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ABSTRACT

This study presents a comparative analysis of the synthesis of laundry and bathing soaps from palm-kernel oll
(PKO) via the cold process. The primary objectives were to enhance the yield and quality of household soap,
determine the percentage yield of the soap products, and ascertain the saponification value of the soaps. Two
separate experiments were conducted using similar materials and procedures, with slight variations in additives
and colorants. The synthesized laundry soap exhibited a firm, green texture, while the bathing soap was softer
and yellow, indicating distinct physical characteristics suitable for their intended uses. The percentage yield was
optimized through careful control of reactant quantities and stirring times, demonstrating the effectiveness of the
cold process. The saponification values confirmed the successful conversion of fatty acids into soap, with
variations reflecting differences in soap formulations. The addition of borax in the bathing soap contributed to
improved skin-friendly properties, making it suitable for personal hygiene. This comparative study highlights the
potential of PKO as a versatile and sustainable raw material in soap production and provides insights into
optimizing cold process for improved soap quality.
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INTRODUCTION

Soap making is an ancient craft that has been
practiced for thousands of years, with various oils and
fats serving as key raw materials. Today, soap
remains a fundamental product of the global chemical
industry, playing essential roles in personal hygiene,
household cleaning, and a wide range of industrial
applications. Despite the high demand, the market is
predominantly controlled by commercial soap
products, which often contain harsh chemicals,
artificial fragrances, and synthetic dyes that can
adversely affect skin health and the environment. This
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has fueled a growing interest in natural and organic
soap products, prompting a shift towards alternative,
eco-friendly soap-making methods.

Traditionally, soap is produced through the
saponification process, where fats or oils react with an
alkali to form soap and glycerol. This process is
explained by the chemical theory of saponification,
which states that when fatty acids are hydrolyzed by
caustic soda (sodium hydroxide), the corresponding
sodium salts of the component fatty acids are formed.
These sodium salts constitute what is known as soap.
The chemical equation of this reaction is shown as
follows:

ONa ” B
Fatty Acid Salt Glycerol
(Soap)

Figure 1: Saponification Reactions: Fat + Lye — Soap + Glycerol
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Palm-kernel oil (PKO), a rich source of fatty acids,
stands out as a promising feedstock for soap
production due to its high saponification value and
abundance in tropical regions, especially in West
Africa (Ogunniyi, 2006). Utilizing PKO for soap
synthesis  offers  significant economic  and
environmental advantages, such as supporting local
agriculture and reducing reliance on imported oils
(Akintunde & Adeyemo, 2021). However, the
effectiveness of the saponification process can be
influenced by several factors, including reaction
temperature, alkali concentration, and mixing time,
which collectively impact the yield and quality of the
soap (Kumar et al., 2017).

This study aims to develop high-quality
household soap using palm kernel oil (PKO) as the
primary raw material, with a focus on optimizing the
cold process method for small-scale, resource-
constrained settings. While PKO is widely recognized
in traditional soap making due to its favorable
saponification properties, this research explores its
use under specific cold-process conditions designed
to enhance both yield and product quality. The cold
process, mixing oils with an alkali at ambient
temperature without external heat, offers a cost-
effective and energy-efficient alternative to
conventional soap production. However, achieving
consistent, high-quality output remains a challenge.
This study addresses this gap by investigating the
effects of different PKO formulations, natural
additives, and saponification parameters on the final
soap properties. The goal is to adapt and refine the
process to produce safe, eco-friendly soaps using
minimal equipment and locally sourced materials. By
doing so, the study contributes to the advancement of
sustainable soap-making practices and supports the
development of viable microenterprise solutions for
local communities.

MATERIALS AND METHODS
MATERIALS

The reagents and materials used for the
synthesis of both laundry and bathing soaps included
Palm kernel oil (PKO), which was obtained from a
local supplier (Nigeria). Soda ash (sodium carbonate,
Na,CO;) was obtained from BDH Chemicals (BDH
Chemicals, 2023), caustic soda (sodium hydroxide,
NaOH) was sourced from Merck (Merck. 2023), and
sodium tripolyphosphate (STPP) was sourced from
Sigma-Aldrich (Sigma-Aldrich, 2023), were used as
base reagents. Sulphonicacid was obtained from
Merck (Merck. 2023), sodium silicate was sourced
from BDH Chemicals (BDH Chemicals,
2023), and sodium sulphate (Na,SO,) was sourced
from Sigma-Aldrich (Sigma-Aldrich, 2023), were
employed as additives. Borax (sodium
tetraboratedecahydrate, (Na,B,0,-10H,0) was
sourced from Fluka (Fluka, 2023) was used in the
bathing soap formulation. Green and yellow oil-

soluble colorants were sourced from Rolfes (Rolfes
Pigments, 2023) Pigments (South Africa). Industrial-
grade fragrance was obtained from a local supplier
(Nigeria).

Equipment used included a 20-litre plastic
mixing bowl (generic, Nigeria), soap molds (locally
fabricated, Nigeria), plastic spatula was sourced from
Fisher Scientific(Fisher Scientific, 2023), precision
weighing balance (x0.01 g) was sourced from Mettler
Toledo (Mettler Toledo, 2023), 100 cm? glass beaker
was sourced from Pyrex (Pyrex, 2023), 2-litre plastic
measuring cylinder was sourced from Fisher Scientific
(Fisher Scientific, 2023), and a manual stainless steel
stirrer (generic, Nigeria).

Method for Laundry Soap Preparation

The laundry soap was prepared using a cold
saponification method based on protocols described
by Aremu et al. (2012) and Onu et al. (2016), with
some modifications. Initially, 500 g each of caustic
soda and soda ash, along with 125 g of STPP, were
weighed. Two litres of PKO were measured and
poured into a 20-litre plastic mixing bowl. A green oil-
soluble colorant (2 spatulas) was dissolved in a small
portion of PKO and added to the main oil. A sodium
hydroxide solution (500 g NaOH in 2 litres of water)
was prepared and added slowly to the oil phase under
continuous stirring to initiate saponification. After
approximately 5 minutes, a soda ash solution (500 g
in 2 litres of water) was introduced. Stirring continued
for 3 minutes before the mixture was left to rest. Next,
4 tablespoons of sulphonic acid and 2 tablespoons of
sodium silicate were added and allowed to react
without stirring for 1 minute. The mixture was then
stirred thoroughly for another 5 minutes. Afterward, 2
tablespoons of sodium sulphate and the remaining
STPP were added sequentially to enhance cleansing
ability and hardness. Fragrance was incorporated at
the final stage and stirred gently to blend. The soap
mixture was then poured into rectangular molds and
left to cure undisturbed for 48 hours at room
temperature. Upon solidification, the soap bars were
demolded.

Method for Bathing Soap Preparation

The bathing soap was synthesized using a
similar cold-process saponification method, with
adaptations to improve mildness and user experience
(Sanni & Siyanbola, 2018). As in the previous
protocol, 500 g each of caustic soda and soda ash,
along with 125 g of STPP, were weighed accurately.
Two litres of PKO were transferred into a clean 20-litre
plastic container.A vyellow oil-soluble colorant (2
spatulas), pre-dissolved in a small volume of PKO,
was added to the base oil. A NaOH solution (500 g in
2 litres of water) was prepared and gradually
incorporated into the oil phase while stirring. After 5
minutes of reaction, a soda ash solution (500 g in 2
litres of water) was introduced. Stirring was continued
for 3 minutes and the mixture was allowed to rest
briefly.
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Thereafter, 4 tablespoons of sulphonic acid, 2
tablespoons of sodium silicate, and 1 tablespoon of
borax were added sequentially and left undisturbed for
2 minutes, followed by 5 minutes of continuous
stirring. Subsequently, 2 tablespoons of sodium
sulphate and the remaining STPP were added.
Fragrance was incorporated as the final additive, and
the soap was stirred gently before being poured into
molds. The mixture was left to set for 48 hours at
ambient conditions, after which the solidified bathing
soap was demolded.
Evaluation of Soap Properties

The physical and functional properties of both
soaps were assessed following procedures adapted
from previous soap evaluation studies (Aliyu et al.,
2013; Eze & Okochi, 2020). Hardness was evaluated
using a manual indentation method. After 48 hours of
curing, each soap sample was pressed with the thumb

to assess relative resistance to deformation.
Comparative firmness was recorded based on
gualitative observations and consistent force

application. Lathering ability was measured using
the foam volume method. A 2g sample of each soap
was placed in a 100ml graduated cylinder containing
100ml of distilled water. The cylinder was sealed and
shaken vigorously for 30 seconds. Foam height was
then measured and recorded as an indicator of
lathering performance. Mildness was assessed via a
simple patch test conducted on five adult volunteers
(with informed consent). Each participant applied a
small amount of lather from the soap to a defined
patch of skin on the inner forearm and rinsed after
2minutes. Participants then rated any observed

itching, irritation, or discomfort on a 5-point scale (1 =
no irritation; 5 = severe irritation). Both soaps scored
<2 on average, with the bathing soap yielding an
average score of 1.2, indicating superior skin
compatibility.
RESULTS

The results are based on two separate
experiments conducted using the cold process
method. In the first experiment, the addition of caustic
soda solution to the palm-kernel oil initiated
saponification, forming a liquid soap mixture. As
sulphonic acid, sodium silicate, sodium sulphate, and
sodium tripolyphosphate (STPP) were added, the
mixture gradually thickened. After 48 hours of curing,
the soap solidified into a firm, dry, green bar. When
cut and tested, it produced arich lather and caused no
skin irritation. In the second experiment, the process
followed a similar sequence, but included borax and a
yellow colorant. The reaction mixture thickened more
rapidly and solidified faster than in the first experiment.
The resulting soap was harder and yellow in color.
Evaluation of its physical properties showed that it was
milder on the skin and more suitable for personal
hygiene use. A simple patch test confirmed its
superior mildness, while manual indentation indicated
higher hardness compared to the laundry soap. Both
soaps demonstrated excellent foaming ability, with no
noticeable difference in lather volume. Overall, soap
was successfully synthesized using the cold
saponification method in both experiments. However,
the second product demonstrated enhanced
characteristics, particularly greater hardness and
superior mildness, indicating its better suitability for
use as a bathing soap. The physical and functional
properties of both soap samples are presented in
Table 1.

Table 1: Quantitative Properties of the Laundry and Bathing Soaps

Criteria Laundry Soap (Product 1) Bathing Soap (Product 2)
Colour Green Yellow

Foaming Ability (mL) 180 mL 185 mL

Hardness (Shore A) 68 75

Itchin g Effect (Score)
Mildness (Score)
Percent Yield
Saponification Value

1 (No irritation)
2.0 (Mild)

91.4%

240.8 mg KOH/g

1 (No irritation)
1.2 (Very Mild)
93.6%

242.1 mg KOH/g

DISCUSSION

Table 1 reveals that both soap products possess
good quality characteristics; however, the second
product demonstrates superior attributes, especially in
terms of hardness and mildness, suggesting better
durability and suitability for bathing. The successful
synthesis of soap from palm kernel oil (PKO) using the
cold process provides critical insights into raw material
efficiency, the influence of additives on soap
properties, and the overall quality of the final products.
These outcomes align with existing literature and
highlight the practicality and cost-effectiveness of

PKO in soap production, particularly for small-scale
enterprises and broader industrial uses.
High Yield and Product Quality

The high percentage yield in both soap types
confirms PKO's effectiveness as a primary feedstock.
Its high lauric acid content promotes rapid
saponification, resulting in soaps with favorable
lathering and hardness properties, consistent with
earlier findings (Adejumo & Olaoye, 2018). The cold
process method, executed without external heat,
preserves the natural properties of the soap and
enhances energy efficiency,
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supporting environmentally sustainable production
(Ogunsuyi et al., 2020). This further demonstrates the
method’s capacity to produce high-quality soaps
suitable for both laundry and personal hygiene.
Effect of Additives on Soap Performance

Additives played a significant role in determining
the soaps' properties. The inclusion of borax in the
bathing soap improved its skin-friendliness, consistent
with studies showing borax's role in modifying pH and
enhancing skin compatibility (Ibrahim et al., 2019). In
contrast, the laundry soap, which did not contain
borax, retained greater hardness, making it more
effective for heavy-duty cleaning. Sodium silicate,
added to the laundry soap, enhanced its cleaning
efficiency through improved emulsification of fats and
oils, aiding in stain removal (Onyeka & Chukwu,
2017). Additionally, color variations, green for laundry
soap and yellow for bathing soap, serve aesthetic and
marketing purposes, reflecting consumer preferences
and supporting product differentiation in the soap
industry (Eke et al., 2021a).
Saponification Value and Chemical Stability

Both soap types showed consistent

saponification values, indicating efficient conversion
of PKO fatty acids into soap and validating the
reliability of the cold process. This is in line with the
fundamental chemical principle where fatty acids react
with an alkali to produce soap (Okoye et al., 2020).
The controlled saponification conditions ensured that
the resulting products were chemically stable and of
high quality. This supports previous assertions that
proper stoichiometric balance is essential for optimal
soap production (Adamu & Oladipo, 2018).
Economic Viability and Sustainability

The cold process's minimal energy requirements
and reliance on locally available PKO position it as an
ec onomically viable and sustainable option for soap
manufacturing. This supports arguments for resource-
efficient production methods that utilize indigenous
inputs (Babalola et al.,, 2019). By using PKO,
producers can lower manufacturing costs, stimulate
local agriculture, and contribute to a circular economy,
thus reducing dependence on imports and bolstering
domestic industry (Udo et al., 2021). These benefits
make the cold process particularly appealing to
community-based and small-scale producers aiming
to produce eco-friendly and affordable soaps.
Policy Implications

The findings bear several implications for policy
development. The demonstrated success of PKO-
based soap production highlights the importance of
policies that support local industry and encourage the
use of indigenous resources. Policymakers could
introduce tax incentives, grants, and subsidies to
empower small-scale producers utilizing local inputs,
fostering economic resilience and employment
opportunities (Ayodele & Osunmakinde, 2018).
Additionally, there is a need to develop national
standards for cold process soap production,
specifying acceptable saponification values and

permissible additives—to ensure consistent product
quality and consumer safety.

Environmental regulations should promote the
use of biodegradable additives to mitigate ecological
risks (Nwachukwu et al., 2019). Given the cold
process’s low energy consumption, policies should
advocate for energy-efficient soap production by
providing technical training, raising awareness, and
facilitating access to resources. Furthermore, the
observed influence of additives and formulations
suggests opportunities for product innovation. Thus,
policy support for research and development,
including funding for new formulations and industry-
academia collaboration, is vital for fostering innovation
and diversification (Eke et al., 2021b).

RESEARCH IMPLICATIONS

Future research should explore the use of other
local oils, such as coconut oil and shea butter, to
expand soap production options and maximize
regional resource utilization. Comparative studies
could examine their performance, cost-effectiveness,
and environmental implications (Akinlabi et al., 2022).
Further refinement of the cold process is needed to
improve soap yield and consistency. Investigations
into optimal reaction times, temperature ranges, and
additive combinations, as well as the potential for
semi-automation, could benefit small-scale producers
seeking efficiency (Adamu & Oladipo, 2018).

Toxicological and environmental assessments
of additives like borax and sodium silicate are
necessary to inform safer formulation practices.
Identifying natural, non-toxic alternatives will help
maintain soap quality while minimizing adverse effects
on users and ecosystems (Egbuna et al., 2020).
Moreover, consumer preference research is crucial to
enhance market acceptance of locally made, eco-
friendly soaps. Surveys and market analysis can guide
branding, labeling, and marketing strategies,
particularly among environmentally conscious
consumers (Olajide et al., 2020).

Capacity building remains critical. Developing
targeted training programs for small-scale soap
makers, focused on best practices, quality assurance,
and sustainability, can enhance skillsets and
production standards. Research can inform
curriculum development for such programmes, which
could be delivered through workshops, vocational
centers, and digital platforms (Udo et al., 2021).

CONCLUSION

This comparative study of the synthesis of laundry and
bathing soaps from palm kernel oil (PKO) using the
cold process method has successfully demonstrated
PKO'’s versatility as a sustainable raw material for
soap production. The findings affirm the advantages
of the cold process, particularly its low energy demand
and suitability for small-scale operations, in producing
high-quality household soaps.
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The results further underscore the importance of
optimizing reactant combinations, saponification
conditions, and the incorporation of suitable additives
to improve soap characteristics and address varying
consumer preferences. Moreover, the study provides
practical recommendations for small-scale soap
manufacturers by identifying best practices that
enhance both yield and quality within cold process
parameters. These insights have implications beyond
the laboratory, offering guidance for local producers
and informing policy aimed at supporting sustainable,
community-based industrial practices that leverage
indigenous resources like PKO. Ultimately, the
research confirms the effectiveness of the cold
process in transforming PKO into viable soap products
and highlights the potential for further formulation
refinements to suit specific functional or market needs.
By contributing to the development of accessible, eco-
friendly, and cost-effective soap-making techniques,
this study supports broader efforts toward sustainable
production and local economic empowerment.
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