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Evaluation of passiflora edulis flavicarpa and dioscorea spp.
peelings as potential raw material for biorefineries

The use of agro-industrial residues in biorefinery processes has been increasing due to the negative environmental impact associated with the excessive use of
fossil fuels. Several residues have been evaluated as precursors for carbohydrate production, which in turn can be converted into numerous high value-added
products, such as the products of the furanic series, 5-hydroxymethylfurfural and furfural. Thus, this work aimed to determine the chemical composition of
passion fruit and purple yam peels in order to analyze their potential for use as raw material for biorefineries. For the determination of sugars, the shells were
submitted to acid hydrolysis according to two different methodologies: one by the National Renewable Energy Laboratory method and the other by the Dunning
et al. (1949) methodology. The products obtained were analyzed by Fourier Transform Infrared Spectrophotometry and High-Performance Liquid
Chromatography. The results show that passion fruit and purple yam peels presented high percentages of hemicellulose (30% and 15%, respectively) and mainly
of cellulose (above 44% for both shells according to the two tested methodologies). Due to the significant amount of these polysaccharides present in the
biomass, they have potential for use in biorefineries.
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Avaliagdo de passiflora edulis flavicarpa e dioscorea spp. cascas
como matéria-prima potencial para biorrefinarias

O uso de residuos agroindustriais em processos de biorrefino tem aumentado devido ao impacto ambiental negativo associado ao uso excessivo de combustiveis
fosseis. Vérios residuos foram avaliados como precursores para a produgdo de carboidratos, que por sua vez podem ser convertidos em inimeros produtos de
alto valor agregado, como as séries 5-hidroximetilfurfural e furfural. Assim, este trabalho teve como objetivo determinar a composigdo quimica de cascas de
maracuja e inhame roxo, a fim de analisar seu potencial de utilizagdo como matéria-prima para biorrefinarias. Para a determinagdo dos agucares, as cascas foram
submetidas a hidrdlise cida de acordo com duas metodologias distintas: uma pelo método do National Renewable Energy Laboratory e outra pela metodologia
de Dunning et al. (1949). Os produtos obtidos foram analisados por Espectrofotometria de Infravermelho com Transformada de Fourier e Cromatografia Liquida
de Alta Eficiéncia. Os resultados mostram que as cascas de maracuja e inhame roxo apresentaram elevados percentuais de hemicelulose (30% e 15%,
respectivamente) e principalmente de celulose (acima de 44% para ambas as cascas pelas duas metodologias testadas). Devido a quantidade significativa desses
polissacarideos presentes na biomassa, eles tém potencial para uso em biorrefinarias.
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INTRODUCTION

Due to the continuous and growing demand for energy and the impacts on climate change, the
chemical industry is in a transition scenario from dependence on non-renewable raw materials such as
crude oil or natural gas to vegetable biomass. Thus, the identification and use of alternative energy sources
has become a major strategic challenge for the 21 century (PEREZ et al., 2019; ALAM et al., 2018; VAZ
JUNIOR., 2017). According to Vaz Janior (2017), Brazil has an agro-industrial production that stands out in
the world scenario, producing approximately 330 million/tons annually of agro-industrial waste. This
scenario characterizes a favorable environment for the advancement of sustainable chemistry, with a large
contribution from biomass waste as a renewable source. Within this context, the technologies that make
up the processes of biorefineries, used in the exploitation of waste, become increasingly important
(RAMBO, 2011).

Considering this scenario, lignocellulosic biomass has emerged as one of the most promising
alternatives to fossil fuels for being a renewable, low-cost and easily accessible raw material, avoiding
competition with food sources and arable land. This can vary in composition depending on the type of
biomass, location, climate conditions and characteristics of the soil in which it grows (ASIM et al., 2019; LI
et al., 2019). Lignocellulosic biomass is composed of biopolymers, including cellulose (40-60%),
hemicellulose (20-40%), and lignin (10-24%) (SINGH et al., 2017). Generally, the acidic degradation or
hydrolysis of the constituents of this biopolymer, i.e., cellulose and hemicellulose, results in the formation
of hexose and pentose sugars (DAORATTANACHAI et al., 2013). The application of these derived sugars is,
in turn, very present within the concept of "integrated biorefineries", mainly their conversion into biofuels
such as bioethanol, and high added value biopolymers (BRANDT et al., 2013).

To optimize the use of raw biomass in biorefinery processes, it is essential to know and understand
the physical aspects, as well as the chemical properties of biomass and its characteristics (RAMBO et al.,,
2015). Another crucial aspect is the choice of the most appropriate methodology or process for the release
of carbohydrates present in each biomass, given that the decomposition of the polymers into their
constituent monomer before conversion into value-added chemicals is a key step in this process, as each of
the polymers has different degrees of recalcitrance for fractionation methods and different potential end
products (AJAO et al., 2018).

Therefore, this study selected passion fruit peels (Passiflora edulis flavicarpa) and purple yam
(Dioscorea spp.) for chemical and physical characterization, with the objective of evaluating their potential
for use in biorefining processes. Considering that Brazil is the first worldwide producer of passion fruit with
production in 2017 of 13.50 t/ha, the passion fruit peel corresponds to 52% of the fruit's composition
(EMBRAPA, 2017). Purple yam is a staple food that portrays great importance in traditional Brazilian
agriculture, composed mainly of starch. In this context, these residues have characteristics and functional
properties that can be used for the development of a good sustainable biomaterial in the industrial
production of furan compounds and can also be used in biorefineries.

The choice of passion fruit peel and purple yam peel as a source of biomass was motivated by the
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fact that they are commonly unused, cheap and renewable residues and that contain mainly carbohydrate
in their composition, and may be beneficial for the economical production on a commercial scale furanic

compounds.

METHODOLOGY

The passion fruit (Passiflora edulis flavicarpa) and purple yam (Dioscorea spp.) peelings were
acquired in regional supermarkets in Palmas — TO, Brazil. The analyses were performed at the Chemistry
Laboratory of the Federal University of Tocantins — UFT. The biomass of the passion fruit peel was obtained
from the mesocarp (interior of the peel) and epicarp (peel) of the passion fruit and the biomass of the
purple yam only from the peel. The biomasses were then cleaned and dried at room temperature for 48
hours, and for another 12 hours in a drying oven at 105 °C (SSD SolidSteel 110L). In the physical pre-
treatment, the peels were individually milled (22 mesh) (Start FT 50 - Fortinox), sieved to particle size (180-
850 um) and stored in airtight glass bottles for later use.

A total of 10 mL of 72% sulfuric acid (H,SO4) was added to two grams of each biomass. The mixture
was stirred continuously with a glass rod for 7 minutes in a water bath (Fisatom, 550, Brazil) at 50 °C. Then,
40 mL of distilled water was added to this content and the material was transferred to a 250 mL
Erlenmeyer flask. The solution was taken to the autoclave (vertical, Phoenix brand) at 121 °C for 15
minutes. After cooling, the material was filtered on filter paper previously weighed, to separate the solid
and liquid fractions. The liquid fraction of the hydrolysate was used to evaluate the carbohydrate contents
(glucose and fructose) and soluble acid lignin. The solid fraction retained in the filter paper was used to
analyze the contents of insoluble acid lignin and insoluble acid residue.

Approximately 300 mg of each biomass were subjected to a two-stage acid hydrolysis process. In
the first stage, the 72% (3 mL) sulfuric acid sample was transferred to a water bath (Fisatom, 550, Brazil),
kept at 30 °C for 1 hour and agitated every 10 minutes. In the second stage, 84 mL of water was added to
the sample and it was transferred to the autoclave (vertical, Phoenix brand) for 1 hour at 120 °C. The
hydrolyzed samples were then filtered through medium porosity crucibles (10 to 15 um) using a vacuum
pump (LT 65, Limatec, coupled). The liquid fraction of the hydrolysate was used to assess the carbohydrate
and soluble acid lignin content. The solid fraction was used to analyze insoluble acid lignin and insoluble
acid ash content of the sample. The content of soluble acid lignin was determined using the hydrolysate
diluted in H,SO4 solution at 4% in UV-Vis spectrophotometer (HACH/Germany, DR5000) with wavelength of
294 nm.

For determining the insoluble acid lignin content by the method adapted from Rocha et al. (2015),
the liquid fraction of hydrolysate obtained through the methodology of Dunning et al. (1949) was washed
with distilled water, aiming to remove sulfuric acid. The paper was then dried in an oven (SolidSteel) at 60
°C until constant mass was reached. Total lignin was defined by the sum of insoluble acid lignin and soluble
acid lignin found after the acid hydrolysis procedure.

The insoluble acid residue resulting from the filtration of the hydrolysate obtained by the NREL
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methodology, was used to determine the insoluble acid lignin. The insoluble acid residue was washed with
distilled water until the complete removal of the acid, and then dried in an oven at 105 + 5 °C until a
constant mass. It was then taken to the muffle furnace at 575 °C for determination of the insoluble acid
ash. Insoluble acid lignin was determined by the difference between insoluble acid residue and insoluble
acid ash. The ash content of biomass was determined according to ASTM D3174-04 (American Society for
Testing, 2004) which consists of the analysis of the residue after combustion of 1 g of crude biomass in a
muffle furnace at 600 °C for four hours.

The determination of the extractive content was performed in a Soxhlet extractor, using 3 g of
sample from each biomass, placed in extraction cartridges, covered with cotton and then taken to the
extractor with 200 mL of ethanol (95%), for approximately 12 hours (RAMBO et al., 2015). After the end of
the reflux, the cartridges were placed in Petri dishes on the counter for 48 hours for drying, and then the
extractive content was calculated. The determination of hemicellulose and cellulose content present in the
samples was performed according to Acid Detergent Fiber and Neutral Detergent Fiber analysis (TRUJILLO
et al,, 2010).

HPLC analysis was performed for carbohydrate determination hydrolyzed samples. For this, the
Shimadzu chromatograph was used, employing Phenomenex Rezex ROA-Organic column acid H* (81%), and
using H,S0; acid (5 mM) as eluent, with flow rate of 0.6 mL min! and refractive index detector model SPD-
10A VP brand Shimadzu. The volume of the injected sample was 20 uL. The samples were previously diluted
and filtered in "Sep-Pack" C18 (Millipore). The concentrations of these compounds were calculated from
calibration curves obtained from standard solutions.

The determination of hydroxymethylfurfural and furfural was performed using Phenomenex Luna
C18 5 column p (2) (250 x 4.6 mm) and pre-column Phenomenex C18 (4 x 3.0 mm) filled with material
similar to the main column. The eluent flow is ImL/min, at 30 °C, with a total run time of 15 minutes. The
isocratic elution with an acetonitrile/water solution (1:8 with 1% acetic acid), the detector used was the UV
(SPD-10A) with wavelength at 276 nm. The concentrations of these compounds were calculated from
calibration curves obtained from standard solutions.

In order to verify the presence of carbohydrates and furanic compounds in the biomass
hydrolysates, the samples were submitted to infrared analysis in an infrared spectrophotometer with
Fourier transform (FTIR) CARY 630, from Agilent Technologies with a scanning range of 600 to 3500cm.

The effect of the methodologies on the chemical composition of the biomass was investigated
through a factorial planning. It is an experimental method that allows the analysis of the effect of two or
more variables (factors) that influence the responses simultaneously. A factorial planning requires the
execution of experiments for all possible combinations of factor levels. In case there are k factors, that is, k
variables investigated, the planning of two levels will require the realization of different tests, thus being
called factorial planning 2¥ (NETO et al., 2007). In this work, a 2x2 factorial was employed involving,

therefore, four experiments.
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RESULTS AND DISCUSSION

Table 1 presents the chemical composition according the two different methodologies. In general,
it is noticeable that the lower lignin content of biomass, greater the bioavailability of the substrate for
generation bioproducts and bioethanol (PU et al., 2013). According to Singh et al. (2017), lignocellulosic

biomasses are composed on average of 10 to 24% lignin.

Table 1: Chemical composition of passion fruit and purple yam (dry base).

Components Methodology Passion Fruit Peel Purple Yam Bark
A Rocha et al. (2015) 10.53 +£1.09 10.43 £2.89
0,
Insoluble acid lignin (%) NREL 230 0.04 1.16 £ 0.04
- Rocha et al. (2015) 14.23 £ 0.89 33.02+0.36
Solubl dl 9
oluble acid lignin (%) NREL 25.95 + 3.53 4.19+0.01
L Rocha et al. (2015) 24.76 43.45
0,
Total lignin (%) NREL 28.25 5.35
Rocha et al. (2015) 55.74 51.44
Cellul %
ellulose (%) NREL 44.02 80.27
Hemicellulose (%) 30.03 15.54
Ashes (%) 10.33 £ 0.07 12.56 £ 0.23
Extractive (%) 11.54 +0.18 3.73+0.94

Mean * Standard-Deviation (averages of three repetitions)

In this study the passion fruit peel presented total lignin levels of 24.76% and 28.25%, according
Rocha et al. (2015) and NREL (2011) methods, respectively. Silva (2015) determined 25.69% of total lignin
for this same biomass. Hiep et al. (2020), obtained 10.7% of lignin content of passion fruit bagasse. This
high lignin content can be explained because the bagasse is not only composed of bark, but also of other
types of lignocellulosic materials.

The bark of purple yam presented 43.45% of total lignin according to Rocha et al. (2015) and only
5.35% according to NREL (2011). These values are quite discrepant between themselves, which highlights
the importance of the correct choice of methodology according to the purpose of each process and types of
biomass. No reference values for total lignin of bark of purple yam were found in the literature; however,
Versino et al. (2015) had lignin content values of 23.59% of cassava peel.

Both biomasses presented close levels of ash content, 10.33% (+ 0.07) and 12.56% (+ 0.23),
respectively (Table 1). According to Macedo et al. (2016), in order to be used in biorefinery processes, the
biomass must present low ash values. When comparing the ash content of passion fruit peel with other
biomasses, coconut peel presents 3.63% (RAMBO et al., 2015) and orange peel, 33.0% (CHAU et al., 2003).
The samples of the purple yam peels analyzed presented ash contents higher than Martins et al. (2014),
who evaluated the ashes for the pulp of the card-do-ar (Dioscorea bulbifera L.) and obtained 0.90%. This
value can be explained because, according to Leite (2016), the peel has more fibers than the pulp.
Consequently, the ash content of the peel will be higher than that of the pulp. Other factors that influence
the results are the differences of species, planting regions and genetic conditions of the plant, among
others.

The low percentage of extractives is essential when it comes to reducing production costs, and

economically and environmentally favorable, because the higher the content of extractives, the higher the
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consumption of solvents and waste generation. In addition, extractives can interfere with acid hydrolysis
(RAMBO et al., 2015). It is possible to observe that passion fruit peel has a higher content of extractives
than the purple yam peel (11.54 and 3.73, respectively); therefore, the purple yam bark is the biomass that
best fits this requirement, and the low values of extractives found in this study do not indicate the need for
removal (BROWNING, 1967).

Regarding the hemicellulose content, the results obtained allowed verifying that the passion fruit
peel obtained higher values. With respect to cellulose, the purple yam peel presented a higher result than
passion fruit peel according to NREL; however, the reverse occurs using methodology of Rocha et al. (2015).

Silva (2014) determined 12.98% of hemicellulose and 40.35% of cellulose for the passion fruit peel;
nonetheless, the hemicellulose content is lower than what was found in this study using both
methodologies, an attractive fact when it comes to obtaining carbohydrates. Leite (2016) analyzed the
composition of cassava peel and presented 14.8% of cellulose, a value inferior to what was presented for
the purple yam peel in this study for both methodologies. The great variation observed in the percentages
can be explained by the variability of the species.

In this sense, hydrolysis according to Dunning et al. (1949) resulted in higher vyields for
hemicellulose (30.03% for passion fruit peel); nevertheless, for cellulose the highest percentages obtained
were in accordance with NREL hydrolysis (2011) (80.27% for the bark of purple yam); this value, however, is
far from other studies such as those mentioned above. In Figure 1, the spectra of the hydrolyzed samples of
bark of purple yam and passion fruit peel are found, respectively, according to methodology developed by
Dunning et al. (1949) (I) and methodology developed by NREL (2011) (II).

The analysis of the absorption spectrum in the infrared region revealed the presence of bands
typical of the characteristic functional groups of lignocellulosic materials. In Figure 1, for bark of purple yam
(A) a rounded and broad-based peak is observed in the region of 3333.569 cm™ (1) and 3263.509 cm™ (1),
and for passion fruit peel (B) in the region of 3333.174 cm™ (II) and 3265.435 cm™ (1), which, as described by
Zhao et al. (2010), correspond to the axial deformation of the chemically associated hydroxyl groups (-OH).
Tibolla et al. (2014) states that after analysis of pulp, hemicellulose and lignin, the highest absorption of
groups -OH was obtained for pulp. This confirms that there has been cellulose degradation, or at least
severe modifications in its structure. The peaks in the region 1636.515 cm™ (A-I) and in the region 1636.800
cm? (A-ll), and in the region 1636.762 cm™ (B-I) and 1636.835 cm™ (B-ll), according to Siqueira et al.
(2010), are attributed to the deformation of C=0 groups of xylangroups, the main component of
hemicellulose and also of lignin chemical groups, as well as it is present in the furanic compounds
hydroxymethylfurfural and furfural. It is still possible to observe the absorption bands in the region of 1200
to 932 cm, characteristics of the C-O and C-H vibrations of pulp, confirming the efficiency of acid

hydrolysis on the pulp structure.
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Figure 1: FTIR spectra of the hydrolysate of Purple Yam Peel in (A) of Passion Fruit Peel in (B), according to a
methodology developed by (I) DUNNING et al. (1949) and (Il) NREL (2011).

The spectra of the hydrolyzed samples developed according to the methodology of Dunning et al.
(1949) showed significant structural degradation in relation to the hydrolyzed samples developed according
to the NREL methodology, demonstrating that the former is able to degrade more efficiently structural
components of lignocellulosic biomass. Table 2 presents the values obtained by quantifying the glucose and
fructose levels and hydroxymethylfurfural and furfural, present in the samples of passion fruit peel and

purple yam peel.

Table 2: Quantification of carbohydrates and furanic compounds (dry basis).

Components Methodology Passion Fruit Peel Purple Yam Bark
Dunning et al. (1949) 0.544 + 0.157 0.893 +0.057
Glucose (%)
NREL 0.061 £0.014 0.07 £ 0.006
Fructose (%) Dunning et al. (1949) 0.133 £ 0.002 0.269 + 0.018
? NREL 0.029 £ 0.006 0.019 £ 0.005
Dunning et al. (1949) 0.004 +0.0 0.008 + 0.002
0,
Hydroxymethylfurfural (%) NREL 0.006 £ 0.0 0.001 £ 0.001
Dunning et al. (1949) 0.125 £ 0.002 0.096 £ 0.004
0,
Furfural (%) NREL 0.002 0.0 0.002 0.0

Mean * Standard-Deviation (averages of three repetitions)

Based on the results obtained, it can be verified that bark of purple yam presented higher levels of
glucose than the passion fruit rind, according to the two methodologies. This fact can be explained by the
high levels of cellulose, a biopolymer that degrades into glucose monomers, found in this biomass. In
relation to the percentage of fructose, the purple yam bark presented higher values according to Dunning
et al. (1949), but the inverse occurs according to NREL. Fructose is one of the pentoses constituents of
hemicellulose; therefore, it is causally linked to the concentration of this polymer. In this sense, the passion
fruit peel was the one that presented the highest levels of hemicellulose, and consequently, according to
NREL, the hydrolysis was the one that demonstrated the greatest efficiency in the structural degradation of
hemicellulose in fructose for this biomass.

Regarding the levels of furanic compounds, found after hydrolysis, it can be seen that the purple
yam bark presented higher values of hydroxymethylfurfural according to Dunning et al. (1949) (0.008%);
however, according to NREL hydrolysis (2011), the passion fruit peel presented better results (0.006%). It
should also be noted that the concentration of hydroxymethylfurfural presented was excessively low for

both biomasses and methodologies. Passion fruit peel was the biomass with the highest furfural content,
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according to Dunning et al. (1949). Nevertheless, according to the NREL methodology, both biomasses
presented equal values (0.002%) and lower than the quantity obtained by Dunning et al. (1949).

In general, it was verified that the methodology of Dunning et al. (1949) was the one that provided
higher levels of glucose, fructose, hydroxymethylfurfural and furfural; and through this same methodology,
the purple yam peel has exceeded the passion fruit peel in the amount of glucose, fructose and
hydroxymethylfurfural. Consequently, Dunning et al. (1949) are more suitable to be used for this biomass
than NREL. This behavior was similar to that observed by Borges et al. (2020) who obtained yields of up to
14.28% glucose in rice husk hydrolysis, according to Dunning et al. (1949), against only 1.67% glucose yields
obtained by NREL.

The results also indicate that both biomasses presented low levels of glucose, fructose,
hydroxymethylfurfural and furfural. The insignificant sugar levels demonstrate that the choice of both
methodologies may not be ideal for the efficient degradation process of the natural cellulose and
hemicellulose polymers that form these biomasses, which were detected in high amounts in both. In Table
2, the purple yam peel is the biomass preferred for the use of these biomasses as a source of glucose, since
it presents more glucose than the passion fruit peel, according to the two methodologies tested.

The purple yam rind presented higher fructose contents than the passion fruit rind, according to
the hydrolysis methodology performed by Dunning et al. (1949). In the analysis of the hydrolysis performed
by the NREL methodology, the passion fruit peel presented higher fructose contents than the purple yam
peel. Therefore, for the use of these biomasses as a source of fructose in the production of fine chemical
compounds, when analyzing the criterion of which biomass to use, the purple yam peel presented more
fructose than the passion fruit peel by the hydrolysis methodology developed by Dunning et al. (1949).
However, if analyzed which methodology generates better results, the hydrolysis methodology developed
by Dunning et al. (1949) showed higher values compared to the hydrolysis developed by the NREL
methodology.

The biomasses tested generated more furfural after acid hydrolysis than hydroxymethylfurfural,
except for the passion fruit peel hydrolysis performed by the NREL methodology. The hydrolysate from the
purple yam bark showed more hydroxymethylfurfural by Dunning et al. (1949) methodology compared to
the passion fruit peel. Nevertheless, when the results of the hydrolysis performed by the NREL
methodology were analyzed, the passion fruit peel generated higher hydroxymethylfurfural results than
the purple yam peel. Comparing the two biomasses tested, the biomass that generated the most
hydroxymethylfurfural after the acid hydrolysis was the purple yam bark, according to Dunning et al. (1949)
methodology. If the hydrolysis methodology that obtained the best results for obtaining
hydroxymethylfurfural is analyzed, the methodology developed by Dunning et al. (1949) obtained superior
results to the methodology developed by NREL.

By analyzing the results obtained for furfural, the passion fruit peel resulted in a higher amount of
furfural when compared to the purple yam peel, according to Dunning et al. (1949) hydrolysis

methodology. The hydrolysate obtained by the NREL methodology presented similar furfural values for
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both biomasses. Therefore, the biomass that presented more furfural after hydrolysis, for both
methodologies, was the passion fruit peel. And when analyzed the methodology that obtained better
furfural results after acid hydrolysis, the methodology developed by Dunning et al. (1949) obtained better
results than the methodology for hydrolysis developed by NREL in obtaining furfural.

The results of the analysis of the effect of the methodologies on the chemical composition of the
studied biomasses are presented in Tables 3 and 4 and represent all the possible combinations of the
planning variables and the estimates indicate the mean (estimate 1), the main effects of the studied
variables (estimates 2 and 3), and the interaction effect between them (estimate 4).

In Table 3, the results of the carbohydrate content are presented, and in Table 4, the concentration
of sugars and furanic compounds. In Table 3, it is observed that when biomass B; (passion fruit peel) is used
and the methodology changes from M; (NREL) to M, (ROCHA et al., 2015), the insoluble acid lignin content
goes from 2.30 to 10.53, a variation of 8.23. Maintaining the biomass B; (purple yam bark) and varying the
methodology from M; to M, (experiments 3 and 4) the insoluble acid lignin goes from 1.16 to 10.43,
variation of 9.27. This behavior indicates that M, was more efficient in the process of obtaining lignin and
the two biomasses proved to have practically the same content of this carbohydrate. Also observing the
estimates, it is noted that the main effect of the methodology is much more significant than biomass

(estimates 2 and 3) and, in this case, the interaction effect is not significant (estimate 4).

Table 3: Estimates and effects of variables on the chemical composition of biomasses

Experiments Estimates
Components (%) 1|2 3 4 1 2 3 4
M;B; M;B1 M;B, M,B, Mean MTD BMS MTD/BMS
Insoluble acid lignin 2.30 10.53 1.16 10.43 6.11 8.75 -0.62 0.52
Soluble acid lignin 25.95 14.23 4.19 33.02 19.35 8.56 -1.49 20.28
Total Lignin 28.25 24.76 5.35 43.45 25.45 17.31 -2.11 20.80
Cellulose 44.02 55.74 | 80.27 51.44 57.87 -8.56 15.98 -20.28

M1 = NREL; M2 = Rocha et al. (2015); B1 = passion fruit peel; B2 = purple yam bark; M = methodology; B = biomass.

As for the content of soluble acid lignin, the variation was 11.72 (experiments 1 and 2) and 28.83
(experiments 3 and 4). This means that the interaction effect must be considered, that is, one variable
depends on the other. This can be seen in the value of soluble acid lignin in the estimate 4 of the table,
which is significant. In the case of pulp, the data indicate that M; was more efficient in extraction and B;
contains more pulp, as can be seen in estimates 3 and 4 of table 3, which correspond to the main effect
of biomass and the interaction effect, respectively. The negative sign indicates that the lower level (or
class) of the variable is more significant.

Regarding the quantification of sugars and furanic compounds (Table 4), it is observed that
when biomass B; is used and the methodology changes from M: to M; (experiments 1 and 2), the
glucose concentration increases by 4.83 g/L. When biomass B, (purple yam bark) is maintained and the
methodology changes from M; to M, (experiments 3 and 4), the glucose concentration increases by 8.23
g/L. This variation indicates that M, is more efficient in the process of obtaining glucose and that the
purple yam bark contains more of this sugar. The estimates also show that the main effect of the
methodology is more significant (estimate 2). The same behavior is observed for fructose, but this sugar
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presents itself in low concentration in relation to glucose for both biomasses.
Regarding furanic compounds, the M; methodology is more efficient in the process of obtaining
them; however, furfural demonstrates higher concentrations than hydroxymethylfurfural. As for the

biomasses, the variations are not significant.

Table 4: Estimates and effects of variables on the chemical composition of the biomasses.

Experiments Estimates
Com(F;;rL‘)e”ts 1 2 3 4 1 2 3 4
M1B1 M;B1 M;1B,; M,B, Mean | MTD BMS MTD/BMS
Glucose 0.61 5.44 0.70 8.93 3.92 6.53 0.79 1.70
Fructose 0.29 1.33 0.19 2.69 1.13 1.77 0.63 0.73
Hydroxymethylfurfural | 0.06 0.04 0.01 0.08 0.05 0.03 0.01 0.05
Furfural 0.02 1.25 0.02 0.96 0.56 1.09 -0.15 -0.15

Mi1= NREL; M2= Dunning et al. (1949); B1= passion fruit peel; B.= purple yam bark; M= methodology; B= biomass.
CONCLUSIONS

The biorefineries present advantages, such as the synthesis and conversion of several
biocomposites, the exploitation of the maximum potential of the biomasses, besides adding value to these
products, increasing their profitability, and reducing the energy demand and greenhouse gas emissions
(NREL, 2008). Therefore, the characterization of the biomass is essential for the evaluation of its use
potentials, especially regarding the carbohydrate content.

Under the studied conditions, the hydrolysate obtained from the purple yam bark presented higher
sugars concentration (glucose and fructose), according to the methodology of Dunning et al. (1949), and,
consequently, higher potential of use as raw material for biorefineries. However, the carbohydrate values
obtained are still very low when compared to the amount of pulp and hemicellulose found in both
biomasses, which highlights the importance of further studies on the methodologies of degradation of
biomass residues, in order to obtain higher carbohydrate concentrations. Therefore, the studies conducted

thus far will serve as a basis for the next stages of research.
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