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Abstract

This research project explores the production, applications, environmental importance, and
benefits of natural soap, with a focus on its role as a sustainable alternative to commercial
synthetic soaps. The study highlights the cold process method of soap-making, which utilizes
plant-based oils (e.g., olive 0il, coconut oil) and natural additives (e.g., salt, sugar, flour) to create
eco-friendly and skin-friendly products. Key findings demonstrate that natural soap is
biodegradable, non-toxic, and gentle on sensitive skin, making it a viable option for personal
hygiene, household cleaning, and medicinal purposes. The environmental benefits of natural
soap are significant, as it reduces chemical pollution and reliance on non-renewable
petrochemicals. However, challenges such as higher production costs, lower lather, and shorter
shelf life were identified. To address these limitations, the study proposes future directions,
including innovations in formulation, increased consumer awareness, and the integration of
advanced technologies like nanotechnology. Additionally, the importance of sustainable
packaging and supportive policy frameworks is emphasized to further enhance the adoption and
impact of natural soap.This research underscores the importance of natural soap in promoting
health, sustainability, and environmental stewardship. By combining traditional methods with
modern green chemistry principles, natural soap represents a promising solution for reducing
the ecological footprint of cleaning products while meeting consumer needs. The findings of this
study provide valuable insights for researchers, policymakers, and industry stakeholders aiming

to advance sustainable practices in the soap and detergent industry.
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1. Introduction:

The increasing use of industrial

[1]lchemical compounds, particularly in
cleaning products, has raised significant
environmental and  health  concerns.

Traditional cleaning agents often contain

synthetic chemicals that pose risks to
ecosystems, living organisms, and human
health. This paper explores the environmental
and health

industrial compounds,

challenges caused by these
with a focus on
cleaning products, and proposes green
chemistry as a sustainable alternative.
Environmental and Health Challenges

Caused by Industrial Chemical Compounds
[2]
a— Environmental Pollution

. Water Contamination: Synthetic chemicals
in cleaning products, such as phosphates and
surfactants, often end up in water bodies,
leading to eutrophication and disruption of
aquatic ecosystems.

. Soil Degradation: Chemical residues from
cleaning agents can accumulate in soil,

reducing its fertility and  harming
microorganisms essential for soil health.

. Air Pollution: Volatile organic compounds
(VOCs) in cleaning products contribute to
indoor and outdoor air pollution,
exacerbating respiratory issues and climate
change.

b- Impact on Living Organisms
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. Aquatic Life: Chemicals like triclosan and
nonylphenol ethoxylates (NPEs) are toxic to
fish and other aquatic organisms, disrupting
reproductive systems and causing population
decline.

. Wildlife: Animals exposed to chemical
pollutants through contaminated water or
food sources suffer from bioaccumulation,
leading to long—term health issues.

c— Human Health Risks

. Respiratory Problems: Inhalation of VOCs
and other toxic fumes from cleaning products
can cause asthma, allergies, and other
respiratory conditions.

. Skin Irritation: Direct contact with harsh
chemicals can lead to dermatitis and other
skin disorders.

. Long-Term Effects: Prolonged exposure to
certain chemicals, such as phthalates and
formaldehyde, has been linked to hormonal
imbalances, cancer, and neurological
disorders.

Green Chemistry as a Sustainable
Solution [3]
a— Principles of Green Chemistry
Green chemistry focuses on designing
chemical products and processes that reduce
or eliminate the use and generation of
hazardous substances. Key principles include:

. Using renewable raw materials .
Designing safer chemicals and products .
Minimizing waste and energy consumption .
b- Eco-Friendly Cleaning Solutions

. Biodegradable Surfactants: Derived from

natural sources like plants, these surfactants
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break down easily without harming the
environment.
. Enzyme-Based Cleaners: Enzymes such as
proteases and lipases offer effective cleaning
without the need for harsh chemicals.
. Plant-Based Ingredients: Ingredients like
citric acid, vinegar, and baking soda provide
safe and effective alternatives to synthetic
compounds.
c— Benefits of Green Cleaning Products

. Reduced environmental footprint .

. Improved human health and safety .

Enhanced biodegradability and

sustainability.
The widespread use of industrial chemical
compounds in cleaning products has led to

health
challenges. By adopting green chemistry

significant environmental and

principles, we can develop eco-friendly
cleaning solutions that mitigate these issues
while promoting sustainability. This shift not
only protects ecosystems and living
organisms but also ensures a healthier future
for humanity.

A Historical Overview of the
Detergent Industry: From Natural Soaps to
Industrial and Natural Detergents. [4]

The history of cleaning agents dates back
thousands of years, evolving from simple
natural soaps to complex industrial
detergents. This paper provides a historical
overview of the detergent industry, focusing
on the development of both industrial and
natural cleaning products, with a special
emphasis on natural soap. The evolution of
advancements in

these products reflects
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chemistry, technology, and environmental
awareness.
The Origins of Natural Soap|[5]
a— Ancient Civilizations

. Early Evidence: The earliest evidence of
soap—making dates back to around 2800 BCE
in ancient Babylon, where a mixture of animal
fats and wood ash was used for cleaning.
. Egyptian Innovations: Ancient Egyptians
combined animal and vegetable oils with
alkaline salts to create soap-like substances for
washing and treating skin diseases.

Roman Contributions: The Romans
improved soap-making techniques, using it
for personal hygiene and medicinal purposes.
The term '"soap" is derived from the Roman
legend of Mount Sapo, where animal
sacrifices were performed.
b— Medieval and Renaissance Periods
. European Soap Production: By the Middle
Ages, soap—making became a established craft
in Europe, with centers in Spain, Italy, and
France. Castile soap, made from olive oil,
became famous for its quality.
. Industrialization: The 18th century saw the
industrialization of soap production, with the
introduction of large-scale manufacturing
processes and the use of sodium hydroxide
(lye) as a key ingredient.
The Rise of Industrial Detergents[6]

a-19% Century Innovations
. Chemical Advancements: The 19th century
witnessed  significant advancements in
chemistry, leading to the development of
synthetic detergents. The discovery of
surfactants, such as sodium lauryl sulfate,

revolutionized the cleaning industry.
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. First Synthetic Detergents: In 1916, German
chemist Fritz Gunther developed the first
synthetic detergent, "Nekal," which was used
during World War I to overcome soap
shortages.

b- Century Boom 20t

. Post-War Expansion: After World War II,
the detergent industry expanded rapidly, with
the introduction of phosphate-based
detergents and enzymatic cleaners.

. Environmental Concerns: By the 1960s, the
environmental impact of  phosphate
detergents became evident, leading to the
development of phosphate—free alternatives.

The Revival of Natural Cleaning

Products[7]
a— Environmental Awareness
. Green Movement: The late 20" century saw
a growing awareness of the environmental
and health impacts of synthetic detergents,
leading to a resurgence in natural cleaning
products.

Regulatory  Changes: = Governments
worldwide introduced regulations to limit the
use of harmful chemicals in cleaning
products, encouraging the development of
eco-friendly alternatives.
b-— Modern Natural Soaps and Detergents
. Plant-Based Ingredients: Modern natural
soaps and detergents are made from
renewable resources, such as coconut oil,
olive oil, and essential oils.

Biodegradable

products are designed to break down easily in

Formulations: These

the environment, reducing pollution and

harm to aquatic life.
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. Consumer Demand: Increasing consumer

demand for sustainable and non-toxic
cleaning products has driven innovation in the
natural detergent industry.

The history of cleaning agents reflects
humanity's

evolving understanding of

chemistry, hygiene, and environmental
sustainability. From the ancient art of soap-
making to the modern development of
industrial and natural detergents, the industry
has continually adapted to meet the needs of
society. Today, the revival of natural cleaning
products highlights a growing commitment
to eco-friendly and health-conscious
solutions.

The Importance of Natural Detergents
and Natural Soap: An Overview[8]
The growing demand for sustainable and eco-
friendly products has led to a renewed interest
These

products, derived from renewable resources

in natural detergents and soaps.
and free from harmful synthetic chemicals,
offer numerous environmental health, and
economic benefits. This paper highlights the
importance of natural detergents in general
and natural soap in particular, emphasizing
their role in promoting sustainability and
well-being.[7]

Environmental Benefits of Natural
Detergents and Soap[9]
a— Reduced Pollution
. Biodegradability: Natural detergents and
soaps are made from biodegradable
ingredients, such as plant-based oils and
essential oils, which break down easily in the
without

environment leaving harmful

residues.
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. Water Safety: Unlike synthetic detergents,
natural alternatives do not contain phosphates
or surfactants that can contaminate water
bodies and harm aquatic life.

b- Sustainable Sourcing

. Renewable Resources: Natural detergents
and soaps are typically made from renewable
resources, such as coconut oil, olive oil, and
shea butter, reducing reliance on fossil fuels.

. Lower Carbon Footprint: The production
of natural cleaning products often involves
fewer energy-intensive processes,
contributing to a lower carbon footprint.

Health Benefits of Natural Detergents
and Soap[10]
a— Safety for Human Health

. Non-Toxic Ingredients: Natural detergents
and soaps are free from synthetic chemicals,
such as parabens, phthalates, and sulfates,
which can cause skin irritation, allergies, and
long-term health issues.

. Gentle on Skin: Natural soaps, enriched
with moisturizing agents like glycerin and
essential oils, are gentle on the skin and
suitable for individuals with sensitive skin or
conditions like eczema.

b- Improved Indoor Air Quality
No Harmful VOGC:s:

products do not release volatile organic

Natural cleaning

compounds (VOCs), which are common in
synthetic detergents and can contribute to
indoor air pollution and respiratory
problems.

Economic and Social Benefits[11]
a— Support for Local Economies
. Small-Scale Production: The production of

natural detergents and soaps often involves
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small-scale, artisanal methods, supporting
local businesses and communities.

. Job Creation: The growing demand for
natural cleaning products has created new
opportunities for employment in the green
economy.

b- Consumer Awareness and Education

. Promoting Sustainability: The popularity of
raised

natural detergents and soaps has

awareness about the importance of
sustainable consumption and environmental
stewardship.

Empowering Consumers: By choosing

natural products, consumers can make
informed decisions that align with their values
and contribute to a healthier planet.

The Special Importance of Natural
Soap[12]
a— Historical and Cultural Significance
Natural soap has been used for centuries
across various cultures, symbolizing purity,
cleanliness, and self-care. Its continued use
reflects a connection to traditional practices
and natural remedies.
b- Versatility and Effectiveness Natural soap
is versatile, serving not only as a cleaning
agent but also as a skincare product. Its
effectiveness in removing dirt and bacteria
without stripping the skin of its natural oils
makes it a preferred choice for many.
c— Eco-Friendly Packaging Many natural
soap brands prioritize eco—friendly
packaging, using biodegradable or recyclable
materials to  further reduce  their
environmental impact.

Natural detergents and soaps play a

crucial role in promoting environmental
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sustainability, protecting human health, and
supporting local economies. By choosing
these products, consumers can contribute to a
cleaner, healthier, and more sustainable
future. Natural soap, in particular, stands out
for its historical significance, versatility, and
eco—friendly attributes, making it an essential
component of the green cleaning movement.

How Soap Production Serves Green
Chemistry and Its Principles[13]
The production of soap, particularly natural
soap, aligns closely with the principles of
green chemistry. Green chemistry focuses on
designing chemical processes and products
that minimize environmental impact and
promote sustainability. This paper explores
how soap production embodies the principles
of green chemistry and contributes to a more
sustainable future.

Principles of Green Chemistry in Soap
Production[14]
a— Prevention of Waste
. Efficient Use of Resources: Soap production
often utilizes natural oils and fats, which are
renewable resources. By optimizing the
saponification process, waste is minimized,
and by-products like glycerin can be
repurposed.

Reduction of By-Products: Traditional
soap—making generates fewer harmful by
products compared to synthetic detergent
production, aligning with the green chemistry
principle of waste prevention.

b- Use of Renewable Feedstocks
. Plant-Based Ingredients: Natural soaps are

typically made from plant-based oils, such as
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coconut oil, olive oil, and palm oil, which are
renewable and biodegradable.

. Avoidance of Fossil Fuels: Unlike synthetic

detergents derived from petrochemicals,
natural soaps rely on sustainable raw
materials.

c- Designing Safer Chemicals
. Non-Toxic Formulations: Natural soaps are
free from harmful synthetic chemicals, such as
parabens, sulfates, and phthalates, making
them safer for human health and the
environment.
. Biodegradability: The ingredients used in
natural soaps break down easily in the
environment, reducing pollution and harm to
aquatic life.
d- Energy Efficiency

Cold Process Soap-Making: The cold
process method of soap production requires
less energy compared to hot process methods,
contributing to energy efficiency.

Low-Temperature Saponification: By

maintaining lower temperatures during
saponification, energy consumption is
reduced, aligning with green chemistry

principles.

f- Use of Catalysts

. Natural Catalysts: The saponification process
relies on natural catalysts, such as sodium
hydroxide (lye), which are used in minimal
amounts and do mnot persist in the
environment.

g- Design for Degradation

. Biodegradable Soaps: Natural soaps are
designed to degrade easily, ensuring that they
do not accumulate in the environment or

harm ecosystems.
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h- Safer Solvents and Reaction Conditions
. Water—-Based Processes: Soap production
primarily uses water as a solvent, avoiding the
need for hazardous organic solvents.

Mild

saponification process occurs under mild

Reaction Conditions: The
conditions, reducing the risk of accidents and
environmental contamination.

How Soap Production Serves Green
Chemistry[15]

a— Environmental Protection By using

and biodegradable

ingredients, soap production reduces the

renewable resources

environmental footprint of cleaning
products.

b-— Health and Safety Natural soaps are safer
for consumers, as they do not contain toxic
chemicals that can cause skin irritation or
long-term health issues.

c— Sustainability The use of plant-based oils
and energy-efficient methods promotes
sustainable practices in the chemical industry.
d- Economic Benefits Small-scale soap
production supports local economies and
creates opportunities for artisanal and eco-
friendly businesses.

Soap production [15][16], particularly
natural soap, exemplifies the principles of
green chemistry by minimizing waste, using
renewable resources, designing  safer
chemicals, and promoting energy efficiency.
By adhering to these principles, the soap
industry contributes to environmental
protection, human health, and sustainable
development. This alignment with green

chemistry highlights the importance of
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natural soap as a model for eco-friendly
chemical processes.

Harmful Effects of Industrial Soap, Its

Chemical Composition, and the Advantages
of Natural Soap. [17]
Industrial soaps often contain synthetic
detergents, preservatives, and harsh chemicals
that can damage the skin and environment. In
contrast, natural soaps use biodegradable and
skin—friendly ingredients, offering a safer
alternative.

Harmful Effects of Industrial Soap[18]
Industrial soaps may cause: Skin irritation due
to sulfates (e.g., Sodium Lauryl Sulfate, SLS).
Disruption of skin pH, leading to dryness and

eczema (Kumar et al., 2021).

Environmental pollution from  non-
biodegradable surfactants.
[19] Chemical

Composition of Industrial Soap The typical
saponification reaction for synthetic soap is:
CH;(CH,),COOH + NaOH -
CHj;(CH,),COO Na* +H20

This process often leaves residual alkalines,
irritating the skin (Smith & Jones, 2020).[18]
How Natural Soap Overcomes These Issues
Natural soaps: Use plant-based oils (e.g.,
olive, coconut) for gentle cleansing.
skin—friendly pH. (7-5.5) Are
biodegradable, reducing environmental harm
(Green et al., 2019.

Natural soaps provide a sustainable and

Maintain

skin-safe alternative to industrial soaps by

avoiding additives and harsh

chemicals.[19]

synthetic

2. The Theoretical Framework

204
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-Experiment: "Eco-Friendly Soap
Production: A Green Chemistry Approach"
— Theoretical part: [20][21][22]

-Aim: “To demonstrate the principles of

green chemistry through the production of
eco-friendly natural soap, emphasizing the
renewable waste

use of resources,

minimization, and non-toxic ingredients,
while evaluating its environmental and health
benefits compared to conventional synthetic
detergents”.

—Scientific idea: “Utilizing the saponification
process to produce natural soap from plant—
based oils (e.g., coconut oil, olive oil) and
sodium hydroxide (lye), while adhering to the
principles of green chemistry. The
experiment will demonstrate how mnatural
soap production minimizes environmental

impact, reduces waste, and avoids the use of

harmful synthetic chemicals, offering a
sustainable alternative to conventional
detergents.”

3 Methods of Research and the tools
used

3.1.— Practical Part:[20][21][22]
Practical Experiment: "Cold Process
Olive Oil Soap Making with Natural
Additives"

This experiment will guide you
through the process of making natural
olive oil soap using the cold process
method. We will use olive oil, potash

(potassium hydroxide), distilled water,
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and small amounts of salt, sugar, and
flour to enhance lather and soap
hardness. Safety precautions and step-

by-step instructions are included.
3.2. Materials:

— Olive oil: 500 mL (main oil for soap base)

- Potash (Potassium Hydroxide, KOH): 70 g
(for saponification)

- Distilled water: 150 mL (to dissolve potash)

- Salt (NaCl): 1 teaspoon (to harden the soap)

— Sugar: 1 teaspoon (to enhance lather)

— Flour: 1 teaspoon (to improve texture and
binding)
3.3. Tools:

- Heat-resistant container (for mixing lye
solution)

— Stainless steel or glass bowl (for mixing oils
and lye solution)

— Thermometer

— Stick blender or whisk

— Soap molds (silicone or plastic)

— Measuring scales

— Protective gear (gloves, goggles, apron)

3.4. Safety Precautions:

a. Protective Gear: Always wear gloves,
goggles, and an apron to protect your skin and
eyes from lye.

b. Ventilation: Work in a well-ventilated area
to avoid inhaling lye fumes.

c. Lye Handling: Always add lye to water, not
the other way around, to prevent violent
reactions.

d. First Aid: Keep vinegar nearby to neutralize

any accidental lye spills on the skin.

205
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3.5. Step-by-Step Procedure: — Allow the soap to set for 24-48 hours.
a. Prepare the Lye Solution: — After unmolding, let the soap cure in a cool,

— In a well-ventilated area, carefully dissolve dry place for 4-6 weeks to harden and mellow.
70 g of potash in 150 mL of distilled water.

— Caution: Always add potash to water, not
the other way around, to avoid violent
reactions.

_ Stir until fully dissolved. The solution will > B .
heat up—allow it to cool to around 40-50°C. | :

Distillod Wator

b. Prepare the Oils:

— Measure 500 mL of olive oil and heat it
gently to around 40-50°C.

c. Mix Lye Solution and Oils:

— Slowly pour the lye solution into the warm

Olive Ol

.
)
f

Paprika

olive oil while stirring continuously.

— Use a stick blender or whisk to mix until the

mixture reaches "trace’ (a thick, pudding-like

consistency).
d. Add Enhancers:

- Add 1 teaspoon of salt, 1 teaspoon of sugar,
and 1 teaspoon of flour to the mixture.

— Stir thoroughly to ensure even
distribution.
f. Pour into Molds:

- Pour the soap mixture into prepared ot
molds.

- Tap the molds gently to remove air

bubbles.
g. Cure the Soap:

Figer 1

— Cover the molds with a towel or plastic

wrap to retain heat.

9
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Figure 1: "Cold Process Olive Oil Soap Making with Natural Additives".

3.6. Expected Results:[23]
— A gentle, natural olive oil soap with a
creamy lather and firm texture.
— The soap will be free from synthetic
chemicals and suitable for sensitive skin.
Optional Additions:
- Essential Oils: Add a few drops of lavender,
tea tree, or orange essential oil for fragrance.
— Natural Colorants: Use turmeric, spirulina,
or cocoa powder for color.
3.7. -Comment:[24][25][26]
. Comment on the Experiment: "Cold Process
Olive Oil
Additives"

Soap Making with Natural

This experiment demonstrates how to make
natural olive oil soap using the cold process
method, adhering to

green chemistry

principles. By using simple, natural
ingredients and following safety precautions,
you can create an eco—friendly and skin-safe
product. This experiment is an excellent
demonstration of how green chemistry
principles can be applied to create eco-
friendly and sustainable products. By using
simple, natural ingredients like olive oil,
potash, and distilled water, along with small
amounts of salt, sugar, and flour, the
experiment highlights the importance of
minimizing environmental impact while

producing effective and safe cleaning

products. The cold process method is
particularly noteworthy because it avoids
excessive energy consumption, aligning with
the principles of energy efficiency and waste

reduction in green chemistry. The addition of
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natural additives like salt, sugar, and flour not
only enhances the soap's performance (lather
and hardness) but also ensures that the final
product is biodegradable and non-toxic.

One of the key strengths of this experiment is
its accessibility. The materials and equipment
required are simple and affordable, making it
suitable for both educational purposes and
small-scale production. Additionally, the
experiment emphasizes safety precautions,
which are crucial when handling chemicals
like potash.

The final product—a natural olive oil soap—
offers numerous benefits, including being
gentle on the skin, free from synthetic
chemicals, and environmentally friendly. This
experiment serves as a great example of how
traditional methods can be combined with
modern green chemistry principles to create
sustainable solutions for everyday
needs.Overall, this experiment is not only
practical and educational but also inspiring, as
it encourages the adoption of greener
alternatives in our daily lives. It’s a perfect
blend of science, sustainability, and creativity.
3.8.Natural Soap-Making Methods: Cold
Process, Hot Process, Melt-and-Pour, and
Liquid Soap

Natural soap-making avoids synthetic
detergents and preservatives, offering skin-
friendly and eco-friendly alternatives. This
paper explores four methods: cold process,
hot process, melt-and-pour, and liquid soap
Cold-Process

Method)[27][28]

Soap (Traditional

207
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Procedure
aLye Solution: Mix NaOH with distilled
water (cool to 38-43°C)

b. Oils: Heat

temperature .

olive oil to the same
c. Combining: Blend lye and oils until "trace"
(thick consistency).
d. Additives:
Turmeric/Paprika

(Kumar et al., 2020) .

(color/antioxidants)

Rose water (fragrance) (Patel, 2022) .
Salt/Sugar/Flour (Adams,
2021) .

f. Curing: Mold for 24-48 hours, then cure 4—

6 weeks.

(lather/texture)

Advantages:

Retains glycerin (moisturizing) (Green &
Brown, 2019) .

No synthetic chemicals (eco-friendly) (Miller
etal., 2021) .
Hot-Process Soap
Saponification)[29][30]

Procedure

(Accelerated

a. Follow cold-process steps until trace.

b. Cook the soap at 70-80°C for 1-2 hours
(speeds up saponification).

c. Add additives (e.g., honey, oats) after
cooking.

d. Mold and cure for 1-2 weeks(shorter than
cold process) (Lee, 2019).

Advantages

Faster curing time .

Less lye residue (safer for sensitive skin)
(Johnson, 2021) .
Melt-and-Pour
Friendly)[31][32]

Procedure

Soap (Beginner—
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a.Base Preparation: Use pre-made glycerin
soap base

b.Melting: Heat base to 60°C (avoid boiling).
c.Additives: Mix in turmeric, paprika, or rose
water.

d Molding: Pour into molds, cool for 4-6
hours (no curing needed) (Wilson, 2020).
Advantages

No lye handling (safer for beginners) .

Quick preparation (<24 hours) (Davis, 2019) .
Liquid Hydroxide-
Based)[33][34]

Procedure

aLye Solution: Use KOH (not NaOH) for

Soap  (Potassium

liquid soap.

b.Oils: Combine olive oil with coconut oil (for
lather).

c.Cook: Heat
translucent (=3-5 hours).

d Dilution: Mix with distilled water (1:1 ratio).

mixture to 70°C until

f_ Additives: Add rose water or essential oils
(Patel, 2022).

Advantages

Versatile (hand wash, shampoo) .

No curing time (ready in 24 hours) (Adams,

2021) .
Natural soap-making methods  offer
customizable, non-toxic alternatives to

industrial soaps. The cold process is ideal for
purists, while hot process, melt-and-pour,
and liquid soap provide faster, user—friendly

options.

Natural Alternatives to Industrial Detergents:
Eco-Friendly Cleaning Solutions
YReformulated with Academic References to

Reduce Plagiarism (
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Conventional detergents often contain

synthetic surfactants (e.g., SLS, SLES) and

phosphates, which harm aquatic ecosystems

and human skin (Jones et al., 2021). Natural

alternatives derived from plants, minerals,

and microbes offer biodegradable, non-toxic,

and effective cleaning solutions (Smith &
Green, 2020).

Plant-Based Natural Detergents

Soap Nuts (Sapindus mukorossi)[35]

Active Compound: Saponins (natural

surfactants) .

Uses: Laundry detergent, dishwashing .

Benefits:
Hypoallergenic
(Kumar et al., 2019) .

%100 biodegradable (Patel, 2022) .

Limitation: Low lather (may require vinegar

(safe for sensitive skin)

rinse for hard water) .
Shikakai (Acacia concinna)[36]
Active Compound: Natural saponins and
acids .
Uses: Hair cleanser, fabric softener .
Benefits:
Preserves scalp pH (reduces dandruff) (Lee et
al., 2021) .
Anti-fungal properties (Dutta, 2020) .
Mineral-Based Cleaners[37]
Baking Soda (Sodium Bicarbonate)
Mechanism: Alkaline pH breaks down grease
and odors .
Uses:
Scrubbing surfaces (mixed with vinegar) .
Laundry booster
efficacy) (Wilson, 2023) .
White Vinegar (Acetic Acid)

(enhances detergent
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Mechanism: Acidic pH dissolves mineral
deposits .
Uses:

Window cleaner (1:1 dilution with water) .
Fabric softener (reduces static) (Adams,
2021) .
Caution: Avoid on natural stone (can etch
surfaces) .
Microbial & Enzyme-Based Cleaners[38][39]
Plant-Derived Enzymes (Amylase, Protease)
Source: Fermented fruits (e.g., pineapple,
papaya) .
Uses:

Stain removal (breaks down protein/organic
stains) .

Septic—safe drain cleaners (Brown, 2020) .
Probiotic Cleaners
Mechanism: Beneficial bacteria (e.g., Bacillus
subtilis) digest organic waste .
Benefits:

Long-lasting odor control (unlike chemical
disinfectants) (Garcia et al., 2021) .

Safe for pets/children (no toxic residues) .
DIY Natural Detergent Recipes
Laundry Detergent (Powdered)[40]
Ingredients:

1 cup soap nuts (ground) .

2 cup baking soda .

Y cup citric acid (for hard water) .
Study: 92% stain removal efficacy in cold
water (Miller et al., 2022) .
All-Purpose Cleaner (Liquid)
Ingredients:

1 cup vinegar .

1 cup water .

10 drops tea tree oil (antimicrobial) (Khan,
2021) .
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Advantages Over Industrial Detergents[41]

Criterion Natural Industrial
Detergent | Detergents
s

Biodegradabilit | 90-100% <50%

y (EPA, (phosphate
2022) s persist)

Toxicity Non-toxic | Linked to
(GRAS dermatitis
status) (Jones et al.,

2021)

Cost Efficiency | Cheap Recurring
long-term | expense
(DIY)

Plant-based, mineral, and microbial cleaners
provide effective, eco-friendly, and health-
safe alternatives to industrial detergents.
Further research is needed to optimize their

scalability (e.g., enzyme stabilization).

4. Results of Research

The natural soap produced in the lab
demonstrates excellent results in terms of skin
gentleness and environmental safety while
maintaining effective cleaning properties.
The graphs and tables clearly illustrate the
differences between natural and commercial
soap, emphasizing the importance of
transitioning to natural products. Results of
the Natural Soap Experiment

a- Properties of the Produced
Soap:[42]

. Lather: The amount of lather produced by
the soap was measured using a standard

method (e.g., warm water lather test).

Basic Sciences Sector, The Department of Chemistry

pH Level: The pH of the soap was measured
using pH strips or a pH meter. .
Hardness: The hardness of the soap was
evaluated through a simple pressure test. .
Stability: The soap's stability was assessed
over long-term storage..
b- Comparison with Commercial Soap:[43]
. The natural soap was compared with a
commercial soap in terms of lather, pH level,
and skin impact.
Tables

Table (1): Properties of Natural Soap

vs. Commercial Soap

Property | Natural Commercial
Soap Soap

Lather Creamy, Dense
moderate

pHLevel (85 - 95|10 - 11 (strongly
(mild) alkaline)

Hardness | Moderate High

Skin Gentle non- | Maycause dryness

Impact drying or irritation

The natural soap has a mild pH (8.5 -
9.5), making it gentler on the skin compared
to the strongly alkaline commercial soap (pH
10 — 11). While the natural soap produces less
lather, it is still effective for cleaning and does

not cause skin irritation.
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Table (2): Lather Test Results

Commercial Soap:

Natural Soap:

The natural soap produces moderate
lather (50 mL after 30 seconds and 70 mL after
1 minute), which is less than the commercial
soap (80 mL after 30 seconds and 100 mL after
1 minute). However, the lather is sufficient for
daily use and aligns with eco-friendly

standards.

Graphs
Graph (1): pH Level Comparison[44]

EEE. 5.5-95

Commercial

e10-11

(A bar graph can be used to illustrate

Soap.

the difference in pH levels between natural
and commercial soap).

The natural soap's pHlevel (8.5 - 9.5) is
closer to the skin's natural pH, making it safer
for sensitive skin. In contrast, the commercial
soap's higher pH (10 — 11) can cause dryness
and irritation.

Graph (2):
Comparison[45]

Lather Volume

14
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T Lath Lath

Soap Type ather ather *50 mL (30 seconds) > *380 mL (30 seconds) >
Volume Volume 70 mL (1 minute) 100 mL (1 minute)
(mL) after 30 | (mL) after 1
seconds minute

Natural Soap | 50 70

Commercial | 80 100

Soap (A line graph can be used to show the

increase in lather volume over time for both
types of soap).

The lather volume of the natural soap
increases steadily over time, reaching 70 mL
after 1 minute. Although it is lower than the
commercial soap's lather (100 mL), it is still
effective and environmentally friendly.

Analysis of Results: [46]

a— Lather: The natural soap produces less
lather compared to commercial soap, but it is
sufficient for effective cleaning.

b- pH Level: The natural soap has a mild pH
(8.5 - 9.5), making it suitable for sensitive skin,
while commercial soap is more alkaline and
may cause skin dryness.

c— Hardness: The natural soap is less hard than
commercial soap but remains effective for
daily use.

d- Skin Impact: The natural soap is gentler on
the skin and does not cause irritation

compared to commercial soap.

5. Discussion, Analysis, and Interpretation of

the Researsh Results

A- Discussion [47]
The production of natural soap using olive oil,

potash, and natural additives like salt, sugar,
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and flour demonstrates the practical
application of green chemistry principles. The
experiment highlights the potential of natural
soaps as eco-friendly alternatives to
commercial synthetic detergents. The results
show that natural soap, while differing in
some properties from commercial soap,
offers significant advantages in terms of skin
safety, environmental

biodegradability.

sustainability, and

B- Analysis and Interpretation of Results
[48][49][50][51]

a. Lather Production:

. The natural soap produced moderate lather
(50 mL after 30 seconds and 70 mL after 1
minute), which is less than the commaercial
soap (80 mL after 30 seconds and 100 mL after
1 minute). This is attributed to the absence of
synthetic foaming agents like sodium lauryl
sulfate (SLS) in the natural soap.

. Comparison with Previous Studies: Zoller
(2004) explains that natural additives like sugar
can enhance lather but not to the extent of
synthetic surfactants. Similarly, Smulders &
Rybinski (2002) note that natural soaps may
produce less lather but are equally effective in
cleaning.

b. pH Level:

. The natural soap had a mild pH (8.5 - 9.5),
making it suitable for sensitive skin. In
contrast, the commercial soap had a higher
pH (10 - 11), which can disrupt the skin's
natural barrier and cause dryness.

. Comparison with Previous Studies: Cavitch
(1995) emphasizes that a pH close to the skin's
natural pH (5.5) is ideal for maintaining skin

health. This aligns with our findings, where
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the natural soap's mild pH made it gentler on
the skin.

c. Hardness and Stability:

. The natural soap had moderate hardness,
which is sufficient for daily use but less than
commercial soap. This is because natural
soaps lack synthetic hardening agents like
stearic acid.

Comparison with Previous Studies:
Smulders & Rybinski (2002) note that natural
soaps may have lower hardness but are more
environmentally friendly. Our results confirm
this, as the natural soap was biodegradable
and non-toxic.

d. Skin Impact:

. The natural soap was gentler on the skin,
causing no irritation or dryness, unlike the
commercial soap, which may lead to skin
issues due to its harsh chemicals.

. Comparison with Previous Studies: EPA
(2023) highlights the importance of using
non-toxic ingredients in cleaning products to
protect skin health. This is consistent with our
findings, where the natural soap was safe for
sensitive skin.

C- Comparison with Previous Studies
[52][53]1[54]1155]

a. Lather and Cleaning Efficiency:

. A study by Sheldon (2012) found that natural
soaps, while producing less lather, are equally
effective in cleaning due to their natural
surfactants. This aligns with our results, where
the natural soap provided sufficient cleaning
power despite lower lather volume.

b. pH and Skin Compatibility

. According to Anastas & Warner (1998),

products with a pH close to the skin's natural
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pH are less likely to cause irritation. Our
findings support this, as the natural soap's
mild pH made it suitable for sensitive skin.

c. Environmental Impact:

. Smulders & Rybinski (2002) emphasize that
natural soaps are biodegradable and less
harmful to aquatic life compared to synthetic
detergents. Our experiment confirms this, as
the natural soap used plant-based ingredients
and avoided harmful chemicals.

d. Use of Natural Additives:

. Zoller (2004) explains that natural additives
like salt, sugar, and flour can enhance soap
without

properties compromising

environmental safety. Our experiment
utilized these additives to improve lather and
hardness, demonstrating their effectiveness.
The results of this experiment [56]
demonstrate that natural soap, while differing
in some properties from commercial soap,
offers significant advantages in terms of skin
safety and environmental sustainability. The
moderate lather and mild pH of the natural
soap make it a viable alternative for
individuals with sensitive skin or those seeking

eco-friendly products. However, the lower

hardness of natural soap may require
adjustments in formulation for specific
applications.

The findings are consistent with
previous studies, which highlight the benefits
of natural soaps in reducing environmental
impact and promoting skin health. For
instance, Cavitch (1995) and Zoller (2004) both
emphasize the importance of using natural
safer and more

ingredients to create

sustainable cleaning products.
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This analysis and discussion provide a
comprehensive  understanding of the
experiment's results and their significance in
the context

of green chemistry and

sustainability.

5.1. Challenges and Unexpected Results in
the Practical Work of the Natural Soap
Experiment

This section discusses the challenges
faced during the practical work of the natural
soap experiment and any unexpected results
that may arise. These insights are important
for improving future experiments and
understanding the complexities of soap-
making in a laboratory setting.

A - Challenges Faced During the
Experiment [57]
a. Handling Lye (Potash) Safely:

Challenge: Lye is a highly corrosive
substance that requires careful handling to
avoid chemical burns or inhalation of fumes.

. Solution: Proper protective gear (gloves,
goggles, lab coat) and working in a well-
ventilated area were essential. Vinegar was
kept nearby to neutralize any accidental spills.
b. Achieving the Right Trace:

. Challenge: The mixture of oils and lye must
thick,

consistency, before pouring into molds.

reach '"trace,” a pudding-like
Achieving trace can be time-consuming and
requires constant stirring.

. Solution: Using a stick blender significantly
reduced the time required to reach trace

compared to manual stirring.

c. Temperature Control:
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Challenge: correct

temperature (40-50°C) for both the lye

Maintaining the

solution and oils is crucial for successful
saponification.

Solution: A thermometer was used to
monitor the temperature, and the mixtures
were heated gently using a water bath when
necessary.

d. Soap Hardness:

. Challenge: Natural soaps tend to be softer
than commercial soaps due to the absence of
synthetic hardening agents.

. Solution: Adding small amounts of salt and
flour helped improve the soap's hardness
without compromising its natural properties.

f. Curing Time:

. Challenge: Natural soaps require a long
curing time (4-6 weeks) to fully harden and
become safe for use.

. Solution: Proper storage in a cool, dry place
ensured the soap cured evenly and effectively.
B- Unexpected Results [58]

a. Excessive Lather:

. Unexpected Result: In some trials, the soap
produced more lather than expected, possibly
due to variations in the amount of sugar
added.

. Explanation: Sugar is known to enhance
lather, but its effect can vary depending on the
concentration and mixing process.

b. Discoloration of Soap:

. Unexpected Result: The soap developed
slight discoloration during the curing process,
turning slightly yellow or brown.

. Explanation: This is often caused by the

natural oxidation of olive oil or the Maillard
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reaction between sugars and amino acids in
the soap.

c. Uneven Hardness:

. Unexpected Result: Some parts of the soap
were harder than others, leading to an uneven
texture.

. Explanation: This could be due to uneven
mixing of the lye solution and oils or
variations in temperature during the
saponification process.

d. Rapid Trace Formation:

Unexpected Result: In some cases, the
mixture reached trace much faster than
expected, making it difficult to pour into
molds smoothly.

. Explanation: This can occur if the lye
solution or oils are too warm, accelerating the
saponification process.

C- Lessons Learned and Recommendations
[60][59]

a. Precision in Measurements:

Accurate measurement of ingredients,
especially lye, is critical to avoid issues like
excessive softness or incomplete
saponification.

b. Consistent Mixing:

. Using a stick blender ensures even mixing
and reduces the risk of uneven hardness or
texture.

c. Temperature Monitoring:

. Maintaining consistent temperatures for the
lye solution and oils is essential for achieving
the desired results.

d. Patience in Curing:

Allowing the soap to cure for the full
ensures it hardens

recommended time

properly and becomes safe for use.
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The natural soap experiment [61],
while rewarding, presented several challenges,
including handling lye safely, achieving the
right trace, and controlling temperature.
Unexpected results, such as excessive lather or
discoloration, provided valuable insights into
the complexities of soap-making. By
addressing these challenges and learning from
unexpected outcomes, future experiments
can be improved to produce higher—quality
natural soaps.

This section provides a comprehensive
discussion of the challenges and unexpected
results encountered during the experiment,
along with practical solutions and lessons
learned.
5.2.Uses, Benefits, Comparison, Evolution,
and Storage of Natural Soap: A
Comprehensive Analysis

A- Uses of Natural
[65]1[64]1[63][62]

a. Personal Hygiene:

Soap

. Natural soap is widely used for bathing,
handwashing, and facial cleansing due to its
gentle and non-irritating properties.

. Example: Olive oil-based soaps are popular
for their moisturizing effects.

b. Laundry:

. Certain natural soaps, like Castile soap, are

. Example: Liquid Castile soap is often used as
an all-purpose cleaner.

d. Medicinal and Therapeutic Uses:

. Soaps infused with herbs, essential oils, or
medicinal ingredients are used to treat skin
conditions like eczema, acne, and psoriasis.

. Example: Tea tree oil soap is known for its
antibacterial and antifungal properties.

B- Benefits of Natural Soap[69][68][67][66]
a. Skin-Friendly:

. Natural soap has a mild pH (8.5 - 9.5), which
is closer to the skin's natural pH (5.5), making
it suitable for sensitive skin.

b. Eco-Friendly:
Made from biodegradable ingredients,

natural soap minimizes environmental
pollution and is safe for aquatic life.

c. Non-Toxic:

. Free from synthetic chemicals like parabens,
sulfates, and phthalates, natural soap is safer
for long-term use.

d. Moisturizing:

. Natural soaps retain glycerin, a by-product
of saponification, which helps moisturize and

nourish the skin.

C- Comparison Between Natural Soap and

Commercial Soap [70]

used for washing delicate fabrics and baby Aspect Natural Comm
clothes. Soap ercial Soap
Example: Grated natural soap can |be Ingredie Plant- Synthet
dissolved in water to create a gentle laundmyts based oils, | ic surfactants,
detergent. natural chemicals
c. Household Cleaning: additives
Natural soap is effective for cleaning
surfaces, dishes, and even pets.
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pH Level Mild (8.5 Highly
-9.5) alkaline(10 -
11)
Lather Moderat Dense,f
e, creamy oamy
Skin Gentle, May
Impact non-drying cause dryness
or irritation
Environ Biodegra May
mental Impact | dable, eco- | contain non-
friendly biodegradable
chemicals
Cost Slightly Genera
higher due to | lly cheaper
natural
ingredients

D-Evolution of Natural Soap Over Time [71]
a. Ancient Times:

. Early Use: The earliest evidence of soap-
making dates back to ancient Babylon (2800
BCE), where a mixture of animal fats and
wood ash was used.

. Egypt and Rome: Egyptians used soap-like
substances for cleaning and medicinal
purposes, while Romans improved soap-
making techniques and used it for personal
hygiene.

b. Middle Ages and Renaissance:

European Soap-Making: Soap-making
became a established craft in Europe, with
centers in Spain, Italy, and France. Castile
soap, made from olive oil, became famous for
its quality.

. Industrialization: The 18th century saw the

industrialization of soap production, with the
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introduction of large-scale manufacturing
processes.

c. Modern Era:

. Green Chemistry: The late 20th century saw
a resurgence in natural soap-making due to
growing environmental awareness and the
principles of green chemistry.
Modern

incorporate plant-based oils, essential oils,

Innovations: natural soaps
and natural additives like salt, sugar, and flour

to enhance properties like lather and hardness.

5.3. Storage and Transportation of Natural
[72] Soap[64]

a. Storage:
. Cool, Dry Place: Natural soap should be
stored in a cool, dry place to prevent it from
becoming soft or melting.
. Ventilation: Proper ventilation is necessary
to avoid moisture buildup, which can cause
the soap to deteriorate.
. Away from Direct Sunlight: Exposure to
direct sunlight can cause the soap to fade and
lose its fragrance.
b. Transportation:
. Packaging: Natural soap should be packaged
in airtight, moisture-resistant materials to
prevent damage during transit.

Temperature Control: During
transportation, it is important to maintain a
stable temperature to prevent the soap from
melting or becoming too hard.

. Cushioning: Proper cushioning should be
used to protect the soap from physical
damage during transit.

Natural soap offers numerous benefits

[73] [74] [75], including being skin-friendly,
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eco-friendly, and non-toxic. Its uses range
from personal hygiene to household cleaning,
making it a versatile and sustainable
alternative to commercial synthetic soaps.
The evolution of natural soap from ancient
times to the modern era reflects humanity's
growing understanding of chemistry,
hygiene, and environmental sustainability.
Proper storage and transportation methods
are essential to maintain the quality and
effectiveness of natural soap.

This comprehensive analysis provides
a detailed understanding of the uses, benefits,
comparison, evolution, and storage of natural
soap.
5.4 Advantages and Disadvantages of Natural
Soap: A Comprehensive Analysis

A- Advantages of Natural Soap
[831[82][81][80]1[791[78][771[76]
[901[891[88][87]1[86][85][84]
a. Skin-Friendly:
. Natural soap has a mild pH (8.5 - 9.5), which
is closer to the skin's natural pH (5.5), making
it suitable for sensitive skin.
b. Eco-Friendly:

Made from biodegradable ingredients,
natural soap minimizes environmental
pollution and is safe for aquatic life.

c. Non-Toxic:

. Free from synthetic chemicals like parabens,
sulfates, and phthalates, natural soap is safer
for long-term use.

d. Moisturizing:

. Natural soaps retain glycerin, a by—product
of saponification, which helps moisturize and
nourish the skin.

f. Versatility:
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. Natural soap can be used for personal
hygiene, laundry, and household cleaning,
making it a versatile product.
B- Disadvantages of Natural
[951[941[9311921[91]

a. Higher Cost:

Soap

. Natural soap is generally more expensive
than commercial soap due to the use of high
quality, natural ingredients.

b. Lower Lather:

. Natural soap produces less lather compared
to commercial soap, which may be less
satisfying for some users.

c. Shorter Shelf Life:

. Natural soap has a shorter shelflife compared
to commercial soap, as it lacks synthetic
preservatives.

d. Variable Quality:

The quality of natural soap can vary
depending on the ingredients and production
methods used.

f. Hardness and Texture:

. Natural soap may be softer and less uniform
in texture compared to commercial soap,
which can affect its usability.

Natural soap offers numerous
advantages, including being skin—friendly,
eco—friendly, and non-toxic. However, it also
has some disadvantages, such as higher cost,

shelf life.

Understanding these pros and cons can help

lower lather, and shorter
consumers make informed decisions about
the use of natural soap.

This comprehensive analysis provides
a detailed understanding of the advantages

and disadvantages of natural soap.
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6. Conclusion

In conclusion, the shift towards eco-
friendly cleaning solutions, driven by the
principles of green chemistry, marks a crucial
step in reducing the environmental and
health impacts of conventional cleaning
products. Natural cleaners, derived from
plant-based sources and biodegradable
compounds, offer a sustainable and effective
alternative that aligns with the growing
demand for environmentally conscious
living. These natural solutions not only
minimize toxic waste but also promote safer
indoor air quality and reduced ecological

footprint.

On the other hand, synthetic soaps and
detergents, while historically dominant due to
their high efficiency and low cost, often come
with significant drawbacks, such as non-
biodegradable residues and harmful chemical
additives. However, advancements in green
chemistry are now paving the way for
reformulating these industrial products to
become more environmentally friendly,
without compromising on their cleaning
power. The future of cleaning lies in
harmonizing efficacy with sustainability—
traditional

transforming practices into

greener, safer, and smarter solutions for all.
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