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Resumo

Os produtos cosméticos desempenham um papel essencial na vida humana ha milhares de anos e
atualmente sdo uma caracteristica indispenséavel do estilo de vida moderno. A produgdo de cosméticos é
obrigada a cumprir um conjunto de diretrizes que visam regular o processo, bem como a comercializagdo
do produto, a fim de garantir qualidade e seguranga aos consumidores. A estabilidade de um produto
cosmético relaciona-se com a sua capacidade de manter suas propriedades fisico-quimicas,
microbiologicas, funcionais e estéticas ao longo do tempo dentro de padrdes aceitaveis.

Os conservantes sdo substancias adicionadas aos cosméticos para evitar o crescimento microbiano.
Por serem compostos biologicamente ativos, podem causar um efeito irritante, toxico ou sensibilizante. Por
esse motivo, a seguranga desses compostos ¢ continuamente questionada e qualquer evidéncia cientifica de
possiveis efeitos nocivos a saude dos consumidores resulta em crescentes restrigdes impostas por diversas
regulamentagdes internacionais.

Este projeto de dissertagdo teve como objetivo substituir em sabonetes liquidos os conservantes
metilisotiazolinona (MI) e clorometilisotiazolinona (CMI), conhecidas pelo seu potencial alergizante, por
uma mistura de conservantes contendo fenoxietanol, acido benzdico e acido desidroacético (BDP) que ¢é
considerada mais segura. Para avaliar a nova formulacdo, a estabilidade de ambos os sabonetes liquidos foi
testada em condigdes aceleradas. A atividade antimicrobiana do conservante foi testada através de estudos
microbiologicos (método da difusdo em agar e teste de eficacia antimicrobiana(CT)). A avaliagdo de
estabilidade acelerada envolveu a avaliag@o dos atributos fisico-quimicos e seguranga microbiologica dos
produtos durante 8 semanas com momentos de avaliagdo em 0 (to), 4 (t1) € 8 (t2) semanas. Este periodo sob
estabilidade acelerada corresponde a 1 ano de estabilidade em tempo real.

Em relagdo a avaliacdo fisica e quimica, o pH, densidade e capacidade e estabilidade de espuma
estavam de acordo com as especificagdes do fabricante desde o inicio até o final do periodo de avaliacdo.
A avaliagdo de centrifugagdo também confirmou a estabilidade de ambas as formula¢des. No entanto, a
viscosidade de cada formulacdo apresentou valores inferiores as especificacbes do fabricante, e as
condig¢des aceleradas na nova formulagao introduziram uma mudancga de cor para amarelo. Na avaliacio
microbiologica, nenhuma formulagdo apresentou contaminag¢do. Em geral, pode-se considerar que as
propriedades fisicas, quimicas e microbioldgicas permaneceram estaveis durante o periodo de teste. Em
relagdo a avaliagdo do conservante, tanto o método de difusdo em pogos de agar como o teste de eficicia
antimicrobiana (CT) confirmaram a capacidade antimicrobiana de cada formulagio contra Staphylococcus
aureus, Escherichia coli e Staphylococcus epidermidis. De acordo com todos os resultados obtidos, a nova

formulagdo ¢ considerada um substituto adequado.

Palavras-chave: cosméticos, conservantes, condi¢des aceleradas, estudo de estabilidade, sabonete liquido,
metilisotiazolinona (MI), clorometilisotiazolinona (CMI), fenoxietanol, acido benzoico, acido

desidroacético
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Abstract

Cosmetic products have played an essential role in human life for thousands of years and presently,
are an indispensable feature of modern lifestyle of individuals. The cosmetics production is required to
comply with a set of guidelines that aim to regulate the process as well as the product’s marketing in order
to ensure quality and safety to consumers. Stability is related to the ability of a cosmetic product to maintain
its physicochemical, microbiological, functional and aesthetic properties over time within acceptable
standards.

Preservatives are substances added to cosmetics to prevent microbial growth. Since they are
biologically active compounds, they can cause an itritating, toxic or sensitizing effect. For this reason, the
safe use of these compounds is always being questioned and scientific evidence of possible harmful effects
on consumers’ health has resulted in increasing restrictions imposed by various international regulations.

This dissertation project aimed to substitute in liquid soaps the preservatives methylisothiazolinone
(MI) and chloromethylisothiazolinone (CMI), that can cause allergic reactions, for a preservative mixture
containing phenoxyethanol, benzoic acid, and dehydroacetic acid (BDP) which is considered safer and
already widely used in many other products of the company. To evaluate the new formulation, the stability
of both liquid soaps was assessed through accelerated conditions and the preservative’s antimicrobial
activity was tested through microbiological studies (agar-well diffusion method and Challenge Test). The
accelerated stability evaluation involved the assessment of the physical and chemical attributes and
microbiological safety of the products during 8 weeks with assessment time-points at 0 (t0), 4 (t1) and 8
(t2) weeks. This period under accelerated stability corresponds to 1 year of real-time stability.

Regarding the physical and chemical evaluation, the pH, density and foam capacity and stability
were in accordance with the manufacturer or supplier’s specifications from the beginning to the end of the
assessment period. The centrifugation assessment also confirmed the stability of both formulations.
However, the viscosity of both liquid soaps presented lower values than the manufacturer’s specifications,
and the accelerated conditions in the new formulation introduced a change of color to yellow. In the
microbiological assessment, both samples presented no contamination. Overall, it can be considered that
the physical, chemical and microbiological properties remained stable during the testing period. In regards
to the preservative’s evaluation, both the agar-well diffusion method and the challenge test confirmed each
formulation’s antimicrobial capacity against Staphylococcus aureus, Escherichia coli and Staphylococcus

epidermidis. According to all results obtained, the new liquid soap is an adequate substitute.

Keywords: cosmetics, preservative, accelerated conditions, stability studies, liquid soaps,

methylisothiazolinone, chloromethylisothiazolinone, phenoxyethanol, benzoic acid, dehydroacetic acid
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1 Project Framework

1.1 Project Presentation

The cosmetics production is required to comply with a set of guidelines that aim to regulate the
process as well as the product’s market placement in order to ensure quality and safety to consumers. Even
though each product is required to demonstrate formulation stability before being placed on the market, the
regulations do not specify any protocol to obtain the necessary data and it is the manufacturer’s
responsibility to achieve these standards. Since cosmetics can be used by a client every single day, the
safety and quality regulations are essential to ensure that there is no negative impact being caused on the
costumers and the lack of regulation of cosmetics can disproportionately impact people’s health.

The stability of a cosmetic product reflects its ability to preserve its physicochemical,
microbiological, functional, and aesthetic properties over time within acceptable standards. This makes it
a crucial quality assessment parameter that allows the deduction of the recommended period of use, under
similar conditions of the product’s utilization.

On a different topic, cosmetics are easily degraded by microorganisms due to their organic
composition and high-water content and contamination could cause infections or irritation in consumers.
Preservatives are substances added to these products to prevent microbial contamination and therefore,
enhance their stability. One of the most popular classes of preservatives — isothiazolinones - includes
methylisothiazolinone (MI) and chloromethylisothiazolinone (CMI), and have raised some concerns
regarding the possibility of causing contact allergy.

The main objectives of this dissertation project are to (1) evaluate the substitution of the
preservatives MI and CMI used in liquid soap products from Castelbel by a preservative considered safer,
that is a mixture of phenoxyethanol, benzoic acid, and dehydroacetic acid (BDP), and (2) perform stability
tests in this new formulation, as well as the previously used one, to establish a comparison and confirm its
properties and appropriate quality levels.

The work outline includes a description of the investigated product characteristics, the test
conditions, the monitoring methods, the preparation of the associated documentation (procedures, data

records, stability reports), and equipment and laboratory management activities.

Project Framework 1
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1.2 Presentation of the Company

Castelbel is a Portuguese brand specialized in the production of luxury fragranced body care and
home articles. Founded in 1999, the company started by providing handmade soap bars to its first client
located in North America and as it grew, the soap production was extended to brands such as Zara Home
or Gant Home . Eventually, in 2006 its own label was launched as “Castelbel”, a name that reflects two of
the main characteristics associated with the company: its location, Castélo da Maia, and beauty which is
present in all their products. One year later, the luxury brand designated “Portus Cale” was added to the
repertoire and nowadays, their products range from soaps to scented candles, room diffusers, hand and body
creams, dish washing soaps and a variety of other personal care, perfumery and interior decoration
products®. All of them, stand out for their quality, innovative design and handmade packaging 2.

Through hard work and creative thinking, this company has managed to secure its presence in over
1000 sale points worldwide, reaching more than 50 countries and continues to exceed expectations and

thrive year after year *.

Project Framework 2
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2 Introduction

2.1 Cosmetic Products

People have taken great care in their appearance and tidiness for quite a long time, which makes the
concept of beauty and cosmetics as old as mankind and civilization. Cosmetics have a history covering
thousands of years of applying ingredients from plants, animals and mineral sources °. According to the
Council of European Union regulation (Directive 76/768/ EEC) a cosmetic product is defined as: “cosmetic
product means any substance or mixture intended to be placed in contact with the external parts of the
human body (epidermis, hair system, nails, lips, and external genital organs) or with the teeth and the
mucous membranes of the oral cavity with a view exclusively or mainly to cleaning them, perfuming them,
changing their appearance, protecting them, keeping them in good condition, or correcting body odors” *.
In other words, the main purpose of a cosmetic product is to treat and improve the external surface of the
human body ° and they can be classified according to their functions and fields of application as °:

e cosmetics for personal cleansing (soaps, deodorants, shampoos);

o cosmetics for the skin, hair, and integument care (toothpastes, products for external intimate care);

e cosmetics for embellishment (perfumes, lip colors);

e protective cosmetics (solar products, anti-wrinkle products);

e corrective cosmetics (beauty masks, hair dyes);

e maintenance cosmetics (shaving cream, moisturizing creams);

e active cosmetics (fluoridated toothpastes, antiseptics).

Presently, cosmetics have become an indispensable feature of modern lifestyle of individuals. In
addition, growth in consciousness about external beauty along with individual’s internal intellect has
become one of the major driving factors for use of cosmetics in the global market. Nowadays, along with
women, there is an increase in the use of cosmetics among men in their daily routine. Hence, these lifestyle
changes have led to a massive growth of these product’s usage. This translates into the development of the
cosmetic market, which offers a wide range of products to millions of consumers worldwide ’. The global
cosmetics market size was valued at $380.2 billion in 2019, and it is projected to reach $463.5 billion by
2027, registering a Compound Annual Growth Rate (CAGR) of 5.3% from 2021 to 2027 ’. The European
cosmetics and personal care market is the largest in the world, valued at €76.7 billion at retail sales price in
2020 and bringing in at least €29 billion in added value to the European economy annually and supporting
over 2 million jobs ®. The retail sales prices of the European market for cosmetic products, €76.7 billion,

in each country is represented in Figure 1.

Introduction 3
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European Market for Cosmetic Products
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Figure 1. European market for cosmetic products in 2020, adapted from 3.

Regarding Castelbel, this company produces cosmetics as well as non-cosmetic products intended
for personal and home care, respectively (e.g., solid and liquid soaps, creams, shampoos, scented candles,
room diffusers, dish washing soaps). This dissertation project focuses on a specific cosmetic product
produced by the company, liquid soaps, whose production, distribution, and commercialization need to

comply with established guidelines according to the market in which they will be placed.

2.1.1 Regulation on Cosmetic Products

The main regulatory framework for cosmetic products placed on the European Union (EU) market
is the European Commission (EC) regulation N° 1223/2009 °. Since Castelbel sells cosmetic products in
more than 50 countries, most of them belonging to the EU, this regulation applies to it '°.

This regulation is effective in organizing the framework for all operators in the cosmetic sector and
provides increased product safety as well as simplification of procedures. It replaces the revised Directive
76/768/EC, providing a more robust and internationally recognized regime that considers current

technological developments and highlights product safety '°. The main changes established in the cosmetic

sector by this regulation are '%:

e Enhanced safety measures for products that manufacturers need to follow and report before
placing a product on the market;

e Presenting the concept of “responsible person”, who is a person designated within the EU to
guarantee the product safety assessment;

o Centralized notification of all cosmetic products placed on the EU market via the EU cosmetic
products notification portal (CPNP), which is performed by the manufacturers;

e Reporting serious undesirable effects (SUE) to national authorities that will also contact users,

healthcare professionals and others to collect information and share with other EU countries;
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e New rules prohibiting or restricting the use of certain ingredients such as colorants, preservatives,
ultraviolet (UV) filters, nanomaterials. Prohibition of the use of carcinogenic, mutagenic or toxic
for reproduction (CMR) substances, apart from exceptional cases;

o Added requirements for packaging and labeling, such as inclusion of name and address of the
responsible person, country of origin for imported products, nominal content, pictograms
showing the date of minimum durability if less than 30 months (hourglass symbol), or period after
opening (PAO) if the minimum shelf-life is more than 30 months (open jar symbol), precautions,
batch number reference, function of the cosmetic product, and list of ingredients in descending
order down to 1% (under 1% in any order), including the indication of nanomaterials with the

word nano after the name of the ingredient.

2.2 Liquid Soaps

Soap is considered the oldest cosmetic product to be produced and plays an important role in our
daily lives, being one of the most consumed personal care products worldwide, reflecting a highly
competitive market ''. The earliest recorded evidence of soap-like materials production dates back to around
2800 BC in ancient Babylon. It is unclear what exactly these products were used for, although their use was
probably restricted to washing clothing. During the nineteenth century, the chemistry of soap production
was developed and improved with the discovery of the different fatty acids present in neutral fats and oils.
This led to the establishment of the fundamental modern-day process, which involves the saponification of
neutral fats or fatty acids with the appropriate caustic material ''.

In the late 1970s, liquid soaps were developed and launched on the global market in the U.S.A., and
they soon gained consumer acceptance and became increasingly popular due to some advantages offered
over conventional bar soaps, such as a having a higher antibacterial effect while bar soaps can also turn
slippery and with a slimy consistence in standing water which is unpleasant for consumers and leads to
wastage '*. A typical liquid soap has a mixture of different types of surfactants in its composition to achieve
the desired cleaning and foaming properties *. Liquid soaps produced at Castelbel contain the type of

ingredients mentioned in Table 1 in their formulation.
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Table 1. Components of Castelbel's liquid soaps '*.

Component Function Example

Solvent The solvent is the main component of liquid Water
soaps. Castelbel always uses water.

Surfactant More than one surfactant is used in liquid soaps Cocamidopropyl betaine and
and they act as emulsifying and cleaning agents. Sodium laureth sulfate

Having a hydrophilic head (water-soluble) and a
hydrophobic tail (water insoluble and soluble in
lipids, or oils) is what allows to remove dirt -
hydrophilic part binds to water and the
hydrophobic to the solid that is meant to be

removed.
Denaturants/ It gives the skin a moisturizing texture. Glycerin
humectants
Viscosity agent It provides the liquid soap with the desired and Sodium Chloride
expected viscosity.
Fragrance Parfum that gives the liquid soap its scent. Lavender
Antistatic/film- This component leaves cohesive covering over the | Polyquaternium-7
forming agent skin when applied to their surface, leaving a
smooth feel on skin.
Preservative It inhibits the growth of microorganisms capable | Methylchloroisothiazolinone

of causing biologic deterioration that endangers and Methylisothiazolinone
the consumer.

Within the soap category, the liquid type is gaining popularity and since most of the available
products are similar in terms of performance, this is a highly competitive market, which translates into a
growing need for companies that provide liquid soap products that offer cosmetic benefits that go beyond

cleansing and therapeutic actions *°.

2.3 Stability Studies

The concept of stability represents the ability of a cosmetic product to maintain its initial and desired
physical, chemical, sensorial, microbiological and functional properties from its manufacturing date until
the end of the recommended period of use, under the conditions in which it is sold and used '°. Therefore,
to fully evaluate a cosmetic product’s performance and quality, the stability of the formulation is a crucial
parameter since it demonstrates possible physicochemical changes, as well as microbiological and
packaging interactions that may lead to a loss of functional or aesthetic properties and, consequently, impact
the shelf-life of the product '*!'". The information provided by these tests is essential for defining the
product’s formulation (helping in the optimization and manufacturing), choosing the appropriate
packaging, defining transportation, storage, and usage conditions and also to estimate shelf-life of products
and to ensure customer safety.

An important part of stability studies relies on the product’s manufacturer, since it is his

responsibility to specify the critical product attributes to be investigated, test conditions (which
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encompasses physical, chemical and microbiological parameters), methods for monitoring changes over
time, and the degree of change that is acceptable '®'”. Since each product can react differently to the same
procedure due to its particular chemical composition, packaging, and external conditions, these aspects of
a product’s stability are obviously established according to the specific formulation of the cosmetic '*'%.
The stability of cosmetic products is generally evaluated under accelerated conditions prior to
commercialization to predict product shelf-life and behavior of the product formulation over the long term
and therefore estimate the actual stability of the product for specified market conditions in a short period
of time '*'®, To achieve this, the samples are kept under test conditions designed to accelerate changes that
may occur. '®. According to the COLIPA (presently denominated as Cosmetics Europe) the product should
be stored under different temperature conditions for a certain period of time that allows to infer a product’s
stability in real-time. Since a cosmetic product is exposed to multiple temperatures and humidity conditions
during their life cycle, when testing these products a wide range of conditions should be used '*'*. Cosmetic
stability guidelines list multiple conditions for accelerated stability testing: 1) (30 + 2) °C; ii) (37 £ 2) °C;
iii) (40 + 2) °C; iv) (45 £ 2) °C; v) (50 £ 2) °C. Low temperature conditions are helpful in predicting
changes in the product caused during the marketing process, such as transportation. The tests can be
performed in a period of one week to three months and generally, eight weeks under accelerated stability
correspond to one year of real-time stability. However, this estimation of the real-time stability from the
accelerated stability results depends on the test conditions and methods implemented by the manufacturer'®.
Since soaps are considered to be stable products, during real-time monitoring the alterations happen
very slowly, that’s why accelerated conditions are appealing, they increase the rate of potential degradation
in order to shorten the evaluation time to reach results on a product’s stability '*'®. As mentioned above,
the assessment of stability criteria is defined by each company according to the product and packaging
types. In the present dissertation project, accelerated stability studies on liquid soaps were implemented and

the following sections will describe the parameters under scope in these studies.

2.3.1 Physical stability

When discussing physical stability, it is important to describe its opposite, physical destabilization.
It is a phenomena that comprises phase separation, precipitation of ingredients, segregation of particles,
color change and weight loss which are alterations that can influence products’ stability, as well as affect
its aesthetic and ultimately the customer acceptance '®. A key aspect that can introduce physical
destabilization in the product is exposure to light which can lead to discoloration '°. For this reason, it is
relevant to assure the photostability of a cosmetic product by testing it in daylight or artificial ambient light
conditions to mimic the environment to which the products will be exposed during commercialization and
in customers’ homes. These tests should be performed with clear containers and on finished packaging to
determine whether the product requires protective packaging and, if so, to determine whether the packaging

under study is suitable for the specified market conditions.
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To test a product’s vulnerability to destabilization (like phase separation), a centrifugal test is a usual
procedure that increases gravity force in order to analyze the products constituents of different densities
and its phase separation.

Finally, it is crucial to record a visual observation and sensorial examination of product attributes,
including color, odor, appearance, and texture, using for example a numerical or descriptive rating system
to objectively describe potential changes in the product. Meaning that, the organoleptic profile of the
product should be analyzed since it can also vary over time due to physical and chemical alterations as well

as microbiological ones.

2.3.2 Chemical stability

A formulation can become chemically instable when chemical degradation, changes in molecular
structures or chemical reactions between its constituents (e.g., oxidation, hydrolysis, and transesterification)
occurs. In liquid soaps, these common reactions can cause the breakdown of the stabilizing surfactant,
hinder functional polymeric additives, or deactivate the preservatives used to inhibit microbial growth '.
Besides these obvious drawbacks, chemical reactions can also lead to structural changes that affect the
physicochemical properties of the product, including moisture content, alkali content, pH and total fat
matter, which is a crucial parameter in defining a product’s quality, efficiency, and cleansing properties.
An important variable to take into consideration is the pH value since its variation may indicate chemical
and microbiological changes in the formulation '°.

Regarding the chemical destabilization processes:

e oxidation happens when oxygen leads to the formation of free radicals triggering oxidation-
reduction reactions and may cause undesirable odors, discoloration, and changes in the
organoleptic characteristics of the formulation. Many fragrance ingredients, that are part of the
composition of liquid soaps, are sensitive to oxygen exposure and more prone to oxidize,
particularly if accelerated by heat or light.

e light alterations may induce photoreactions and UV light may lead to the formation of free
radicals, possibly causing changes in organoleptic and physical properties.

o hydrolysis occurs in reactions with water and affect esters and amides and impact the aesthetic or
physical attributes of the product (such as loss of cleaning efficacy or becoming irritating to the
skin).

o Transesterification results from the reaction between the ester function of one molecule with the
hydroxyl group of an alcohol and may alter the odor or taste.

e Chemical interactions between ingredients may lead to discoloration and viscosity alterations
amongst others. These reactions are typically triggered by light, heat, oxygen or pH. The presence
of oxygen can lead to polymerization, which is a common interaction that affects the product’s

viscosity.
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2.3.3 Microbiological stability

Every cosmetic manufacturer has a responsibility relative to the microbiological safety of its
products, having to ensure that they have been produced under hygienic conditions '°. Cosmetic products
are not expected to be sterile. However, they shall not contain some types of microorganisms that could
affect consumer health ' and cosmetic manufacturers’ may also ensure that microorganisms introduced in
every-day use won’t affect the quality or safety of the product *. Therefore, the first step would be to
perform a microbiological risk assessment of the product to determine if the cosmetic microbiological
international standards apply. This microbiological risk assessment is intended to help determine the risk
level of the product and what level of testing, if any, is necessary to ensure the product quality *°. The
manufacturer should follow the Good Manufacturing Practices described in ISO 22716 and take the
necessary precautions to limit the introduction of microorganisms from raw materials, processing and
packaging "°. The degree of risk depends on the ability of a product to support the growth of microorganisms
and on the probability that those microorganisms can cause harm to the user. Since cosmetics usually
contain water and nutrients, they present optimal conditions for microbial growth. However, for some
cosmetics, the likelihood of microbiological contamination is extremely low (or non-existent) due to
product characteristics that create a hostile environment for the survival and growth of microorganisms.
These products do not require microbiological testing and manufacturers can decide not to perform them if
they can ensure that products meet this standard '**°.

As previously mentioned, water is an important variable when discussing the growth of
microorganisms. The metabolism and reproduction of microorganisms require the presence of water in an
available form and the most useful measurement of water availability in a product formulation is water
activity, which is defined as the ratio of the water vapor pressure of the product to that of pure water at the
same temperature *°. In the food and cosmetic industry is very common to use acidic pH to avoid bacteria.
Alkaline pH may also create a hostile environment and can be used as part of a preservative system. An
example of that environment are liquid soaps, which with an alkaline pH (pH 9.0 to 10.0) offer conditions
that inhibit the growth of some microorganisms. When these pH values are used in combination with
chelating agents, glycols, antioxidants, low water activity and high levels of surfactants, an environment
that does not support microbial growth can be created. Another factor that can influence the microbiological
risk of a cosmetic product is temperature. In fact, there is an ideal temperature range for microbial growth
and values far above or below this range can inhibit the growth of microorganisms in the formulation "
Two different but temperature-related approaches to microbiological control are the application of an
adequate temperature for rapid cell kill, i.e., a thermal shock, or maintaining the temperature above the
optimum value for an extended period of time '°.

In summary, the main microbiological parameters for stability testing are microbial count, and

preservation efficacy testing (challenge-test), which will be discussed in more detail in Section 2.4.3.
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2.4 Preservatives

As mentioned before, liquid cosmetic formulations, due to their organic composition and high-water
content, are easily degraded by microorganisms. This microbial contamination in cosmetics constitutes a
severe risk for consumer health since contaminated products can cause infections or irritation, mainly when
applied to damaged skin, eyes or babies, whose skin is commonly more sensitive *'. The multiple reported
microbial infection, both in costumer’s homes and in hospitalized individuals, caused by contaminated
cosmetics serves as proof of this reality *2. In 1946, the first contamination of cosmetics was reported with
several cases of neonatal death by talcum powder containing Clostridium tetani. Since the 1960s,
opportunist organisms, such as Klebsiella pneumoniae, Pseudomonas aeruginosa, Pseudomonas sp.,
Serratia sp. and Enterobacter sp., have all been isolated from cosmetic products .

Preservatives are frequently added to cosmetics to prevent this microbial growth. However, they can
also be useful to cosmetic products in terms of protection against damage and degradation caused by
exposure to oxygen (antioxidant function) or to UV light (photoprotective function) *. Since preservatives
are biologically active compounds, they can cause an irritating, toxic or sensitizing effect. For this reason,
the safe use of these compounds is always being questioned and scientific evidence of possible harmful
effects on consumers’ health has resulted in increasing restrictions imposed by various international
regulations. In fact, preservatives are among the most common causes of contact dermatitis and have caused
several epidemics. In the 1950s and 1960s, a cutaneous exposure to textile finishes and cosmetics that were
preserved with formaldehyde caused one. Later, in the 1990s and early 2000s, the use of
methyldibromoglutaronitrile resulted in another epidemic, which later led to a ban on the incorporation of
this compound in cosmetic products in Europe. Other preservatives, such as iodopropynyl butylcarbamate,
are emerging as allergens whose prevalence has been rising over the past few years. Surprisingly, parabens,
one of the oldest and still the most frequently used biocide in cosmetics, continue to be far less sensitizing
than most of the newer agents °. However, some parabens were already prohibited in this kind of products
in the revision of the EU Regulations * after being linked to reproductive problems *.

The most commonly used chemical classes of antimicrobial preservatives are organic acids, alcohols
and phenols, aldehydes and formaldehyde releasers, isothiazolinones, biguanides, quaternary ammonium
compounds (QAC), nitrogen compounds, heavy metal derivatives, and inorganic compounds (particularly
inorganic sulfites and bisulphites)).

This dissertation project focusses on three different classes — organic acids, alcohols and phenols and
isothiazolinones. The organic acids antimicrobial effect depends on its aliphatic structure, that makes the
molecule lipophilic. This allows the preservative to penetrate the membranes of microorganisms. Entering
the cell, it has the ability to dissociate and acidify the medium, disrupting the balance of ions and salts and
making cellular mechanisms and processes unfeasible °. Two of the most popular organic acids are benzoic

acid and dehydroacetic acid which are represented in Figure 2.
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Figure 2. Chemical structure of benzoic acid (1) and dehydroacetic acid (2).

Another mentioned class of preservatives is alcohols and phenols, these can cause membrane damage
and rapid denaturation of proteins, with subsequent interference with metabolism and cell lysis **. One of
the most commonly used preservatives of this class, which is included on the preservatives list permitted

by the EU is phenoxyethanol %, which is represented in Figure 3.

OH
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Figure 3. Chemical structure of phenoxyethanol.

The last class of preservatives addressed in this project is isothiazolinones. These compounds can
diffuse across the bacterial cell membrane and cell wall of fungi. In the intracellular media, the electron-
deficient sulfur of the N—S bond of these compounds can react with the nucleophilic groups of the cellular
components, such as the thiols from cysteines of proteins active sites blocking their enzymatic activity and
ultimately causing cellular death *. This class of preservatives will be further discussed in the next section.

The chemical structure of two preservatives from this class are presented in Figure 3.

Figure 4. Chemical structure of methylchloroisothiazolinone (1) and methylisothiazolinone (2).
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2.4.1 Isothiazolinones

Isothiazolinones are among the most popular preservatives in aqueous-based industrial or domestic
products and applications due to their effectiveness against a broad spectrum of bacteria, fungi and yeasts
over a wide range of pH levels *'.

These compounds are heterocyclic organic chemicals containing vicinal sulfur and nitrogen atoms.
More specifically, they are derivatives of 2H-isothiazolin-3-one with an active sulfur moiety capable of
oxidizing thiol-containing residues, thereby offering powerful preservation activity '

Two of the most used biocides from this class are the 2-methyl-3-isothiazolinone, also known as
methylisothiazolinone (MI) and 5-chloro-2-methyl-3-isothiazolinone (CMI), also known as
chloromethylisothiazolinone (Figure 4). They are commonly used as a mixture in the ratio of 3:1 (CMI:MI)
and this mixture first appeared in the United States in 1980. Five years later they were introduced in Europe.
32 The use of both MI and CMI has increased dramatically, and has even gained presence at much higher
concentrations **. After analyzing 2000 cosmetics, The Food and Drug Administration (FDA) registered an
increase of the presence of this mixture from 222 products in 1984 to 512 in 1987. These preservatives are
powerful biocides that are used in a wide range of daily life products such as detergents, paints and cosmetic
products like shampoos, liquid soaps and many others 2.

Nevertheless, these two compounds have attracted attention for the wrong reasons, since their
introduction in the cosmetic field resulted in a contact allergy epidemic, leading to the formation of strict
regulations regarding its use and the necessity of establishing a maximum allowed concentration for these
substances. In fact, these limitations helped to reduce the number of sensitized patients.

However, MI was later introduced as a stand-alone preservative in personal care products, and from
2007 to 2010, the use of MI in cosmetics doubled **. This originated new cases of contact dermatitis *°.

There were cases of contact allergy related to MI in cosmetic products reported by Garcia-Gavin et al. *

1. ¥ and Thyssen et al. ** from

and occupational cases of MI contact allergy described by Isaksson et a
occupational exposure to wallpaper glue and paint, respectively.

The North American Contact Dermatitis Group (NACDG) created a top seventy allergens listed by
the 2009 and 2010 patch test results, in which methylchloroisothiazolinone (CMI)/methylisothiazolinone
(MI) ranked sixteenth place ***°. Recently there has been increasing prevalence of contact dermatitis to MI
alone, and in 2013, MI was named the contact allergen of the year by the American Contact Dermatitis
Society *°. Besides allergens, CMI and MI are also classified as skin sensitizers in the harmonized
classification according to (EC) 1272/2008 (Regulation on classification, labelling and packaging of
substances and mixtures — CLP regulation) *'.

As previously mentioned, in the 1960s and 1970s, an epidemic of contact dermatitis led to an
increasing awareness of preservatives in cosmetic products, and regulation and legislation was introduced
in the EU and the USA *. Since 1976, the Cosmetic Directive is responsible for the EU cosmetic legislation,
while the US cosmetic legislation is mostly managed through the 1938 Federal Food, Drug, and Cosmetic
Act issued by the US FDA and the US Department of Health and Human Services *'. Since the

manufacturers add preservatives to their products during use and storage to avoid microbiological
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contamination of cosmetics, in both the EU and the USA, all preservatives are safety evaluated by expert
committees that confirms the safety of use of the maximum concentration of a preservative requested by
the cosmetic industry. Furthermore, both legislations have specific demands as to the microbiological
quality of finished products as well as the products’ ability to withstand contamination. These demands are
based on the requirements of the pharmaceutical industry for non-sterile products, which can be found in
the European and US Pharmacopoeia (USP) 2'.

An important milestone in avoiding the contamination of cosmetic products, was the implementation
of the Good Manufacturing Practices (GMP). Which are guidelines from ISO 22716:2007 intended to
provide guidance for the cosmetic industry on the management of the human, technical and administrative
factors affecting product quality. The main objective is to define the activities that enable you to obtain a
product that meets defined characteristics **. In fact, over the last 30 years, the implementation of these
practices has been the foundation for improving industrial quality control analyses, which naturally led to
a decrease in the number of intrinsically contaminated cosmetic products.

In regards to the regulamentations of isothiazolinones, the Cosmetic Ingredient Review in the US
and the Scientific Committee on Consumer Safety (SCCS) in the EU established in an early evaluation that
a concentration of MI as a stand-alone preservative of 100 ppm would be considered safe. However, after
this stand-alone preservative caused new cases of contact dermatitis, as previously stated *°, the EU’s SCCS
updated its assessment on MI and determined that rinse-off products would be considered safe at a limit of
15 ppm from the viewpoint of the induction of contact allergy (sensitization), but in terms of leave-on
cosmetics no safe concentrations had been adequately demonstrated. In terms of legislative demands of the
preservative mixture of CMI/MI, the maximum allowed concentration in the EU is of 15 ppm in rinse-off
cosmetic products as well. And in the US the mixture is considered safe up to a concentration of 15ppm in
rinse-off products and 7.5 ppm in leave-on products *'.

Even with these restrictions, scientific experiments suggest that MI may be a neurotoxic biocide
after prolonged exposures even at low levels * and evidence of contact allergy is still reported in cases
associated with occupational or domestic exposure to products containing isothiazolinones *°. This
prevalence of contact allergy still raises concerns, which creates the need for more information on the

occurrence and concentrations of these compounds in industrial and consumer products.

2.4.2 Alternative Preservatives

In an effort to substitute the preservatives MI and CMI in liquid soaps formulations, another mixture
of preservatives was chosen. This mixture is BDP and was selected due to its efficiency and the fact that
one of its components, phenoxyethanol, is already widely used in Castelbel’s cosmetic products, which
makes this decision of switching preservatives convenient and practical for the company.

BDP is a preservative described as a liquid blend of phenoxyethanol and organic acids for gentle
preservation *. Besides phenoxyethanol, BDP it contains benzoic acid and dehydroacetic acid and the name
stands for its three components, BDP - benzoic acid, dehydroacetic acid and phenoxyethanol. The

manufacturer doesn’t provide the ratio of each component’s concentration but from the initial description
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it has been assumed that phenoxyethanol is present in a bigger proportion. This mixture has a density
ranging from 1.118 to 1.132 g/cm’ and presents its maximum activity at pH values below 6, when organic
acids are in their undissociated form. Benzoic and dehydroacetic acids display a pKa value of 4.20 and
5.1247% respectively, and act in a complementary manner, as a bactericide along with phenoxyethanol *.
As previously mentioned, benzoic and dehydroacetic acid are inserted in the class of preservatives of
organic acids and phenoxyethanol in alcohols and phenols and their antimicrobial mechanism has been
described in Section 2.4.

This mixture is recommended for leave-and-rinse applications at a dose of 0.6 to 1% and should be
added, under agitation, at the earliest possible stage of the manufacturing process. It tolerates temperatures
up to 80 °C and in the case of pH values higher than 6, the production process can also be carried out
without causing the degradation of the active ingredients. However, to ensure adequate protection, the pH
of the final product must be adjusted below 6 *°.

In terms of regulations, the use of phenoxyethanol is allowed in Europe, Japan and USA up to 1%.
In the EU, dehydroacetic acid is approved up to 0.6% (as acid) but prohibited in aerosols (sprays). In Japan,
dehydroacetic acid and dehydroacetate are allowed up to 0.5% in all kinds of applications. Dehydroacetic
acid is also allowed in the USA up to 0.7% *. The European limitations for benzoic acid are 2.5 % for rinse
off products and 0.5% for leave-on products. In Japan, benzoic acid is approved with a limitation of 1%
and in the USA, benzoic acid is considered safe up to 5%, but without sufficient guarantee when the primary
route of exposure is inhalation. To conclude, the use of this preservative mixture is allowed in Europe, USA
and Japan up to 1.2% *.

The toxicity of BDP is related to that of its separate ingredients. Phenoxyethanol is a proven
cosmetic ingredient, meaning that it is safe when used according to current methods and recommended
concentrations of use. Benzoic acid can be found naturally in plants and degraded in the environment. It is
well-documented toxicologically and considered to be non-irritating or slightly irritating. An often
overlooked side effect of organic acids is that they can cause non-allergic contact urticaria. However it is
non-teratogenic, non-mutagenic and non-carcinogenic. Numerous clinical trials show that dehydroacetic
acid is practically non-irritating, non-sensitizing, non-photosensitizing and non-phototoxic. Based on the
clinical data and available animal tests, it can be concluded that dehydroacetic acid is safe as a cosmetic
ingredient used according to the methods and concentrations of use stated *’. Fundamentally, BDP is non-
irritating based on in vitro tests with reconstructed human skin under the conditions and at the doses of use
recommended to users.

As previously mentioned, since there is considerable variation in the composition of cosmetic
products, it is always important to assess these preservative’s efficacy in the final product through

appropriate microbiological efficacy tests (Challenge Test) .

- Phenoxyethanol safety
This section is focused on the main component of the preservative mixture BDP, which is

phenoxyethanol and its safety towards consumers in cosmetic products.
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Phenoxyethanol is an ether and aromatic alcohol, also recognized as 2-phenoxyethanol, ethylene
glycol monophenyl ether, phenoxytol, 1-hydroxy-2-phenoxyethane and (2-hydroxyethoxy) benzene and in
terms of antimicrobial activity, this substance acts in a very large spectrum being effective towards multiple
bacteria *°, as well as against yeasts >'. It can serve as a bactericidal agent due to its ability to increase the
permeability of the cell membrane to potassium ions and inhibit the microbial DNA and RNA synthesis *'.
It is important to state that phenoxyethanol can display a less strong inhibitory effect on normal skin-
resident bacteria in comparison to some cosmetic chemical preservatives such as methylisothiazolinone,
but is widely used in an ample span of rinse-off and leave-on cosmetic products **. It comes as no surprise
that it has been used as a preservative for decades in medicines, hand disinfecting biocidal products,
products for toddles, and many others and can be found in 23.9% of cosmetic products marketed in the
USA, according to the American Contact Dermatitis Society database — the Contact Allergen Management
Program **. Moreover, a recent study conducted in Spain reported that 43.09% of cosmetics sold exclusively
in pharmacies, 23.29% of cosmetics sold in supermarkets and 14.1% of cosmetics from herbal shops,
contained phenoxyethanol 2.

As aforementioned, the European Scientific Committee on Consumer Safety designated
phenoxyethanol as a safe preservative to be used in cosmetics for all costumers, children included, at a
maximum concentration of 1% *. It is considered one of the most well-tolerated cosmetic’s preservatives
with an extensive utilization and it has not been classified as a skin sensitizer by the European Chemicals
Agency (ECHA) % nor a reproductive toxicant in (EC) No 1272/2008 *!-*,

There have been controversial claims stating that phenoxyethanol affects the blood and liver and
disrupts endocrine activity. However, those claims were unfounded, having in June 2015, the Endocrine
Disruptor Screening Program of the U.S. Environmental Protection Agency (US-EPA) declared that
phenoxyethanol had no oestrogenic activity >*.

In order to review this substance, multiple studies and tests will be explored according to the data
collected by the SCCS, from peer-reviewed scientific journals and safety data from unpublished studies
carried out by cosmetic product manufacturers and other published scientific literature.

In regards to the dermal absorption, in an unpublished study by Vincent CM and Marty JP cited by
the SCCS *' it was demonstrated that vitro dermal absorption of phenoxyethanol in humans was high, fast
and independent of its concentration in the formulation test. Following a 24h exposure, only small amounts
of less than 0.1% remained in the skin’s layers and most of the phenoxyethanol was recovered in the
receptor fluid, showing that it doesn’t bind to or accumulate in the skin. After 24h, the dermal absorption
of phenoxyethanol, meaning the full amount of it in the receptor fluid, dermis and epidermis, for a product
containing 1% of phenoxyethanol was (37 + 10)% for the rinse-off products and (78 £ 7)% for the leave-
on products.

In terms of skin irritation, an undiluted sample of phenoxyethanol was used and resulted in mild-to-
moderate irritation in animals studies conducted in rabbits and guinea pigs °>'. However, in humans there
were no reported effects after using phenoxyethanol on injured skin > even in a study where a an aqueous

solution containing 2% phenoxyethanol was used in premature neonatal infants *°.
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2.4.3 Evaluation of Antimicrobial Preservation

The Challenge Test (CT, also known as a preservative effectiveness test, PET, or antimicrobial
effectiveness test) is a procedure to determine whether a formulated cosmetic, pharmaceutical or other type
of product is adequately preserved to prevent contamination from raw products and during consumer use’’.
Even though the chemical, physical and microbiological properties of a preservative should be taken into
consideration, these characteristics are not enough to evaluate if a product will be adequately preserved. In
addition, the action of a preservative can be affected by several factors that must be considered when

choosing an antimicrobial agent. Some of these factors are presented on Table 2.

Table 2. Effect of various factors on preservative efficacy 3.

Factor Effect on preservative activity
Concentration Increases activity
pH A rise in pH may increase or decrease activity

depending on the preservative

Temperature Activity increases with a rise in temperature

Containers Can possibly cause interactions or adsorption of the
preservative

Microorganisms The effect depends on the type and nature of the
microorganism

Organic matter Activity may be reduced

Formulation constituents May reduce or improve activity

Briefly, a CT is designed to establish whether a product is adequately preserved over its stipulated
shelf-life. A CT may follow the instructions of ISO 11930 or other methods such as the ones from SCCS,
the EU and US pharmacopoeia (USP) or the test from the Cosmetics, Toiletry, and Fragrance Association
(CTFA) Microbiology Guidelines amongst others. These may diverge in some aspects, like the test
microorganism and acceptance criteria, but all thrive to reach the same goal - to evaluate the effectiveness
of antimicrobial preservation. In this dissertation project, the guidelines of ISO 11930 will be followed,
which is a standard for evaluating the antimicrobial stabilization of a cosmetic product **.

As mentioned before, the adequate level of preservation of a cosmetic product should be maintained
throughout the shelf-life of the product and through the consumer’s use of it. During use, a product may be
contaminated with multiple microorganisms and to ensure that it is adequately preserved, CT are conducted
on batch samples at the beginning, during and at the end of the shelf-life of that product. A suitable CT

involves the deliberate addition of bacteria or fungi to a test product to ensure that adequate microbial

inactivation provided by the action of the product’s preservative occurs °’.
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The choice of test organism when conducting a CT is based on those who are likely to be present
during product use. For cosmetic products, the ISO 11930 specified the microorganisms P. aeruginosa,
Staphylococcus aureus, Escherichia Coli, Candida albicans and Aspergillus brasiliensis as the
recommended for the test **>*. The CTPA specifies a few other microorganisms for water-miscible

cosmetics that are displayed in Table 3.

Table 3. Choice of test organisms for CT on water-miscible cosmetics >

Gram-positive bacteria | Gram-negative bacteria | Mould Yeast
S. aureus P. aeruginosa Aspergillus niger C. albicans
Staphylococcus K. pneumoniae
epidermidis
E. coli

Enterobacter gergoviae
Burkholderia cepacian

Acinetobacter baumannii

Regarding the inoculation of test organisms, the most common procedure and used in this dissertation
project is the single challenge, in which the microbial counts of inoculum should be 10" to 10* Colony-
Forming Units (CFU)/mL of bacteria and 10° to 10’CFU/mL of fungi; then, the microbial counts in the
cosmetic product should be 10° to 10° CFU/mL of bacteria and 10* to 10° CFU/mL of fungi. To prevent
dilution of the product/preservative, the volume of microbial suspension added should be not more than 1%
of the volume of the product **. In terms of sampling procedures, at defined periods of time, the samples
should be removed and serially diluted to enumerate bacterial colonies after incubation of culture agar for
appropriate periods of time at certain temperatures. From the colony counting method, it is possible to
calculate the log reductions from zero (starting time point) to a given time.

In the criteria of acceptance of antimicrobial preservation efficacy, there are two levels for bacteria
and fungi, namely an A level (the recommended efficacy to be achieved) and a B level (to be met only if
there are strong reasons why the A criteria cannot be satisfied) (Table 4). In other words, if the formulation
meets criteria A, the microbiological risk is considered to be tolerable (the cosmetic product is protected
against microbial proliferation that may present a potential risk for the user) and the cosmetic product is
deemed to meet the requirements of this International Standard without additional rationale. If the
formulation meets criteria B, the microbiological risk analysis shall demonstrate the existence of control

factors not related to the formulation; for example, a protective package such as a pump provides a higher
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level of protection than a jar. This would be considered a protective device for risk reduction **. The criteria

for evaluation of antimicrobial activity for bacteria and fungi are given in Table 4.

Table 4. Acceptance criteria for evaluation of antimicrobial activity of cutaneous formulations for bacteria and fungi . NI: no

increase in number of viable microorganisms compared to the previous reading.

Log reduction

Level 2 days 7 days 14 days 28 days
Bacteria A 2 3 . NI
B - - 3 NI
Fungi A ) i 2 NI
B - - 1 NI

Focusing on the criteria for bacteria, this is at least 2 log reduction from initial count to 2 days after

or 3 log reduction until 7 days after, and no increase after 28 days of assay ~’.
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3 State of the Art

3.1 Contamination on cosmetics

Although cosmetic products are not sterile, they must be free of pathogenic microorganisms (such
as S. aureus, E. coli, P. aeruginosa) and the total acrobic microbial count must be low. The presence of
these organisms as well as high levels of other microorganisms in cosmetics can cause spoilage, i.e. physical
deterioration of the product, which can be a health hazard for consumers *°.

There have been many studies over the years that prove how easily cosmetic products can be
contaminated. Tan et al. *° tested ninety-three cosmetic products that were commercially available (of those,
five were liquid soaps). The cosmetics were microbiologically analyzed to detect the presence of bacteria
and fungi. The samples were plated and incubated and, at the end of the incubation, the emergent colonies
were counted and the numbers of colony forming units (CFU/mL) were determined. The samples were also
plated on selective mediums to determine the presence of S. aureus, P. aeruginosa, E. coli and Salmonella
sp, the microbial species suggested for investigation in the United States Pharmacopeia ®. The results
showed that even though some cosmetic categories did not appear to be contaminated, 20% of shaving
products, 57.1% of moisturizing products, 42.8% of face care products, 11.1% of depilatories, 9.09% of
make-up removers and 50% of toothpastes yielded contaminated results. The highest bacterial
contamination (1.4 x 10° CFU/mL) was observed in a moisturizing product and the lowest (1.5 x 10?
CFU/mL) in an eye make-up remover. And S. aureus, which is a common skin organism that can cause
boils, impetigo, conjunctivitis, folliculitis and food poisoning °®', was the most frequently isolated
contaminant from products. Gram-negative bacteria as P. aeruginosa are usually the most frequently found
contaminant in cosmetics and can infect wounds and burns as well as cause pneumonia in
immunosuppressed patients ®%, was also detected in one product. According to microbiological standards
of cosmetic products, they must be free of high virulence microbial pathogens like S. aureus and P.
aeruginosa, however, this study reveals that these microorganisms can be found in unused cosmetic
products *.

In related experiments, Hopfer et al.  reported infections and one death due to a shampoo used by
immunosuppressed patients, which was contaminated with P. aeruginosa. Other studies have also divulged
several cases of eye infections and even loss of vision were also caused by cosmetic products contaminated
with the same microorganism *. Also, a survey on recalls of microbiologically contaminated cosmetics in
Europe between 2005 and 2008 reports that 24 different cosmetic products have been contaminated with
P. aeruginosa as well as B. cepacian, S. aureus, Enterococcus sp., etc. *'. Okeke and Lamikanra
recovered E. coli, Pseudomonas sp., Staphylococcus sp. and Bacillus sp. after analyzing the bacteriological
quality of skin moisturizing creams and lotions that were purchased at a market ®. Similar results were
shown by Hugbo et al. ®, after having evaluated the microbiological content of ten commercially available

cosmetic creams and lotions. Another example is the study of 127 used and unused cosmetic products
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accomplished by Carik¢1 ef al. ¢, in which was reported P. aeruginosa, K. pneumoniae, Pseudomonas
putida, and other bacterial strains were found in unused samples. Boynukara ez al. ®® also isolated 4. niger
from an imported commercial skin cream.

As shown, microbial contamination is still one of the major causes of product recalls and spoilage.
This reinforces the importance of improving the preservatives system in order to prevent the growth of

contaminating microorganisms during manufacturing, storage and use by consumers .

3.2 Efficacy of preservatives in cosmetics

As previously mentioned, contaminating microorganisms in cosmetics may cause a spoilage of the
product and, when pathogenic, they represent a serious health risk for consumers worldwide. Despite the
guidelines, microbial contamination is still one of the major causes of product recalls in the world, in
particular in developing tropical countries . Therefore, it is important to evaluate and improve the
preservative systems. In Section 2.4.3 it was clarified how the efficacy of preservatives is commonly tested.

To analyze the effectiveness of a mix of preservatives in two cosmetic products, Campana et al. ©
performed a CT following the CTFA procedure with two reference strains, S. aureus and P. aeruginosa,
and two isolates from the analyzed products, Pseudomonas putida and S. epidermidis. The results showed
a 99.99% reduction in bacterial cell number after 7 days in the two tested cosmetic products. This means
that the preservative systems of the two tested cosmetics (a combination of methylparaben and
propylparaben) showed long-lasting antimicrobial activity, satisfying the CTFA criteria. Based on this data,
supported by the use of a neutralizing solution, which avoided the eventual presence of false positives, the
tested cosmetic products were not considered a risk for the consumer by the authors.

In a similar study, Tan et al. >

investigated the efficacy of antimicrobial preservation of 93 cosmetic
products performing a CT as suggested by the USP. The used microorganisms were P. aeruginosa, E. coli,
S. aureus, C. albicans, and A. niger. The results showed that 14 products did not comply with the USP
recommended antimicrobial preservative activity criteria and that there was microbiological contamination
in 14 cosmetics as well . These results suggest how easily cosmetic products can be contaminated and
consequently, how important it is to take precautions, comply with GMP standards during production and

add preservatives to the formulations as determined by regulations.

3.3 Stability Studies in Cosmetics

In this section, stability studies performed on cosmetic products are reviewed.

Smaoui et al. °

aimed to formulate and examine a topical skin-care cream containing 3% virgin olive
oil and compare it to the oil-free cream base. Both the cream base and the formulation were stored at 8, 25,
40 and 55 °C and observed at various time intervals for four weeks (24 h, 7, 14, 21, and 28 days) to
investigate their stability and the effect of these storage conditions. This investigation focused on the color,

smell, phase separation or liquefaction, pH, and microbiological stability of the formulations. The results
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revealed that the only color changes were detected for the emulsions using olive oil at 40 and 55 °C from
the 21* day and persisted up to the 28" day presumably due to the oily phase separation, which was
promoted at higher temperatures. In terms of phase separation, tested by centrifugation assays, there was a
slight phase separation only in the base sample from the 21 day until the 28" day of observation in the
samples kept at 40 and 55 °C. The multiple emulsions prepared in this work had a pH value of 7.15, which
is close to the neutral pH. Moreover, it was observed that the pH of the several emulsion samples kept at
different storage conditions suffered a continuous decrease until the 28" day of observation, reaching values
from 4.0 to 5.2. This decrease in pH was presumably due to the presence of fatty acids. In terms of
microbiological analysis, a colony count test was performed and afterwards, selective isolation media were
used to identify the presence of P. aeruginosa and S. aureus. The microbial evaluation indicated that the
formulations with olive oil were efficient against the proliferation of various spoilage microorganisms, such
as P. aeruginosa and S. aureus. Thus, the authors concluded that the organoleptic stability of the creams
was achieved for four weeks, as well as physicochemical and microbiological stability. The newly
formulated cream of virgin olive oil proved to exhibit promising properties and attributes ™.

In a similar study, Rodriguez et al. ' analyzed the inclusion of coffee silverskin, a natural extract
with established antioxidant activity, in hand cream. They also evaluated the physical and microbiological
stabilities, and antioxidant activity of a formulation containing 2.5% (w/w) of the extract upon production
and after 6 months of shelf-life. Since it is a long-term stability evaluation, the sample’s physical stability
was evaluated by submitting the formulation to storage for 6 months, at two different conditions: 25 °C
with a 65% relative humidity and 40 °C with 75% relative humidity; the properties were evaluated at the
initial time and after 30, 60, 90, and 180 days of storage. To test its physical, chemical and microbiological
stability, centrifugation, viscosity, pH, color, contamination count, and CT procedures were performed
according to ISO 11930:2012. Regarding the results, the authors stated that there was no phase separation
after centrifugation, which means that all samples were stable. Apparent viscosity decreased with increasing
shear rate, the pH values showed minimal changes, and all formulations showed stable organoleptic
characteristics during the time and conditions of storage. Specifically for the color, as the extract color
varies between green and brown, the final formulation had a different reddish tone because, when the extract
ages, sugar and amino acid elements produce melanoidin, a dark-colored substance that may be responsible
for these changes . The total colony count did not reveal signs of microbial contamination, being an
indicator of the use of a proper preservative system. CT results showed the efficacy of the preservative
system used as no growth was observed and the product was classified as class A for all the tested
microorganisms recommended in ISO 11930:2012. Lastly, the study concluded that the formulation
containing 2.5% coffee silverskin extract maintained the physical and microbiological stability,
independently of the storage conditions, meaning that it could be recommended .

To test the stability of a formulation containing a new emulsifier (Sepigel 305), Anchisi et al. ™
also performed centrifugation, organoleptic, pH, viscosity and microbiological tests in samples submitted
to low (5 °C), room, high (42 °C) and freezing temperatures (-10 °C) for two weeks. The formulation gave

positive stability results for centrifugation, minimal changes in color and pH, displayed viscosity ranging
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between high and medium consistency and the microbiological tests provided good results. This shows that
the preservative system used is adequate for good microbiological quality and that Sepigel 305 can stabilize
emulsions as an emulsifier. Another example is the investigation of a moisturizing cosmetic emulsion with

phenoxyethanol as a preservative by Silva et al. ™

where accelerated stability assays (pH, viscosity, and
centrifugation) with the cosmetic emulsion being kept at different temperatures (2 °C, 25 °C, and 40 °C)
and time durations (24 hours, 7 days, 15 days, and 30 days) were performed. This formulation with
phenoxyethanol revealed no phase separation or physical instability in the centrifugation test and pH values
in agreement with those found for human skin. In terms of viscosity, there were different rotation speeds
used to observe its effect in the emulsion, which displayed a viscosity decrease with an increase of speed.
This is the typical thixotropic behavior of a cosmetic emulsion, which becomes more fluid when subjected
to external pressure, spreading easily and recovering the initial viscosity after application, which prevents
the product from dripping. The accelerated stability tests concluded that this formulation containing
phenoxyethanol was stable 7.

In another stability study, Stephane et al.

paid special attention to the concentration value of
preservatives during the investigation period. Two of the studied preservatives were phenoxyethanol and
benzoic acid. Twelve cosmetic products were stored at 25 and 45 °C for three months to, once again,
compare the condition that causes accelerated aging (45 °C) to the normal one (25 °C), and chemical and
physical parameters were evaluated. In addition to the typical organoleptic, centrifugal, pH and viscosity
analysis, the author quantified the mentioned preservatives by liquid chromatography and the water activity
evaluation, which is the measurement of available water in a product formulation '°. The organoleptic
results showed no modifications at 25 °C, However, at 45 °C, the color changed for most products, having
suffered a yellowing transition. Some products displayed phase separation after centrifugation, and the pH
and viscosity modified in a few samples. In terms of water activity, there was a decrease of at least 5% in
the samples stored at 45 °C due to water evaporation accelerated by temperature; according to standard ISO
29621:2012, the reported value of water activity (0.6) corresponds to a hostile medium to microbial
growth". In regards to the quantification of preservatives, benzoic acid showed a decrease of 10% in both
temperature conditions, while phenoxyethanol maintained its concentration. This decrease can end up
causing skin infections

From these studies, it can be concluded that cosmetic stability studies are essential for guaranteeing
the quality of the product and to assure the efficiency of the preservative system, and consumer safety.
These evaluation assessments usually follow a common set of procedures that include organoleptic,

centrifugation, pH, viscosity, colony count and Challenge Test, amongst others.
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4 Materials and Methods

In this chapter, the laboratory procedures and experimental set-up used throughout this dissertation
will be presented. Each of the methods applied to assess the stability of liquid soaps by accelerated stability

tests and evaluate the preservatives will be explained in different sub-sections.

4.1 Tested Samples

Two different liquid soaps were tested: i) Sample A, which is the base soap from Castelbel, used to
produce all liquid soaps, containing only the preservative MI and CMI; ii) Sample B, which has the same
soap base with a different preservative, the BDP (mixture of benzoic acid, dehydroacetic acid and
phenoxyethanol).

To produce the sample B, 10 L of base soap without preservative were manually mixed with 80 g of
BDP preservative. The pH of the soap was measured before and after the addition of the preservative to
verify that it was in accordance to the manufacturer’s instructions (pH close to 6).

Both soap bulks were divided in two independent samples; one of the samples was used to perform
the organoleptic and weight analysis; the other was meant for the remaining stability and preservative

evaluation tests.

4.2 Accelerated stability assessment

To perform an accelerated stability assessment (see Section 2.3), both soaps A and B were placed
under different conditions and analyzed at different time intervals for a period of 2 months (60 days).
Ideally, the study should last up to 3 months (90 days), but the dissertation timeframe did not allow it.
During this period, the samples were evaluated at three different moments, using the tests detailed in the
next sub-sections: ty representing the initial moment of the study; t; which represents 1 month later (30
days); and t; which indicates the final moment of the study, after 2 months (60 days).

Following the guidelines from ISO 18811 '°, the liquid soap samples were placed in four different
conditions: i) protected from light by placement in a fridge at 4 °C (+ 3 °C); ii) protected from light by
being placed inside a cupboard at room temperature (RT; 23 °C (+ 3 °C)); iii) exposed to daylight at RT;
iv) protected from light by being placed in an incubator at 50 °C (+ 3 °C). This last option was chosen due
to the high temperatures to which these products can be subjected during transportation.

The performed tests can be divided into physical and chemical properties evaluation tests (e.g.,
organoleptic evaluation, weight, pH, density, viscosity, foaming capacity, foam stability, and centrifugation
analysis) and microbiological tests (e.g., contamination level evaluation). These tests carried out at 20- 25
°C on samples subject to the conditions mentioned above, will make it possible to assess whether the liquid

soaps produced maintain their properties throughout the entire process. All experiments with the exception
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of organoleptic analysis were performed in three technical replicates (n=3) for each assessment time-point

and storage condition to ensure statistical relevance of the results.

4.2.1 Organoleptic analysis

This examination for each condition was performed under natural light and room temperature
conditions and in a room exempt from intense odors or fragrance, following the company’s internal
protocol. The final product’s organoleptic properties analyzed were the color, odor and appearance and a

descriptive evaluation was selected to define possible changes in soap samples """,

4.2.2 Weight analysis
To record the possible weight loss over time, the samples were weighted with an analytical scale

(EW1500-2M, Kern) and then subtracted the previously measured empty container’s weight.

4.2.3 pH analysis
The pH measurements were performed with a potentiometer (MU6100L, VWR) directly in each

liquid soap sample ”°.

4.2.4 Density Analysis

To study the liquid soap’s density, 20 mL of sample was placed in 250 mL beakers and measured
with the proper instrument (DensitoPro, Mettler Toledo) that pumped the sample into a measuring cell
through a filling tube and automatically provided a density value. Afterwards the equipment was washed

with distilled water.

4.2.5 Viscosity Analysis

The viscosity measurement was performed using appropriate equipment (Rotational Viscometer,
Fungilab) with a disc-shaped spindle R2 and velocities of 100 rpm for the liquid soap A and 30 rpm for the
soap B, which were chosen according to the equipment’s manual *. Having previously measured the
density of each soap, this value is a parameter used in the viscosity equipment. A total volume of 350 mL
of each sample was placed in 600 mL beakers. After setting the parameters, the spindle connected to
equipment was stationed in the middle of the beakers and after it started rotating, the instrument provided

a viscosity value.

4.2.6 Foaming Capacity and Foam Stability Analysis
In order to analyze the foam’s stability, an amount of 40 mL of 0.5% soap solution was homogenized

for 1 min in a 100 mL graduated cylinder using a dispersion equipment (Ultra Turrax, IKA) at 10.4 rpm.
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The foam and solution volume were measured in the 100 mL graduated cylinder after mixing and then,
after 30 min. The foaming capacity and stability were calculated using the equation 1 and 2 *':

Vfoam after homogenization — Vinitial solution ( 1)

x 100

% foaming capacity =
Vinitial solution

Vfoam after 30min

x 100 @)

% foam stability =

foam after homogenization

4.2.7 Centrifugation Analysis

To analyze a possible phase separation in the samples, they were submitted to a centrifugation test
at 3000 rpm for 30 min, in which 8 mL of the liquid soap sample was placed in 15 mL polypropylene
Falcon tubes 7°.With the occurrence of phase separation, the water was recovered with a glass pipette and
transferred to a pre-weighted container in order to obtain the weight of the resolved water. The product
stability assessed from the mass of resolved water, as show in Equation 3 *2.

mass water resolved ) ] ) 3)
% water recovered = - X fraction of water in emulsion X 100
mass of emulsion

4.2.8 Contamination Level Analysis
100 pL of each soap sample was plated on Plate Count Agar (PCA; VWR, Belgium), and incubated
at 37 °C for 48 hours (Agitorb 200 Incubator, Aralab, Portugal). After incubation, the culturable cells were

enumerated to assess if the soaps were contaminated.

4.3 Preservative’s Evaluation

4.3.1 Antimicrobial Activity Analysis

To evaluate the antimicrobial activity of both soaps by the agar-well diffusion method, the same
model strains were used: S. aureus (ATCC 25923), S. epidermis (ATCC 35984) and E. coli (ATCC 25922).
Single colonies of each strain were collected from PCA plates, inoculated in 50 mL of LB broth, and
incubated overnight at 37 °C. The bacterial strains were then harvested by centrifugation at 3202 g for 10
min at 18 °C. Then, cell concentration was adjusted to OD of 0.2 at 610 nm in LB in order to obtain a final
concentration of approximately 10’ CFU/mL. Subsequently, PCA plates were inoculated by spreading the
bacterial suspension over the agar surface. Then, wells with a diameter of 6 to 8 mm were punched with a
sterile tip instrument, 50 pL of soap solution was added into it, and the plates were incubated at 37 °C for

24 h. Control assays were performed with distilled water *.
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4.3.2 Challenge Test

As previously stated, this test follows the indications of ISO 11930 ** and aims to evaluate the
efficacy of antimicrobial preservation and consists of challenging the product, with a prescribed inoculum
of suitable micro-organisms, storing the inoculated preparation at a prescribed temperature, withdrawing
samples from the container at specified intervals of time and counting the organisms in the samples
removed.

The bacteria used were S. aureus (ATCC 25923), S. epidermis (ATCC 35984) and E. coli (ATCC
25922), these were not the ones indicated in ISO 11930 since those were not easily available. However,
these chosen strains are frequently found on the human skin * and also listed on Table 3 on Section 2.4.3
as a recommended microorganism for this procedure. Firstly, single colonies of each strain were collected
from PCA plates and used to inoculate 50 mL of Luria-Bertani Broth (LB Broth; Thermo Fisher Scientific,
USA);. The cell density of each overnight culture was then adjusted with fresh LB medium to an optical
density (OD) of 0.20 at 610 nm (corresponding to approximately 10’ CFU/mL) in a spectrofotometer (V-
1200, VWR, Belgium). From this inoculum, 0.2 x10~2 mL were placed in a 50 mL recipient with 20 mL
of each soap sample. The inoculated samples were immediately diluted (ten-fold series dilutions) to an
appropriate cell density to yield > 10 and < 100 CFU per 10 pL-drop plated on solid growth medium (PCA;
VWR, Belgium) using the pendant drop method **. The number of CFU/mL of sample was determined after
plate incubation for 24 h at 37 °C. The inoculated liquid soap samples were incubated for 14 days at 25 °C
¥ After 7 and 14 days, the inoculated samples were plated again in order to determine the reduction in
bacterial cell counts compared to the initial assay sample (before incubation) *.

The preservative properties of the preparation are adequate if, in the conditions of the test, there is
a significant fall or no increase in the number of microorganisms in the inoculated preparation after the
times and at the temperatures prescribed. The acceptance criteria, in terms of decrease in the number of
microorganisms with time, varies for different types of preparations according to the degree of protection
intended (see Section 2.4.3).

The ISO 11930 states that if there’s previous proof that the product being studied has an antimicrobial
component, it is essential to quench or negate the activity of this component in order to make a viable
count™. This removal of activity may be achieved by chemical neutralization with an appropriate
neutralizer. Since in the beginning of this procedure the results of the antimicrobial action weren’t
available, this test was primarily performed without a neutralizer. After obtaining the results proving the
antimicrobial capacity of the formulations, the test was adjusted to include the addition of a neutralizer to
the samples, in order to confirm the results obtained in the first attempt in the most adequate
conditions. The neutralizer used was an universal neutralizer containing L-histidin (1 g/L), lecithin (3 g/L),
sodium thiosulphate (5 g/L), saponin (30 g/L), Tween 80 (30 g/L), phosphate buffer (0.25N) and distilled
water *, and its purpose was to cancel the effects of any antimicrobial component in the samples weather,

such as the preservative.
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4.4 Statistical Analysis

In order to evaluate and better compare the obtained results in the several conditions and timestamps,
a statistical analysis of a Student’s t-test was performed using Excel. This statistical method was used to
test the null hypothesis, that says that the average of the samples is the same between two tests. That being
said, one can reject the null hypothesis when the significance (p-values) obtained in the test are smaller
than 0.05 (95% confidence interval).

The results obtained for each evaluated parameter will be analyzed under three different angles: (1)
Comparison between the three storing timestamps, namely comparing both t1 and t2 against t0, which is
the control essay; (2) Comparison between the different storage conditions within the same timestamp,
mainly against RT which is the control essay in this case and (3) Comparison between both formulations A
and B, specifically looking for differences in behavior or scale for the same timestamp and condition. The
statistical analysis (1) will be visible along Section 5, while analysis (2) and (3) will be highlighted and

discussed when relevant. Additional analysis may also be discussed sporadically, when relevant.
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5 Results and discussion

5.1 Accelerated Stability Studies

In accelerated stability tests, a product is stored at elevated stress conditions (such as temperature,
light etc.). As mentioned before, these results were obtained at three assessment points: 1) to, where the
multiple samples were analyzed before being submitted to the four storage conditions. This timestamp is
used as a control; ii) t;, where the samples have been submitted for 1 month to the different conditions; t,,
where the samples have been submitted for 2 months to the different conditions. The four storage conditions
used were: 1) room temperature protected from the light (RT =23 £ 3 °C); ii) room temperature exposed to
the sunlight (RTL); iii) 50 = 3 °C protected from the light; iv) 4 + 3 °C protected from the light. Analyzing
these factors, it was possible not only to compare formulation A (containing isothiazolinones as
preservatives) and formulation B (containing the BDP preservative), ensuring that the liquid soap with the
new preservative maintains its characteristics and function, but also to examine the effect of temperature

and light on each formulation, as well as their stability for two months under these conditions.

5.1.1 Physical, Chemical and Microbiological Properties Evaluation Tests

5.1.1.1 Organoleptic Evaluation
To examine the physical properties and predict potential changes in the products during
transportation, storage and commercialization, an organoleptic evaluation under different temperature and

light conditions was performed. The results are presented in Table 5.

Table 5. Organoleptic analysis of Formulation A and B.

to

t] Transparent
2

to

t Transparent
z Transparent ~ None Clear None Clear
to Transparent
t1 Light yellow
t2 Intense yellow
to

t Transparent

t

The results showed that there were no changes in odor and appearance in any of the formulations,
regardless of the storage conditions. They also barely demonstrated no differences in terms of color, except

for formulation B at 50 °C, which showed a drastic transformation, turning more and more yellow over
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time. This transformation can be considered relevant to the aesthetic of this specific product from a

commercial standpoint. These results are presented in Figure 5.

Figure 5. Formulation B at 50 °C.

Since this color change only occurred in formulation B, it suggests that it may be associated with
the addition of the preservative BDP, which contains dehydroacetic acid (DHA) and phenoxyethanol as
preservative agents, amongst other components. The yellowing transformation is usually related to
oxidizing processes and has been proven during thermal aging ¥, In fact, it is known that formulation
containing dehydroacetic acid tend to show discoloration or yellowing with time, temperature and/or
reaction with other formulation components. DHA is a particularly unstable molecule and suffers hydrolysis
when in protic (non-aqueous solutions) or polar (aqueous solutions) solvents, like ethanol or water *. The
extent of the yellowing process is dependent on heat exposure during storage, which accelerates the
hydrolysis reaction, being coherent with the results shown in Figure 5. This reaction produces free radicals
that may suffer coupling, generating chromophoric molecules that are responsible for the yellow tonality
in the solutions *. Additionally, these free radicals together with the reactive oxygen species (ROS) created
by exposing phenoxyethanol to elevated temperatures °° may react with the other chemical components on
the formulation leading to accelerated oxidative damage and degradation. Some components of the
analyzed formulation are known to be prone to oxidation when in contact with strong oxidizing agents
(such as ROS), namely glycerin, which is known to degrade into ketones and aldehydes while acquiring a
yellowish color ?! which degrade into smaller chain molecules when oxidized, creating a darker solution
9293 This strongly suggests that, in the present work, the possible cause for the yellowing of formulation B,
could be the hydrolysis of DHA and/or the action of thermal-aging of phenoxyethanol that led to oxidation.

DHA is usually avoided when the formulation is not pigmented due to the yellowing effect, which,
influences the aesthetics and commercial value of end-user products. However, in order to reduce the
oxidation extent and prevent product degradation from occurring, an antioxidant should be added to the
formulation. Antioxidants, as the name suggests, are substances added to protect oxygen-sensitive
formulation ingredients from oxidation, such as the surfactants. They are also used in cosmetic formulations
to counter free radicals that damage lipids and proteins. Examples of commonly used antioxidants in
cosmetics are butylated hydroxytoluene, butylated hydroxyanisole, retinol, ascorbic acid, and isoflavones;

polymeric antioxidants include agai oil, coenzyme Q-10, and polyphenols **.
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5.1.1.2 Weight loss analysis

In parallel with the organoleptic examination, a weight analysis was accomplished. The results are

summarized in Figure 6.
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Figure 6. Weight loss (%) of formulations A and B during the accelerated stability evaluation. Since the organoleptic analysis was

performed only on one sample the standard deviations are not presented.
The analysis of Figure 6 suggests that the 50 °C temperature condition in both formulations caused
a greater decrease in the weight value of the product, compared to the other conditions tested. This might
be due to the evaporation of water, which is the main component of both liquid soap formulations, caused
by the higher temperatures. As previously observed in Section 3.4 this is a fairly common occurrence in
cosmetic products at high temperatures ”°.

Regarding the conditions evaluated at room temperature (RT and RTL), especially from to to t;, a
greater weight reduction could be observed for formulation B - 0.47% at RT and 0.21% at RTL - when
compared to formulation A - 0.07% at RT and 0.05% at RTL. However, in all the presented cases, the
decrease in sample weight is very low and is considered acceptable by the criterium of the supplier, which
states that up to a 10% of weight loss is admissible *°.

Another point that proves how irrelevant these weight variations are is the fact that viscosity
typically increases dramatically with loss of water availability °° which means that, if the heaviest reduction
of water through evaporation at 50 °C was substantial, there would be a visible rise in viscosity in the same
samples. However, when observing the viscosity results at 50 °C there was no variation of viscosity when
compared to samples in other conditions, meaning that even the biggest weight loss registered didn’t have

a significant impact (Section 4.2.5).

5.1.1.3 pH analysis

As far as the effectiveness of a liquid soap is concerned, pH is considered a very important parameter.
The pH of human skin generally ranges from 4.5 to 6.0, and 5.5 is considered the average pH of human
skin *7. Therefore, for a formulation to be accepted for industrial application, it must have a pH close to this

range °’. According to the company specifications, the pH values of liquid soaps should be in the range of
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5.5t0 6.5 *, which is a particularly high pH when taking into consideration the skin range. The pH values

determined for the two formulations are presented in Figure 7.
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Figure 7. pH measurements of formulations A and B during the accelerated stability evaluation. The means = SD are presented

and the symbol * indicate statistically different values for p < 0.05.

Liquid soap A, showed pH values higher than the manufacturer’s specifications, which means that it
would be necessary to adjust the pH in the final stage of production. Being the one currently produced by
the company, formulation A demonstrates the standard behavior to which B will be compared to. In fact,
formulation A presents a pH value of 6.80 = 0.01 when measured at room temperature and considering the
initial timestamp to. When measured at t, under the same conditions, the recorded pH value showed a slight
rise to 6.91 £ 0.03, with statistically significant difference (p < 0.05). This behavior is evident in most
temperature conditions for formulation A. The same small increase was also registered for formulation B,
showing a statistically significant increase from to to t, in all tested conditions (p < 0.05). However, these
changes are virtually neglectable considering their magnitude, as well as the effect of this increase in
cosmetic products (e.g., for formulation B at RT, from t, to t», the variation represents only 1.85%).

Regarding the changes in temperature and light conditions in the three assessment time points, a
behavior similar to the one described above was found. In fact, the slight variations are not relevant when
analyzing the usability of a cosmetic product.

The main difference reported is that formulation B has a considerably lower pH than formulation A,
ranging from 4.75 £ 0.01 to 5.03 £ 0.01. This may be due to the acidity of the constituents of the BDP
preservative, which includes phenoxyethanol (mildly acidic compound) and two acids, dehydroacetic acid
and benzoic acid. According to the manufacturer’s indications, a liquid soap containing the BDP
preservative should have a pH value lower than 6, as the preservative has its maximum activity below this
value (see Section 2.4.2). However, this value is slightly lower than the one established by Castelbel for its

formulations — pH between 5.5 and 6.5. This range of pH was established taking into consideration the
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properties of the preservative that was substituted which, as the results from formulation A show, would
increase the liquid soap’s pH. So, it is expected that the formulation with a new preservative would not
match this limit. Nevertheless, all the results obtained from formulation B are inside the skin pH interval,
4.5 to 6.0, which makes them acceptable for a liquid soap and actually provide skin friendlier pH values
that formulation A. This means that, contrary to A, B would not need an adjustment in pH at the final stage

of production which is an advantage in terms of time, resources and chemicals added to the liquid soap.

5.1.1.4 Density evaluation

The density of each formulation is an important physicochemical parameter to evaluate when
characterizing a liquid soap. These products from Castelbel usually present a density of 0.950 to 1.200g/cm’

% The density measurements of both formulations are presented in Figure 8.
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Figure 8. Density measurements of formulations A and B during the accelerated stability evaluation. The means + SD are presented

and the symbol * indicate statistically different values for p < 0.05.

When comparing the density values of formulations A and B, it is clear that both samples
demonstrate very similar values - formulation A varying from 1.024 +0.001 g/cm’ to 1.027 +0.001 g/cm’
and formulation B from 1.015 + 0.002 g/cm® to 1.025 +0.001 g/cm’.

Focusing on formulation A, at to and RT (control), the obtained density was 1.026 + 0.001 g/cm’
which suffered a decrease of 0.19% to 1.024 + 0.001 g/cm’ at t;. This variation has statistical relevance (p

< 0.05) but, as the decrease percentage shows, it is not a pertinent change when analyzing the usability of

a cosmetic product.

On the other hand, formulation B showed statistically significant results (p < 0.05), namely at RT
and 4 °C from t, to t2, where a density decrease of 0.82% occurred. Focusing on the results at RT, there was
an initial density of 1.022 + 0.003 g/cm? that increased 0.25% to 1.025 + 0.001 g/cm’ at t; and decreased
0.73% to 1.015 + 0.002 g/cm® from to to t (p < 0.05). However, given once again the low percentage of

these alterations, they do not represent a problem for the stability or usability of the liquid soap.
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Comparing the density values of formulation A and B, the results are very similar, with few
statistically significant variations. In fact, formulation B shows values according to what is stipulated by

the manufacturer, given the typical density of liquid soaps in Castelbel that is between 0.950 to 1.200g/cm®.

5.1.1.5 Viscosity evaluation

Viscosity is an important aspect when determining the quality of hand washing products. In these
products, customers associate a higher viscosity with a greater content of active compounds and thus, with
increased efficiency and better performance. On the other hand, these cosmetics are not expected to have
an extremely high viscosity as they are commonly applied from pump dispensers for hand washing and that
would difficult the process *®. The Brazilian Health Regulatory Agency reports that limit values of viscosity
should be stipulated by the producer considering the costumer’s preference *. Liquid soaps sold by

Castelbel should have a viscosity close to 3000 cP to 4000 cP *°. The results of viscosity analysis are shown

in Figure 9.
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Figure 9. Viscosity measurements of formulations A and B during the accelerated stability evaluation. The means + SD are

presented and the symbol * indicate statistically different values for p < 0.05.

Looking at Figure 9, it is clear that formulation A has a much lower apparent viscosity than
formulation B, at all timestamp and conditions (A: 217.93 £ 0.06 — 309.80 £ 0.27 cP; B: 741.03 £ 2.32 -
960.60 £ 2.15 cP). Both formulations reveal values lower than expected (3000 cP to 4000 cP), especially
A that even from an organoleptic perspective, does not correspond to the consumers anticipated appearance
of a liquid soap, seaming too fluid for the standard. To fix this, a higher concentration of viscosity agent
could be implemented, such as sodium chloride (usually used by Castelbel). Despite having an extremely
low viscosity, formulation A maintained this property throughout the experimental period: before being
submitted to any storage condition (to) the viscosity value was 234.27 £ 0.45 cP; the highest viscosity was
309.80 £ 0.27 cP found at 4 °C and t; (increase of 32%) and the lowest of 217.93 £ 0.06 cP at RTL and t,
(decrease of 7%). Although these variations are considered statistically relevant (p<0.05), they do not
constitute an obstacle to the product’s stability, contrary to its low viscosity value, which raises some

concerns.
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On the other hand, the formulation B has a higher overall value of viscosity, but showed a significant
decrease (p<0.05) from to both to t; and t» in every storage conditions. In the RT tests, the viscosity went
from 960.60 + 2.15 cP at to to 779.47 £ 3.05 cP at t, (a decrease of 19%). This behavior, which is similar
for all storage conditions, suggests that this relevant difference is probably not related to the storage
conditions nor time elapsed. Instead, it suggests that some process occurred in to is responsible for the sharp
decrease, followed by a stabilizing phase. Taking into account that formulation B was prepared on site by
adding the preservative to the base, through a process of manual mixing, there could have been some extent
of aeration and formation of bubbles in the final mix. On the other hand, formulation A did not undergo
this process since it was already mixed with the preservative when acquired from the producer. That being
said, the resting period between preparation (mixing) and viscosity measurement might not have been
enough for the solution to recover its properties. It is known that aeration and the presence of bubbles in
liquids is responsible for an increase in kinematic viscosity, or even reduce the measurement quality of the
viscosimeter '®’. Moreover, as explained in Section 5.1.1.1, the reactions between the preservative
components and the other formulation components, as well as the lower pH, higher ionic strength induced
by the acidic preservative and its inherent chemical structure may be responsible for the overall higher
value of viscosity, due to the formation of cross-links between molecules and structural changes in the other
components. Once again, the reduced resting time between preparation and measurement in to might have
played a role in artificially increasing viscosity values, due to reaction onset. The time elapsed from to to t;

allowed for the formulation to recover its properties and for the entrapped air to escape the liquid.

5.1.1.6 Foam evaluation
Another parameter evaluated was the foaming properties, which are one of the main assessment
indicators of quality in body wash cosmetics. Foams are described in the European Pharmacopoeia as

“formulation, consisting of a large amount of gas dispersed in a liquid phase” '*'

, they are colloids
composed of two or three distinct phases: normally a hydrophilic liquid continuous phase with a foaming
agent, in which a gaseous dispersion phase is distributed '*.

To provide consumers with a feeling of high efficiency, these products are expected to form a large
amount of thick, stable and velvety foam during the use. However, foam is created by the presence of a
foaming agent, which is an amphiphilic substance whose hydrophilic part is responsible for their solubility
and when in contact with water, the hydrophobic parts of the molecule arrange themselves in a way to
minimize the area of contact with it. This leads to their specific orientation in which the hydrophilic part is
in contact with the water and the hydrophobic part with the air, causing the formation of micelles in the
bulk of liquid phase '®. That being said, it is important to notice how this process is not related to the
product’s cleaning abilities and that foaming is not connected with the quality of the cleaning process and
merely a cosmetic attribute. Even so, in search of a greater sale appeal, manufacturers continue to give their
products a good foaming quality, in spite of the fact that the newly developed synthetic detergents create a

good washing quality without foam generation ', On the other hand, an excessive volume of foam can
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cause difficulties in removing the cosmetic from the skin of the hands when rinsing with water in the final
washing step .

In this dissertation project, two foaming parameters were evaluated: foaming capacity, which is
characterized as the interfacial area that can be created by the foam '** and foam stability which is defined
as the time that foam will maintain its initial properties as generated and remain stable despite gravitational

or mechanical forces that causes liquid drainage from the colloidal mixture that composes foam '*.
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Figure 10. Foaming Capacity measurements of formulations A and B during the accelerated stability evaluation. The means + SD

are presented and the symbol * indicate statistically different values for p < 0.05.

Regarding the foam capacity, both formulations show very similar values, having almost no
variations with statistical relevance (p > 0.05). This immediately confirms that this parameter for
formulation B is satisfactory, since it matches the results obtain from A, the formulation currently sold by
the company. The results of formulation A, from all timestamps and conditions, range from (75 + 7)% to
(93 £5)% and formulation B from (67 £ 13)% to (91 = 6)%, which are acceptable values since they clearly
show that both formulations are capable of forming the foam that consumers expect. According to statistical
analysis, the results of each temperature and light condition are similar, denying any reaction caused by
these factors.

In terms of foam stability, Figure 11 clearly shows that both samples display very close values that

are not affected by the different conditions or evaluation period.
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Figure 11. Foaming Stability measurements of formulations A and B during the accelerated stability evaluation. The means + SD

are presented and the symbol * indicate statistically different values for p < 0.05.

In all timestamps and conditions tested, foaming stability values ranged from (37 £ 2)% to (45 £ 4)%
and from (38 £ 6)% to (46 = 1)% for formulation A and B, respectively. Since the results between the two
formulations don’t display any differences with statistical importance (p > 0.05) which means that B shows
a similar foaming stability to the presently used formulation, A, we can assume that the foam stability of
the formulation B is acceptable for a marketable liquid soap. Even so, a factor that can impact this stability
is the formulation’s viscosity. An increase in viscosity can prolong the relaxation time of foam gravity
unloading thus improving foaming stability '°. Meaning that, the adjustment in the viscosity properties of

formulation B that are suggested in Section 4.2.5, would also better this parameter.

5.1.1.7 Centrifugation analysis

A centrifugation test is based on the principle of using centrifugal force to separate two or more
substances of different densities, such as two different liquids or a liquid and a solid, and is a useful tool
for assessing and predicting the shelf life of the solutions 7.

In this dissertation project, a centrifugation test was performed at the timeframes to, t; and t, and
taking into consideration the different storage conditions, to evaluate the thermostability properties of each
formulation (Figure 12). With the stated method, the main purpose was to observe if any of the samples
suffered phase separation and if so, the solution stability would be calculated from the volume of water

resolved (Equation 1 in Section 4).
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As can be observed in Figure 12, there was no phase separation after centrifugation for any storage
condition during the entire study period, which means that both formulations are stable under all conditions
for at least two months. This indicates that there was a proper homogenization speed during formulation,

which may have prevented the formulations from breaking during the tests 7.

5.1.1.8 Contamination level analysis

The level of microbial contamination was analyzed at the three time points (t0, t1 and t2), the first
one working as control and the other two corresponding to samples that have been stored under different
temperature conditions. The results obtained from the contamination level assay are represented in Figure
13.

Figure 13. Contamination levels results of formulations A and B in the accelerated stability evaluation.

Looking at the representative images of agar plates, there was no sign of microbial contamination by
bacteria or fungi in any soap sample (0 CFU/mL). This is an indicator of the use of a proper preservative
system, as well as proof that the physicochemical properties of the liquid soap, such as the presence of

surfactants capable of dissolving celular membranes '”’, create an environment that seem to not support
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microbial growth at least for two months. Regarding formulation A, both CMI and MI are not only
responsible for the preservation capacity against bacteria (both gram-negative and gram-positive), but also
against fungi ' . The results obtained for formulation A were expected since it is a stable and commercially
available formulation. Similarly, regarding formulation B it is known that the phenoxyethanol present in
the preservative induce cell lysis by damaging cell membrane, as well as oxidative damage in the cellular
structures and proton gradient dissipation through membrane permeabilization **°. This last effect causes
the uncoupling of respiration from the oxidative phosphorylation, affecting cell metabolism '**. Moreover,
phenoxyethanol is known to be volatile, which also enables it to protect the headspace of the packaging
against bacteria '°. In fact, phenoxyethanol is very effective on protecting the formulation mostly against
gram-negative bacteria °>''°. On the other hand, benzoic acid (another preservative component) confers

108,111

strong protection against gram-positive bacteria, as well as against fungi . The last preservative

component, DHA, reinforces the bactericidal strength, in a similar way as the benzoic acid '**!'?,

5.2 Preservative’s Evaluation

5.2.1 Antimicrobial activity analysis— Agar-well diffusion method

The agar-well diffusion method is widely used to evaluate antimicrobial activity **. The agar plate
surface is inoculated by spreading a volume of the microbial inoculum, then a hole punched aseptically,
and a volume of the antimicrobial agent is introduced into the well. Typically, after incubation, it is possible
to observe that the antimicrobial agent diffused in the agar medium and inhibited the growth of the microbial
strain in the form of an circular inhibition halo .

In the present work, this method was used to assess the antimicrobial activity of the liquid soaps
against three reference bacterial strains resident in the human skin, S. aureus, S. epidermidis and E. coli.

The inhibition halos obtained for each bacterial strain are presented in the Table 6.

Table 6. Inhibition halo (diameter values in millimeter) obtained for each bacterial strain with formulations A and B.

E. coli 14.15 # 0.13 E. coli 15.13 # 0.38
S. aureus 25.07 + 0.16 S. aureus 21.50 # 0.10
S. epidermidis ~ 25.01 # 0.13 S. epidermidis ~ 23.05 # 0.10

The results that both formulations were effective at inhibiting bacterial growth when compared to
the control (distilled water; no inhibition halos were formed). S. epidermidis revealed to be the more
sensitive strain to both soap formulations, followed by S. aureus, and finally by E. coli, which was the only
Gram-negative bacteria tested and the least sensitive to the antimicrobial agents present in both liquid soaps
solutions (p < 0.05). This means that E. coli is the most resistant to the preservative activity, which might

be due to the fact that, in the preservative mixture, two out of three components, benzoic acid and DHA,
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18.1LH2 \while for gram-negative bacteria,

act on gram-positive bacteria like S. epidermidis and S. aureus
such as E. coli, the protection is assured by only one of the three components, phenoxyethanol *>''°. This
indicates that, by containing a majority of preservatives that act on gram-positive bacteria, BDP has a bigger

antimicrobial impact on these bacteria.

5.2.2 Challenge Test

This test aims to demonstrate the efficacy of preservatives in both formulations. A sample of liquid
soap was contaminated purposely with bacteria (that can be found on the skin flora) at the beginning of the
experimental period. The preservative efficacy is shown by a reduction in the number of cell colonies in
the sample after a certain period of time, in this case, after 7, 14 and 28 days. Therefore, this reduction is
measurable and if it respects the defined acceptance criteria in terms of a decrease in the number of
microorganisms with time, the preservative properties of the formulation are considered adequate .

The obtained number of colonies per mL of liquid soap in an independent experiment (with two

technical replicas) without adding neutralizer are presented in Table 7.

Table 7. CT results (CFU/mL).

Time point (days) E. coli S. aureus S. epidermidis
0 (2.23 # 1.50)x103 (1.40 £ 0.42) x10*  (2.30 # 0.86) x10°
7 0 0 0
28 0 0 0
0 1.00x102#(0) (8.50 #4.51) x103 (2.82 #1.00) x10*
7 0 0 0
28 0 0 0

The results obtained showed that there were no longer microorganisms in the liquid soaps samples
after 7 days. This means that both formulations were able to reduce the initial amount of microorganisms
in a period of 7 days. Since the acceptance criteria defined a reduction of at least a 3 Log on day 7 (see
Section 2.4.3), the results exceeded this limit, which proves the efficacy of both preservatives used in
formulations A and B. This was confirmed when the samples were plated again 28 days after the initial
time point, and once again no bacteria was detected. This met the acceptance criteria that establishes that
there should not be any increase in the number of viable microorganisms compared to the previous
readings’®.

As previously mentioned in Section 4, this test was repeated with the addition of a neutralizer that
aims to annul the microbial activity of preservatives or any other compound in the cosmetic sample. In

microbiological quality control of cosmetic, the neutralization of the antimicrobial effect of the
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preservatives is essential for the safety of the tests and performed according to the international standards
used in microbiological analyses of cosmetics. These neutralizers should be added according to the
antimicrobial preservative group. For isothiazolinones some of the recommended neutralizers are lecithin
and saponin. For phenoxyethanol some suggested neutralizers are lecithin as well, and polysorbate 80
amongst others. For this reason, a universal neutralizer was used. The results displaying the number of

colonies are presented in Table 8:

Table 8. CT with neutralizer results (CFU/mL). un: uncountable.

Time point (days) E. coli S. aureus S. epidermidis
0 (4.04 £0.75) x10° (3.57 £0.30) x10° (5.62 #0.12) x10°
7 0 0 0
28 0 0 0
0 2.39x10° un 3.96x10°
7 0 0 0
28 0 0 0

After 7 days, the samples were plated once again to record the bacteria reduction, and, as observed
for the assay without neutralizer, a total cell inactivation was registered for both formulations with any
strain. The samples were plated once again after 28 days to confirm this total reduction and that there was
no additional microorganisms growth. To guarantee accurate viable counts, it is essential to quench or
otherwise negate the activity of preservatives **. A suitable study method starts with an initial CT performed
on the tested product, if the results show that the growth is inhibited with a reduction by a factor greater
that 2, the procedure is modified to ensure the validity of results and a neutralizing agent is added. If the
neutralizer can’t fully annul the antimicrobial activity, the information serves to indicate that the product in
itself is not likely to be contaminated with the given species of the microorganisms used due to its
microbicidal activity ', which is what the results in this case demonstrate. Even with the presence of a
neutralizer, the preservative was still active and its activity was effective confirming that this product

provides an environment not appropriate for the growth of the tested microorganisms.
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6 Conclusion

In this dissertation project, the preservatives MI and CMI, that can cause allergic reaction, used in
liquid soaps from Castelbel, were substituted for a preservative mixture containing phenoxyethanol,
benzoic acid, and dehydroacetic acid (BDP) which is considered safer. In order to evaluate the formulation
containing the new preservative system, the stability of both liquid soaps was assessed through accelerated
conditions and the preservative’s antimicrobial activity was tested through microbiological studies. The
accelerated stability evaluation involved the assessment of the physical and chemical attributes and
microbiological safety of the products during 8 weeks with assessment time-points at 0 (t0), 4 (t1) and 8
(t2) weeks. This period under accelerated stability corresponds to 1 year of real-time stability.

The accelerated conditions in the new formulation introduced relevant changes in the aesthetics of
the products, mainly in the color that changed to yellow. Regarding the physical and chemical evaluation,
the pH, density and foam capacity and stability were in accordance with the manufacturer or supplier’s
specifications from the beginning to the end of the assessment period. The centrifugation assessment also
confirmed the stability of both formulations. However, the viscosity of both formulation presented lower
values than the manufacturer’s specifications, which suggests the need to adjust the evaluation method or
the concentration of the viscosity agent. In the microbiological assessment, both formulations presented no
contamination. Overall, it can be considered that the physical, chemical and microbiological properties
remained stable during the testing period. In regards to the preservative’s evaluation, both the agar-well
diffusion method and the challenge test confirmed each formulation’s antimicrobial capacity against E.
coli, S. aureus and S. epidermidis, three bacterial strains commonly found on the skin. These antimicrobial
properties were maintained during the CT period, 28 days. According to all results obtained, even though
the new formulation might need a few adjustments in terms of viscosity and aesthetic parameters, the
physical, chemical and microbiological properties of the liquid soaps tested are considered stable from the
beginning to the end of the assessment period and the new preservative- BDP- has proven its antimicrobial

capacity, showing that the new formulation is an adequate substitute.
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7 Future Work

In terms of future work, new or improved stability testing with procedures such as the study of water
availability, can be implemented in the company, expanding the stability evaluation to other cosmetic
formulations, such as hand creams. The formula can be analyzed with the addition of an antioxidant to
investigate the change in color that has a strong aesthetic impact and an adjustment in viscosity agent to
comply with the manufacturer’s specification. Additionally, the liquid soap or even the preservative in itself
can be studied in terms of safety for consumers through a toxicological matrix correlating the toxicity level
and exposure, considering the endpoints of skin sensitization, skin irritation, and carcinogenicity. Isolated
data may not be adequate for safety assessment, ideally, an estimation of the level of risk of an adverse
health outcome should be based on the concentration in a product, frequency of use, type of product, route

of exposure, body surface location, and target population.
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9 Appendices

Appendice 1 - Foaming Capacity and Foam Stability Photographic Record

)

Figure Al. Photographic record of formulation A in the foaming capacity and foam stability analysis
immediately after homogenization (1) and after 30 minutes (2).

(2)

Figure A2. Photographic record of formulation B in the foaming capacity and foam stability analysis

immediately after homogenization (1) and after 30 minutes (2).
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Appendice 2 — Photographic Record of Antimicrobial activity analysis —

Agar-well diffusion method

Figure A3. Photographic record of the inibition halos of formulation A for E. coli (1), S. aureus (2) and S. epidermidis (3).

Figure A4. Photographic record of the inibition halos of formulation B for E. coli (1), S. aureus (2) and S. epidermidis (3).

Appendices b



Study of an alternative preservative system in liquid soap formulations

Appendice 3 — Photographic Record of the Challenge Test

Figure A5. Photographic record of the CT in the first attempt.

Figure A6. Photographic record of the CT in the second attempt.
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Appendice 4 — Graphic Representation of the Challenge Test
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Figure A7. Graphic representation of the Challenge Test.
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