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In this work, the chemical compositions and energetic properties of the wood and bark of seven Fabaceae species were 
determined to evaluate their dendroenergetic potential. Chemical composition, elemental, proximate and heating value 
analyses were conducted. In addition, an ash microanalysis was performed. The obtained results varied as follows: 
cellulose (from 20.21% in Parkinsonia aculeate bark to 58.83% in Albizia plurijuga sapwood), hemicelluloses (from 8.81% 
in Eysenhardia polystacya heartwood to 23.71% in Pakinsonia aculeate wood), lignin (from 12.88% in wood to 26.53% 
in bark of Parkinsonia aculeate), extractives (from 11.68% in sapwood to 36.17% in bark of Eysenhardia polystacya), 
carbon (from 42.4% in Albizia plurijuga bark to 49.5% in Eysenhardtia polystacya heartwood), hydrogen (from 6.4% in 
Eysenhardtia polystacya bark to 7.3% in Albizia plurijuga sapwood), oxygen (from 42.3% in Prosopis laevigata bark to 
50.5% in Acacia pennatula bark), nitrogen (from 0.11% in Albizia plurijuga heartwood to 1.64% in Prosopis laevigata 
bark), sulfur (from 0.04% in Prosopis laevigata heartwood to 0.14% in Acacia farnesiana wood, Erythina caralloides bark, 
and Prosopis laevigata bark), ash (from 0.76% in Eysenhardtia polystacya heartwood to 11.49% in Acacia plurijuga bark), 
volatile material (from 70.08% in Eysenhardtia polystacya bark to 91.75% in Albizia plurijuga sapwood), fixed carbon (from 
6.97% in Albizia plurijuga sapwood to 23.44% in Prosopis laevigata bark), and calorific value (from 17.36 MJ·kg-1 in Acacia 
pennatula bark to 21.23 MJ·kg-1 in Prosopis laevigata bark). The most abundant chemical elements in wood ash and bark 
ash are listed here: Ca˃K˃P˃Mg˃Na. According to the obtained results, the wood and bark of the seven Fabaceae species 
could be used to produce solid biofuels for local use. Additionally, highlighting the high concentrations of extractives was 
important, especially in the bark samples, which could be a potential source of phytochemicals. 
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ABStRACt

INtRODUCtION

The family Fabaceae (Leguminosae) is in the order 
Fabales, which comprises trees, shrubs, and annual or 
perennial herbs. There are approximately 730 to 750 genera 
and 19,400 to 20,000 species, making it the third largest 
angiosperm plant family (Llamas and Acedo 2016, Stevens 
2017). Many plants of this family are known because they 
serve as food for humans and domestic animals; others 
are used for ornamental and forage purposes. The genera 
Acacia, Bahuinia, Erytrina, or Peltogyne include species that 
have interesting wood due to their high flavonoid content 
(Llamas and Acedo 2016). Wood of other genera (e.g., 
Prosopis, Ebenopsis, Acacia, Pakinsonia, and Eysenhardtia) 

is used to make handicrafts, tool handles, saddles, construc-
tion materials, fence posts, charcoal, and firewood (Estrada-
Castillón et al. 2005). 

In Mexico, Fabaceae are the second most diverse 
group of plants, and their species are spread throughout 
the country (Sousa and Delgado 1993, Estrada-Castillón 
et al. 2005). In Lake Cuitzeo basin located in the state of 
Michoacán, Mexico, these species are abundant and develop 
in the vegetation of temperate forests, scrublands, and low 
deciduous forests; additionally, aquatic and underwater 
vegetation exists in this region (Bravo-Espinosa et al. 2008, 
Maza-Villalobos et al. 2014).

Seven species of the Fabaceae family (Acacia farnesiana 
(L.) Willd, A. pennatula (Schl. et Cham) Benth, Albizia 
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plurijuga (Standl.) Britton & Rose, Erythina caralloides DC., 
Eysenhardtia polystacya (Ortega) Sarg., Pakinsonia aculeate 
L., and Prosopis laevigata (Humb. & Bonpl.) Jonhst.) stand 
out in Lake Cuitzeo basin; some research on them is 
available. For Acacia farnesiana, in a chemical study of its 
fruit, 23% protein and a high concentration of amino acids, 
such as histidine, valine, threonine, leucine and isoleucine, 
were found, and it was concluded that it is a resource 
potentially usable as a low-cost food option for sheep 
(Barrientos-Ramírez et al. 2012). A phytochemical study 
of its bark reports the presence of steroidal, terpene-type 
compounds, sulfur compounds and tannins (Daza-Bareño 
2014) and a study of its wood for pulp and paper applications 
have been proposed (Ramírez-Casillas et al. 2019). These 
researchers report excellent bleachability in the cellulose 
pulp obtained through the ASAM process, in addition to the 
fact that this wood could be considered as raw material for 
obtaining dissolving grade cellulose. In relation to Acacia 
pennatula wood, data on energetic properties have been 
collected, such as calorific value (18.54 KJ·g-1), volatile 
matter (86.56%), ash (1.07%) and fixed carbon (12.37%), 
and it has been concluded that this wood could be used 
for energy production (Apolinar-Hidalgo et al. 2017). For 
Erythina caralloides wood, the antimicrobial activities of its 
extracts have been studied, and the results obtained show 
the antimicrobial potential and justify its traditional use for 
the treatment of some diseases of bacterial or fungal origin 
(Mata-González 2015). For Eysenhardtia polystacya bark, 
a study reported six new flavoniods, and it was concluded 
that their antioxidant properties are a promising strategy 
to improve therapeutic effects and could alleviate diabetes 
complications (Pérez-Gutiérrez et al. 2016). Regarding 
Pakinsonia aculeata, the essential oils of the air-dried aerial 
parts were studied and their antimicrobial and antioxidant 
activities were tested. It has been concluded that the 
essential oils showed moderate antimicrobial effect against 
bacteria and fungi (Al-Youssef and Hassan 2015). Finally, 
for Prosopis laevigata, the following data on the chemical 
composition have been reported: holocellulose (61.5% to 
64.7%), lignin (29.8% to 31.4%) and total extractives content 
(14% to 16%) (Carrillo et al. 2008). Likewise, the following 
data have been reported in wood and bark: calorific value 
16.7       MJ·kg-1 and 15.0 MJ·kg-1, and ash content 2.4% and 
3.6%, respectively (Martínez-Pérez et al. 2015).

The wood of some of the Fabaceae species that grow in 
the region of Lake Cuitzeo—Acacia farnesiana and Prosopis 
laevigata—is used locally as fuel; the wood of the latter is 
used to make rustic furniture, doors, windows and floors. 
Erythina caralloides wood is used locally to make handicrafts. 
When wood is processed, the residue lignocellulosic biomass 
(e.g. bark, sawdust, chips and trimmings) is generated, which 
generally has no use and is usually deposited in the open air, 
which can cause environmental problems (Saval 2012).

The use of this type of biomass for energy purposes can 
help decrease carbon emissions and ensure environmental 
sustainability (Ferrandez-Villena et al. 2019, Reid et al. 
2020). In addition, the growing demand for energy has led to 
the sustained use and depletion of fossil fuels; to maintain 
a sustainable and environmentally friendly energy level, 
renewable energy sources have been sought after (EIA 2022), 
including biomass. Therefore, it is relevant to determine the 
chemical and energetic properties of different biomasses, 

which can be used as energy sources. Recently, scholars on 
this topic have focused on studying lignocellulosic residues 
from some woods of the Quercus genus (Herrera-Fernández 
et al. 2017, Cárdenas-Gutiérrez et al. 2018) used for energy 
and of the Pinus genus (Pintor-Ibarra et al. 2017, Morales-
Máximo et al. 2020, Rutiaga-Quiñones et al. 2020) used for 
wood. However, little information is available related to the 
wood species selected herein. Thus, for this work, seven 
Fabaceae species were chosen, which grow in the basin of 
Lake Cuitzeo, Michoacán. The objective is to determine the 
basic chemical compositional and energetic properties of 
their wood and bark to contribute to scientific knowledge 
and to determine the species’ viability as biofuels.

MAtERIALS AND MEtHODS

Collection Area and Preparation of Study Materials
The lignocellulosic materials were collected in the 

region of Lake Cuitzeo in the State of Michoacán, Mexico. 
In the Lake Cuitzeo basin, the average annual temperature 
and pluvial precipitation are 20°C to 22°C and 890 mm, res-
pectively (Carlón-Allende and Mendoza 2007). The names of 
the tree species and some general data are shown in Table 
1, and three individuals were collected from each species. 
From each tree, at a height of 1.30 m from the ground, a 
slice 10 cm in length was procured. Subsequently, wood 
and bark were separated, and when possible, the wood was 
separated into sapwood and heartwood. The chips obtained 
manually using a knife were air dried in the shade to a 
moisture content of approximately 12%. Finally, the material 
was ground in a mill (Model K20F, series 236, Micron S.A. de 
C.V., Mexico City, Mexico) and sieved in a Ro-Tap machine 
(Model RX-29, W.S. Tyler, Mentor, OH, USA); 40-mesh 
(425 µm) wood meal was used for chemical and energetic 
characterization. The 40 mesh fraction was the one that 
passed the same sieve and remained at the 60 mesh. 

Basic Chemical Compositions
Cellulose, hemicelluloses and lignin contents were 

determined once using α-amylase in fibre analysis 
equipment (ANKOM Fibre Analyser, model AMKON200, 
ANKOM Technology, Macedon, New York, USA) according 
to the methodology described by Van Soest et al. (1991). 
The extractives content was determined according to the 
differences and by ash correction.

Ultimate Analysis
Carbon, hydrogen and nitrogen contents were 

determined once by the modified Dumas method using 
Perkin-Elmer, Model 2400 CHNS-O analyzer (Rotz and Giazzi 
2012), and sulfur quantification was performed by the 
turbidimetric method with gum arabic. Oxygen content was 
calculated by the differences.

Proximate Analysis
For each dry lignocellulosic sample, the ash percentage 

was determined in triplicate based on UNE-EN ISO 18122 
(2016), and the volatile material content was determined 
according to ASTM E872-82 (2013). Fixed carbon was 
calculated by the differences. The mean value and standard 
deviation were reported.

http://dx.doi.org/10.1007/s11187-003-6463-7
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Calorific Value
The high heating value was determined in triplicate in a 

LECO calorimetric pump (LECO AC 600, LECCO Corporation, 
St. Joseph, USA) based on the UNE-EN ISO 18125 (2018) 
standard. The mean value and standard deviation were 
reported.

Ash Microanalysis
Ash microanalysis was determined once by using 

inductively coupled plasma optical emission spectro-
photometer (ICP‒AES) (VARIAN 730-ES, Varian Inc., (Agilent), 
Mulgrave, Australia) according to the procedure described 
by Arcibar-Orozco et al. (2014).

RESULtS AND DISCUSSION 

Basic Chemical Composition
Table 2 features a summary of the results of the basic 

chemical analysis. The cellulose results ranged from 20.21% 
(Parkinsonia aculeate bark) to 58.83% (Albizia plurijuga 
sapwood); the values were in general agreement with data 
reported in the literature, e.g. 23.8% for Fagus sylvatica L. 
bark and 56.2% for Cayra tomentosa Sarg. wood (Fengel 
and Wegener 1984). Higher cellulose concentrations were 
observed in wood than in bark; these results were in general 
agreement with previous reports for hardwoods (Fengel 
and Wegener 1984, Honorato-Salazar and Hernández-

Scientific name Common name Coordinates Diameter at 1.3 m 
(cm)

total height
(m)

Altitude 
(m)

Acacia farnesiana Huizache

Tree 1: 19°57´49´´N
101°6´21’’W 10 3.40 1,870

Tree 2: 19°57´50´´N
101°6´23´´W 14 2.80 1,880

Tree 3: 19°58´29´´N
101°9´20´´W 16 4.20 1,840

A. pennatula Tepame

Tree 1: 19°58´53´´N
101°7´16´´W 20 5.10 1,840

Tree 2: 19°57´53´´N
101°6´19´´W 21 3.80 1,880

Tree 3: 19°58´32´´N
101°5´47´´W 13 4.30 1,860

Albizia plurijuga Palo
blanco

Tree 1: 19°58´34´´N
101°5´40´´W 22 8.30 1,860

Tree 2: 19°58´28´´N
101°15´51´´W 34 9.10 1,860

Tree 3: 19°59´3´´N
101°8´45´´W 36 10.50 1,920

Erythina
caralloides Colorin

Tree 1:19°58´8´´N
101°6´28´´W 14 3.50 1,910

Tree 2: 19°58´7´´N
101°6’24´´W 12 5.40 1,910

Tree 3: 19°58´19´´N
101°6´3´´W 13 3.70 1,920

Eysenhardtia
polystacya Palo dulce

Tree 1: 19°58´32´´N
101°5´45´´W 16 5.30 1,860

Tree 2: 19°58´38´´N
101°5´42´´W 15 4.80 1,850

Tree 3: 19°58´13´´N
101°6´11´´W 24 4.60 1,930

Pakinsonia aculeate Palo verde

Tree 1: 19°58´31´´N
101°8´55´´W 14 5.30 1,840

Tree 2: 19° 58´27´´N
101°8´45´´W 21 6.10 1,840

Tree 3: 19°58´13´´N
101°8´50´´W 10 3.60 1,840

Prosopis laevigata Mezquite

Tree 1: 19°58´51´´N
101°7´15´´W 76 9.10 1,850

Tree 2: 19°58´17´´N
101°7´30´´W 82 9.80 1,880

Tree 3: 19°58´21´´N
101°7´28´´W 71 7.40 1,880

table 1. Geographical location and general information on the seven Fabaceae species.

http://dx.doi.org/10.1007/s11187-003-6463-7
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Pérez 1998, Bautista-Hernández and Honorato-Salazar 
2005, Herrera-Hernández et al. 2017). Specifically, for 
Acacia farnesiana wood, 51.48% cellulose was reported 
(Ramírez-Casillas et al. 2019); this value is close to the one 
found herein. Conversely, 45.7% cellulose was found in the 
heartwood of Prosopis leavigata (Carrillo et al. (2008); this 
value is close to the one found herein.

For hemicelluloses, the results ranged from 8.81% 
(Eysenhardia polystacya heartwood) to 23.71% (Pakinsonia 
aculeate wood) (Table 2). The obtained results were generally 
close to values reported for some hardwood species: wood 
(from 21.2% to 36.0%), bark (from 9.3% to 23.1%) (Fengel 
and Wegener 1984), heartwood (from 12.88% to 24.38%) 
and sapwood (from 11.75% to 19.82%) (Ruiz-Aquino et al. 
2019). Specifically, for Acacia farnesiana wood, Ramírez-
Casillas et al. (2019) found 11.4% hemicelluloses, and 
Carrillo et al. (2008) reported 15.1% hemicelluloses in the 
heartwood of Prosopis laevigata; in both cases, the reported 
values were near the values obtained herein.

Regarding lignin content, the results ranged from 
12.88% (wood) to 26.53% (bark) for Parkinsonia aculeate 
(Table 2). Lignin concentration is higher in bark than in 
wood (Sjöström 1981, Fengel and Wegener 1984), and this 
trend was generally observed in the results obtained in 
this research. Previous studies on Acacia farnesiana wood 
reported 17.40% lignin (Ramírez-Casillas et al. 2019), and 
for the heartwood of Prosopis laevigata, 29.8% lignin was 

reported (Carrillo et al. 2008); in both cases, the reported 
values were higher than those found herein, which could be 
due to the extraction method applied.

The extractives content ranged from 11.68% (sapwood) 
to 36.17% (bark) in Eysenhardia polystacya (Table 2). 
Clearly, a higher concentration of extractives was observed 
in bark than in wood; this finding agreed with literature 
data (Hillis 1971, Sjöström 1981, Fengel and Wegener 
1984). Additionally, the extractives content was higher in 
heartwood than in sapwood, which agreed with previous 
reports (Fengel and Wegener 1984, Bautista-Hernández and 
Honorato-Salazar 2005, Herrera-Hernández et al. 2017). The 
bark extractives values obtained in this work were within 
the range reported for different wood species: from 20% 
to 40% (Sjöström 1981). Specifically, for the heartwood of 
Prosopis laevigata, extractives contents of 14.1% to 16.0% 
were found (Carrillo et al. 2008); these values were close to 
those obtained herein.

Due to the relatively high values of polysaccharides 
and the relatively low values of lignin (Table 2), the woods 
studied could be advantageous for the pulp and paper 
industry or for obtaining high-yield pulps (Casey 1990), 
in order to seek different applications in the field of 
nanocellulose. Regarding the bark, due to its high extractive 
content (Table 2), it could have potential in the search for 
chemical applications with different purposes (Fengel and 
Wegener 1984). 

table 2. Basic chemical compositions of lignocellulosic materials by species and samples. 

Id Species Sample
Cellulose Hemicelluloses Lignin Extractives

(%)

1
Acacia farnesiana

Wood 52.86 16.26 14.30 14.21

2 Bark 36.09 11.01 19.23 24.73

3
A. pennatula

Wood 45.58 20.85 13.39 17.29

4 Bark 37.03 11.98 16.95 23.00

5

Albizia plurijuga

Heartwood 49.07 19.83 10.60 19.43

6 Sapwood 58.83 12.83 13.67 13.44

7 Bark 29.26 17.69 13.12 28.44

8
Erythina caralloides

Wood 47.09 9.41 22.66 17.02

9 Bark 23.51 11.54 21.73 34.19

10

Eysenhardtia polystacya

Heartwood 48.97 8.81 20.55 20.91

11 Sapwood 53.05 12.34 21.63 11.68

12 Bark 22.34 10.20 21.25 36.17

13
Pakinsonia aculeate

Wood 37.41 23.71 12.88 24.27

14 Bark 20.21 15.47 26.53 27.13

15

Prosopis leavigata

Heartwood 45.35 14.09 22.14 16.72

16 Sapwood 41.32 18.50 23.39 14.93

17 Bark 23.92 9.70 25.57 34.96

http://dx.doi.org/10.1007/s11187-003-6463-7
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Ultimate Analysis
Table 3 shows the results of the elemental analysis. 

The values found varied as follows: carbon (C) from 42.4% 
(Albizia plurijuga bark) to 49.5% (Eysenhardtia polystacya 
heartwood), hydrogen (H) from 6.4% (Eysenhardtia 
polystacya bark) to 7.3% (Albizia plurijuga sapwood), oxygen 
(O) from 42.3% (Prosopis laevigata bark) to 50. 5% (Acacia 
pennatula bark), nitrogen (N) from 0.11% (Albizia plurijuga 
heartwood) to 1.64% (Prosopis laevigata bark), and sulfur 
(S) from 0.04% (Prosopis laevigata heartwood) to 0.14% 
(Acacia farnesiana wood, Erythina caralloides bark, Prosopis 
laevigata bark). The average values for wood/xylem (bark) 
were as follows: carbon 47.2% (45.9%), hydrogen 7.1% 
(6.7%), oxygen 45.4% (46.2%), nitrogen 0.26% (1.13%), and 
sulfur 0.07% (0.09%). In general, the obtained results were 
close to the values reported for some hardwood species and 
other lignocellulosic biomasses (Vassilev et al. 2010, García 
et al. 2012, UNE-EN ISO 17225-2 2014, Rutiaga-Quiñones et 
al. 2020).

Bark samples contained higher concentrations of 
nitrogen, which could limit their use as solid biofuels due 
to the environmental problems of biomass combustion 
(Demirbaş 2005, Obernberger et al. 2006). Analysed samples 
with nitrogen concentrations of ≤0.5% could be used to make 
class A2 pellets, and those with concentrations of ≤1.0% could 
be used to make class B pellets (ENplus 2015). Conversely, 
the analysed samples had low sulfur contents (<1.0%), which 
was favorable because this chemical element could damage 

human health and foul combustion equipment (Obernberger 
et al. 2006, García et al. 2012). Low concentrations of these 
two chemical elements would be desirable in biomasses for 
combustion (Hartmann 2012, UNE-EN ISO 17225-2 2014).

For the C/N ratio, the results ranged from 30 to 435 
(Table 3); this range was within the reported span (24 for 
lime leaves to 5,025 for pine sawdust) for various biomasses 
(Rutiaga-Quiñones et al. 2020). For fermentation processes, 
low biomass values (between 20 and 30) were adequate, 
since high values indicated low nitrogen availability 
(Velázquez-Martí 2018); thus, only the bark studied herein 
could be used for this purpose.

Proximate Analysis
The results of the proximal analysis are shown in 

Table 4. The lowest amount of ash (0.76%) was found in 
the Eysenhardtia polystacya heartwood sample, while the 
highest concentration (11.49%) was in the Acacia plurijuga 
bark sample. Clearly, the bark samples contained more 
inorganic substances than the wood samples, which was 
in agreement with previous reports (Fengel and Wegener 
1984, Martínez-Pérez et al. 2015). The concentration of ash 
was higher in sapwood than in heartwood, and this trend 
coincided with other investigations in different woods 
(Rutiaga-Quiñones 2001, Ávila-Calderón and Rutiaga-
Quiñones et al. 2014).

Ash evaluation is an important parameter for deter-
mining the qualities of solid biofuels (Demirbaş and 

Id Species Sample
C H O N S

C/N
(%)

1
Acacia farnesiana

Wood 46.5 6.8 46.2 0.32 0.14 145

2 Bark 46.8 6.5 45.5 1.16 0.08 40

3
A. pennatula

Wood 45.9 7.1 46.7 0.21 0.08 219

4 Bark 42.5 6.4 50.5 0.58 0.07 73

5

Albizia plurijuga

Heartwood 47.9 7.2 44.7 0.11 0.06 435

6 Sapwood 46.5 7.3 46.0 0.15 0.06 310

7 Bark 42.4 6.6 50.0 0.96 0.06 44

8
Erythina caralloides

Wood 46.3 6.9 46.3 0.41 0.08 113

9 Bark 48.7 7.2 43.1 0.91 0.14 54

10

Eysenhardtia polystacya

Heartwood 49.5 7.1 43.2 0.14 0.05 354

11 Sapwood 47.4 7.2 45.0 0.29 0.07 163

12 Bark 45.6 6.4 46.4 1.52 0.08 30

13
Pakinsonia aculeate

Wood 46.2 7.2 46.1 0.41 0.05 113

14 Bark 46.5 6.8 45.5 1.12 0.12 42

15

Prosopis leavigata

Heartwood 48.7 6.9 44.2 0.21 0.04 232

16 Sapwood 46.9 7.1 45.6 0.34 0.06 138

17 Bark 49.1 6.8 42.3 1.64 0.14 30

table 3. Ultimate analysis and C/N ratio by species and samples.
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Demirbaş 2004). High concentrations negatively affected 
calorific value (Martínez-Pérez et al. 2012, Martínez-Pérez 
et al. 2015, Ngangyo-Heya et al. 2016, Carrillo-Parra et al. 
2018) and caused problems in combustion and emission 
of polluting particles into the environment (Obernberger 
and Thek 2006, Tumuluru et al. 2010, Werkelin et al. 2011). 
The lignocellulosic samples analysed, with ash contents 
≤2.0% (Table 4), could be used to produce class B pellets 
for marketing or local application purposes, according to 
international standards (ENplus 2015).

Regarding volatile material, the obtained results 
varied from 70.08% for Eysenhardtia polystacya bark to 
91.75% for Albizia plurijuga sapwood (Table 4). Except for 
Erythina caralloides, less volatile matter was found in the 
bark samples, and more was found in sapwood than in 
heartwood (Table 4). The obtained results were generally in 
agreement with previous reports for different lignocellulosic 
biomasses (Vassilev et al. 2010, García et al. 2012, Rutiaga-
Quiñones et al. 2020). Specifically, the result obtained for 
Acacia pennatula wood was close to the reported value 
(86.56%) for the same species (Apolinar-Hidalgo et al. 2017). 
Considering that biomass with a high concentration of 
volatile matter was suitable for thermochemical conversion, 
such as biogas or pyrolysis (Holt et al. 2006), the samples 
studied could be a source of biofuels derived from these 
processes.

Table 4 shows the results of the fixed carbon content, 
which varied from 6.97% for sapwood (Albizia plurijuga) 
to 23.44% for bark (Prosopis laevigata), and they were in 

the range reported for different biomasses (Vassilev et al. 
2010, García et al. 2012, Rutiaga-Quiñones et al. 2020). 
Except for Albizia plurijuga and Erythina caralloides, the 
bark contained more fixed carbon than the wood (xylem). 
In particular, Apolinar-Hidalgo et al. (2017) reported 12.37% 
fixed carbon for Acacia pennatula wood; this value was 
similar to that found herein for the same species.

Calorific Value
The results of the high heating value (HHV) are shown in 

Table 4. The calorific values were obtained for each material 
analysed by averaging, and they were ordered from lowest 
to highest: 18.7 MJ·kg-1 (bark), 19.2 MJ·kg-1 (wood), 19.9 
MJ·kg-1 (sapwood), and 20.3 MJ·kg-1 (heartwood). The 
calorific value obtained for the wood samples was at the 
lower limit of the reported range (19.5 MJ·kg-1 to 20.0 
MJ·kg-1) for hardwoods (UNE-EN-14961-1 2011). Except for 
the bark of Prosopis laevigata, the obtained results were 
within the reported range (15.0 MJ·kg-1 to 18.9 MJ·kg-1) for 
bark of different hardwoods (Martínez-Pérez et al. 2015). 
The results of the sapwood and heartwood samples were 
similar to the values reported for some hardwoods (Ruiz-
Aquino et al. 2019). The calorific values of the heartwood 
samples were slightly higher than those of the sapwood 
samples, which coincided with previous research (Martínez-
Pérez et al. 2015, Ruiz-Aquino et al. 2019). Finally, the 
calorific value results obtained herein were within the 
reported range (17.1 MJ·kg-1 to 23.0 MJ·kg-1) for wood in 
general (FAO 1991).

Id Species Sample Ash
(%)

Volatile matter
(%)

Fixed carbon
(%)

HHV
(MJ·kg-1)

1
Acacia farnesiana

Wood 2.37 83.29 14.34 19.17

2 Bark 8.94 72.15 18.94 18.72

3
A. pennatula

Wood 2.89 85.08 12.01 18.32

4 Bark 11.04 71.95 17.00 17.36

5

Albizia plurijuga

Heartwood 1.07 86.59 12.32 20.33

6 Sapwood 1.23 91.75 6.97 20.01

7 Bark 11.49 78.76 9.77 18.03

8
Erythina caralloides

Wood 3.82 78.35 17.84 19.39

9 Bark 9.03 78.47 12.47 18.02

10

Eysenhardtia polystacya

Heartwood 0.76 81.76 17.47 20.53

11 Sapwood 1.30 85.71 12.98 19.95

12 Bark 10.04 70.08 19.87 17.86

13
Pakinsonia aculeate

Wood 1.73 85.62 12.63 19.83

14 Bark 10.66 74.24 15.07 19.63

15

Prosopis leavigata

Heartwood 1.70 78.46 19.83 20.16

16 Sapwood 1.86 81.49 16.62 19.81

17 Bark 5.85 70.72 23.44 21.23

table 4. Results of the proximate analysis and high heating value (HHV) by species and samples.

http://dx.doi.org/10.1007/s11187-003-6463-7


Chemical and Energetic Properties of Seven Species of the Fabaceae Family 

https://www.seefor.eu SEEFOR 14(2): 215-224   221

Id
Al

B
Ba

Ca
Cr

Cu
Fe

K
Li

M
g

M
n

N
a

N
i

P
Pb

Si
Sn

Sr
V

Zn

(p
pm

)

1
29

.6
9

86
.0

7
35

2.
01

5,
85

7.
73

N
D

28
.1

4
16

5.
58

17
,8

16
.1

9
20

.1
5

1,
74

1.
02

27
.9

5
1,

11
2.

67
3.

26
4,

93
1.

83
N

D
13

.4
6

N
D

45
5.

12
N

D
15

.8
8

2
10

6.
51

55
.9

4
14

5.
80

1,
14

8.
42

N
D

10
.5

2
35

.3
5

4,
81

9.
37

12
.6

7
35

5.
89

10
.5

4
28

8.
11

1.
48

1,
40

8.
56

N
D

14
2.

96
0.

26
12

0.
63

0.
13

10
.7

7

3
10

.4
5

45
.3

4
24

5.
41

3,
60

8.
25

N
D

18
.8

3
21

.9
5

12
,1

51
.0

0
24

.9
8

1,
23

3.
74

25
.5

9
97

5.
55

35
.9

2
3,

13
1.

79
N

D
N

D
N

D
32

9.
02

N
D

15
.6

2

4
32

.1
5

53
.2

8
13

6.
38

99
5.

38
N

D
6.

92
N

D
4,

61
8.

75
19

.3
9

34
7.

39
9.

75
17

3.
17

12
.0

9
1,

41
5.

00
N

D
48

.4
8

0.
12

11
5.

94
N

D
9.

23

5
34

.1
4

34
5.

07
11

6.
19

5,
80

8.
86

N
D

39
.7

2
86

.7
6

19
,9

58
.0

7
13

7.
36

2,
07

5.
61

11
.9

2
2,

77
3.

95
13

.5
5

34
0.

06
N

D
93

.2
0

N
D

51
7.

85
N

D
7.

51

6
59

.9
7

11
4.

08
12

3.
87

8,
34

1.
36

N
D

30
.8

3
11

.5
1

23
,6

27
.1

8
59

.5
5

2,
44

2.
03

47
.3

4
2,

07
6.

00
4,

09
4.

75
5,

39
3.

37
N

D
51

.9
4

N
D

60
0.

06
N

D
45

.7
6

7
18

.8
1

44
.8

7
12

2.
69

78
6.

60
N

D
3.

53
N

D
3,

91
1.

98
6.

52
31

6.
04

24
.3

8
26

0.
89

0.
47

1,
07

6.
34

N
D

7.
43

0.
16

10
4.

66
N

D
6.

61

8
15

.2
5

54
.6

9
19

1.
80

3,
53

8.
31

N
D

23
.7

0
N

D
9,

69
7.

37
24

.0
6

91
5.

15
81

.3
9

73
6.

64
52

.1
0

5,
54

0.
06

N
D

45
6.

42
N

D
25

9.
82

N
D

29
.3

3

9
27

.1
8

72
.2

3
14

3.
92

1,
17

9.
51

0.
18

10
.9

1
1.

11
4,

80
2.

26
25

.6
9

33
4.

18
70

.0
2

26
5.

17
12

7.
39

1,
54

6.
80

N
D

20
5.

24
0.

20
12

9.
15

N
D

21
.4

4

10
52

.0
7

26
2.

23
88

6.
69

11
,9

72
.3

8
N

D
29

2.
09

N
D

26
,4

65
.1

7
13

.1
9

3,
41

4.
15

13
4.

04
60

1.
81

17
7.

20
63

7.
67

N
D

77
.7

3
N

D
86

1.
95

N
D

12
3.

31

11
42

.6
4

16
2.

86
40

6.
16

6,
10

7.
08

N
D

85
.8

4
0.

41
17

,4
14

.8
3

15
3.

77
1,

72
0.

43
12

4.
44

1,
85

6.
34

8.
52

11
,3

80
.6

0
N

D
30

.3
4

N
D

44
7.

32
N

D
10

2.
78

12
87

.3
8

10
2.

96
17

2.
74

1,
47

3.
15

N
D

26
.7

2
7.

04
5,

67
9.

15
22

.9
2

48
6.

36
35

.2
6

30
2.

65
1.

13
1,

80
7.

69
N

D
95

.1
7

0.
25

15
1.

75
0.

10
45

.9
5

13
7.

31
84

.7
8

12
9.

07
6,

88
4.

34
N

D
34

.0
2

N
D

20
,7

91
.9

9
12

7.
23

2,
03

8.
47

72
.0

6
4,

16
0.

62
15

6.
10

7,
16

4.
49

N
D

25
1.

43
1.

00
50

3.
97

N
D

19
9.

13

14
28

4.
94

95
.8

0
17

0.
34

5,
93

4.
58

N
D

15
.1

0
1.

30
19

,4
82

.8
8

5.
38

2,
04

2.
74

48
.4

0
1,

82
2.

37
11

8.
08

1,
45

3.
56

0.
32

61
6.

68
5.

04
51

2.
88

0.
09

34
.3

8

15
15

4.
87

60
.2

7
10

0.
90

6,
93

3.
19

N
D

28
.1

3
N

D
20

,2
49

.0
6

59
.6

8
64

8.
53

16
.3

3
2,

81
8.

17
0.

02
34

9.
69

N
D

N
D

0.
18

52
3.

49
N

D
12

.1
9

16
12

.8
8

52
.6

2
83

.8
9

5,
93

8.
52

N
D

31
.6

6
N

D
16

,9
46

.8
5

6.
28

1,
46

8.
00

59
.7

7
1,

98
5.

28
0.

96
3,

55
5.

77
N

D
N

D
11

.4
2

44
4.

57
N

D
25

.0
3

17
83

.0
2

10
9.

07
11

6.
78

2,
20

4.
21

N
D

13
.5

7
N

D
7,

61
1.

24
12

.0
1

52
6.

32
56

.5
3

49
8.

99
24

.1
4

63
6.

42
N

D
91

.5
7

N
D

19
2.

89
0.

11
10

.9
7

ta
bl

e 
5.

 A
sh

 m
icr

oa
na

ly
sis

 re
su

lts
.

ND
 =

 n
ot

 d
et

ec
te

d.

http://dx.doi.org/10.1007/s11187-003-6463-7


https://www.seefor.eu

Salazar-Herrera F, Pintor-Ibarra LF, Musule R, Nava-Berumen CA, Alvarado-Flores JJ, González-Ortega N, Rutiaga-Quiñones JG

222     SEEFOR 14(2): 215-224

Ash Microanalysis
Twenty inorganic elements were identified in the 

biomass ash of the seven Fabaceae species (Tables 5). The 
UNE-EN 14961-1 (2011) standard mentions that the most 
prevalent minerals in ash are aluminium, calcium, iron, 
potassium, magnesium, manganese, sodium, phosphorous, 
and silicon; these previous minerals were detected in 
the wood and in the bark of the seven species studied 
herein. The results obtained herein indicated that the most 
abundant elements in wood ash and bark ash of the seven 
Fabaceae species, from highest to lowest concentration, 
were calcium ˃ potassium ˃ phosphorous ˃ magnesium ˃ 
sodium. These minerals were found in a higher proportion 
in wood ash than in bark ash (Table 5). Some scholars 
have indicated that calcium, potassium, phosphorous, and 
magnesium were the main chemical elements in wood 
(Fengel and Wegener 1984, Ngangyo-Heya et al. 2016, 
Ruiz-Aquino et al. 2020, Rutiaga-Quiñones et al. 2020), 
agreeing with what was found herein. Conversely, the 
results obtained herein showed that calcium and potassium 
were the most abundant elements in the bark, coinciding 
with Sjöström (1981). Higher concentrations of potassium, 
phosphorus and magnesium were observed in the sapwood 
than in the bark, which was consistent with previous reports 
for some woods (Rowell 2005, Ávila-Calderón and Rutiaga-
Quiñones 2014). Boron, copper, manganese, silicon, and zinc 
could be found (Sjöström 1981, Fengel and Wegener 1984, 
Rutiaga-Quiñones et al. 2020); in this work, these elements 
were detected in the wood and in the bark. In another ash 
microanalysis, calcium, potassium, magnesium, phosphorus, 
silicon, and aluminium were detected in the wood and bark 
of Prosopis laevigata (Martínez-Pérez et al. 2015).

The UNE-EN 14961-1 (2011) standard indicates that 
the chemical elements present in a lower proportion in 
the ash are: astatine, cadmium, chromium, cobalt, copper, 
mercury, nickel, lead, vanadium, and zinc. In this work, 
astatine, cadmium, cobalt, and mercury were not detected, 
and only chromium and lead (Table 5) were identified in 
low concentrations in the barks of Erythina caralloides 
and Pakinsonia acuelate, respectively. The microanalysis 
results detected strontium and barium and, to lesser 
extents, lithium and tin in some samples; another study 
with Mexican woods reported the presence of barium and 
lithium (Rutiaga-Quiñones et al. 2020).

Calcium, potassium, phosphorus and magnesium, 
which were found in greater proportion in this research, 
were important, since they could limit the applications of 
these biomasses as solid biofuels; according to various 
scholars, these minerals could challenge the melting point 
of ash and cause slag, corrosion, fine particle emission and 
scale formation in furnaces and boilers (Obernberger and 
Thek 2004, Van Lith et al. 2006, Obernberger and Thek 
2010, Telmo et al. 2010). Calcium and magnesium could be 
favorable in combustion because they increase the melting 
point of the ash, reduce its amount in the combustion 
equipment and favor the safety of residues when dispersed 
in the environment (Van Lith et al. 2006). Finally, sodium, 
iron, and silicon could cause ash melting, scale, and corrosion 
problems (Obernberger and Thek 2004, Obernberger and 
Thek 2010).

CONCLUSIONS 

The chemical compositions and energetic properties of 
wood and bark of seven Fabaceae species were determined 
to evaluate their applicability as biofuels. This study 
provides valuable insights into the wood and bark chemical 
composition shedding light on its potential applications 
in different wood industries and its suitability for various 
purposes. It is important to highlight that the bark samples 
have high concentration of extractives; thus, they could 
be an important source of phytochemicals. Due to the 
nitrogen content, the wood of the studied species could 
be used to produce class A2 pellets. By considering the ash 
concentration, the wood of the studied species with a value 
≤2.0% could be used to make class B pellets. The sulfur 
content was relatively low, which would not limit the use of 
these materials to produce solid biofuels. The studied bark 
samples could be useful in fermentation processes due to 
their low C/N ratios. A high content of volatile material was 
found in the studied samples; thus, they could be suitable 
for thermochemical conversion. The microanalysis of the 
ash revealed the typical presence of inorganic substances. In 
general, no heavy chemical elements were detected. Based 
on the obtained results regarding the wood and bark of the 
seven Fabaceae species, solid biofuels could be made and 
used locally. 

Author Contributions
FSH, LFPI, JGRQ conceived and designed the research, FSH, 

LFPI and NGO carried out the field measurements, FSH, RM, CANB 
performed laboratory analysis, FSH and JJAF processed the data, 
JGRQ secured the research funding, supervised the research and 
helped to draft the manuscript, JGRQ, JJAF and FSH wrote the 
manuscript. 

Funding 
This research has been fully supported by the Coordination of 

Scientific Research of the Universidad Michoacana de San Nicolás 
de Hidalgo under the project JGRQ-CIC-UMSNH-2023 “Chemical and 
Energetic Properties of Some Woods of the Fabaceae Family". 

Acknowledgments 
The authors thank the Coordination of Scientific Research of the 

Universidad Michoacana de San Nicolás de Hidalgo for the support 
received (JGRQ-CIC-UMSNH-2023). Additionally, the authors thank 
the following families for donating the lignocellulosic samples 
collected in the different lands located in the Cuitzeo Lake Basin, 
Michoacán: Gaspar-Arévalo, Vega-Izquierdo and Pintor-González. 

This research is dedicated to the memory of Professor Tomás 
Lázaro-Jacobo, originally from Cuitzeo, Michoacán, Mexico.

Conflicts of Interest
The authors declare no conflict of interest. 

http://dx.doi.org/10.1007/s11187-003-6463-7


Chemical and Energetic Properties of Seven Species of the Fabaceae Family 

https://www.seefor.eu SEEFOR 14(2): 215-224   223

REFERENCES
Al-Youssef HM, Hassan WHB, 2015. Antimicrobial and antioxidant 

activities of Parkinsonia aculeata and chemical composition of 
their essential oils. Merit Research Journal of Medicine and Medical 
Sciences 3(4): 147-157.

Apolinar-Hidalgo F, Honorato-Salazar JA, Colotl-Hernández G, 2017. 
Caracterización energética de la madera de Acacia pennatula 
Schltdl. & Cham. y Trema micrantha (L.) Blume. Rev Mex Cienc 
Forestales 8(39): 71-81. https://doi.org/10.29298/rmcf.v8i39.44.
[in Spanish].

Arcibar-Orozco JA, Delgado-Balbuena J, Ríos-Hurtado JC, Rangel-
Méndez JR, 2014. Influence of iron content, surface area and charge 
distribution in the arsenic removal by activated carbons. Chem Eng J 
249(1): 201-209. https://doi.org/10.1016/j.cej.2014.03.096.

ASTM E872−82, 2013. Standard test method for volatile matter in 
the analysis of particulate wood fuels, ASTM International, West 
Conshohocken, PA, USA.

Ávila-Calderón LEA, Rutiaga-Quiñones JG, 2014. Componentes 
químicos de la madera y la corteza de Haematoxylum brasiletto 
Karsten (Leguminosae). Madera Bosques 20(2): 153-158. [in 
Spanish].

Barrientos-Ramírez L, Vargas-Radillo JJ, Rodríguez-Rivas A, Ochoa-
Ruíz HG, Navarro-Arzate F, Zorrilla J, 2012. Evaluación de las 
características del fruto de huizache (Acacia farnesiana (L.) Willd.) 
para su posible uso en curtiduría o alimentación animal. Madera 
Bosques 18(3): 23-35. https://doi.org/10.21829/myb.2012.183356. 
[In Spanish].

Bautista-Hernández R, Honorato-Salazar JA, 2005. Composición 
química de la madera de cuatro especies del género Quercus. 
Revista Ciencia Forestal en México 30(98): 25-49. [in Spanish].

Bravo-Espinoza M, García-Oliva F, Ríos-Patrón E, Mendoza-Cantú 
M, Barrera-Camacho G, López-Granados E, Serrato-Barajas BE, 
Sánez-Reyes T, 2008. La cuenca del lago de Cuitzeo: problemática, 
perspectiva y retos hacia el desarrollo sostenible. Consejo Estatal 
de Ciencia y Tecnología de Michoacán, México. Folleto, Lago de 
Cuitzeo, 32 p. [in Spanish].

Cárdenas-Gutiérrez MA, Pedraza-Bucio FE, López-Albarrán P, Rutiaga-
Quiñones JG, 2018. Chemical Components of the Branches of Six 
Hardwood Species. Wood Res-Slovakia 63(5): 795-862.

Carlón-Allende T, Mendoza ME, 2007. Análisis hidrometeorológico 
de las estaciones de la cuenca del lago de Cuitzeo. Investigaciones 
Geográficas (63): 56-76. [in Spanish].

Carrillo A, Mayer I, Koch G, Hapla F, 2008. Wood anatomical 
characteristics and chemical composition of Prosopis laevigata 
grown in the Northeast of Mexico. IAWA Journal 29(1): 25-34. 
http://dx.doi.org/10.1163/22941932-90000167.

Carrillo-Parra A, Ngangyo-Heya M, Colín-Urieta S, Foroughbakhch-
Pournavab R, Rutiaga-Quiñones JG, Correa-Méndez F, 2018. 
Physical, mechanical and energy characterization of wood pellets 
obtained from three common tropical species. PeerJ 6: e5504. 
https://doi.org/10.7717/peerj.5504.

Casey JP, 1990. Pulpa y papel. Química y Tecnología Química. Vol. 1. 
LIMUSA, México, 950 p. [in Spanish].

Daza-Bareño AZ, 2014. Estudio fitoquímico de la corteza de Acacia 
farnesiana utilizada tradicionalmente para el tratamiento de la 
malaria. MSc Thesis, Universidad Nacional de Colombia, Bogotá, 
Colombia, 106 p. [in Spanish].

Demirbaş A, 2005. Potential applications of renewable energy sources, 
biomass combustion problems in boiler power systems and 
combustion related environmental issues. Prog Energ Combust 
31(2): 171-192. https://doi.org/10.1016/j.pecs.2005.02.002.

Demirbaş A, Demirbaş AH, 2004. Estimating the calorific values of 
lignocellulosic fuels. Energ Explor Exploit 22(2): 135-143.

EIA (Energy Information Administration), 2022. Annual Energy Outlook 
2022. In Annual Energy Outlook (Vol. 2022).

ENplus, 2015. Manual ENplus. Esquema de certificación de calidad 
para pellets de madera Parte 3: Requisitos de calidad de los pellets. 
https://enplus-pellets.eu/es/component/attachments/?task=down
load&id=162:ENplus-Manual-Espaa-vs-3 (2015). (Accessed 12 april 
2023).

Estrada-Castillón E, Yen-Méndez C, Delgado-Salinas A, Villarreal-
Quintanilla JA, 2005. Leguminosas del centro del estado de Nuevo 
León, México. Anales del Instituto de Biología, Serie Botánica. 
Universidad Nacional Autónoma de México 75: 73-85. [in Spanish].

FAO, 1991. Food and agriculture organization of the United nations. 
(Conservación de energía en las industrias mecánicas forestales). 
Rome. [in Spanish].

Fengel D, Wegener G, 1984. Wood-chemistry, ultrastructure, reactions. 
Walter de Gruyter, Berlin, New York, 613 p.

Ferrandez-Villena M, Ferrandez-Garcia CE, Garcia-Ortuño T, Ferrandez-
Garcia A, Ferrandez-Garcia MT, 2019. Evaluation of fruit and 
vegetable containers made from Mulberry wood (Morus alba L.) 
waste. Appl Sci 9(9): 1806. https://doi.org/10.3390/app9091806.

García R, Pizarro C, Lavín AG, Bueno JL, 2012. Characterization of 
Spanish biomass wastes for energy use. Bioresource Technol 103(1): 
249-258. https://doi.org/10.1016/j.biortech.2011.10.004.

Hartmann H, 2012. Solid Biofuels, fuels and their characteristics. 
In: Meyers, RA (ed) Encyclopedia of Sustainability Science and 
Technology. Springer, New York, NY, USA, pp. 9821–9851. https://
doi.org/10.1007/978-1-4419-0851-3_245.

Herrera-Fernández AC, Carrillo-Parra A, Pedraza-Bucio FE, Correa-
Méndez F, Herrera-Bucio R, López-Albarrán P, Rutiaga-Quiñones 
JG, 2017. Densidad, composición química y poder calorífico de la 
madera de tres especies de encino (Quercus candicans, Q. laurina y 
Q. rugosa). Ciencia Nicolaita 72: 136-154. [in Spanish].

Hillis WE, 1971. Distribution properties and formation of some wood 
extractives. Wood Sci Technol 5: 272-289. https://doi.org/10.1007/
BF00365060.

Holt GA, Blodgett TL, Nakayama FS, 2006. Physical and combustion 
characteristics of pellet fuel from cotton gin by-products produced 
by select processing treatments. Ind Crop Prod 24(3): 204–213. 
https://doi.org/10.1016/j.indcrop.2006.06.005.

Honorato-Salazar JA, Hernández-Pérez J, 1998. Determinación de 
componentes químicos de la madera de cinco especies de encinos 
de Puebla. Madera Bosques 4(2): 79-93. https://doi.org/10.21829/
myb.1998.421361. [in Spanish]. 

Llamas F, Acedo C, 2016. Las Leguminosas (Leguminosae o Fabaceae): 
una síntesis de los usos y de las clasificaciones, taxonomía y 
filogenia de la familia a lo largo del tiempo. Ambiociencias 14: 5-18. 
https://doi.org/10.18002/ambioc.v0i14.5542. [in Spanish].

Martínez-Pérez R, Pedraza-Bucio FE, Apolinar-Cortes J, López-Miranda 
J, Rutiaga-Quiñones JG, 2012. Poder calorífico y material inorgánico 
en la corteza de seis árboles frutales. Rev Chapingo Ser Cie 18(3): 
375-384. 

Martínez-Pérez R, Pedraza-Bucio FE, Orihuela-Equihua R, López-
Albarrán P, Rutiaga-Quiñones JG, 2015. Calorific value and inorganic 
material of ten Mexican wood species. Wood Res-Slovakia 60(2): 
281-292.

Mata-González S, 2015. Evaluación de la actividad antimicrobiana de 
los extractos de Erythrina americana Miller y Erythrina coralloides 
DC. (Fabaceae). Tesis profesional, Universidad Nacional Autónoma 
de México, Los Reyes Iztacala, Edo. de México, México, 50 p. [in 
Spanish].

Maza-Villalobos S, Macedo-Santana F, Rodríguez-Velázquez J, Oyama 
K, Martínez-Ramos M, 2014. Variation in the structure and 
composition of tree and shrub communities among vegetation 
types in the Cuitzeo Basin, Michoacán. Bot Sci 92(2): 243-258. 
https://doi.org/10.17129/botsci.104.

Morales-Máximo M, Ruíz-García VM, López-Sosa LB, Rutiaga-Quiñones 
JG, 2020. Exploitation of wood waste of Pinus spp for briquette 
production: a case study in the community of San Francisco 
Pichátaro, Michoacán, Mexico. Appl Sci 10(8): 2933. https://doi.
org/10.3390/app10082933.

http://dx.doi.org/10.1007/s11187-003-6463-7
https://doi.org/10.29298/rmcf.v8i39.44
https://doi.org/10.1016/j.cej.2014.03.096
https://doi.org/10.21829/myb.2012.183356
http://dx.doi.org/10.1163/22941932-90000167
https://doi.org/10.7717/peerj.5504
https://doi.org/10.1016/j.pecs.2005.02.002
https://doi.org/10.3390/app9091806
https://doi.org/10.1016/j.biortech.2011.10.004
https://doi.org/10.1007/978-1-4419-0851-3_245
https://doi.org/10.1007/978-1-4419-0851-3_245
https://doi.org/10.1007/BF00365060
https://doi.org/10.1007/BF00365060
https://doi.org/10.1016/j.indcrop.2006.06.005
https://doi.org/10.21829/myb.1998.421361
https://doi.org/10.21829/myb.1998.421361
https://doi.org/10.18002/ambioc.v0i14.5542
https://doi.org/10.17129/botsci.104
https://doi.org/10.3390/app10082933
https://doi.org/10.3390/app10082933


https://www.seefor.eu

Salazar-Herrera F, Pintor-Ibarra LF, Musule R, Nava-Berumen CA, Alvarado-Flores JJ, González-Ortega N, Rutiaga-Quiñones JG

224     SEEFOR 14(2): 215-224

Ngangyo-Heya M, Foroughbahchk-Pournavab R, Carrillo-Parra A, 
Rutiaga-Quiñones JG, Volker Zelinski, Pintor-Ibarra LF, 2016. 
Calorific value and chemical composition of five Semi-Arid Mexican 
tree species. Forests 7(3): 58. https://doi.org/10.3390/f7030058.

Obernberger I, Brunner T, Barnthaler G, 2006. Chemical properties of 
solid biofuels-significance and impact. Biomass Bioenerg 30(11): 
973-982. https://doi.org/10.1016/j.biombioe.2006.06.011.

Obernberger I, Thek G, 2004. Physical characterisation and chemical 
composition of densified biomass fuels with regard to their 
combustion behaviour. Biomass Bioenerg 27(6): 653–669. https://
doi.org/10.1016/j.biombioe.2003.07.006.

Obernberger I, Thek G, 2006. Recent developments concerning pellet 
combustion technologies- a review of Austrian developments. 
In: Proc. of the 2nd world conference on pellets, May/June 2006, 
Jönköpping, Sweden. Swedish Bioenergy Association, pp. 47–56.

Obernberger I, Thek G, 2010. The pellet handbook. 1st edition, 
Routledge, London-Washington, 592 p.

Pérez-Gutiérrez RM, García-Campoy AH, Muñiz-Ramírez A, 2016. 
Properties of flavonoids isolated from the bark of Eysenhardtia 
polystachya and their effect on oxidative stress in streptozotocin-
induced diabetes mellitus in mice. Oxid Med Cell Longev 9156510. 
https://doi.org/10.1155/2016/9156510.

Pintor-Ibarra LF, Carrillo-Parra A, Herrera-Bucio R, López-Albarrán P, 
Rutiaga-Quiñones JG, 2017. Physical and chemical properties of 
timber by-products from Pinus leiophylla, P. montezumae and P. 
pseudostrobus for a bioenergetic use. Wood Res-Slovakia 62(6): 
849-861.

Ramírez-Casillas R, López-López MC, Becerra-Aguilar B, Dávalos-
Olivares F, Satyanarayana KG, 2019. Obtaining dissolving grade 
cellulose from the huizache (Acacia farnesiana L. Willd.) plant. 
BioResources 14(2): 3301-3318. https://doi.org/10.15376/
biores.14.2.3301-3318.

Reid WV, Ali MK, Field CB, 2020. The future of bioenergy.  Glob Change 
Biol  26(1): 274-286. https://doi.org/10.1111/gcb.14883.

Rotz L, Giazzi G, 2012. Characterization of pharmaceutical products 
by the Thermo Scientific FLASH 2000 Elemental Analyzer. Thermo 
Fischer Scientific, Milan, Italy, 5 p.

Rowell R, 2005. Handbook of wood chemistry and wood composites. 
Taylor & Francis. Boca Raton. 473 p.

Ruiz-Aquino F, Luna-Bautista L, Luna-Bautista AE, Santiago-García 
W, Pintor-Ibarra LF, Rutiaga-Quiñones JG, 2020. Anatomical 
characterization, physical, and chemical properties of wood of 
Quercus macdougallii Martínez, endemic species of the Sierra 
Juárez of Oaxaca, Mexico. BioResources 15(3): 5975-5998. https://
doi.org/10.15376/biores.15.3.5975-5998. 

Ruiz-Aquino F, Ruiz-Ángel S, Feria-Reyes R, Santiago-García W, Suárez-
Mota ME, Rutiaga-Quiñones JG, 2019. Wood chemical composition 
of five tree species from Oaxaca, Mexico. BioResources 14(4): 9826-
9839. https://doi.org/10.15376/biores.14.4.9826-9839. 

Rutiaga-Quiñones JG, 2001. Chemische und biologische 
Untersuchungen zum Verhalten dauerhafter Holzarten and ihrer 
Extrakte gegenuber holzabbauenden pilzen. Buchverlag Graefelfing, 
Muenchen, 210 p. [in German].

Rutiaga-Quiñones JG, Pintor-Ibarra LF, Orihuela-Equihua R, González-
Ortega N, Ramírez-Ramírez MA, Carrillo-Ávila N, Carrillo-Parra A, 
Navarrete-García MA, Ruiz-Aquino F, Rangel-Méndez JR, Hernández-
Solís JJ, Luján-Álvarez C, 2020. Characterization of Mexican waste 
biomass relative to energy generation. BioResources 15(4): 8529-
8553. https://doi.org/10.15376/biores.15.4.8529-8553. 

Sánchez-Blanco J, Guevara-Féfer F, 2013. Plantas arvenses asociadas a 
cultivos de maíz de temporal en suelos salinos de la ribera del Lago 
de Cuitzeo, Michoacán. Acta Bot Mex 105: 107-129. [in Spanish].

Saval S, 2012. Aprovechamiento de residuos agroindustriales: pasado, 
presente y futuro. BioTecnología 16(2): 14-46. [in Spanish].

Sjöström E, 1981. Wood Chemistry: Fundamentals and applications. 
Academic Press, Inc. London, UK, 223 p.

Sousa SM, Delgado SA, 1993. Mexican Leguminosae: phytogeography, 
endemism, and origins. In: Ramamoorthy TP, Bye R, Lot A, Fa J 
(eds.) Biological diversity of Mexico: origins and distribution. Oxford 
University Press, New York, USA, pp. 459-511.

Stevens PF, 2017. Angiosperm Phylogeny Website. Version 14, July 
2017. http://www.mobot.org/MOBOT/research/APweb/.

Telmo C, Luousada K, Moreira N, 2010. Proximate analysis, backwards 
stepwise regression between gross caloric value, ultimate and 
chemical analysis of wood. Bioresource Technol 101(11): 3808-
3815. https://doi.org/10.1016/j.biortech.2010.01.021.

Tumuluru JS, Sokhansanj S, Lim CJ, Bi T, Lau A, Melin S, Sowlati 
T, Oveisi E, 2010. Quality of wood pellets produced in British 
Columbia for export. Appl Eng Agric 26(6): 1013-1020. https://doi.
org/10.13031/2013.35902. 

UNE-EN 14961-1, 2011. Especificaciones y clases de combustibles. 
Parte 1: requisitos generales. AENOR, Madrid, Spain. [in Spanish].

UNE-EN ISO 17225-2, 2014. Biocombustibles sólidos. Especificaciones 
y clases de combustibles. Parte 2: Clases de pélets de madera. 
AENOR, Madrid, Spain, 16 p. [in Spanish].

UNE-EN ISO 18122, 2016. Biocombustibles sólidos. Determinación del 
contenido en cenizas. AENOR, Madrid, Spain, 12 p. [in Spanish]. 

UNE-EN ISO 18125, 2018. Biocombustibles sólidos. Determinación 
del poder calorífico, EN ISO 18125: 2017, Asociación Española de 
Normalización, Madrid, Spain, 68 p. [in Spanish]. 

Van Lith SC, Alonso V, Jensen PA, Frandsen FJ, Glarborg P, 2006. Release 
to the gas phase of inorganic elements during wood combustion. 
Part 1: Development and evaluation of quantification methods. 
Energ Fuel 20(3): 964–978. https://doi.org/10.1021/ef050131r.

Van Soest PV, Robertson JB, Lewis B, 1991. Methods for dietary fiber, 
neutral detergent fiber, and nonstarch polysaccharides in relation 
to animal nutrition. J Dairy Sci 74(10): 3583-3597. https://doi.
org/10.3168/jds.S0022-0302(91)78551-2.

Vassilev SV, Baxter D, Andersen LK, Vassileva CG, 2010. An overview of 
the chemical composition of biomass. Fuel 89(5): 913-933. https://
doi.org/10.1016/j.fuel.2009.10.022.

Velázquez-Martí B, 2018. Aprovechamiento de la biomasa para uso 
energético. Reverté, UPV, Valencia, Spain, 830 p. [in Spanish].

Werkelin J, Lindberg D, Boström D, Skrifvars BJ, Hupa M, 2011. Ash-
forming elements in four Scandinavian wood species part 3: 
Combustion of five spruce samples. Biomass Bioenerg 35(1): 725–
733. https://doi.org/10.1016/j.biombioe.2010.10.010.

http://dx.doi.org/10.1007/s11187-003-6463-7
https://doi.org/10.3390/f7030058
https://doi.org/10.1016/j.biombioe.2006.06.011
https://doi.org/10.1016/j.biombioe.2003.07.006
https://doi.org/10.1016/j.biombioe.2003.07.006
https://doi.org/10.1155/2016/9156510
https://doi.org/10.15376/biores.14.2.3301-3318
https://doi.org/10.15376/biores.14.2.3301-3318
https://doi.org/10.1111/gcb.14883
https://doi.org/10.15376/biores.15.3.5975-5998
https://doi.org/10.15376/biores.15.3.5975-5998
https://doi.org/10.15376/biores.14.4.9826-9839
https://doi.org/10.15376/biores.15.4.8529-8553
http://www.mobot.org/MOBOT/research/APweb/
https://doi.org/10.1016/j.biortech.2010.01.021
https://doi.org/10.13031/2013.35902
https://doi.org/10.13031/2013.35902
https://doi.org/10.1021/ef050131r
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.3168/jds.S0022-0302(91)78551-2
https://doi.org/10.1016/j.fuel.2009.10.022
https://doi.org/10.1016/j.fuel.2009.10.022
https://doi.org/10.1016/j.biombioe.2010.10.010

