the ratio of 1:2, the value of

1.54 g.L" of residual furfural in the hydrolysate was found, with removal of 6.1%.
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In the ratio of 1:3, the value of 1.47 g.L'" was found for the residual furfural,
accounting for removal of 10.4%.

The final ratio, 1:3, was only tested with the hydrolysate to verify if the
tendency to increase extraction with an increase in the oleic acid/hydrolysate ratio
would be maintained, since the values were much lower with the hydrolysate.

The values of residual furfural concentration and percentage of furfural removal

from the hydrolysate can be seen in detail in Table 2.

Table 2 - Furfural concentrations before and after liquid-liquid extraction with aqueous

solution: solvent volume ratios of 1:1, 1:2, and 1:3

Post-extraction

Furfural Post-extraction furfural furfural Post-extraction furfural
Concentration Pre- Concentration (1:1) . . Concentration (1:3)
extraction (g.L"") (L") Concentration (1:2) B
. . (g-l--1) (g-L )
1.64 + 0.03* 1.62 +0.13* 1.54 + 0.08* 1.47 + 0.04*

*S.D. - Standard deviation
Source: Authors (2021)

Finally, furfural removal maintained the same trend as the results obtained
in solutions prepared in the laboratory, but did not present a significant difference
when evaluated by the Tukey test with a 95% confidence interval. This fact may be
related to the fact that the removal efficiency in lignocellulosic hydrolysate was
lower than those previously found in solutions prepared with analytical reagent, in
which when there was a higher proportion of extracting agent, there was a more
significant removal of the inhibitor. One possible explanation is that the furfural in
the hydrolysate is mixed with other substances, and this could compromise its
affinity with oleic acid and end up reducing its removal (Lemos et al., 2017).

However, even at a low concentration in the hydrolysate, oleic acid proved to
be an option for removing furfural, and furthermore, it did not remove the sugar
in the solution. Roque et al. (2019) also studied the removal of the furfural inhibitor,

among others, by means of liquid-liquid extraction with three different extracting
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agents. In their case, they used different process conditions, such as hydrolysate
concentration, pH change, and series process (evaporation and extraction),
obtaining removals of up to 99%. However, the presence of one of the extracting
agents interfered with the fermentation process. Therefore, new process

alternatives and new extracting agents could still be tested to improve the process.

4 FINAL CONSIDERATIONS

The results obtained were satisfactory and indicated the possibility of using
oleic acid as an extracting agent for the furfural inhibitor of lignocellulosic
hydrolysates. It was possible to extract the inhibitor with no removal of the
substrate (reducing sugar) from the medium, which favors the subsequent
fermentation to produce second-generation ethanol. Despite the low values, this
study represents a starting point to obtain better conditions, such as by
concentrating the hydrolysate before the extraction process or even looking for

another solvent that could better meet the extraction demand.

ACKNOWLEDGMENT

The authors wish to thank CNPq for the scientific initiation scholarship and
financial assistance (Proc. 438571/2018-5) and the Federal University of Triangulo

Mineiro for the support received.

REFERENCES

Almeida, J.R.M.; Modig, T.; Petersson, A. Increased tolerance and conversion of
inhibitors in lignocellulosic hydrolysates by Saccharomyces cerevisiae. Journal of
Chemical Technology and Biotechnology, 82, 340-9, 2017.

Ci. e Nat., Santa Maria, v. 44, Ed. Esp. VI SSS, e15, 2022



12 | Extract of furfural inhibitor from the biomass hydrolysate of rice husk

Barros, M.R.A.; Cabral, J.M.S.; Novais, J.M.; Production of ethanol by immobilized
Saccharomyces bayanus in an extractive fermentation system, Biotechnol. Bioeng. 29
1097-1104, 1987.

Bernfeld, P. Amylases, a and 3. Methods in Enzymology, v. 1, p. 149-157, 1955.

BRASIL. Ministério de Minas e Energia; Empresa de pesquisa energética. Balanco
energético nacional, 2021.

Canilha, L.; Chandel, A. K.; Suzane Dos Santos Milessi, T.; Antunes, F. A. F.; Luiz Da Costa
Freitas, W.; Das Gracas Almeida Felipe, M.; Da Silva, S. S. Bioconversion of sugarcane
biomass into ethanol: An overview about composition, pretreatment methods,
detoxification of hydrolysates, enzymatic saccharification, and ethanol fermentation.
Journal of Biomedicine and Biotechnology, p. 15, 2012.

Carvalheiro, F.; Duarte, L. C.; Girio, F. M. Hemicellulose biorefineries: a review on
biomass pretreatments. Journal of Scientific & Industrial Research. 67, 849-864, 2008.

Girio, F.; Fonseca, C.; Carvalheiro, F.; Duarte, L., Marques, S.; Bogel-Lukasik, R.
Bioresource Technology Hemicelluloses for fuel ethanol: A review. Bioresource
Technology, 101, 4775-4800, 2010.

Jassal, D.S.; Zhang, Z.; Hill, G.A. In situ extraction and purification of ethanol using
commercial oleic acid, Can. J. Chem. Eng. 72, 822-827, 1994.

Jayakody, L.N.; Hayashi, N.; Kitagaki, H. Identification of glycolaldehyde as the key
inhibitor of bioethanol fermentation by yeast and genome-wide analysis of its toxicity.
Biotechnology Letters, 33, 285-92, 2011.

Khabarov, Y.G.,, Kamakina, N.D. Gusakov, L.V. Veshnyakov, V.A. A new
spectrophotometric method for determination of furfural and pentoses. Russ J Appl
Chem, 79, 103-106, 2006.

Khamis, Nor & Shamsudin, Saleha & Rahman, Nur & Kasim, Khairul. Effects of
autohydrolysis on rice biomass for reducing sugars production. Materials Today:
Proceedings. 16. 2078-2087, 2019.

Lemos, D. A. et al. Selection and application of nontoxic solvents in extractive ethanol
fermentation. Biochemical Engineering Journal, 127, 128-135, 2017.

Lemos, D. A. Estudo do processo de fermentacdo alcodlica extrativa por solventes
organicos. Tese (Doutorado) - Departamento de Engenharia Quimica, UFSCar, Sao
Carlos/SP, 2017.

Ci. e Nat., Santa Maria, v. 44, Ed. Esp. VI SSS, e15, 2022



PIVA,V.F.;etal. | 13

Lemos, D.A.; Sonego, J.L.S.; Cruz, AJ.G.; Badino, A.C. In situ extractive ethanol
fermentation in a drop column bioreactor: Extractive ethanol fermentation performed
in a drop column bioreactor. Journal of Chemical Technology & Biotechnology. 93.
10.1002/jctb.5504, 2018.

Lemos, D.A.,; Sonego, J.L.S.; Cruz, AJ.G.; Badino, A.C. Improvement of ethanol production
by extractive fed-batch fermentation in a drop column bioreactor. Bioprocess Biosyst
Eng. 2020.

Liu, Z.L. Molecular mechanisms of yeast tolerance and in situ detoxification of
lignocellulose hydrolysates. Applied Microbiology and Biotechnology, 90, 809-25, 2011.

Malinowski, J.J. Two-phase partitioning bioreactors in fermentation technology.
Biotechnology Advances, 19, 525-538, 2001.

Martin, C.; Marcet, M.; Almazan, O.; Jénssen, L.J. Adaptation of a recombinant xylose-
utilizing Saccharomyces cerevisiae strain to a sugarcane bagasse hydrolysate with high
content of fermentation inhibitors. Bioresource Technology 98, 1767-1773, 2007.

Mota, Claudio J. A.; Monteiro, Robson S.. Quimica e sustentabilidade: novas fronteiras
em biocombustiveis. Quim. Nova, Sdo Paulo, v. 36, n. 10, p. 1483-1490, 2013.

Nakanishi, S.C.; Soares, L.B.; Biazi, L.E.; Nascimento, V.M.; Costa, A.C.; Rocha, G.J.M.;
lenczak, J.L. Fermentation strategy for second generation ethanol production from
sugarcane bagasse hydrolysate by Spathaspora passalidarum and scheffersomyces
stipitis. Biotechnol Bioeng, v. 114, n. 10, p. 2211-2221, 2017.

Nakasu, P.Y.S.; lenczak, LJ.; Costa, A.C.; Rabelo, S.C. Acid post-hydrolysis of
xylooligosaccharides from hydrothermal pretreatment for pentose ethanol production.
Fuel, v. 185, p. 73-84, 2016.

Offeman, R.D.; Franqui-Espiet, D.; Cline, J.L.; Robertson, G.H.; Orts, W. Extraction of
ethanol with higher carboxylic acid solvents and their toxicity to yeast. Separation and
Purification Technology, 72, 2, 180-185, 2010.

Palmqvist, E.; Hahn-Hagerdal, B.. Fermentation of lignocellulosic hydrolysates I
Inhibitors and mechanisms of inhibition, Bioresource Technology, v. 74, p. 25- 33, 2000.

PERES, J., JUNIOR, E., GAZZONI, D.. Biocombustiveis uma oportunidade para o
agronegacio brasileiro. Revista de Politica Agricola, 2005.

Portal Ageitec da EMBRAPA. 2017. Brasilia: Empresa Brasileira de Pesquisa
Agropecuaria. Disponivel em:

Ci. e Nat., Santa Maria, v. 44, Ed. Esp. VI SSS, e15, 2022



14 | Extract of furfural inhibitor from the biomass hydrolysate of rice husk

https://www.agencia.cnptia.embrapa.br/gestor/arroz/arvore/CONT000fe7457q102wx
5e007qw4xezy8czjj.html#. Acesso em: 27 jun. 2021.

Qian, X. H. et al. A initio molecular dynamics simulations of beta-d-glucose and beta-
dxylose degradation mechanisms in acidic aqueous solution, Carbohydr. Res. v. 340, p.
2319- 2327, 2005.

Rabelo, S. C. Avaliacdo e otimizacdo de pré-tratamentos e hidrolise enzimatica do
bagaco de cana-de-agUcar para a producao de etanol de segunda gera¢do. Tese
(Doutorado) - Faculdade de Engenharia Quimica, UNICAMP, Campinas/SP, 2010.

Reyes, J.; Peralta-Zamora, P.; Duran, N. Hidrélise enzimatica de casca de arroz
utilizando-se celulases. Efeito de tratamentos quimicos e fotoquimicos. Quimica Nova,
21,2, 140-143, 1998.

Roque, Laerti & Morgado, Grazielle & Nascimento, Viviane & lenczak, Jaciane & Rabelo,
Sarita. Liquid-liquid extraction: A promising alternative for inhibitors removing of
pentoses fermentation. Fuel. 242. 775-787. 10.1016/j.fuel.2018.12.130, 2019.

Santos, Martha Suzana Rodrigues dos. Estudo de pré-tratamentos de palha e sabugo
de milho visando a producdo de etanol 2G. 2014. 74 f. Dissertacao (Mestrado em
Engenharia Quimica) - Centro de Tecnologia, Programa de Pds Graduacao em
Engenharia Quimica, Universidade Federal de Alagoas, Macei6, 2014.

Santos, S.C.; Sousa, A.S.; Dionisio, S.R.; Tramontina, R.; Ruller, R.; Squina, F.M.; Vaz
Rossell, C.E,; Costa, A.C,; lenczak, J.L. Bioethanol production by recycled
scheffersomyces stipitis in sequential batch fermentations with high cell density using
xylose and glucose mixture. Bioresource technology, v. 219, p. 319-329, 2016.

Vargas Betancur, Gabriel J; Pereira JR, Nei. Sugar cane bagasse as feedstock for second
generation ethanol production: Part I: Diluted acid pretreatment optimization. Electron.
J. Biotechnol., Valparaiso, v. 13, n. 3, p. 10-11, mayo 2010.

Zautsen, R. R. M. Fermentacao alcodlica e extracdo liquido-liquido simultdnea de etanol
e de inibidores provenientes de caldo hidrolitico de biomassa lignocelulésica.194 p,
2011.

Ci. e Nat., Santa Maria, v. 44, Ed. Esp. VI SSS, e15, 2022



PIVA,V.F.;etal. | 15

Authorship contributions

1 - Victor de Freitas Piva (Corresponding author)

Chemical Engineering Department
https://orcid.org/0000-0002-0640-0174 « victorpivaeqg@gmail.com
Contribution: Investigation, Visualization, Writing - original draft

2 - Vanessa Souza Reis Melo

Environmental Engineering Department
https://orcid.org/0000-0003-4201-9431 * vanessa.melo@uftm.edu.br
Contribution: Validation, Methodology

3 - Bruna Vieira Cabral

Environmental Engineering Department
https://orcid.org/0000-0002-9123-4341 « bruna.cabrarl@uftm.edu.br
Contribution: Data curation, Formal analysis, Supervision

4 - Diego Andrade Lemos

Environmental Engineering Department

https://orcid.org/0000-0002-0507-7192 « diego.lemos@uftm.edu.br

Contribution: Conceptualization, Funding acquisition, Project administration, Writing -
review & editing

How to quote this article

PIVA, V. F.; MELO, V. S. R.; CABRAL, B. V.; LEMOS; D. A. Extraction of furfural inhibitor
from biomass hydrolysate of rice husk. Ciéncia e Natura, Santa Maria, v. 44, Ed. Esp.
VI SSS, e15, 2022. DOI: 10.5902/2179460X68832.

Ci. e Nat., Santa Maria, v. 44, Ed. Esp. VI SSS, e15, 2022


https://orcid.org/0000-0002-0640-0174
mailto:victorpivaeq@gmail.com
https://orcid.org/0000-0003-4201-9431
mailto:vanessa.melo@uftm.edu.br
https://orcid.org/0000-0002-9123-4341
mailto:bruna.cabrarl@uftm.edu.br
https://orcid.org/0000-0002-0507-7192
mailto:diego.lemos@uftm.edu.br
https://doi.org/10.5902/2179460X68832

