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Abstract 

The growing interest in generating and/or consuming products obtained with environmentally friendly technologies, using 

raw materials from renewable resources, is leading to a focus on residual and untapped biomass sources in the production 

of lignocellulosic materials. Megathyrsus maximus, an abundant and underutilized biomass widely distributed in our country, 

is the central focus of this research, which aims to establish its potential for large-scale lignocellulosic material production. 

To this end, the biomass was subjected to various physical and chemical stages, including cutting, drying, grinding, sieving, 

delipidation, delignification, and bleaching, to ultimately obtain cellulose. It was found that the drying process at 60°C for 4 

hours is equivalent to one month of air drying under ambient conditions. After the refining process, 13.8% cellulose was 

obtained on a wet basis from the fed biomass. The cellulose obtained was characterized by infrared spectroscopy in 

comparison with commercial cellulose, demonstrating the quality of the treatment carried out. Furthermore, it was 

characterized by thermogravimetric analysis and polarized light optical microscopy, which revealed the crystalline nature of 

the cellulose fibers obtained. In the studied area, between 13.9 tons/ha and 26.9 tons/ha of fresh Megathyrsus maximus (MM) 

can be harvested, from which it is projected to obtain between 1.7 tons/ha and 3.3 tons/ha of cellulose from the planted MM, 

demonstrating the potential of Megathyrsus maximus for processing into lignocellulosic substrates. 
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Resumen 

El creciente interés en generar y/o consumir productos obtenidos con tecnologías respetuosas con el medio ambiente, 

utilizando materias primas procedentes de recursos renovables, está impulsando la concentración de biomasa residual y sin 

explotar en la producción de materiales lignocelulósicos. Megathyrsus maximus, una biomasa abundante y subutilizada, 

ampliamente distribuida en nuestro país, es el foco central de esta investigación, cuyo objetivo es establecer su potencial 

para la producción de materiales lignocelulósicos a gran escala. Para ello, la biomasa se sometió a diversas etapas físicas 

y químicas, incluyendo corte, secado, molienda, tamizado, deslipidización, deslignificación y blanqueo, para obtener 

finalmente celulosa. Se observó que el proceso de secado a 60 °C durante 4 horas equivale a un mes de secado al aire en 

condiciones ambientales. Tras el proceso de refinación, se obtuvo un 13,8 % de celulosa en base húmeda a partir de la 

biomasa alimentada. La celulosa obtenida se caracterizó mediante espectroscopia infrarroja en comparación con la celulosa 

comercial, lo que demuestra la calidad del tratamiento realizado. Además, se caracterizó mediante análisis 

termogravimétrico y microscopía óptica de luz polarizada, lo que reveló la naturaleza cristalina de las fibras de celulosa 

obtenidas. En el área de estudio, se pueden cosechar entre 13,9 y 26,9 toneladas/ha de Megathyrsus maximus (MM) fresco, 

de lo cual se proyecta obtener entre 1,7 y 3,3 toneladas/ha de celulosa a partir del MM plantado, lo que demuestra el potencial 

de Megathyrsus maximus para su procesamiento en sustratos lignocelulósicos. 

Palabras clave: Megathyrsus maximus, celulosa, biomasa lignocelulósica, biorrefinería. 
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1 Introduction 

Grasses are primarily composed of cellulose and 

hemicellulose, which constitute approximately 70% of the 

total biomass (dry basis), and lignin, which comprises 

between 10-30%(Heinze et al, 2018). This chemical 

composition varies according to the species, tissue type, 

growth stage, and growing conditions, and also includes 

lipids and other polysaccharides to a lesser extent (Ríos et al., 

2021). The grass Megathyrsus maximus (MM), also known 

as Guinea grass, native to Africa, has spread to many other 

regions of the world (Bryan et al, 2003). It forms isolated 

clumps with thin, green leaves are shown in Figure 1. It is a 

fast-growing grass that can reach a height of up to 3 m. It can 

withstand strong winds and rain thanks to its thick, resistant 

stem (Álvarez et al, 2016). 

It produces seed year-round, with peak production 

occurring during the dry season. Annually, gambeteen 2-6 

tona/ha of dry biomass can be produced in relatively fertile 

soils, and this can be increased with optimized agricultural 

strategies (Aristega et al., 2021). MM has been used to 

prevent soil erosion and as a livestock feed crop, but it has 

already been replaced by other species. If not managed 

properly, it can become an invasive grass and have a negative 

impact on native plant communities, given its rapid ability to 

establish itself over other plants (Cabrera et al., 2015). In 

Venezuela, this species is widespread, with a national 

distribution of approximately 16%, being more concentrated 

in the state of Zulia and the central region of the country 

(Guevara et al., 2012). 

Of the three main constituents of MM, cellulose 

represents the most abundant renewable polymeric resource 

available worldwide, and in the plant, it is located in the cell 

walls, primarily bound to hemicelluloses, lignin, and pectins 

(Figueiredo et al., 2010). Globally, most plant-based cellulose 

is derived from wood; however, in recent years, other non-

timber plant species, industrial waste, and agricultural 

byproducts have been used. In this regard, cellulose has been 

obtained from paper mill sludge (He et al., 2009), cereal crop 

waste (Sun et al, 2004), Musaceae (Zuluaga et al, 2007), 

pineapple bagasse (Antonio et al., 2014), among others. It is 

also possible to obtain cellulose from algae such as Valonia 

(Baker et al., 1997) or through the extracellular activity of 

microorganisms such as Acetobacter, Agrobacterium, 

Rhizobia, or Sarcina (Jung et al., 2005). The type of source 

used influences the physical, morphological, and mechanical 

characteristics of the cellulose. It is worth noting that the 

composition of lignocellulosic substrates also varies 

depending on the source used (Gonzalez et al, 2022). 

Cellulose, chemically, is a polysaccharide, a linear 

natural polymer whose monomers are primarily β-(1 → 

4)-D-glucopyranose (glucose) structures. Each β-

anhydroglucose (UAG) unit has three exposed hydroxyl 

groups, which are capable of forming inter- and 

intramolecular hydrogen bonds.16 This allows the 

polymer units to assemble into a hierarchical system. 

First, they form fibrillar units approximately 1.5–3.5 nm 

in diameter, which then assemble into microfibrils 

(nanofibers) with diameters ranging from tens to 

hundreds of nanometers. Finally, somewhat more 

randomly, they form interconnected microfibrillar networks 

(microfibers) with diameters on the micrometer scale or 

larger. These structures contain alternating sequences of 

crystalline and amorphous zones and represent the basic 

units of the plant cell wall in familiar cellulosic materials 

such as wood and cotton (Perez, 2005; Klemm et al, 2005; 

Heinze et al, 2012; Morales, 2015). 

Throughout this system, hydrogen bonds play a 

fundamental role, as they are primarily responsible for the 

intramolecular interactions between the hydroxyl groups of 

adjacent anhydroglucose units and the intermolecular 

interactions that form between one cellulose chain and an 

adjacent one (León-Fernández et al, 2014). This has a strong 

influence on its mechanical, physical, and chemical 

properties, such as solubility, OH group reactivity, and 

crystallinity, among others. Furthermore, there are axial 

interactions between the C-OH sheets and Van der Waals 

interactions that stack these sheets (Nishiyama et al., 2002; 

Nishiyama et al., 2003; Tashiro et al., 2005). 

Although cellulose is a highly hydrophilic polymer, it 

is insoluble in water. The intensity of the aforementioned 

interaction forces confers high stability to the crystalline 

structure. Cellulose solubilization is achieved by promoting 

the appearance of amorphous regions, with the weakening of 

intermolecular hydrogen bonds and the achievement of a 

positive interaction of the solubilizing agent with the 

cellulose (Carreño et al., 2005). 

 

2 Experimental procedure 

 

Megathyrsus maximus was collected fresh from an area 

of approximately 1 hectare located near the Faculty of 

Experimental Sciences and Technology at University of 

Carabobo, with geographic coordinates latitude: 10.2797° N 

and longitude: -68.0069° W. Within this area, a 1 m² square 

was delimited, and all the Megathyrsus maximus clumps 

contained therein were collected. The ears of each clump 

were counted and cut approximately 10 cm from the root, 

which was not evaluated in this study. 

 

2.1 Obtaining Cellulose from Megathyrsus maximus 

 

The methodology for obtaining cellulose was based on 

previous studies (Canche, 2005; Moreno, 2007; Rodríguez et 

al., 2007; Castillo, 2008; Carrero, 2013; Minmunin et al., 

2015) carried out using plant biomass (see Figure 1). The 

leaves were manually cut into small pieces and then dried, 

some at room temperature and others in an oven at 60°C, in 

order to comparatively evaluate mass loss. Grinding was 

carried out in a helical mill. The material was then pulverized 

in a blade processor and subsequently fractionated using 

sieves of different pore sizes [ASTM80 (0.177mm); 

ASTM60 (0.250mm); ASTM20 (0.833mm) and ASTM18 

(1mm)]. 

Delipidation was carried out using solid-liquid 

extraction with hexane in a Soxhlet extractor and in a glass 

reactor under total reflux. Different particle sizes of the dried 

plant material and total reflux times of 2 and 4 h were 

evaluated in this process. The extracted fat content was 

determined using Equation 1. 
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Extracted fat content = 
mo−mf

mMM
 * 100                (Eq. 01) 

 

mo: sample mass before extraction (g) 

mf: sample mass after extraction (g) 

mMM: net mass of Megathyrsus maximus sample (g) 

 

The delignification stage was carried out using the 

alkaline peroxide method at 70°C, in two stages, where the 

lignins and hemicelluloses present in the biomass were 

removed. The dried biomass was subjected to a reaction with 

25% w/v hydrogen peroxide and 12% w/v sodium hydroxide 

at a mass/volume ratio of 1:30 (biomass: volume of aqueous 

phase) with stirring at 250 rpm or higher. Subsequently, the 

sample was filtered through a cloth, the filtrate was reserved, 

and the lignocellulosic residue was washed and then bleached 

with alkaline peroxide. A 25% w/v H₂O₂ solution was added 

progressively to achieve a 30:1 liquor/biomass ratio. Finally, 

the resulting material was filtered and dried to quantify the 

cellulose obtained for use in subsequent stages. Each batch of 

black liquor was stored for later analysis. 

The characterization of the obtained cellulose consisted 

of ash determination, thermogravimetric analysis, FT-IR 

spectroscopy, polarized light optical microscopy, and 

scanning electron microscopy. Commercial cellulose and all 

chemicals were analytical grade, purchased from Sigma-

Aldrich. 

 

2.2 Thermogravimetric Analysis (TGA) 

 

Thermogravimetric analysis allows for the study of the 

thermal stability of the materials under study and was 

performed on a NETZSCH STA 409 PC thermobalance. 

These analyses were carried out under an argon atmosphere 

with a flow rate of 50 mL/min. A heating ramp of 10 

°C/minute was used, from 30 °C to 450 °C.  

 

2.3 Infrared Spectra Determination 

 

The cellulose obtained was analyzed by Fourier 

Transform Infrared (FT-IR) spectroscopy and compared with 

the spectra obtained for cotton (the natural material with the 

highest cellulose content) and commercially available 

cellulose. For this purpose, the sample was placed on the dish 

designed for direct Fourier Transform Infrared Spectroscopy 

analysis in a Perkin Elmer Frontier FT-IR Spectrometer, in 

the spectral range between 400 and 4,000 cm⁻¹. 

 

2.4 Analysis by Polarized Light Microscopy 

 

A MOTIC BA310 POL trinocular Siedentopf-type 

microscope, inclined at 30° and rotatable 360°, was used. A 

360° rotating analyzer was used to take polarized light images 

of the cellulose obtained from Megathyrsus maximus and of 

the commercially available cellulose. This was done to 

compare the morphology of both materials at the scales used. 

 

2.5 Scanning Electron Microscopy Determination 

 

The cellulose obtained was analyzed by Scanning 

Electron Microscopy using a JEOL JCM-6000 instrument. 

The voltage used was 15 kV, and the samples were placed in 

the holder covered with a thin film of gold. 

 

3. Results and discussion 

 

3.1 Collection of Megathyrsus maximus 

 

In the collection of the tillers, 2073.2 g/m² and 2693.4 

g/m² of fresh biomass of Megathyrsus maximus were 

obtained. The number of clumbs and the number of ears 

present in the samples taken are reported in Table 1, 

according to the methodology described. 

 
Table 1. Collection of fresh Megathyrsus maximus in an area of 1 m2 

Clumb 
Number of 

ears of corn 

High ears of 

corn ± 0,2 

(m) 

Clumb 

Mass ± 0,1 

(g) 

1 6 1,7 231,5 

2 14 1,7 525,4 

3 10 2,2 360,7 

4 11 2,0 435,1 

5 9 1,8 310,6 

6 21 2,0 830,2 

Averages 12 1,9 448,9 

 

As can be seen in Table 1, 6 clumb were obtained in the 

demarcated area, with a variable number of ears per clumb, 

as well as variable ear length. It is worth noting that the mass 

of Megathyrsus maximus per area is not uniform, but rather 

falls within a range of values. On average, the number of ears 

per tiller per m² was 12 ± 4, and their length was 1.9 ± 0.2 m. 

To estimate the availability of MM per area, the 

smallest clump mass (as an unfavorable scenario) and the 

average mass of the clumps (as a favorable scenario) were 

considered. This indicates that between 13.9 tons/ha and 26.9 

tons/ha of fresh MM can be harvested. If the mass obtained 

in the other sampled area (20.7 tons/ha) is included in the 

estimate, it can be observed that it falls within the proposed 

range. Other studies of fresh MM harvesting reported yields 

between 14 and 25 tons/ha, and some achieved up to 40 

tons/ha (Aristega et al., 2021). Gomez et al. (2021) reported 

between 20.3 and 28.0 tons/ha of fresh MM after 40 and 60 

days of growth, respectively (Gómez et al., 2021). The 

observed differences can be attributed to soil quality, 

climatic conditions, and the agricultural strategies employed 

when applying nutrients during planting (Cerdas, 2011). This 

result demonstrates the potential of the land adjacent to the 

laboratory where the research was conducted, where more 

than 6 hectares of Megathyrsus maximus (MM) are planted 

but not currently being utilized. 

 

 

3.2 Drying of the Cut Megathyrsus maximus 

 

The drying process was performed on the smallest 

clump. The root was removed, and the rest of the plant was 

cut into small pieces. This was divided into three (3) parts, 

and the final appearance can be seen in Figure 1. The mass 
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loss during the drying process under ambient conditions 

was determined. 

Table 2 shows the mass variation of the MM during 

storage at ambient temperature over the study period.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1.  Production of cellulose from MM 

 

It began with a total initial mass of 230.9 g, divided 

among the three samples. Additionally, the total mass loss of 

the evaluated clump was observed, reaching a net loss of 155 

g in 180 days. On average, over a period of 6 months, the 

fresh MM sample had a percentage mass loss of 67 ± 1%. 

This percentage is mainly due to the water content in the 

plant material. 

Table 2. Drying of fresh Megathyrsus maximus at room temperatura 

Sample 
Percentage mass loss per day (%) 

0 3 30 63 180 

1 0,0 31,2 68,1 71,5 68,9 

2 0,0 28,3 64,5 68,1 65,3 

3 0,0 35,8 66,3 69,8 67,2 

Average 0,0 32± 3  66± 1 70± 1 67± 1 

 

 

 

Figure 2. Variation of the non-volatile content of the plant material 

at ambient temperature 
 

For comparison, the mass loss during the drying of 

Megathyrsus maximus ranged from 78.6% to 81.2%, 

measured after 40 and 60 days of drying, respectively 

(Gómez et al., 2021).  

Similarly, the behavior of the non-volatile compounds 

present in the plant material is shown in Figure 2, as a 

function of the number of days exposed to ambient 

temperature. 

It is worth noting that after 30 days, the change was 

minimal. At 6 months, a slight increase in mass was 

observed. Considering that plant material loses mass until it 

reaches equilibrium with its environment, this slight increase 

in mass at 6 months could be attributed to higher relative 

humidity at the time of weighing. 

Furthermore, drying the fresh MM samples in an oven 

at 60 °C resulted in a mass loss of 65 ± 2%. That is, under 

the established conditions, the amount of mass obtained in 4 

hours was equivalent to what would have taken 

approximately one (1) month at ambient temperature. This is 

very important when considering shortening the drying time, 

given the additional energy required for drying at a 

temperature higher than ambient. It is noteworthy that fresh 

MM has a high water content (Gonzalez et al., 2022; 

Dominguez, 2017) reported at 67.6% and 71.0%, 

respectively. This corresponds to the fact that water content 

can vary depending on the time of year and the climatic 

conditions present at the time of harvest. It is projected, then, 

that between 650 and 710 kg of water will evaporate for 

every ton of fresh MM processed, or, equivalently, between 

9.1 and 17.6 tons of water per hectare of harvested land. 

Therefore, in large-scale processes, it would be an 

opportunity to consider studying the feasibility of 

condensing this water for use in subsequent processes. 

Regarding the projected dry biomass of Megathyrsus 

maximus, it is projected to be between 4.8 and 9.3 tons/Ha. 

These levels are consistent with several studies that report 

ranges of 4.8 to 8.7 tons/Ha (Fortes et al., 2016); 2.0 to 3.9 

ton/Ha (Milera et al., 2017); 5.8 to 8.7 ton/Ha (Pilco, 2017) 

and 1.3 to 6.2 ton/Ha (Homen et al., 2010), the latter in 

Venezuela (Edo. Miranda) in periods of 40 to 60 days of 

growth. 
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 The values obtained are close to those reported for 

Megathyrsus maximus species in Colombia, where an 

average lipid content of 1.64% on a dry basis was obtained, 

and for species from Mexico with a lipid content of 1.6% on 

a dry basis.41 A range of hexane extractables between 0.51 

and 1.72% has also been reported (Milera et al., 2017). 

Table 3. Sieving of the dried, ground, and crushed plant material 

Sample 

Percentage mass distribution of the sieved plant material 

(%m/m ±1) 

Ø ˂ 177 

µm 

177 < Ø < 833 

µm 

833 < Ø < 1000 

µm 

1000 < Ø < 1400 

µm 

Ø ˃ 1400 

µm 

Dry MM 14 51 15 14 6 

 

3.3 Grinding, crushing, and sieving of Megathyrsus 

maximus 

 

The purpose of crushing the dried Megathyrsus 

maximus was to reduce the particle size to increase the 

exposed surface area, thus facilitating subsequent treatments. 

The mass distribution obtained after crushing and sieving, by 

particle size, is shown in Table 3. The most prevalent particle 

size range was between 177 and 833 µm. 

In any case, the resulting mass distribution is associated 

with the time spent during crushing, the number of times it 

is repeated, the equipment used, and the energy applied. This 

distribution can be controlled by varying the time and 

frequency. 

It is known that the energy required to reduce a plant 

source to a specific particle size is mainly influenced by the 

starting biomass (wood or grasses) (Cadoche, 1989) and the 

type of equipment used. Depending on the type of grinding 

employed and the type of material to be pretreated, the 

reduction in the final particle size desired is inversely 

proportional to the energy consumption required to achieve 

it, and its variation is not linear (Cadoche, 1989). As 

expected, the energy consumption to achieve a specific 

particle size is much higher when using wood as the starting 

source compared to when using grasses, such as 

Megathyrsus maximus. Similarly, greater energy or shear 

will be required to increase the proportion of particle sizes 

from larger to smaller. 

 

3.4 Extraction of fatty components (delipidation) 

 

It is known that fatty components are contained in the 

cells and cell walls of leaves, where they fulfill various roles 

in plants, such as hydrophobicity (waterproofing), energy 

storage, and signal transport, among others (Marcano, 2002). 

The lipid fraction obtained from grasses is mainly composed 

of galactolipids and phospholipids (86% molar) and, to a 

lesser extent, free fatty acids (3.1%), triglycerides (8.4%), 

and sterols (2.5%). The reported fatty acid composition was 

mostly unsaturated with 18 carbon atoms (75.3%) Carvajal-

Tapia et al., 2023). 

In this research, the removal of fat aimed to quantify 

the amount of its lipid content on a dry basis. Figure 3 shows 

the fat content extracted at different particle sizes from the 

plant material after 2 and 4 hours of extraction. It can be 

observed that the delipidation process with total reflux was 

favored when the particle size was smaller. The lipid content 

was extracted in the first two hours of reflux.  

The highest fat content was obtained for a particle size of 

Φ < 177 µm, which can be attributed to the increased contact 

between the solvent and the solid due to greater disruption of 

the plant's epidermal tissue, resulting in greater solubility of 

the fats present in the plant matter Kumoro et al, 2021). In the 

Soxhlet extraction process, 1.90% was obtained in 4 h. After 

this stage, the solvent was recovered by vacuum distillation 

with a rotary evaporator, achieving a recovery percentage of 

88%. 

 
Figure 3. Fat content extracted from MM samples according to their size. 

 

 

3.5 Delignification using the alkaline peroxide method 

 

The final stage in obtaining cellulose consisted of 

removing hemicelluloses and lignins through the solid-liquid 

process already described, where the reaction raw material 

consisted of a dark brown liquor and a brown solid fraction 

that followed the bleaching process with H2O2. This liquid 

(black liquor) has an intense dark color, attributable to the 

activation of chromophoric groups present in the lignin. The 

reactions that occur are based on condensation and oxidation 

processes of phenolic groups, in which phenolates are 

obtained that promote its dissolution (Huang et al., 2019). 

During the addition of H2O2, a large amount of foam 

was produced, promoted by the formation of oxygen from 

the reaction; therefore, the addition of H2O2 to the reaction 

medium had to be gradual to control the foam. During 

gravity filtration through a cloth filter, turbidity and 

sedimentation were observed in the filtered liquid fraction 

due to the passage of very fine cellulose particles. The filter 

cake was subjected to a second reaction with alkaline 

peroxide, decreasing the NaOH concentration to 6% and 

maintaining the H2O2 concentration at 25% w/w to improve 

the bleaching of the resulting cellulose. 
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After this stage, the mixture was filtered through a 

cloth. The filter cake (cellulose) was washed with distilled 

water until the wash water reached a neutral pH. 

The percentage yield (dry basis) of cellulose, according 

to the particle size of the starting dry plant material, was 

higher for the largest particle size (43.00%) and 35.00% for 

the smallest size studied, values close to those reported 

(Gonzalez et al., 2022). This reduction in the efficiency of 

the cellulose production process is attributable to the particle 

size of the initial cellulose fibers, which turned out to be very 

fine particles that were not retained by the filtration mesh, as 

evidenced by sedimentation in the collection container of the 

reaction liquor. The cellulose obtained appears as 

agglomerated particles with a paper-like appearance as show 

in Figure 1. This agglomeration occurs during the filtration 

process. 

It is worth noting that the biomass characterization of 

dry Megathyrsus maximus is summarized as follows: 13.2% 

moisture, 9.4% ash, 2.8% hexane extractables, 23% lignin, 

and 39.3% cellulose. Protein content was not determined; 

however, crude protein levels for Megathyrsus maximus 

have been reported in several countries, ranging from 

13.95% to 16.53% in Colombia (Barragán-Hernández et al., 

2019), 10.20% in Costa Rica (López-Herrera et al., 2019), 

11.03% to 16.92% in Ecuador (Gomez et al., 2021), and from 

19.76% to 16.43% in Venezuela (Homen et al., 2010), during 

a growth period of 21 to 35 days. Finally, based on the results 

obtained, the projected cellulose yield is between 1.7 and 3.3 

tons/Ha planted with Megathyrsus maximus. 

 

3.6 Thermogravimetric Analysis (TGA) 

 

Thermogravimetric analysis allowed us to determine the 

stability of the cellulose samples as a function of temperature 

increase under an inert atmosphere. Figure 4 shows the 

thermogravimetric curves (TGA) and their corresponding 

derived thermogram (DTGA). These curves illustrate the 

variation of the percentage of residual mass with respect to the 

temperature increase up to 450°C. 

It has been reported that the variation in the mass of 

lignocellulosic materials (cellulose, hemicellulose, and lignin) 

in a range of approximately 80 to 120°C is attributable to mass 

loss due to moisture (Reddy et al., 2018). This is observable in 

the DTGA curve in Figure 5, and Table 4 shows the mass loss 

values up to 120°C. 

 

 

 
 

Figure 4. TGA and DTGA thermograms of cellulose from MM (left) and commercial cellulose (right) 

 

 
Table 4. Thermogravimetric analysis of the celluloses 

Cellulose 
Tinicial  

(°C) 

Tfinal  

(°C) 

Tpico  

(°C) 

Percentage of 

mass lost to 

120°C (%) 

Percentage of 

mass lost to the 

Tpico (%) 

MM 280 334 311 3,60 48,1 

CS 305 355 336 2,85 57,5 
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Subsequently, the decomposition process of any 

hemicellulose present in the samples begins (above 190°C). 

This is followed by the decomposition of the cellulose, which 

overlaps with the decomposition of lignin (Yang et al., 

2007). 

The peak or average decomposition temperature 

(Tpeak) is represented by the inflection point in the 

thermogram and by the minimum reached in the DTGA 

curve. It should be noted that this material is composed of a 

distribution of molecules with different degrees of 

polymerization and under different crystalline arrangements; 

therefore, an average value will be obtained. These values 

are shown in Table 4. 

Table 4 shows that at 120 °C, the percentage of mass 

loss was slightly higher for MM cellulose compared to 

commercial cellulose. In the former case, the mass loss was 

3.60%, while for commercial cellulose it was 2.85%. This 

reduction is attributable to the elimination of moisture 

contained in the cellulose (Reddy et al., 2018). The mass loss 

at the average decomposition temperature was greater for 

commercial cellulose, at 57.5%, compared to MM cellulose, 

at 48.1%. Additionally, the initial decomposition 

temperature (Tinitial) of MM cellulose began earlier than that 

of commercial cellulose. This greater decomposition was 

reached at a higher temperature in commercial cellulose 

compared to MM, indicating that commercial cellulose, 

comparatively, showed greater thermal stability. This may be 

associated with differences in the degrees of polymerization 

and crystallinity. 

 

3.7 Characterization of Cellulose by FT-IR 

 

Samples of the obtained cellulose and commercially 

available cellulose were analyzed by Fourier transform 

infrared spectroscopy (FTRI) and are showm in Figure 5. 

In each of the spectra obtained, the characteristic absorption 

bands of the analyzed samples are observed. The absorption 

band at 3328 cm⁻¹ is attributed to the stretching vibration of 

the inter- and intramolecular H-O hydrogen bonds, 

characteristic of those present in cellulose (Oh SY et al., 

2005ª; Moran, 2008; Fan et al., 2012). The band at 2896 cm⁻¹ 

corresponds to the stretching of the sp³-hybridized carbons 

corresponding to the methylene (CH₂) groups of cellulose 

(Fan et al., 2012). The absorption band at 1638 cm⁻¹ indicates 

a certain amount of water adsorbed on the fiber, seen through 

the bending vibration of the OH group (Oh SY et al., 2005b). 

The band corresponding to the bending vibration of CH2 (Oh 

SY et al., 2005b) is observed at 1423-1429 cm-1. The band at 

1315 cm-1 is attributed to the rocking vibration of the CH2 

group of carbon C6 (Poletto, 2014). The band at 1159 cm-1 is 

attributed to the vibration of the β-glycosidic bond COC (Oh 

SY et al., 2005b).  

The stretching vibrations of the C-O bond of ether 

groups appear in the range of 1050 to 1150 cm-1, which are 

characteristic of the polymeric structure of cellulose 

(Coates, 2000). The intense band at 1026-1031 cm-1 is 

attributed to the stretching vibrations of the C-O bonds of 

primary alcohols Cichosz et al., 2022). At 896 cm-1, the 

band is attributed to the stretching vibrations of the COC, 

CCO, and CCH bonds (Fan et al., 2012). Bands are 

observed at 1200 and 1500 cm-1 in the Megathyrsus 

maximus biomass, which disappear in the obtained 

cellulose and are also absent in commercial cellulose. 

These bands are attributable to the C-O stretching of 

aromatic alcohols characteristic of the lignin contained in 

the biomass (Coates, 2000). 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 5. Comparison of functional groups present in cellulose 

obtained from Megathyrsus maximus with respect to commercial cellulose 

 

Figure 5 shows a comparative analysis of the infrared 

spectra of MM cellulose, highlighting its similarity to the 

bands obtained from commercial cellulose, which was used 

for comparison. These results demonstrate the efficiency of 

the refining process used to obtain cellulose from MM 

biomass. 

 

3.8 Polarized light optical microscopy 

 

The commercial cellulose samples and the cellulose 

obtained from MM were analyzed by polarized light optical 

microscopy at magnifications of 40x and 100x (Figures 6 and 

7). The commercial cellulose samples and the one obtained 

from MM were analyzed by polarized light optical 

microscopy, with a magnification of 40x and 100x (Figures 

6 and 7). 

It is worth noting that the observations made using this 

methodology reveal structures exhibiting birefringence, 

which is associated with the anisotropic crystalline structures 

present in cellulose. In the cellulose obtained from MM 

(Figure 6), aggregates of fibers of varying sizes are observed, 

structured longitudinally in parallel. The fibers of 

commercial cellulose have a uniform size distribution and 

shorter lengths than those obtained in the cellulose sample 

(Figure 7). 

It is known that cellulose fibers form hierarchical 

structures, composed of cellulose chains distributed in 

crystalline and amorphous domains (Heinze, 2012). The 

crystalline structure confers high strength in mechanical 

properties, while the amorphous region contributes to 

elasticity. Furthermore, the amorphous region enhances the 

reactivity of cellulose. 

 

 

3.9 Scanning Electron Microscopy 
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Figure 8 shows the microstructures formed by the 

cellulose fibers obtained from MM. They are arranged as 

loose filaments stacked on top of each other in three-

dimensional space. They exhibit a linear conformation 

characteristic of cellulose microfibers, with variable 

thicknesses, mostly between 5 and 10 µm. Additionally, 

some show fibrillar aggregates with longitudinal channels 

on their surface. The cellulose is organized hierarchically, 

with each fiber composed of other, thinner fibers stabilized 

by hydrogen bond interactions present in the cellulose 

(Heinze, 2012). 

The morphology observed in commercial cellulose 

shows fibers with greater thicknesses than those observed in 

cellulose from MM. The greater thickness and crystallinity 

observed in commercial cellulose fibers may confer greater 

thermal stability than those obtained from MM, which is 

consistent with the results obtained in the thermograms. This 

arrangement is composed of microfibrils stabilized by 

numerous hydrogen bonding forces. 

 

                
 

Figure 6. Polarized light microscopy image of cellulose obtained from Megathyrsus maximus. Left (40x), Right (100x) 

 

                 
Figure 7. Polarized light microscopy image of commercial cellulose. Left (40x), Right (100x) 

 

 

 
 

 

 

 

 

   

 

 

 

 

 
Figure 8. Scanning electron microscopy of Megathyrsus maximus cellulose from commercial cellulose (500x) 
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4 Conclusions 
 

The production of cellulose from Megathyrsus maximus 

biomass was effective using physical processes such as 

cutting, drying, grinding, sieving, and solvent extraction of 

lipids, under chemical refining processes such as 

delipidization and delignification (bleaching) using 25% w/w 

H₂O₂ and 12% w/w NaOH. 

 Drying the pre-treated Megathyrsus maximus material 

at 60 °C for 4 h was equivalent to drying it in 30 days at room 

temperature.  

The crystallinity and hierarchical structure of the 

cellulose fibers were evident by polarized light microscopy, 

and the refinement was demonstrated by visualizing 

disaggregated fibrillar structures using scanning electron 

microscopy, both in commercial cellulose and in that obtained 

from Megathyrsus maximus. FTIR spectroscopy confirmed 

the presence of the main characteristic bands in the cellulose 

obtained from Megathyrsus maximus, equivalent to those 

present in cotton cellulose and commercial cellulose.  

The estimated availability of fresh Megathyrsus 

maximus per unit area (area adjacent to FACYT) is between 

13.9 tons/ha and 26.9 tons/ha. The drying process (if the 

evaporated water is condensed) is estimated to yield between 

9.1 and 16.5 tons/ha of water per unit area of planted land. 

Finally, the projected cellulose yield is between 1.7 and 3.3 

tons/ha of planted Megathyrsus maximus. 
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