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On the Basic Chemical Composition of Selected
Biomass Types from Four Regions of Mexico, for
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The chemical composition of hardwoods sawdust and citrus residues from
four states of the Mexican Republic (Quintana Roo, Durango, Veracruz,
and Sonora) were determined. The results ranged as follows: total
extractives from 8.2% (Quercus spp.) to 35.0% (lime leaves), holocellulose
from 45.4% (lime leaves) to 70.6% (Lysiloma latisiliquum), lignin from
3.9% (lemon peels) at 25.4% (Caesalpinia platyloba), ash from 0.4%
(orange branches) to 6.3% (lemon peels), pH from 5.1 (Swartzia cubensis)
to 7.3 (orange branches), and calorific value of 19.8 MJ/kg (Lysiloma
latisiliguum and Quercus spp.) to 21.7 MJ/kg (Olneya tesota). With the
exception of the oak samples, in all the biomass samples the extractives
content is relatively high (10.1% for Lysiloma latisiliquum to 35% for
Persian lime leaves), and could represent a potential for future study and
applications in the field of antioxidants. Due to the chemical properties and
calorific value, the biomass samples studied present potential for local use
as densified biofuels (pellets or briquettes).
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INTRODUCTION

The primary source of energy in the world is based on fossil fuels, with harmful
effects both for the environment and for society itself, due to the high emissions of
greenhouse gases and other polluting emissions derived from the coal combustion process,
natural gas, and petroleum derivatives (Garcia et al. 2016). The awareness of these
environmental problems, the energy crisis, and the tightening of legislation in this regard
have promoted research aimed at using biomass for power generation (Faba et al. 2014);
biomass is non-fossilized organic matter, originated in a spontaneous or provoked
biological process (Velazquez-Marti 2018).

A proposal for classifying the most important sources of biomass for energy
purposes includes biomass from energy plantations, and biomass from waste or remains of
human activities. Energy plantations include herbaceous materials and woody materials.
The remains and residues include the following: remains of agricultural crops, forestry
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operations, agri-food industries, forest industries, livestock operations, marine products or
remains, and human activities (Veldzquez-Marti 2018).

Biomass is a source of energy, as it can be transformed into fuel products that are
classified as solid, liquid, and gaseous biofuels (Camps and Marcos 2008; Velazquez-Marti
2018). Solid biofuels (firewood, wood chips, pellets, briquettes, and charcoal) are
important energy vectors derived from lignocellulosic biomass (Riegelhaupt 2016).
Emissions and residues from the combustion process of biofuels from biomass pollute less
than fuels derived from oil or coal, which is why they are considered a cleaner source of
energy (Velazquez-Marti 2018). Around the world, it is estimated that the annual
production of lignocellulosic biomass is approximately 1x10° million tons, and it is the
most abundant renewable raw material (Sanchez and Cardona 2008).

In the process of wood industrialization, large amounts of lignocellulosic biomass
are generated (Zavala and Cortés 2000), and on few occasions with some local uses
(Correa-Méndez et al. 2014). These lignocellulosic residues are important for energy
generation (Karinkanta et al. 2018), but due to the variation in the chemical composition
of different types of biomass (Werkelin et al. 2005; Spinelli et al. 2011), it is necessary to
evaluate their properties with a view to using them as biofuels for domestic or industrial
uses (Mitchual et al. 2014).

Recent studies have released data on particle size, proximate analysis, ultimate
analysis, and ash microanalysis of sawdust from coniferous woods and hardwoods, as well
as lemon peel residues from fruit processing, and citrus branches and leaves from orchard
pruning, collected in different states of the Mexican Republic (Rutiaga-Quifiones et al.
2020). This same work team has also reported data on the chemical composition of
coniferous sawdust (Chavez-Rosales et al. 2021), and the characteristics and properties of
briquettes made with this coniferous wood sawdust have been discussed (Ramirez-Ramirez
et al. 2021). Data on the chemical composition of the lignocellulosic materials studied here
IS scarce, so it is important to know the results of the chemical analysis and based on this,
these materials could be used to make densified biofuels, and help the energy transition in
Mexico. It is important to know the inorganic material content of the biomass, because the
ash content is one of the important factors for classifying densified solid biofuels (ONORM
2000; ISO 2014). This work determined the chemical composition of the biomass of
hardwoods generated in the process of primary transformation of wood and of citrus
residues from orchard pruning. This information will be useful in making pellets or
briquettes and will provide baseline data for comparison with other types of biomass.

EXPERIMENTAL

Biomass Samples

This research examined hardwood sawdust—the product of the primary
transformation of wood—and residues of citrus fruits obtained from pruning work in
orchards, and from a fruit processing company. The biomass samples were collected in
different companies and forest ejidos in four states of the Mexican Republic (Quintana
Roo, Durango, Veracruz, and Sonora). Table 1 lists the samples in order of collection.
Sawdust samples were collected at the following sites: ejido Noh-Bec (sample 1), ejido
Petcacab (samples 2 to 5), ejido Tres Garantias (sample 6), Maderas and Tarimas Alba
(sample 7), ejido Pueblo Nuevo (sample 8), citrus orchards in Martinez de la Torre
(samples 9 to 11), Grupo Altex (sample 12), and Artesanias Don Lupe (sample 13). The
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collected material was dried outdoors and was subsequently milled and sieved to use the
40 mesh fraction in the analyses (Mejia-Diaz and Rutiaga-Quifiones 2008).

Chemical Analysis

The extractives content was determined using solvents of increasing polarity by
successive extraction in Soxhlet equipment (cyclohexane, acetone, methanol) and finally
hot water under reflux, for 6 h in each case (Mejia-Diaz and Rutiaga-Quifiones 2008).
Holocellulose (Wise et al. 1946) and lignin (Runkel and Wilke 1951) in the material after
successive extraction were determined. In the original material, the ash content and pH
were determined as per UNE-EN 14775 (2010) Sandermann and Rothkamm (1959),
respectively.

High Heating Value Calculation

The calorific value of the biomass samples was calculated using the mathematical
model based on the chemical composition (White 1987). For this purpose, the average
value of the chemical composition of biomass samples was used.

Statistical Analysis
The analyses were performed in triplicate, and the mean value and standard
deviation are reported. No software was used to calculate these values.

Table 1. Origin and Name of the Biomass Samples

Sample Origin Scientific Name Common Name | Biomass Type
Swartzia cubensis (Britt. and K atalox Sawdust
Willson) Standl.
2 Lysiloma latisiliguum L. Benth. Tzalam Sawdust
3 . Caesalpinia platyloba S. Watson Chackté-Viga Sawdust
Quintana Manilkara zapota
4 Roo Chicozapote Sawdust
(L.) v. Royen
Swartzia cubensis (Britt. and ,
5 Willson) Star(ldl. K atalox Sawdust
6 Swietenia macrophylla King Caoba, Mahagoni Sawdust
7 Durango Quercus spp. Oak Sawdust
8 Quercus spp. Oak Sawdust
9 Citrus x Iatifplig Tanaka ex Q. Persian lime Branches
Jiménez
10 Veracruz Citrus x Iatlfpllg Tanaka ex Q. Persian lime Leaves
Jiménez
11 Citrus X sinensis Osheck Orange Branches
12 Citrus x limon L. Burm Lemon Lemon peels
13 Sonora Olneya tesota A. Gray Palo fierro Sawdust

RESULTS AND DISCUSSION

Extractives Content

Table 2 summarizes the results of the successive extraction process with different
solvents of increasing polarity. The total of extractives from the biomass samples studied
ranged from 8.2% (Quercus spp.) to 35.0% (lime leaves). In the case of hardwoods, the
total extractives content varied from 8.2% (Quercus spp.) to 30.7% (Olneya tesota). These
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values are close to those reported for different hardwoods from the Mexican southeast
(Rodriguez-Jiménez et al. 2019). In the case of Manilkara zapota and Swietenia
macrophylla, the values found here are lower than those previously reported (Rutiaga-
Quifones 2001). The total extractives content for the oak samples was 8.2%, which
generally matched other reports (Rutiaga-Quifiones et al. 2000; Rutiaga-Quifiones 2001;
Herrera-Fernandez et al. 2017; Ruiz-Aquino et al. 2020). The extractives content together
with the ash content are two important parameters that affect the calorific value of wood,
and therefore its use as fuel (Demirbas and Demirbas 2004). In the case of materials from
pruning, the total extractives content ranged from 10.3% (orange branches) to 35% (lime
leaves). Relatively high contents of extractives have been observed in branches and leaves
of different tree species (R&isdnen and Athanassiadis 2013; Guendehou et al. 2014;
Cardenas-Gutiérrez et al. 2018).

For all samples except lime leaves and lemon peels, the highest amount of
extractives corresponded to the extraction with acetone, followed by methanol (Table 2).
This result indicates the presence of components of medium polarity; polyphenolic
substances have been detected in these types of extracts in conifers and hardwoods (Kim
et al. 2008; Rocha-Guzman et al. 2009; Rosales-Castro et al. 2009, 2012; Argueta-Solis et
al. 2018). A high concentration of extractives in acetone and methanol has been observed
in previous studies with tropical woods (Rutiaga-Quifiones 2001), oak woods (Rutiaga-
Quifones et al. 2000; Rutiaga-Quifiones 2001; Herrera-Fernandez et al. 2017; Ruiz-
Aquino et al. 2020), and branches of some tree species (Raisanen and Athanassiadis 2013;
Cardenas-Gutiérrez et al. 2018). Essential oils in lemon peel have appreciable antifungal
and antibacterial activity (Qadir et al. 2018).

Holocellulose Content

The holocellulose content for all samples ranged from 45.4% (lime leaves) to
70.6% (Lysiloma latisiliquum) (Table 3). The results for hardwoods ranged from 50.0%
(Olneya tesota) to 70.6% (Lysiloma latisiliquum); these values are higher than those
reported for other hardwoods species (Rutiaga-Quifiones 2001; Rodriguez-Jiménez et al.
2019). The values found here for the oak samples are close to those reported for oak woods
(Rutiaga-Quifiones et al. 2000, 2001; Ruiz-Aquino et al. 2015). In the case of branch
samples, the values found here are similar to those reported in studies carried out with
branches of different tree species (Réisanen and Athanassiadis 2013).

Lignin Content

The amount of Runkel lignin in the studied samples ranged from 3.9% (lemon
peels) to 25.4% (Caesalpinia platyloba) (Table 3). For the hardwood samples, the results
ranged from 16.0% (Lysiloma latisiliguum) to 25.4% (Caesalpinia platyloba), and in
general are within the reported range (21.3 to 39.8%) for some tropical woods (Fengel and
Wegener 1983). The value obtained for Lysiloma latisiliquum is lower than that reported
for the same tropical species (19.9%) (Rodriguez-Jiménez et al. 2019). The results reported
for Manilkara zapota (30.7%) and for Swietenia macrophylla (31.1%) (Rutiaga-Quifiones
2001) are higher than those found here in the samples of the same tropical species. For the
oak samples, the results obtained are in the range reported for some oak species (21.4%)
(Rutiaga-Quifiones et al. 2000), (22.4 to 23.8%) (Rutiaga-Quifiones 2001), (14.7 to 19.4%)
(Herrera-Fernandez et al. 2017), (14.9 to 16.8%) (Ruiz-Aquino et al. 2020). The lignin
content in the branch samples is within the interval found in branches of different tree
species from 20.8% (Downy birch) to 22.8% (Scots pine) (Raisanen and Athanassiadis
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2013), and 17.6% (Quercus rugosa) to 28.9% (Q. candicans) (Cardenas-Gutiérrez et al.
2018). The result of the Runkel lignin content in lemon peels and leaves should be taken
with caution, because no protein was determined here and no adjustment was made, and it
is known that the presence of protein has been detected in tree foliage (Fengel and Wegener
1983; Tzvetkova and Hadjiivanova 2006). The contribution of lignin improves the
properties of biomass fuels; combustion calorimetry shows that the pyrolysis of lignin has
a higher calorific value (Varfolomeev et al. 2015; Herrera-Fernandez et al. 2017).
Approximately 95% of the world's lignin production is used to produce energy through
cogeneration systems, while the remaining 5% is marketed for the formulation of

adhesives, dispersants, surfactants, and rubbers (Tribot et al. 2019).

Table 2. Extractives Content in Biomass Samples (%)

Sample Origin Cyclohexane Acetone Methanol Hot Water Total
1 0.4 4.8 4.3 1.6 111
+0.10 +0.74 +0.18 +0.14 +0.97

2 0.3 4.3 2.1 3.4 10.1
+0.12 +0.85 0.30 +0.04 +0.46

3 55 6.5 2.4 2.2 16.6
Quintana +1.08 +0.74 +0.18 +0.25 +0.78

4 Roo 1.9 5.9 3.2 1.9 12.9
+0.03 +0.28 +0.51 +0.01 +0.85

5 25 6.0 2.9 1.7 131
+0.04 +0.63 +0.08 +0.33 +0.83

6 1.1 7.1 29 2.8 13.9
+0.01 +0.37 +0.13 +0.07 +0.44

7 0.2 3.6 1.4 3.0 8.2
Durango +0.05 +0.56 +0.19 +0.26 +0.68

8 0.3 3.4 1.6 2.9 8.2
+0.01 +0.21 +0.20 +0.01 +0.42

9 4.7 14.8 1.6 3.3 24.4
+0.21 +0.36 +0.15 +0.21 +0.51

10 8.0 3.9 1.8 21.3 35.0
Veracruz + 0.65 1.2 +0.37 + 0.96 +1.95

11 0.5 4.5 1.1 4.2 10.3
+ 0.08 +0.67 +0.23 +0.82 +0.30

12 1.6 3.0 1.0 23.1 28.7
+ 0.59 +0.58 +0.25 +0.83 +1.75

13 Sonora 0.6 22.0 4.8 3.3 30.7
+0.04 +0.39 +0.13 + 0.07 +0.55

Ash Content

The mineral content of all samples ranged from 0.4% (orange branches) to 6.3%
(lemon peels) (Table 3). The values for the hardwood samples ranged from 1.0% (Quercus
spp.) to 3.4% (Manilkara zapota). The ash content in tropical woods is usually higher than
in pine woods, and the results found here generally coincide with data for tropical woods
(Fengel and Wegener 1983; Rodriguez-Jiménez et al. 2019). The amount of inorganic
substances in the oak samples are lower than the results reported for different oak species
(Rutiaga-Quifiones et al. 2000, 2001; Herrera-Fernandez et al. 2017; Ruiz-Aquino et al.
2020). In the case of branches, the results obtained here are within the range found in
branches of different tree species (0.08% in Quercus rugosa, 1.3% in Q. candicans)
(Cardenas-Gutiérrez et al. 2018). Inorganic substances are concentrated in the foliage of
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trees, compared with wood or bark, and the results obtained here agree with data reported
for leaves of different tree species (Guendehou et al. 2014).

The ash content of woody biomass varies from 0.5 to 3% of dry weight
(Chandrasekaran et al. 2012); however, Vassilev et al. (2010), report ash content on a dry
basis above 10%. The ash content present in the biomass is important for the calculation
of the amount of waste that will be generated after the combustion process and for the
design of the boilers (Velazquez-Marti 2018). The ash content in biomass is also important
because high ash content corresponds to a lower calorific value (Martinez-Pérez et al.
2015; Velazquez-Marti 2018), in addition to influencing the quality of densified solid
biofuels (Obernberger and Thek 2010). Depending on the ash content, there is a
classification for pellets (1SO 2014) and for briquettes (ONORM 2000). Thus, biomass
with ash content less than 0.7% (Table 3) could be used to make class Al pellets. Biomass
with ash content less than 1.5% (Table 3) to make class A2 pellets, while biomass with ash
content less than 3.0% (Table 3) to make class pellets B, according to ISO 17225-2 (ISO
2014). Biomass with ash content less than 0.5% (Table 3) could be used to make briquettes,
according to ONORM 7135 (ONORM 2000).

Table 3. Holocellulose, Lignin, Ash, pH, and Calorific Value (HHV) in Biomass
Samples

- Holo- Runkel HHV
Sample Origin cellulose Lignin Ash (%) PH (MJ/kg)

1 62.3+0.16 | 204 +0.17 1.3+£0.01 5.2+0.10 21.0
2 70.6+1.55 | 16.0+0.58 | 3.3+£0.02 49+0.14 19.8
3 Quintana | 63.9+0.60 | 254+0.79 | 2.2+0.03 5.2 +0.08 20.9
4 Roo 63.8+0.60 | 246+0.31 | 3.4+0.03 5.6 £ 0.07 20.6
5 64.0+0.67 | 23.8+0.53 | 25+0.02 5.1+0.04 20.5
6 64.4+0.83 | 22.7+0.37 | 2.1+0.02 5.6 £0.04 20.5
7 Durango 69.7+047 | 184054 | 3.1+0.01 5.7 £0.02 19.8
8 69.8+0.38 | 18.8+0.02 1.0£0.02 5.4 +£0.05 19.8
9 63.4+0.01 | 17.2+0.01 | 0.5+0.18 6.4+0.31 20.8
10 Veracruz 45.4+055 | 155+046 | 6.1+0.34 6.5+0.17 21.4
11 69.5+0.20 | 21.2+0.61 | 0.4+0.03 7.3+0.01 20.2
12 64.2+0.96 | 3.9 £0.34 6.3 +0.62 6.0+0.19 20.1
13 Sonora 50.0+0.37 | 23.3+0.53 1.4+£0.22 5.7 +£0.03 21.7

In addition to knowing the amount of ash in the biomass, it is important to know
the chemical elements present in its ash. In the organic phase there are six elements (C, H,
N, S, CI, and O) and in the inorganic phase there are at least nine chemical elements (Si,
Al, Ti, Fe, Ca, Mg, Na, K, and P), which serve to characterize a biomass (Velazquez-Marti
2018). Elemental analysis of these same biomass samples studied here was recently
reported, and sulfur was not found in the samples. In this study it is concluded that the
biomass samples have low nitrogen content, and low environmental impact is speculated
when using this biomass to generate densified solid biofuels (Rutiaga-Quifiones et al.
2020). In this study, Cl was not detected, which is scarce in wood (Obernberger et al. 2006)
and its concentration in biomass ranges from 0.01 to 2.3% (Khan et al. 2009). On the other
hand, the chemical elements detected in these same biomass samples are also disclosed: Al
(all samples), As (samples 1, 2, and 5), B, Ba, and Ca (all samples), Cr (samples 1 to 8, 10
to 13), Cu, Fe, K, Li, Mg, and Mn (all samples), Mo (samples 1 to 5, 12 and 13), Na, Ni
(all samples), Pb (samples 4 to 9, 11 to 13), Si (all samples except sample 9), Sr (all
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samples), V (simple 3, 7, 8, 11, 12), and Zn (all samples, except sample 9). A high
concentration of K is found (Rutiaga-Quifiones et al. 2020), which would limit the use of
this biomass to produce densified biofuels due to the problems of melting point, deposit
formation, aerosols and emission of fine particles (Obernberger and Thek 2004); Van Lith
et al. 2006), however, high K content in ash can be advantageous for use as a fertilizer
(Camps and Marcos 2008).

pH Value

The pH value for all biomass samples studied ranged from 5.1 (Swartzia cubensis)
to 7.3 (Orange branches) (Table 3). These values are in the 3.7 (Pterocarpus soyauxii) to
8.2 (Terminalia superba) range for some hardwoods (Fengel and Wegener 1983). The pH
in hardwoods ranged from 5.1 (Swartzia cubensis) to 5.7 (Olneya tesota) and corresponds
to a weakly acidic pH (Kollmann 1959). The pH reported for Manilkara zapota (5.5) and
for Swietenia macrophylla (5.3) (Rutiaga-Quifiones 2001) is close to the values found here.
There was no evidence of the effect of pH on the biofuels properties, but it is known that
it is an important indicator of the use of wood due to its interaction in preservation process,
pulping, adhesion, plastification, and fibre- and particleboard production (Fengel and
Wegener 1983).

High Heating Value Calculation

The calorific value for all samples ranged from 19.8 MJ/kg (Lysiloma latisiliquum
and Quercus spp.) to 21.7 MJ/kg (Olneya tesota) (Table 3). Values reported for different
tropical woods range from 16.2 MJ/kg (Neomillspaughia emarginata) to 18.5 MJ/kg
(Lonchocarpus yucatanensis), calculated with a mathematical model based on the
elemental composition of biomass (Rodriguez-Jiménez et al. 2019), and are lower to those
calculated here. The result obtained for the oak samples is higher than the average value
reported for oak woods (17.7 MJ/kg) (Herrera-Fernandez et al. 2017). On the other hand,
the calorific value calculated for the branch samples is close to the data reported for
branches of different biomass (19.6 MJ/kg for almond branches, 19.1 MJ/kg for citrus
branches, and 22.1 MJ/kg for branches olive trees) (Velazquez-Marti 2018). Finally, the
calorific values of the biomass samples studied agreed with the typical range for woody
hardwood materials (19.4 to 20.4 MJ/kg) and with the typical range for woody residues
from hardwood pruning (19.5 to 20.0 MJ/kg) (UNE-EN 14961-1 2011).

CONCLUSIONS

1. Inall biomass samples except oak, the content of extractives is relatively high (10.1%
for Lysiloma latisiliquum to 35% for Persian lime leaves), and it represents a potential
for future study and applications in the field of antioxidants.

2. Due to the content of mineral substances, the biomass of the Persian lime (Sample 9)
and orange branches (Sample 11) could be used to make class Al pellets (ash content
less than 0.7%) or briquettes (ash content less than 0.5%).

3. Biomass with ash content lower than 1.5% (Swartzia cubensis, sample 1), and Olneya
tesota, simple 13) could be used to obtain class A2 pellets, while biomass with ash
content lower than 3.0% (Lysiloma latisiliquum (sample 2), Swartzia cubensis (sample
5), and Swietenia macrophylla (sample 6)) could be used in the production of class B
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pellets.

4. Due to the chemical properties and calorific values, the biomass samples studied show
potential for local use as densified biofuels.
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