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ABSTRACT: Guadua angustifolia, a South American bamboo species, has a long-standing tradition of use as a construction 
material. Despite numerous studies on its mechanical and structural properties, research on its fibers and extraction processes 
is scarce. This paper aims to enrich the technical-scientific understanding necessary for enhancing the utilization of Guadua 
angustifolia bamboo fibers. It outlines an experimental program that developed and assessed an extraction methodology. The fibers 
produced were characterized by their length, density, water absorption, mechanical properties, morphological features, and FTIR 
spectroscopy. The extraction method yielded fibers up to 20cm long, with an average density of 1.4g/cm3 and a tensile strength of 
approximately 350MPa, among other properties.
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RESUMEN: Transformando el bambú-Guadua: extracción y caracterización de las fibras para materiales biocompuestos. 
La Guadua angustifolia, una especie de bambú sudamericana, tiene una larga tradición de uso como material de construcción. 
A pesar de existir numerosos estudios sobre sus propiedades mecánicas y estructurales, las investigaciones sobre sus fibras y 
procesos de extracción son escasas. Este artículo tiene como objetivo enriquecer el conocimiento técnico-científico necesario para 
aumentar la utilización de las fibras de bambú Guadua angustifolia. Propone un programa experimental que desarrolló y evaluó 
una metodología de extracción. Las fibras obtenidas se caracterizaron por su longitud, densidad, absorción de agua, propiedades 
mecánicas, características morfológicas y espectroscopia FTIR. El método de extracción arrojó fibras de hasta 20 cm de largo, con 
una densidad promedio de 1.4 g/cm3 y una resistencia a la tracción alrededor de 350 MPa, entre otras propiedades.

PALABRAS CLAVE: Fibras naturales; Fibras de bambú-guadua; Metodología de extracción; Caracterización física; Caracterización 
mecánica.
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1.	 INTRODUCTION

Due to the increasing environmental awareness, researchers and industries have shown interest in substituting 
polluting materials with sustainable and renewable resources. Consequently, natural fibers, obtained from animals, 
plants or agricultural wastes (1, 2), have become attractive to many industries, including the composite sector (3). The 
global market for natural fiber composites is expected to grow by 5.2% from 2021 to 2026, reaching an estimated 0.6 
billion USD (4). 

Guadua angustifolia (guadua), a bamboo species that is highly prevalent in South America (5), is native to Colombia, 
Ecuador and Venezuela (6). This plant has been integral to the folklore, environment, and socio-cultural development 
of the western region of Colombia. Although the mechanical and physical properties of guadua have been extensively 
investigated in both raw (7-12) and laminated forms (13-19), research on guadua fibers is lacking (20-22), especially 
concerning the methodologies used for extracting its fibers (23-25). This may be due to the high difficulty and cost of 
the extraction process (26, 27). 

Methods currently used for obtaining natural fibers include mechanical extraction, chemical methods, and 
combination of both (28). Each extraction method has specific characteristics that make it suitable depending on 
the requirements of the extraction process and, more importantly, the desired characteristics of the obtained fiber, 
which depends on the intended application. Mechanical extraction methods are highlighted by their high-performance 
efficiency and low environmental impact; however, they have a very high energy consumption. Conversely, chemical 
methodologies are less energy-intensive but are not-ecofriendly. Chemical-mechanical methodologies allow for high 
yield with lower energy consumption; however, these, like chemical methodologies, may not be environmentally 
sustainable due to the use of chemical agents (29). 

Mechanical methods can involve heat steaming, steam explosion, retting, crushing, rolling in a mill and griding 
(30).  These methods typically produce coarser bamboo fibers (27), which may contain large amounts of non-cellulosic 
components, negatively affecting the mechanical performance of fibers. In case of crushing processes, Sreenivasan et al. 
(31) design a mechanical decorticator that appears to be efficient for obtaining fibers from the soft leaves of Sansevieria 
cylindrica plants, producing fibers suitable for use as reinforcement in composites. For bamboo, the crushing process 
involves breaking the culm into small pieces using a crushing roller and extracting the coarse fibers using a pin roller (32). 
According to Popat & Patil (33), the main challenge in using this procedure to obtain bamboo fibers is that is produces short 
fibers, which tend to become powdered after mechanical over-processing.

Common procedures in chemical methodologies include alkali or acid retting, chemical assisted natural retting (CAN) 
and degumming (34). Compared to mechanical methods, chemical procedures are more efficient at removing non-cellulosic 
components (35). Alkali retting is effective at obtaining clean fibers with significantly less damage (32). One of the most 
widely investigated alkaline-retting solutions is sodium hydroxide (NaOH), which is more affordable and commercially 
available than other alkalis (27). NaOH solution concentration range from 0.5% to 15.0%, with immersion times ranging 
from 15 minutes and 48 hours and temperatures from room temperature to 100°C. [29, 33, 49–53]. From a mechanical 
perspective, the main disadvantage of alkali retting is that the excessive removal of binding components can affect the 
stress transfer between elementary fibers, reducing the mechanical performance of the fibers (36).

Despite the various methods available for extracting natural fibers, there is a significant gap in the literature 
regarding the extraction of Guadua angustifolia fibers, particularly in balancing the preservation of the fiber’s structural 
integrity with the controlled removal of lignin and hemicellulose. This balance is crucial, as it directly impacts the 
fibers’ performance in composite materials. Excessive removal of non-cellulosic components, such as lignin and 
hemicellulose, can weaken the stress transfer between fibers, thereby reducing their mechanical properties. On the 
other hand, insufficient removal of these components can result in poor bonding to polymer matrices, diminishing the 
effectiveness of the fibers as reinforcements. Furthermore, the specific chemical and structural composition of Guadua 
angustifolia fibers differs from other bamboo species and natural fibers, suggesting that the strategies developed for 
other plants may not be directly applicable to Guadua angustifolia. Therefore, tailored extraction methodologies are 
needed to optimize the use of guadua fibers in composite applications, ensuring both effective removal of non-cellulosic 
materials and the retention of mechanical strength, which justifies a focused approach for this unique species.

This research contributes to overcome this gap by presenting a novel extraction methodology specifically designed 
for Guadua angustifolia, one that balances the removal of lignin and hemicellulose while preserving the lignocellulosic 
structure necessary for reinforcing composites. Previous studies on bamboo fibers have largely focused on other 
species (27, 37-39), but the distinct properties of Guadua angustifolia fibers require a specialized approach, which this 
study introduces. The proposed methodology enhances the potential of guadua fibers for use in a variety of composite 
matrices, contributing to sustainable material development in various industrial applications.

This paper describes an experimental program aimed at studying a proposed extraction methodology for Guadua 
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angustifolia fibers, with the main purpose of promoting the use of these fibers as reinforcement of composite materials. 
The characterization of the fibers obtained through this methodology was essential to evaluate their suitability for 
such applications. Length and bulk density measurements were carried out to assess the basic physical properties of 
fibers, which are critical for ensuring uniformity in composite reinforcement. Water absorption behavior was analyzed 
to understand the fibers’ interaction with moisture, as excessive water retention can negatively affect the long-term 
performance of composites. The mechanical properties of the fibers were evaluated to determine their potential to 
enhance the strength and durability of the composite matrices. Morphological analysis through scanning electron 
microscopy (SEM) was used to examine the surface characteristics and fiber structure, providing insights into the degree 
of delignification and the overall quality of the extraction process. Fourier-transform infrared (FTIR) spectroscopy was 
employed to identify the functional groups present in the fibers, allowing for a detailed chemical analysis to verify 
the removal of non-cellulosic components like lignin and hemicellulose. Additionally, before initiating the extraction 
process, the number of fibers available within the guadua plant was assessed to determine the fiber distribution profiles 
and the percentage of fibers present in the culm walls at different sections along the plant’s height. This comprehensive 
characterization not only ensures that the proposed extraction method yields high-quality fibers but also highlights their 
potential for a broad range of composite applications.

2.	 MATERIALS AND METHODS

2.1.	 Fiber distribution along the wall thickness

The fiber distribution within the guadua culm was investigated using digital image analysis. Four different heights 
of the plant were analyzed: stick, top, middle and bottom. Annular sections approximately 5cm in length were cut 
from the midpoint of each culm, as shown in Figure 1.a. Rectangular segments with a width of 1cm were obtained 
from the middle point of each culm, matching the thickness of the culm wall (Figures 1.b and 1.c). Samples for 
microscopic observations were prepared from each circular segment as illustrated in Figure 1.d. Using sandpaper of 
various granulometries, one of the cross-sections of the samples was polished, finishing with a clean cloth. 

To ensure accurate identification of fiber bundles during the digital image analysis, white toothpaste was used to fill 
the hollow spaces of the metaxylem, protoxylem, and phloem. These vascular structures appear as dark areas under 
the microscope and can be easily mistaken for fiber bundles if left unfilled (Figure 2.a). The white toothpaste helps to 
clearly distinguish these features from the fiber bundles by providing contrast in the cross-sectional images (Figure 
2.b). This step ensures that the analysis focuses only on the actual fiber distribution within the culm wall.

Cross-sectional images of the samples were captured using a Motic SMZ168 stereo microscope with 3X magnification.

Figure 1. Sample preparation for fiber distribution analysis: (a) annular section; (b) and (c) rectangular segment; (d) sample.

The process of image analysis is depicted in Figure 2, which was conducted using ImageJ software. Initially, images 
of curved segments (Figure 2.b) were transformed into images of segments with a rectangular shape (Figure 2.c). To 
optimize the contrast between the fibers and the matrix, considering the uneven exposure to light, the images were 
filtered. Then, a binary image was produced as shown in Figure 2.d, where fiber bundles are black, and matrix and 
veins are white. This image, with m×n pixels, was transformed into a matrix of the same dimensions.
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Figure 2. Image analysis for fiber distribution measurement: (a) prepared cross-section without filled veins using toothpaste; (b) prepared 
cross-section with veins filled using toothpaste; (c) initial curved segment transformed into a rectangular shape; (d) binary representation.

Fiber density was calculated using Equation [1]; each pixel value at row i and column j of the matrix is considered 
as v_ij. The fiber volume fraction, expressed as a percentage, was then plotted as a function of the normalized wall 
thickness. The results for each analyzed part of the culm are presented in Figure 3. The inner and outer limits are 
delineated between 0 and 1, with the inner layer consistently having a lower fiber density. This characteristic is 
explained by the plant’s evolutionary development, which has adopted this strategy to enhance its mechanical behavior 
naturally (40).

[1]

Location Fiber percentage      (%)
Bottom 40.52
Middle 55.54

Top 57.82
Stick 58.09

The fiber content (v_, as a percentage) for different culm locations is presented in Table 1, obtained using the formula 
V_f = . A variation in the fiber content is evident along the height of the culm, being lower at the base and higher at the 
top (stick). These observations indicate that as the wall thickness decreases with height, there is also a reduction in the 
parenchymal tissue of the plant, more so than in the vascular bundles, aligning with findings reported by (41).

2.2.	 Bamboo-guadua fiber extraction methodology

Guadua culms, ranging from three- to six-year-old, were selected for fiber extraction. The extraction methodology 
adopted was a combined chemical-mechanical process. The general steps for obtaining the fibers depicted in Figure 4. 
The method starts by splitting the guadua culms into longitudinal strips measuring approximately 0.025m in width, t in 
wall thickness, and 0.60m in length. To remove the outer coating layer and the nodal protuberances, these strips were 
mechanically polished. Guadua is recognized for its higher hardness (42) compared to other bamboo species; therefore, 
to soften the material, a chemical procedure using sodium hydroxide solutions (NaOH) of different concentrations 
and exposure times were employed, with temperature control detailed subsequently. After the chemical procedure, the 
strips were thoroughly rinsed with tap water to remove any remaining NaOH. A specialized crusher with four steel 
rolls was then designed and used in this research to crush the softened strips, allowing for the mechanical separation of 
fibers. Thicker strips required multiple passes through the crusher, gradually reducing the distance between the rollers.

(a)

Figure 3. Profiles for fiber volume fraction 
distribution through the culm wall.

Table 1. Fiber content at different parts of the culm.

(b) (c) (d)
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Figure 4. General chemical-mechanical procedure to obtain the bamboo guadua fibers: (a) guadua culm; (b) polished longitudinal strips; 
(c) strips immersed in NaOH solution concentration using different conditions; (d) scheme of the crushing machine.

The extracted fibers were washed extensively with fresh tap water until all traces of NaOH were eliminated. 
Subsequently, fibers were soaked in clean running water for a full day. To confirm the complete removal of NaOH 
from the fibers after the washing process, a random sample (approximately 2g) was submerged in 100 ml of distilled 
water for three minutes. After this period, the pH level of the distilled water was measured, and if it was close to 7.0 
± 0.5, it indicated that the NaOH had been successfully removed from the extracted fibers (43-45). In cases where the 
pH was not within this range, the washing step was repeated. A digital pH tester (Hanna Instruments HI98130) was 
used to measure the pH value. Once the NaOH removal was confirmed, the fibers were left to dry at ambient laboratory 
conditions.

Figure 5 illustrates the crushing machine developed specifically for this study, which mechanically separates guadua 
fibers. The machine features three steel rollers at the front to compress the softened strip. At the rear, a cylinder with 
straight metal elements brushes the crushed strip, facilitating fiber separation. The gap of the upper front roller can 
be adjusted for efficiency. The cylinders are powered by an electric motor connected to a geared motor on the lower 
roller. The remaining rollers (two at the front and one at the rear) are driven by a chain and pinion system. To enhance 
brushing efficiency, the rear cylinder rotates at a higher speed than front ones. 

Figure 5. Crushing machine used to obtain bamboo guadua fibers.

The variables investigated in this study included the NaOH solution concentration, temperature, and immersion time 
of the strips. These variables were selected based on a comprehensive literature review and represent the frequently 
used conditions for natural fiber extraction, employing chemical, mechanical, or combined methods. The NaOH 
solution concentration ranges from 0.5% to 15.0%, with immersion times varying from 15 minutes to 48 hours (shorter 
times for heated solutions), and temperatures ranging from room temperature to 100°C (34, 37, 46-50). A previous 
study (51) showed that immersing the strips for 96h increase the ease of the extraction process.

Thus, two temperature conditions were evaluated: ambient laboratory temperature and a heated solution at 80oC. 
For the ambient temperature procedures, solution concentrations were 2.5%, 5.0%, 7.5%, and 10.0%, with immersion 
times of 24, 48, 72, 120, and 192h. Due to the acceleration of fiber separation by heated solutions (43, 52), the 
concentration was set at 2.5% with immersion times of 2, 3, and 4h for the 80oC procedures. As a control, a set of fibers 
was also extracted without any NaOH immersion by soaking polished strips in tap water at 0% NaOH concentration 
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for 90 days (2160h) before mechanical separation. Figure 6 outlines the experimental program undertaken for the 
extraction process.

Figure 6. Fiber extraction variables and nomenclature used to identify each group.

2.3.	 Guadua fiber extraction study

The most important variables in establishing a methodology for guadua fiber extraction are the quantitative 
measurement of tensile strength and a heuristic approach to assessing the easiness of extraction. Tensile strength is 
crucial for the mechanical properties of composites materials, while the easiness of extraction significantly impacts the 
feasibility of industrial production processes. Accordingly, a Final Score index (FS) was introduced to evaluate both 
variables, incorporating tensile strength data and a score representing the easiness of extraction for each condition. 
This approach provided a comprehensive understanding of how the extraction variables influenced the mechanical 
properties of fibers. To ensure robust mechanical behavior characterization, 16 replicates were tested for each variable. 
The sample size was determined with a confidence level of 90% and an allowable margin of error around 20MPa 
in fiber strength. Mechanical testing was conducted following the ASTM C1557-14 standard, on a universal testing 
machine equipped with a 50N load cell. A test loading rate of 1.5mm/min was chosen, leading to fiber failure in 
approximately 30s, conforming to the standard’s recommendations. Figure 7 illustrates the fibers mounted on paper 
frames; a technique used to prevent axial load deviations during tests. A gage length of 4.0cm was employed, and the 
frame was meticulously cut after securing the sample in the testing grips. 

Figure 7. Fiber assembly for testing: (a) paper frame; (b) specimen on testing grips.

The tensile strength (σ) was calculated using Equation [2], where P is the maximum load sustained by the fiber and  
A represents the fiber’s cross-sectional area. Previous study (53) has detailed a precise method for measuring the fiber 
area, ensuring accurate results as the plane of failure is orthogonal to the observer’s view.

[2]

The ease of extraction score is a metric developed to quantify the efficiency of the extraction process. It considers 
the difficulty of obtaining fibers and the yield of material extracted. Scores ranged from 0 to 1, where 0 corresponded 
to extremely difficult extraction conditions and 1 to conditions of minimal difficulty. Intermediate scores of 0.25, 0.50, 
and 0.75 denoted difficult, moderately difficult, and easy extraction processes, respectively.

Equation [3] defines the FS for each extraction condition, combining the normalized average tensile strength (σN) 

https://doi.org/10.3989/mc.2025.383224


Transforming bamboo-guadua: Fiber extraction and characterization for biocomposite materials  • 7

Materiales de Construcción 75 (358), April-June  2025, e378. SN-L: 0465-2746. https://doi.org/10.3989/mc.2025.383224

and the ease of extraction score (ES). The σ_ was computed as the ratio of the average strength to the maximum 
average strength observed across all conditions. As indicated in Equation [3], the ES, being a qualitative measure, was 
assigned a lower weight due to its inherently greater uncertainty. 

[3]

2.4.	 Characterization of extracted fibers

The guadua fibers obtained through the proposed extraction process were subjected to a comprehensive physical 
and chemical characterization to assess their properties for potential use in composite materials. The physical 
characterization involved measuring the fibers’ length, density, water absorption capacity, and examining their surface 
morphology using Scanning Electron Microscopy (SEM). Additionally, the chemical characterization was performed 
through Fourier Transform Infrared Spectroscopy (FTIR) to analyze the functional groups present in the fibers. These 
characterization techniques provide essential information on the structural and chemical changes induced by the 
extraction process, which are critical for evaluating the fibers’ suitability as reinforcement in composites

The length of approximately 200 randomly selected fibers was measured using a digital caliper with a precision 
of 0.01cm. Fiber density was determined following ASTM D3800- 99 (procedure A), which specifies the use of 
immersion methods for determining density. Approximately 80 randomly selected fiber samples, each weighing about 
1g, were used to calculate the average density. Fibers were submerged in 1500 ml of tap water at an average temperature 
of 22°C to displace the water volume, and their weights were recorded using an analytical scale with 0.001g precision. 
Measurements were taken in a controlled environment at 23°C and 50% relative humidity.

Following the procedure used by (54), water absorption of the fibers was evaluated using 1.5g samples immersed for 
various durations (0 to 24 hours). After immersions, the samples were centrifuged for 1 minute to remove excess water 
and then oven-dried at 50oC for 24 hours to avoid thermal degradation. This temperature was similar to the one used by 
(55). Although this drying temperature may not have been sufficient to guarantee complete water removal, the consistent 
use of this condition across all measurements allows for the observation of water absorption trends. In future studies, 
higher drying temperatures could be employed to ensure complete water removal for a more accurate determination 
of moisture content. Weights measurements were taken at 2-hour intervals until successive measurements showed a 
difference of less than 0.010g. The water absorption capacity of fibers was calculated as the moisture content (MC) using 
Equation [4], where w_ and  are w_ the weights of wet and dry samples, respectively.

[4]

Functional groups in guadua fibers were identified through Fourier transform infrared spectroscopy (FTIR) analysis. 
Samples were equilibrated at room temperature before testing with a Nicolet iS 10 FTIR spectrometer (Thermo Fisher 
Scientific), executing 40 scans per spectrum across a range of 4000 and 800 cm−1. This range was selected based on the 
literature review, where this technique was used for different natural fibers (27, 48, 49, 55)

The surface morphology analysis was performed through SEM imaging with a Tescan Vega 3 SB scanning electron 
microscope.  Before observations, fibers samples were coated with a thin layer of gold using a plasma sputtering 
technique. All the observations were performed in high vacuum and operating in secondary electron mode. The 
accelerating voltage was 10kV.

3.	 RESULTS AND DISCUSSION

3.1.	 Guadua fiber extraction results

Figure 8 presents the average tensile strength for each extraction variable involved in the extraction process. The results are 
categorized by immersion times and temperature conditions. Hence, Figure 8.a illustrates outcomes at room temperature, while Figure 
8.b displays those for immersions heated to 80oC. The figures represent experimental data with empty circles, standard deviation with 
error bars, and the mean values with red circles. Outliers identified using boxplots were excluded from statistical analysis. 

As indicated in Figure 8, the tensile strength of fibers is highly variable, consistent with findings from previous studies (52, 56-60). 
The coefficient of variation (COV), defined as the ratio of average tensile strength to standard deviation, ranged between 11 and 60%. 

Heating the alkaline solution is known to accelerate the separation of hemicellulose and lignin. Specimens immersed in a 2.5% 
NaOH solution and heated to 80oC reached sufficient softness after 2h to begin the mechanical separation process. Conversely, 
samples immersed at room temperature in the same concentration required 24h to soften adequately. A notable decrease in tensile 
strength was observed with increasing NaOH concentration and immersion time. This is attributable to: 1) significant loss of 
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hemicellulose and lignin, impairing stress transfer between fibers (36) and, 2) the alkaline solution degrading the crystalline structure 
of the cellulose in the fibers (52, 57, 58).

For identical solution concentrations at varying immersion times, a higher alkali concentration led to a further decrease in fiber 
strength. With 2.5% and 5% concentrations, there was about a 35% strength reduction for fibers extracted from 24-hour and 192-
hour immersions. Similarly, the maximum tensile strength reduction for 7.5% and 10% concentrations approached 50% between 
the 24-hour and 192-hour immersion comparisons. The heated solution’s fiber strength decline was approximately 10%, comparing 
2-hour and 4-hour immersions. 

Figure 8. Tensile strength for extracted fibers: (a) at room temperature; (b) heated to 80oC.

To evaluate the effect of each independent variable (NaOH solution concentration, temperature, and immersion time) 
on the tensile strength of extracted fibers, a two-way ANOVA with replications was carried out. This analysis was made to 
determine the statistical significance of each factor, as well as the interactions between them. The factor considered were: 
NaOH concentration (levels of 0%, 2.5%, 5%, 7.5% and 10%), immersion time (levels of 24, 48, 72, 120, 192 and 2160h), 
and temperature during immersion (two levels “laboratory” for room temperature and 80oC). The ANOVA was made with a 
confidence level of 95% (p<0.05), using the fibers’ tensile strength as dependent variable. The results are shown in Table 2.

Table 2. Results two-way ANOVA with replications.

Source of variation Sun of Squares Degrees of Freedom Mean Square F-value p-value
Samples 19157878.97 23 832951.25 364.04 0
Factors 20213670.69 3 6737890.23 2944.77 0
Interaction 51142170.79 69 741190.88 323.94 0
Residual 3294849.80 1440 2288.09
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ANOVA results indicate that the NaOH solution concentration, temperature and immersion time significantly influence 
the tensile strength of extracted fibers. As previously stated in the methodology, 16 replicates were tested for each 
variable to ensure the repeatability and reproducibility of the results. This sample size was selected to provide a robust 
characterization of the mechanical behavior with a confidence level of 90% and a margin of error within 20 MPa in fiber 
strength. Findings are consistent with previous studies, which highlight that NaOH modify the structure of natural fibers, 
enhancing of reducing their mechanical properties depending on the used conditions (20, 61-63). Immerse the guadua strips 
using elevated temperature seems to be less effect on decreasing fibers’ tensile strength but can also degrade the fiber if 
the immersed time is excessive. The significant interactions between factors suggest that combinations of long immersion 
times with higher concentrations and temperature, may produce detrimental effects depending on the specific conditions.

Figure 9 presents the assigned ease of extraction score (ES) for both room temperature and 80oC immersions.  Extraction 
following 2160h of immersion proved difficult, yielding a minimal volume of fibers, thus warranting a lower ES. As 
depicted, increased NaOH concentration, immersion time, and temperature facilitated the procurement of individual fiber 
due to sodium hydroxide’s capacity to dissolve lignin and hemicellulose, which naturally bond the fibers (30). Higher 
concentrations and extended immersion times resulted in more substantial natural binder removal. 

Figure 10 shows the Final Score (FS) calculated for various extraction conditions. At room temperature (Figure 10.a), 
the score diminished with heightened solution concentration and extended immersion duration due to the pronounced 
fiber strength degradation. For fibers extracted using heated solutions (Figure 10.b), there was and is an FS increase when 
immersion time extended from 2 to 3 hours, attributed to the improved extraction ease. However, the FS remained relatively 
constant between 3-hour and 4-hour conditions. Despite fibers from 0% NaOH solutions at room temperature over 2160h 
demonstrating the highest tensile strength, the optimum FS was achieved with fibers from segments immersed in a 25% 
NaOH solution heated for 3 hours.

The adopted guadua fiber extraction methodology corresponds with the highest FS. Guadua softening, achieved by 
a 3-hour immersion in a 2.5% sodium hydroxide solution at 80oC, precedes fiber separation through the crusher. Such 
extraction conditions yield fibers with the tensile strength necessary for reinforcing composite materials while also 
considering ease of extraction, a vital factor for industrial application. Figure 11 showcase a sample of the extracted fibers. 

 
3.2.	 Results on characterization of extracted fibers

Table 3 shows the lengths and densities of guadua fibers. The fiber’s average density corresponds closely to those 
reported by other researchers for different natural fibers (64, 65). The length is consistent with the internodal length 

Figure 9. Easiness of extraction score assigned to fibers extracted using immersions: (a) at room temperature; (b) heated to 80oC.

Figure 10. Final score for fibers extracted using immersions: (a) at room temperature, (b) heated to 80oC.
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of the culm base, from which the fibers were extracted. It has been noted that bamboo fiber length correlates with 
internodal distance (66), which, for guadua culms, ranges from 100mm to 350mm (40). With a COV > 60%, the length 
measurements exhibit high variability, likely due to the vigorous action of the crushing machine. 

Property Average Maximum Minimum COV (%)
Density (g/cm3) 1.36 1.57 1.18 5.40
Length (mm) 91.64 205.00 11.00 62.27

Figure 12 presents the average MC values. The initial MC corresponds to the fibers’ atmospheric moisture 
absorption, a typical property of natural materials (67). Higher immersion times resulted in MC values exceeding 
100%, indicative of fiber swelling and infiltration of water into spaces between microfibrils. Natural fibers tend to swell 
in moist conditions due to the formation of new hydrogen bonds with water molecules, disrupting those within the fiber 
cell wall  (68), allowing water to occupy inter-microfibrillar spaces (69).

The FTIR spectrum displayed in Figure 13 features vibrational modes characteristic of lignocellulosic fibers (37, 70, 71). 
The broad, strong band from 3600 to 3200 cm−1 is attributed to hydroxyl group stretching (72). The peak at 2850 cm−1 signifies 
C-H stretching vibrations in hemicellulose and cellulose (73). Water adsorbed in crystalline cellulose corresponds to peaks 
between 1660 and 1600 cm−1 (73). Aromatic C-H bending in lignin is associated with the peaks from 1510cm−1 to 1450cm−1 
(74, 75), and cellulose bending is indicated near 1421cm−1 (76). The prominent peak between 1100 and 1000 cm−1 corresponds 
to C-H vibrations in cellulose and C-O stretching, in alignment with findings from other studies on bamboo fibers (76, 77).

To further understand the chemical modifications introduced by the extraction process, the obtained FTIR spectrum were 
compared with those reported in the literature for (i) bamboo in its raw state, (ii) bamboo fibers extracted using different 
techniques, and (iii) natural fibers extracted using procedures similar to those employed in this research. These comparisons 
aim to evaluate three key aspects: (i) how the extraction process alters the chemical structure of fibers compared to bamboo in 
its natural state, (ii) how the fibers obtained using the established procedure compare to those obtained using different methods, 
and (iii) whether the established extraction procedure yields similar results to those obtained under similar extraction conditions.

The comparison with FTIR spectra, of raw bamboo species peaks (78, 79) showed that while the broad band associated with 
hydroxyl groups (3600 to 3200 cm⁻¹) and C-H stretching vibrations (2850 cm⁻¹) remains present, the intensity of these peaks is 
slightly reduced, indicating partial removal of hemicellulose and lignin. This aligns with typical results from alkaline extraction, 
where non-cellulosic components are partially dissolved. Despite these changes, the essential structure of the fibers remains 
intact, as seen in the preservation of key cellulose and hemicellulose.

Comparing the FTIR results with those of bamboo fibers extracted using other techniques, such as mechanical extraction 
(80) and more aggressive chemical treatments like acid hydrolysis (81), the proposed method demonstrates less intense 
delignification. The FTIR spectra of mechanically extracted fibers show similar functional groups, particularly hydroxyl and 
aromatic C-H bending, but with a more preserved lignin structure. In contrast, fibers subjected to acid hydrolysis show a more 
pronounced reduction in lignin and hemicellulose peaks, indicating a greater removal of non-cellulosic components.

Finally, a comparison with Juncus fibers extracted under similar conditions [45] highlights a notable similarity in the 
preservation of cellulose and hemicellulose, as indicated by comparable hydroxyl and C-H stretching bands. However, the 
guadua fibers in this study showed slightly higher intensities in the C=O carbonyl stretching region (~1700 cm⁻¹), suggesting 
variations in lignin structure or retention between different fiber types. This may be attributed to the specific composition of 
guadua or the minor differences in extraction conditions.

In summary, the FTIR analysis suggests that the established extraction method strikes an effective balance between removing 
non-cellulosic components and preserving the lignocellulosic structure. The comparisons with raw bamboo, mechanically and 
chemically extracted fibers, and Juncus fibers demonstrate that the proposed method maintains a significant portion of the 
fibers’ natural structure, making them suitable for further use in composite applications where fiber integrity is crucial.

As observed in Figure 14, the guadua fibers comprise many individual fibers aligned in parallel clusters (Figures 14.a, 
14.b, 14.d and 14.f), which is a typical feature of lignocellulosic fibers (50, 82). Surface irregularities observed are likely 

Figure 11. Guadua fibers obtained using the 
proposed extraction methodology.

Table 3. Density and length of guadua fibers.
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due to lignin, hemicellulose, and oils coating the fibers, which is consistent with incomplete removal of non-cellulosic 
components, a phenomenon often observed in alkaline treatment of natural fibers (21, 51). The pits in Figures 14.b, 14.c, 

and 14.g are characteristic of parenchyma structures  (83, 84). At the 5µm scale (Figures 14.f, 14.g and 14.h), fibers exhibit 
a generally smooth surface with minor, continuous ridges, suggesting that the extraction process effectively preserved the 

integrity of the fiber’s outer surface while allowing for some delignification and removal of hemicellulose.

When comparing these observations to those obtained by Naili et al. (46) for Juncus fibers, using similar conditions that those 
used in this study, is noted that moderate concentrations of NaOH effectively preserve fiber integrity while significantly reducing 
non-cellulosic materials, which aligns to the findings of this research. In contrast, the Guadua angustifolia nanofibers obtained by (81) 
using more aggressive delignification process showed a near-complete removal of lignin and cellulose. This comparison emphasizes 
the importance of selecting an extraction method based on the desired fiber properties, depending on the specific application.

4.	 CONCLUSIONS

The extraction process described in this study encompasses both mechanical and chemical procedures. Utilizing this 
approach, fibers from Guadua angustifolia bamboo were obtained with considerable mechanical strength and relative ease 
of extraction, factors of significant importance in the composites industry.  

It is concluded from the results that using sodium hydroxide solutions to isolate fibers adversely impacts their mechanical 
properties. Nevertheless, NaOH notably expedites the separation process, an effect further enhanced by heating during 
the immersion of the raw material. The reduction in mechanical properties of guadua fibers could be attributed to two 
phenomena: 1) compromised stress distribution among microfibrils, following the loss of binding compounds such as lignin 
and hemicellulose; and 2) degradation of the fibers’ crystalline cellulose structure. 

Figure 12. Moisture content of extracted fibers for different 
immersion times: 0, 1, 2, 4, 6, 12, and 24h.

Figure 14. Surface morphology of fibers: (a) 200µm; (b), (c) and (d) 20µm; (e), (f) and (g) 5µm.

Figure 13. FTIR speWcatrvoensucmobpery (c mfo-1)r 
extracted fibers.
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This study focused on establishing an extraction methodology for Guadua angustifolia fibers and their characterization. 
Results regarding the performance of these fibers as reinforcement in composites are not included here. However, it is 
important to point out that fibers obtained using the procedure described in this work have been evaluated as reinforcement 
in polyester matrices, showing satisfactory results in terms of compatibility and mechanical performance. For more details 
on the impact of these fibers as reinforcement in composites, readers can refer to a previous publication [59]. Future research 
will further explore the interaction between Guadua angustifolia fibers obtained with the proposed methodology and various 
matrices, as well as optimize the extraction process to enhance fiber performance in structural applications.

Acknowledgements

The authors would like to thank to everyone who have provided a lot of support in completing this research, especially 
the support provided by Science, Technology and Innovation Colombian Ministry (Ministerio de Ciencia, Tecnología e 
Innovación de Colombia). 

Funding Sources

Science, Technology and Innovation Colombian Ministry (Ministerio de Ciencia, Tecnología e Innovación de 
Colombia), through funding 6172.

Authorship contribution statement

Patricia Luna: Conceptualization, Data curation, Formal analysis, Funding acquisition, Investigation, Methodology, 
Writing – original draft.

Juan Lizarazo-Marriaga: Conceptualization, Formal analysis, Funding acquisition, Investigation, Methodology, 
Supervision, Validation Writing - review & editing.

Declaration of competing interest

The authors of this paper declare that they have no financial, professional or personal conflicts of interest that could 
have inappropriately influenced this work

REFERENCES

1.	 Luna P, Lizarazo-Marriaga J. 2022. Fibras naturales como refuerzo de materiales compuestos de matriz polimérica. Momento. 
65:65–79.  https://doi.org/10.15446/mo.n65.103151

2.	 Thyavihalli Girijappa YG, Mavinkere Rangappa S, Parameswaranpillai J, Siengchin S. 2019. Natural fibers as sustainable 
and renewable resource for development of eco-friendly composites: a comprehensive review. Front. Mater. 6. https://doi.
org/10.3389/fmats.2019.00226

3.	 Shanmugam V, Mensah RA, Försth M, Sas G, Restás Á, Addy C, et al. 2021.  Circular economy in biocomposite development: 
State-of-the-art, challenges and emerging trends. Composites Part C. 5:100138. https://doi.org/10.1016/j.jcomc.2021.100138

4.	 Bernaoui A, Lebrun G, Ruiz E. 2022. High performance natural fiber composites from mat and UD flax reinforcements 
backed with a mat Binder: A study of mat fiber surface fibrillation. Compos. Part A Appl. Sci. Manuf. 160:107064. https://doi.
org/10.1016/j.compositesa.2022.107064

5.	 Lozano-Puentes HS, Sánchez-Matiz JJ, Ruiz-Sanchez E, Costa GM, Díaz-Ariza LA. 2023. Guadua angustifolia Kunth 
leaves as a source for bioactive phenolic compounds: Optimization of ultrasound-assisted extraction using response surface 
methodology and antioxidant activities. Heliyon. 9(12). 

6.	 Correal JF, Calvo AF, Trujillo DJA, Echeverry JS. 2022. Inference of mechanical properties and structural grades of bamboo 
by machine learning methods. Constr. Build. Mater. 354:129116. https://doi.org/10.1016/j.conbuildmat.2022.129116

7.	 Acosta R, Montoya JA, Welling J. 2021. Determination of the suitable shape for tensile tests parallel to the fibers in Guadua 
angustifolia kunth specimens. Bioresources. 16(2):3214–3223. https://doi.org/10.15376/biores.16.2.3214-3223

8.	 Correal JF, Arbeláez J. 2010. Influence of age and height position on Colombian Guadua angustifolia bamboo mechanical 
properties. Maderas Ciencia y Tecnología. 12(2):105–113. http://doi.org/10.4067/S0718-221X2010000200005

 9.	 Dumar J, Luna P, Lamus F. 2018. Relation of the bending strength and the Young’s modulus with moisture content for bamboo 
Guadua angustifolia Kunth. Espacios. 39(4). Retrieved from https://www.revistaespacios.com/a18v39n04/a18v39n04p01.pdf

https://doi.org/10.3989/mc.2025.383224
https://doi.org/10.3389/fmats.2019.00226
https://doi.org/10.3389/fmats.2019.00226
https://doi.org/10.1016/j.compositesa.2022.107064
https://doi.org/10.1016/j.compositesa.2022.107064
http://dx.doi.org/10.15376/biores.16.2.3214-3223


Transforming bamboo-guadua: Fiber extraction and characterization for biocomposite materials  • 13

Materiales de Construcción 75 (358), April-June  2025, e378. SN-L: 0465-2746. https://doi.org/10.3989/mc.2025.383224

10.	 Gutierrez M, Takeuchi C, Perozo MC. 2012. Variation of tensile strength parallel to the fiber of bamboo Guadua angustifolia 
Kunth in function of moisture content. Key Eng. Mater. 517:71–75.  Retrieved from http://www.scientific.net/KEM.517.71

11.	 Luna P, Lozano J, Takeuchi CP, Gutierrez M. 2012. Experimental determination of allowable stresses for bamboo Guadua 
angustifolia Kunth structures. Key Eng. Mater. 517:76–80. Retrieved from http://www.scientific.net/KEM.517.76

12.	 Takeuchi C, Lamus F, Malaver D, Herrera JC, River JF. 2009. Study of the behaviour of Guadua angustifolia Kunth frames. 
In: VIII World Bamboo Congress Proceedings. 42–58. 

13.	 Estrada M, Linero DL, Takeuchi C. 2019. Numerical model of cracking pattern in laminated bamboo specimens under tensile 
and shear loads. Frattura ed Integrita Strutturale. 13(48):348–56. https://doi.org/10.3221/IGF-ESIS.48.33 

14.	 Takeuchi C. 2014. Caracterización mecánica del bambú Gudua laminado para uso estructural (PhD. Thesis). Universidad 
Nacional de Colombia. 

15.	 Takeuchi CP, Luna P, Estrada M, Linero DL, Lizarazo-Marriaga J, M. Rojas J. 2016. Comportamiento mecánico de elementos 
estructurales fabricados con guadua laminada pegada prensada. Bogotá: Universidad Nacional de Colombia. 

16.	 Luna P, Olarte AM, Takeuchi C. 2014. Análisis teórico experimental de conexiones en elementos estructurales de bambú 
guadua laminado pegado prensado, para un proyecto de vivienda. Dyna (Medellin). 81(184):110–4. 

17.	 Luna P, Takeuchi C. 2014. Home for elderly people built by the community with structural elements of laminated bamboo 
Guadua in a rural area of Colombia. Key Eng. Mater. 600:773-782. Retrieved from http://www.scientific.net/KEM.600.773

18.	 Luna P, Takeuchi C, Cordón E. 2014. Mechanical Behavior of glued laminated pressed bamboo Guadua using different 
adhesives and environmental conditions. Key Eng. Mater. 600:57–68. Retrieved from http://www.scientific.net/KEM.600.57

19.	 Correal JF, Echeverry JS, Ramírez F, Yamín LE. 2014. Experimental evaluation of physical and mechanical properties of Glued 
Laminated Guadua angustifolia Kunth. Constr. Build. Mater. 73:105-112.  http://doi.org/10.1016/j.conbuildmat.2014.09.056

20.	 Sánchez M, Patiño W, Cárdenas J. 2020. Methods of surface treatment and its effect on the physical and mechanical properties 
of Guadua fibers. Scientia et Technica. 25(01):183–8. https://doi.org/10.22517/23447214.20721

21.	 Espitía-Nery ME, Corredor-Pulido DE, Rodríguez-Ramírez NJ, Calderón-Bustos JN. 2018. Morphological and nanomechanical 
characterization of Guadua Angustifolia kunth fiber by means of SEM and AFM. Dyna (Medellin). 85(206):148–154. https://
doi.org/10.15446/dyna.v85n206.70889

22.	 Sanchez-Echeverri LA, Ganjian E, Medina-Perilla JA, Quintana GC, Sanchez-Toro JH, Tyrer M. 2021. Mechanical refining 
combined with chemical treatment for the processing of Bamboo fibres to produce efficient cement composites. Constr. Build. 
Mater. 269:121232. https://doi.org/10.1016/j.conbuildmat.2020.121232

23.	 Luna P, Lizarazo-Marriaga J. 2016. An extraction methodology of Guadua angustifolia bamboo fibers. In: 6th Amazon & 
Pacific Green Materials Congress and Sustainable Construction Materials LAT-RILEM Conference. Cali, Colombia. 

24.	 Cruz-Riaño LJ, Quintero-Giraldo LJ, García-Guzmán JA, Alcaraz-Zapata A, González-Castrillón E del S, Osorio-Saraz 
JA. 2021. Synthesis of polymeric composites reinforced with short bamboo fibers supported by experiment design. Polym 
Compos. 42(1):474-483. https://doi.org/10.1002/pc.25840

25.	 Sánchez ML, Aperador WA, Capote G. 2018. Influence of the delignification process on the properties of panels made with 
Guadua fibers and plant resin. Ind. Crops. Prod. 125:33–40. https://doi.org/10.1016/j.indcrop.2018.08.084

26.	 Grand View Research. 2018. Natural Fiber Composites (NFC) market size, share & trends analysis report by raw material, 
by matrix, by technology (injection molding, compression molding, pultrusion): by application, and segment forecasts, 2018-
2024. 

27.	 Asmare FW, Liu X, Qiao G, Li R, Babu K M, Wu D. 2024. Investigation and application of different extraction techniques for 
the production of finer bamboo fibres. Advances in Bamboo Science. 7:100070. https://doi.org/10.1016/j.bamboo.2024.100070

28.	 Vinod A, Sanjay MR, Siengchin S. 2023. Recently explored natural cellulosic plant fibers 2018–2022: A potential raw material 
resource for lightweight composites. Industrial Crops and Products. Elsevier B.V. 192.

29.	 Joshi G, Shukla SR, Chauhan SS. 2024. Nanocellulose extraction from lignocellulosic materials and its potential applications: 
a review. Journal of the Indian Academy of Wood Science. 21:1–23.  https://doi.org/10.1007/s13196-023-00325-y

30.	 Subash S, Retnam ST, Raja E. 2017. A review on extraction of bamboo fibres and its properties. Int. J. Adv. Chem. Sci. Appl. 
5(2). Retrieved from http://www.irdindia.in/journal_ijacsa/pdf/vol5_iss2/4.pdf

31.	 Sreenivasan VS, Somasundaram S, Ravindran D, Manikandan V, Narayanasamy R. 2011. Microstructural, physico-chemical 
and mechanical characterisation of Sansevieria cylindrica fibres - An exploratory investigation. Mater. Des. 32(1):453-461.  
http://doi.org/10.1016/j.matdes.2010.06.004

32.	 Dhakar K, Daharwal V, Srivatsan TS, Bembalge OB. 2024. Extraction of bamboo fibre and its incorporation into bio 
composites: a study. Mater. Manuf. Process. 4(2):162–178.  https://doi.org/10.1080/10426914.2024.2406784

33.	 Popat TV, Patil AY. 2017. A review on bamboo fiber composites. IRE Journals. 1(2):54–72. Retrieved from https://www.
irejournals.com/formatedpaper/1700041.pdf

34.	 Zakikhani P, Zahari R, Sultan MTH, Majid DL. 2014. Extraction and preparation of bamboo fibre-reinforced composites. 
Mater. Des. 63:820–828.  https://doi.org/10.1016/j.matdes.2014.06.058

https://doi.org/10.3989/mc.2025.383224
https://doi.org/10.3221/IGF-ESIS.48.33
https://doi.org/10.1016/j.matdes.2014.06.058


14 • P. Luna et al.

Materiales de Construcción 75 (358), April-June  2025, e378. SN-L: 0465-2746. https://doi.org/10.3989/mc.2025.383224

35.	 Jagadeesh P, Puttegowda M, Mavinkere Rangappa S, Siengchin S. 2021. A review on extraction, chemical treatment, 
characterization of natural fibers and its composites for potential applications. Polym. Compos. 42(12):6239-6264. https://doi.
org/10.1002/pc.26312

36.	 Kabir M, Wang H, Lau K, Cardona F. 2013. Tensile properties of chemically treated hemp fibres as reinforcement for 
composites. Compos. B Eng. 53:362-368. https://doi.org/10.1016/j.compositesb.2013.05.048

37.	 Kim H, Okubo K, Fujii T, Takemura K. 2013. Influence of fiber extraction and surface modification on mechanical properties of 
green composites with bamboo fiber. J. Adhes. Sci. Technol. 27(12):1348-1358. https://doi.org/10.1080/01694243.2012.697363

38.	 Murali K, Mohana K. 2007. Extraction and tensile properties of natural fibers: Vakka, date and bamboo. Compos. Struct. 
77(3):288-295.  https://doi.org/10.1016/j.compstruct.2005.07.023

39.	 Singh B, Dessalegn MY. 2021. Effect analysis of extraction processes of bamboo fiber. Natural Volatiles & Essent Oils. 
8(5):4226-4246. Retrieved from https://www.nveo.org/index.php/journal/article/view/1353/1168

40.	 Ghavami K, Marinho AB. 2005.Propriedades físicas e mecânicas do colmo inteiro do bambu da espécie Guadua angustifolia. 
Revista Brasileira de Engenharia Agricola e Ambiental. 9(1):107-114. https://doi.org/10.1590/S1415-43662005000100016

41.	 Torres E, Luna P, Takeuchi C. 2014. Determination of the delamination percentage of compacted bamboo guadua using 
extended field digital images processing. Key Eng. Mater. 600:15–20.  Retrieved from http://www.scientific.net/KEM.600.15

42.	 Montoya JA, González HA, Bedoya Sánchez JR. 2007. Dureza brinell y la influencia de la humedad relativa del ambiente, de 
la edad y la altura a lo largo del tramo en la especie de bambú. Scientia et Technica. 2(34):619-624. 

43.	 Cai M, Takagi H, Nakagaito AN, Li Y, Waterhouse GIN. 2016.Effect of alkali treatment on interfacial bonding in abaca fiber-
reinforced composites. Compos. Part A Appl. Sci. Manuf. 90:589-597.  https://doi.org/10.1016/j.compositesa.2016.08.025

44.	 Hashim MY, Amin AM, Marwah OM, Othman MH, Yunus MR, Huat NC. 2017. The effect of alkali treatment under various 
conditions on physical properties of kenaf fiber. J. Phys.: Conf. Series. 914:012030. https://doi.org/10.1088/1742-6596/914/1/012030

45.	 Vishnu Vardhini KJ, Murugan R, Rathinamoorthy & R. 2019. Effect of alkali treatment on physical properties of banana fibre. 
Indian J. Fibre Text. Res. 44:459-465. Retrieved from https://core.ac.uk/download/pdf/298009346.pdf

46.	 Naili H, Jelidi A, Limam O, Khiari R. 2017. Extraction process optimization of Juncus plant fibers for its use in a green 
composite. Ind. Crops. Prod. 107:172–83. 

47.	 Belouadah Z, Toubal LM, Belhaneche-Bensemra N, Ati A. 2021. Characterization of ligno-cellulosic fiber extracted from 
Atriplex halimus L. plant. Int. J. Biol. Macromol. 168:806-815. https://doi.org/10.1016/j.ijbiomac.2020.11.142

48.	 Azanaw A, Haile A, Gideon RK. 2019. Extraction and characterization of fibers from Yucca Elephantine plant. Cellulose. 
26(2):795-804. https://doi.org/10.1007/s10570-018-2103-x

49.	 Teklu T. 2022. Characterization of physico-chemical, thermal, and mechanical properties of ethiopian sisal fibers. J. Nat. Fibers. 
19(10):3825-3836. https://doi.org/10.1080/15440478.2020.1848730

50.	 Phong NT, Fujii T, Chuong B, Okubo K. 2012. Study on how to effectively extract bamboo fibers from raw bamboo and wastewater 
treatment. J. Mater. Sci. Res. 1(1):144-155.  Retrieved from http://www.ccsenet.org/journal/index.php/jmsr/article/view/11683

51.	 Luna P, Lizarazo-Marriaga J, Mariño A. 2016. Guadua angustifolia bamboo fibers as reinforcement of polymeric matrices: An 
exploratory study. Constr. Build. Mater. 116:93-97.  http://doi.org/10.1016/j.conbuildmat.2016.04.139

52.	 Estrada M. 2010.Extracción y caracterización mecánica de las fibras de bambú (Guadua angustifolia) para su uso potencial 
como refuerzo de materiales compuestos (Master Thesis). Universidad de Los Andes. 

53.	 Luna P, Lizarazo-Marriaga J. 2017. Proposed method for determining cross-sectional area of Guadua angustifolia bamboo 
fibers. J. Nat. Fibers. 16(2):253-262. https://doi.org/10.1080/15440478.2017.1414655

54.	 Ramadevi P, Sampathkumar D, Srinivasa C V., Bennehalli B. 2012. Effect of alkali treatment on water absorption of single 
cellulosic abaca fiber. Bioresources. 7(3):3515-3524. Retrieved from https://bioresources.cnr.ncsu.edu/resources/effect-of-
alkali-treatment-on-water-absorption-of-single-cellulosic-abaca-fiber/

55.	 Asres MA, Zerayohannes G, Zekaria A, Nuramo DA. 2024. Experimental study of Yushania alpina bamboo fiber. Mater. Res. 
Express. 11(4). https://doi.org/10.1088/2053-1591/ad3b67

56.	 Trujillo E, Moesen M, Osorio L, Van Vuure AW, Ivens J, Verpoest I. 2014. Bamboo fibres for reinforcement in composite materials: 
Strength Weibull analysis. Compos. Part A Appl. Sci. Manuf. 61:115–125.  http://doi.org/10.1016/j.compositesa.2014.02.003

57.	 Ramirez F, Maldonado A, Correal J, Estrada M. 2011. Bamboo-Guadua angustifolia kunt fibers for green composites. In: 18th 
International Conference on Composite Materials. The Korean Society of Composite Materials. 1-4. Retrieved from file:///C:/
Users/06656968D/Downloads/Ramirez2011.pdf

58.	 Symington MC, Banks WM, West OD, Pethrick RA. 2009. Tensile testing of cellulose based natural fibers for structural 
composite applications. J. Compos. Mater. 43(9):1083-1108. https://doi.org/10.1177/0021998308097740

59.	 Fangueiro R, Rana S. 2016. Natural Fibres: advances in science and technology towards industrial applications. Vol. 12, 
RILEM Bookseries. Springer. 343–350. 

60.	 Shahinur S, Ullah AS. 2017. Quantifying the Uncertainty Associated with the Material Properties of a Natural Fiber. Procedia 
CIRP. 61:541-546.  https://doi.org/10.1016/j.procir.2016.11.227

https://doi.org/10.3989/mc.2025.383224
https://doi.org/10.1016/j.compstruct.2005.07.023
https://doi.org/10.1016/j.compositesa.2016.08.025
https://doi.org/10.1080/15440478.2017.1414655
https://doi.org/10.1016/j.procir.2016.11.227


Transforming bamboo-guadua: Fiber extraction and characterization for biocomposite materials  • 15

Materiales de Construcción 75 (358), April-June  2025, e378. SN-L: 0465-2746. https://doi.org/10.3989/mc.2025.383224

61.	 Zidi S, Miraoui I, Jaballi S. 2024. Investigation of sisal fiber cords impact to improve the mechanical properties of plaster-
based composites. EuroMediterr. J. Environ. Integr. 9:579–590. https://doi.org/10.1007/s41207-024-00502-6

62.	 Zhang K, Wang F, Liang W, Wang Z, Duan Z, Yang B. 2018. Thermal and mechanical properties of bamboo fiber reinforced 
epoxy composites. Polymers (Basel). 10(6):608. https://doi.org/10.3390/polym10060608

63.	 Luna P, Lizarazo-Marriaga J, Mariño A. 2024. Alkali and plasma-treated Guadua angustifolia bamboo fibers: a study on 
reinforcement potential for polymeric matrices. J. Renew. Mater. 12(8):1399-1416. https://doi.org/10.32604/jrm.2024.052669

64.	 Osorio L, Trujillo E, Van Vuure AW, Verpoest I. 2011. Morphological aspects and mechanical properties of single bamboo 
fibers and flexural characterization of bamboo/ epoxy composites. Journal of Reinforced Plastics and Composites. 30(5):396-
408.  https://doi.org/10.1177/0731684410397683

65.	 Faruk O, Bledzki A, Fink H, Sain M. 2012. Biocomposites reinforced with natural fibers: 2000-2010. Prog. Polym. Sci. 
37(11):1552–96. https://doi.org/10.1016/j.progpolymsci.2012.04.003

66.	 Osorio J, Espinosa A, García E. 2009. Evaluación de las propiedades mecánicas de la estructura interna de la guadua con un 
modelo matemático. Dyna (Medellin). 76(160):169-78. 

67.	 Hill C, Norton A, Newman G. 2009. The water vapor sorption behavior of natural fibers. J. Appl. Polym. Sci. 112(3):1524–
1537. https://doi.org/10.1002/app.29725

68.	 Mwaikambo LY, Ansell MP. 2002. Chemical modification of hemp, sisal, jute, and kapok fibers by alkalization. J. Appl. 
Polym. Sci. 84(12):2222–2234. https://doi.org/10.1002/app.10460

69.	 Rocha S, de Andrade Silva F, Lopes P, Toledo Filho RD, Ferreira Rocha S, de Andrade Silva F, et al. 2015. Effect of fiber 
treatments on the sisal fiber properties and fiber – matrix bond in cement based systems. Constr. Build. Mater. 101(1):730-740.  
http://doi.org/10.1016/j.conbuildmat.2015.10.120

70.	 He J, Tang Y, Wang SY. 2007. Differences in morphological characteristics of bamboo fibres and other natural cellulose fibres: 
Studies on X-ray diffraction, solid state 13C-CP/MAS NMR, and second derivative FTIR spectroscopy data. Iranian Polymer 
Journal. 16(12):807-818. 

71.	 Fang H, Wu Q, Hu Y, Wang Y, Yan X. 2013. Effects of thermal treatment on durability of short bamboo-fibers and its reinforced 
composites. Fibers and Polymers. 14:436-440. https://doi.org/10.1007/s12221-013-0436-5

72.	 Hossain SI, Hasan M, Hasan N, Hassan A. 2013. Effect of chemical treatment on physical, mechanical and thermal properties 
of ladies finger natural fiber. Adv. Mater. Sci. Eng. 2013(1):824274. https://doi.org/10.1155/2013/824274

73.	 Bozaci E, Sever K, Sarikanat M, Seki Y, Demir A, Ozdogan E, et al. 2013. Effects of the atmospheric plasma treatments on 
surface and mechanical properties of flax fiber and adhesion between fiber-matrix for composite materials. Compos. B Eng. 
45(1):565-572.  http://doi.org/10.1016/j.compositesb.2012.09.042

74.	 Tserki V, Zafeiropoulos NE, Simon F, Panayiotou C. 2005. A study of the effect of acetylation and propionylation surface treatments 
on natural fibres. Compos. Part A Appl. Sci. Manuf. 36(8):1110-1118. https://doi.org/10.1016/j.compositesa.2005.01.004

75.	 Chattopadhyay SK, Khandal RK, Uppaluri R, Ghoshal AK. 2011. Bamboo fiber reinforced polypropylene composites and their 
mechanical, thermal, and morphological properties. J. Appl. Polym. Sci. 119(3):1619-1626. https://doi.org/10.1002/app.32826

76.	 Zhang X, Wang F, Keer LM. 2015. Influence of surface modification on the microstructure and thermo-mechanical properties 
of bamboo fibers. Materials. 8(10):6597-6608. https://doi.org/10.3390/ma8105327

77.	 Lu J, Qi R, Hu X, Luo Y, Jin J, Jiang P. 2013. Preparation of soft wood-plastic composites. J. Appl. Polym. Sci. 130(1):39-46. 
http://doi.wiley.com/10.1002/app.38916

78.	 Li X, Wei Y, Xu J, Xu N, He Y. 2018. Quantitative visualization of lignocellulose components in transverse sections of moso 
bamboo based on ftir macro- and micro-spectroscopy coupled with chemometrics. Biotechnol Biofuels. 11:263. https://doi.
org/10.1186/s13068-018-1251-4 

79.	 Biswas S, Rahaman T, Gupta P, Mitra R, Dutta S, Kharlyngdoh E, et al. 2022. Cellulose and lignin profiling in seven, 
economically important bamboo species of India by anatomical, biochemical, FTIR spectroscopy and thermogravimetric 
analysis. Biomass Bioenergy. 158:106362. https://doi.org/10.1016/j.biombioe.2022.106362

80.	 Raharjo R, Bangun Darmadi D, Gapsari F, Setyarini PH, Widodo TD. 2024. Characterization of bromelain enzyme treated 
Bamboo petung fiber (BPF) for composite reinforcement. Case Stud. Chem. Environ. Eng. 9: 100683.  https://doi.org/10.1016/j.
cscee.2024.100683

81.	 Fajardo Seminario JI, Verdugo CO, Paltan CA, Zuluaga R. 2022. Aislamiento y caracterización de nano fibras de celulosa cristalina 
(CNF´s) a partir de Guadua Angustifolia Kunth (GAK). In: XV Congreso Iberoamericano de Ingeniería Mecánica. Madrid, España. 

82.	 Wang F, Shao J, Keer LM, Li L, Zhang J. 2015. The effect of elementary fibre variability on bamboo fibre strength. Mater. Des. 
75:136–42.  https://doi.org/10.1016/j.matdes.2015.03.019

83.	 Habibi MK, Lu Y. 2014. Crack propagation in bamboo’s hierarchical cellular structure. Sci. Rep. 4:5598. https://doi.
org/10.1038/srep05598 

84.	 Chou CS, Chen CY, Lin SH, Lu WH, Wu P. 2015. Preparation of TiO2/bamboo-charcoal-powder composite particles and their 
applications in dye-sensitized solar cells. Adv. Powder Technol. 26(3):711–717. https://doi.org/10.1016/j.apt.2014.12.013

https://doi.org/10.3989/mc.2025.383224
https://doi.org/10.1177/0731684410397683
https://doi.org/10.1016/j.matdes.2015.03.019

	Transforming bamboo-Guadua: Fiber extraction and characterization for biocomposite materials 
	ABSTRACT
	INTRODUCTION 
	MATERIALS AND METHODS 
	Fiber distribution along the wall thickness 
	Bamboo-guadua fiber extraction methodology 
	Guadua fiber extraction study 
	Characterization of extracted fibers 

	RESULTS AND DISCUSSION 
	Guadua fiber extraction results 
	Results on characterization of extracted fibers 

	CONCLUSIONS 
	Acknowledgements 
	Funding Sources 
	Authorship contribution statement 
	Declaration of competing interest 
	REFERENCES 


