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5-Hydroxymethylfurfural (HMF) can be obtained from the dehydration of monosaccharides
present in biomass, which helps add value to the raw material. The present work sought to study
the relationship between the parameters of biomass characterization, including the content of
reducing sugars, total soluble solids and the mid-infrared (MIR) and near-infrared (NIR) spectra,
and the formation of HMF after synthesis. A thorough analysis was conducted in order to evaluate
the residual agricultural biomass samples from sugarcane bagasse, corn stover, cassava branch,
banana pseudostem and mango fruits after the drying (45 °C maximum) and ball mill grinding
pre-processing procedure. HMF synthesis was performed using 0.50 mol L' HCI and n-butanol
as extracting solvent. The analytical quantification of HMF and furfural (co-product of synthesis)
was performed using high-performance liquid chromatography coupled to diode-array detector
(HPLC-DAD). The highest efficiency of the synthesis of HMF was observed for the mango fruits
(55.0 kg ton) and sugarcane bagasse biomass (47.5 kg ton!) samples. The application of data
fusion and principal component analysis (PCA) allowed us to identify the samples with greater
potential for HMF synthesis.

Keywords: biomass conversion, agricultural residues, validation, smoothing, FTIR-ATR,
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Introduction

Brazil stands out as one of the leading producers of
agricultural commodities on the world stage,' and the wastes
generated in the production of these commodities are potential
sources of renewable energy. The use of biomass as a source
of raw material has enormous advantages; given the huge
amount of biomass generated in the production of agricultural
commodities, this biomass can be transformed into a wide
range of commercial products, including renewable biofuel,
products that help to neutralize carbon emission, low-
cost biodegradable products, and so forth.? Furthermore,
it is worth noting that the reutilization of agricultural
residues from the agricultural industry does not lead to
competition for sources of biomass used in food production.

The major residual industrial biomass produced in
Brazil is sugarcane bagasse,’® with values estimated of
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690,832,317 tons of sugarcane produced in 2020.*° Corn is
the third most widely produced crop in Brazil, with the total
area used for planting of 17,502,182 ha. The total planted
area for cassava was 1,253,842 ha, making it the fourth
most widely produced crop; and the total planted area for
banana was 456,922 ha, making it the seventh most widely
produced crop in the country.’

Sugarcane bagasse is used for the generation of energy
either through combustion in boilers or via the utilization of
the residue for the production of second-generation ethanol,
where the process leads to the production of high volume
of residual biomass.®> With regard to the aforementioned
crops, cassava branch, which represents the biggest volume
of residue generated in the cultivation of cassava, is used for
the feeding of animals on a small scale and for the planting
of new areas to be cultivated; the cassava branch residue
surplus is simply not put to any valuable use. Corn stover
residue produced in corn plantations during the harvesting
of corn grains is widely used in vegetation covering and
for the feeding of animals.
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For each ton of banana produced, three tons of banana
pseudostem are generated.® Based on the quantity of banana
produced in 2019, more than 21 million tons of pseudostem
were generated.’ The residual biomass produced from the
cultivation of banana is not utilized in the traditional way.
Studies reported in the literature show that the residual
biomass from the cultivation of banana is used for the
production of second-generation ethanol’” and biogas,® as
well as for the fabrication of briquettes used for energy
generation via combustion.’

Another residual biomass that is found in the western
region of Parand and which is derived from the afforestation
practices implemented in the region is the biomass from
mango fruits. To date, this biomass has not been put to any
proper use; in fact, during the seasonal production period
in the western region of Parand, the streets can be found
packed with mango fruits and a cleaning strategy is usually
required to rid the streets of these fruits in order to avoid
the breeding of insects.

Studies reported in the literature**!° have demonstrated
the potential of the residual agricultural biomass investigated
in this study for the generation of products that are
commercially suitable for the chemical industry, and
which have high added value. One of the ways in which
residual agricultural biomass can be used for the generation
of products of high added value is its utilization for the
synthesis of 5-hydroxymethylfurfural (HMF)."” HMF is a
compound that occurs naturally in foods; this compound
is derived from the dehydration of monosaccharides
(glucose and fructose), in products subjected to high
temperature heating treatments or to aging process. In terms
of synthesis, HMF can be obtained from the elimination
of three molecules from water during dehydration through
acid catalysis; this process is more highly favored in the
presence of fructose than in the presence of glucose.!
Residues from some cultivars that occupy huge areas are
particularly interesting as feedstock for HMF synthesis, such
as sugarcane bagasse.!'"™* Also, from other lignocellulosic
materials such as banana plant waste,'>!¢ corn stover,!”!8
cassava waste,'*? and mango fruits.?!

HMF is a compound of huge commercial interest in
the chemical industry because it can be used as a precursor
for the production of other chemical substances. HMF can
be potentially converted into a wide range of chemical
elements, such as 2,5-dimethylfuran (DMF) biofuel and
2,5-furandicarboxylic (FDCA) acid monomer, which enables
the production of polyethylene furanoate (PEF) a polymer
with mechanical properties similar to those of polyethylene
terephthalate (PET). HMF can also be alternatively used for
the production of tetrahydrofuran (THF), a solvent widely
used in the chemical industry.?
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Spectroscopic techniques are widely applied methods
that enable to acquire relevant information regarding
the chemical groups/classes present in biomass.”® The
application of spectroscopic techniques in the infrared
region, in the mid-infrared (MIR) or near-infrared (NIR)
region, is useful because it offers a clear elucidation of
the chemical structure, providing relevant characteristics
regarding the chemical groups present in the biomass.*
Spectral modifications related to the content of the
monomers of each carbohydrate can be monitored through
the application of the attenuated total reflectance (ATR)
technique in the MIR region, and this can be used as an
alternative characterization method for the analysis of
biomass sources which are found to be highly promising for
the synthesis of HMF. These spectroscopic techniques have
a wide range of advantages which include the following:
(7) low cost of analysis; (ii) ability to perform direct analysis
of raw samples; (iii) requires the use of minimal sample
preparation via milling and standardization of particle size.
Chemometric tools are commonly used in spectral analysis
to highlight the characteristics of each sample such as the
presence of certain monomers or other structures related
to the sample composition. In this sense, the application of
data fusion allows one to obtain more information based on
an exploratory investigation through principal component
analysis (PCA);> the implementation of this analytical
methodology provides clear information in terms of the
production of HMF by a certain type of biomass.

The present work sought to investigate the relationship
between the characteristic parameters of biomass, such as
infrared spectra, monitored by Fourier-transform infrared
spectroscopy coupled to attenuated total reflectance (FTIR-
ATR) and Fourier-transform near-infrared spectroscopy
(FT-NIR), the content of reducing sugars and soluble
solids, and the production of HMF after acid catalysis. The
results obtained from this analysis enabled us to effectively
characterize the types of biomass investigated in the present
study in order to have a thorough understanding regarding the
potential of the biomass in terms of the synthesis of HMF.

Experimental
Sampling

The sources of residual agricultural biomass used
in this study were as follows: sugarcane bagasse (SB),
banana pseudostem (BP), corn stover (CS), cassava branch
(CB), and mango fruits (MF) (Figure S1, Supplementary
Information (SI) section).

The biomass samples were obtained from the Sao
Miguel do Iguagu municipality, which is located in the
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western region of Parand, Brazil. The biomass samples
were obtained taking into account the seasonal cultivation
periods. The sugarcane bagasse biomass samples were
acquired from a sugarcane plantation situated at the
Global Positioning System (GPS) coordinates 25.287934,
—54.269090, in August 2020. The corn stover biomass
samples were acquired from a corn plantation situated
at the GPS coordinates —25.249578, —54.361730, in July
2020. The banana pseudostem and cassava branch biomass
samples were obtained from plantations located close to the
corn plantation in August and September 2020, respectively.
Finally, the entire mango fruit biomass samples were
obtained from the urban area of Sdo Miguel do Iguacu
municipality in August 2020 (based on the fruit maturation).

Sample preparation

The drying of the samples was performed in two steps
to ensure the preservation of the biomass. The first step
involved drying the samples naturally for one week at room
temperature, storing them in the shade and in an open space.
The samples were then ground in a disintegrator (MA758,
Marconi, Piracicaba, Brazil). Subsequently, the samples
in natura were subjected to drying at 45 °C for 72 h in a
sterilization and drying oven (Luca-80/480, Lucadema, Sao
José do Rio Preto, Brazil).

The milling of the biomass was carried out based on the
methodology described by Flores-Velazquez et al."” Several
adjustments were made in the grinding configuration until
obtaining a satisfactory milling procedure which yielded
a particle size less than 180 um. Under this adapted
configuration, 16 steel balls of 10 mm and 80 steel balls
of 5 mm were used for 8.75 g of biomass placed in a steel
vat with a volume of 500 mL (Figure S2, SI section). The
steel vat containing the steel balls and the biomass was fixed
onto the vat support of a ball mill (PM 100, Retsch, Haan,
Germany). The material was subjected to milling cycles
for 30 min at a rotation of 400 rpm. Once the milling of
each biomass was completed, the biomasses were sieved
in a stainless steel particle size analysis sieve that had a
180 um opening.

Characterization

The sample moisture was determined in an oven
(LT 100 CR, LimaTec, Guarulhos, Brazil) at 105 °C for 6 h
until a constant weight was obtained.?**” The quantification
of reducing sugars was performed using classical
methodologies.?*? The analysis of total soluble solids was
performed using a benchtop refractometer (2WAJ, Biobrix,
Sao Paulo, Brazil) with reading in °Brix directly on the
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equipment.”® Clear samples obtained after the hydrolysis
of the biomass were used, as described in the procedure
for the determination of reducing sugars, including the
clarification with Carrez I (potassium ferricyanide, > 99%,
Dinamica, Indaiatuba, Brazil) and Carrez II (zinc sulfate,
> 99%, Reatec, Colombo, Brazil) solutions, filtration and
centrifugation (Rotina 380, Hettich, Tuttlingen, Germany).

Synthesis and analysis of 5-hidroxymethylfurfural (HMF)

For the synthesis of HMF, a methodology applied in
previous studies'*® was used for the choice of the reaction
medium; under this methodology, the optimal condition of
synthesis was obtained from the application of 0.50 mol L-!
hydrochloric acid (HCI 37% (m/m) PA; Neon, Suzano,
Brazil) as homogeneous catalyst. The synthesis of the
biomass was carried out in triplicate. Heating blankets were
used for the heating of the flasks, and an ultrathermostat
bath was used for the cooling of the condensation columns
(Solab/sl 152). The mixture was heated under reflux at 85 °C
for 60 min. At the end of this period, 3.0 g of NaCl (99.5%,
Exodo, Sumaré, Brazil) and 20 mL of n-butanol (99.4%,
Synth, Diadema, Sdo Paulo, Brazil) were added into the
flask, and the mixture was subjected to heating at 155 °C
for 90 min. A 600 mm Allihn condenser was connected to
each flat-bottomed flask, and the condenser was connected
to a bubbling system. After the cooling down of the reaction
medium at room temperature, the mixture was subjected to
filtration using a 250 mL kitassate under vacuum and the
aqueous phase was then separated from the organic phase
using a 250 mL separating funnel. The synthesis of the
biomass was carried out in triplicate.

The separation and quantification of the analytes of
interest were carried out using high-performance liquid
chromatography (HPLC) system, (DionexUltimate 3000,
Thermo Fisher Scientific, Germering, Germany), coupled
to a diode-array detector (DAD 3000) detailed in our
previous studies.!!*

The separation was made in an ACE 5 C18 column
(batch no. V13-7473) (250 mm x 4.6 mm; particle size
of 5 um; particle porosity of 110 °A), kept at 30 °C. The
injection volume was 20 pL. The diode array detector
recorded the spectra in the range from 200 to 400 nm,
with detection of the analytes at specific wavelengths of
263, 277, and 285 nm for FDCA, furfural (FF), and HMF,
respectively. The elution of the analytes (FDCA, HMF,
and FF) were performed using a 0.01 mol L' trisodium
citrate solution (at pH 2.5) as the mobile phase. The
analytical curves were constructed with HMF (purity >
99.0%, Sigma-Aldrich, Saint Louis, Missouri, USA), FF
(purity of 99.0%, Sigma-Aldrich, Saint Louis, Missouri,
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USA), and 2,5-furandicarboxylic acid (FDCA, purity
97.0%, Sigma-Aldrich, Saint Louis, Missouri, USA) as
the internal standard.

Synthesis sample at 10 uL. was added to 890 uL of
ultrapure water and 100 uL of FDCA at 2.00 x 10" mmol L,
followed by homogenization. The samples were filtered
through 0.22 um polytetrafluoroethylene (PTFE)
hydrophilic syringe filters and were then kept at =20 °C,
prior to the chromatographic analyses. For each of the three
synthesis replicates, three sample replicates in the aqueous
phase and three sample replicates in the organic phase were
prepared for injection into the HPLC system.

Spectroscopy in the infrared region

The biomass samples with particle size of 180 pm
were analyzed in the near-infrared (NIR) region using
Shimadzu equipment with Fourier-transform infrared
spectroscopy coupled to an attenuated total reflectance
accessory (IRAffinity-1, Shimadzu, Kyoto, Japan) in the
range of 650 to 3500 cm’!, with 8 cm resolution. The
NIR spectra of these biomass samples and the biomass
samples obtained from the acid hydrolysis related to the
preparation of reducing sugars and the organic phases of
synthesis were recorded in the microNIR (JDSU, Milpitas,
USA) equipment in the range of 950 to 1650 nm, under the
resolution of 8 cm™.

Chemometric analysis

The NIR spectra for the biomass, organic phase and
acid hydrolysis samples were pre-processed separately
using the Savitzky-Golay (savgol) smoothing algorithm
(first derivative, first-order polynomial, 7-point window).?!
After the pre-processing of the data, the spectra were
concatenated, along with the results obtained from the
analysis of moisture, reducing sugars, Brix, and the
concentrations of HMF and FF, in low-level data fusion
with the application of PCA. All the calculations were
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performed using the Matlab software R2007b* along
with the analytical tools from PLS-Toolbox 5.1.3* The
objective of this analysis was to explore the ability of NIR
spectroscopy to highlight the potential of the biomass
investigated in this study for the synthesis of HMF.

Results and Discussion
Analysis and synthesis of biomass

A thorough analysis was performed in order to evaluate
the characteristics of the ground biomass investigated in
this study. Among the characteristics investigated included
the following: moisture content, content of reducing sugars,
and total soluble solids (°Brix). Table 1 presents the results
obtained from this analysis along with the quantification
data obtained for HMF and FF in the aqueous and organic
phases of the synthesis.

The moisture of the samples employed in this study
varied between 6.81% (sugarcane bagasse) and 9.95%
(corn stover). This low moisture content observed for all
the biomass samples provides greater chemical and physical
stability during storage. In a recent study published in the
literature, Kumar ef al.3* employed different types of biomass
as raw material for the synthesis of HMF; the types of
biomass they employed had moisture content less than 10%.
Borges et al.* also employed biomass abundant in the region
where they conducted their study for the synthesis of HMF;
the biomass they employed had moisture content less than
7.11%. For the biomass samples investigated in our present
study, the contents of reducing sugars obtained in the samples
ranged between 17.96% (for biomass from mango fruits),
and 43.77% (for corn stover). The quantification analysis
of reducing sugars provides us with useful information
regarding the availability of monosaccharides in the biomass
samples. The results obtained from the quantification
of total soluble solids, measured in °Brix, did not show
any significant differences between the biomass samples
investigated (Table 1).

Table 1. Characterization of the biomass samples and contents of HMF and FF obtained after the syntheses

SB 6.81 £0.02 35.78 £2.98 8.63+0.18 3.67 £0.96 16.10 + 2.40 0.59+£0.14 5.64 +2.05
CS 9.95+0.29 43.77 +£4.76 9.00 = 0.00 0.53 +0.15 1.66 £ 0.50 0.59 +0.25 437+ 1.75
CB 9.56 £0.07 30.37 = 1.58 9.00 £ 0.00 1.20 £ 0.01 3.25+0.16 0.15£0.04 1.12+£0.14
MF 8.27 +0.03 17.96 = 1.37 9.00 £ 0.00 4.94 +0.62 18.10 = 1.79 0.08 +0.02 0.78 +£0.17
BP 6.91 £0.10 20.75 +0.86 9.00 £ 0.00 0.89 +0.10 2.26 £0.61 0.09 = 0.04 0.87 +0.41

Results obtained in triplicate and presented as mean + standard deviation. HMF: 5-hydroxymethylfurfural; FF: furfural; AP: aqueous phase; OP: organic
phase; SB: sugarcane bagasse; CS: corn stover; CB: cassava branch; MF: mango fruits; BP: banana pseudostem.
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The HMF concentration values obtained in the
syntheses ranged between 0.53 mmol L™ for the aqueous
phase of the corn stover sample and 18.10 mmol L' for the
organic phase of the mango fruits sample. Regarding the
FF concentration generated as a co-product of synthesis,
the concentration values obtained were in the range of
0.08 mmol L for the synthesis involving the use of biomass
from mango fruits in aqueous phase to 5.64 mmol L' for the
synthesis involving the use of sugarcane bagasse biomass
in the organic phase.

The biomass from corn stover exhibited the lowest
efficiency in terms of the production of HMF; the corn
stover biomass generated the least amount of HMF but
presented the highest fraction of FF produced among all
the different types of biomass investigated. This result
makes the biomass from corn stover unsuitable for use
in the production of HMF precursor due to the elevated
energy costs involved in the purification of the product
of synthesis.

The biomass from mango fruits produced high amount
of HMF and much lower amount of FF (Table 2), making
it the biomass with the lowest energy costs when it comes
to the purification of the product of synthesis.

Table 2. Production of HMF per ton of biomass

Sample HMF per bi(_)mass / FF per bior»nass /
(kg ton™) (kg ton™)

SB 475 17

s 5.2 9.2

CB 10.5 24

MF 55.0 16

BP 7.4 18

Mass of HMF (5-hydroxymethylfurfural) and (FF) furfural, taking into
account the sum of the compound masses in aqueous and organic phases.
Reference: ton of biomass on a dry basis. SB: sugarcane bagasse; CS: corn
stover; CB: cassava branch; MF: mango fruits; BP: banana pseudostem.

Characterization of biomass by FTIR-ATR

The biomass samples were characterized by FTIR-ATR
spectroscopy, and the spectra obtained are shown in
Figure 1. It is possible to observe important peaks in
distinguishing among different biomass around 1300, 1600,
1700, and 3000 cm.

Biomass from mango fruits (MF) exhibited the highest
efficiency in terms of the synthesis of HMF; this biomass
sample presented transmittance intensity bands close to
the region around the wavelengths of 1700 and 3000 cm'.
The biomass samples from corn stover (CS) and banana
pseudostem (BP) presented the lowest efficiency in the
synthesis of HMF; these samples exhibited bands of higher
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transmittance intensity in regions close to the wavelengths
of 1600 and 1300 cm’'.

To interpret the transmittance spectra of the biomass
samples investigated in this study, the characterization
graph of each functional group was evaluated. The
following conclusions were drawn based on the results
obtained from this analysis: (i) the bands obtained for the
MF biomass are related to strong absorption of alkenes
and medium or weak absorption of carbonyl in the
region around the wavelength of 1700 cm™, as well as
to medium and weak absorption of alkenes and aromatic
groups, respectively, in the region around the wavelength
of 3000 cm™; (if) with regard to the CS and BP biomass
samples, the bands in the region around the wavelength of
1300 cm! correspond to strong absorption of sulfur dioxide,
strong or medium absorption of the nitro functional group,
and weak absorption of alkenes, while the bands in the
region around the wavelength of 1600 cm™ are associated
with strong absorption of carbonyl and nitro functional
group and weak absorption of aromatic groups.

Another interesting point to note regarding the spectra
of the biomass samples is the band formed after the
wavelength of 1000 cm'; this region is characterized by the
absorptions of hydroxyl, oxide and sulfur dioxide. The fact
that the samples analyzed are biomasses largely composed
of cellulose, one expects to see high absorption of hydroxyl
in the region, due to the structure of cellulose, which is a
glucose polymer (glucose molecule has six hydroxyls in
its structure).

The bands in the wavelength region of 1300 and
1600 cm™!, which are found in greater intensity in the
biomass samples with lower efficiency in the synthesis of
HMEF, represent the chains that contain alkenes and sulfur
dioxide and nitro radicals. These three groups do not
take part in the primary reaction process, and can reduce
the reaction speed and efficiency, acting as inhibitors;
alternatively, due to the occurrence of secondary reactions,
considering that the three groups are highly reactive, they
can act as compounds that are potentially competing for
reaction.

Data fusion and PCA

Figure 2 shows the NIR spectra obtained after the
pre-processing procedure. As can be observed, in the NIR
region, the water presents a first overtone O—H stretch band
at 1450 nm. However, other compounds with O—H bonds,
including carbohydrates and lignin, can also be associated
with the region.*

Furthermore, the NIR spectra of the biomass samples
present a vibrational band which corresponds to the alkyl
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Figure 1. MIR spectra obtained for the following biomass samples: (a) SB (-); (b) CS ( ); (¢) CB (-); (d) MF (-); (e) BP (-); (f) all biomass samples together.
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Figure 2. NIR spectra after the pre-processing procedure. (a) Biomass; (b) aqueous phase; (c¢) organic phase; () SB; () CS; (=) CB; (-) MF; (-) BP.

groups (C—Hn) at 1190 nm (second overtone of the C—H
stretch). Lignin exhibits specific bands that correspond
to C—H or O—H aromatic groups at 950 and 1100 nm.*¢’
Nonetheless, the characteristic spectral overlap of the
NIR region points to the difficulty of carrying out a direct
analysis of the spectra without the aid of multivariate tools.
On the other hand, the conventional analytical techniques
require considerable amount of time and are extremely
costly to perform; apart from that, these techniques generate
residues that need to be disposed of in a proper fashion. In

view of that, a thorough analysis of the potential of different
biomass samples in the synthesis of HMF can be conducted
in a more rapid way and at a relatively cheaper cost using
NIR spectroscopy.

The samples from acid hydrolysis and the organic
phase of the synthesis were evaluated by NIR spectroscopy.
These results were concatenated along with those shown
in Table 1, creating low-level data fusion (fusion of
pre-processed individual matrices), followed by the
application of the principal component analysis (PCA).
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The NIR spectra (after the first derivative), along
with the results shown in Table 1 (after auto-scaling),
were normalized through maximum intensity prior to
concatenation.

The PCA, applied for the analysis of the merged data,
centered on the mean and two principal components (PCs),
was able to capture 78.67% of the explained variance.
Based on the scores in Figure 3, one can see a clear
distinction between the raw materials.

The results obtained from the joint analysis of scores and
loadings (Figure 4) showed that SB and CS are distinguished
by the positive scores of PC1 due to the content of moisture,
reducing sugars and the concentration of furfural in the
aqueous and organic phases. The PC1 positive loadings
related to the NIR spectra show the following: (i) the
important region in the biomass samples is between the
wavelengths of 1300 to 1500 nm; (ii) the important regions
for the acid hydrolysis samples are between the wavelengths
0f 950 to 1300 nm and between 1320 to 1650 nm; and (iii) the
important regions for the organic phase samples are around
the wavelengths of 1140, 1210 and above 1600 nm. All these
regions are the spectral regions that are mostly associated
with the contents of moisture, reducing sugars and furfural.
MF and BP in the negative part of PC1 were found to present
similar results for the parameters mentioned above.

The results obtained from the analysis of PC2 showed
that MF is situated in the most positive part of this
PC. In fact, this biomass sample presented the highest
concentration of HMF in both aqueous and organic phases,
and these concentrations were found to diminish for the
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Figure 3. PCA scores on PC2. (*) SB; () CS; (¢) CB; () MF; (*) BP.

biomass samples based on the decrease in the PC2 scores:
MF > SB > CB > BP > CS. The PC2 loadings related to
the NIR spectra showed that the spectral regions related
positively to higher concentrations of HMF were as follows:
(i) the wavelength region between 950-1100 nm for the
biomass samples; (ii) the region around 1320 nm for the
acid hydrolysis sample; and (ii7) the region around 1390 nm
for the organic phase sample.

The application of data fusion and PCA enabled us to
identify the spectral regions in the samples of biomass,
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acid hydrolysis and organic phase that indicated possible
potential for the synthesis of HMF.

Conclusions

The results obtained from the analysis of the potential
of different samples of biomass for the synthesis of HMF
showed that the biomass sample from mango fruits (MF)
exhibited the highest efficiency in HMF production,
followed by the biomass samples from sugarcane bagasse
(SB), cassava branch (CB), banana pseudostem (BP) and
corn stover (CS), in this order. In terms of the scale of HMF
production per ton of biomass, the production rate ranged
between 5 and 55 kg ton’'; this shows that the synthesis
route employed provides one with the possibility of
valorizing the residual biomass produced by the agricultural
industry.

The results obtained from the FTIR-ATR analyses
conducted in the mid-infrared (MIR) region showed the
transmittance bands related to the biomass samples; among
these bands included the bands in the regions of inhibiting
domain or those that competed for reaction, and bands in the
regions that were associated with functional groups which
are typically related to the reagents used in the synthesis.
With regard to the analysis in the near-infrared region, the
application of multivariate tools allowed us to concatenate
the NIR spectra, along with the results obtained from the
characterization of the ground biomass samples and the data
related to the quantification of HMF and FF in the aqueous
and organic phases of the synthesis; this paved the way
toward the conduct of principal component analysis. Based
on the results of these analyses, one was able to observe a
clear distinction between the raw materials investigated in
this study and match the spectral regions of the biomass
samples with their potential for the synthesis of HMF.

Supplementary Information

Supplementary data (Figures S1 and S2) are available
free of charge at http://jbcs.sbq.org.br as PDF file.
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