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Abstract

Used cooking oil is one of the household wastes that can be utilized as a raw material for solid soap
production while supporting environmental sustainability efforts. This study explored the implementation
of Project-Based Learning (PjBL) integrated with edu-ecopreneurship through a project involving the
production of solid soap from used cooking oil with the addition of papaya extract. The study involved 72
tenth-grade students from the program of Laboratory Analysis and Testing (LAT) at a vocational high
school in Gresik and employed a quantitative descriptive approach with a one-shot case study design. Data
were collected through observations of students’ practical skills and quality testing of the soap products,
including pH value, residual alkali content, density, and foam stability. The observations showed that
students generally demonstrated good practical skills during project implementation, particularly in
preparing materials, following procedures, and applying laboratory safety practices. The soap produced by
both classes exhibited relatively similar characteristics, with satisfactory density and foam stability;
however, the pH values and residual alkali content indicated that the saponification process had not yet
reached optimal conditions. The project provided opportunities for students to apply chemistry concepts
through direct experience while utilizing waste materials with potential economic value, making learning
activities more relevant to real-life environmental issues.
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INTRODUCTION

The increasing amount of used cooking oil
generated by households remains a common
problem in Indonesia [1]. This issue is not only
related to the ever-growing volume of waste but
also to the fact that its management has not yet been
optimized. Disposing of used cooking oil directly
into the environment can cause soil and water
pollution and degrade the quality of the
surrounding environment [2]. In addition to its
environmental impacts, the reuse of used cooking
oil as a food ingredient should also be avoided
because repeated heating can produce degradation
byproducts that may pose health risks [3].

Despite these various impacts, used cooking
oil still holds potential for being repurposed into
more useful products [4]. One such application is
the production of bar soap through the
saponification process. In this process, the fatty
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acids contained in the oil react with a strong base
to produce soap and glycerol [5]. Processing used
cooking oil into soap also aligns with the principles
of the circular economy, as waste that was
previously unused can be reprocessed into a
product with practical value [6].

The characteristics of the resulting soap are
influenced not only by the main raw material but
also by the additives used in its formulation. One
natural ingredient with potential for use as an
additive in the production of bar soap is papaya
extract (Carica papaya L.). Papaya pulp contains
antioxidants such as saponins and flavonoids,
which play a role in skin regeneration through
collagen synthesis and the formation of new tissue
by fibroblasts [7]. Antioxidants also help suppress
the activity of free radicals, which can damage skin
DNA, leading to dry skin and wrinkles.
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This initiative is closely aligned with the
sustainable development agenda, particularly SDG
6 on clean water and sanitation, as part of efforts to
reduce water pollution. Additionally, this initiative
supports SDG 12, which focuses on resource
management and promotes more environmentally
responsible consumption and production patterns.

In vocational education, project-based
learning has proven effective in enhancing
students’ skills [8]. This approach also supports the
development of pre-vocational skills that are
relevant to workplace needs [9]. Its implementation
helps motivate students to experiment, gain
experience, enhance their creativity, and learn new
things while producing valuable learning outcomes
[10].

This implementation is reflected in a project
to produce solid soap made from used cooking oil
and papaya extract by 10th-grade students in the
program of Laboratory Analysis and Testing (LAT) at
a vocational high school in Gresik, which
integrates an environment-based edu-
ecopreneurship approach with entrepreneurship.
This activity also supports SDG 4 (Quality
Education) through contextual learning focused on
developing 21st-century skills, thereby not only
contributing to environmental sustainability but
also strengthening students’ competencies and
entrepreneurial spirit.

The implementation of Project-Based
Learning (PjBL) has been widely reported to
enhance students’ critical thinking skills, problem-
solving abilities, and competencies in both science
education and vocational education [11]. In
addition, the ecopreneurship approach is also
known to foster environmental awareness and an
entrepreneurial spirit through the sustainable use of
resources [12]. However, most of these studies
focus on the learning process or the development
of student competencies, while research on the
quality of the products produced as learning
outcomes remains limited [13]. On the other hand,
research on soap making from used cooking oil
generally emphasizes only the physicochemical
characteristics of the product without linking it to
learning implementation in  schools [14].
Therefore, this study was conducted to examine the
implementation of PjBL integrated with edu-
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ecopreneurship through the production of solid
soap from used cooking oil with papaya extract in
the vocational chemistry learning.

Based on the above description, this study
aims to: (1) implement an integrated Project-Based
Learning (PjBL) model incorporating edu-
ecopreneurship through a project to produce solid
soap made from used cooking oil with added
papaya extract among 10th-grade students in the
LAT class; (2) evaluate students’ practical skills
during the project implementation as a
manifestation of the integration of chemistry and
environment-based entrepreneurship
competencies; and (3) describe the quality of the
solid soap produced as an outcome of project-based
learning.

METHOD

This study is a quantitative descriptive study
with a pre-experimental design using a one-shot
case study approach. This approach was chosen
because the study aims to describe the
implementation of Project-Based Learning (PjBL)
integrated with edu-ecopreneurship, evaluate
practical skills during the project
implementation, and describe the quality of the
solid soap product produced as a learning outcome.
This study does not constitute a pure experiment
because it does not involve a control group or
subject randomization. A pre-experimental design
was chosen because the study was conducted on
naturally formed groups (intact groups), namely
classes LAT 1 and LAT 2. The data obtained were
used to describe students’ practical skills during
project implementation as well as the quality of the
solid soap produced in project-based learning.

The study was conducted on April 22, 2026,
at a state vocational high school in Gresik, East
Java. The research subjects consisted of 72 tenth-
grade students in the LAT program, divided into
two classes: LAT 1 (n = 36) and LAT 2 (n = 36).
The sampling technique used was total sampling,
meaning all 10th-grade LAT students were
included as research subjects. During the project
activity, students produced solid soap made from
used cooking oil with various added ingredients.
However, the data analyzed in this study came
from the group that produced solid soap with added

students’
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papaya extract, as this aligned with the research
focus.

The learning process was based on the
Project-Based Learning (PjBL) model integrated
with the edu-ecopreneurship approach through a
project to produce solid soap made from used
cooking oil with the addition of papaya extract. The
implementation of PjBL was carried out through
six stages: determining the fundamental question,
project planning, scheduling, monitoring project
implementation, product testing and presentation,
and evaluation of the learning experience. The
project provided students with opportunities to
engage in the utilization of waste cooking oil as a
raw material for solid soap production. Through
this process, students participated in activities that
demonstrated the potential of waste materials to be
converted into useful products with added value.

The study focused on the implementation of
Project-Based Learning (PjBL) integrated with
edu-ecopreneurship in a soap-making project.
Observations were conducted to describe students’
practical skills during project implementation,
while product testing was carried out to evaluate
the quality of the resulting solid soap. Product
quality was evaluated based on physicochemical
parameters, including pH value, free alkali content,
density, and foam height.

Data collection was conducted through
observation of students’ practical skills during
project implementation and testing of the quality of
the solid soap produced. Practical skills were
observed using an observation sheet covering the
stages of PjBL implementation. Meanwhile, soap
quality was evaluated by testing the pH value using
a pH meter, free alkali content using
phenolphthalein (PP) indicator, soap density, and
the height of the foam formed. The test results were
then analyzed based on predetermined assessment
criteria.
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Table 1. Practical Skills Assessment Instrument
No Aspects Assessed
Preparation of tools and materials
Accuracy of work procedures
Use of laboratory equipment
Occupational safety and health
(OSH)

Data observation and recording
Cooperation and communication
Problem-solving
Project Presentation

A OWODN P

5
6
7
8

Table 2. Practical Skills Assessment Criteria
Score Range Category
4,00-3,26 Excellent
3,25-2,51 Good
2,50-1,76 Fair
1,75-1,00 Poor

The assessment of students’ practical skills
was conducted through observation during the
implementation of the project to make solid soap
from used cooking oil with the addition of papaya
extract. Each aspect was rated on a 1-4 scale, with
a score of 4 indicating the “very good” category
and a score of 1 indicating the “poor” category. The
scores obtained are then calculated to determine the
level of students’ practical skills during the
implementation of Project-Based Learning (PjBL)
integrated with edu-ecopreneurship.

The evaluation criteria for each parameter—
namely pH, free alkali residue, hardness, and
foaming capacity are presented in Table 3, Table 4,
Table 5, and Table 6, respectively.

Table 3. pH Value Criteria

Score pH Range Description
3 8-10 Very suitable
2 11-12 Less suitable
1 >12.0 Not suitable
Table 4. Residual Alkali Criteria
Score Color Description
3 Colorless None
2 Light pink A little
1 Deep pink A lot
Table 5. Density Criteria
Score Description
3 Very dense
2 Fair
1 Not dense
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Table 6. Foam Power Criteria

Foam Difference

Score Description
(cm)
3 <1.0 Stable
2 1.1-3 Fairly stable
1 >3.0 Disappears
quickly

The data obtained were analyzed using
quantitative descriptive methods. Data on students’
practical skills were presented as mean scores and
achievement categories, while data on the quality
of the bar soap were presented as the results of soap
quality tests, including pH, free alkali content,
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density, and foam height. Next, the results obtained
were described to illustrate the success of
implementing PjBL integrated with edu-
ecopreneurship and the quality of the products
produced.

RESULT AND DISCUSSION

The results of the observation of students’
practical skills during the implementation of the
project to make solid soap from used cooking oil
with the addition of papaya extract are presented in
Table 7.

Table 7. Results of Student Practical Skill Assessment Observations

No Aspects Assessed LAT1 Category LAT?2 Category
1  Preparation of tools and materials 3.67 Excellent 3.56 Very good
2 Accuracy of work procedures 3.44 Good 3.39 Good
3 Use of laboratory equipment 3.61 Very good 3.50 Very good
4 QOccupational safety and health 3.72 Very good 3.67 Very good

(OSH)
5 Data observation and 3.39 Good 3.28 Good
recording
6 Teamwork and communication 3.78 Very good 3.72 Very good
7 Problem-solving 3.28 Good 3.17 Good
8  Project results presentation 3.50 Very good 3.46 Good
Average 3.55 Very good 3.46 Good

Based on the observation results, students in
LAT 1 achieved an average score of 3,55, which
falls into the “very good” category, while students
in LAT 2 achieved an average score of 3,46, also
falling into the “very good” category. The aspects
that received the highest scores in both classes
were cooperation and communication, as well as
occupational safety and health (OSH). This
indicates that students were able to collaborate
effectively in groups and apply occupational safety
procedures during project implementation.

Among the assessed aspects, problem-
solving, observation, and data recording showed
lower average scores than the others. During the
project, several students still needed assistance in
identifying the causes of problems that occurred
during soap production and in documenting their
observations in an organized manner. However,
most students were able to perform laboratory
activities according to the procedures provided,
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resulting in an overall practical skills category of
excellent.

The quality testing results of the solid soap
produced from used cooking oil and papaya extract
are summarized in Table 8.

Table 8. Quality Test Results for Solid Soap

Parameter LAT1 LAT?2
pH Value 12.0 (Basic) 12.2 (Basic)
Residual High High

Alkali
Density Moderate Moderate
Foam 7.0—-69cm 40—35cm

The results presented in Table 8 reveal
variations in the quality of the solid soap produced
by the LAT 1 and LAT 2 classes. Despite using the
same materials and procedures, differences were
observed in several testing parameters. Such
differences may be associated with variations in
laboratory practices during the project, including
ingredient measurement, mixing uniformity,
temperature control, and compliance with the
working procedures.
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These findings suggest that the final

characteristics of the soap were affected by both

the

production process and the students’

performance during project implementation.

1.

pH Test

Table 9. pH Test Results
Class pH Remarks
LAT1 12.0 Not suitable
LAT 2 12.2 Not suitable

Table 9 shows that the pH values of the
soap samples from LAT 1 and LAT 2 were
12.0 and 12.2, respectively. These values were
higher than the recommended range used in
this study, indicating that the resulting soap
was still strongly alkaline.

One possible explanation for this result
is the presence of excess NaOH during soap
production. In the saponification process,
NaOH reacts with the fatty acids contained in
used cooking oil to form soap and glycerol.
When the reaction does not proceed
completely, a portion of the alkali may remain
in the product, leading to a higher pH value.
This condition suggests that the formulation or
processing conditions may require further
optimization to obtain soap with a pH closer
to the desired range.

Free Alkali Residue Test
Table 10. Free Alkali Residue Test Result

Class Color Description
LAT1 Deep pink A lot
LAT 2 Deep pink A lot
The residual alkali content was
evaluated using phenolphthalein  (PP)

indicator, and the results are presented in
Table 10. Both LAT 1 and LAT 2 soap

samples were classified in the high residual
alkali category, as indicated by the formation
of a dark pink color during testing. The
presence of residual alkali suggests that part of
the NaOH remained in the final product after
the soap-making process.

Several factors may have contributed to
this result, including inaccuracies in the
proportion of oil and NaOH, insufficient
mixing, or reaction conditions that were not
fully optimized. As a consequence, the
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conversion of the oil into soap may not have
proceeded completely, leaving free alkali in
the product.

The presence of excess alkali is
undesirable because it may affect the safety of
the soap when applied to the skin, particularly
for sensitive users. The results obtained in this
study suggest that further adjustments to the
formulation and production process are still
required. In addition, the curing stage may not
have been long enough to reduce the
remaining alkali content, as this stage allows
further stabilization of the soap before use.
Therefore, improvements are needed in the
formulation, mixing techniques, and curing
time to produce soap of a safer quality that
meets standards.

Density Test

Table 11. Density Test Result
Class Description
LAT1 Satisfactory
LAT 2 Satisfactory

Density testing was conducted by
observing the hardness of the resulting soap.
Based on the results in Table 11, the soaps
from LAT 1 and LAT 2 fall into the
“adequate” category. This indicates that the
soap has formed, but its hardness is not yet
optimal. This condition indicates that the
saponification process has taken place but has
not yet fully produced a dense and stable soap
structure. The more optimal the saponification
reaction, the higher the density and hardness
of the resulting soap.

Foam Test
Table 12. Foam Test Result

Foam Difference

Class Description
(cm)

LAT1 7,0 - 6,9 cm Stable

LAT 2 4,0 > 3,5cm Stable

Foam stability testing was conducted
by measuring the initial height and the change
in height of the formed foam. The results
showed that LAT 1 decreased from 7.0 cm to
6.9 cm, while LAT 2 decreased from 4.0 cm
to 3.5 cm. Based on the evaluation criteria,
both groups fall into the stable category



UNESA Journal of Chemical Education
Vol. 15, No. 2, pp. 157-164, May 2026

because they have a foam difference of less
than 1.0 cm. However, LAT 1 demonstrated
better foam stability than LAT 2 because it
experienced a smaller decrease. Theoretically,
foam forms due to the presence of surfactant
compounds that reduce the surface tension of
water, thereby producing stable bubbles.
Foam stability is influenced by the
composition of the ingredients as well as the
success of the saponification process, where
an optimally formed soap structure will
produce more stable foam.

Table 13. Test Results for the Quality of Class
X LAT Bar Soap

Residual .
Class pH Alkali Density Foam
LAT1 2 1 2 3
LAT2 1 1 2 3

Based on Table 10, the quality of the bar soap
produced by LAT 1 and LAT 2 shows no
significant differences. LAT 1 achieved better
results for the pH parameter, while for the residual
alkali, density, and foaming capacity parameters,
both groups showed similar results. Overall, the
quality of the soap products obtained from LAT 1
and LAT 2 was relatively similar, with only slight
differences observed in several testing parameters.

The variation observed in the pH values may
be related to differences in ingredient measurement
and mixing during the soap-making process. In
contrast, similar results for residual alkali, density,
and foam stability indicate that most groups
followed comparable procedures throughout the
project. Even so, small variations in laboratory
practices and the accuracy of each production step
may have contributed to the differences found
between the products.

Examples of the solid soap products
produced by each group are presented in Figure 1.

(b)

Figure 1. Solid Soap Products Made from Papaya
Extract (a) LAT 1 Class, (b) LAT 2
Class

(a)
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The learning activities carried out through
Project-Based Learning (PjBL) integrated with
edu-ecopreneurship were documented throughout
the project. Selected documentation of these
activities is presented in Figure 2.

of Project-Based

Figure 2.
Learning (PBL) in the Production of
Solid Soap

Figure 2 illustrates several stages of the soap-
making project carried out by students, including
material preparation, soap production, product
testing, and presentation of results. The
documentation shows that students were actively
involved throughout the project. This observation
is consistent with the practical skills assessment,
which indicated high performance in preparing
tools and materials, following laboratory
procedures, and applying occupational safety
practices during the activities.

Through their participation in the project,
students engaged directly in the process of
producing and evaluating solid soap from used
cooking oil. The learning activities required
students to perform measurements, conduct
observations, record experimental data, and
evaluate product quality based on the test results
obtained. These activities provided opportunities
for students to apply laboratory procedures while
working collaboratively within their groups.

The project also incorporated elements of
edu-ecopreneurship through the utilization of used
cooking oil as a raw material for soap production.
During the activities, students learned about the
saponification process and observed how
household waste could be converted into a useful
product. In addition, discussions regarding product
utilization and value introduced students to the
potential economic benefits of waste-based



UNESA Journal of Chemical Education
Vol. 15, No. 2, pp. 157-164, May 2026

products. Meanwhile, from an entrepreneurship
perspective, students are introduced to the potential
for developing bar soap as a product of both
practical and commercial value, including
opportunities for innovation in formulation,
packaging, and product design.

The quality evaluation showed that several
characteristics of the soap were still affected by the
conditions of the saponification process. The high
pH values and the detection of residual alkali
suggest that the reaction between used cooking oil
and NaOH may not have proceeded completely.
These results may be associated with differences in
ingredient measurement, mixing consistency, and
process control during soap production.

Variations in product quality were also
related to how the project activities were carried
out by each group. Accurate weighing of materials,
careful mixing, and adherence to laboratory
procedures contributed to the characteristics of the
soap obtained. As a result, the quality of the final
product reflected both the production process and
the practical performance demonstrated by
students during the project.

Beyond producing a tangible product, the
project provided opportunities for students to apply
chemical concepts in a laboratory setting. Students
were involved in planning activities, carrying out
experimental procedures, evaluating product
quality, and discussing the results obtained. These
experiences allowed them to practice problem-
solving, data interpretation, and decision-making
throughout the project. The integration of
educational, environmental, and entrepreneurial
aspects into the learning process demonstrates that
the implementation of PjBL based on edu-
ecopreneurship is capable of providing a more
comprehensive learning experience for students.

CONCLUSION

The implementation of Project-Based
Learning  (PjBL) integrated with  edu-
ecopreneurship through a project to make solid
soap from used cooking oil with added papaya
extract was successfully carried out by 10th-grade
students in the class of Laboratory Analysis and
Testing (LAT). This learning activity was able to
develop students’ practical skills to a level ranging
from good to very good and produced solid soap of
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relatively similar quality in both classes. Although
the density and foaming capacity parameters
showed fairly good results, the pH value and free
alkali content still require optimization of the
saponification process. Overall, the
implementation of PjBL integrated with edu-
ecopreneurship supports the development of
students’ chemistry competencies, practical skills,

environmental awareness, and entrepreneurial
spirit.
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