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ABSTRACT

Current energy use still relies on fossil fuels, the use of which can cause pollution and
greenhouse gases. One alternative that can replace these materials is biomass. One potential
material is leucaena stem, which is processed into charcoal. Therefore, the purpose of this
study is to evaluate the characteristics of leucaena stem charcoal using the complete pruning
technique in West Sulawesi. This study used appropriate tools and materials to produce
leucaena stem charcoal and liquid smoke, observed the microscopic characteristics, tested
the moisture and ash content, and tested the calorific value of leucaena stem charcoal. The
results showed that there were deposits in the pores, causing the dead stem to be harder and
producing fewer cracks in the charcoal product. The yield of charcoal and liquid smoke is
inversely proportional, where the highest charcoal yield is in dead stem samples at 36.59%
with the lowest liquid smoke yield at 28.57%. In addition, the lowest average moisture content
was detected in dead leucaena stem charcoal at 0.2%, while the highest ash content was
detected in the same charcoal at 2.9%. The highest calorific value of leucaena stem charcoal
was found in the 5-time pruning treatment at 34.50 KJ/g. In general, the chemical properties
of leucaena stem charcoal are of high quality and comply with Indonesian national standards.
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INTRODUCTION

Energy is one of the most important aspects of social life. Currently, energy use still
focuses heavily on fossil fuels, which can cause extreme climate change and
greenhouse gases (IPCC, 2022). Global warming can be reduced by decreasing the
use of fossil-based energy in various sectors (IEA, 2021). Biomass is a potential
alternative source of energy that is rapidly renewable, carbon neutral, and cheaper
to produce (Ozolina et al., 2022). One of the Indonesian government's current
programs is to increase energy security, particularly by transitioning from fossil fuels
to biomass-based energy. This is evidenced by the increase in biodiesel production
every year (Anditya et al., 2025). West Sulawesi, in particular, also requires high
amounts of fuel, especially for the production of patchouli oil and palm sugar, which
are high in (Kurnia, 2025). The production process for both products has been using
firewood sourced from tree exploitation, which poses a risk to the environment
(Harmay, 2025). This situation must be addressed immediately with solutions for the
development of fast-growing and potential biomass in West Sulawesi, one of which is
the leucaena plant.
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The leucaena plant (Leucaena leucocephala) is a fast-growing plant that can be
cultivated in low-nutrient soils with high temperatures and salinity (Bageel &
Borthakur, 2022). The potential of the leucaena plant is ideal for development as an
energy plantation. Leucaena plants that grow for one year have fresh biomass in the
stems of 24.56 tons/ha, branches of 8.63 tons/ha, and leaves of 5.57 tons/ha
(Pengpit et al., 2024). Leucaena leaves are rich in protein (Thamaga et al., 2021),
making them suitable as feed for goats in West Sulawesi. On the other hand, the
stems and branches are still largely unused and left to rot on their own or are only
used as firewood on a household scale. Biomass contains high levels of water and
other substances that result in low calorific value, making it unsuitable for direct use
as fuel. Leucaena plant biomass can be developed into charcoal products as an
innovation to increase its calorific value as an energy source.

Charcoal is a product of biomass cooking using pyrolysis techniques to release
various contents in biomass and leave carbon content, so that charcoal can produce
higher calorific value compared to dry biomass. Several studies have detected that
wood charcoal can produce high calorific value (de Meira et al., 2021; Otieno et al.,
2022). The use of leucaena leaves as animal feed has been widely practiced, especially
in West Sulawesi. Leucaena leaves are pruned at various intervals, marked by
leucaena plants with dense foliage where the leaves are removed using a complete
pruning system. Extensive leaf pruning can produce high wood density (Leng et al.,
2025). In addition, leucaena stem microscopically has fiber characteristics with a
high holocellulose content of >68% (Sivan et al., 2023). This condition allows
leucaena stem with leaf pruning to produce high-quality charcoal. Several studies
have detected a relationship between wood density and charcoal density and energy
(Couto et al., 2022; Gomes et al., 2024). Therefore, the purpose of this study was to
evaluate the characteristics and the quality of Leucaena stem charcoal from livestock
feed waste using the complete pruning technique in West Sulawesi.

RESEARCH METHODOLOGY
Time and Location

This research was conducted over a period of five months in 2025, starting with
sampling in the village of Bababulo, Pamboang District, Majene Regency, West
Sulawesi Province. Charcoal production and quality testing were carried out at the
Integrated Laboratory of the University of West Sulawesi.

Research Materials

This study used leucaena stem as the main material, obtained from a leucaena
plantation owned by a goat farmer in Bababulo village, West Sulawesi. The wood
came from leucaena plants that had undergone leaf pruning treatments with
variations of non-pruning, 1 time pruning, 3 times pruning, 5 times pruning, and
wood from dead plants. Other materials used to test the calorific value included 0.1
N NaOH solution, 1% phenolphthalein solution, distilled water, and 0.1 mm nickel
wire.

Research Equipment

This study used various tools such as pyrolysis technology equipment for the
production of charcoal and liquid smoke from leucaena stem (Figure 1), a stereo
microscope for observing the microscopic characteristics of wood and charcoal, an
XRY-A1l Oxygen Bomb Calorimeter to test the calorific value, a torch to test the ash
content, and a drying oven to test the moisture content of the samples.
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Figure 1. Pyrolysis device design
Preparation and production of charcoal and liquid smoke from leucaena stem

The leucaena stem obtained was dried for 8 days and then separated from the bark.
The wood was then weighed to obtain the weight of the wood sample (W;). The wood
was then placed in a pyrolysis device that was heated for 3 hours at a temperature
of 200-400° C. During the heating process, the condensation section is kept cool to
produce liquid smoke. After that, the heating is stopped and the pyrolysis device is
cooled for £5 hours until it returns to room temperature. The charcoal and liquid
smoke samples produced are then weighed to obtain the weights of the charcoal (W)
and liquid smoke (Wis). This procedure produces charcoal and liquid smoke products
with a production amount determined based on gravimetric calculations using
equation (1), where Ch% is the percentage of charcoal yield, LS% is the percentage of
liquid smoke yield, and Non-Condensable Gases (NCG).

Ch% =—= x100, LS% = —=x100, and NCG% = 100% - (Ch% + LS%) ]
W1 Wl ( )

Microscopic observation of leucaena stem and charcoal samples

Microscopic observation of leucaena stem samples was conducted using a stereo
microscope to examine the microstructure of leucaena stem. Charcoal samples
produced from the pyrolysis combustion process were also examined for their
microstructure. The results of these two observations produced images of the
microstructure of leucaena stem and charcoal to compare the structure of the wood
before and after it became charcoal.

Figure 2. Macroscopic characteristics of leucaena stem (a) living stem, (b) dead stem
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Measurement of the moisture content of leucaena stem charcoal

A sample of 2 g (B1) of charcoal powder was placed in a heat-resistant container and
put in a drying oven for 6 hours at a temperature of 1053 C. The oven-dried sample
was then placed in a desiccator to balance the sample temperature, then weighed to
obtain the weight of the sample after oven drying (B2). The moisture content of
leucaena stem charcoal can be determined based on gravimetric calculations using
equation (2), where MC% is the percentage of moisture content.

Mc% =22« 100 @

1

Measurement of ash content of leucaena stem charcoal

A sample of 1 g (M1) of charcoal powder was placed in a porcelain crucible and heated
to a temperature of over 6500 C for 3 hours until the ash weight was constant. The
ash sample was placed in a desiccator to balance the sample temperature. The
sample was then weighed to obtain the ash weight (M2). The ash content of leucaena
stem charcoal can be determined based on gravimetric calculations using equation
(3), where AC% is the ash content percentage.

=M
AC% = , X 100 (3)

Measurement of temperature increase and calorific value of leucaena stem
charcoal

Measurement of temperature increase and heat value of leucaena stem charcoal
using an XRY-A1 Oxygen Bomb Calorimeter with a 1% phenolphthalein solution and
0.1 N NaOH solution. A sample of 0.7-1.0 g (M) of leucaena stem charcoal was placed
in a chamber container and inserted into a bomb tube with a 10 cm long nickel wire
and 10 ml of distilled water. The inner bucket was filled with 1.5 L of water and the
outer bucket with 6 L. The temperature was gradually increased 18 times over 540
seconds. The length of the unburned nickel wire was measured again, while the
charcoal combustion residue in the bomb tube was washed with distilled water and
then 3 drops of 1% phenolphthalein solution were added. The solution was then
titrated with 0.1 N NaOH solution until the solution changed color, and the amount
of NaOH solution used was recorded. The calorific value of leucaena stem charcoal
was calculated based on Indonesian National Standard (SNI) 01-6235-2000 using
equation (4), where Hg(cal/g) is the calories per gram of sample, t is the temperature
increase, w is 2426 calories/°c C, 1; is ml of NaOH used for titration, 1, is 13.7 x 1.02
x sample weight, I3 is 2.3 x the length of the nickel wire burned, and M is the sample
weight (g).

tw - 1y 1,- 15

M (4)

Hg(cal/g) =

Data Analysis

The study employed an experimental design using a completely randomized design.
The independent variable was the pruning level (non-pruning, 1 time pruning, 3 times
pruning, 5 times pruning, and deadwood), with each treatment repeated three times.
Analysis of the effect of pruning levels on the moisture content, ash content, and
calorific value of leucaena stem charcoal was conducted using analysis of variance
(ANOVA) at a 95-99% confidence level. Post-hoc tests were conducted using Duncan’s
test with the same replicates. Subsequently, a Pearson correlation analysis was
performed between moisture content, ash content, and the calorific value of leucaena
stem charcoal using the Statistical Package for the Social Sciences (SPSS) version 25.
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RESULT AND DISCUSSION
Yield of Leucaena stem Pyrolysis Process

The quality of leucaena stem charcoal can be seen in Figure 3. The results show that
the charcoal yield tends to be the same for each leucaena stem with and without
pruning, at around 24.21-27.90%. Previous studies utilizing variations in charcoal
burning temperature produced similar leucaena charcoal yields (Singh et al., 2022).
However, samples of dead leucaena stem produced the highest yield, reaching
36.59%. This is thought to be because dead stem forms hard, thick fibers, which
result in high yields when burned. Xylem or wood cell thickening occurs during the
process of killing birch trees. In addition, killing trees can reduce the number of pores
and thicken cell walls (Serkova et al., 2022).

One of the products resulting from the pyrolysis process is liquid smoke, which is
produced through the condensation of smoke in gaseous form into a liquid
substance. The results show that the amount of charcoal is inversely proportional to
the amount of liquid smoke obtained. The results show that the highest amount of
liquid smoke was obtained from leucaena stem samples with 5 pruning at 38.04%
with the lowest charcoal yield at 24.21%. Conversely, dead stem samples produced
the lowest amount of liquid smoke at 28.57% with the highest charcoal yield at
36.59%. This is in line with the research by (de Meira et al., 2021), who found that
the amount of charcoal was inversely proportional to the amount of liquid smoke
from various types of wood. Liquid smoke mostly comes from the lignocellulose
structure and a small portion contains inorganic compounds (Batista & Gomes,
2021; Oyebode & Ogunsuyi, 2021). Liquid smoke products have their own potential
for use as insecticides (Hagner et al., 2020), and food preservatives with antibacterial
properties (Wang et al., 2021). In addition, there are other products in the form of
non-condensable gases and tar.

m Charcoal yield Smoke liquid yield Non-condensable gases

5 times pruning 24.21 38.04 37.75

3 times pruning 27.38 34.62 38.00
1 time pruning 26.51 30.19 43.30
Non-pruning 27.90 29.89 42.21

Dead stem 36.59 28.57 34.84
0% 20% 40% 60% 80% 100%
Yield

Figure 3. Gravimetric yield of pyrolysis processes of leucaena stem

Characteristics of Leucaena stem Charcoal Samples

The microscopic characteristics of leucaena stem in the axial section have pores that
are randomly arranged with multiple pore distribution. These characteristics are
shown in leucaena stem with leaf pruning and wood without leaf pruning, as well as
in dead stem (Figure 2). Leaf pruning treatment has an impact on leucaena stem
yield, where wood samples with leaf pruning produce wood with denser fibers. In
addition, dead trunks show drier wood and high fiber density (Table 1).

Table 1. Characteristics of leucaena stem and charcoal
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Variables Leucaena stem Leucaena stem Charcol

Non-Pruning

1 time Pruning

3 times Pruning

5 times Pruning

Dead Steam

The results show that leucaena stem samples vary after being turned into charcoal
depending on the treatment. Charcoal made from living wood shows cracks in the
axial section when turned into charcoal. These cracks are thought to originate from
the wood cell walls, which suddenly lose moisture and extracts, damaging the wood
fiber structure when burned at high temperatures. Wood cell walls can be damaged
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by water in the cell wall structure when exposed to high temperatures (Shi et al.,
2018). Table 1 shows that there are physical differences in the charcoal produced
from wood with various treatments, with wood from dead trunks producing charcoal
with fewer cracks. This is thought to be because dead stem contains low water
content due to the wood pores being filled with wood extract. This is in line with the
microscopic observations in Figure 2, which show that the pores in dead stem are
closed and blackened. This is consistent with the research by (Vititnev & Kazitsin,
2025), who found that wood fibers are darker in dead wood than in living wood.

Quality of Leucaena stem Charcoal

The determination of leucaena stem charcoal quality based on moisture content, ash
content, and calorific value can be seen in Table 2. Leucaena stem charcoal shows
varying moisture content values among treatments in leucaena plant samples,
ranging from 0.2% to 1.2%. This moisture content is still in accordance with the
Indonesian National Standard of a maximum of 8% (BSN, 2000). Similar studies show
higher moisture content in leucaena charcoal (Pengpit et al., 2024). The lowest
moisture content was found in charcoal from dead leucaena stem, at 0.2%. This is
thought to be because the stems of dead trees experience a cessation of plant
physiological processes, such as water absorption from the soil, resulting in low water
content in the plant stems. Pruning or killing trees can stop xylem formation, thereby
reducing and stopping water transport to the leaves (Salomon et al., 2024).

Table 2. Quality of leucaena charcoal energy products.

Quality of Charcoal
Variable Calorific value
Water content (%) Ash (%) (KJ/g)
Dead steam 0.20 (0.05)a 2.90 (0.17)a 32.03 (5.48)a,b
Non-Pruning 1.20 (0.33)b 2.10 (0.20)b 29.75 (1.43)a,b
1 time pruning 0.63 (0.10)c 2.06 (0.32)b 27.64 (7.06)a,b
3 times pruning 1.13 (0.15)c 1.96 (0.21)b 25.51 (0.28)b
S times pruning 0.52 (0.13)a,b 2.06 (0.15)b 34.50 (3.99)a
Average 0.74** 2.22%* 29.88ns

Note : ** = high significant (P<0,01); ** = significant (P<0,05); ns = not significant

Another important component related to the quality of charcoal as an energy source
is its ash content. Energy is influenced by the amount of carbon, volatile matter, and
ash content in charcoal, which are important components in determining the energy
in charcoal. Based on Table 2, the ash content tends to be low in leucaena stem
charcoal from various pruning treatments, with an average of 1.96%-2.90%. This
amount is low and still within the Indonesian National Standard with a maximum
ash content of 8% (BSN, 2000). Several other studies show higher ash content in the
charcoal produced (Pengpit et al., 2024; Setkit et al., 2021; Singh et al., 2022). The
ash content produced is even lower than the ash content of coal (Singh et al., 2022).
This is because leucaena stems initially have a low ash content (Lin et al., 2024;
Pengpit et al., 2024). Based on the leaf pruning treatment given, the ash content was
higher in charcoal from leucaena plants without pruning. This is because without
pruning, leucaena plants can grow tall. The ash content increases with the increase
in plant height.

Solid and liquid energy products can release heat that can be measured by a
calorimeter bomb to produce a number of caloric values that characterize the quality
of an energy source. Based on Table 2, the average caloric value produced by leucaena
stem charcoal is around 29.88 KJ/g, which is still in accordance with the Indonesian
National Standard with a minimum standard of 20.93 KJ/g (BSN, 2000). This

129



GJFR Volume 9 Issue 2 October 2026, E-ISSN 2614-204X P-ISSN 2614-2058

indicates that the charcoal from all five treatments has a high calorific value and
meets the national requirements for charcoal. It is suggested that Leucaena stems
generally contain large amounts of C, H, and O, which contribute to their high
calorific value. The C, H, and O components are often used as parameters for
determining High Heating Value (HHV) (Abdulyekeen et al., 2024; Pengpit et al., 2024;
Setkit et al., 2021). Charcoal does not yet have a high energy value and has a low
initial heat increase. The increase in charcoal temperature produced is still relatively
low (Figure 4) even though it complies with SNI 01-6235-2000. The results show an
initial temperature increase in leucaena stem charcoal of around 1-2¢ C and can only
reach a temperature of 2-3° C for 540 seconds, when compared to the initial
temperature increase in other energy source materials which reaches 2.5° C and can
reach a temperature of up to 5.5° C for 540 seconds.

4.0
3.5

o 3.0

o

v 2.5

=}

+~

s 20 Dead stem

8« 1.5 Non-pruned

§ 1.0 1 time pruned
0.5 3 times pruned

) 5 times pruned

0.0

0 30 60 90 120150180210240270300330360390420450480510 540
Times (Seconds)
Figure 4. Increase in combustion temperature of leucaena stem charcoal

Table 3. Pearson correlation analysis between moisture content, ash content, and
calorific value of leucaena charcoal

Parameters r-value p-value Description
Moisture content x . Moderate correlation (0.41-
Ash content 0.577 0.024 0.60)

Moisture content x Moderate correlation (0.41-

Calorific value -0,440 0.101= 0.60)

Ash content x N Very low correlation (0.01-
Calorific value -0,026 0.926m 0.20)
Note : ** = high significant (P<0,01); * = significant (P<0,05); ns = not significant

The results of the Pearson correlation analysis (Table 3) indicate a significant
moderate correlation between moisture content and ash content, such that as
moisture content increases, ash content decreases. This is likely because the mineral
components in the ash possess hydrophobic properties, enabling them to repel water
from the charcoal. There is no significant relationship between ash content and
calorific value, this indicates that the level of ash content in charcoal does not affect
its calorific value. On the other hand, the results of the correlation analysis between
moisture content and calorific value showed no significant (p-value) relationship but
indicated a moderate relationship (r-value), such that the higher the moisture
content, the lower the calorific value produced. This is thought to be because
moisture content can reduce the temperature during the charcoal combustion
process, resulting in a low calorific value. This is consistent with research showing
that a decrease in moisture content in briquettes can produce a high calorific value
(Akowuah et al., 2012; Inegbedion, 2022).
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CONCLUSIONS

The research was conducted in several stages, starting from observing the
characteristics of the wood, producing charcoal and liquid smoke, and testing the
quality of leucaena stem charcoal. The results showed that there were deposits in the
pores, causing the dead stem to be harder and producing fewer cracks in the charcoal
product. The yield of charcoal and liquid smoke was inversely proportional, with the
highest charcoal yield in dead stem samples at 36.59% and the lowest liquid smoke
yield at 28.57%. Conversely, the 5-time pruning treatment resulted in low charcoal
yield (24.21%) and the highest liquid smoke yield (38.04%). In addition, the lowest
average moisture content was detected in dead leucaena stem charcoal at 0.2%, while
the highest ash content was detected in the same charcoal at 2.9%. The highest
calorific value of leucaena stem charcoal was found in the 5-time pruning treatment
at 34.50 KJ/g, which exceeded the calorific value in the Indonesian National
Standard.
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