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ABSTRACT
 
Social evolution has intensified the search for materials in the construction industry, a 
situation that exacerbates waste production and high consumption of energy and non­
renewable inputs. Given this scenario, it is essential to seek sustainable alternatives through 
the use of materials that can minimize waste production and environmental impacts. Luffa 
cylindrica, also known as vegetable loofah, can be incorporated into gypsum composites 
(widely used in construction) to produce sustainable, strong, lightweight, and environmentally 
friendly materials, with a positive impact on construction, the environment, and the economy. 
This study aims to verify the potential of Luffa cylindrica fibers as reinforcement in gypsum­
based composites, evaluating their interaction with gypsum matrices through physical and 
mechanical analysis. Five formulations were produced with different fiber contents (0, 2.5, 
5.0, 7.5, and 10.0%). The results demonstrated that the inclusion of vegetable sponge fibers 
did not significantly affect bulk density or short­term water absorption, likely due to the high 
lignin content. There was no change in the thermal resistance of the composites across 
treatments. These preliminary findings indicate that gypsum composites reinforced with up to 
10% Luffa cylindrica fibers maintain stable physical and thermal properties, meeting the 
minimum flexural strength requirements established by EN 13279­1 (2008). Therefore, the 
proposed material proves to be a valid and effective sustainable alternative for civil 
construction applications, without compromising the performance of conventional gypsum.
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APLICAÇÃO POTENCIAL 
DE FIBRAS DE Luffa 

cylindrica EM COMPÓSITOS 
À BASE DE GESSO

RESUMO  A evolução social tem 
intensificado a busca por materiais na 
construção civil, condição que agrava a 
produção de resíduos e consumo elevado de 
energia e insumos não renováveis. Diante 
desse cenário, torna­se essencial buscar 
alternativas sustentáveis, por meio do uso de 
materiais que possam minimizar a produção 
de resíduos e impactos ambientais. A Luffa 
cylindrica também conhecida como bucha 
vegetal, pode ser inserida em compósitos de 
gesso (largamente empregado na construção 
civil), com o objetivo de produzir materiais 
de caráter sustentável, resistente, leve e 
ecologicamente correto, com impacto 
positivo na construção civil, meio ambiente e 
economia. Este estudo tem por objetivo 
verificar o potencial das fibras de Luffa 
cylindrica como reforço em compósitos à 
base de gesso, avaliando sua interação com 
matrizes de gesso por meio de análises 
físicas e mecânicas. Cinco formulações 
foram produzidas com diferentes teores de 
fibras (0, 2,5, 5,0, 7,5 e 10,0%). Os 
resultados demonstraram que a inclusão de 
fibras de esponja vegetal não afetou 
significativamente a densidade aparente ou a 
absorção de água a curto prazo, 
provavelmente devido ao alto teor de lignina. 
Não houve alteração na resistência térmica 
dos compósitos nos tratamentos. Essas 
descobertas preliminares indicam que os 
compósitos de gesso reforçados com até 10% 
de fibras de Luffa cylindrica mantêm 
propriedades físicas e térmicas estáveis, 
atendendo aos requisitos mínimos de 
resistência à flexão previstos pela norma EN 
13279­1 (2008). Portanto, o material 
proposto mostra­se válido e eficaz como 
alternativa sustentável para aplicações na 
construção civil, sem comprometer o 
desempenho do gesso convencional.

Palavras­Chave: Fibras naturais; Materiais 
sustentáveis; Esponja vegetal

1. INTRODUCTION
Gypsum­based composites have 

historically been used as decorative materials 
and remain widely applied in construction 
due to their low cost, energy efficiency, good 
workability, and fire resistance (Xie et al., 
2016). With the continuous growth and 
innovation in the construction industry, 
gypsum has been employed in diverse 
applications such as mortars, masonry 
blocks, porous bricks, sandwich panels, and 
fiber­reinforced panels (Henrik, 2017; 
Gencel et al., 2016).

Despite its advantages, gypsum exhibits 
some inherent limitations, including 
brittleness, low mechanical strength, poor 
water resistance, and inadequate thermal and 
acoustic insulation, which restrict its broader 
application (Arikan & Sobolev, 2002; Deng 
& Furuno, 2001). These limitations have 
been increasingly addressed through the 
incorporation of reinforcing fibers (Xue et 
al., 2019; Rovero et al., 2020). Fiber­
reinforced gypsum composites exhibit 
enhanced mechanical, thermal, and acoustic 
performance compared to their unreinforced 
counterparts (Kim et al., 2019; Sair et al., 
2019; Du et al., 2020).

In addition to improving these 
properties, fibers also contribute to increased 
energy dissipation, stiffness, ductility, and 
impact resistance (Bijen & Van der Plas, 
1992). Numerous studies have explored the 
incorporation of both synthetic and natural 
fibers, including glass fibers (Martias et al., 
2014), textile and polyamide fibers, 
polypropylene fibers (Gencel et al., 2014; 
Medina & Barbero­Barrera, 2017), and 
microfibers derived from shredded tires 
(Parres et al., 2009). Recent investigations 
involving plant­based fibers have 
demonstrated the viability of pea pod fibers 
(Azzouzi et al., 2020), sugarcane bagasse 
fibers (Hernández­Olivares et al., 2020), and 
sisal fibers (Miraoui et al., 2022) in gypsum 
composites.

Belonging to the Cucurbitaceae family, 
Luffa cylindrica (L.) M. Roem, commonly 
known as sponge gourd or vegetable sponge, 
is characterized by its unique three­
dimensional fibrous structure, high 
toughness, and mechanical strength (Jino et 
al., 2017). This species has garnered 
attention as a sustainable and biodegradable 
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alternative to synthetic reinforcements 
(Demir et al., 2006), and has been studied for 
diverse composite applications 
(Anastopoulos & Pashalidis, 2020; 
Kalusuraman et al., 2019; Dhanola et al., 
2018).

However, to date, no studies have 
specifically evaluated the use of Luffa 
cylindrica fibers as reinforcement in gypsum 
matrices. Therefore, this research aimed to 
investigate the interaction between Luffa 
cylindrica fibers and gypsum through 
physical and mechanical characterization of 
composites incorporating varying fiber 
contents (0, 2.5, 5.0, 7.5, and 10.0%).

2. MATERIAL AND METHODS
2.1 Materials acquisition

The Luffa cylindrica fibers (vegetable 
sponge) used in this research were collected 
in a location whose name was preserved to 
ensure confidentiality and compliance with 
the ethical criteria of the study. The plaster 
used in the production of the test specimens 
was obtained from a local supplier in the 
same city and complied with the European 
Standard EN 14496 of the European 
Committee for Standardization (CEN).

2.2 Residue preparation
The collected vegetable sponges were  

processed using a high­speed hammer mill. 
The resulting material was sieved, and the 
fraction retained between 40 and 60 mesh 
was selected for use in the composites.

2.3. Chemical characterization of Luffa 
cylindrica

The Luffa cylindrica particles were 
chemically characterized in their natural 
form. The total extractives content was 
determined following the Brazilian 
Regulatory Standard ­ NBR 14853 standard 

(Brazilian Association of Technical Standards 
­ ABNT, 2010a), while acid­insoluble lignin 
content was analyzed according to NBR 7989 
(ABNT, 2010b). Ash content was evaluated 
using NBR 13999 (ABNT, 2017). The 
holocellulose content was estimated by 
subtracting the sum of extractives, lignin, and 
ash from 100% (Equation 1):

(Eq 1.)

2.4 Composite production
The composite formulations used in this 

study are presented in Table 1.
For each formulation, five specimens 

were molded in 40 × 40 × 160 mm 
dimensions, following EN 13279­2 (CEN, 
2014). After 24 hours, the specimens were 
demolded and stored in a well­ventilated 
environment protected from direct 
environmental exposure. Mechanical and 
physical testing was carried out after a curing 
period of seven days.

2.5 Composite characterization
The influence of Luffa cylindrica on the 

composites was assessed through a series of 
tests summarized in Table 2.

To complement the analysis, 
microstructural evaluation of the fractured 
surfaces was performed using scanning 
electron microscopy (SEM, Zeiss EVO 40) 
and optical microscopy (Motic BA210E, 
Xiamen, China), coupled with a Moticam X3 
camera.

2.6 Statistical analysis
A completely randomized design was 

employed to evaluate the five treatments. 
Statistical analyses were conducted using 
Scott­Knott, regression, and Tukey’s test at a 
95% confidence level.

3

Table 1. Percentage composition of plaster and bushing in the composition of composites
Tabela 1. Composição percentual de gesso e bucha na composição dos  compósitos
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3. RESULTS
3.1 Characterization of the fibers

The average values of the extractive, 
lignin, ash and holocellulose contents of 
Luffa cylindrica fibers are shown in Table 3. 

3.2 Apparent density of the composites
The results of the apparent density 

analysis for the gypsum composites 
reinforced with different fiber contents of 
Luffa cylindrica are shown in Figure 1. The 

density values remained consistent across all 
treatments, with minimal variation. Statistical 
analysis revealed no significant differences 
among the five formulations.

3.3 Water absorption of the composites
Regarding water absorption (Figure 2), 

the results indicated that the variation in fiber 
content did not demonstrate differences 
between the treatments evaluated.

Table 2. Tests conducted on the composites
Tabela 2. Testes realizados nos compósitos

Figure 1. Apparent density of gypsum composites reinforced with Luffa cylindrica fibers. *Means 
followed by the same letter do not differ significantly at the 5% level (Tukey test)
Figura 1. Densidade aparente de compósitos de gesso reforçados com fibras de Luffa cylindrica. 
*Médias seguidas pela mesma letra não diferem significativamente no nível de 5% (teste de Tukey)

Table 3. Chemical characterization of Luffa cylindrica and basic density
Tabela 3. Caracterização química de Luffa cylindrica e densidade basica
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3.4 Mechanical characterization of the 
composites

The figures 3A and 3B represent the 
values of the modulus of elasticity (MOE) 
and modulus of rupture (MOR) of the 
gypsum composites reinforced with Luffa 
cylindrica fibers.

3.5 Thermal conductivity of the composites
As illustrated in figure 4, the thermal 

conductivity values of the composites 
remained consistent across all treatments, 
with no statistically significant differences 
observed.

Figure 2. Water absorption after 2 hours for gypsum composites reinforced with Luffa cylindrica 
fibers. *Means followed by the same letter do not differ significantly at the 5% level (Tukey test)
Figura 2. Absorção de água após 2 horas para compósitos de gesso reforçados com fibras de Luffa 
cylindrica. *Médias seguidas pela mesma letra não diferem significativamente ao nível de 5% (teste 
de Tukey)

Figure 3. (A) Modulus of Elasticity (MOE); (B) Modulus of Rupture (MOR) of the composites. 
*Regression analysis applied; values fitted with a quadratic model
Figura 3. (A) Módulo de Elasticidade (MOE); (B) Módulo de Ruptura (MOR) dos compósitos. 
*Análise de regressão aplicada; valores ajustados com um modelo quadrático
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3.6 Microstructural analysis of the 
composites

The fractured surfaces of the plaster 
composites with Luffa cylindrica fibers, 
analyzed by scanning electron microscopy 
(SEM) and optical microscopy, are 
represented in Figures 5 and 6.

4. DISCUSSION
It can be observed that the extractive 

content obtained was higher than that 
reported in the literature (Table 3). Koruk & 
Genc (2019) reported extractives content of 

3.2% for Luffa sp., while Koc et al. (2015) 
found similar values. A lower extractives 
content is advantageous, as excessive 
amounts of non­polar compounds and 
mineral content may inhibit reactive 
chemical sites, ultimately impairing the 
mechanical performance of composites 
(Mesquita Junior et al., 2018).

The lignin content identified in the 
present study (39.84%) was higher than that 
reported in previous works. Alhijazi et al. 
(2020), Koruk & Genc (2019), and Chen et 
al. (2018) reported lignin contents of 11.7%, 

Figure 4. Thermal conductivity of gypsum composites reinforced with Luffa cylindrica fibers. 
*Means followed by the same letter do not differ significantly at the 5% level (Tukey test)
Figura 4. Condutividade térmica de compósitos de gesso reforçados com fibras de Luffa cylindrica. 
*Médias seguidas pela mesma letra não diferem significativamente no nível de 5% (teste de Tukey)

Figure 5. SEM images of fractured regions in composites containing (A) 0%, (B) 2.5%, and (C) 10% 
Luffa cylindrica fibers
Figura 5. Imagens SEM de regiões fraturadas em compósitos contendo (A) 0%, (B) 2,5% e (C) 10% 
de fibras de Luffa cylindrica
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10–23%, and 20.5%, respectively. Ash 
content in this study also exceeded that found 
by Koruk & Genc (2019), who reported only 
0.4%. The holocellulose content measured 
here (43.56%) is lower than the values 
reported by Paula et al. (2011) for other 
biomass residues, which ranged from 63.17% 
to 66.23%.

Such compositional variations among 
studies are expected and can be attributed to 
intrinsic species variability, environmental 
conditions, soil composition, plant age, and 
geographic origin (Akinyemi & Dai, 2021).

The basic density of Luffa cylindrica 
was measured at 0.11 g/cm³, notably lower 
than that of many commonly used natural 
fibers. For instance, coconut fibers range 
around 1.25 g/cm³, cotton fibers between 
1.5–1.6 g/cm³, sisal fibers from 1.26 to 1.45 
g/cm³, and hemp fibers at approximately 1.48 
g/cm³ (Koruk & Genc, 2019). Nonetheless, 
Akinyemi & Dai (2022) reported higher 
values for Luffa, ranging from 0.719 to 0.721 
g/cm³, underscoring the variability related to 
cultivation and processing methods.

Regarding apparent density (Figure 1), it 
is observed that density values remained 
consistent in all treatments, with minimal 
variation. Statistical analysis revealed no 
significant differences between the five 
formulations. Comparable findings have 
been reported in studies using other 
agricultural residues in gypsum composites. 
For instance, Miranda et al. (2023) evaluated 

the addition of bean husk residues at various 
concentrations and observed no statistically 
significant differences in apparent density, 
with values ranging from 1.40 to 1.52 g/cm³. 
The highest densities were observed in the 
control treatment without fiber addition. 

The results are generally attributed to the 
reduction in porosity caused by fiber 
incorporation, which leads to a denser matrix. 
Similarly, Romero­Gomez et al. (2022) 
reported that incorporating cellulose acetate 
fiber residues into gypsum composites did 
not significantly affect apparent density, 
which aligns with the observations from this 
study.

Varying fiber content did not result in 
statistically significant differences in water 
absorption between treatments (Figure 2). 
This behavior can be associated with the 
relatively high lignin content of the Luffa 
cylindrica fibers (39.84%), as indicated in 
Table 3. Lignin contributes hydrophobic 
properties to the material, which can reduce 
water uptake. Contrary to these results, 
Veloso et al. (2021) observed a decrease in 
water absorption with increasing amounts of 
lignocellulosic residues. These differences 
can be attributed to variations in fiber 
composition and interaction with the matrix.

Oliveira et al. (2020), when 
incorporating eucalyptus wood fibers into 
gypsum matrices, reported an increase in 
water absorption ranging from 19.48% to 
26.14%. These differences highlight the 

Figure 6. Optical microscopy images of gypsum composites containing (A) 0%, (B) 2.5%, (C) 5%, 
(D) 7.5%, and (E) 10% Luffa cylindrica fibers
Figura 6. Imagens de microscopia óptica de compósitos de gesso contendo (A) 0%, (B) 2,5%, (C) 
5%, (D) 7,5% e (E) 10% de fibras de Luffa cylindrica



Potential application of Luffa cylindrica fibers ...
Santos et al., 2026

Revista Árvore 2026;50:e50068

influence of fiber type and composition on 
the moisture behavior of composites. In 
general, water absorption in gypsum­based 
materials is governed by a range of factors, 
including matrix porosity, fiber 
characteristics, and composite formulation.

Overall, gypsum composites exhibit 
moderate water absorption compared to other 
porous construction materials such as 
concrete (Plazonić et al., 2016), and the 
incorporation of Luffa cylindrica fibers did 
not significantly alter this property.

A quadratic regression indicates a 
decrease in MOE, with the minimum value 
(66.11 MPa) observed at approximately 
5.07% fiber contente (Figure 3A). A similar 
trend was reported by Miranda et al. (2023), 
who observed a reduction of 142 MPa in the 
MOE when incorporating 5.84% of bean 
residue into gypsum matrices. This reduction 
is likely associated with weak interfacial 
bonding between the ceramic matrix and 
lignocellulosic fibers, which limits stress 
transfer efficiency.

For flexural strength (MOR), a quadratic 
decreasing trend was also observed, with the 
lowest value (1.02 MPa) at approximately 
7.52% fiber addition (Figure 3B). This 
behavior can be attributed to the chemical 
composition of the Luffa cylindrica fibers—
specifically the presence of lignin and 
extractives—which may impair fiber­matrix 
adhesion, as previously discussed (Veloso et 
al., 2021).

Vilela et al. (2020) also reported reduced 
MOR values when multilayer packaging 
residues were incorporated into gypsum, 
with strength decreasing from 5.12 MPa to 
1.42 MPa. According to the authors, this 
reduction results from the low stiffness of the 
reinforcing material, which contributes to 
post­crack deformation, high energy 
absorption, and dynamic load resistance. 
Despite the observed decrease in mechanical 
performance, all formulations met the 
minimum flexural strength requirement of 
1.0 MPa as established by the EN 13279­1 
(2008) standard.

Regarding the results obtained for 
thermal conductivity (Figure 4), it is noted 
that the incorporation of up to 10% Luffa 
cylindrica fibers does not compromise the 
thermal insulation capacity of the gypsum 

matrix. Although no statistical differences 
were found, the data indicate a slight trend 
toward increased thermal resistance with 
higher fiber content.

To verify this behavior, further studies 
are recommended using higher percentages 
of Luffa cylindrica, which may accentuate 
the insulating effect due to the natural 
porosity and low thermal conductivity of 
lignocellulosic materials.

The thermal resistance values obtained 
in this study were higher than those reported 
by Veloso et al. (2021), who incorporated 
cocoa agro­industrial residues into gypsum. 
According to Pinto (2018), materials with 
lower thermal conductivity exhibit higher 
thermal resistance, a desirable property for 
insulating applications in the construction 
sector.

SEM analysis of the fractured areas 
revealed similar patterns across treatments, 
particularly regarding the interface between 
the fiber and the matrix (Figure 5). All 
formulations exhibited regions of poor 
adhesion, suggesting limited interfacial 
bonding between the gypsum and the Luffa 
cylindrica fibers. This inadequate adhesion 
may explain the reductions observed in 
mechanical performance.

Optical microscopy confirmed the 
presence of fiber interaction zones in 
treatments B through E, which were not 
observed in the control sample (A) (Figure 
6). Additionally, the presence of void 
channels and regions of plastic deformation 
in samples B and C was evident. These 
microstructural features directly influence the 
mechanical behavior of natural composites 
(Paula et al., 2011).

Similar findings were reported by 
Ramesh et al. (2021), who observed voids 
and adhesion failures in polymer composites 
reinforced with Calotropis gigantea fibers, 
which were attributed to impurities and poor 
compatibility at the fiber–matrix interface.

5. CONCLUSION
This study presented the physical, 

mechanical, and thermal characterization of 
gypsum composites reinforced with Luffa 
cylindrica fibers. Apparent density remained 
stable across all treatments, and no 
statistically significant differences were 
observed in water absorption after 2 hours, 
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likely due to the high lignin content (39.84%) 
of the fibers, which imparts hydrophobic 
behavior.

Mechanical tests showed a decrease in 
both the modulus of elasticity and flexural 
strength with increasing fiber content, 
attributed to limited interfacial bonding 
between the gypsum matrix and the 
lignocellulosic fibers. Nevertheless, all 
treatments met the minimum flexural 
strength requirement established by EN 
13279­1 (2008). The lowest flexural strength 
(MOR) value obtained was 1.02 MPa, which 
is approximately 2% higher than the 
minimum value required by the standard (1.0 
MPa), confirming the structural validity of 
the proposed material.

Thermal conductivity results revealed 
consistent behavior among the treatments, 
indicating that the incorporation of up to 
10% Luffa cylindrica fibers does not 
adversely affect thermal resistance. 
Microstructural analyses confirmed the 
presence of poor fiber–matrix adhesion and 
voids, which help explain the mechanical 
performance observed.

Overall, the incorporation of Luffa 
cylindrica fibers in gypsum matrices proves 
to be a valid and sustainable alternative for 
developing lightweight and insulating 
materials in the construction sector. Further 
investigations are encouraged to explore 
higher fiber contents and additional 
treatments that may enhance fiber–matrix 
interaction and improve the overall 
performance of these bio­based composites.
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