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Summary
Soap is a widely used personal care product across all age groups.

This study aimed to develop a mild, effective, and eco-friendly soap enriched with
rosemary essential oil. The process began with the extraction of rosemary essential oil through
hydrodistillation, followed by its physicochemical analysis. A cold process technique was then
used to produce soap from selected vegetable oils (olive oil, coconut oil, palm oil, castor oil),
incorporating the rosemary essential oil. The final product underwent various evaluations,
including organoleptic assessment, pH measurement, foam capacity, moisture content analysis,
and microbiological testing. Results indicated that the rosemary essential oil retained its
properties throughout the soap-making process and enhanced the soap’s overall quality. The
soap exhibited a skin-friendly pH (9.73), good foaming ability (50%), low moisture content

(1.57%_4.02%) for improved shelf life, and a pleasant natural aroma.

These outcomes highlight the potential of rosemary essential oil as a natural, functional,

and aromatic ingredient in plant-based soaps.

Keywords: Natural soap, Rosemary essential oil, Cold process saponification,

Physicochemical properties, Antifungal activity, Skin care



Résumé
Le savon est un produit de soin personnel largement utilisé par toutes les tranches d’age.

Cette ¢étude visait a développer un savon doux, efficace et respectueux de
I’environnement, enrichi en huile essentielle de romarin. Le processus a commencé par
I’extraction de I’huile essentielle de romarin par hydrodistillation, suivie d’une analyse
physicochimique. Une technique de saponification a froid a ensuite été utilisée pour produire
un savon a partir d’huiles végétales sélectionnées (huile d’olive, huile de coco, huile de palme,

huile de ricin), avec incorporation de I’huile essentielle.

Le produit final a ét¢ soumis a diverses évaluations, notamment une analyse
organoleptique, une mesure du pH, une évaluation du pouvoir moussant, une analyse de la
teneur en humidité, ainsi qu’un test microbiologique. Les résultats ont indiqué que 1’huile
essentielle de romarin a conservé ses propriétés tout au long du processus de fabrication et a
contribu¢ a améliorer la qualité globale du savon. Le savon obtenu présentait un pH respectueux
de la peau (9,73), une bonne capacité moussante (50 %), une faible teneur en humidité (entre
1,57 % et 4,02 %) favorable a une meilleure durée de conservation, ainsi qu’un agréable parfum

naturel.

Ces résultats mettent en évidence le potentiel de I’huile essentielle de romarin en tant

qu’ingrédient naturel, fonctionnel et aromatique dans la fabrication de savons a base végétale.

Mots clés: Savon naturel, Huile essentielle de romarin, Saponification a froid, Propriétés

physico-chimiques, Activité antifongique, Soins de la peau
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Introduction

Introduction

The skin is the protective covering of the human body. Due to its high sensitivity, it is
subject to the influence of climate, eating habits, polluting and aggressive care, and insect bites

(Bourahla 2023).

Personal care products are an essential part of the daily life. They include a wide range
of items such as shampoos, soaps, toothpastes, deodorants, and body creams. Used to maintain
hygiene, enhance appearance, or simply feel good, these products meet various needs depending
on age, lifestyle, or individual preferences. Today, their importance continues to grow, with
increasing attention given to quality, health, and environmental impact. especially soap

(Gamage and Mahagamage 2024)..

Natural soap is a personal care product made from plant-based ingredients such as oils
and natural butters (olive, coconut, shea), without chemical additives, synthetic dyes, or
artificial fragrances (Cavitch 1995). Produced through saponification, it naturally contains
glycerin, a moisturizing agent beneficial to the skin. Often enriched with essential oils and
botanical powders, it provides soothing, antiseptic, or exfoliating properties depending on the
ingredients used (Cavitch 1995). Gentle and biodegradable, natural soap respects the skin’s
balance and fits within an ecological and sustainable approach, making it suitable for sensitive

or reactive skin types (Draelos 2021).

Nature is filled with many ingredients that have potential for skin care. Two examples
of very high quality and effective ingredients are vegetable oils and essential oils used in soap

making.

Vegetable oils are natural lipid substances extracted from the fatty parts of plants, mainly
seeds, nuts, or fruits. They are generally liquid at room temperature, although some, such as

coconut oil or palm oil, may be solid or semi-solid (Gunstone 2011)

. Essential oils are concentrated, volatile aromatic compounds extracted from plants,
typically through steam distillation or cold pressing. They capture the plant's natural fragrance
and beneficial properties. These oils are found in different parts of the plant—such as flowers,
leaves, stems, bark, or roots—and are commonly used in aromatherapy, cosmetics, natural
medicine, and soapmaking due to their therapeutic, antibacterial, and fragrant qualities (Burt

2004)
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The main difference between vegetable oils and essential oils lies in their composition,
properties, and uses. Vegetable oils are non-volatile, fatty substances extracted mainly from the
seeds, nuts, or fruits of plants through cold pressing or solvent extraction. They are rich in
triglycerides (fatty acids), making them nourishing and emollient. Commonly used as cooking
oils or in cosmetics and soap-making, vegetable oils have a thick, greasy texture and a mild
scent. In contrast, essential oils are volatile aromatic compounds obtained from various parts of
plants such as flowers, leaves, bark, or roots, usually by steam distillation. They are not fatty
and evaporate quickly. Essential oils are highly concentrated and are primarily used for their
scent and therapeutic properties in aromatherapy, perfumery, and natural remedies. Because of
their potency, they should be diluted in a carrier oil—often a vegetable oil—before applying to
the skin. Therefore, vegetable oils are nourishing, non-aromatic base oils, while essential oils
are fragrant, concentrated plant extracts used for therapeutic or aromatic purposes (Gunstone

2011; Hiisnii Can Baser and Buchbauer 2015).

Among the plants used to extract essential oils is Rosemary (Rosmarinus officinalis), a
Mediterranean aromatic plant rich in active compounds, is particularly valued for its antiseptic,
antibacterial, toning, and antioxidant properties. When incorporated into soap production,
rosemary essential oil not only helps ensure better hygiene but also contributes to skin care,

while providing a pleasant and natural fragrance (Nieto, Ros, and Castillo 2018).

The main objective of this work is to extract essential oil from rosemary, evaluate its
physicochemical properties, and then use it in the production of a natural scented soap. This
soap aims to take advantage of the antiseptic and antifungal properties of rosemary essential oil

in order to offer a hygienic, natural, and skin-beneficial product.

This thesis has three parts. The first part represents a literature review containing two
chapters: chapter 1. An overview about soap and chapter 2 deals with rosemary (Rosmarinus
officinalis), extraction methods, and biological and pharmacological properties. The second
section is the practical part, it consists of two chapters one of which includes the materials and
methods, describing the overall context of this study and the different objectives to be achieved.
Then comes the results and discussion chapter exhibiting the obtained results during the

experimentation. Finally, the third part: represented by Annex 1275.



Part 01: Bibliographic
review



Chapter 01: Overview of soap



Bibliographic review soap overview

1 Definition of soap

Soap is a common skin care product created through a chemical process called
saponification. This process involves reacting oils and fatty acids with either sodium hydroxide
or potassium hydroxide (lye), resulting in the formation of an organic carboxylic acid salt. This

salt possesses detergent properties, making it effective for cleaning (Draelos 2018).

Soap molecules have a unique structure: a hydrophilic head that attracts water and a
hydrophobic tail that repels water. When soap is added to water, the tails cluster together,
forming a spherical structure called a micelle. The hydrophilic heads face outwards towards the
water, while the hydrophobic tails bind to grease and oil. This interaction allows the micelle to
encapsulate the grease and oil, pulling them away from the surface and into the water, enabling

the removal of dirt and grime (Soni, Kaur, and Verma 2024) .

2 The saponification reaction

Saponification is a chemical reaction involving the hydrolysis of a fatty acid ester in a
basic medium, typically with a strong base such as sodium hydroxide (NaOH) or potassium

hydroxide (KOH) (Ibouchoukene and Belaid 2024).

During this reaction, the ester bond is broken as the alkali attacks the carbonyl group of
the ester, resulting in the formation of a carboxylate ion (fatty acid salt), which makes up the
soap, and an alcohol (Figure 1). The esters found in fats are primarily triglycerides (Mukhtar et

al. 2015).

Unlike ester hydrolysis, the saponification reaction is not limited it proceeds to
completion, even if it occurs slowly. However, heat speeds up the process. This reaction also
accounts for the caustic nature of bases on the skin. The presence of hydroxide ions (OH") on
the skin triggers the saponification of lipids in cell membranes, which contain ester groups.

(Charpentier et al. 2008).
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Saponification

+ Na'OH’

+ Na'OH"
"

"
+ Na'QoH

S ; . Glycerol

Triglyceride Sodium (Glycerine)

(in fat/oil) hydroxide

Figure 1. saponification reaction [1]

3 The raw materials used for soap making

3.1 Oils and fats

Oils and fats are essential raw materials in soap making, comprising roughly two-thirds
of the factory's volume (Kanyua 2016). Each fat possesses unique physical characteristics,
determined by its fatty acid composition. Vegetable-derived fats, including oils, fats, and
vegetable butters, are classified into various families (Morin and Pagés-Xatart-Parés 2012) Such
as: the monounsaturated fatty acid (MUFA) family (olive oil, peanut oil, hazelnut oil) (Tian e?
al, 2023) Saturated Fatty Acid-Rich Fats Family (SFA) (palm oil, palm kernel oil, and coconut
oil) (Petersen et al, 2024).

3.1.1 Vegetable Oils and Butters

» Vegetable Oils

Vegetable oils are defined as emulsions of hydrophobic triglycerides with high molecular
weight, typically liquid or semi-liquid at room temperature, and soluble in non-polar or slightly

polar organic solvents (Petrovi¢ 2008).

These oils represent a diverse group of plant-derived lipids, characterized by varying
compositions of fatty acids, vitamins, and minerals. Their physicochemical properties and
production methods give rise to distinct organoleptic qualities, which in turn influence their

culinary and industrial uses (Hassid et al, 2025).
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Chemically, vegetable oils are primarily composed of triglycerides (95-99%), along with
small amounts of diacylglycerols, monoacylglycerols (less than 5%), and phytosterols (Vergallo

2020).

» Vegetable Butters

They are primarily composed of triglycerides (about 99%) and a small fraction of

unsaponifiable matter (around 1%) (Gunstone 2011).

Triglycerides are esters formed from glycerol and fatty acids, while the unsaponifiable
fraction includes beneficial compounds such as phytosterols, phenolic compounds, squalene,

carotenoids, and vitamin E (Bockisch 2015; Gunstone 2011; Ramadan and Morsel 2002).

High-quality butters are typically obtained through cold pressing or CO: extraction methods,

without undergoing further refining processes (PoljSak and Kocevar Glavag, 2022).

Among the most commonly used vegetable butters are palm (Elaeis guineensis), coconut
(Cocos nucifera), shea (Butyrospermum parkii), mango (Mangifera indica), cocoa (Theobroma
cacao), cupuacu (Theobroma grandiflorum), shorea (Shorea robusta), sumac (Rhus verniciflua),
and wild mango (Irvingia gabonensis), all of which originate from tropical regions (Enoua et al.

2022; Honfo et al, 2014; Lima et al, 2015; PoljSak and Kocevar Glavac 2022).

3.1.2 Animal Fats:

Animal fats used in soap making primarily consist of triglycerides esters formed from
glycerol (or glycerin) and fatty acids. The composition of these fatty acids varies depending on
the animal source and typically includes saturated fatty acids such as palmitic acid, stearic acid,
and myristic acid, as well as unsaturated fatty acids like oleic acid and linoleic acid (Achaw and

Danso-Boateng 2021).

The specific fatty acid profile of each animal fat influences the characteristics of the
resulting soap. Fats with a higher content of saturated fatty acids tend to produce soaps that are
harder and more stable, whereas those with a higher proportion of unsaturated fatty acids yield

softer, more moisturizing soaps (Achaw and Danso-Boateng 2021).

Commonly used animal fats in soap production include:

» Lard: Rendered pork fat, rich in fatty acids, and well-suited for soap making.
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» Tallow: Derived from beef or sheep fat, this is a traditional and widely used fat in soap

production.

» Fish QOil: Historically incorporated into soap formulations for its emollient and

skinsoftening properties.

3.2 Lye

Lye is the second most crucial raw material in soap production. The two key products
are sodium hydroxide, also known as caustic soda (NaOH), and potassium hydroxide, or caustic

potash (KOH) (Benmoussa, ef al., 2020).

Caustic soda is primarily used in the production of solid and hard soaps, while caustic
potash is typically employed in making liquid soaps, shampoos, and mild soaps (Gunstone

2011).

3.3 Water

Water is a vital component in the soap-making process, playing a key role in the
solubilization of ingredients, activation of chemical reactions, and control of viscosity. It also
contributes to the consistency and hydration of the final product (Achaw and Danso-Boateng

2021).

3.4 Additives

Various additives are used to alter the properties of soap or to facilitate the reaction

(Ibouchoukene and Belaid 2024).

Depending on the desired effect, different additives are incorporated, such as
preservatives, dyes, fragrances, superfatting agents (vegetable oils, essential oils), and salt at the

end of the reaction to produce hard soap (Ibouchoukene and Belaid 2024).

Additionally, alcohol accelerates the reaction and results in transparent soap (especially
vodka), while the addition of lactic acid produces "acid soaps," which are gentler on the skin

(Ibouchoukene and Belaid 2024).

3.4.1 Clays and Minerals

Clays typically contain a variety of elements, including silicon, aluminum, iron, zinc,
magnesium, calcium, potassium, and titanium. The significance of these minerals in cosmetics

lies in the distinct roles they play on the skin. For example, iron acts as an antiseptic and a
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catalyst for cell renewal, while silicon supports tissue regeneration, hydration, and provides a
soothing effect. Zinc and magnesium offer invigorating properties, while calcium and potassium

help improve circulation and tissue tone. (da Silva Favero et al, 2016).

3.4.2 Natural Colorants

Color is a crucial property of a product that influences its appeal to consumers and,

consequently, its commercial success (Guerra, Llompart, and Garcia-Jares 2018).

Two main categories are established based on their source: those that require certification
by the Food and Drug Administration (FDA) and those exempt from it, often referred to as
"natural" colorants. Certified colorants are synthetic, primarily derived from petroleum, and
sometimes called organic colorants; these undergo strict quality control. Noncertified colorants
are sourced from natural materials such as plants, minerals, or animals (Chungkrang, Bhuyan,

and Phukan 2021).

3.4.3 Essential oils

Essential oils can consist of volatile constituents derived from terpenoid or non-terpenoid
sources. These compounds are primarily hydrocarbons and their oxygenated derivatives, and
may also include nitrogen or sulfur derivatives. Essential oils can be found in various forms,

such as alcohols, acids, aldehydes, ketones, esters, ethers, or phenols (Sharmeen et a/, 2021).

The composition of essential oils varies significantly depending on the plant species, the part
of the plant used, the extraction conditions, and the timing of the harvest. According to the
International Organization for Standardization (ISO), essential oils are extracted from their
matrix through methods such as boiling in water or steam distillation, cold pressing in the case
of citrus peels, or dry distillation. Additionally, odorous substances can be extracted using
solvent extraction or fluid gas extraction methods. The materials obtained through these

processes are referred to as "concretes" or "oleoresins." (Bakkali ef al, 2008).

Essential oils are widely used in cosmetics not only for their pleasant aroma but also for their
broad range of biological activities, including analgesic, antiseptic, antimicrobial, carminative,
diuretic, spasmolytic, and stimulating effects. Cosmetic formulations such as creams, gels, and
ointments may not require additional chemical preservatives if they contain an essential oil as
an active agent, such as Roman oil or eucalyptus oil (Vargas Jentzsch, Ramos, and Ciobot\ua

2015).
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The table 1 below shows some examples of essential oils found in different categories of

commercialized cosmetic products.

Table 1. Essential Oils Used in Cosmetic Products According to Their Function
(Carvalho, Estevinho, and Santos 2016)

Type of cosmetic products Essential oils

Moisturizers Chamomile

Vanillin
Sandalwood
Olive
Anti-ageing Borage
Evening
Primrose

Chamomile

Camellia (Camellia japonica)

Reparating (anti-chapping and anti- Centella asiatica
wrinkling agent) Hippophae
Repairing (anti-acne agents) Rosemary (Rosmarinus officinalis)

4 Manufacturing Methods

4.1 Artisanal Manufacturing:

There are three primary artisanal methods used to produce soap : the "melt and pour" (or

rebatch) method, the cold process, and the hot process. (Ibouchoukene and Belaid 2024).
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4.1.1 Rebatching or '""Melt and Pour"

The rebatching or "melt and pour" method involves melting a pre-made soap base (often
commercially available), then adding colorants and fragrances before pouring the mixture into
molds. One of the key advantages of this technique is that it allows for the inclusion of additives
that would otherwise be unable to withstand the highly alkaline environment of the
saponification process. These additives are introduced after the soap has already been made,

during the remelting phase (Ibouchoukene and Belaid 2024).

This method requires care during the remelting process, which should always be done
using a water bath and never directly on a hot plate to prevent the temperature from exceeding
100°C. The final soaps produced via this method tend to require an extended drying period due
to the additional water incorporated during remelting, which helps create a paste that can be

easily poured into molds (Bourahla 2023)

4.1.2 The Cold Process

The cold process method is a complete process in which oils are first mixed together,
followed by the addition of the necessary lye, and saponified at a temperature close to room
temperature. Additives and fragrances are introduced during the saponification process itself,
just before the mixture is poured into molds. Soaps produced by this method require a maturation

period of at least one month before they can be used (Ibouchoukene and Belaid 2024).

This maturation time is often considered essential to complete the saponification process,
although it primarily serves as a drying phase. During this period, the soap loses approximately
10 to 20% of its weight, a process that accompanies the final stages of saponification, which
typically concludes within the first week of maturation. The drying process can be extended, as
seen with Aleppo soap, which undergoes a drying period of up to eight months before it is

marketed (Bourahla 2023).

4.1.3 The Hot Process

The hot process method is similar to the cold process, but saponification is carried out at
approximately 80°C for three hours before additives are added and the mixture is poured into
molds. The soaps produced by this method are immediately usable since saponification is fully
completed by the end of the process. However, a drying period is still required (Ibouchoukene

and Belaid 2024).
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This method is advantageous for incorporating sensitive additives, such as essential oils,
which retain more of their beneficial properties when added to the paste at temperatures not
exceeding 50°C. While the hot process offers some benefits over the cold process, it also has its
drawbacks. The soap produced is often more difficult to mold and typically has a rougher texture

compared to the smoother texture of cold-processed soaps (Bourahla 2023).

4.2 Industrial Manufacturing

Industrial manufacturing processes have evolved significantly since their
inception around 1750. Kettle manufacturing, for example, was once characterized by a
series of steps including batching, releasing, spinning, washing, and drying (B and H

2023).

4.2.1 Batching

Batching involves mixing fats with a lye solution. In this process, a strongly alkaline
soda solution is heated to boiling, and vegetable or animal fats—such as olive, peanut,
cottonseed, palm, coconut, sesame oils, tallow, or fish oil—are gradually added, often as a
complex blend depending on the desired soap type. Notably, a fixed amount of old soapy
solution, known as the "mother liquor" from a previous saponification, is retained in the lye. To
produce soft soaps, oils like rapeseed, poppyseed, or hempseed are used in combination with
caustic potash (KOH) instead of soda (Barel, Paye, and Maibach 2014; Cavitch 1995; Jouhar
and Poucher 1991).

4.2.2 Salting-Out Process (Relargage)

This method employs concentrated lye, followed by the addition of salted lye, to
enhance the separation of alkaline salts of fatty acids. As a result, the soap precipitates
out of the solution and rises to the surface in the form of solid lumps (figure 2) (Simmons

and Appleton 1908).

The salting out process typically involves several key steps, including, draining

washing, drying.

* Epinage (Draining): industrial process that refines and homogenizes soap,
incorporating fragrances and additives to obtain a smooth, high-quality

texture.(Simmons and Appleton 1908).

*  Washing: a step in the industrial manufacturing process that involves purifying the soap

paste by washing it with salt water.(Simmons and Appleton 1908).

[ 10 )
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* Drying: The purpose of this step is to produce dry and solid soap bars. In the 1920s, the
washing and drainage steps were occasionally omitted to accelerate the purification
process. The soap was poured into shallow basins, known as "mises," while still in a
liquid state, where it solidified before being cut into strips. After drying, the soap was
stamped and cut into cubes (Simmons and Appleton 1908).

®° na RELARGAGE
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Figure 2. Salting-Out Process (Relargage) [2]

S Types of Soaps

Soaps can be classified into various types based on several factors, including their origin
(such as Marseille and Aleppo soaps), color, composition, and appearance (whether they are in

liquid, solid, or sheet form).

5.1 Soap by Origin

Marseille soap (figure 3.A) is produced using vegetable oils and sodium hydroxide (lye).
Traditional Marseille soap contains 72% fatty acids by mass and was originally made solely

from olive oil. The figure below illustrates Marseille soap (Merklen, 1906).

Aleppo soap is the oldest known soap, originally crafted in the city of Aleppo, Syria. It

is a 100% natural soap, made in large cauldrons using olive oil and laurel berry oil, with natural

11
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lye derived from sea salt. It contains no preservatives, colorants, additives, or added fragrance,

making it a fully plant-based product. The (figure 3 .B) below illustrates Aleppo soap (Cloarec
and Lavaud 2013).

Figure 3 : Soap by Origin
5.2 Soap by Color

The Grand Larousse dictionary of the 19th century defines white soap as the common
Marseille soap or other toilet soaps. Its light color indicates that it is a sodium-based soap, in
contrast to the darker "black soaps" (figure 4.B) made with potassium hydroxide. Traditionally
produced in Switzerland using sunflower oil, it is commonly known as white soap. The figure

below illustrates white soap (Cloarec and Lavaud 2013).

Black soap (figure 4.C) is a soft-textured soap available in two main types:

Black soap for skincare, known for its exfoliating and moisturizing properties.

Black soap for household cleaning, used for polishing floors and tiles. The figure below

illustrates black soap (Ibouchoukene and Belaid 2024).

Transparent soap (figure 4.A) is produced by dissolving tallow-based soap in alcohol
while heating, followed by slow cooling and molding. When glycerol (glycerin) is used as the
alcohol, the soap is commonly referred to as glycerin soap. The figure below illustrates

transparent soap (Dunn, 2017).
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figure 4: soap by color [4] [5] [6]

5.3 Soap by Appearance and composition

Liquid soap is made from castor oil and palm kernel oil. It has the lowest equivalent fatty

acid content, ranging from 15 to 20% by mass. (Virbel-Alonso 2012).

Soap sheets are created by coating liquid soap onto a sheet. This process helps preserve
the soap on the sheet, making it portable and convenient for use wherever you are. Soap sheets
are available in various scents, so choosing the right one is simply a matter of selecting the
fragrance that suits you. It is also possible to create your own soap sheets. The figure 9 below

illustrates soap sheets (Bourahla 2023) .

Dermatological soap is formulated to be gentle on the skin, either as superfatted soap
with moisturizing ingredients or as soap-free bars (syndets) made from synthetic detergents. It
is less drying than regular soap. Antiseptic soap combines a detergent with an antiseptic agent
to clean the skin before applying a separate antiseptic. The detergent removes contaminants that
may reduce the antiseptic’s effectiveness and must be rinsed off completely before further

application. (Virbel-Alonso, 2012).

6 Physico-chimical properties of soap

6.1 pH of soap

The pH of soap influences both its cleansing effectiveness and its compatibility with the

skin’s natural pH balance (Ibouchoukene and Belaid 2024)

The average pH of healthy skin ranges from approximately 5.4 to 5.9, making it slightly
acidic. Using soap with a pH that is too high can disturb this natural balance, creating an alkaline

environment that may weaken the skin’s protective barrier (Vivian et al/, 2014).

13
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An effective soap typically falls within the standard pH range of 9 to 11, ensuring both

cleansing power and skin compatibility (Amnudi et al, 2015).

6.2 The foaming power

Foam is a thermodynamically unstable mixture of gas or air within a liquid matrix. This
means that over time, the foam will eventually collapse, releasing the excess surface energy

accumulated during the foaming process (Handayani, Aditiya, and Almaidah 2023).

Surfactants like soap lower the surface tension between water and oil, enabling the soap
molecules to form a unimolecular film on the water's surface and penetrate tissues. The long
non-polar tail of a soap molecule surrounds dirt, while the short polar head, containing the
carboxylate ion, faces the water. This structure forms micelles, which encase the particles and

emulsify them (Mijaljica, Spada, and Harrison 2022) (Zhang et a/, 2003).

The foaming power of soap is influenced by both the type of soap and its concentration

(Petkova et al, 2020).

The foam stability and weight loss during the curing (hardening) process ranged from

5.45 to 6.30 minutes and 13 to 18 grams, respectively (Amnudi et a/, 2015).

6.3 Moisture Content
Measuring the moisture content of soap is essential for assessing product quality, as it

directly influences shelf life (Ibouchoukene and Belaid 2024).

Excessive moisture can trigger a reaction between water and unsaponified fats, leading
to the formation of free fatty acids and glycerol through a process known as soap hydrolysis

during storage (Mahesar, Chohan, and Sherazi 2019).

This parameter is a key indicator of the soap’s storage stability, microbiological
resistance, and overall commercial quality (Ibouchoukene and Belaid 2024). An ideal moisture

content typically falls between 8% and 15% (Mahesar et al, 2019).

Moisture content was found between 1.9 - 5.8% (Amnudi et al, 2015).

6.4 Total Free Alkali Content

Total free alkali content, or free alkalinity, refers to the amount of sodium hydroxide

(NaOH) or potassium hydroxide (KOH) that remains unreacted after the saponification process

14

——
| —



Bibliographic review soap overview

(Vivian et al, 2014). This value is typically expressed as a percentage by mass, depending on
whether the soap is sodium- or potassium-based. Alternatively, it can be reported in

milliequivalents per gram (Delinska, Perifanova-Nemska, and Dimitrova 2024).

For optimal quality, cold process soaps should have a free alkali content between 0.1%

and 0.5%, while hot process soaps should ideally contain none (0%) (Enoua et al, 2022).

A high-quality soap is characterized by a low level of total free alkali (Amnudi et al,

2015).

6.5 Melting Point

The melting point of soaps, even when the fatty acid salt is unique and purified, remains
relatively undefined, ranging between 200°C and 250°C when measured using a Koffler bench.
The resulting liquid is transparent, not milky. At low temperatures in liquid water, soap
dispersion is difficult through agitation, except for sodium laurate, which has a "short" C11 chain

(Myers 2020; Rosen and Kunjappu 2012)

As the temperature increases, dispersion becomes easier, producing clear and opalescent
soapy water. In a basic medium, with an optimal pH between 10 and 12, partial hydrolysis into
free fatty acids and basic ions is observed. Dispersion is very weak in benzene, toluene, and
most organic solvents, and the formation of reverse micelles is energetically less favored. The
type of base used in saponification significantly affects the melting point of the synthesized
soap—approximately 150°C with a mineral base and 200°C with a synthetic base (Goddard and
Gruber 1999; Rosen and Kunjappu 2012).

The table 2 below presents the melting points of common soaps based on the type of

base used.
Table 2. Malting point of common soaps (Hamanache, 2023 )
Soap Calcium Aluminium Lithium Sodium Clay
Melting 95 110 180 190 infusible
point (°C)
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6.6 Wetting Power

Soapy water is more effective than plain water at penetrating small gaps on contact

surfaces such as fabric fibers, dishes, tables, or skin (American Chemical Society, 2020).

When water with surfactant (such as soap) is used the surface tension is reduced, decreasing
cohesion and allowing the liquid to spread more easily—thereby enhancing wetting efficiency

(American Chemical Society, 2020)

6.7 The Emulsifying Power of Detergents in Water

As a surfactant, soap infiltrates the interface between oil and the fibers of a material,
gradually breaking down greasy substances. It forms micelles—tiny spherical structures that
trap and suspend oil droplets in water—enabling their removal. This process is known as the

emulsifying power of detergents (Poré 1992) .

6.8 The Dispersing Power

The dispersing power of soap is attributed to the carboxylate ions and the structural
properties of micelles. These micelles carry like charges, causing them to repel one another and

remain evenly distributed in the soapy water, preventing reaggregation of particles (Poré 1992).
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1 Origin and Definition
The genus name Rosmarinus comes from the Latin term "Ros marinus," which means

"dew of the sea." It is commonly found in the rocky regions of the Mediterranean basin

(Segarra-Moragues et al, 2016).

Known for its strong fragrance, rosemary is a highly melliferous plant and has been used

since ancient times for its aromatic and medicinal properties (Chevallier 1996).

2 Systematics.

According to APGIII (2009) (Haston ef al, 2009), rosemary is classified as follows;

e Kingdom ............cooeiiiiini. Plantae

® DiVISION....ovineiiiiiiiieenen, Spermaphytes

® Subdivision...........c..coeennee. Angiosperms

® ClasS.....oovvviiiiiiiiiiiiieean Dicotyledons

@ Order.......ooviiiiiiii, Tubiflorales

e Suborder................ol Lamiales

o Family...........coooiiiiiiiin, Lamiaceae

©® GeNUS.....ovviiiiiiiiiiieae, Rosmarinus

® SPECICS...ovviiniiiiieiiiiiaiananns Rosmarinus officinalis L.

Common names: Rosemary, incense, herb of crowns, rose of the seas, sea rose,

RoseMarie (Chevallier 1996).
Vernacular name: Azir, barkella, haselban, Aklil, iklil ljabal, klile (Algeria, Morocco,

Tunisia) (Bellakhdar 2006)

—t
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3 Botanical description

The underground part of the rosemary plant consists of deep, taprooted roots, which are
specialized in absorbing water and mineral salts, as well as anchoring the plant to the soil (Smith

& Brown, 2020).

The aerial part of the plant consists of a stem that grows as a shrub or subshrub, with the
stem of Rosmarinus officinalis reaching a height between 0.5 to 2 meters. It is twisted, angular,
and fragile. The bark is linear, and the plant produces cymes that resemble spikes (Figure 5.b)
(Anfal 2022).

The leaves of Rosmarinus officinalis are linear, wrinkled, leathery, sessile, and arranged
oppositely on the stem. These rigid, glossy leaves have rolled edges, with the upper side
appearing greenish and the underside being whitish and somewhat rough. The leaves range in
size from 18 to 50 mm in length and 1.5 to 3 mm in width (Figure 5.c). When dried, rosemary
leaves emit a strong aroma and possess a bitter taste. They contain up to 2% essential oils,
including cineole and borneol, as well as alkaloids and organic acids. Due to their rubefacient
properties on the skin, rosemary leaves and their essential oil are commonly used in
antirheumatic treatments, particularly in alcohol-based rosemary spirit preparations (Madadori

1982).

The flowers of Rosmarinus officinalis are typically pentamerous and mostly
hermaphroditic. The calyx is bilabiate and persistent, while the corolla is bilabiate and tubular,
often featuring 4 to 5 subequal lobes or a single trilobed lower lip, with the upper lip bilobed.
The androecium consists of four stamens, with a fifth highly reduced or sometimes absent,
leaving just two stamens and two staminodes. The gynoecium consists of two biovulate carpels,
each subdivided by a false partition into two univulate ocules (figure 7. D) (Bouhenouna, and

others 2023).
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Figure 5. Botanical description of Rosmarinus officinalis L (KOHLER, 1897).

4  Geographic distribution

Rosemary is native to Mediterranean region and grows in several countries across
Europe and Asia, including Spain, Italy, Greece, and southern France, as well as in North Africa,
from Morocco to Tunisia. It is also cultivated in regions such as India, the Philippines, the West

Indies, Australia, the United States, and Mexico (figure 8) (Pelikan 1986).

Figure 6. The geographical distribution of Rosmarinus officinalis L. (Mostafai, 2015).
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In Algeria, rosemary covers an area exceeding 100,000 hectares and the main locations

are reported in Table 3 (Bensebia ef al, 2009)

Table 3. The main locations of the rosmarinus officinalis L.in Algeria (Bensebia et
al, 2009)

Superficie approximative

Khanchla 5000 ha
M’sila 4500 ha
Souk ahras 4410 ha
Mila 4000 ha
Setif 3500 ha

S Properties of Rosemary

5.1 Antibacterial Activity

Rosemary extracts and essential oil are widely recognized for their antimicrobial
properties. The main active phenolic acids are carnosic acid and rosmarinic acid, while
1,8cineol, camphor, and a-pinene dominate the essential oil composition. These extracts inhibit
various microorganisms, including Escherichia coli, Staphylococcus aureus, Candida albicans,

and Saccharomyces cerevisiae (Dai and Liu 2021).

Research by Ekambaram et al. (2016) demonstrated their effectiveness against
Staphylococcus aureus and methicillin-resistant strains (MRSA), with minimum inhibitory
concentrations of 0.8 mg/mL and 10 mg/mL, respectively. The antibacterial activity of
rosmarinic acid may be linked to its effect on virulence-associated surface proteins (Ekambaram
et al, 2016). (Additionally, Cai Xiaojun et al. found that 1,8-cineol exhibited the strongest
antibacterial effect against Salmonella, mainly by damaging the bacterial cell structure and

causing intracellular leakage (Dai and Liu 2021).
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5.2 Antifungal Activity

Rosemary essential oil has demonstrated strong antifungal potential. At a concentration
of 450 ppm, it completely inhibited the biosynthesis of aflatoxins. These findings suggest that
rosemary oil could serve as a natural preservative against Aspergillus parasiticus (Lee et al.,

2019).

Using the standard agar diffusion method, the biological activity of 11 essential oils
including rosemary oil-—was evaluated. The results revealed that these oils exhibited moderate
inhibitory effects against five yeast strains: Candida albicans, Rhodotorula glutinis,

Saccharomyces cerevisiae, and Yarrowia lipolytica (Benikhlef 2015).

5.3 Antiviral Activity

Rosmarinic acid exhibits antiviral properties, effectively inhibiting the growth of various

viruses, including HIV, hepatitis B virus, and enterovirus 71 (Dai and Liu 2021).

Rosemary extracts have also demonstrated the ability to inhibit influenza virus
replication and provide therapeutic benefits for virus-induced pneumonia injury (Dai and Liu

2021).

5.4 Antioxidant Activity

The antioxidant activity of rosemary extracts stems from various components like

rosmarinic acid, sagenoic acid, and carnosol (Dai and Liu 2021).

Rosmarinic acid exhibits potent antioxidant properties by blocking lipid peroxidation
through competitive binding with lipid peroxides. It also promotes the recovery of
mitochondrial membrane (Ke and Zhimin 2019). On the other hand, carnosic acid
interacts with other components and produces secondary antioxidants enhancing the

overall antioxidant activity (Loussouarn et al, 2017).

5.5 Anti-inflammatory

Rosemary is also known for its anti-inflammatory properties. It works by inhibiting the
production of pro-inflammatory molecules, thereby helping to reduce inflammation within the

body (Harach et al, 2010).
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5.6 Neuroprotective effects and Anticancer properties

Research also indicates that rosemary may offer neuroprotective benefits by reducing
oxidative stress and inflammation in the brain. These effects suggest potential support for

cognitive function and overall neurological health (Ibarra et a/, 2011).

It has also been explored for its potential role in cancer prevention. It can inhibit the
growth of cancer cells and promote apoptosis (programmed cell death) in various cancer types

(Guan et al. 2022).

5.7 Antidepressant Effect :

Depression is a growing concern in China, and recent research has explored natural treatments.
Rosmarinic acid, a compound found in rosemary, has shown antidepressant effects in animal
studies. It promotes the growth of hippocampal astrocytes, increases BDNF levels, and activates
ERK signaling, all of which help reduce depression-like behaviors (Dai and Liu 2021).
Additionally, rosemary extracts exhibit anti-inflammatory properties, reducing levels of IL-1,
TNF-a, and microglial activation (Ibal) in the hippocampus. They also help restore a healthy
gut microbiota balance, suggesting that their antidepressant effects may involve both

neuroinflammation reduction and gut-brain axis modulation (Guo et al, 2018).

6 Uses of Rosemary in traditional medicine and cosmetology

Rosemary is widely cultivated for its essential oil, which is highly valued in traditional
medicine. The aerial parts of the plant are commonly used orally to alleviate renal colic, ease
dysmenorrhea, and act as an antispasmodic. Additionally, rosemary has been recognized for its

ecological value, particularly in preventing soil erosion (Benikhlef 2015).

Rosemary oil has been used for centuries as a key ingredient in beauty products and

soaps, as well as for seasoning and preserving various food items (Benikhlef 2015).

Shampoos containing rosemary essential oil are commonly used to regulate excess oil

and treat oily scalps (Berbache, Nekaa, 2022).

Extracts from Rosmarinus officinalis leaves have been shown to promote hair

growth.(Murata et al, 2013)

According to Martini (2011), rosemary is also widely used in perfumery, particularly in

men’s fragrances and colognes, as well as in the formulation of skin ointments. Thanks to its
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ability to stimulate cutaneous nerve endings, rosemary serves as a tonic in bubble baths
and as a liniment for relieving muscle fatigue when applied at concentrations of 1 to 2%. Its
dermopurifying properties also make it a valuable ingredient in the production of deodorants,

lotions, and shampoos .(Martini 2011; May 2014).
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Practical part Materials and Methods

Work objective

The experimental part was carried out in the biochemistry laboratory and the microbiology

laboratory of the Faculty of Natural and Life Sciences at the University of May 8, 1945.

Specific Objectives
The main goals of this work are the following:

v To extract rosemary essential oil and characterize it through physicochemical analyses

and assess its quality and composition.

v' To formulate and produce an artisanal soap by incorporating natural vegetable oils
flavored with the extracted rosemary essential oil, while adhering to good manufacturing
practices.

v' To evaluate the properties of the final soap in order to validate its quality and

effectiveness.

1 Extraction of rosemary essential oil

1.1 Laboratory Equipment:

During the experiment, the following materials were used:

« Ahydrodistiller comprising: a heating flask, a 2-liter flask, a ball condenser, a Clevenger-

type essential oil separator.

« Areagent: tap water

« A beaker

« Asyringe

« An analytical balance

> Plant material

The plant in this work, comes from the 8 May 1945 University. It was harvested in

the green spaces of the University of Guelma in early the morning hours.
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The parts of the plant used are the aerial parts consisting of the leaves and stems.

The harvest was carried out during the flowering period, at the beginning of April.

1.2 Extraction of rosemary essential oil:

» Hydrodistillation

Hydrodistillation is the standard method employed for the extraction of essential
oils (Afnor 1992), and it also serves as a reference technique for quality control

procedures (Européenne 1996).

Hydrodistillation is a technique used to extract essential oils by boiling plant material in
water. As the mixture heats, plant cells break down and release aromatic compounds, which
evaporate with water vapor to form an azeotropic mixture. This allows the combined vapor to
distill at around 100 °C, lower than the boiling points of most individual components. The vapor
is condensed in a Florentine flask, where the essential oil separates from the aqueous phase
(hydrosol) due to density differences. The hydrosol can be discarded or recycled through
cohobation. In laboratory settings, the Clevenger apparatus is the standard tool for this process

and is recognized by the European Pharmacopoeia (figure 7) (Clevenger 1928).

> Protocol

The essential oil of rosemary (Rosmarinus officinalis) was extracted by hydrodistillation
using a Clevenger apparatus. A quantity of 250 g of fresh rosemary was introduced into a
distillation flask containing 1.5 L of distilled water. The setup was completed with a watercooled
condenser and an oil collection tube. Boiling chips were added to prevent bumping. The mixture
was heated gently to a boil for approximately 3 hours. The steam carrying the volatile
compounds was condensed in the condenser, and the essential oil was separated from the water
in the graduated arm of the Clevenger apparatus. At the end of the distillation, the essential oil
was collected using a pipette and stored in an amber glass bottle, protected from light and heat.
This extraction method was used to preserve the aromatic and therapeutic properties of the

essential oil (Guenther 1972).
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The refrigerant

The column

The florentine vase

The ball

Ballon heater

Figure 7. hydrodistiller assembly (clivenger)
1.3 Cracterisation

1.3.1 Organoleptic Tests:

The sensory properties of rosemary essential oil were assessed, starting with the

appearance, color then the odor, in reference to the standards of European Pharmacopoeia 11th
ed. (2023), the ISO and AFNOR standards under ISO/TC54. Essential oil was evaluated based
on the following specific criteria: Rosemary (ISO 1342:2012)

1.3.2 Physicochemical tests

1.3.2.1 Determining Essential Oil Yield (EOY):

In accordance with (Afnor 1992), the EOY is calculated as the ratio of the mass of
essential oil obtained after extraction (MHE) to the mass of plant material used (Mmv), as
described by (Mouas 2018). This yield is expressed as a percentage using the formula:

MHE

EOY (%) = x 100

Mmv

Where:
MHE: Mass of the extracted essential oil (in grams)
Mmv: Mass of the plant material used (in grams)

EOY: Essential oil yield
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1.3.2.2 Determining pH:

pH measures the acidity or basicity of a solution. It is a coefficient used to determine whether
a solution is acidic, basic, or neutral: a solution is acidic if its pH is below 7, neutral if it is equal

to 7, and basic if it is above 7.

> Procedure:

A few drops of essential oil were added to a piece of pH paper. Once the color of the

paper changed, it was compared to a range of colors that vary depending on the pH."

1.3.2.3 Refractive Index

The refractive index is a purity criterion for essential oils (Kaloustian and Hadji-Minaglou
2012). According to the 11th edition of Ph. Eur.11e ed (2023) (Slimani and Maghnini 2023),
The refractive index was measured using an Abbe refractometer, previously calibrated with

distilled water at 20 °C +/- 0.5 °C.

> Procedure

In the first step, the refractometer's prism was thoroughly cleaned with distilled water
and absorbent paper. Then, a few drops of the essential oil were placed in the center of
the prism using a micropipette, and the temperature was set to 20°C. Finally, the readings
were taken (figure 8) This procedure was carried out in accordance with ISO 280:1998,

which specifies the method for determining the refractive index of essential oil..

Figure 8. Refractometer
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1.3.2.4 Thin-layer chromatography (TLC)

Thin-layer chromatography (TLC) is a planar separation technique that utilizes a thin
layer of stationary phase—commonly a silica plate—and a liquid mobile phase. This method

was employed to separate and identify the constituents present in our essential oil samples.

Following the standards set by the 11th edition of the European Pharmacopoeia (2023) (Stahl
2011):

» Sample Preparation

The rosemary essential oil was diluted in toluene.

» Mobile Phase Preparation

5 mL of ethyl acetate were mixed with 95 mL of toluene.

» TLC Plate Development

A drop of the diluted sample was applied into the TLC plate.
The plate was placed in a chamber containing the mobile phase.
It was allowed to migrate until the solvent reached the top of the plate (figure 9).

v Drying

The plate was removed and allowed to air dry.

v Development

First, the plate was observed under daylight. Then, the vanillin developer (prepared with 2

mL of sulfuric acid per 100 mL of a 10 g/L vanillin solution in ethanol) was applied.

Gentle heating was applied, if necessary, to make the spots appear.

The obtained result was compared with those described in the 11th edition of the European

Pharmacopoeia (2023) (Slimanl and Maghnini 2023).
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* Preparation of vanillin revelator Solution

Following standard safety precautions, slowly add 2 ml of sulfuric acid drop by drop to
50 ml of a 0.5 g/L vanillin solution in alcohol (Slimani and Maghnini 2023). .

Store for up to 48 hours.

This procedure was carried out in accordance with the European Pharmacopoeia 11th
Edition (2023), which provides standardized methods for the identification of essential

oil using TLC.

Figure 9. The migration of the drop of the diluted simple into the TLC plate

1.3.2.5 Calculation of Density:

The density of an essential oil was defined as the ratio between the mass of the essential

oil and its volume. The following formula was used (Hiisnii Can Baser and Buchbauer 2015).

Where:

D:Density

MEO: Mass of Essential Oil (g)

VEO: Volume of Essential Oil (ml)
1.3.2.6 Acid Index:

The acid index (Al) is a key parameter for detecting alterations and assessing the quality and

purity of essential oils (Kaloustian and Hadji-Minaglou 2012). The acid index represents the
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amount of potassium hydroxide (in milligrams) required to neutralize the free acids present in 1

g of solution.

> Procedure

According to the European Pharmacopoeia 11th Edition (2023) (Ph. Eur., 2023)
(SLIMANI and MAGHNINI 2023), the acid value of the rosemary essential oil was
determined by titrating a 2 g sample diluted in a 1:1 mixture of petroleum ether and
ethanol (10 mL total volume). The titration was carried out using 0.1 M potassium
hydroxide and phenolphthalein as an indicator. The endpoint was identified by the
appearance of a persistent pink coloration (Figure 10). The acid value was then

calculated using the standard formula provided in the pharmacopoeia

n
Al =5,611x _
m

Where:
Al: Acid index
n: Burette reading in ml

m: Mass of diluted essential oil in g

Figure 10. Acid index
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1.3.2.7 Moisture Content:

Moisture content refers to the ratio between the weight of water present in a material and
the weight of that same material in its dry state. It can also be defined as the amount of water

per unit weight of dry material (Anon 2008).

Oven drying is the most common method for removing water from solids. However, this
technique is not suitable for substances that decompose or for those whose water cannot be
eliminated at the oven’s operating temperature (Skoog and West 2015). Moisture content
analysis in food is a key quality control parameter, though obtaining accurate and precise results
can be challenging. The method is based on measuring the weight of a test sample before and
after oven drying at 40°C for 3 days (Lapointe-Vignola 2002). The calculation is performed

using the following formula

final mass
Moisture (%) = (initialmass—— ) x 100
initial mass
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2 Soap making

2.1 Laboratory equipment

Safety Equipment:
Lab Coat

Safety Goggles
Face Mask
Gloves
Equipment Used for Preparation
Scale
Heat-Resistant
Glass Crystallizer
Thermometer
Mold silicone
Beaker
Silicone Spatula
Hand Blender
Magnetic Stirrer

Raw materials

Olive oil came from a rural region called El Mohgan, located in the municipality of El

Fedjoudj Guelma).

Palm oil come from El Captain for oil & herbs extraction (Egypt).

Castor oil come from El Captain for oil & herbs extraction (Egypt).

Coconut oil come from Blida Algeria.

Chemical product

= NAOH

= Water.
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2.2 Experimental protocol

According to (Colleaux 2018) the manufacturing method used is cold saponification.
The process is as follows:
2.2.1 Preparation of the lye solution

The mass of lye to be used was calculated using the saponification index of each of the

mixed oils. (Table 4).

NaOH (g) = IS x mass of the oil

Table 4. Mass of sodium hydroxide needed (g) and Saponification index of the oils

Mass of sodium Saponification
hydroxide needed (g) index
Palm oil 150 21.15 0,035
Olive oil 225 30.15 0,035
Coconut oil 100 19 0,085
Castor oil 25 3.225 0,038

It is very important to be careful when preparing lye (sodium hydroxide solution). It
should be done in an open or well-ventilated area. To dissolve it in water, it should be slowly

poured into the water, not the other way around.
2.2.2 Soap Preparation

The lye solution was prepared by slowly pouring the lye (23 g) into the water (57 mL) (never
the other way around), and the mixture was stirred gently until it was fully dissolved, (figure 11.

A)

The temperature of the solution was checked to ensure it was between 38 °C and 49 °C

before mixing.

The oils were also heated or cooled to reach the same temperature range.
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Once both the lye solution and the oils were at the right temperature (figure 11. B), the
lye was slowly poured into the oils and the mixture was stirred thoroughly until what is called
“light trace” was reached—a slight thickening of the mixture indicating that saponification had

begun.

At this point, about 3 grams of rosemary essential oil were added drop by drop, and the

mixture was stirred again (figure 11. C.).

Figure 11.Soap preparation

» Molding

Before the soap was poured into the mold, the mold was sprayed with alcohol to help

prevent air bubbles.

After the soap was poured, the top was lightly sprayed with alcohol again (figure 11.D).

» Drying:

Drying was considered essential before the soap could be used after it was made.
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The minimum duration of this curing process was set at 4 weeks, and it was carried out

in the open air, as shown in figure 12.

This period was allowed for the saponification process to be properly completed and for

the pH to be adjusted (making the soap less caustic and therefore milder).

It was also noted that the more a soap was allowed to dry, the harder it became.

Figure 12. Drying

2.3 Physicochemical tests
2.3.1 Determination of Soap pH:

Principle:

The current concern regarding soap is related to its pH, which measures the concentration of
H" ions in an aqueous solution and indicates its level of acidity or alkalinity on a scale of 0 to
14. Human skin has an average pH of 5.5, which is slightly acidic, while most soaps are

formulated with a basic pH, greater than 7 (Saadoudi Hadjer 2022).

> Procedure

The pH of the soap was measured in accordance with ISO 21130:2019, which outlines
standard procedures for determining the pH of cosmetic products. In this method, 0.5 g of
soap was dissolved in 150 mL of distilled water, and the solution was stirred using a
magnetic stirrer for 2 minutes to ensure homogenization. The pH was then measured using

a calibrated pH meter, as shown in Figure 13.
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Figure 13. Soap pH

2.3.2 Foaming Power:

Foam is a thermodynamically unstable suspension of gas or air within the matrix of a liquid.
This means that given enough time, the foam will eventually collapse to release the additional

surface energy gained during the foaming process (Handayani et al, 2023).

> Procedure

The foaming capacity of the produced soaps was evaluated based on the method described

by (Yarovoy and Post 2016). It was assessed by calculating the percentage reduction in foam

Foam stability was assessed by preparing a 1% soap solution in distilled water. 10 mL of this
solution was transferred into a 250 mL graduated cylinder, and the mixture was manually shaken
for 2 minutes. Immediately after agitation, the foam height was measured using a graduated ruler
and recorded as the initial height (Ho). After 10 minutes, the foam height was recorded again as

the final height (Hf) (Figure 14).

This test is based on commonly accepted methods used in cosmetic formulation studies
(Littré et al., 2000) and parallels the ASTM D1173-53(2019) standard, which measures foam

generation and stability in detergent solutions. Foaming Power Calculation:

(Ho — Hf)
Foaming Power (%)=—_ %100
Ho
Where:
Ho = Initial foam height
Hf = Final foam height
[ 36 )
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Figure 14. Foaming power

2.3.3 Determination of Total Free Alkali Content of Soaps (ISO-684-1974, 1974)

» Principle

The principle of this method involves dissolving the soap in an ethanolic solution, followed
by the neutralization of the free alkali using a sulfuric acid solution, the excess of which is known

and measured by back-titration with an ethanolic potassium hydroxide solution.

> Procedure

First, the ethanol was neutralized using an approximately 0.1 N ethanolic potassium

hydroxide solution in the presence of phenolphthalein.

Then, a 5 g sample of grated soap was introduced into a 250 mL Erlenmeyer flask, and 100

mL of neutralized ethanol was added.

The mixture was stirred and heated until the soap was completely dissolved.

Titration was then carried out by adding 0.1 N sulfuric acid to the mixture until the pink

color of the phenolphthalein disappeared.

The volume of sulfuric acid required to reach the equivalence point, noted as VI, was

recorded.

As the titration progressed, the pH was observed to decrease slightly, and a first equivalence

point was detected around pH 8.3.
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The value of the total free alkali content was calculated using the following formula:
V.N

Alkali%=___.E
10. P

Where:

V: Volume of H2SO4 (ml)

N: Normality of H2SO4 (0.1 N)

Eq: Gram equivalent of NaOH (40 g)
PE: Test sample weight (g)

2.3.4 Determination of Water Content (Moisture) (ISO 672: 1978)

Water in a soap mixture function to dilute the alkali (sodium or potassium hydroxide) and
disperse the molecules, allowing them to move and react more easily with fatty acid molecules.

Therefore, determining the moisture content is an important parameter in soaps.

» Procedure:
An empty crucible was weighed using a precision balance.

A soap sample of approximately 10 g = 0.01 g (grated for faster drying) was added to the

crucible.

The crucible was placed in an oven at 104 °C for 3 hours, then was removed and was

placed in a desiccator to cool.

The crucible was weighed again and then was returned to the oven for 1 hour.

If the weight difference between two consecutive weighings exceeded 0.01 g, the operation

was repeated until the difference was less than 0.01 g.(ISO 672: 1978)

The moisture content is calculated using the following formula:

PF — PO
H(%)=100—____ x 100
PI— PO

Where:
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H (%): Moisture content percentage

P0: Weight of the empty crucible (g)

PI: Weight of the crucible and sample before heating (g)
PF: Weight of the crucible and sample after heating (g)

2.3.5 Evaluation of the Antiseptic Effectiveness of Soaps

The objective of this study was to assess the fungicidal effectiveness of the obtained
soap. The experimental protocol was developed based on previous studies aimed at evaluating
the effectiveness of different disinfectants (Herruzo-Cabrera, Vizcaino-Alcaide, and

FdezAcinero 2000) (Marchetti et al. 2003).

O Materials

» Petri dishes
* Swab Microbiologique
* 100 pL micropipette

e Test tube

O Experimental Protocol

The experimental protocol was conducted in several stages: fungal samples were taken

from the operator's hands before and after washing with the synthesized soap.

Step 1: Preparation of Solid Medium:

* A culture medium Saboraud chloramphenicol was prepared.

* The medium is poured into Petri dishes placed next to the Bunsen burners and left to
cool until solidified.

Step 2: Antifungal Sampling Before Washing

* A first fungal sampling was performed on unwashed hands to determine the initial skin
flora of the operator. This sampling served as a baseline to assess the soap’s ability to
eliminate fungi from the skin.

* The sampling was conducted for each hand by pressing each hand lightly for 5 seconds

onto the surface of Petri dishes). All manipulations were performed in a single day.
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Step 3: Fungal Sampling After Washing

The hand disinfection process was similar to a preoperative surgical disinfection

procedure:

The operator vigorously rubbed each area of both hands with the soap. The hands were
thoroughly washed under running water for one minute. After rinsing and drying, a second

sampling was performed in the same manner as the initial sampling.

Step 4: Fungal Enumeration

At the end of the different manipulations, the agar plates containing the samples were
incubated for 72 hours at 30°C. After the incubation period, the fungal colonies present in each

dish were counted.
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1 Oil analysis

1.1 Organoleptic Characteristics of Rosmarinus officinalis Essential Oils

The organoleptic characteristics (appearance, color, odor, taste) are the only indications

for assessing the quality of an essential oil as chows in the table 5:

Table 5. Organoleptic Characteristics of Rosmarinus officinalis Essential Oils

Organoleptic Analyzed sample Standards AFNOR (2000)

Characteristics

liquide , mobile, clear liquide ,
Aspect mobile, clear
pale yellow
Color Colorless to pale yellow

Distinctive fresh odor,
Odor more or less Distinctive fresh odor, more or
camphorlike". less camphor-like".

According to (Afnor 1992), essential oils are typically liquid at room temperature and
volatile, which distinguishes them from so-called fixed oils (vegetable oils). They are generally
more or less colored and have a lower density than water. The organoleptic parameters of our
essential oils are consistent with those outlined in the AFNOR standards (Afnor 1992),

indicating that the oils extracted from Rosmarinus and Origanum possess good sensory quality.

However, organoleptic characteristics—such as color, odor, and appearance—are only
preliminary indicators for assessing the quality of an essential oil. Since these properties offer
limited insight into the oil’s full composition, more precise analytical techniques are required
for accurate characterization. The quality and commercial value of an essential oil are ultimately
determined by established standards based on its physicochemical indices (Yaacoube And

Tlidjane, 2018).
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1.2 Physicochemical Analysis

1.2.1 Essential Oil Yield

Essential oil extraction was carried out by hydro-distillation using a Clevenger apparatus
(Clevenger, 1928). A total volume of 4 mL of essential oil was collected, corresponding to an

extraction yield of 0.29% as chows in the figure 15.

o
i

o
w

o
N}

Essential Oil Yield (%)

o
i

B Rosemary Essential Oil

Figure 15. Rosemary Essential oil yield

The average yields of essential oils were calculated based on the fresh plant material.
Rosmarinus officinalis samples provided a relatively low yield of about 0.29%. This yield is
lower compared to those reported by (ABOURA Manel and BELGUENDOUZ Aziza, 2021)
(0.36%) and (Makhloufi 2010) (1.52%),who used the same extraction method. The difference
in results is likely due to factors such as the species' origin, harvest time, plant organ used, and

extraction method, all of which can directly influence essential oil yields.

Additionally,(Williams and Lusunzi 1994) demonstrated that the composition of essential oils
extracted by hydro-distillation can be influenced by the amount of water added to the distillation
flask, as certain compounds such as terpinene-4-ol, a-terpineol, and cineole are poorly soluble

in water.

The low yield obtained could be related to the method and extraction conditions used in the
laboratory. Indeed, the oil was extracted using hydro-distillation with a spiral condenser,
whereas hydro-distillation typically employs a simple condenser. Moreover, we observed
essential oil residues in the condenser, indicating losses during the process (Goddard and Gruber

1999)(Azwanida 2015).
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1.2.2 Hydrogen Potential

The pH of Rosmarinus officinalis essential oil was between 5 and 6, as shown in Figure 16,
which was considered acidic. It was important to highlight that pH played a crucial role in
chemical and biochemical reactions and could influence the stabilizing properties of an essential
oil. Consequently, this pH value might have contributed to a favorable stabilizing effect against

microorganisms, allowing the essential oil to act as a natural preservative in food products (Burt

2004; Tahire 2018).

Figure 16. Hydrogen Potential (pH)

1.2.3 Refractive index

The refractive index value of Rosmarinus officinalis essential oil was found to be 1.46,
as shown in Figure 17, which was consistent with ISO 1342:2012 and the European
Pharmacopoeia standards for Rosmarinus officinalis essential oil, where the refractive index

ranges from 1.464 to 1.472.

The low refractive index of 1.46 indicated weak light refraction, which supported our
findings and suggested the potential suitability of this essential oil for use in cosmetic

products.(Kanko et al, 2004).
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Figure 17. Refractive index

Similar results were reported in other studies, such as that of (Ougaida and Fethi, 2018), who

found a refractive index of (1.45).

1.2.4 Thin-layer chromatography (TLC)

TLC was performed to compare the chemical profiles of two Rosmarinus officinalis
essential oil samples: one artisanal and the other commercial. The results showed that both
samples exhibited two main spots with similar, though slightly different, Rf values, as shown

in Figure 18.

Comparison:
According to (Pavia et al, 1995; Stahl 2011):
1. Based on spot migration (relative position on the plate)

Both samples displayed two spots each, with similar migration positions, suggesting the

presence of comparable compounds in both essential oils.

The slight differences in migration may have been attributed to:

v" Minor variations in concentration,

v" Differences in purity or chemical composition (e.g., varying levels of specific
aromatic compounds),

v’ Slight differences in experimental conditions, such as temperature, chamber

saturation, or the nature of the mobile phase.
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2. Based on Rf values (retention factor)
The Rf values are very close between the two oils as chows in the table 6:

v" Spot 1: 0.24 (artisanal) vs 0.21 (commercial)
v Spot 2: 0.66 (artisanal) vs 0.63 (commercial)

This suggests that both oils likely contain the same main constituents, although their

concentrations or proportions may vary slightly.

Conclusion:

Both essential oils appeared to have a similar qualitative composition.

The slight differences in Rf values possibly indicated minor variations in the concentration

or quality of the compounds.

The artisanal essential oil might have contained more concentrated or purer substances;
however, further analysis such as gas chromatography—mass spectrometry (GC-MS) would

have been required to confirm this.

It was not possible to precisely identify the compounds corresponding to the different spots
observed on the TLC plate, due to the lack of appropriate analytical equipment and the absence

of reference standards.

Consequently, the interpretation was limited to a comparison of the chromatographic
profiles—namely, the number of spots, their migration, and Rf values—without confirmation

of the chemical identity of the substances present.

Table 6. Thin-layer chromatography (TLC)

Sample Spot 1 (Rf) Spot 2 (Rf)
Artisanal essential oil 0.24 0.66
Commercial essential oil 0.21 0.63
( |
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Figure 18. Thin-layer chromatography (TLC)

1.2.5 Density

The specific gravity of the essential oil was measured at 0.94, serving as a key indicator
in assessing its purity. Typically, the specific gravity of most essential oils ranges from 0.696 to
1.88. Oils with a specific gravity below 1.0 are generally rich in oxygenated aromatic

compounds.

A slightly lower density value was reported in another study by (Aouaichia, Bechiri, and
Habtoun, 2024), who found a specific gravity of (0.901).

1.2.6 Acid index

The acid value of Rosmarinus officinalis essential oil was found to be 1.96 (Figure 19),

which was consistent with the range reported by (Afnor 1992), falling between 0.5 and 2.

With an acid value of 1.96, the essential oil likely contained a low concentration of free
fatty acids, indicating good quality, purity, and freshness. A low free fatty acid content is
generally preferred, as it suggests that the oil underwent minimal chemical degradation and

oxidation (Lion, 1955).

A slightly lower acid value was reported in another study by (Aouaichia, Bechiri, And
Habtoun, 2024), with a value of (1.14).
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Figure 19. Acid index

1.2.7 Humidity

The moisture content of the rosemary plant (Rosmarinus officinalis) was determined by
oven drying at 40 °C until a constant weight was reached. Measurements showed an average

moisture content of 65% in the freshly harvested leaves as chows in the figure 20.

The high moisture content (approximately 65%) observed in fresh rosemary highlights
the importance of considering the condition of the raw material prior to essential oil extraction.
In fact, using the fresh plant is generally preferred for several reasons:

The richness in volatile compounds is often greater in the fresh plant, as essential oils are more
concentrated before drying. Drying may lead to a significant loss of certain aromatic and active
compounds through evaporation or thermal degradation. Extraction from fresh material can
yield a higher amount of essential oil with better organoleptic and chemical quality. Therefore,
to maximize both the quality and quantity of extracted essential oils, it is recommended to use
the fresh plant or to apply a controlled drying process that minimizes the loss of moisture and

active constituents (Boutabia ef al. 2016; Isma and Sabah 2021).
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dry matter
24%

Water
76%

Figure 20. humidity level of the Rosmarinus officinalis plant

2 Soap analysis

2.1 Organoleptic Tests:

Table 7. Organoleptic Tests

Morphological characteristics Soap obtained

Shape Rectangular
Color Beige / off-white
Homogeneity Homogeneous
Consistency Dry and firm
Odor Aromatic rosemary scent
Weight S0g

2.2 The determination of hydrogen potential (pH)

One of the major current concerns regarding soap is its pH level. The pH is typically
tested after the soap has cured for two weeks to two months, depending on the manufacturing

method (tan tai and Lier 1999).
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In this study, the pH was found to be 9.73, as shown in Figure 21, indicating a basic pH.

A comparison with widely available commercial soaps, such as Johnson's baby soap,
whose pH ranges between 9.8 and 9.9, confirms that the results obtained fall within an

acceptable range in the market (Ibouchoukene and Belaid 2024)

Figure 21. Hydrogen potential (pH)

2.3 Determination of foaming power

Foam is a biphasic medium composed of liquid and gas, with gas making up the majority
of the foam and being dispersed throughout a small amount of liquid. The air bubbles within
the foam trap dirt and impurities. It is therefore assumed that the firmer the foam, the more

effective it is at cleaning (De L’ et al,. 2023).

Depending on the nature of the starting fat, soaps could produce abundant foam (B and
H 2023). The foaming ability of the cold-processed soaps in tap water indicated good solubility,

with a calculated foam rate (FR) of 50%, as shown in Figure 22.

This value was comparable to that of commercial Dove soap, which was known for its

good foaming power (Ibouchoukene and Belaid 2024).

Soaps with slightly lower foaming power may be formulated with oils and ingredients
that produce less lather but offer other benefits, such as better hydration or soothing properties
for the skin. For example, soaps made with vegetable oils rich in unsaturated fatty acids may
produce less foam but are known for their nourishing and moisturizing benefits (Recioui and

Chahma, 2024).
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Figure 22. foaming power
2.4 Total Free Alkali Content of Soaps

The free caustic alkali content determined in our soap was 0.016%. This value indicated
the minimal amount of caustic soda present in the finished product. It could be stated that the
value obtained complied with good practice guidelines, which specify that a residual sodium
hydroxide level between 0.1% and 0.5% is generally considered acceptable for cold process

soap making. For sensitive skin, however, a level of 0.1% is recommended (ISO 684:1974).

Other studies reported slightly higher results, such as those by (Ibouchoukene and
Belaid, 2024), who found values of 0.08% and 0.09%, respectively.

2.5 Water Content (Moisture)

The moisture content values of the natural soap ranged between 1.57% and 4.02%, as shown in
Figure 23. According to the literature, the moisture content of soaps varied between 24.90%
and 43.24%, while commercial soaps typically had moisture contents between 30% and 35%

(Croxen and Finlay 2010).

In this study, the natural soaps exhibited a lower moisture content, which could be
attributed to the absence of additives that retain moisture. This low water content might also
have been linked to the manufacturing methods used, which did not incorporate hygroscopic
substances. Furthermore, under conditions of low humidity, soaps with less water were harder
and more durable, making them more economical in the long run as they dissolved less quickly.

The ISO 672-1978 standard sets a tolerance threshold between 13% and 16%.
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Before After

Figure 23. The moisture content values of the natural soap before an after draying

2.6 Evaluation of the microbiological efficacy of prepared soaps:

Evaluation of the antifungal efficacy of prepared soap after hand washing:

Note: This test is performed to evaluate the antimicrobial activity of soaps, knowing that we
have not added antiseptic compounds, so this activity is linked to that of essential oils used for

the preparation of soaps.

This study aimed to assess the effectiveness and lasting impact of the soap after
handwashing. The experimental procedure was adapted from a study evaluating a surgical soap

(Tanneur 2006). However, our experiments involved one operator.

Figure 24 shows the agar plates from samples taken from Operator 1 before and after
handwashing with the synthesized soap, following incubation. Bacterial colonies are visible on

both the pre-wash (figure 24. a) and post-wash (figure 24. b) plates.
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2

Figure 24. agar plates from samples  taken
before and after handwashing

After incubation, bacterial colonies and molds are visible on both boxes, and the
comparison between the images of the different tests before and after washing with soaps added
with rosemary essential oil and the negative control boxes (without sampling), the positive
control (washing with simple soap), clearly show that the number of bacterial colonies and
molds counted before hand washing with the synthesized soap is greatly reduced after washing,
so the skin of the hands has not been recontaminated, despite the fact that the heat and humidity
of the hands generate a very confined environment favorable to the development of bacteria and

hands without washing or washing with simple soap seemed




Conclusion

Conclusion and perspectives
Given the growing importance of skincare products and the increasing consumer

shift towards

natural and safe alternatives, our interest in this topic stems from a desire to offer healthy
and effective solutions based on plant-based ingredients such as rosemary

In this work essential oil of Rosmarinus officinalis (rosemary) was extracted and
characterized. The essential oil was used in the formulation of a natural soap. The study
covered both the physicochemical aspects of the soap obtained (pH, foaming power,

moisture content, free alkalinity, etc.) and its microbiological efficacy.

The essential oil extracted from Rosmarinus officinalis presented characteristic
physicochemical properties, including a pleasant aromatic odor, a pale-yellow color, and
a density within the standard range. The yield obtained was approximately 0.29%,

which is consistent with values reported in the literature for rosemary essential oil.

The pH of the oil was slightly acidic, which is favorable for skin application, and its
moisture content was within the acceptable limits defined by ISO/AFNOR standards. In
addition, the oil showed antifungal activity, particularly against certain fungal strains,

which explains its contribution to the antiseptic properties of the formulated soap.

Chromatographic analysis revealed the presence of major bioactive compounds. These
compounds likely contributed significantly to the overall effectiveness of the soap

formulation, both in terms of hygiene and skin benefits.

The formulated soap has interesting hygienic properties, meeting cosmetic safety
standards. Its foaming power was judged to be correct, even in comparison with
commercial soaps, and the antiseptic effect was confirmed by the microbiological tests

carried out.

However, certain limitations were noted. In perspective, it would be interesting to

find another extraction methods, allowing a better yield for the essential oil extraction.

More in-depth microbiological analyses would be necessary to confirm the broad-
spectrum efficacy of the product. The formulation could also be optimized, by integrating
a reformulation procedure to improve the texture, stability, and sensory acceptability of

the soap.




Conclusion

Finally, it would be interesting to study the commercialization of the product, by

developing a

varied range of natural soaps based on local plants. This would make it possible to

valorize natural resources while meeting a growing demand.
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Désignation Qta Prix unitaire Prix total

Hydro-distillateur 200 L 05 | 05 300.000.00 1.500.000.00
o) Distillateur BTM 03 190.000.00 570.000.00
instruments
3 Frigidaire 03 70.000.00 210.000.00
4 Agitateur 03 95.000.00 285.000.00
5 Refractomeétre 03 70.000.00 210.000.00
6 Ph métre 03 90.000.00 270.000.00
7 Four 02 72.000.00 144.000.00
3 Bain marie 02 13.000.00 26.000.00
9 Balance 05 12.500.00 62.500.00
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