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ABSTRACT

This work aimed to carry out the physicochemical characterization of cocoa pod husk (Theobroma
cacao L.) and propose possible technological applications for this biomass. The methodology involved
physicochemical analyses, including moisture content, bulk and real density, porosity, ash content,
volatile matter, fixed carbon, pH, and point of zero charge. The results showed values close to those
found in the literature, indicating the reliability of the study. The potential of cocoa pod husk for use
in adsorption and biosorption processes, especially in effluent treatment, is highlighted. Moreover, the
utilization of this agro-industrial waste contributes to the reduction of environmental impacts and to
sustainable development. In this way, cocoa pod husks present viability in environmental applications,
encouraging the use of regional resources and the generation of innovative solutions in the Amazon.

Keywords: Agro-industrial waste. Cocoa pod husk. Biosorption. Adsorption. Sustainability. Wastewa-
ter treatment.

Introduction

According to Silva, Tagliaferro and Oliveira (2021), solid and semi-solid waste inclu-
des all those originating from residences, industries, hospitals, commerce, urban cleaning
services, and agriculture. The improper management of these wastes causes various pro-
blems to human health, as inappropriate disposal can lead to the contamination of water
bodies. In Brazil, Law No. 12,305 was enacted in 2010, which established the National Solid
Waste Policy, addressing the guidelines for solid waste management and the management
responsibilities of each generator.
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After 20 years of deliberation in the National Congress, the aforementioned Law
allowed the country to make the necessary progress in addressing the environmental, eco-
nomic, and social problems resulting from inadequate waste management (Rauber, 2011).
However, the generation of waste has become so high that the country is now in fourth
place in the ranking, behind only the United States of America, China, and India (Martins
et al,, 2023).

When improperly managed, these wastes can cause several environmental problems,
including soil and water contamination. Various methods can be used for water treatment,
including coagulation, flocculation, adsorption, and biosorption (Abukhadra & Allah, 2019).

Brazil has fertile soils and considerable climatic diversity across its regions, resulting
in a wide variety of biomass resources (Martins & Carrino, 2023). From this perspective, one
of the biomasses produced by the country is cocoa pod husk (Theobroma cacao L.). Ac-
cording to Verissimo (2012), cocoa belongs to the Sterculiaceae family and there are three
main types of cocoa tree varieties, the most common being Forastero, which is responsible
for 90% of the world's cocoa bean production.

In this context, this study aimed to determine the physicochemical characteristics of
cocoa pod husk (Theobroma cacao L.) and propose potential technological applications.

Materials and Methods
Raw material

The cocoa pod husk was obtained from a private property located in Tracuateuazi-
nho - PA (Figure 1). The location is situated in the mesoregion of Northeast Para and the
Bragantina microregion, under the geographical coordinates 1°13'37" S and 47°00'27" W
(IBGE, 2019). The selected husks were collected from the same cacao tree and met a stan-
dardized size criterion. After collection, they were stored under refrigeration until the time
of laboratory analysis.

Location of the analyses

The physicochemical analyses of cocoa pod husks were conducted at the Laboratory
of Engineering and Environment of the Federal Rural University of the Amazon - Capanema
Campus.
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Figure 1 Map of the Location of the Cocoa Pod Husk Collection Property. Source: Authors (2026).

Physicochemical characterization of cocoa pod husk

The physicochemical characterization of the biomass was determined through analy-
ses of moisture content, bulk and real densities, porosity, ash content, volatile matter, fixed
carbon, pH and point of zero charge.

Moisture content
The moisture content analysis was carried out according to Silva et al. (2015) and
calculated using Equation 1.

Mcy = =" 100 (1
Ww

Where:

MC: Moisture content (%);
Ww: Wet weight (g);

Wd: Dry weight (after 24 h) (g).
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Bulk Density

This analysis was conducted in accordance with the ASTM D2854-09 standard (Gra-
tuito et al,, 2007; Namane et al., 2005) and Equation 2 was used for its quantification.

BD =M, @

Where:

BD: Bulk density (g/cm?);

m: Mass of biomass (g);

v: Occupied bulk volume (cm?).

Real Density

The tests for determining real density were conducted according to the NBR165
Standard and calculated following ASTM D2854-09 (Ramos, 2005), using Equation 3.

RD = ma/[ma — (mw — mw’)] 3)

Where:

RD: Real density (g/cm?);

ma: Mass of biomass (g);

mw: Mass of the volumetric flask + water + biomass (g);
mw’: Mass of the volumetric flask + water (g).

Porosity

With the values obtained from the real and bulk density equations, the porosity per-

centage of the material was determined, following the ABNT NBR 9165 Standard (ABNT,
1985) and Equation 4.

BD

¢ =|1-(32)|x100 @)

Where:

®: Porosity (%);

BD: Bulk density (g/cm?);
RD: Real density (g/cm?).
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Ash content

Ash content was determined according to ASTM E1755-01, "Standard Method for the
Determination of Ash in Biomass,” and calculated using Equation 5.

Ash (%) = (2= ”‘1) x100 5)
Where: a
Ash (%): Ash content (%);

m,: Mass of empty crucible (g);

m,: Mass of crucible + initial sample (g);

m,: Mass of crucible + ash (g).

Volatile matter

For the determination of the volatile matter, the methodology of the ASTM D3175-07
Standard (ASTM INTERNATIONAL, 2007) was used, and the quantification was carried out
using Equation 6.

VM (%) = (’";’"3) x100 ©
Where:
VM (%): Volatile matter (%);
m,: Mass of the initial sample (g);
m,: Mass of crucible + initial sample (g);
m,: Mass of crucible + final sample (g).

Fixed carbon

The fixed carbon was determined according to the ASTM D3172-89 Standard (ASTM
INTERNATIONAL, 1989), using Equation 7.

FC (%) =100 - (AC+ VM) (7)
Where:
FC: Fixed Carbon (%);
AC: Ash content;
VM: Volatile matter.
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The pH analysis in suspension was carried out using 50 mL beakers, where 3 g of
biomass and 30 mL of distilled water were first added in a 1:10 (solid:solution) ratio (Singh
et al, 2010). The pH was determined using the Tekna T-1000 pH meter.

Point of zero charge

The analysis was conducted according to the method proposed by Regalbuto and
Robles (2004), using seven pH values (4, 5,6, 7,8, 9 and 10). In each flask, 50 mL of distilled
water and 0.05 g of biomass were added, and the pH levels were controlled using hydro-
chloric acid and sodium hydroxide, both with a molar concentration of 0.1 M. The resulting
suspensions were subjected to agitation in a Luca-22 Shaker incubator for 24 hours at a
temperature of 30 °C. The construction of the graph and the determination of the point of
zero charge were obtained using the Origin software.

Physicochemical characterization of cocoa pod husk
Moisture content

Pereira (2013) reported a moisture content of 84.2% for cocoa pod husk. In the pre-
sent study, the moisture content was 85.1%, which is consistent with the value reported in
the literature.

Bulk bensity

The value of the bulk density of cocoa pod husk obtained in this study was 0.40 g/
cm?®. This result is consistent with values reported in the literature, where Bot et al. (2024)
found a husk density of 0.40 g/cm® in briquettes produced from cocoa pod husk, a value
similar to that observed in this study. Similarly, Adebayo et al. (2022) reported a bulk den-
sity of 0.38 g/cm? for materials derived from cocoa pod husk.

Real Density

The real density of cocoa pod husk was 0.69 g/cm’. Visvanathan et al. (2021), in a
study of the physical properties of cocoa fruit, reported a real density of 0.66 g/cm? which
is close to the value obtained in the present study.
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Porosity

The porosity of the cocoa pod husk was 40.61%, a value similar to that observed in
studies that used cocoa pod husk residues as soil conditioners. According to Santos et al.
(2013), lignocellulosic plant biomasses exhibit a high porous structure, with porosity values
ranging approximately between 35% and 60%, depending on the moisture content, com-
paction and treatment applied to the material. Thus, it is noted that the biomass used in
this study falls within this percentage range.

The ash content found in this study was 9.91%. This value is consistent with data fou-
nd in the study conducted by Ozung et al. (2016), in which this analysis presented a value of
9.30%. Furthermore, in a study conducted by Alemaewor et al. (2009), the cocoa pod husk
showed a value of 9.14% for ash content.

Volatile matter

The volatile matter content found for cocoa pod husk was 67.37%, a value close
to that reported in the literature by Ghysels et al. (2022), who found a volatile matter of
67.13% in biomass characterization analyses of cocoa pod husk.

Fixed carbon

The fixed carbon content obtained in this study was 23.57%. In research conducted
by Pereira (2013), the same analysis showed a value of 23.34%. Thus, the immediate che-
mical composition of this biomass for this analysis showed a value similar to that found in
the literature.

The pH value found in this study was 7.75, a result that is relatively distant when com-
pared to the values reported in the literature. Rozendo (2018) found a pH of 5.46 for cocoa
pod husk, a value identical to that observed by Herrera-Rengifo et al. (2020), in the charac-
terization of cocoa pod husk used for starch extraction. These differences may be related
to the differences in the origin of the raw material used. Factors such as climatic conditions,
moisture content, nutrient availability in the soil, and environmental characteristics of the
cultivation site can directly influence the chemical properties of cocoa pod husks, including
pH, which contributes to variations between the results found in different studies.
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Point of zero charge

The value found for the point of zero charge was 6.9 (Figure 2). This value is compa-
rable to the research conducted with adsorbent obtained from modified cocoa pod husk,
which had a value of 6.3 for the same analysis, a value relatively close to that found in this
study (Reyes & Campoverde, 2024).

R
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Figure 2 Graph of Point of Zero Charge. Source: Authors (2026).

conclusion

Based on the results obtained in this study, it was possible to more clearly unders-
tand the potential of cocoa pod husk (Theobroma cacao L.) as a biomass with relevant
and promising physicochemical characteristics for technological applications. The analyzes
conducted showed that the values for moisture content, bulk density, real density, porosity,
ash content, volatile matter and fixed carbon remain close to those found in the literature,
which reinforces the reliability of the obtained data and the consistency of the analyzed
material.

Moreover, the pH value and the point of zero charge indicate that cocoa pod husk
exhibits properties that can favor its use in processes such as adsorption and biosorption,
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especially in wastewater treatment and the removal of contaminants from water bodies. In
this sense, the study meets its main objective and points to viable pathways for the tech-
nological application of the analyzed biomass.

Another relevant aspect is the valorization of an agro-industrial waste abundant in
the Amazon region. By proposing the utilization of cocoa pod husks, the work contributes
not only to the reduction of environmental impacts associated with improper waste dispo-
sal, but also to the development of sustainable solutions aligned with the local reality. This
approach reinforces the importance of integrating scientific knowledge and sustainable
practices, especially in a region like the Amazon, where biodiversity and the availability of
biomass represent great opportunities for innovation.

In this way, the results obtained expand the knowledge about the use of lignocellu-
losic waste and demonstrate that cocoa pod husk can be considered a viable and low-cost
alternative for environmental applications. However, it is important to highlight that further
studies are still necessary, especially regarding the efficiency of the material in real treat-
ment processes, its regeneration capacity, and possible chemical modifications that could
enhance its performance.

Thus, this study reinforces the importance of investing in innovative solutions based
on regional resources, contributing to the sustainable development of the Amazon. By
transforming waste into opportunities, a path is opened for new environmental techno-
logies and the construction of a more balanced future, in which economic growth and
environmental preservation go hand in hand.
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