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Preface

The rapid growth of the cosmetic and personal care industry has created an increasing demand for
pharmacy professionals with sound knowledge of cosmetic formulation, quality assurance, safety
evaluation, regulatory requirements, and product development. Recognizing this need, the Pharmacy
Council of India introduced Cosmetics and Cosmeceuticals Theory (BP702T) as an integral component
of the B.Pharm curriculum.

This book has been carefully prepared to provide a comprehensive understanding of the subject while
strictly adhering to the latest PCI syllabus. Every chapter has been written in a logical sequence using
clear and concise language to facilitate effective learning. The content integrates fundamental scientific
principles with current industrial practices, enabling students to appreciate both the academic and
practical aspects of cosmetic science.

The book covers the historical evolution of cosmetics, skin and hair biology, cosmetic ingredients and
excipients, formulation of skin care, hair care, oral care and personal hygiene products, herbal cosmetics,
evaluation techniques, quality control, stability studies, cosmetic regulations, Good Manufacturing
Practices (GMP), product safety, and recent advances in cosmeceuticals. Special emphasis has been
placed on evidence-based information, current regulatory guidelines, and emerging trends in sustainable
and innovative cosmetic formulations.

Ilustrations, diagrams, tables, and summary points have been incorporated throughout the text to enhance
understanding and facilitate examination preparation. The book is intended not only for B.Pharm students
but also for postgraduate students, teachers, researchers, formulation scientists, and professionals
associated with the cosmetic and pharmaceutical industries.

Despite every effort to ensure accuracy and completeness, there is always scope for improvement. We
sincerely welcome constructive suggestions and feedback from readers, teachers, and professionals,
which will help us improve future editions.

We hope that this book will inspire students to explore the fascinating field of cosmetic science and
contribute to innovation in the development of safe, effective, and high-quality cosmetic and
cosmeceutical products.

Authors:

Damit Kumar
Almaz Kamran
Rajbala
Supneet Kaur



Chapter 1: Introduction to Cosmetics and Cosmeceuticals: Definition, Scope, Classification, History
and Regulatory Overview
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Abstract

Before any discussion of specific formulations, active ingredients or clinical outcomes can be useful, it
helps to establish exactly what is meant by the terms "cosmetic" and "cosmeceutical,” because the two
words are used loosely in everyday speech but carry quite specific, and in some respects deliberately
narrow, meanings in regulatory and scientific contexts. This chapter lays that groundwork. It begins with
the formal definitions of cosmetics and cosmeceuticals as they appear in major regulatory frameworks,
and examines why the cosmeceutical concept, though scientifically and commercially indispensable,
remains a term without independent legal standing in most jurisdictions. It then surveys the scope of
modern cosmetic science, a field that now draws on chemistry, dermatology, materials science,
microbiology and consumer psychology, before working through the principal ways cosmetic products
are classified, by function, by area of the body to which they are applied, and by physical form. A
substantial section traces the history of cosmetics from antiquity through to the modern cosmeceutical era,
since many contemporary practices and even specific ingredients have a continuous lineage stretching
back thousands of years. The chapter then turns to the practical question of cosmetic dosage forms,
describing the major formulation types, emulsions, gels, powders, sticks, aerosols and others, and the
physicochemical principles that govern their behaviour. It closes with an overview of the regulatory
frameworks that govern cosmetics internationally, comparing the approaches taken in the United States,
the European Union and India, and introducing the concepts of good manufacturing practice, safety
assessment and labelling that recur throughout the remainder of this book.

Keywords: cosmetics, cosmeceuticals, classification of cosmetics, history of cosmetics, cosmetic dosage
forms, cosmetic regulation, Food and Drug Administration, EU Cosmetics Regulation, Drugs and
Cosmetics Act, good manufacturing practice

1. Introduction
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Almost everyone uses a cosmetic product of some description every day, whether or not they would think
to describe it that way. Soap, toothpaste, shampoo, deodorant and sunscreen are all cosmetics in the
formal regulatory sense, even though a lay audience might reserve the word "cosmetic” for makeup alone.
This gap between everyday usage and technical definition is worth dwelling on at the outset of any
serious treatment of the subject, because it is the source of a great deal of confusion, both among
consumers and, on occasion, among practitioners who have not had reason to look closely at how the
category is actually defined. The purpose of this chapter is to close that gap: to set out, as precisely as the
regulatory literature allows, what a cosmetic is, what distinguishes it from a drug, and where the
increasingly important intermediate category of “cosmeceutical” sits between the two [1].

The chapter also has a second purpose, which is to situate the modern cosmetic industry within a much
longer human history. It is tempting, surrounded by the marketing language of contemporary skincare, to
think of active ingredients, sophisticated delivery systems and evidence-based formulation as recent
inventions, and in a narrow technical sense they are. But the underlying impulse, to alter, protect and
adorn the skin, and the use of many of the same raw materials still found in modern formulations, mineral
pigments, plant oils, waxes, is documented across essentially every civilisation for which we have written
or archaeological records [2]. Understanding this history is not merely of antiquarian interest; it helps
explain why certain product categories and rituals persist culturally in the forms they do, and it provides
useful context for appreciating how relatively recent the regulatory apparatus now governing the industry
actually is.

Table No. 1: Difference between Cosmetic and Cosmeceuticals

Cosmetic

Cosmeceuticals

According to Food, Drug and Cosmetics
(FD&C) Act cosmetic product is defined as a
preparation applied to the body, to improve its
appearance.

Cosmeceuticals are the products which lie
between the borderline of cosmetics and
pharmaceuticals.

These products only deliver their ingredient at a
very superficial level into the skin.

Cosmeceuticals contain active ingredients that
act on the skin cellular structure through topical
application with either therapeutic, disease-
fighting or healing properties.

Cosmetics do not delay your skins aging process
because they work at the uppermost layer of the
epidermis which is topmost layer of the skin.

Cosmeceuticals are more concentrated, pure and
more effective giving pharmaceutical benefits.

E.g. Perfumes, lipsticks, fingernail polishes, eye
and facial makeup preparations etc.

E.g. Anti-ageing creams, Hair colorants and
Dyes, Shampoos, Growth Stimulators and
Conditioners etc.




2. Definitions: Cosmetics, Drugs and Cosmeceuticals
2.1 The Regulatory Definition of a Cosmetic

Most regulatory definitions of "cosmetic,” across jurisdictions, converge on broadly similar language
even though the precise wording differs. In the United States, the Federal Food, Drug, and Cosmetic Act
define cosmetics as articles intended to be rubbed, poured, sprinkled or sprayed on, introduced into, or
otherwise applied to the human body for cleansing, beautifying, promoting attractiveness or altering the
appearance, explicitly excluding soap from certain provisions of the definition under a separate historical
carve-out. The European Union's Cosmetics Regulation similarly defines a cosmetic product as any
substance or mixture intended to be placed in contact with the external parts of the human body, or with
the teeth and 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 odours. India's Drugs and Cosmetics Act, 1940, and the accompanying Cosmetics Rules,
similarly define a cosmetic as any article intended to be rubbed, poured, sprinkled or sprayed on, or
introduced into, or otherwise applied to the human body for cleansing, beautifying, promoting
attractiveness or altering the appearance, language that closely mirrors the American statute, reflecting the
historical influence of US and UK regulatory drafting on Indian law. What unites all of these definitions
is an emphasis on external application and on cosmetic, rather than therapeutic, intent and effect [3].

2.2 The Regulatory Definition of a Drug and the Cosmetic-Drug Boundary

A drug, by contrast, is generally defined, again with jurisdictional variation in precise wording, as a
substance intended for use in the diagnosis, cure, mitigation, treatment or prevention of disease, or
intended to affect the structure or any function of the body in a manner beyond mere cosmetic alteration.
This distinction, between altering appearance and affecting bodily structure or function therapeutically, is
the crux of the cosmetic-drug boundary, and it is a boundary that has generated a great deal of regulatory
litigation and guidance over the decades, particularly as cosmetic formulations have grown more
sophisticated and have begun to make claims, implicitly or explicitly, about physiological effects. A
product that claims only to improve the appearance of wrinkles is generally treated as a cosmetic; a
product that claims to increase collagen synthesis through a specific, named biochemical mechanism risks
being classified, at least in the stricter US framework, as a drug, or as what some jurisdictions term a
"cosmetic drug" or "quasi-drug,” a hybrid category with its own registration requirements. Sunscreens
occupy a particularly interesting position in this boundary in the American system, where they are
regulated as over-the-counter drugs rather than as cosmetics, precisely because their function, preventing
sunburn and reducing skin cancer risk, is understood as disease prevention rather than mere appearance
alteration, even though from a consumer's perspective a sunscreen sits on the same shelf, and is used in
much the same way, as a moisturiser.

Table no 2: Key Regulatory & Structural Differences

Attribute cosmetics cosmeceuticals

Primary Goal Cleanse, perfume, protect, and | Repair, rejuvenate, and deliver




alter surface appearance bioactive benefits to the skin

barrier
Active Ingredients Emollients, humectants, Retinoids, peptides,
pigments, mild cleansers antioxidants (Vitamin C/E),

AHASs/BHAS, niacinamide

Skin Penetration Remains primarily on the Formulated to penetrate deeper
epidermis layer epidermal/dermal layers
Regulatory Status Regulated for safety, not Operates in a legal gray zone
efficacy claims (sold OTC, but engineered like
drugs)

2.3 The Cosmeceutical Concept

The term "cosmeceutical” was coined by the American dermatologist Albert Kligman in the 1980s to
describe products that, in his view, occupied a genuine middle ground between purely cosmetic products
with no meaningful biological activity and drugs with a clearly defined therapeutic indication: topical
formulations containing ingredients capable of producing a measurable, if generally modest,
physiological effect on the skin, without rising to the level of treating a diagnosed disease. Kligman's own
primary example was topical tretinoin, which he had studied extensively for photoageing and which
demonstrated genuine, biopsy-confirmed changes in epidermal and dermal structure, changes that, in his
argument, could not reasonably be dismissed as merely cosmetic in the traditional sense, yet were being
marketed and used largely outside the disease-treatment framework that governed conventional
pharmaceuticals. It is important to be clear, and this point recurs throughout the cosmetic science
literature, that "cosmeceutical” has no formal legal standing in the regulatory frameworks of the United
States, the European Union or India; a product is legally either a cosmetic or a drug (or, in some
frameworks, a quasi-drug or medical device), and "cosmeceutical" survives purely as an industry and
scientific descriptor for cosmetics formulated around biologically active ingredients, marketed on the
appearance-altering side of the regulatory line but understood by formulators, dermatologists and
increasingly consumers to carry a stronger evidentiary and mechanistic claim than a purely decorative
product. This informal but widely used middle category has, over the past four decades, become
commercially dominant in the skincare segment of the cosmetics industry, and much of contemporary
cosmetic science, including a substantial part of the content of this book, is properly understood as
cosmeceutical science [4, 5].

2.4 Related Terms: Quasi-Drugs, Medical Devices and Nutricosmetics

A handful of adjacent regulatory categories are worth briefly noting because they recur in comparative
discussions of cosmetic regulation. Several Asian jurisdictions, notably Japan and South Korea, formally
recognise a "quasi-drug" category, covering products with a defined, generally mild therapeutic effect,
such as certain anti-ache washes or medicated shampoos, that sit under a lighter regulatory burden than
full pharmaceuticals but a heavier one than ordinary cosmetics, a framework that in some respects gives
explicit legal form to the cosmeceutical concept that remains informal elsewhere. Certain topical



products, particularly some sunless-tanning aids, wound dressings incorporating cosmetic elements, or
devices used to deliver cosmetic actives, may additionally be regulated as medical devices depending on
their mechanism and claims. Nutricosmetics, oral supplements marketed for a cosmetic benefit such as
skin, hair or nail appearance, represent a further adjacent category, regulated in most jurisdictions as
foods or dietary supplements rather than as cosmetics, since a cosmetic by definition is applied externally,
but conceptually closely related to the cosmeceutical field given the overlapping active ingredients, such
as collagen peptides or carotenoids, often used in both categories. Perfumery, while formally captured
within most cosmetic definitions given its application to the external body for a scenting purpose, is
frequently treated as a distinct sub-discipline in both academic and industrial contexts, with its own
specialised training pathways, professional bodies and, in the case of fragrance allergen labelling, its own
dedicated regulatory annexes within frameworks such as the EU Cosmetics Regulation, reflecting the
particular importance of contact allergy risk within this ingredient category.

2.5 Borderline Products: Antiperspirants, Whitening Agents and Anti-Dandruff Preparations

The cosmetic-drug boundary is perhaps best appreciated through specific borderline product categories
that illustrate how the same functional product can be classified quite differently across jurisdictions.
Antiperspirants, which act by physiologically reducing sweat gland secretion rather than merely masking
odour, are regulated as over-the-counter drugs in the United States given this direct physiological action,
whereas deodorants, which address odour through fragrance and antimicrobial action without altering
sweat production itself, remain conventional cosmetics; many commercial products, being combination
antiperspirant-deodorants, are consequently regulated under the stricter drug framework in the US
regardless of their marketing presentation as a cosmetic personal-care item. Skin-whitening or lightening
products present a particularly complex comparative regulatory picture: products relying on exfoliation or
light-reflecting cosmetic technology are generally treated as cosmetics, while those containing ingredients
with a recognised pharmacological depigmenting mechanism, hydroquinone being the most extensively
regulated example, are treated as drugs in some jurisdictions and have been restricted or banned from
over-the-counter cosmetic sale entirely in others, reflecting both efficacy-related and, in the case of
hydroquinone specifically, documented safety concerns with unsupervised long-term use. Anti-dandruff
shampoos, formulated around active ingredients such as zinc pyrithione, selenium sulfide or ketoconazole
that address the underlying Malassezia yeast implicated in dandruff, are similarly treated as drugs or
quasi-drugs in several major markets despite occupying the same retail shelf, and being purchased and
used in much the same way, as an ordinary cosmetic shampoo. These examples usefully illustrate that
regulatory classification in this field tracks mechanism and claim rather than product category, retail
context or consumer perception, a distinction of considerable practical importance to formulators and
marketers navigating multiple international markets simultaneously [6].

3. The Scope of Modern Cosmetic Science

Cosmetic science, as an academic and industrial discipline, has grown considerably beyond the traditional
image of a chemist formulating creams and lotions in isolation. Modern practice draws on organic and
physical chemistry for raw material selection and formulation stability, on colloid and surface science for
emulsion and dispersion behaviour, on dermatology and cutaneous biology for understanding the target
tissue and for assessing safety and efficacy, on microbiology for preservation and contamination control,
on packaging and materials science for delivery systems and product stability, on toxicology and



regulatory science for safety assessment and market access, and increasingly on sensory science and
consumer psychology, since a product's texture, scent and overall sensory experience substantially
determine whether a formulation that performs well analytically will actually be used consistently by
consumers. This breadth is one reason cosmetic science programmes and cosmetic science textbooks
typically organise material around both ingredient science, active ingredients, excipients, preservatives,
emulsifiers, and product science, the specific formulation categories, skincare, haircare, colour cosmetics,
oral care, and increasingly a third axis of evidence and regulation, since claims substantiation and
regulatory compliance have become central professional competencies rather than afterthoughts. The
scope of the field also now explicitly includes sustainability and environmental considerations, reflected
in growing formulation attention to biodegradability of surfactants and film-formers, sourcing of raw
materials, and the environmental fate of sunscreen filters and microplastic-derived exfoliants, an area of
regulatory and consumer attention that has expanded considerably over the past decade.

A related feature of the field's scope worth noting explicitly is its close, often bidirectional relationship
with dermatology and, more recently, with pharmaceutical science generally. Ingredients and mechanistic
concepts frequently move in both directions across the cosmetic-drug boundary discussed in section 2.2:
prescription dermatological actives are sometimes eventually reformulated at lower concentration for
cosmetic use once safety at lower dosing is established, as has happened with several retinoid derivatives,
while cosmeceutical ingredients originally developed for purely cosmetic purposes occasionally
accumulate sufficient clinical evidence to support therapeutic repositioning. This traffic between
categories is one of the more distinctive features of contemporary cosmetic science relative to, for
instance, the classical fragrance and decorative-colour cosmetics industries of the mid-twentieth century,
which operated with comparatively little interaction with clinical medicine, and it is a principal reason a
working understanding of dermatological and pharmacological mechanism, of the kind developed
throughout this book, has become close to a baseline expectation for cosmetic scientists rather than a
specialised sideline [7].

4. Classification of Cosmetics
4.1 Classification by Function

The most intuitive way to classify cosmetics is by their intended function, and most textbooks and
regulatory guidance documents use some version of this scheme. Cleansing products, including soaps,
syndet bars, facial cleansers and shampoos, are formulated primarily to remove dirt, sebum,
environmental residue and, in the case of makeup removers, cosmetic products themselves, from the skin
or hair surface, generally through surfactant action. Moisturising and emollient products, including
creams, lotions and body butters, are formulated to reduce transepidermal water loss and to improve skin
texture and comfort, typically through a combination of occlusive, humectant and emollient ingredients.
Protective products, most prominently sunscreens but also including barrier creams and some specialised
occupational skin protectants, are formulated to shield the skin from a specific environmental insult.
Decorative or colour cosmetics, including foundations, lipsticks, eyeshadows and nail products, are
formulated primarily to alter visual appearance through pigments and other colourants, though many
modern decorative products also incorporate skincare actives, a trend generally described as
"cosmeceutical colour cosmetics" or by the informal industry term "skinification" of makeup. Fragrance
products constitute their own functional category, formulated around volatile aromatic compounds for a



purely olfactory effect. Anti-ageing and corrective cosmeceuticals, the category most extensively
discussed elsewnhere in this book, are formulated around specific biologically active ingredients intended
to influence skin structure, texture or pigmentation over a course of regular use.

4.2 Classification by Area of Application

A second, complementary classification scheme organises products by the body site or tissue to which
they are applied, since formulation requirements differ substantially by site. Facial skincare products must
generally be formulated with particular attention to sensory elegance and to compatibility with makeup,
given the facial skin's greater cosmetic visibility and generally greater sensitivity relative to body skin.
Body care products can typically tolerate a broader range of textures and are often formulated with a
greater emphasis on cost-effective coverage of large surface areas. Hair and scalp products must address
the distinct physicochemical properties of the hair fibre itself, cuticle structure, protein content, and
porosity, alongside scalp skin considerations. Oral care products, toothpaste and mouthwash, are
formulated around a mucosal rather than a keratinised epithelial target and are subject to their own
specific regulatory and safety considerations given the potential for ingestion. Nail care products must
address the distinct chemistry of the nail plate, a densely cross-linked keratin structure quite different
from either skin or hair. Products for the eye area and periocular skin warrant separate mention because of
the thinness and sensitivity of that skin and the proximity to the ocular surface, which imposes
particularly stringent safety and irritancy requirements [8].

4.3 Classification by Physical Form

A third classification scheme, of particular relevance to formulation science and the subject of the next
section of this chapter, organises products by their physical dosage form, liquids, emulsions, gels,
powders, sticks, aerosols and others, since the physical form of a product substantially determines both its
manufacturing process and its performance characteristics, independent of which functional or anatomical
category it belongs to. A moisturising product, for instance, might be formulated as a cream, a lotion, a
gel or a serum, each representing a different point on a continuum of viscosity, emulsion structure and
occlusivity, and the choice among these forms is driven as much by target consumer preference and skin
type as by the specific active ingredients involved.

4.4 Classification by Regulatory Category

Finally, and increasingly relevant given the discussion of the cosmetic-drug boundary above, products can
be classified according to their regulatory status: conventional cosmetics, over-the-counter drugs (in
jurisdictions such as the United States that regulate certain functional claims, sunscreens, anti-dandruff
shampoos, antiperspirants, as drugs), quasi-drugs (in jurisdictions that recognise this intermediate
category), and prescription-only topical pharmaceuticals, which fall outside the cosmetic category
altogether but are frequently discussed alongside cosmeceuticals given overlapping mechanisms and, in
some cases, overlapping active ingredients at different concentrations [9].

4.5 Classification by Ingredient Source and Formulation Philosophy

A further classification scheme, of growing commercial rather than strictly scientific significance,
distinguishes products by ingredient sourcing philosophy: conventional formulations drawing on the full



range of synthetic and natural raw materials approved for cosmetic use, "natural” or "naturally derived"
formulations emphasising plant, mineral or other non-synthetic ingredient sources, and certified organic
formulations meeting the specific compositional and sourcing standards of a recognised organic
certification body, such standards varying meaningfully between certifying organisations and
jurisdictions. It is worth noting, as a point of some importance to consumer education, that "natural”
carries no single universally agreed regulatory definition in most major cosmetic markets, unlike
"organic," which is generally tied to a specific certifying standard, and that ingredient origin, natural or
synthetic, is not in itself a reliable indicator of either safety or efficacy, since both categories include
ingredients with excellent and, less commonly, with more concerning safety profiles, a point cosmetic
scientists and dermatologists frequently emphasise when discussing consumer misconceptions about
ingredient sourcing. A related and increasingly significant classification axis distinguishes conventional
formulations from those developed with specific sensitivity or skin-condition positioning, hypoallergenic,
fragrance-free, non-comedogenic and similar formulation claims, each historically associated with
somewhat different, and not always rigorously standardised, testing protocols across manufacturers and
jurisdictions [10].

5. History and Evolution of Cosmetics
5.1 Antiquity: Egypt, Mesopotamia and the Indus Valley

The use of cosmetics is documented archaeologically from the very earliest literate civilisations, and in
some cases from before writing itself, through pigment residues found on grinding palettes and in burial
goods. Ancient Egypt provides perhaps the most extensively documented early cosmetic culture: kohl, a
dark powder typically based on galena or other lead sulphide minerals, was used by both men and women
as eyeliner, for reasons that combined religious symbolism, protection from glare and possibly some
antimicrobial benefit, alongside a clearly cosmetic and status-signalling function. Egyptian cosmetic
practice also included the use of scented oils and unguents, derived from ingredients such as moringa and
castor oil, to protect skin against the harsh desert climate, and red ochre and other mineral pigments for
cheek and lip colour, with cosmetic implements, kohl pots, applicators, mixing palettes, recovered in
substantial quantities from tombs, indicating the cultural importance placed on cosmetic practice even in
the afterlife. In Mesopotamia, cuneiform records and archaeological finds indicate the use of perfumed
oils and cosmetic pastes, and some of the earliest surviving written recipes for cosmetic preparations
originate from this region. Excavations in the Indus Valley civilisation have similarly recovered cosmetic
containers, applicators and evidence of the use of natural dyes, and the classical Indian medical tradition
of Ayurveda, codified over subsequent centuries, developed an extensive pharmacopeia of cosmetic and
dermatological preparations based on herbal, mineral and oil-based ingredients, several of which remain
in use in traditional and, increasingly, in commercially reformulated modern products.

5.2 East Asia and the Pre-Columbian Americas

Cosmetic practice developed with considerable sophistication in East Asia largely independently of
Mediterranean and Near Eastern traditions. In ancient China, rice powder was used from an early period
to whiten and even facial complexion, in keeping with a beauty ideal that, similar to but historically
distinct from Roman practice, prized pale skin as a marker of high social status and freedom from outdoor
manual labour, while safflower-derived rouge and a range of herbal preparations documented in



traditional Chinese medical texts were used for lip and cheek colour and for general skin conditioning. In
Japan, the geisha and, more broadly, Heian-period court culture developed an elaborate cosmetic tradition
again centred on rice-powder-based facial whitening, along with the use of camellia oil as a hair and skin
conditioning agent, a botanical ingredient that persists in use in some contemporary Japanese cosmetic
formulations. Independently again, cosmetic and body-decoration practices are well documented among
pre-Columbian civilisations of the Americas, including the use of achiote (annatto) as a red pigment
among Mesoamerican peoples and cochineal, an insect-derived red dye later adopted enthusiastically by
European cosmetic and textile manufacturers following contact, illustrating one of several historical
instances in which cosmetic ingredient traditions were transferred and absorbed across cultures following
exploration and trade contact rather than developing in isolation [10, 11].

5.3 Classical Greece and Rome

Greek and Roman cosmetic practice drew heavily on earlier Egyptian and Near Eastern traditions while
developing distinctive innovations of its own. Roman women, and to a lesser but documented extent men,
used a range of preparations including ceruse, a white lead-based foundation used to lighten facial
complexion in line with prevailing beauty standards, a preparation now understood to have carried
significant, if at the time unrecognised, toxicity risk from chronic lead exposure. Rouge preparations
based on ochre, vermilion or plant-derived colourants were used for cheek and lip colour, and a range of
perfumed oils and depilatory preparations are documented in surviving Roman texts, including the
writings of Pliny the Elder, whose Natural History catalogues numerous cosmetic ingredients and
preparations of the period, providing modern historians of cosmetic science with one of the more detailed
classical sources on the subject. Public bathing culture in Rome also supported an associated industry of
cleansing and grooming preparations, soaps, oils and scrapers used in the bathing ritual, that represents an
early precursor to the modern cleansing product category.

5.4 The Medieval and Early Modern Periods

Cosmetic practice in medieval Europe was shaped substantially by religious attitudes that, at various
points and to varying degrees across the period, viewed elaborate cosmetic use with suspicion as vanity or
even moral corruption, a tension that recurs at several points across the history of Western cosmetics and
that historians of the subject frequently note as a distinguishing feature relative to, for instance,
contemporary practice in the Islamic world, where perfumery and grooming preparations continued to
develop with less of this moral ambivalence and where scholars made significant contributions to
distillation technique relevant to perfume and cosmetic oil production. The European Renaissance saw a
revival of more elaborate cosmetic practice among the aristocracy, again including lead- and mercury-
based whitening preparations whose toxicity was not then understood, alongside the continued use of
botanical preparations, rosewater, various plant oils, that represent a more direct antecedent of ingredients
still in cosmetic use today. This period also saw the beginnings of more systematic written cosmetic
formularies in Europe, precursors to the modern cosmetic chemistry text, compiling recipes and, in some
cases, early attempts at rational explanation of why particular preparations were thought to work [12].



5.5 The Industrial Era and the Birth of the Modern Cosmetic Industry

The transition from artisanal, largely small-batch cosmetic preparation to industrial manufacture took
place broadly across the nineteenth and early twentieth centuries, driven by several converging
developments: advances in organic chemistry that provided a rational basis for understanding
emulsification, preservation and fragrance chemistry; the development of synthetic dyes and pigments
following William Perkin's mid-nineteenth-century discovery of the first synthetic aniline dye, which
gradually displaced many of the more limited, and in some cases toxic, natural and mineral colourants
previously in use; and the emergence of mass-market retail and advertising, which transformed cosmetics
from a largely artisanal, class-restricted practice into a mass-consumer industry. Companies founded in
this period, several of which remain major names in the industry today, established the template of
centralised manufacturing, standardised formulation and branded retail that continues to define the
mainstream cosmetic industry. This period also saw the first serious regulatory responses to documented
cosmetic-related harm, since mass manufacture and distribution of preparations, some containing
genuinely hazardous ingredients inherited from earlier eras, created public health problems at a scale that
had not previously required formal regulatory attention.

5.6 The Twentieth Century: Regulation and the Rise of Active Ingredients

The early and middle twentieth century saw the establishment of the first comprehensive cosmetic
regulatory frameworks, discussed in greater detail in the final section of this chapter, generally prompted
by specific, well-publicised incidents of consumer harm from adulterated or hazardous products. The
mid-to-late twentieth century also saw the scientific foundations of modern skincare formulation
substantially mature, with a considerably improved understanding of stratum corneum barrier function,
emulsion science, and the pharmacology of topical retinoids, developments that set the stage directly for
the emergence of the cosmeceutical concept described in section 2.3 above. Sunscreen chemistry likewise
matured considerably across this period, with the development and progressive refinement of organic UV
filters and the standardisation of SPF testing methodology, transforming sun protection from a relatively
crude practice into a rigorously tested product category [13, 14].

5.7 The Contemporary Cosmeceutical Era

The past four decades have been characterised by the commercial and scientific ascendance of the
cosmeceutical concept: an expanding range of biologically active ingredients, retinoids, antioxidants,
peptides, hydroxy acids and, more recently, a growing array of biotechnology-derived actives,
incorporated into mainstream skincare formulations and marketed on the basis of published clinical and
mechanistic evidence to a degree that has no real historical precedent. This period has also seen a
substantial expansion of the global cosmetics market beyond its traditional European and North American
centres, with the growth of large, sophisticated domestic cosmetics industries in East Asia, South Asia
and elsewhere, contributing both new formulation traditions and, in some cases, distinct regulatory
approaches, such as the Japanese and Korean quasi-drug frameworks discussed earlier. Contemporary
trends, including the "clean beauty" and sustainability movements, the growth of direct-to-consumer and
social-media-driven marketing, and the early but expanding use of biotechnology-derived and
personalised formulation approaches, represent the most recent chapter in this long historical continuum,



one that, if the pattern of the preceding several thousand years is any guide, is likely to keep evolving
considerably further [15].

6. Cosmetic Dosage Forms
6.1 Solutions

Solutions represent the simplest cosmetic dosage form from a formulation perspective, consisting of one
or more ingredients fully dissolved in a solvent system, typically water, ethanol or a combination of the
two, without the phase separation issues that more complex forms must contend with. Toners, some
fragrance products, and certain clear serums are formulated as solutions, valued for their simplicity of
manufacture, generally lower cost, and typically lightweight sensory profile, though the requirement for
full ingredient solubility limits the range of actives and other ingredients, particularly oil-soluble and
higher-molecular-weight materials, that can be incorporated into a true solution.

6.2 Emulsions

Emulsions are thermodynamically unstable mixtures of two immiscible liquid phases, conventionally
water and oil, stabilised kinetically by an emulsifying agent that reduces interfacial tension between the
phases and forms a protective film around dispersed droplets. Oil-in-water emulsions, in which oil
droplets are dispersed within a continuous aqueous phase, are the more common form for facial
moisturisers and lotions, generally offering a lighter, less greasy sensory profile and easier rinse-off or
spreadability. Water-in-oil emulsions, in which water droplets are dispersed within a continuous oil phase,
tend to be more occlusive and are often favoured for very dry skin conditions, for some sunscreen
formulations where water resistance is a priority, and for richer night creams. More complex multiple
emulsions, such as water-in-oil-in-water systems, have been developed to allow controlled release of
actives or to combine the sensory benefits of both simpler emulsion types, though they present greater
manufacturing and stability challenges. Emulsion stability depends on emulsifier selection and
concentration, the viscosity of the continuous phase, droplet size distribution, and storage conditions,
since emulsions can undergo creaming, flocculation, coalescence or, in the case of formulations
containing crystallisable waxes, undesirable changes in crystal structure over time, all of which
formulation chemists must anticipate and test for through accelerated and long-term stability protocols
before a product reaches market.

6.3 Creams, Lotions and Gels

Within the broad emulsion category, creams and lotions are conventionally distinguished by viscosity and
internal phase concentration, with creams generally referring to thicker, higher-viscosity emulsions with a
higher proportion of oil or wax phase, and lotions referring to thinner, more pourable formulations with a
higher water content, though the terms are used somewhat loosely and inconsistently across the industry
and consumers largely select between the two on the basis of sensory preference rather than any strict
formal definition. Gels are a distinct dosage form in which a liquid, typically aqueous, phase is
immobilised within a three-dimensional network formed by a gelling agent, commonly a cross-linked
polyacrylic acid polymer or a natural or semi-synthetic polysaccharide such as xanthan gum or
hydroxyethylcellulose, producing a formulation with a distinctive semi-solid, often translucent texture



that many consumers associate with a lightweight or "oil-free" sensory profile, even though gels can and
often do incorporate oil-soluble ingredients through solubilisation or emulsification within the gel
network.

6.4 Powders

Powder formulations, comprising finely divided solid particles, are used across a wide range of cosmetic
categories including face powders, some sunscreen formats, dry shampoos and certain deodorant and
antiperspirant products. Formulation of powders involves careful attention to particle size distribution,
which affects both the sensory "slip" of the product on application and its optical properties, of
considerable relevance to colour cosmetics where light scattering by powder particles contributes to
coverage and the perceived finish of the product, and to flow properties relevant to manufacturing and to
consumer application via compacts, loose powder containers or brush application. Compacted powder
products additionally require binding agents to hold the pressed powder cake together without
compromising the ability of the product to be picked up cleanly by an applicator.

6.5 Sticks

Stick formulations, including lipsticks, some sunscreen sticks, deodorant sticks and certain solid cleansing
bars, are formulated as a solid or semi-solid mass, typically structured around waxes with a defined
melting point range chosen so that the product remains solid at ambient storage and handling
temperatures but transfers smoothly onto skin at body temperature during application. Formulating a
stable, aesthetically acceptable stick requires careful balancing of wax, oil and, where relevant, pigment
components to avoid common defects such as sweating, in which liquid oil migrates to the product
surface, or excessive brittleness, which can cause the stick to crumble or break during use.

6.6 Aerosols and Sprays

Aerosol and pump-spray formulations deliver product as a fine mist or foam through mechanical or
propellant-driven dispensing, used extensively for some sunscreen products, hairspray, dry shampoo and
certain deodorant formulations. True aerosols rely on a liquefied or compressed propellant gas to expel
and, in many cases, atomise the formulation, and their development requires attention to propellant
compatibility with the formulation, valve and actuator design to achieve the desired spray pattern and
particle size, and, for products applied to the face or inhaled incidentally during use, careful consideration
of inhalation safety, an area that has received increasing regulatory attention, particularly for spray
sunscreens, given concerns about achieving adequate application coverage alongside minimising
inhalation of aerosolised particles [16 — 18].

6.7 Emerging and Specialised Dosage Forms

Beyond these traditional categories, cosmetic science has developed a number of more specialised
delivery formats in recent decades. Sheet masks, saturated with a serum-like formulation and designed for
a defined period of occlusive contact with the skin, have become commercially significant, particularly
reflecting formulation and marketing trends originating in East Asian skincare markets. Encapsulation
technologies, including liposomes, microcapsules and various polymeric delivery systems, are
increasingly used to protect unstable actives, such as retinoids or certain forms of vitamin C, from



degradation, to control their release kinetics, or to reduce the irritancy of actives by moderating the rate at
which they are delivered to the skin surface. Anhydrous, water-free formulations, including oil-based
serums, balms and certain "waterless” cleansing products, have also grown in prominence, partly for
genuine formulation and stability reasons, since removing water from a formulation removes the need for
many traditional preservative systems, and partly reflecting sustainability-oriented marketing given the
reduced water usage and, in some cases, more concentrated shipping volume associated with anhydrous
formats [19].

6.8 Preservation and Rheology Across Dosage Forms

Two formulation considerations cut across essentially all of the dosage forms described above and
warrant separate discussion. The first is microbiological preservation: any water-containing cosmetic
formulation provides a potential growth medium for bacteria, yeasts and moulds, and formulators must
incorporate a preservative system, often a combination of two or more preservatives with complementary
spectra of activity, calibrated to prevent microbial growth across the product's intended shelf life and,
importantly, across repeated consumer use, during which fingers, applicators and environmental exposure
repeatedly introduce microorganisms into the remaining product. Preservative selection has become an
area of particular regulatory and consumer scrutiny in recent decades, with certain preservative classes,
including several parabens and formaldehyde-releasing agents, facing restricted permitted concentrations
or, in some formulations, voluntary reformulation in response to consumer preference even where
regulatory bodies have not concluded the ingredients are unsafe at permitted levels, illustrating the way in
which cosmetic formulation is shaped by consumer perception and marketing considerations as much as
by regulatory or purely technical constraints. The second cross-cutting consideration is rheology, the
study of flow and deformation, which governs a formulation's viscosity, its behaviour under the shear
forces of pumping, pouring or spreading on skin, and its stability against phase separation or
sedimentation during storage; rheology modifiers, including cellulose derivatives, gums, clays and
polymeric thickeners, are accordingly among the most ubiquitous excipient classes across virtually every
dosage form discussed in this section, since a formulation with an otherwise well-chosen active ingredient
profile can still fail commercially if its texture does not meet consumer expectations for the product
category [20].

7. Regulatory Overview
7.1 The United States

Cosmetics in the United States are regulated by the Food and Drug Administration under the Federal
Food, Drug, and Cosmetic Act and, more recently, under the Modernization of Cosmetics Regulation Act,
enacted in December 2022, which introduced several new requirements including mandatory facility
registration and product listing, expanded adverse event reporting obligations, and a formal requirement
for manufacturers to maintain records supporting the safety substantiation of their products. Notably, and
in contrast to the pharmaceutical framework, the US system for ordinary cosmetics does not require pre-
market approval of either products or most ingredients; manufacturers are legally responsible for ensuring
their products are safe for their intended use and properly labelled, and the FDA's regulatory authority is
exercised principally through post-market surveillance, labelling requirements, and enforcement action
against products found to be adulterated or misbranded, rather than through a pre-market licensing system



analogous to that governing drugs. Colour additives used in cosmetics are a specific exception to this
general framework, requiring FDA approval and, for many colourants, batch certification before use. As
discussed earlier, products making drug-type claims, including sunscreens, anti-dandruff shampoos and
antiperspirants, fall under a separate over-the-counter drug monograph or new drug application
framework with correspondingly more extensive requirements.

7.2 The European Union

The European Union regulates cosmetics under Regulation (EC) No 1223/2009, the EU Cosmetics
Regulation, widely regarded as one of the more comprehensive and prescriptive cosmetic regulatory
frameworks globally. Central to this framework is the requirement for a designated "Responsible Person,"
established within the EU, who must ensure compliance before a product is placed on the market,
including preparation of a detailed Cosmetic Product Safety Report conducted by a qualified safety
assessor, notification of the product through the Cosmetic Products Notification Portal, and maintenance
of a Product Information File containing the safety assessment, manufacturing information and evidence
supporting any claims made for the product. The regulation includes extensive annexes listing substances
prohibited or restricted for use in cosmetics, permitted colourants, preservatives and UV filters with
defined maximum concentrations, and it has historically taken a more precautionary approach than the
United States toward emerging ingredient safety concerns, reflected for instance in the EU's more
restrictive stance on several organic UV filters and preservatives relative to their regulatory status in the
US and other markets. The EU framework also prohibits, with narrow exceptions, the marketing of
cosmetics that have been tested on animals, a position that has driven substantial global investment in
alternative, non-animal safety testing methodologies.

7.3 India

In India, cosmetics are regulated under the Drugs and Cosmetics Act, 1940, and the Drugs and Cosmetics
Rules, 1945, along with more recent amendments and the establishment of dedicated cosmetic-specific
rules, administered by the Central Drugs Standard Control Organisation together with state-level licensing
authorities. Manufacturing and import of cosmetics in India requires licensing, and the regulatory
framework specifies standards for labelling, permitted ingredients and, for imported products, registration
requirements intended to ensure imported cosmetics meet the same substantive safety standards as
domestically manufactured ones. India's regulatory framework has evolved considerably in recent years,
including tightened restrictions on animal testing for cosmetics and cosmetic ingredients, and continued
harmonisation efforts with international standards, reflecting India's growing significance both as a
manufacturing base and as a consumer market within the global cosmetics industry.

7.4 Other Major Markets: China, Japan, South Korea and ASEAN Harmonisation

Several other regulatory systems merit brief mention given their global commercial significance. China's
cosmetic regulatory framework, administered by the National Medical Products Administration, has
historically required pre-market registration and, for a defined category of "special use" cosmetics
including whitening, anti-hair-loss and certain sunscreen products, animal testing, though recent reforms
have progressively expanded exemptions for non-special-use, ordinarily manufactured cosmetics,
reflecting both domestic regulatory modernisation and international pressure regarding animal welfare



standards. Japan and South Korea, as noted earlier, operate quasi-drug frameworks that give explicit
regulatory recognition to an intermediate category of products with defined, generally mild therapeutic
claims, alongside otherwise comparatively streamlined cosmetic registration systems, and both markets
have been particularly influential globally in cosmetic formulation and packaging innovation. The
Association of Southeast Asian Nations has developed a harmonised cosmetic regulatory scheme among
its member states, modelled substantially on the EU framework, requiring product notification and
adherence to a common list of permitted and restricted ingredients, an example of the broader
international trend toward regional regulatory harmonisation intended to simplify market access for
manufacturers operating across multiple national markets while maintaining broadly consistent consumer
safety standards [20 — 23].

7.5 Common Regulatory Themes: GMP, Labelling and Claims Substantiation

Across these differing frameworks, several common regulatory themes recur and are worth drawing out
explicitly. Good Manufacturing Practice, generally codified in standards such as 1ISO 22716, provides a
harmonised international framework for the personnel, premises, equipment, documentation and quality
control procedures expected of a cosmetic manufacturing facility, and adherence to such standards,
whether formally mandated or voluntarily adopted, has become close to a de facto requirement for
participation in most major international markets regardless of the specific local regulatory regime.
Labelling requirements, while differing in specific detail, universally require accurate ingredient
declaration, typically using the International Nomenclature of Cosmetic Ingredients system to allow
consistent identification of ingredients across markets and languages, along with net quantity,
manufacturer or responsible-party information, usage directions and any required warnings. Claims
substantiation, the requirement that marketing claims made for a product be supported by an appropriate
evidentiary basis, whether analytical, in vitro, or clinical, has become an increasingly active area of
regulatory and, in some jurisdictions, private litigation attention as cosmeceutical claims have grown
more specific and mechanistically detailed, reinforcing the practical importance, discussed earlier in this
chapter, of understanding precisely where the cosmetic-drug boundary lies in a given jurisdiction before a
product's marketing language is finalised [24].

8. Conclusion

The terms surveyed in this chapter, cosmetic, cosmeceutical and drug, describe a continuum rather than
three cleanly separated categories, and the position of any given product along that continuum is
determined as much by regulatory convention and marketing claim as by the intrinsic biological activity
of its ingredients. Understanding this continuum, together with the historical depth of cosmetic practice
and the practical formulation science underlying modern dosage forms, provides the necessary foundation
for the more ingredient- and mechanism-specific discussion that follows in later chapters of this book.
The regulatory frameworks surveyed here, while differing in specific mechanism, share a common
underlying objective: ensuring that products which, unlike pharmaceuticals, are generally not subject to
pre-market efficacy review, are nonetheless demonstrably safe for their intended widespread and repeated
use, a goal that has shaped, and will continue to shape, how cosmetic science as a discipline is practised.

Taken together, the history, classification and regulatory material covered in this chapter also point to a
broader lesson worth carrying forward into the remainder of this book: that cosmetic products, however



contemporary their marketing language, sit within a very long continuum of human practice, and that the
scientific rigour now expected of the field, safety substantiation, claims evidence, standardised testing,
represents a comparatively recent addition to a much older set of underlying human motivations, the
desire to protect, adorn and present the skin and body in a manner consistent with prevailing cultural
ideals. Later chapters, in examining specific active ingredients, delivery technologies and clinical
evidence, build directly on the definitional and regulatory foundation established here, and readers are
encouraged to return to this chapter's distinctions, particularly the cosmetic-drug boundary and the
informal but commercially central cosmeceutical category, whenever a later ingredient-specific
discussion touches on questions of permitted claims or regulatory classification.
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Abstract

Cosmetic excipients are fundamental components of modern cosmetic and cosmeceutical formulations,
playing a vital role in ensuring product stability, safety, efficacy, aesthetics, and consumer acceptability.
Although active ingredients provide the intended therapeutic or cosmetic effects, excipients determine the
overall performance of the formulation by influencing texture, spreadability, appearance, preservation,
and shelf life. This chapter presents a comprehensive overview of the major classes of cosmetic
excipients, including surfactants, emollients, humectants, preservatives, antioxidants, colors, pigments,
and fragrances. The physicochemical properties, mechanisms of action, classification, formulation
functions, and selection criteria of each class are discussed in detail. Surfactants are described with
respect to their cleansing, emulsifying, wetting, foaming, solubilizing, and conditioning properties.
Emollients and humectants are examined for their complementary roles in maintaining skin hydration,
barrier function, and sensory characteristics. The chapter also highlights the importance of preservative
systems in preventing microbial contamination and ensuring product safety, while antioxidants are
discussed for their role in protecting formulations against oxidative degradation and supporting skin
health. Furthermore, the classification, functions, and applications of colors, pigments, and fragrances are
presented with emphasis on their contribution to product aesthetics and consumer acceptance. Factors
affecting the performance of these excipients, together with considerations for formulation compatibility,
stability, safety, and regulatory compliance, are also addressed. Overall, this chapter provides a
scientifically structured foundation for understanding the selection and application of cosmetic excipients
and serves as a valuable resource for students, researchers, formulation scientists, and professionals
involved in cosmetic and cosmeceutical product development.

Keywords: Cosmetic excipients; Cosmeceuticals; Surfactants; Emollients; Humectants; Preservatives;
Antioxidants; Colorants; Pigments; Fragrances; Cosmetic formulation; Skin hydration; Product stability;
Cosmetic safety; Formulation science.
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Introduction

Cosmetics have been used by human beings for thousands of years to cleanse, protect, beautify, perfume,
and maintain the external parts of the body. In modern cosmetic science, however, a cosmetic product is
much more than a simple mixture of oils, colors, and fragrances. It is a scientifically designed formulation
containing numerous ingredients that work together to provide the required physical stability, chemical
stability, microbiological safety, sensory characteristics, appearance, and consumer performance. The
successful development of a cosmetic product therefore requires a detailed understanding of the
physicochemical and functional properties of every ingredient incorporated into the formulation.

A cosmetic is not merely a mixture of attractive ingredients; it is a deliberately engineered multiphase
system. The vehicle must deliver acceptable appearance, odor, spreadability, cleansing, moisturization,
deposition, preservation and shelf stability while remaining compatible with the intended site of
application. Water, oils, waxes, surfactants, rheology modifiers, preservatives, antioxidants, colorants and
fragrances therefore function as an integrated system rather than as isolated additives. Modern cosmetic
science treats ingredient selection as a balance among performance, safety, regulatory status, consumer
expectations, sustainability and manufacturing feasibility [1].

The term excipient refers to a component that supports the physical form, stability, delivery or sensory
properties of a formulation. In cosmetics, the distinction between an ‘active' and an 'excipient’ is often
context-dependent. Glycerol may be considered a humectant excipient in one cream and a central
moisturization ingredient in another. Likewise, a surfactant can be a primary cleansing agent in a
shampoo, an emulsifier in a cream, a solubilizer in a fragrance mist or a wetting agent in a pigmented
make-up product. The European Commission's Coslng database provides ingredient names and functions
used for cosmetic labelling and regulatory information in the European framework [2].

2.1 Surfactants

Surfactants, also known as surface-active agents, are amphiphilic chemical compounds that adsorb at
interfaces and reduce the surface or interfacial tension between two immiscible or partially miscible
phases, such as air and water, oil and water, or a solid surface and water. In cosmetic formulations,
surfactants are important functional ingredients used for cleansing, emulsification, wetting, foaming,
solubilization, dispersion, and conditioning. The word surfactant is derived from the term surface-active
agent. Their surface activity arises from a unique molecular structure containing two chemically different
regions: a hydrophilic (water-attracting) head group and a hydrophobic or lipophilic (water-repelling and
oil-attracting) tail. Because of this dual affinity, surfactants are described as amphiphilic molecules.

In aqueous cosmetic formulations, surfactant molecules spontaneously arrange themselves so that their
hydrophilic groups remain in contact with water, while their hydrophobic groups avoid contact with
water. This behaviour allows surfactants to accumulate at interfaces, reduce interfacial free energy, and
form organized molecular structures such as micelles. These properties are fundamental to the cleansing
action of shampoos, facial cleansers, body washes, soaps, micellar waters, creams, lotions, and many
other cosmetic products [3,4].

Molecular Architecture of Surfactants



a). Hydrophilic Head Group

The hydrophilic head group is the polar or water-attracting part of the surfactant molecule. It interacts
with water through ionic interactions, hydrogen bonding, or dipole interactions.

b). Hydrophobic Tail

The hydrophobic tail is the non-polar portion of the surfactant molecule. It has a low affinity for water but
a high affinity for oils, fats, sebum, waxes, and other hydrophobic substances. In cosmetic surfactants, the
hydrophobic region commonly consists of a long hydrocarbon chain containing approximately 8-22
carbon atoms. The length and structure of the hydrophobic chain strongly influence surfactant properties.
Increasing the hydrocarbon chain length generally increases hydrophobicity and may reduce the
concentration required for micelle formation. However, very long chains may reduce water solubility.

c). Linking or Connecting Group

Some surfactants contain a structural group connecting the hydrophilic head and hydrophobic tail. This
connecting region can influence molecular flexibility, hydrolysis, biodegradability, and overall surfactant
performance. For example, surfactants containing ester bonds may undergo hydrolysis under extreme pH
conditions, while ether-containing surfactants may show different chemical stability. Amide-containing
surfactants may contribute to foam stabilization and viscosity modification.

[ Surfactant disperses in water ]

|

[ Hydrophobic tails associate with oil/soil ]

|

[ Hydrophilic heads remain exposed to water ]

|

[ Micelles form above the critical micelle concentration ]

|

[ Soil is suspended and removed during rinsing]

Figure 2.1 Mechanism of surfactant



Surface Tension, Adsorption and Micellization

At low concentration, surfactant molecules preferentially adsorb at the air—water, oil-water or solid—water
interface. As concentration increases, the interface approaches saturation. Beyond a characteristic
concentration, additional molecules aggregate into micelles or other structures; this concentration is called
the critical micelle concentration (CMC). The CMC s influenced by hydrophobe length, head-group
chemistry, temperature, ionic strength, counterions and the presence of co-surfactants. Micellization is
central to solubilization and detergency because hydrophobic materials can be accommodated in the non-
polar region of aggregates.

Micelles are not always simple spheres. Depending on molecular geometry and formulation conditions,
surfactants may form cylindrical or worm-like micelles, bilayers, vesicles, liquid-crystalline phases and
microemulsion structures. These structures strongly affect viscosity, clarity, deposition and stability.
Mixed surfactant systems are especially important in shampoos and body washes because synergistic
interactions can improve mildness, foam and rheology [5].

Classification of Surfactants
a). Anionic Surfactant

Anionic surfactants are widely used because of their high detergency, wetting and foaming performance.
Sulfates and ether sulfates remain important in rinse-off systems, while sulfosuccinates, sarcosinates,
glutamates, isethionates and taurates are often selected when milder sensory properties are desired. Their
performance depends on active concentration, chain length distribution, counterion, ethoxylation, water
hardness and the presence of polymers or amphoteric co-surfactants.

The cleansing action of anionic surfactants is useful for removing sebum and particulate soil, but
excessive defatting or interaction with skin proteins can contribute to dryness and irritation. Mildness is
therefore optimized by lowering free monomer activity, using mixed micelles, incorporating amphoteric
or non-ionic co-surfactants, controlling pH and including skin-conditioning materials. In anionic
surfactant, the hydrophilic group carries a negative charge after dissociation in water. Common head
groups include sulphate, sulfonate, carboxylate, phosphate, and isethionate groups. These surfactants
generally provide excellent cleansing, wetting, and foaming properties.

Example: Sodium lauryl sulphate, sodium cocoyl isethionate, sarcosinates
b). Cationic Surfactant

Cationic surfactants adsorb strongly onto negatively charged keratin surfaces. Quaternary ammonium
compounds such as cetrimonium and behentrimonium salts are therefore central to hair conditioners.
Their deposition reduces static electricity, improves wet combing, enhances softness and can assist
deposition of silicones or other conditioning materials. Long-chain cationics combined with fatty alcohols
may form lamellar gel networks that give conditioners their characteristic body and deposition behaviour.



Direct mixing of strongly cationic and anionic surfactants can form insoluble complexes, reduce
performance or cause precipitation. Compatibility must therefore be evaluated experimentally,
particularly in hybrid cleansing-conditioning products.

Example: Cetrimonium chloride, behentrimonium chloride
c). Non-ionic surfactant

In non-ionic surfactants, the hydrophilic region does not possess a formal electrical charge. Water
solubility is produced by polar groups such as polyoxyethylene chains, hydroxyl groups, sugar groups, or
polyglycerol structures. Non-ionic surfactants are widely used as emulsifiers and solubilizers because of
their broad compatibility.

Example: Polysorbates, sorbitan esters, alkyl glucosides
d). Amphoteric/Zwitterionic surfactant

Betaines and amphoacetates are valued in mild cleansing systems. Cocamidopropy! betaine is commonly
combined with anionic surfactants to modify foam, viscosity and irritation potential. The final behavior
depends on pH, salt level and the composition of the mixed micelles. Raw-material purity is important
because trace manufacturing impurities may contribute to sensitization in susceptible individuals. In
amphoteric or zwitterionic surfactants, the molecule contains both positively and negatively charged
functional groups. Their behavior may vary with pH. These surfactants are frequently used in mild
shampoos, facial cleansers, baby products, and sensitive-skin formulations.

Example: Cocamidopropyl betaine, amphoacetates
Hydrophilic—Lipophilic Balance (HLB)

The HLB concept is a practical formulation tool for matching emulsifiers to the polarity of an oil phase.
Lower-HLB surfactants are more lipophilic and generally favor water-in-oil systems, while higher-HLB
surfactants are more hydrophilic and generally favor oil-in-water systems. The concept is especially
useful for conventional non-ionic emulsifier blends, although it does not fully describe modern polymeric,
ionic, liquid-crystalline or complex natural emulsifier systems [6].

Table 2.1 Hydrophilic-Lipophilic Balance (HLB) Regions

HLB region Common functional tendency
1-3 Antifoaming tendency
3-6 Water-in-oil emulsification
7-9 Wetting and some dispersion functions
8-18 Oil-in-water emulsification, depending on oil phase




13-18 Detergency and solubilization

Functions of surfactant in cosmetics

Surfactants perform several essential functions in cosmetic formulations. They act as cleansing agents by
removing oil, sebum, dirt, and impurities from the skin and hair. As emulsifiers, they help stabilize
mixtures of oil and water in creams and lotions. Surfactants also function as foaming agents in shampoos
and body washes, wetting agents that improve the spreading of liquids, and solubilizing agents that
incorporate fragrances and oils into aqueous products. Additionally, they assist in pigment dispersion and
may provide conditioning and antistatic effects, particularly in hair-care products. Their multifunctional
nature makes them essential cosmetic excipients.

Table 2.2 Major Functions, Mechanisms, and Applications of Surfactants in Cosmetic Products

S. No. Function Mechanism Examples of products

Wetting, soil detachment,

micellar solubilization Shampoo, face wash, body wash

1 Cleansing

Stabilization of air—water

films Shampoo, shaving foam

2 Foaming

e . Formation of interfacial .
3 Emulsification . Creams, lotions, sunscreens
film around droplets

Incorporation of poorly
4 Solubilization water-soluble material into Toners, fragrance waters
aggregates

Reduction of contact angle

5 Wetting on solids Pigment dispersions, powders

6 Dispersion Reduction of _partlcle Make-up, mineral systems
aggregation

7 Conditioning Adsorption onto keratin Hair conditioners

surfaces

Factors Governing Surfactant Selection

Selection should consider intended function, product type, pH, electrolyte level, temperature profile, foam
requirement, rinse character, skin or eye exposure, biodegradability, compatibility with polymers and
preservatives, raw-material variability, cost and regulatory status. A facial cleanser may prioritize low
irritation and clean rinsing; a shampoo may require abundant foam and controlled viscosity; a micellar



water may require clarity and low residue; and a cream emulsifier must maintain droplet stability during
storage [7].

2.2 Emollients and Humectants
2.2.1 Emollients

Emollients are an important class of cosmetic ingredients used primarily to soften, smooth, lubricate, and
improve the overall appearance and feel of the skin. The term emollient is derived from the Latin word
emollire, meaning “to soften.” In cosmetic and dermatological formulations, emollients are generally
lipophilic substances that are applied to the skin to improve softness, flexibility, and smoothness. They
are widely incorporated into creams, lotions, moisturizers, body butters, lip products, sunscreens,
foundations, conditioners, and various personal-care preparations. The outermost layer of the skin, known
as the stratum corneum, plays a major role in maintaining the skin barrier and preventing excessive water
loss. It consists of corneocytes embedded within an intercellular lipid matrix composed mainly of
ceramides, cholesterol, and fatty acids. Environmental exposure, repeated washing, harsh surfactants,
ageing, and certain skin conditions can disturb this lipid organization, resulting in dryness, roughness,
scaling, and reduced skin flexibility. Emollients improve these characteristics by depositing lipid
materials on and between the superficial skin cells.

Definition: Emollients may be defined as cosmetic ingredients that soften and smooth the skin by filling
the spaces between desquamating corneocytes, improving surface lubrication, and supporting the lipid
components of the stratum corneum. Unlike humectants, which primarily attract and retain water,
emollients mainly improve the physical condition and sensory properties of the skin surface. However,
many emollients also produce a certain degree of occlusion and thereby contribute indirectly to improved
skin hydration [8].

Mechanism of Action of Emollients

The action of emollients involves several complementary mechanisms. Their primary action is the filling
of microscopic spaces between partially detached corneocytes. This produces a smoother and more
continuous skin surface. Emollients also lubricate the skin, reducing friction and improving softness and
flexibility.

Some emollients form a thin hydrophobic film over the skin surface. This film partially reduces the
evaporation of water and therefore decreases transepidermal water loss. Lipid-based emollients may also
supplement or mimic components of the natural intercellular lipid matrix. In addition, emollients modify
the sensory characteristics of cosmetic products by improving spreadability, reducing tackiness, and
providing a smooth, silky, rich, or powdery after-feel. The major mechanisms can therefore be
summarized as surface smoothing, intercellular gap filling, lubrication, partial occlusion, barrier support,
and sensory modification.



EFFECT OF EMOLLIENTS ON STRATUM CORNEUM
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Emollients smooth the skin surface, fill the spaces between corneocytes, restore the lipid matrix
and reduce transepidermal water loss, resulting in softer, smoother and more flexible skin.

Figure 2.2 Effects of emollients on skin
Classification of emollients

Emollients constitute a chemically diverse group of lipophilic substances that differ considerably in their
origin, chemical structure, physicochemical properties, and sensory characteristics. This diversity enables
formulators to select appropriate emollients according to the specific requirements of a cosmetic or
dermatological preparation. The performance of an emollient is influenced by several factors, including
molecular structure, polarity, viscosity, volatility, spreading behaviour, and degree of occlusivity. Some
emollients provide a light, dry, and rapidly spreading skin feel, whereas others impart richness,
lubrication, and long-lasting protection. In addition to softening and smoothing the skin, different
emollient classes may contribute to product stability, viscosity, gloss, film formation, pigment dispersion,
and water resistance. Therefore, a systematic classification is essential for understanding their functional
behaviour and appropriate formulation applications. Emollients can be classified primarily on the basis of
their chemical nature and origin into hydrocarbons, fatty alcohols, fatty acids, esters, natural oils and
butters, silicone-based emollients, and waxes. They may also be categorized according to their sensory
characteristics as light, medium, or heavy emollients. The following classification provides a structured
understanding of the major emollient groups and their characteristic properties, examples, and
applications in cosmetic formulations [9].



CLASSIFICATION OF EMOLLIENTS
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Figure 2.4 Classification of emollients

a). Hydrocarbon Emollients

Hydrocarbon emollients consist mainly of carbon and hydrogen. They are generally chemically stable,
water-insoluble, and resistant to oxidation. Many hydrocarbon emollients provide good lubrication and

occlusive properties. Common examples include mineral oil, petrolatum, paraffin, squalane, and
hydrogenated polyisobutene.

Petrolatum is a highly effective occlusive emollient and is particularly useful in formulations intended for
very dry skin. Mineral oil provides lubrication and softness with good chemical stability. Squalane is a
lightweight and stable emollient valued for its excellent spreadability and pleasant skin feel.

b). Fatty Alcohols

Fatty alcohols are long-chain alcohols that function as emollients and also contribute to the structure and
consistency of emulsions. Unlike low-molecular-weight alcohols, fatty alcohols are not strongly drying to
the skin. Common examples include cetyl alcohol, stearyl alcohol, cetearyl alcohol, and behenyl alcohol.

These ingredients improve skin softness, increase product viscosity, stabilize emulsions, and enhance the
richness of creams and lotions.

c). Fatty Acids

Fatty acids are naturally occurring lipid components that contribute to the barrier properties of the skin.
They may act as emollients, consistency agents, and raw materials for the preparation of other cosmetic
ingredients. Examples include stearic acid, palmitic acid, oleic acid, and linoleic acid.



Essential fatty acids, particularly linoleic acid, are important for maintaining normal skin barrier function.
Fatty acids may influence the texture, penetration characteristics, and overall performance of topical
formulations.

d). Esters

Esters are among the most widely used synthetic and semi-synthetic emollients in modern cosmetic
formulations. They are formed by the reaction of an acid with an alcohol. Ester emollients are popular
because their sensory characteristics can be modified by changing their chemical structure. Examples
include isopropyl myristate, isopropyl palmitate, ethylhexyl palmitate, cetyl palmitate, C12-15 alkyl
benzoate, and coco-caprylate/caprate.

Some esters provide a light and dry skin feel, whereas others produce a rich and creamy effect. They are
frequently used to improve product spreadability and reduce the greasy feel associated with heavier oils
and waxes.

e). Natural Oils and Butters

Plant-derived oils and butters are widely used because they provide emolliency together with consumer
appeal associated with naturally derived ingredients. These materials are primarily composed of
triglycerides containing different proportions of saturated and unsaturated fatty acids. Examples of natural
oils include coconut oil, olive oil, sunflower oil, jojoba oil, almond oil, and argan oil. Common plant
butters include shea butter, cocoa butter, and mango butter.

Their properties depend strongly on their fatty acid composition. Qils rich in unsaturated fatty acids are
generally more fluid but may be more susceptible to oxidation. Butters contain a higher proportion of
solid lipids and provide richer texture and greater body to formulations.

f). Silicone-based emollients

Silicones are widely used in cosmetics because of their excellent spreadability, smoothness, water
resistance, and distinctive sensory properties. Examples include dimethicone, cyclopentasiloxane, phenyl
trimethicone, and dimethiconol.

Dimethicone provides a smooth protective film and reduces friction without necessarily producing the
heavy greasy feel associated with some hydrocarbon oils. Volatile silicones can improve spreadability and
then evaporate, leaving a light and silky after-feel. Silicone emollients are commonly used in skin-care
products, sunscreens, colour cosmetics, hair conditioners, and antiperspirants.

g). Waxes

Waxes are solid or semi-solid lipophilic materials that provide emolliency while also increasing the
structure and consistency of formulations. Examples include beeswax, carnauba wax, candelilla wax,
lanolin, and synthetic waxes.



Waxes are particularly important in lipsticks, lip balms, ointments, creams, and solid cosmetic
preparations. Their main functions include surface protection, texture modification, film formation, and
improvement of product stability [10].

Factors affecting emollients

The performance of an emollient in a cosmetic or dermatological formulation is not determined by a
single property. It depends on the combined influence of the emollient’s chemical structure,
physicochemical characteristics, concentration, formulation environment, method of application, skin
condition, and external environmental factors. These factors determine how effectively an emollient
spreads over the skin, fills the spaces between corneocytes, improves surface smoothness, supports the
skin barrier, and produces the desired sensory characteristics. The major factors affecting emollient
performance are discussed systematically below table.

Table 2.3

Chain length, branching, functional groups, and
molecular  configuration  influence  spreading,
penetration, lubrication, and skin feel.

Molecular
structure

Low-molecular-weight emollients generally spread

rapidly and provide a lighter feel, whereas high-

molecular-weight materials provide greater richness
Chemical and and prolonged surface retention.

Molecular Factors

Molecular weight

Determines interaction with skin lipids and
Polarity formulation ingredients and influences active
solubilization and pigment wetting.

Saturated lipids are generally more stable, whereas
unsaturated lipids are more susceptible to oxidative
degradation.

Degree of
saturation

Low viscosity promotes rapid spreading and a light
Viscosity feel; high viscosity provides greater cushioning,
richness, and lubrication.

Physicochemical

Factors Spreadability Determines the ease and uniformity with which an

emollient distributes over the skin surface.

Volatile emollients evaporate after application and

Volatilit . . .
y provide a light after-feel, whereas non-volatile



Melting point and
physical state

Occlusivity

Emollient
concentration

Type of
formulation

Formulation-Related

Interaction with
Factors

other ingredients

Combination of
emollients

Emulsion type
and droplet size

Skin type

Condition of the
skin barrier

Skin-Related Factors

Site of
application

Individual
sensory
perception

emollients lubrication and

protection.

provide prolonged

Determines whether the emollient is liquid, semi-solid,
or solid and influences product texture and application
characteristics.

Influences the ability of the emollient to form a
hydrophobic film and reduce transepidermal water
loss.

Insufficient concentration may provide inadequate
softness, whereas excessive concentration may cause
greasiness, shine, or instability.

Emollient performance varies in creams, lotions,
balms, ointments, serums, and anhydrous
formulations.

Interactions with emulsifiers, humectants, thickeners,
pigments, UV filters, and active ingredients may
influence stability and sensory properties.

Blending light, medium, and heavy emollients can
optimize spreading, absorption, richness, and residual
skin feel.

Influence the release, deposition, distribution, and
sensory perception of emollients on the skin.

Dry skin generally requires richer emollients, whereas
oily skin benefits from lightweight and fast-spreading
materials.

Damaged or lipid-deficient skin may require
emollients with greater barrier-supporting and
protective properties.

Different body areas vary in skin thickness and
sebaceous activity and therefore require different types
of emollients.

Consumer perception of greasiness, stickiness,
smoothness, absorption, and after-feel affects product
acceptability.



Influences viscosity, melting behaviour, spreadability,
Temperature . o
and physical stability.
Dry climates may require richer and more occlusive
Humidity emollients, whereas humid climates generally favour
lighter emollients.
Environmental and
Storage Factors Exposure to oxygen, heat, and light may cause
Oxidation rancidity, odour development, colour changes, and
deterioration of susceptible emollients.

Appropriate temperature, packaging, and protection
from air and light help maintain emollient quality and
product stability.

Storage
conditions

2.2.2 Humectants

Humectants represent one of the most important classes of moisturizing ingredients used in cosmetic and
dermatological preparations. These substances possess a strong affinity for water and help maintain
hydration by attracting and retaining moisture within the stratum corneum. They are widely incorporated
into moisturizers, creams, lotions, serums, facial masks, cleansers, shampoos, conditioners, lip products,
and other personal-care formulations. The effectiveness of a humectant depends on its chemical structure,
concentration, water-binding capacity, environmental humidity, formulation composition, and interaction
with other moisturizing ingredients. In modern cosmetic science, humectants are commonly combined
with emollients and occlusive agents to produce comprehensive moisturizing systems that simultaneously
increase water content, improve skin smoothness, and reduce excessive water loss [11].

Definition: Humectants may be defined as hygroscopic substances that attract, bind, and retain water
within a cosmetic formulation and the superficial layers of the skin, thereby helping to maintain
hydration, softness, flexibility, and normal skin function.Most humectants contain hydrophilic functional
groups, particularly hydroxyl, carboxyl, or amide groups, that interact with water molecules through
hydrogen bonding and other molecular interactions. Their ability to associate with water makes them
valuable ingredients in both skin-care and hair-care formulations.

Mechanism of Action of Humectants

Humectants act by attracting, binding, and retaining water within the stratum corneum through their
hydrophilic functional groups, such as hydroxyl, carboxyl, and amide groups. Water may be drawn from
the cosmetic formulation, the surrounding environment under suitable humidity conditions, or the deeper
layers of the skin. By forming hydrogen bonds with water molecules, humectants increase the hydration
of corneocytes, thereby improving skin softness, smoothness, and flexibility. Adequate hydration also
supports normal enzymatic activity and desquamation of the stratum corneum. For optimal and prolonged
moisturization, humectants are commonly combined with emollients and occlusive agents, which help
smooth the skin surface and reduce excessive water loss [12].



MECHANISM OF ACTION OF HUMECTANTS

Humectants are water-loving molecules that attract, bind and retain moisture, b 9\d
helping the skin stay hydrated, soft and healthy.
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Figure 2.5 Mechanism of Action of Humectant

Classification of humectant

Humectants are a diverse group of hydrophilic substances that differ in their chemical structure, origin,
molecular size, and water-binding capacity. Their common feature is the presence of water-attracting
functional groups that enable them to bind and retain moisture within the stratum corneum and cosmetic
formulations. Their effectiveness depends on factors such as molecular properties, concentration,
environmental humidity, and interactions with other formulation ingredients. Some humectants act within
the superficial layers of the skin, whereas larger molecules mainly form hydrated films on the skin
surface. Based on their chemical nature and origin, humectants are broadly classified into polyhydric
alcohols, sugars and sugar derivatives, natural moisturizing factor components, alpha-hydroxy acids and
their salts, glycosaminoglycans and polysaccharides, proteins and amino acid derivatives, and specialized
multifunctional humectants.

a). Polyhydric Alcohols or Polyols

Polyols are among the most widely used humectants in cosmetic formulations. They contain multiple
hydroxyl groups that interact strongly with water molecules. Common examples include glycerin,
propylene glycol, butylene glycol, pentylene glycol, sorbitol, xylitol, and polyethylene glycols.

b). Sugars and Sugar Derivatives

Sugars contain multiple hydroxyl groups and can bind water effectively. Their water-retention properties
make them valuable moisturizing ingredients. Examples include glucose, fructose, sucrose, trehalose, and
various sugar-derived complexes.



Trehalose is particularly valued for its ability to interact with water and protect biological structures under
conditions of environmental stress. Sugar-derived humectants are frequently used in moisturizing serums,
masks, creams, and products designed to support skin comfort.

c). Components of Natural Moisturizing Factor

Natural moisturizing factor components are physiologically relevant humectants naturally associated with
the stratum corneum. Cosmetic formulations may incorporate these substances to support the natural
water-binding capacity of the skin.

Important examples include urea, sodium pyrrolidone carboxylate, amino acids, lactates, and mineral
salts.

d). Alpha-Hydroxy Acids and Their Salts

Certain alpha-hydroxy acids and their salts can contribute to skin hydration in addition to their other
cosmetic functions. Examples include lactic acid and sodium lactate. At appropriate concentrations, these
ingredients can improve the water-binding capacity of the stratum corneum. Their final effect depends on
concentration, pH, formulation type, and frequency of application.

e). Glycosaminoglycans and Polysaccharides

High-molecular-weight hydrophilic substances can bind significant quantities of water and form hydrated
films on the skin surface. Important examples include hyaluronic acid, sodium hyaluronate, beta-glucan,
and selected polysaccharide gums.

f). Proteins, Peptides, and Amino Acid Derivatives

Proteins and their hydrolysates contain hydrophilic groups capable of interacting with water. Amino acids
are also important components of the natural moisturizing factor. Examples include hydrolysed proteins,
collagen-derived ingredients, silk amino acids, wheat protein hydrolysates, and amino acid complexes.
These ingredients may provide humectancy together with film-forming and conditioning effects. They are
used in both skin-care and hair-care products.

0). Specialized and Multifunctional Humectants

Modern cosmetic formulations increasingly use multifunctional ingredients that provide humectancy
together with other formulation benefits. Examples include betaine, panthenol, ectoin, and selected
multifunctional glycols [13, 14].



CLASSIFICATION OF HUMECTANTS

Humectants are hydrophilic substances that attract, bind and retain water in the stratum corneum
or in cosmetic formulations, thereby improving hydration, softness and flexibility of the skin.
They vary in their chemical structure, molecular size, water-binding capacity and functional properties.
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Figure 2.6 Classification of Humectant

Factors affecting humectant

The performance of humectants is influenced by several environmental, chemical, formulation, and skin-
related factors. Relative humidity plays an important role, as humectants attract more atmospheric
moisture under humid conditions. The concentration of the humectant determines the extent of hydration,
although excessive amounts may cause stickiness or irritation. Molecular size and chemical structure
affect water-binding ability and skin penetration. Small molecules can penetrate the superficial layers of
the skin, while larger molecules mainly form a hydrating film on the surface. Hygroscopicity determines
the ability of a humectant to attract and retain water. Environmental temperature can influence water
evaporation and the duration of the moisturizing effect. Formulation pH affects the stability, solubility,
and activity of certain humectants. Occlusive agents improve humectant action by reducing
transepidermal water loss. Emollients enhance skin softness, smoothness, and product spreadability. Skin
condition and barrier integrity also influence the degree of hydration achieved. Repeated application and
longer contact time generally improve moisturizing effectiveness. Compatibility with surfactants,
preservatives, polymers, and other ingredients affects formulation stability and performance. The type of
dosage form, such as cream, lotion, gel, or serum, also determines the duration of hydration. Therefore,
optimum humectant performance depends on a suitable balance of environmental conditions, ingredient
properties, formulation composition, and skin characteristics. The major factors affecting humectant are
discussed systematically below table.

Table 2.4 Factors affecting humectants

S. No. Factor Effect on Humectant Performance

High humidity allows humectants to attract water from the
1 Relative Humidity | atmosphere, whereas low humidity may reduce their effectiveness and
may promote water movement from deeper skin layers.

An optimum concentration improves hydration. Excessive

2 Concentration . . ) o
concentration may cause stickiness, tackiness, or irritation.




Molecular Size and

Small molecules can penetrate superficial skin layers, while large

3 . . Lo
Structure molecules mainly remain on the surface and form a hydrating film.
- Highly hygroscopic humectants attract and bind greater amounts of
4 Hygroscopicity gy nyg . _p . . . g
water, resulting in improved moisture retention.
5 Environmental High temperature increases water evaporation and may reduce the
Temperature duration of moisturization.
6 Formulation pH pH_affects the ic_mization, stability, solubility, and water-binding
activity of certain humectants.
7 Presence of Occlusive | Occlusive agents reduce transepidermal water loss and improve the
Agents long-lasting moisturizing effect of humectants.
g Presence of Emollients improve skin softness, smoothness, spreading, and overall
Emollients moisturizing performance.
9 Skin Condition and | Dry or damaged skin has greater water loss and may require a
Barrier Integrity combination of humectants, emollients, and occlusives.
Contact Time and . o .
Longer contact time and repeated application generally improve and
10 Frequency of rolong skin hydration
Application P g y '
1 Compatibility with | Surfactants, preservatives, electrolytes, solvents, and polymers may
Other Ingredients alter the stability and water-binding efficiency of humectants.
Creams and ointments usually provide prolonged hydration, while
12 Type of Formulation | gels and aqueous serums often provide rapid but shorter-lasting

effects.

2.3 Preservatives and Antioxidants

2.3.1 Preservatives

Cosmetic products are complex formulations containing water, oils, proteins, carbohydrates, botanical
extracts, surfactants, vitamins, minerals, and various other ingredients that may provide favourable
conditions for microbial growth. During manufacturing, storage, distribution, and consumer use, cosmetic
products may become contaminated with bacteria, yeasts, and moulds. Microbial contamination can lead
to product spoilage, changes in colour and odour, separation of phases, alteration of viscosity and pH, loss
of therapeutic or cosmetic effectiveness, and, in some cases, potential health risks to consumers.
Therefore, preservatives are incorporated into many cosmetic formulations to maintain microbiological
quality and extend product shelf life.




A preservative is a natural or synthetic substance added to a cosmetic formulation in relatively small
quantities to inhibit the growth and multiplication of microorganisms. Preservatives help maintain the
safety, stability, appearance, odour, and functional performance of the product throughout its intended
period of use. The effectiveness of a preservative depends not only on its intrinsic antimicrobial activity
but also on its concentration, solubility, pH, formulation composition, packaging system, storage
conditions, and interactions with other ingredients. Preservation is particularly important in water-
containing products such as creams, lotions, shampoos, conditioners, face washes, liquid foundations,
gels, serums, and other emulsified or agueous preparations. An effective preservative system should
provide broad-spectrum protection against microorganisms while remaining safe, stable, compatible, and
acceptable to the consumer [15].

Sources of Microbial Contamination

Microbial contamination of cosmetics may occur before, during, or after manufacturing. The principal
sources include raw materials, process water, manufacturing equipment, personnel, packaging
components, the production environment, and consumer use.

Raw materials of natural origin, particularly plant extracts, gums, starches, clays, proteins, and animal-
derived materials, may carry considerable microbial loads. Water is another major source of
contamination and must be appropriately treated and microbiologically controlled. Inadequately cleaned
tanks, pipes, mixers, filling equipment, and storage vessels may allow microorganisms to persist and form
biofilms.Human handling may introduce microorganisms from the skin, hair, respiratory tract, or
clothing. Airborne dust and environmental surfaces may also contribute to contamination. During
consumer use, repeated finger contact, introduction of wet applicators, dilution with water, and exposure
to humid conditions may increase the risk of contamination.

Mechanism of Action of Preservatives

Cosmetic preservatives act through several mechanisms, and a single preservative may affect more than
one microbial target.

a). Disruption of the Cell Membrane

Certain preservatives interact with microbial cell membranes and increase membrane permeability. This
causes leakage of essential intracellular substances and ultimately results in cell death.

b). Denaturation of Proteins

Some preservatives react with microbial proteins and alter their structure. Protein denaturation affects
essential enzymes and structural components required for microbial survival.

c). Inhibition of Enzyme Systems

Preservatives may interfere with enzymes involved in microbial metabolism, energy production, nutrient
utilization, and cellular reproduction.



d). Alteration of Intracellular pH

Organic acids can enter microbial cells in their undissociated form and subsequently dissociate within the
cell. This disturbs intracellular pH and interferes with normal metabolic processes.

e). Oxidative and Chemical Damage

Certain antimicrobial agents chemically modify essential microbial cell components, leading to loss of
cellular function and inhibition of growth.
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Figure 2.7 Mechanism of Action of Preservatives
Classification of Preservatives
Cosmetic preservatives can be classified according to their chemical nature and antimicrobial properties.
a). Parabens

Parabens are esters of p-hydroxybenzoic acid and have been widely used as cosmetic preservatives.
Common members include methylparaben, ethylparaben, propylparaben, and butylparaben. They are
valued for their chemical stability, relatively low cost, long history of use, and effectiveness over a useful
pH range.Parabens are generally more effective against yeasts and moulds than against many Gram-
negative bacteria. Their antimicrobial activity increases with increasing alkyl chain length; however,
water solubility generally decreases as the chain length increases. For this reason, combinations of
parabens may be used to obtain a balance between antimicrobial effectiveness and solubility.

The efficacy of parabens may be reduced by interaction with certain non-ionic surfactants, polymers,
proteins, and packaging materials. Appropriate formulation design is therefore necessary to ensure that a
sufficient concentration of free, biologically active preservative remains available in the aqueous phase.

b). Organic Acids and Their Salts



Organic acids are commonly used in cosmetic preservation, particularly in products with an acidic pH.
Important examples include benzoic acid, sorbic acid, and dehydroacetic acid. Their antimicrobial activity
is mainly associated with the undissociated form of the acid. At lower pH values, a greater proportion of
the acid remains undissociated and can penetrate microbial cell membranes. Once inside the cell, it can
interfere with cellular pH, enzyme activity, nutrient transport, and energy production. Therefore, the
effectiveness of organic acid preservatives is strongly dependent on formulation pH.

c). Phenoxyethanol

Phenoxyethanol is a widely used preservative in cosmetic and personal-care products. It is particularly
effective against many Gram-negative bacteria and demonstrates useful activity against other
microorganisms. It is commonly used in creams, lotions, shampoos, cleansers, make-up products, and
leave-on preparations. Phenoxyethanol has good stability and can function over a relatively broad pH
range. However, its antifungal activity may be insufficient when used alone in certain formulations.
Consequently, it is frequently combined with other preservatives or multifunctional ingredients to achieve
broader protection.

d). Benzy! Alcohol

Benzyl alcohol is used as a preservative, solvent, and fragrance-related ingredient in various cosmetic
formulations. It exhibits antimicrobial activity against several bacteria and fungi. Its performance depends
on concentration, pH, formulation composition, and interaction with other ingredients. Because benzyl
alcohol is multifunctional, it may contribute both to the physical properties of the formulation and to
microbial protection. However, the final preservative system must still be evaluated in the complete
product.

e). Isothiazolinones

Isothiazolinones are highly effective antimicrobial preservatives that can act at relatively low
concentrations. Methylisothiazolinone and methylchloroisothiazolinone have been used in certain
cosmetic products, particularly rinse-off formulations. These preservatives act by interacting with
important cellular components and disrupting microbial enzyme systems. Despite their high antimicrobial
potency, their use has become restricted in many applications because of concerns related to skin
sensitization and allergic contact dermatitis. Their use must therefore comply strictly with applicable
regulatory requirements.

f). Formaldehyde-Releasing Preservatives

Formaldehyde-releasing preservatives gradually release small quantities of formaldehyde within the
formulation. Examples include DMDM hydantoin, imidazolidinyl urea, and diazolidinyl urea. The
released formaldehyde reacts with microbial proteins and other cellular components, thereby inhibiting
microbial growth. These preservatives can provide effective antimicrobial protection, but their use
requires careful consideration of concentration, formulation compatibility, consumer sensitivity, and
regulatory limitations.

g). Quaternary Ammonium Compounds



Quaternary ammonium compounds are cationic surface-active agents with antimicrobial properties.
Examples include benzalkonium chloride and cetrimide. These substances interact with negatively
charged microbial cell membranes, resulting in membrane disruption, leakage of intracellular
components, and cell death.

Their antimicrobial activity is generally greater against Gram-positive bacteria than against some Gram-
negative organisms. Their effectiveness may be reduced by incompatibility with anionic surfactants and
certain formulation components. Therefore, they must be selected carefully according to the composition
of the product.

Factors Affecting the Efficacy of Preservatives

e pH of the formulation — Influences preservative activity.

e Temperature — High temperatures may reduce stability.

e Microbial load — Higher contamination requires greater preservative action.

e Drug-preservative interaction — May decrease effectiveness.

e Excipients — Surfactants and polymers can bind preservatives.

e Container material — Adsorption to plastic or rubber lowers available preservative.

e Solubility — Only dissolved preservative is active.

e Storage conditions — Light, heat, and moisture can reduce efficacy.

e Concentration — Adequate level is essential for antimicrobial activity.

e Compatibility — Preservative should be compatible with all formulation components.

2.3.2 Antioxidants

Antioxidants are chemical substances incorporated into cosmetic formulations to prevent or retard the
oxidation of ingredients susceptible to degradation, particularly lipids, essential oils, fragrances, pigments,
and vitamins. Oxidation is a major cause of cosmetic instability and occurs when ingredients react with
oxygen, leading to the formation of free radicals and peroxides. This process can result in discoloration,
rancidity, unpleasant odor, loss of efficacy, and a shortened shelf life of cosmetic products.

The primary function of antioxidants is to interrupt the oxidation chain reaction by scavenging free
radicals or decomposing peroxides before they can damage the formulation. In addition to protecting the
product, several antioxidants also provide beneficial effects on the skin by reducing oxidative stress
caused by environmental factors such as ultraviolet (UV) radiation, pollution, and cigarette smoke. These
protective effects help minimize premature skin aging, maintain skin elasticity, and improve overall skin
health.

Need for Antioxidants in Cosmetic Formulations
Antioxidants are incorporated into cosmetics for several important reasons:
o Prevent oxidation of oils, fats, waxes, fragrances, and active ingredients.

e Protect formulations from rancidity, discoloration, and unpleasant odor.



e Improve the chemical and physical stability of cosmetic products.
o Extend product shelf life.
e Preserve the efficacy of oxidation-sensitive ingredients such as vitamins A, C, and E.
e Protect the skin against free radical-induced oxidative damage.
Classification Based on Source
Based on their origin, antioxidants are classified into natural and synthetic antioxidants.
a). Natural Antioxidants

Natural antioxidants are obtained from plant, animal, or microbial sources. They are increasingly
preferred in cosmetic formulations due to their safety, biocompatibility, and consumer preference for
natural ingredients. In addition to preventing oxidation, many natural antioxidants provide skin-protective
benefits such as reducing oxidative stress, minimizing photoaging, and improving skin health.

Common natural antioxidants used in cosmetics include:

e Vitamin E (Tocopherol): Protects oils and lipids from oxidation and acts as an effective skin-
conditioning agent.

e Vitamin C (Ascorbic Acid): A water-soluble antioxidant that neutralizes free radicals and
promotes collagen synthesis.

e Coenzyme Q10 (Ubiquinone): Protects skin cells against oxidative damage and supports cellular
energy production.

e Rosemary Extract: Rich in phenolic compounds and widely used as a natural antioxidant in
creams, lotions, and oils.

e Green Tea Extract: Contains catechins with strong antioxidant and anti-inflammatory
properties.

e Grape Seed Extract: A rich source of proanthocyanidins that protect the skin from
environmental damage.

e Carotenoids (pB-Carotene): Naturally occurring pigments that help protect the skin against
photo-oxidative damage.

b). Synthetic Antioxidants

Synthetic antioxidants are chemically manufactured compounds specifically designed to provide effective
protection against oxidation. They are highly stable, economical, and effective at low concentrations.
These antioxidants are commonly used in products containing fats, oils, waxes, and fragrances.



Common synthetic antioxidants include:
e Butylated Hydroxyanisole (BHA): Prevents oxidation of fats, oils, and essential oils.

e Butylated Hydroxytoluene (BHT): Widely used to improve the stability of lipid-based cosmetic
formulations.

o Propyl Gallate: Effective in preventing oxidative rancidity in oil-containing products.

e Tertiary Butylhydroquinone (TBHQ): A potent antioxidant used in formulations susceptible to
rapid oxidation.

Classification Based on Mechanism of Action

Depending on how they inhibit oxidation, antioxidants are classified as primary (chain-breaking) or
secondary (preventive) antioxidants.

a). Primary (Chain-Breaking) Antioxidants

Primary antioxidants directly react with free radicals formed during oxidation. They donate hydrogen
atoms or electrons to unstable free radicals, converting them into stable molecules and terminating the
free radical chain reaction. These antioxidants are considered the first line of defense against oxidative
degradation.

Examples include Vitamin E (Tocopherol), Butylated Hydroxyanisole (BHA), Butylated Hydroxytoluene
(BHT), Propyl Gallate.

b). Secondary (Preventive) Antioxidants

Secondary antioxidants do not directly neutralize free radicals. Instead, they prevent or slow the initiation
of oxidation by chelating trace metal ions, decomposing hydroperoxides, scavenging dissolved oxygen, or
regenerating primary antioxidants. They are often used in combination with primary antioxidants to
achieve synergistic protection [16].

Examples include Vitamin C (Ascorbic Acid), Citric Acid, Ethylenediaminetetraacetic Acid (EDTA),
Phosphoric Acid, Lecithin.

2.4 Colors, Pigments and Fragrances

Colors, pigments, and fragrances are essential components of cosmeceutical formulations, contributing to
the product's aesthetic appeal, consumer acceptance, and market value. Although these ingredients
generally do not provide the primary therapeutic effect, they significantly influence the appearance,
sensory characteristics, and overall user experience. The careful selection of these excipients is important
to ensure product stability, safety, compatibility, and regulatory compliance.

Colorants and pigments impart attractive shades, improve product identification, and enhance visual
appeal, whereas fragrances provide a pleasant aroma that masks undesirable odors from active ingredients



or excipients. Modern cosmeceutical formulations increasingly employ natural colorants and fragrances to
meet consumer demand for safer and environmentally friendly products.

2.4.1 Colors

Definition: Colors are substances added to cosmeceutical products to impart or restore an attractive
appearance. They may be soluble dyes or insoluble pigments and are used to improve the aesthetic quality
and consumer appeal of formulations.

Functions of Colors
Colors serve several important functions in cosmeceuticals:

e Enhance the visual appearance of products.

e Improve consumer acceptance and brand recognition.

o Differentiate product variants.

e Mask undesirable coloration of active ingredients.

e Facilitate product identification.

e Increase the commercial attractiveness of cosmetic products.
Classification of Colors
Colors used in cosmeceuticals are classified into the following categories:
a). Natural Colors

Natural colorants are obtained from plant, animal, or mineral sources. They are biodegradable, generally
safer, and preferred in herbal and natural cosmetic formulations.

Examples: Curcumin (Turmeric) — Yellow, Chlorophyll — Green, Caramel — Brown, Beetroot extract
(Betanin) — Red, Annatto — Orange, Saffron — Yellow to orange.

b). Synthetic Colors

Synthetic colors are chemically manufactured and provide excellent color intensity, stability, and
reproducibility.

Examples: Tartrazine, Sunset Yellow FCF, Brilliant Blue FCF, Allura Red AC, Erythrosine
2.4.2 Pigments

Definition



Pigments are finely divided, insoluble coloring materials that impart opacity, coverage, and color to
cosmetic formulations. Unlike dyes, pigments remain suspended in the formulation and do not dissolve in
the medium.

Functions of Pigments
Pigments perform several important functions:
e Provide color and opacity.
e Improve product coverage.
e Enhance hiding power.
e Protect the skin from ultraviolet radiation.
e Improve the texture and appearance of cosmetic products.
e Increase product stability.
Classification of Pigments
a). Inorganic Pigments
These pigments possess excellent stability, opacity, and UV-protective properties.

Examples: Titanium dioxide, Zinc oxide, Iron oxides (Red, Yellow, Black), Chromium oxide green,
Ultramarines

b). Organic Pigments
Organic pigments provide bright and vibrant colors and are commonly used in decorative cosmetics.

Examples: D&C Red pigments, D&C Orange pigments, Quinacridone pigments, Phthalocyanine Blue,
Carbon Black

2.4.3 Fragrances

Fragrance contributes to product identity, masks base odors and shapes the emotional experience of use.
A fragrance is usually a complex blend of volatile and semi-volatile materials rather than a single
compound. It may include aroma chemicals, essential oils, extracts, solvents, stabilizers and other
components. Its behavior is strongly influenced by the cosmetic matrix.

Fragrances are aromatic substances incorporated into cosmeceutical formulations to impart a pleasant
odor and improve the sensory appeal of products. They also help mask the unpleasant odor of certain
active pharmaceutical ingredients, preservatives, surfactants, and oils. A well-selected fragrance enhances



consumer satisfaction and often influences purchasing decisions. However, fragrances should be carefully
chosen to minimize skin irritation and allergic reactions, especially in products intended for sensitive skin.

Fragrances serve several purposes:
e Impart a pleasant aroma.
e Mask undesirable odors.
e Enhance consumer acceptance.

e Improve the sensory experience.

Reinforce product identity and branding.

Classification of Fragrances

a). Natural Fragrances

Natural fragrances are obtained from plants through steam distillation, solvent extraction, or expression.

Examples: Lavender oil, Rose oil, Jasmine oil, Sandalwood oil, Lemon oil, orange oil, Peppermint oil,
Eucalyptus oil.

b). Synthetic Fragrances

Synthetic fragrances are chemically manufactured aromatic compounds designed to mimic natural scents
or create entirely new fragrance profiles [17].

Examples: Vanillin, Benzyl acetate, Linalool, Citral, Geraniol, Coumarin
Conclusion

The successful development of cosmetic and cosmeceutical products depends not only on the selection of
active ingredients but also on the appropriate choice of excipients that ensure formulation stability, safety,
functionality, and consumer satisfaction. Surfactants, emollients, humectants, preservatives, antioxidants,
colors, pigments, and fragrances each perform distinct yet complementary roles in achieving the desired
physical, chemical, microbiological, and sensory characteristics of a product. Their interactions influence
critical quality attributes such as cleansing efficiency, moisturization, emulsification, preservation,
oxidative stability, appearance, texture, fragrance retention, and shelf life. Advances in cosmetic science
have encouraged the use of multifunctional, biocompatible, and sustainable excipients that meet
increasing consumer demand for effective, safe, and environmentally responsible products. At the same
time, formulation scientists must consider compatibility among ingredients, product type, intended
application, regulatory requirements, and consumer preferences to optimize formulation performance.
The growing preference for naturally derived ingredients has further emphasized the need for innovative
excipient systems that combine efficacy with sustainability.



A thorough understanding of the physicochemical properties, mechanisms of action, and formulation
behavior of cosmetic excipients is therefore essential for the rational design of high-quality cosmetic
products. As research continues to advance, novel excipients and delivery technologies will further
enhance product performance, stability, and user experience. Consequently, cosmetic excipients remain
indispensable to the development of modern, safe, stable, and consumer-oriented cosmetic and
cosmeceutical formulations.
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1 Introduction

The skin is the largest organ of the human body, serving as the primary protective barrier between the
internal tissues and the external environment. In an average adult weighing approximately 70 kg, the skin
has a total weight of about 5 kg and covers a surface area of nearly 2 m2. Structurally, the skin is
composed of two principal layers: the epidermis, which is a multilayered stratified cellular epithelium,
and the dermis, a dense connective tissue layer that provides mechanical support and nourishment. These
two layers are firmly connected by a specialized structure known as the dermal—epidermal basement
membrane, which facilitates adhesion and regulates the exchange of nutrients and signaling molecules
between them. Beneath the dermis lies the subcutaneous tissue (hypodermis), a layer predominantly
composed of adipose tissue that functions as an energy reservoir, thermal insulator, and shock absorber.
The hypodermis is separated from the underlying muscles and deeper body structures by a thin vestigial
layer of striated muscle, contributing to the overall structural organization of the integumentary system (
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1.2 Structure of Skin

The human skin is composed of three structurally distinct layers:
o Epidermis
e Dermis

e Hypodermis (Subcutaneous tissue)

Each layer possesses specialized cells and extracellular components that collectively maintain skin
integrity and physiological homeostasis.

Epidermis

The epidermis is the outermost layer of the skin and is composed predominantly of keratinocytes, which
constitute approximately 90-95% of its cellular population. In healthy skin, the viable (living) portion of
the epidermis is generally 0.05-0.10 mm thick, although its thickness varies depending on the anatomical
site. The epidermis is continuously renewed through a process of cell proliferation and differentiation.
Keratinocytes originate from stem cells located in the stratum basale (basal layer), where they undergo
repeated mitotic divisions. Newly formed cells gradually migrate upward into the stratum spinosum
(spinous layer), followed by the stratum granulosum (granular layer), and eventually reach the stratum
corneum, where they become fully keratinized and are ultimately shed from the skin surface through
desgquamation.

Under normal physiological conditions, the complete journey of a keratinocyte from the basal layer to the
outer surface of the skin requires approximately 28-30 days. However, this turnover rate is markedly
accelerated in certain dermatological disorders, such as psoriasis, where the epidermal renewal cycle may
be reduced to only a few days, leading to the accumulation of immature keratinocytes and the formation
of characteristic scaly plaques.

The structural integrity and mechanical resilience of keratinocytes are maintained by an extensive
network of keratin intermediate filaments, which form the cellular cytoskeleton. As keratinocytes migrate
toward the skin surface, they undergo progressive flattening and terminal differentiation. During this
process, the protein filaggrin, synthesized from keratohyalin granules within the granular layer, plays a
crucial role by aggregating keratin filaments into tightly packed bundles. This organization enhances the
strength, flexibility, and barrier properties of the epidermis. Collectively, keratin and filaggrin account for
nearly 80-90% of the total protein content of the epidermis, highlighting their essential role in
maintaining skin structure, hydration, and barrier function (2-4).

Stratum Corneum
The stratum corneum is the outermost layer of the epidermis, where cells, now called corneocytes, no

longer contain nuclei or cytoplasmic organelles. Inside the corneocyte's plasma membrane, a highly
insoluble cornified envelope forms through the cross-linking of soluble protein precursors like involucrin



and loricrin, with loricrin making up 70-85% of the envelope's mass. This layer also contains various
lipids, including fatty acids, sterols, and ceramides, which are released from lamellar bodies in the upper
living epidermis. The stratum corneum is divided into three distinct biochemical and functional zones: an
outer zone that absorbs solutes, a middle zone that absorbs water to maintain hydration, and an inner zone
that acts as a mechanical defense barrier.

The epidermis also contains melanocytes, Langerhans cells, and Merkel cells. Melanocytes are dendritic
cells that transfer melanin pigment in melanosomes to nearby keratinocytes, giving skin its color. The
number of melanocytes is fairly consistent across skin types; differences in appearance are mainly due to
the type of melanin and the size of the melanosomes. Langerhans cells, which are also dendritic but
originate from bone marrow and mesenchymal tissue, act as antigen-presenting cells. They process
antigens encountered by the skin and carry them to local lymph nodes, playing a vital role in the skin’s
adaptive immune response. Merkel cells, likely derived from keratinocytes, serve as mechanosensory
receptors that respond to touch (4).

Dermis

The dermis is linked to the epidermis by the basement membrane. It is composed of two connective tissue
layers—the papillary and reticular layers—which blend together without a distinct boundary. The
papillary layer, the thinner upper part of the dermis, consists of loose connective tissue in contact with the
epidermis. The reticular layer lies deeper, is thicker, and contains fewer cells. It is made up of dense
connective tissue with collagen fiber bundles. The dermis contains sweat glands, hair, hair follicles,
muscles, sensory neurons, and blood vessels (5).

Hypodermis

The hypodermis consists primarily of adipose tissue interspersed with connective tissue septa. It functions
as an energy reservoir, thermal insulator, and mechanical cushion while anchoring the skin to underlying
muscles and bones.

1.3 Functions of Skin

Protective Function

The primary function of the skin is protection against mechanical trauma, pathogenic microorganisms,
ultraviolet radiation, and chemical agents. The epidermal barrier significantly limits water loss and
prevents the penetration of environmental toxins.

Thermoregulation

Body temperature is maintained through sweating, vasodilation, vasoconstriction, and insulation provided
by subcutaneous fat. Eccrine sweat glands play a major role in evaporative cooling during heat stress.

Sensory Function



The skin contains specialized receptors including Meissner corpuscles, Pacinian corpuscles, Merkel cells,
Ruffini endings, and free nerve endings that detect touch, pressure, vibration, pain, and temperature.

Immunological Function

Langerhans cells, macrophages, antimicrobial peptides, and the resident skin microbiota contribute to
innate and adaptive immune responses, protecting the body from microbial invasion.

Vitamin D Synthesis

Exposure of the skin to ultraviolet-B (UVB) radiation converts 7-dehydrocholesterol into vitamin Ds, an
essential precursor for calcium and phosphate homeostasis.

Wound Healing

The skin possesses remarkable regenerative capacity. Wound healing proceeds through four overlapping
phases: hemostasis, inflammation, proliferation, and remodeling. Fibroblasts, keratinocytes, endothelial
cells, and immune cells coordinate tissue repair (5-7,8).

2. Skin Types
2.1 Introduction

The skin is the largest organ of the human body, accounting for approximately 15-16% of total body
weight and covering an average surface area of 1.5-2.0 m?2 in adults. It serves as the first line of defense
against environmental insults while maintaining internal homeostasis. Besides its protective role, the skin
regulates body temperature, prevents excessive water loss, synthesizes vitamin D, provides sensory
perception, and contributes significantly to physical appearance and psychosocial well-being.

Individuals exhibit considerable variation in skin characteristics due to differences in sebum production,
hydration status, skin barrier integrity, pigmentation, genetic makeup, hormonal influences, age,
and environmental exposure. These variations form the basis for classifying skin into different types.
Accurate identification of skin type is fundamental in dermatology, cosmetology, and pharmaceutical
sciences because it guides the selection of skincare products, topical medications, cosmetic formulations,
and transdermal drug delivery systems.

The traditional classification categorizes skin into normal, dry, oily, combination, and sensitive types.
In modern dermatology, additional functional categories such as acne-prone skin, mature (aging) skin,
dehydrated skin, and reactive skin are also recognized because of their distinct physiological and
clinical characteristics (2,5).

2.2 Physiology Underlying Skin Types

Skin type is primarily determined by the interaction of four physiological parameters:



Sebum Production

Sebum is an oily secretion produced by the sebaceous glands. It contains triglycerides, wax esters,
squalene, cholesterol esters, and free fatty acids. Sebum lubricates the skin, minimizes transepidermal
water loss (TEWL), maintains flexibility, and possesses antimicrobial properties. Excessive sebum
production results in oily skin, whereas insufficient sebum contributes to dry skin.

Hydration of the Stratum Corneum

The stratum corneum, the outermost layer of the epidermis, regulates water retention through natural
moisturizing factors (NMFs) and intercellular lipids such as ceramides, cholesterol, and free fatty acids.
Reduced hydration leads to roughness, scaling, and impaired barrier function.

Skin Barrier Function

The integrity of the epidermal barrier determines resistance to irritants, allergens, microorganisms, and
environmental pollutants. Barrier dysfunction is associated with increased TEWL and heightened skin
sensitivity.

Cutaneous Sensitivity

Some individuals possess hyper-reactive sensory nerve endings or impaired barrier function, making their
skin more susceptible to burning, itching, erythema, and irritation even in response to mild stimuli.

2.3 Classification of Skin Types

Skin type is defined by a balance of reepithelialization and desquamation, sebum secretion, and hydration.
Skin type can be measured objectively, but is often a subjective assessment of tangible or visible areas of
disequilibrium. Skin type can be assessed by meticulous methods of measuring TEWL, sebum
production, and mathematical calculations of skin pigment colorand elasticity. However, even objective
measurements may be an inaccurate representation of a patient’s self-perceived skin type (4-5).

Normal Skin

Normal skin is defined as skin with a balance of re-epithelialization and desquamation, sebum secretion,
and hydration. There are therefore no tangible or visible areas of disequilibrium. A minority of
individuals present with normal skin type, and normal skin characteristics can easily change with age,
ambient temperature, humidity, and mechanical or chemical stresses. Normal skin is considered the
healthiest and most balanced skin type because it maintains an optimal balance between sebum
production and moisture content. The sebaceous glands produce sufficient oil to lubricate the skin without
making it excessively greasy, while the skin barrier effectively retains moisture and protects against
environmental irritants. Individuals with normal skin usually have a smooth texture, fine pores, good
elasticity, and an even complexion with minimal blemishes. This skin type rarely experiences excessive
dryness, irritation, or acne and generally tolerates a wide range of cosmetic products. To maintain healthy
skin, a gentle cleansing routine, regular moisturizing, and daily use of sunscreen are recommended.



Products containing antioxidants such as vitamin C and vitamin E can further protect normal skin from
premature aging caused by environmental damage.

Dry Skin

Dry skin is usually a secondary manifestation of excessive cleansing, stripping the stratum corneum from
natural lipids, UV radiation, exposure to extreme climates, or treatment with agents such asretinoids. Dry
skin, also known as xerotic skin, is characterized by inadequate production of sebum by the sebaceous
glands, resulting in reduced lipid content in the outermost layer of the skin. This deficiency weakens the
skin barrier and increases transepidermal water loss, causing the skin to become rough, flaky, and less
elastic. Individuals with dry skin often experience tightness after cleansing, itching, scaling, and increased
visibility of fine lines. Dry skin may occur due to genetic factors, aging, cold weather, low humidity,
frequent washing with harsh soaps, nutritional deficiencies, or certain medical conditions. Proper
management involves the use of mild, soap-free cleansers and moisturizers rich in emollients, humectants,
and occlusive agents such as ceramides, glycerin, hyaluronic acid, shea butter, and petrolatum. Adequate
hydration and protection from harsh environmental conditions also help improve the condition of dry skin
(4-5).

Oily Skin

Oily skin results from excessive secretion of sebum by overactive sebaceous glands. Sebum is a natural
oil that lubricates and protects the skin; however, excessive production can make the skin appear shiny
and greasy. Oily skin typically has enlarged pores and is more susceptible to clogged pores, blackheads,
whiteheads, and acne because excess sebum mixes with dead skin cells and debris. Hormonal changes,
genetic predisposition, stress, humid weather, and certain cosmetic products can contribute to increased
oil production. Although oily skin is more prone to acne, it often shows signs of aging later than dry skin
because the natural oils help maintain skin elasticity. Management includes regular cleansing with gentle
foaming cleansers, use of oil-free and non-comedogenic moisturizers, and products containing ingredients
such as salicylic acid, niacinamide, and zinc PCA to control oil production without excessively drying the
skin.

Combination Skin

Combination skin is characterized by the presence of both oily and dry or normal areas on the face. The
forehead, nose, and chin, collectively known as the T-zone, usually produce excess sebum and appear
shiny, whereas the cheeks and areas around the eyes remain normal or dry. This mixed pattern results
from uneven distribution and activity of sebaceous glands in different regions of the face. Individuals with
combination skin may experience enlarged pores and acne in the oily areas while simultaneously
developing dryness or flakiness on the cheeks. Because of these varying characteristics, combination skin
requires balanced skincare products that effectively cleanse excess oil while maintaining adequate
hydration in drier regions. Lightweight moisturizers, gentle cleansers, and targeted treatment of different
facial zones are commonly recommended (4-5).

Sensitive Skin



Sensitive skin has a low threshold for irritancy. Patients with sensitive skin develop stinging, burning, or
widespread dermatitis from topical applications of products, particularly those with fragrance, acid or
alkaline pH, or preservatives. Sensitive skin is a skin type that reacts more readily than normal skin to
external stimuli such as cosmetic products, environmental pollutants, temperature changes, and ultraviolet
radiation. The skin barrier is often compromised, allowing irritants to penetrate more easily and trigger
inflammation. Individuals with sensitive skin frequently experience redness, itching, burning, stinging, or
tightness after exposure to certain products or environmental conditions. Sensitive skin may be associated
with conditions such as eczema, rosacea, or allergic contact dermatitis, although it can also occur
independently. Proper care involves using fragrance-free, hypoallergenic, and dermatologist-tested
skincare products containing soothing ingredients such as ceramides, panthenol, allantoin, aloe vera, and
colloidal oatmeal. Avoiding harsh chemicals, excessive exfoliation, and known allergens is essential for
maintaining skin comfort and health.

Acne-Prone Skin

Acne-prone skin is recognized as a functional skin category because of its tendency to develop acne
lesions repeatedly. This condition is primarily caused by excessive sebum production, blockage of hair
follicles due to abnormal Keratinization, colonization by Cutibacterium acnes (formerly
Propionibacterium acnes), and inflammation. Individuals with acne-prone skin commonly develop
blackheads, whiteheads, papules, pustules, nodules, and post-inflammatory pigmentation. Hormonal
fluctuations during adolescence and adulthood, genetic predisposition, stress, and certain medications can
increase susceptibility to acne. Management involves maintaining proper skin hygiene, using non-
comedogenic cosmetic products, and incorporating active ingredients such as salicylic acid, benzoyl
peroxide, retinoids, niacinamide, and azelaic acid into the skincare routine. Early treatment helps prevent
permanent scarring and improves skin appearance (7,9).

Mature (Aging) Skin

Mature or aging skin develops as a result of both intrinsic aging and extrinsic environmental factors.
Intrinsic aging is a natural biological process associated with reduced collagen synthesis, decreased
elastin production, slower cell turnover, and diminished hyaluronic acid levels. Extrinsic aging is
primarily caused by prolonged exposure to ultraviolet radiation, pollution, smoking, poor nutrition, and
oxidative stress. As a result, mature skin becomes thinner, drier, less elastic, and more prone to wrinkles,
fine lines, pigmentation disorders, and sagging. Skin repair mechanisms also become slower with age.
Proper management includes daily use of broad-spectrum sunscreen, moisturizers containing ceramides
and hyaluronic acid, antioxidants such as vitamins C and E, peptides, retinoids, and alpha-hydroxy acids,
which help improve collagen production and maintain skin elasticity (9).

Dehydrated Skin

Dehydrated skin is a temporary skin condition characterized by insufficient water content in the
epidermis, regardless of the amount of oil produced by the sebaceous glands. Unlike dry skin, which is
caused by a lack of lipids, dehydrated skin results from inadequate hydration and increased water loss.
Even individuals with oily skin may experience dehydration. Common symptoms include dullness,



tightness, rough texture, reduced elasticity, increased sensitivity, and the appearance of fine dehydration
lines. Factors such as inadequate fluid intake, excessive exposure to air conditioning, prolonged sun
exposure, harsh skincare products, and environmental pollution contribute to skin dehydration. Treatment
focuses on restoring water content through adequate fluid intake and the use of humectant-rich skincare
products containing glycerin, hyaluronic acid, aloe vera, and panthenol, along with barrier-repair
moisturizers.

Reactive Skin

Reactive skin is a functional skin type characterized by an exaggerated physiological response to internal
or external triggers. Although it shares some features with sensitive skin, reactive skin is generally more
unpredictable and may respond suddenly to factors such as temperature fluctuations, emotional stress,
spicy foods, alcohol consumption, pollution, or cosmetic ingredients. Individuals with reactive skin often
experience episodes of redness, flushing, burning, itching, tingling, or inflammation that may resolve
once the triggering factor is removed. This heightened response is believed to result from increased nerve
sensitivity and impaired skin barrier function. Management involves identifying and avoiding known
triggers, simplifying the skincare routine, and using fragrance-free, non-irritating products containing
anti-inflammatory and barrier-repair ingredients such as ceramides, niacinamide, panthenol, and allantoin.
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Figure 2: Classification of skin types
3. SKIN DISORDERS

Skin disorders are conditions that affect the structure, function, or appearance of the skin. They may result
from genetic factors, infections, allergies, autoimmune diseases, hormonal imbalances, environmental
exposure, aging, or lifestyle factors. Skin disorders can cause symptoms such as redness, itching, pain,
inflammation, pigmentation changes, scaling, blistering, or abnormal growths. They may be temporary or
chronic and range from mild cosmetic concerns to severe medical conditions requiring long-term
treatment. Proper diagnosis and management are important not only to restore skin health but also to



improve the patient's quality of life. In cosmetology and cosmeceuticals, understanding common skin
disorders helps in selecting suitable skincare products and therapeutic agents (10).

Table 1: Major Skin Disorders: Features, Causes, Management and References

Skin Description Major Causes Clinical Management/Treatment

Disorder Features

Acne A chronic | Hormonal  changes, | Blackheads, Salicylic acid, benzoyl

Vulgaris inflammatory excessive sebum | whiteheads, peroxide, topical retinoids,
disorder  of  the | production, papules, antibiotics, isotretinoin in
pilosebaceous unit | Cutibacterium acnes, | pustules, severe cases.
characterized by | genetics, stress. nodules, acne
blockage of hair scars.
follicles and
excessive sebum
production.

Atopic A chronic | Genetic Dryness, Emollients, maoisturizers,

Dermatitis | inflammatory  skin | predisposition, intense topical corticosteroids,

(Eczema) | disease  associated | allergens, itching, calcineurin inhibitors,
with impaired skin | environmental redness, avoidance of triggers.
barrier function and | irritants, immune | scaling,
hypersensitivity dysfunction. cracked skin.
reactions.

Psoriasis A chronic | Autoimmune Red plaques | Topical  corticosteroids,
autoimmune mechanisms, covered with | vitamin D  analogues,
disorder causing | genetics, infections, | silvery-white | phototherapy,  biologics,
rapid proliferation of | stress. scales, systemic therapy.
skin cells and itching, nail
formation of thick changes.
plaques.

Rosacea A chronic | Sunlight, hot | Persistent Trigger avoidance,
inflammatory facial | beverages, spicy | facial metronidazole, azelaic
skin disorder | foods, alcohol, | redness, acid, doxycycline, laser
involving  vascular | genetic factors. flushing, therapy.
and immune visible blood
abnormalities. vessels,

papules and
pustules.
Contact Inflammatory  skin | Cosmetics, Redness, Avoidance of causative




Dermatitis | reaction caused by | detergents, itching, agent, topical
exposure to irritants | fragrances,  metals, | swelling, corticosteroids,
or allergens. chemicals. blister antihistamines,

formation, moisturizers.
burning
sensation.

Urticaria | A hypersensitivity | Foods, drugs, insect | Itchy raised | Antihistamines,

(Hives) reaction  resulting | bites, infections, | wheals, corticosteroids,  biologic
from histamine | stress. swelling, therapy in chronic cases.
release in the skin. redness,

angioedema.

Fungal Superficial Warm humid climate, | Ring-shaped | Topical or oral antifungal

Infections | infections caused by | poor hygiene, | lesions, agents such as

(Tinea) dermatophytes, immunosuppression. | itching, clotrimazole and
yeasts, or molds. scaling, terbinafine.

redness,
cracking.

Vitiligo An acquired | Autoimmune Well-defined | Corticosteroids,
autoimmune disorders, genetic | white calcineurin inhibitors,
pigmentary disorder | factors. depigmented | phototherapy, skin
resulting in patches  on | grafting.
melanocyte skin.
destruction.

Melasma | A Sun exposure, | Symmetrical | Sunscreens, hydroguinone,
hyperpigmentation pregnancy, hormonal | brown or | retinoids, azelaic acid,
disorder therapy, genetics. gray-brown chemical peels.
characterized by facial
brown patches on patches.
sun-exposed areas.

Skin Malignant Ultraviolet radiation, | Non-healing | Surgical excision,
Cancer proliferation of skin | genetics, fair skin, | sores, cryotherapy, radiotherapy,
cells due to DNA | immunosuppression. | abnormal chemotherapy,
damage. growths, immunotherapy.
changing
moles,
bleeding

lesions.
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Figure 3: Classification of Skin disorders
4. CLEANSERS
4.1 Definition

A cleanser is a cosmetic or cosmeceutical preparation specifically formulated to remove dirt, dust, sweat,
excess sebum, dead skin cells, microorganisms, environmental pollutants, sunscreen, and cosmetic
residues from the surface of the skin while preserving its natural barrier function and physiological pH.
Cleansers are considered the cornerstone of any skincare regimen because they help maintain skin
hygiene, improve skin appearance, prevent clogged pores, and prepare the skin for the effective
absorption of topical skincare and pharmaceutical products.

The skin is continuously exposed to environmental contaminants, ultraviolet radiation, microorganisms,
sweat, and sebum. Over time, these substances accumulate on the skin surface and may lead to dullness,



acne, irritation, infections, and premature aging. Cleansers help remove these impurities without causing
excessive dryness or damage to the skin barrier. Modern cleansers are designed not only to cleanse but
also to hydrate, soothe, protect, and deliver beneficial active ingredients, making them an integral
component of both cosmetic and pharmaceutical skincare (11,13).

4.2 Objectives of Cleansers
The major objectives of using cleansers are:
e Toremove dirt, dust, and environmental pollutants.
e To eliminate excess sebum and sweat.
e Toremove makeup, sunscreen, and cosmetic residues.
e To reduce microbial contamination on the skin surface.
e Tounclog pores and prevent acne formation.
e To maintain skin hygiene and freshness.
e To preserve the skin's natural moisture barrier.
e To prepare the skin for topical medications and cosmetic products.
e To improve the penetration of active ingredients.
e To maintain healthy skin appearance.

4.3 Mechanism of Action of Cleansers

The cleansing action is mainly due to surfactants (surface-active agents), which possess both
hydrophilic (water-loving) and lipophilic (oil-loving) portions.

Step 1: Reduction of Surface Tension

Surfactants reduce the surface tension between water and oily substances present on the skin. This allows
water to spread evenly over the skin surface and interact with impurities.

Step 2: Micelle Formation
The lipophilic tail of the surfactant attaches to oil, sebum, dirt, and makeup, while the hydrophilic head
remains in contact with water. Multiple surfactant molecules surround the oily particle to form a spherical

structure known as a micelle.

Step 3: Emulsification



The micelles encapsulate oils and impurities, converting them into an emulsion that can be suspended in
water.

Step 4: Removal by Rinsing

Upon rinsing with water, the micelles carrying dirt, microorganisms, pollutants, and cosmetic residues are
washed away, leaving the skin clean.

Step 5: Skin Conditioning

Modern cleansers also deposit moisturizing agents, ceramides, humectants, vitamins, and botanical
extracts on the skin, helping to maintain hydration and restore the skin barrier after cleansing.

Nonpolar “tails” adhere to dirt on the skin.
Polar groups are soluble in water and help
Soap lift the dirt away from the skin.
molecules

o-'")g Polar

Nonpolar
C OL'x e?

Bacteria living in dirt

Skin

Figure 4: Mechanism of misclle formation in cleansers
4.4 Types of Cleansers

Gel Cleansers



Gel cleansers are water-based cleansing formulations that possess a transparent or semi-transparent gel-
like consistency. They are prepared using gelling agents such as carbomers or cellulose derivatives along
with mild surfactants that efficiently remove dirt, sebum, sweat, environmental pollutants, and
microorganisms from the skin surface. Gel cleansers are particularly effective in removing excess oil
without leaving a greasy residue and provide a refreshing sensation after washing. Their cleansing action
is based on the formation of micelles by surfactant molecules, which surround oil and dirt particles,
allowing them to be rinsed away with water.

The formulation usually contains purified water, surfactants, humectants such as glycerin, preservatives,
botanical extracts, and pH-adjusting agents. Since gel cleansers remove excess sebum efficiently, they are
highly recommended for individuals with oily, acne-prone, or combination skin. However, excessive use
may reduce the natural lipid content of the skin and produce dryness or tightness in people with dry or
sensitive skin (13).

Foam Cleansers

Foam cleansers are cleansing formulations designed to generate abundant foam during application. They
contain foaming surfactants that reduce the surface tension between water and oily impurities, allowing
efficient removal of dirt, sweat, excess sebum, and microorganisms from the skin. The rich lather
penetrates into skin pores and emulsifies accumulated impurities, leaving the skin clean and refreshed.

These cleansers generally contain surfactants such as sodium cocoyl isethionate, cocamidopropyl betaine,
or sodium lauroyl sarcosinate along with moisturizing agents and preservatives. Foam cleansers are
widely used for oily and acne-prone skin because they effectively remove excessive oil. Nevertheless,
frequent use may disturb the skin barrier by extracting natural lipids, resulting in dryness or irritation,
especially in individuals with sensitive or dry skin.

Cream cleansers

Cream cleansers are emulsion-based cleansing preparations that contain a higher proportion of emollients
and moisturizing agents than gel or foam cleansers. They possess a smooth, creamy texture and cleanse
the skin gently while maintaining its hydration. Cream cleansers primarily remove dirt, light makeup,
sunscreen, and sebum by dissolving lipid-soluble impurities without stripping the skin of its natural oils.

Their formulations commonly include water, mineral oil or vegetable oils, fatty alcohols, emulsifiers,
glycerin, ceramides, and preservatives. These cleansers help reinforce the skin barrier and reduce
transepidermal water loss, making them particularly suitable for dry, mature, or sensitive skin. Although
cream cleansers are highly moisturizing, they may leave a slight residue on the skin and may not
adequately remove heavy oil or makeup in individuals with very oily skin.

Lotion cleansers

Lotion cleansers are lightweight oil-in-water emulsions containing a high proportion of water and mild
cleansing agents. They gently cleanse the skin while simultaneously moisturizing it. Their fluid



consistency allows them to spread easily over the skin surface, where they dissolve surface impurities,
sweat, and small quantities of makeup without disrupting the skin barrier.

The formulation generally contains purified water, mild surfactants, humectants, emollients, botanical
extracts, and preservatives. Lotion cleansers are particularly useful for individuals with dry, normal, or
sensitive skin because they minimize irritation while maintaining adequate skin hydration. However, they
are less effective in removing heavy makeup or excessive sebum compared with stronger cleansing
formulations (12,14).

Oil cleansers

Oil cleansers are based on the principle that "like dissolves like." They utilize natural or mineral oils to
dissolve sebum, sunscreen, waterproof cosmetics, and other lipid-soluble impurities from the skin surface.
During cleansing, the oil binds with oily debris and makeup. When water is added, emulsifying agents
convert the oil into a milky emulsion that can be rinsed away easily without leaving excessive residue.

Oil cleansers commonly contain jojoba oil, sunflower oil, olive oil, mineral oil, esters, emulsifiers,
antioxidants, and preservatives. These cleansers are widely used as the first step of double-cleansing
routines because they remove stubborn cosmetic products effectively while preserving the skin's natural
moisture barrier. They are especially suitable for dry and combination skin but may require careful
selection in acne-prone individuals to avoid comedogenic ingredients.

Micellar cleansers

Micellar cleansers are aqueous cleansing solutions containing microscopic surfactant aggregates known
as micelles. These micelles possess a hydrophilic outer surface and a lipophilic core. During cleansing,
the lipophilic portion attracts sebum, makeup, and oily impurities, while the hydrophilic portion remains
suspended in water, enabling efficient removal of contaminants using a cotton pad without vigorous
rubbing.

Micellar water generally contains purified water, non-ionic surfactants, humectants such as glycerin, and
preservatives. Owing to their mild cleansing action and minimal irritation, micellar cleansers are highly
recommended for sensitive skin and can often be used without rinsing. However, they may not
completely remove heavy waterproof makeup, making a second cleansing step necessary in some cases
(13).

Cleansing balms

Cleansing balms are semi-solid cleansing preparations composed mainly of waxes, butters, oils, and
emulsifying agents. At room temperature they remain solid, but upon contact with body temperature they
melt into a silky oil that dissolves makeup, sunscreen, and accumulated sebum. After water is added, the
formulation emulsifies into a milky suspension that is easily rinsed away.

These cleansers commonly contain shea butter, beeswax, plant oils, emulsifiers, antioxidants, and skin-
conditioning agents. Cleansing balms provide effective cleansing while nourishing and softening the skin,



making them particularly beneficial for dry, mature, and dehydrated skin. Because of their rich
composition, they may feel greasy to individuals with very oily skin.

Clay cleansers

Clay cleansers incorporate naturally occurring absorbent minerals such as kaolin, bentonite, or Fuller's
earth into cleansing formulations. These minerals possess a high adsorption capacity, enabling them to
bind excess sebum, dirt, pollutants, and toxins present on the skin surface. In addition to cleansing, clay
cleansers provide a mild exfoliating effect that helps unclog pores and improve skin texture.

Clay cleansers are extensively used for oily and acne-prone skin because they effectively reduce shine
and control excessive oil production. However, prolonged or excessive use may remove too much of the
skin's natural lipid layer, causing dryness or irritation in individuals with dry or sensitive skin (14).

Powder cleansers

Powder cleansers are anhydrous cleansing products supplied in the form of fine powders. They become
active only after mixing with a small quantity of water, producing a creamy paste or light foam. These
cleansers often contain mild surfactants, starches, rice powder, oat powder, enzymes, or finely milled
botanical materials that gently cleanse and exfoliate the skin.

The absence of water improves product stability and often reduces the requirement for preservatives,
resulting in a longer shelf life. Powder cleansers are suitable for most skin types and are appreciated for
their portability. Their main disadvantage is the need for preparation before each use, making them
slightly less convenient than ready-to-use liquid cleansers.

Syndet (Synthetic) cleansers

Syndet cleansers are soap-free cleansing preparations manufactured from synthetic surfactants instead of
traditional soap. Unlike conventional soaps, which generally have an alkaline pH of 9-10, syndet
cleansers are formulated with a pH close to that of healthy skin (approximately 5.5). This physiological
pH minimizes disruption of the skin barrier and reduces irritation.

Their formulations commonly contain synthetic surfactants such as sodium cocoyl isethionate, sodium
lauroyl sarcosinate, humectants, emollients, and moisturizers. Syndet cleansers effectively remove dirt
and sebum while preserving the integrity of the stratum corneum. Because of their excellent skin
compatibility, they are widely recommended by dermatologists for infants, elderly individuals, patients
with eczema or atopic dermatitis, and people with sensitive or dry skin.

Table 2: Skin types, function, advantages and disadvantages

Cleanser Skin Type Main Function Major Advantage Limitation
Type




Gel Oily, acne- | Deep cleansing Removes excess | Can be drying
prone sebum
Foam Oily Deep pore cleansing Rich lather May strip moisture
Cream Dry, sensitive | Gentle cleansing Moisturizing Residue possible
Lotion Dry, normal Mild cleansing Hydrating Weaker makeup
removal
Oil Dry, Makeup removal Dissolves oil-based | May feel greasy
combination impurities
Micellar Sensitive, No-rinse cleansing Gentle and | Less effective on
normal convenient heavy makeup
Balm Dry, mature Makeup removal Nourishing Higher cost
Clay Oily Oil absorption Detoxifying Can over-dry skin
Powder Most skin | Gentle Long shelf life Needs mixing
types cleansing/exfoliation
Syndet Sensitive, dry | Mild cleansing pH balanced Costlier than soap

4.5 Ingredients Used in Cleansers

Modern cleansers contain carefully selected ingredients that provide cleansing, moisturizing, soothing,
preservation, and aesthetic appeal.

Table 3: Major ingredients used in the formulation of cleansers

Ingredient Examples Function
Category
Surfactants Sodium Cocoyl Isethionate, Sodium Laureth Sulfate, | Remove dirt, oil, and
Cocamidopropyl Betaine, Decyl Glucoside impurities
Humectants Glycerin, Hyaluronic Acid, Propylene Glycol, Sorbitol Attract and  retain
moisture
Emollients Mineral Oil, Shea Butter, Jojoba Oil, Squalane Soften and smooth the

skin




Occlusive Agents

Petrolatum, Dimethicone

Reduce transepidermal
water loss

Barrier  Repair
Agents

Ceramides, Cholesterol, Fatty Acids

Restore skin barrier

Anti-ache Agents

Salicylic Acid, Benzoyl Peroxide, Sulfur

Control acne and
unclog pores

Antioxidants

Vitamin C, Vitamin E, Green Tea Extract, Coenzyme

Q10

Protect against
oxidative damage

Botanical Aloe Vera, Chamomile, Calendula, Cucumber Extract Soothe and  reduce

Extracts inflammation

Preservatives Phenoxyethanol, Sodium Benzoate, Potassium Sorbate Prevent microbial
growth

Chelating Agents | Disodium EDTA Improve product
stability

pH Adjusters

Citric Acid, Sodium Hydroxide

Maintain optimum pH

Fragrance Natural or synthetic fragrance Improve product
acceptability
Colorants Approved cosmetic colors Enhance appearance

Advantages of Cleansers

o Effectively remove dirt, sweat, oil, pollutants, and microorganisms.

e Prevent clogged pores and acne formation.

e Improve skin hygiene.

o Prepare the skin for topical medications and cosmetics.

e Enhance penetration of active ingredients.

o Remove sunscreen and makeup effectively.

o Help maintain healthy skin appearance.

e Modern formulations hydrate and protect the skin barrier.




o Specialized formulations are available for all skin types.

o Reduce oxidative damage caused by environmental pollution.
Disadvantages of Cleansers

e Excessive cleansing may remove natural skin lipids.

e Soap-based cleansers may disrupt skin pH.

e Harsh surfactants may cause irritation and dryness.

e Fragrances and preservatives may induce allergic reactions.

e Over-cleansing may damage the skin barrier.

e Some products may leave residues on the skin.

o Excessive foaming cleansers may worsen dry skin.

e Frequent cleansing may disturb the normal skin microbiome.
4.6 Pharmaceutical Applications of Cleansers (15)

Modern pharmaceutical cleansers have applications extending beyond routine skin cleansing. They are
formulated to support the management of dermatological conditions and improve the efficacy of topical
therapies.

Acne Management

Medicated cleansers containing salicylic acid, benzoyl peroxide, sulfur, or glycolic acid reduce sebum
production, unclog pores, and decrease bacterial colonization.

Atopic Dermatitis and Eczema

Soap-free cleansers enriched with ceramides, glycerin, colloidal oatmeal, and panthenol gently cleanse
while preserving the compromised skin barrier.

Sensitive Skin Care

Hypoallergenic and fragrance-free cleansers minimize irritation and maintain skin integrity in individuals
with sensitive or reactive skin.

Preoperative Skin Preparation



Antiseptic cleansers containing chlorhexidine gluconate or povidone-iodine reduce microbial flora before
surgical procedures and help prevent surgical site infections.

Wound Cleansing

Sterile pharmaceutical cleansers remove debris, microorganisms, and exudates from wounds while
promoting a favorable environment for healing.

Antifungal Therapy

Shampoos and cleansers containing ketoconazole, selenium sulfide, zinc pyrithione, or ciclopirox are
used to manage dandruff, seborrheic dermatitis, and superficial fungal infections.

Anti-aging Skincare

Cosmeceutical cleansers containing antioxidants, peptides, niacinamide, and vitamins prepare the skin for
anti-aging treatments and help reduce oxidative stress.

Pigmentation Disorders

Gentle cleansers containing kojic acid, vitamin C, niacinamide, licorice extract, or alpha-arbutin
complement the treatment of melasma and post-inflammatory hyperpigmentation.

Drug Delivery Enhancement

By removing surface oils and contaminants, cleansers improve the absorption of topical drugs such as
corticosteroids, retinoids, antifungals, and transdermal formulations.

Cosmetic and Dermatological Procedures

Cleansers are routinely used before procedures such as chemical peels, laser therapy, microneedling,
dermabrasion, and facials to ensure a clean skin surface and minimize the risk of infection.

5. MOISTURIZER

A moisturizer is a cosmetic or cosmeceutical preparation designed to maintain or restore the hydration of
the skin by increasing its water content and preventing excessive water loss. Moisturizers improve the
appearance, softness, smoothness, and elasticity of the skin while protecting the skin barrier from
environmental damage. They are considered one of the most important components of daily skincare
because healthy skin requires an adequate balance of water and lipids for proper functioning.

The outermost layer of the skin, known as the stratum corneum, acts as the primary barrier against water
loss and environmental irritants. When this barrier is damaged due to aging, environmental factors,
excessive cleansing, or dermatological disorders, the skin becomes dry, rough, flaky, and susceptible to



irritation. Moisturizers replenish moisture, repair the skin barrier, and reduce transepidermal water loss
(TEWL), thereby maintaining healthy skin.

An ideal moisturizer should provide long-lasting hydration, spread easily over the skin, be non-irritating,
non-comedogenic, cosmetically elegant, compatible with the skin's natural pH (4.5-5.5), and remain
stable throughout its shelf life (6-8).

5.1 MECHANISM OF ACTION

Moisturizers improve skin hydration through three principal mechanisms:

Humectants attract water from the deeper layers of the skin and, under humid conditions, from the
surrounding environment into the stratum corneum. This increases the water content of the outer skin

layer, making it softer and more flexible.

Emollients fill the spaces between desquamating skin cells with lipids, producing a smoother and softer
skin surface. They restore skin elasticity and reduce roughness caused by dryness.

Occlusive agents form a thin hydrophobic film over the skin surface that prevents evaporation of water
from the epidermis. This significantly reduces transepidermal water loss and helps maintain prolonged
skin hydration.

Skin Before Application Skin After Application
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Figure 5: Mechanism of action of moisturizer
5.2 Classification of moisturizer
There are four main types of moisturizers depending on their mechanism of action as shown in Table
Emollients
They are mainly lipids and oils, which hydrate and improve the skin softness, flexibility, and smoothness.
The skin slip or lubricity contributes to consumer satisfaction. Intracellular lipids comprising

multilamellar, which are located between SC play a major role in skin architecture. In SC, ceramides are
the major lipid constituents and along with neutral lipids, they form broad laminated intercellular sheets,



which act as barriers to our environment. Natural ceramides or the synthetic ones are too expensive.
Hence, several pseudo-ceramides are useful as emollients. Lipophilic compounds such as cholesterol and
ceramides are being used in topical skin creams. They get easily incorporated into liposomes and make
the skin texture softer and smoother. Nanoencapsulated triceramides are also being used for increasing the
hydration of the skin Long chain saturated fatty acids, for example, stearic, linoleic, oleic, and lauric acid
and fatty alcohols are essential fatty acids that are found naturally in palm oil, coconut oil, and wool fat.
They influence skin physiology and pathology via their effects on skin barrier functions, eicosanoid
production, membrane fluidity, and cell signaling. Canola oil in specific is known to reduce sodium lauryl
sulfate (SLS) irritation(12,15).

Humectant

They are basically hygroscopic compounds which mean they attract water from two sources, from the
dermis into the epidermis and in humid conditions from the environment. Many humectants have
emollient properties as well. Natural moisturizing factor made of a mixture of low molecular weight
soluble hygroscopic substances such as lactic acid, pyrrolidone carboxylic acid, and amino acids is a
major player for hydration of the SC.. Trihydroxylated molecule glycerol is the most effective humectant.
The mechanism of action is as shown in Urea has been shown to reduce TEWL in atopic and ichthyotic
patients and reduce SLS-induced skin irritation.[19] It is a humectant at a lower concentration (10%) but
in higher concentrations (20-30%) it disrupts the hydrogen bonds of epidermal proteins leading to
keratolysis. Alpha hydroxy acids are effective in treating xerosis. Lactic acid particularly the L-isomer
stimulates ceramide synthesis leading to higher SC ceramide levels which result in superior lipid barrier
and effective resistance against xerosis.Humectants are a double-edged weapon as they increase TEWL
by enhancing water absorption from the dermis into the epidermis where it is easily lost to the
environment. It is for this reason that they are mostly combined with occlusive.

Occlusives They are substances that physically block TEWL in the SC. They create a hydrophobic barrier
over the skin, contribute to the matrix between corneocytes and have the most pronounced effect when
applied to the slightly dampened skin.. They are basically oils that are thought to diffuse into the
intercellular lipid domains thus contributing to their efficacy. Mineral oils are derived from petroleum.
The two most important materials are liquid paraffin (also called mineral oil and paraffinum liquidum)
and petrolatum, consisting of a complex combination of hydrocarbons. Depending on the distribution of
molecular weight, materials with different viscosity are obtained. During the refining process, the
hydrocarbon material is hydrogenated to create oxidation resistant molecules throughout from the liquid
to the solid waxes. This gives a long shelf life to these products. Among all petroleum jelly is one of the
best moisturizers having a water vapor loss resistance 170 times that of olive oil but is cosmetically less
acceptable due to its greasiness. Lanolin secreted by sebaceous glands of sheep, is a complex structure of
esters, diesters, hydroxyesters of high molecular weight, lanolin alcohols, and lanolin acids. Unlike
human sebum, it contains no triglycerides. Petrolatum in a minimum concentration of 5% reduces TEWL
by more than 98% followed by lanolin, mineral oil, and silicones which only reduce TEWL by 20-30%.
The limiting factors with most occlusives being an odor, potential allergenicity, and the greasy feel (16-
19).



Table 4: The various classes of moisturizers

Class Emollients Humectants Occlusives Protein
rejuvenators

Mechanism of | Saturated and | Mostly low | OQils and waxes | Small molecular

Action unsaturated variable | molecular which weight  proteins

length hydrocarbons

weightsubstances

thought to help is

which help in skin | with water | form an inert | skin rejuvenation
barrier function, | attracting layer on the skin | by  replenishing
membrane  fluidity | properties into the | and  physically | essentialproteins
and cell signaling | stratum corneum. | block
leading to overall | Used along with | transepidermal
improvement in skin | other components | water loss
texture and | to retain the water
appearance.  Often | content
used in combination
with emulsifiers
Indications Skin dryness, | Xerosis, ichthyosis | Xerosis,  atopic | Skin rejuvenation,
roughness, dermatitis,
aging,
Papulo squamous prevention of | photodamaged
disorders, and contact skin
routine skin care dermatitis
Adverse Rarely contact | Irritation  (urea, | Messy to apply, | Contact dermatitis
effects irritant lactic acid) cosmetically
unacceptable.
Folliculitis
(mineral oil),
acneiform
eruptions, contact
dermatitis
(lanolin)
Examples Cholesterol, Glyceraol, Petrolatum, Collagen, elastin,
squalene, fatty | propylene glycol, | beeswax mineral | keratin
acids,fatty alcohols, | panthenol sorbitol, | oil, silicones,




pseudoceramides urea, alpha | lanolin, zinc
hydroxy acids, | oxide
hyaluronic acid

5.4 Role of Moisturizers

Moisturizing action: This is the most vital action by which they increase the water content of the SC.
Hydration smoothes the skin surface by flattening the “valleys” between the skin contour ridges. It also
makes the skin surface soft, more extensible, and pliable. The moisturizing action of emollients is evident
maximum 30 min-1 h after their use and usually lasts for 4 h.

Anti-inflammatory action: Many moisturizers inhibitthe production of proinflammatory prostanoids by
blocking cyclooxygenase activity thus have a soothing effect on inflamed skin.

Antimitotic action: Moisturizers containing mineral oils have low-grade antimitotic action on the
epidermis and thus are useful in inflammatory dermatosis like psoriasis, where there is increased
epidermal mitotic activity.

Antipruritic action: Emollients downregulate the cytokines thus reducing the itching. Furthermore,
cooling effect following evaporation of water from the skin surface after using water based moisturizers
has antipruritic effect.

Photo protective action: These days’ sunscreens with variable sun protection factor are incorporated in
the moisturizers providing additional sun protection.

Miscellaneous actions: Quality of life improvement: Having a smooth and hydrated skin plays a good
role in our social life and psychological satisfaction

Antimicrobial action: Act against skin surface microbes
Wound healing: Hyaluronic acid is known to play a role (20).

6. TONER
6.1 Introduction

Skin care has moved well beyond the simple act of washing the face. A typical routine practised today is
layered, and each layer is expected to perform a distinct job before the next product is applied. Among
these layers, toners, face packs, and masks occupy a curious middle ground: they are not strictly essential
for survival of the skin the way a sunscreen or a barrier cream might be, yet regular users often describe
them as the step that makes a routine feel complete. This chapter looks closely at what these three product
categories actually do, how they are put together, and why the line between a "toner" and an "astringent,"
or a "face pack™ and a "mask," is often blurrier in the shop than it is in a textbook.



The discussion here draws on both traditional formulation knowledge, much of which comes from
Ayurvedic and other indigenous skin care systems, and on the modern cosmetic science literature that has
tried to test these traditional claims under controlled conditions. Wherever the two disagree, or where the
evidence is thin, that gap is pointed out rather than smoothed over (21).

6.2 Toners: Definition and Purpose

A toner is a water-based liquid preparation applied to the face, usually with a cotton pad or by patting,
immediately after cleansing and before the application of a serum or moisturiser. Historically, toners were
introduced to counter the fairly high pH of early soap-based cleansers, which could leave the skin surface
alkaline for a short period after washingl. Modern surfactant-based cleansers are formulated much closer
to the skin's natural pH of around 4.7 to 5.75, so restoring pH is no longer the main job a toner does,
though many people still use the term "pH balancing™ out of habit.

What a contemporary toner is actually asked to do is threefold: to lift any last trace of makeup, sebum, or
hard-water residue that a cleanser missed; to deliver a thin layer of humectants and soothing agents that
prime the skin for better absorption of the next product; and, in some formulations, to deliver a mild
active ingredient such as an exfoliating acid or a botanical extract. It is this third function that has
expanded the toner category considerably in the last decade, turning what used to be a simple "finishing
rinse" into a genuine treatment step (22).

6.3 Classification of Toners

Toners are conventionally grouped into three or four types depending on strength and intended skin type,
summarised in Table 5.

Table 5: Composition, intended skin and types of toner

Toner type Typical composition Best suited skin type

Water, glycerin, mild humectants,

Freshener .
little or no alcohol

Dry and sensitive skin

Water, low-percentage alcohol,

Tonic . Normal and combination skin
botanical extracts
. Higher alcohol or witch hazel content, . .
Astringent g . Oily and acne-prone skin
antiseptic agents
Acid (exfoliating) Glycolic, lactic, mandelic, or salicylic

. Dull, textured, or congested skin
toner acid in a water base




Astringent-type toners deserve a separate mention because they are frequently confused with toners
proper. An astringent typically carries a higher concentration of alcohol or witch hazel, both of which
cause transient tightening of the skin and pores through mild protein coagulation. This gives an
immediate feeling of "tightness” that many users associate with cleanliness, but a formulation heavy in
alcohol can also strip protective lipids and irritate the skin barrier if used too often, particularly on dry or
already compromised skin (23).

6.4 Key Functional Ingredients

Most modern toners are built around a small set of functional ingredient groups rather than a single active.
Humectants such as glycerin, butylene glycol, and hyaluronic acid draw moisture into the stratum
corneum and are almost universal across toner formulations regardless of skin type. Mild acids,
principally the alpha-hydroxy acids (glycolic and lactic) and the beta-hydroxy acid salicylic acid, are
added at low concentration to encourage gentle surface exfoliation. Botanical waters, including rose
water, witch hazel distillate, and green tea extract, are included mainly for their soothing and mild
antioxidant properties. Preservative systems and pH adjusters, usually citric acid or sodium hydroxide,
round out the formulation and keep the finished product both microbiologically stable and comfortable on
application (24).

7. Face Packs: Traditional and Modern Formulations

A face pack is a semi-solid or powder-based preparation that is applied as a relatively thick layer, left to
interact with the skin for ten to twenty-five minutes, and then either rinsed off or peeled away. Unlike a
toner, which is designed to be light and to be absorbed quickly, a face pack is meant to sit on the skin
long enough for its ingredients to work through occlusion, adsorption, or slow release.

7.1 The Herbal Face Pack Tradition

In South Asian skin care practice, herbal face packs, sometimes called "mukha lepa,” have a long
documented history that predates the modern cosmetics industry by centuries. These formulations
typically combine a clay base, one or more powdered botanicals, and a liquid binder such as rose water,
milk, or plain water, mixed fresh at the point of use. The clay component, most often multani mitti
(Fuller's earth), kaolin, or bentonite, provides the physical backbone of the pack: as the water in the paste
evaporates, the clay film contracts and tightens, producing the pulling sensation associated with a "deep
clean.”

Common ingredients used in these traditional and semi-traditional formulations are listed in Table 6,
along with their principal reported action (25).

Table 6: Ingredients used in face packs and masks

Ingredient Principal action Common source

Multani mitti (Fuller's Absorbs sebum, tightens pores, mild

. Hydrated aluminium silicate cla
earth) cleansing y y




Kaolin / bentonite Oil absorption, gentle exfoliation Natural clay minerals

Anti-inflammatory, antimicrobial,

Turmeric powder brightening

Curcuma longa rhizome

Aloe vera gel Soothing, hydrating, wound healing Aloe barbadensis leaf pulp

Cooling, antiseptic, complexion

) Santalum album heartwood
improvement

Sandalwood powder

Steam-distilled Rosa damascena

Rose water Mild astringent, soothing base liquid
petals

7.2 Evaluation Parameters for Face Packs

Formulation studies on herbal face packs generally test a standard set of parameters before a preparation
is considered acceptable for use. These include organoleptic evaluation of colour, odour, and texture;
physicocheical testing of pH, particle size, and moisture content; rheological assessment of spreadability
and flow; an irritancy patch test on a small group of volunteers; and stability testing under varying
temperature and humidity conditions. A pack that scores well on these parameters is expected to sit close
to skin-neutral pH, spread evenly without clumping, dry to a coherent film, and produce no erythema or
oedema on patch testing (26).

8.Face Masks: Categories and Mechanisms

The term "mask" is often used interchangeably with "face pack,” and in casual conversation the
distinction rarely matters. Within formulation science, however, "mask" is usually the broader umbrella
term, covering not only powder and clay pastes but also sheet, peel-off, cream, and gel formats that a face
pack does not typically include. Table 7 summarises the main mask categories in current use.

Table 7: Mechanism of action of Face mask

Mask category Mode of action Typical wear time

Adsorbs excess sebum and impurities; sets to a

firm film 10-20 minutes

Clay/mud mask

Forms a flexible polymer film that lifts debris and

. . 15-20 minutes
fine hair on removal

Peel-off mask




Cellulose or fibre sheet soaked in serum;

. . 15-25 minutes
occludes skin for enhanced penetration

Sheet mask

Non-setting, emollient film that hydrates without

stiffening 10-15 minutes

Cream/gel mask

Clay and mud masks work primarily by adsorption: the fine mineral particles carry a slight negative
surface charge that attracts and binds oil and some metabolic waste from the skin surface. Peel-off masks
rely on a film-forming polymer, commonly polyvinyl alcohol, which dries into a continuous elastic sheet
that can be pulled away in one piece, taking loosely attached debris and fine vellus hair with it. Sheet
masks work differently again: the fibre or cellulose sheet is not itself the active ingredient but a delivery
vehicle that keeps a serum in prolonged, occluded contact with the skin, which increases hydration and
can improve penetration of water-soluble actives.

Clinical interest in clay-based masks has extended into dermatological practice as well. Case series using
facial clay masks in patients with mild acne vulgaris have reported reductions in inflammatory lesions
such as papules and pustules, attributed to the combined effects of sebum adsorption and the mild anti-
inflammatory action of the clay minerals themselves. These findings are preliminary and drawn from
small samples, so they should be read as supportive rather than conclusive (27).

8.1 Sequence of Application

Figure 6 sets out where toners and face packs or masks conventionally fall within a full skin care routine,
moving from cleansing through to the final moisturising step.

Figure 6: Step by step application sequence of facepack



APPLICATION SEQUENCE OF FACE PACK

0 CLEANSE PREPARE APPLY o RELAX

9::,

=p ->
o
- i
A .
Wash your face with a Take the required amount Using clean fingers or a Leave it on for 10-15 minutes
gentle cleanser and pat of face pack and prepare a brush, apply an even layer or as directed. Relax and
dry. smooth paste. avoiding the eye and lip area. let it dry.
e RINSE PAT DRY TONE MOISTURIZE
' a ‘ g g;‘
e . G 29
m f i i %
by all
Rinse off with lukewarm water Pat your face dry with Apply toner to remove any Apply a light moisturizer to
using gentle circular motions. a soft towel. residue and balance the keep your skin soft and
skin’s pH. hydrated.

TIP: Use a face pack 1-2 times a week suited to your skin type for best results.

A useful rule when sequencing a routine is to move from the thinnest, most watery texture to the thickest.
A toner, being a light liquid, is applied immediately after cleansing. A treatment mask or pack, being
thicker and intended to remain on the skin for a fixed period, is used next, either daily for a light gel mask
or once or twice a week for a stronger clay-based pack. Once the mask is rinsed away, a second light pass
of toner is sometimes recommended to resettle the skin surface before the heavier serum and moisturiser
layers go on (25,26).

8.2 Safety Considerations

None of the three product types discussed in this chapter are without risk if formulated or used carelessly.
High-alcohol astringent toners can compromise the skin barrier with frequent use, especially in
individuals with already dry or eczema-prone skin. Clay masks left on well past the point of full drying
can pull excessive moisture from the skin rather than just the intended oil and debris, leaving a tight,
irritated feeling rather than a refreshed one. Peel-off masks, because they adhere to fine hair and the outer
dead cell layer, can cause micro-trauma if removed too aggressively, particularly around the eyebrows
and hairline.

Formulators addressing these risks generally rely on patch testing for irritancy, pH measurement to
confirm compatibility with skin-surface pH, and stability testing to make sure the preservative system
continues to protect the product for its intended shelf life. For the end user, the simplest safeguards are to
patch test any new product on a small area of skin, to respect the stated wear time on packs and masks,
and to moisturise afterward regardless of how "hydrating" a mask claims to be (27).



Conclusion

The skin is the largest organ of the human body and serves as the primary protective barrier against
physical, chemical, and microbial insults while regulating body temperature, preventing excessive water
loss, and contributing to immune defense and sensory perception. A thorough understanding of skin
biology, including its structure, functions, and physiological characteristics, is essential for developing
effective skin care strategies and cosmetic formulations. Since skin types vary among individuals—
normal, dry, oily, combination, and sensitive—skin care products should be selected according to the
specific needs of each skin type to maintain optimal skin health.

Various skin disorders such as acne, eczema, psoriasis, dermatitis, hyperpigmentation, and premature
aging arise due to genetic, environmental, hormonal, or lifestyle factors. Proper skin care plays a crucial
role in preventing, managing, and reducing the severity of these conditions. Basic skin care products,
including cleansers, moisturizers, toners, face packs, and facial masks, work synergistically to cleanse
impurities, restore hydration, balance the skin's pH, improve barrier function, and enhance overall skin
appearance. The effectiveness of these products depends on the selection of suitable ingredients,
formulation quality, and regular, appropriate use.

Advances in cosmetic science and dermatological research have led to the development of innovative
formulations containing bioactive ingredients such as antioxidants, vitamins, peptides, ceramides,
hyaluronic acid, botanical extracts, and probiotics, offering both cosmetic and therapeutic benefits. These
products not only improve skin aesthetics but also contribute to maintaining long-term skin health.
Therefore, a scientific understanding of skin biology combined with the rational use of skin care products
is fundamental for achieving healthy, functional, and aesthetically pleasing skin. Future developments in
personalized skincare and cosmeceuticals are expected to further enhance the safety, efficacy, and
precision of skin care management.
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Abstract

The skin serves as the body's primary protective barrier against environmental stressors, with ultraviolet
(UV) radiation being one of the most significant contributors to skin damage and premature aging.
Chronic exposure to UVA and UVB radiation induces oxidative stress, DNA damage, inflammation,
collagen degradation, and disruption of the skin barrier, resulting in photoaging, pigmentation disorders,
and an increased risk of skin cancer. This chapter provides a comprehensive overview of the role of
sunscreens and anti-aging cosmeceuticals in preventing and managing UV-induced skin damage. It
discusses the classification and biological effects of ultraviolet radiation, the skin's intrinsic defense
mechanisms, and evidence-based skin protection strategies. The chapter further describes sunscreen
agents, including organic (chemical) and inorganic (mineral) UV filters, their mechanisms of action, and
the significance of the Sun Protection Factor (SPF) in evaluating sunscreen efficacy. In addition, the
chapter explores the principles of anti-aging products, their objectives, classifications, dosage forms, and
recent technological advances. Particular emphasis is placed on the role of oxidative stress in skin aging
and the therapeutic importance of antioxidants and bioactive ingredients such as retinoids, vitamins C and
E, niacinamide, hyaluronic acid, peptides, ceramides, hydroxy acids, and coenzyme Q10. The synergistic
action of these ingredients in reducing oxidative damage, enhancing collagen synthesis, improving skin
hydration, and restoring barrier function is also discussed. Overall, this chapter highlights the scientific
basis of modern cosmeceutical formulations and emphasizes that a combination of broad-spectrum
photoprotection, antioxidant therapy, and targeted anti-aging ingredients provides an effective strategy for
maintaining healthy, youthful skin and preventing photoaging.

Keywords: Ultraviolet radiation; Sunscreens; Sun Protection Factor (SPF); Photoaging; Antioxidants;
Cosmeceuticals; Skin aging

Introduction

The skin is the largest organ of the human body and serves as the primary protective barrier against
environmental, physical, chemical, and biological hazards. Continuous exposure to environmental factors,
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particularly ultraviolet (UV) radiation from sunlight, contributes significantly to skin damage, premature
aging, pigmentation disorders, and the development of skin cancers. With increasing awareness of skin
health and aesthetic appearance, the demand for effective preventive and therapeutic skincare products
has grown substantially. Cosmeceuticals, a category that bridges cosmetics and pharmaceuticals, have
emerged as an important component of modern dermatological care by providing scientifically formulated
products that not only enhance appearance but also deliver biologically active ingredients to improve skin
health. Among various cosmeceuticals, sunscreens and anti-aging formulations play a pivotal role in
protecting the skin from photo-induced damage and delaying the visible signs of aging. Ultraviolet
radiation, comprising UVA, UVB, and UVC wavelengths, affects the skin through different mechanisms.
While UVC is largely absorbed by the Earth's atmosphere, UVA and UVB penetrate the skin and induce
oxidative stress, DNA damage, inflammation, collagen degradation, and impaired skin barrier function.
Prolonged exposure accelerates photoaging, characterized by wrinkles, loss of elasticity, uneven
pigmentation, and dryness. Therefore, regular photoprotection through sunscreen application has become
a cornerstone of preventive skincare [1].

Sunscreen formulations contain organic (chemical) and inorganic (physical or mineral) UV filters that
absorb, reflect, or scatter harmful ultraviolet radiation. The effectiveness of these formulations is
commonly expressed using the Sun Protection Factor (SPF), which measures protection primarily against
UVB-induced erythema, while broad-spectrum sunscreens also provide protection against UVA radiation.
Advances in formulation science have further enhanced sunscreen efficacy, cosmetic acceptability, and
user compliance. In addition to photoprotection, anti-aging cosmeceuticals incorporate a wide range of
bioactive compounds designed to prevent or minimize intrinsic and extrinsic skin aging. These
formulations commonly contain antioxidants, vitamins, peptides, retinoids, alpha hydroxy acids,
hyaluronic acid, ceramides, coenzyme Q10, niacinamide, and botanical extracts that target oxidative
stress, collagen degradation, inflammation, and impaired skin hydration. Antioxidants play a particularly
significant role by neutralizing reactive oxygen species generated by UV exposure and environmental
pollutants, thereby protecting cellular structures and supporting skin repair [2].

This chapter discusses the biological effects of ultraviolet radiation on the skin, the principles of skin
photoprotection, various sunscreen agents and their SPF classification, the role of anti-aging
cosmeceuticals, and the importance of antioxidants and other active ingredients in maintaining healthy,
youthful skin. Understanding these concepts provides a scientific foundation for the rational development
and appropriate use of modern skincare products aimed at preventing photoaging and preserving skin
integrity.

4.1 UV Radiation and Skin Protection

Ultraviolet (UV) radiation is a component of solar electromagnetic radiation with wavelengths ranging
from 100 to 400 nm. Although sunlight is essential for maintaining normal physiological processes such
as vitamin D synthesis, excessive and prolonged exposure to UV radiation is one of the major
environmental factors responsible for skin damage. UV radiation can induce acute effects such as
erythema (sunburn), tanning, and inflammation, as well as chronic effects including photoaging,
pigmentation disorders, immunosuppression, and skin cancers. The harmful effects of UV exposure have
led to increased awareness regarding photoprotection and the development of effective sunscreen
formulations and other protective measures. The skin acts as the body's first line of defence against



environmental stressors [3]. However, repeated UV exposure overwhelms the natural defence
mechanisms of the skin, resulting in oxidative stress, cellular injury, and degradation of structural proteins
such as collagen and elastin. Therefore, understanding the biological effects of UV radiation and adopting
appropriate skin protection strategies are essential for maintaining skin health and preventing premature

aging.
4.1.1 Classification of Ultraviolet Radiation

Ultraviolet (UV) radiation is classified into three categories based on its wavelength: UVC (100-280 nm),
UVB (280-320 nm), and UVA (320-400 nm). Each type differs in its ability to penetrate the skin and
produce biological effects.

a). UVA Radiation (320—400 nm)

UVA radiation (320—400 nm) accounts for nearly 95% of the ultraviolet radiation reaching the Earth's
surface and has the longest wavelength with relatively lower energy. Unlike UVB, UVA penetrates
deeply into the dermis, where it damages collagen, elastin, and other connective tissue components. It
primarily causes indirect DNA damage by generating reactive oxygen species (ROS), leading to oxidative
stress, premature skin aging (photoaging), wrinkles, loss of elasticity, and pigmentation disorders. UVA
radiation can penetrate clouds and ordinary window glass, making daily protection necessary even during
cloudy weather or while indoors near windows. Continuous exposure to UVA also contributes to
immunosuppression and increases the long-term risk of skin cancer.

b). UVB Radiation (280-320 nm)

UVB radiation (280-320 nm) constitutes approximately 5% of the ultraviolet radiation that reaches the
Earth's surface. Although it penetrates only the superficial layers of the skin, mainly the epidermis, it has
sufficient energy to directly damage cellular DNA. UVB is the primary cause of sunburn (erythema) and
plays a significant role in delayed tanning and the initiation of skin cancers, including basal cell
carcinoma, squamous cell carcinoma, and melanoma. Moderate exposure to UVB radiation is beneficial
because it stimulates the synthesis of vitamin D in the skin; however, excessive exposure results in
inflammation, oxidative stress, and long-term photodamage.

Together, UVA and UVB radiation are responsible for most of the harmful effects of sunlight on the skin.
While UVB mainly induces acute effects such as sunburn and direct DNA damage, UVA contributes
predominantly to chronic skin damage through oxidative stress and collagen degradation. Therefore,
effective photoprotection requires broad-spectrum sunscreens that provide protection against both UVA
and UVB radiation.

c). UVC Radiation (100-280 nm)

UVC radiation (100-280 nm) possesses the shortest wavelength and the highest energy among the three
types of ultraviolet radiation. Fortunately, almost all UVC rays are absorbed by the Earth's ozone layer
and atmospheric oxygen before reaching the surface, and therefore they do not normally contribute to
natural sun-induced skin damage. However, artificial sources such as germicidal lamps, mercury vapor
lamps, and certain industrial welding equipment emit UVC radiation. Direct exposure to these sources can



cause severe damage to the skin and eyes, including burns, inflammation, and DNA damage. Due to its
potent germicidal properties, UVC radiation is widely used for sterilization and disinfection in hospitals,
laboratories, and water purification systems [4, 5].

4.1.2 Biological Effects of UV Radiation on Skin
The harmful effects of UV radiation result from direct cellular injury and oxidative stress.
a). DNA Damage

UVB radiation directly damages cellular DNA by forming cyclobutane pyrimidine dimers and other
photoproducts. These mutations may interfere with normal cell division and increase the risk of skin
cancers such as basal cell carcinoma, squamous cell carcinoma, and melanoma.

b). Oxidative Stress

UVA radiation generates reactive oxygen species (ROS), including superoxide radicals, hydroxyl
radicals, and hydrogen peroxide. Excess ROS damage cellular lipids, proteins, DNA, and mitochondria,
accelerating skin aging.

c). Collagen Degradation

UV exposure stimulates matrix metalloproteinases (MMPs), enzymes responsible for degrading collagen
and elastin fibers. The resulting loss of structural proteins causes wrinkles, reduced skin elasticity, and

sagging.
d). Inflammation

Acute UV exposure activates inflammatory mediators such as prostaglandins, cytokines, and histamine,
leading to redness, swelling, pain, and sunburn.

e). Pigmentation Changes

UV radiation stimulates melanocytes to increase melanin production as a protective response. Excessive
stimulation may lead to freckles, melasma, post-inflammatory hyperpigmentation, and uneven skin tone.

f). Immunosuppression

UV radiation suppresses cutaneous immune responses by altering Langerhans cells and cytokine
production, increasing susceptibility to infections and skin malignancies [6].

4.1.3 Mechanism of UV-Induced Skin Aging
a). Intrinsic Aging

Intrinsic aging is genetically programmed and occurs naturally with advancing age. It is characterized by
gradual thinning of the skin, reduced collagen production, dryness, and fine wrinkles.



b). Extrinsic Aging (Photoaging)

Photoaging results from chronic exposure to UV radiation and environmental pollutants. It is
characterized by Deep wrinkles, rough skin texture, loss of elasticity, hyperpigmentation, telangiectasia,
dryness, uneven complexion.

The underlying mechanism involves ROS generation, activation of inflammatory pathways, increased
matrix metalloproteinase activity, and reduced collagen synthesis.
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Figure 4.1Mechanism of UV-induced skin aging and the protective role of photoprotection strategies.
4.1.4 Skin Defence Mechanisms Against UV Radiation

The skin possesses a sophisticated network of intrinsic defence mechanisms that help protect it from the
harmful effects of ultraviolet (UV) radiation. These protective systems work together to minimize UV-
induced cellular damage by absorbing harmful radiation, neutralizing reactive oxygen species (ROS),
repairing damaged DNA, and maintaining the integrity of the skin barrier. Despite these natural defences,
prolonged or excessive exposure to UV radiation can overwhelm the skin's protective capacity, leading to
oxidative stress, inflammation, premature aging (photoaging), pigmentation disorders, and an increased
risk of skin cancer. Therefore, understanding the skin's endogenous photoprotective mechanisms is
essential for appreciating the importance of external photoprotection, including sunscreens and
antioxidant-based skincare. The major natural defence mechanisms include melanin production,
antioxidant defence systems, DNA repair pathways, immune regulation, and the physical barrier provided
by the stratum corneum, all of which play a crucial role in preserving skin structure and function under
UV exposure [7].

a). Melanin Production

Melanin absorbs ultraviolet radiation and reduces DNA damage. Individuals with darker skin possess
higher melanin levels, providing greater natural photoprotection.



b). Antioxidant Defence System
Endogenous antioxidants protect skin cells by neutralizing reactive oxygen species.
Important antioxidants include:
e Superoxide dismutase (SOD)
o Catalase
e Glutathione peroxidase
e VitaminC
e Vitamin E
e Coenzyme Q10
c). DNA Repair Mechanisms

Cells repair UV-induced DNA damage through nucleotide excision repair pathways, helping maintain
genomic stability.

d). Skin Barrier Function
The stratum corneum acts as a physical barrier that limits UV penetration and reduces water loss.
4.1.5 Skin Protection Strategies

Skin protection strategies encompass a combination of preventive measures designed to minimize the
harmful effects of ultraviolet (UV) radiation and other environmental stressors on the skin. Since
prolonged exposure to UV radiation is the principal cause of photoaging, pigmentation disorders,
immunosuppression, and skin cancer, effective photoprotection has become an integral component of
modern dermatological practice and cosmeceutical science. Although the skin possesses natural defence
mechanisms such as melanin production, antioxidant enzymes, and DNA repair systems, these protective
mechanisms are often insufficient to counteract chronic or intense UV exposure. Consequently,
comprehensive skin protection requires a multifaceted approach that combines behavioural modifications,
physical barriers, topical photoprotective products, antioxidant therapy, and healthy lifestyle practices.
The primary objective of these strategies is not only to prevent acute sun damage but also to preserve skin
structure, maintain barrier integrity, delay premature aging, and reduce the long-term risk of UV-induced
skin diseases.

a). Sun Avoidance and Behavioural Modifications

One of the most effective methods of preventing UV-induced skin damage is limiting unnecessary
exposure to sunlight, particularly during periods of maximum ultraviolet intensity. Solar UV radiation is
generally strongest between 10:00 a.m. and 4:00 p.m., when the sun is at its highest point. Reducing



outdoor activities during these hours significantly decreases cumulative UV exposure. Seeking shade
under trees, umbrellas, or protective shelters further minimizes direct sunlight exposure. Individuals
should also be aware that reflective surfaces such as snow, sand, water, and concrete can increase UV
exposure by reflecting ultraviolet rays onto the skin. Daily monitoring of the UV Index, which indicates
the intensity of solar UV radiation, enables individuals to take appropriate protective measures according
to environmental conditions [8].

b). Protective Clothing and Physical Barriers

Protective clothing serves as an effective physical barrier against ultraviolet radiation and complements
sunscreen use. Long-sleeved shirts, full-length trousers, and garments made from tightly woven fabrics
reduce UV penetration and protect large areas of exposed skin. Clothing specifically designed with an
ultraviolet protection factor (UPF) offers enhanced protection by blocking a greater proportion of harmful
UV rays. Wide-brimmed hats provide shade to the face, ears, scalp, and neck, while UV-blocking
sunglasses protect the eyes and surrounding tissues from photodamage and reduce the risk of cataracts
and other ocular disorders. Physical barriers remain effective throughout the day and do not require
reapplication, making them an essential component of comprehensive photoprotection.

c). Sunscreen Application

Topical sunscreens are considered the cornerstone of modern photoprotection. These formulations contain
ultraviolet filters that either absorb, reflect, or scatter UVA and UVB radiation before it penetrates the
skin. Broad-spectrum sunscreens are recommended because they provide protection against both UVA
and UVB rays. For routine daily use, dermatological guidelines generally recommend sunscreens with a
minimum Sun Protection Factor (SPF) of 30, while higher SPF formulations may be preferred during
prolonged outdoor activities or in regions with intense sunlight [9].

To achieve optimal protection, sunscreen should be applied generously to all exposed skin approximately
15-30 minutes before sun exposure. Adults generally require about 2 mg/cm? of skin, which corresponds
to nearly 30-35 mL (approximately one ounce) to adequately cover the entire body. Sunscreen should be
reapplied every two hours, or more frequently after swimming, excessive sweating, or towel drying, even
when water-resistant products are used. Consistent and correct application substantially reduces the risk
of sunburn, photoaging, pigmentation abnormalities, and UV-induced skin cancers.

d). Antioxidant-Based Photoprotection

Oxidative stress plays a central role in UV-induced skin damage through the excessive generation of
reactive oxygen species (ROS). Topical and dietary antioxidants provide an additional layer of protection
by neutralizing free radicals before they damage cellular proteins, lipids, and DNA. Antioxidants also
help preserve collagen and elastin, reduce inflammation, and support normal skin repair processes.

Several antioxidants are commonly incorporated into cosmeceutical formulations. Vitamin C promotes
collagen synthesis, enhances wound healing, and reduces oxidative stress. Vitamin E protects cellular
membranes from lipid peroxidation and works synergistically with vitamin C. Ferulic acid stabilizes
antioxidant formulations while enhancing photoprotection. Niacinamide improves barrier function,
reduces inflammation, and minimizes pigmentation. Botanical antioxidants such as green tea polyphenols,



resveratrol, grape seed extract, and coenzyme Q10 further contribute to cellular protection against UV-
induced oxidative injury. Although antioxidants cannot replace sunscreens, their combined use
significantly enhances overall photoprotection.

e). Maintenance of the Skin Barrier

A healthy skin barrier plays a crucial role in defending against environmental insults and preventing
excessive trans epidermal water loss. Daily use of moisturizers containing ceramides, hyaluronic acid,
glycerine, cholesterol, and essential fatty acids helps maintain hydration and restore barrier integrity.
Adequate hydration improves skin elasticity, reduces dryness, and enhances the skin's resilience against
environmental stress. Gentle cleansing products with a physiological pH should be preferred to avoid
disruption of the stratum corneum. Excessive exfoliation, harsh soaps, and alcohol-based skincare
products should be avoided, as they weaken the barrier and increase skin sensitivity to UV radiation.

f). Nutritional and Lifestyle Measures

Skin health is strongly influenced by nutrition and lifestyle. A balanced diet rich in fruits, vegetables,
whole grains, nuts, and healthy fats supplies vitamins, minerals, carotenoids, polyphenols, and other
bioactive compounds that support the skin's antioxidant defence system. Adequate intake of vitamins A,
C, and E, selenium, zinc, and omega-3 fatty acids contribute to collagen synthesis, immune function, and
protection against oxidative stress. Maintaining adequate hydration preserves skin moisture and
physiological function.

Lifestyle habits also have a significant impact on skin aging. Smoking accelerates collagen degradation
and reduces blood supply to the skin, leading to premature wrinkles and delayed wound healing.
Excessive alcohol consumption contributes to dehydration and inflammation, while chronic psychological
stress increases oxidative damage and impairs skin repair. Regular physical activity improves circulation,
enhances nutrient delivery to skin tissues, and supports overall skin health.

g). Regular Skin Examination and Early Detection

Routine self-examination of the skin and periodic dermatological assessments are important components
of preventive skincare. Individuals should monitor existing moles and pigmented lesions for changes in
size, color, shape, or border irregularity. Early detection of suspicious lesions allows prompt diagnosis
and treatment of skin cancers. People with fair skin, a family history of skin cancer, multiple nevi, or
prolonged occupational sun exposure should undergo regular professional skin examinations.

h). Patient Education and Public Awareness

Successful photoprotection depends not only on the availability of protective products but also on public
awareness and adherence to preventive practices. Educational programs should emphasize the importance
of daily sunscreen use, appropriate application techniques, protective clothing, avoidance of tanning beds,
and early recognition of UV-related skin damage. Encouraging lifelong sun-safe behaviours from
childhood significantly reduces cumulative UV exposure and lowers the risk of future skin disorders [10,
11].



4.2 Sunscreen Agents and SPF

Sunscreens are topical photoprotective formulations designed to reduce the harmful effects of ultraviolet
(UV) radiation on the skin. They play a fundamental role in preventing sunburn, photoaging,
pigmentation disorders, immunosuppression, and photocarcinogenesis. With increasing awareness of the
long-term effects of solar radiation, sunscreens have become an indispensable component of daily
skincare and modern cosmeceutical practice. An ideal sunscreen provides broad-spectrum protection
against both UVA and UVB radiation, possesses good cosmetic acceptability, remains photostable during
sun exposure, and is safe for repeated long-term use. Modern sunscreen formulations contain one or more
ultraviolet filters that either absorb, reflect, or scatter incoming UV radiation before it can penetrate the
skin and induce cellular damage. The effectiveness of these products is commonly evaluated using the
Sun Protection Factor (SPF), which primarily measures protection against UVB-induced erythema. In
recent years, advances in formulation technology have led to the development of multifunctional
sunscreens containing antioxidants, moisturizers, anti-inflammatory agents, and skin-repair ingredients
that provide comprehensive photoprotection while improving skin health.

4.2.1 Sunscreen Agents

Sunscreen agents, also known as ultraviolet (UV) filters, are the active ingredients responsible for
protecting the skin against harmful solar radiation. Depending on their mechanism of action, sunscreen
agents are broadly classified into organic (chemical) UV filters and inorganic (physical or mineral) UV
filters. Most modern sunscreen products combine multiple UV filters to achieve broad-spectrum
protection against both UVA and UVB radiation while enhancing product stability and cosmetic elegance.

a). Organic (Chemical) Sunscreen Agents

Organic sunscreen agents are carbon-based molecules that absorb ultraviolet radiation and convert it into
a small amount of harmless heat through photochemical reactions. These compounds penetrate the
superficial layers of the stratum corneum and prevent UV rays from reaching deeper skin tissues.
Different organic filters absorb specific wavelength ranges; therefore, combinations of multiple filters are
commonly used to provide comprehensive protection.

Common UVB filters include Octinoxate (Ethylhexyl Methoxycinnamate), Octisalate, Homosalate,
Octocrylene, and Ensulizole, which primarily protect against UVB radiation responsible for sunburn and
direct DNA damage. UVA protection is provided by agents such as Avobenzone, which absorbs long-
wave UVA radiation but requires stabilization because of its photolability. Broad-spectrum filters
including Bemotrizinol (Tinosorb S), Bisoctrizole (Tinosorb M), and Ecamsule (Mexoryl SX) offer
protection against both UVA and UVB wavelengths and exhibit excellent photostability.

Organic sunscreens are generally lightweight, transparent after application, and cosmetically acceptable,
making them suitable for daily use. However, some individuals may experience allergic or irritant contact
dermatitis, and certain filters may degrade upon prolonged UV exposure unless combined with
photostabilizers.

b). Inorganic (Physical or Mineral) Sunscreen Agents



Inorganic sunscreen agents are mineral compounds that protect the skin by reflecting, scattering, and
partially absorbing ultraviolet radiation. The two most widely used mineral filters are Zinc Oxide (ZnO)
and Titanium Dioxide (TiO2). These ingredients provide broad-spectrum photoprotection and are
particularly suitable for sensitive skin because they are chemically inert and less likely to cause irritation
or allergic reactions.

Zinc oxide offers excellent protection across the UVA and UVB spectrum, whereas titanium dioxide
primarily protects against UVB and short-wave UVA radiation. Traditional mineral sunscreens often left
a visible white residue on the skin due to the large particle size of the minerals. Advances in
nanotechnology have enabled the development of micronized and nanoparticle formulations that improve
transparency while maintaining photoprotective efficacy. Nevertheless, the safety of nanoparticle-based
sunscreens continues to be evaluated, although current scientific evidence indicates that intact skin
effectively prevents systemic absorption [13].

4.2.2 Classification of Sunscreen Agents According to UV Protection
Sunscreen agents may also be classified according to the wavelength of ultraviolet radiation they absorb.

UVB filters primarily protect against erythema and direct DNA damage. Examples include Octinoxate,
Octisalate, Homosalate, Octocrylene, and Ensulizole.

UVA filters mainly prevent photoaging, oxidative stress, and collagen degradation. Common examples
include Avobenzone, Ecamsule, and Zinc Oxide.

Broad-spectrum filters provide protection against both UVA and UVB radiation and include Zinc Oxide,
Bemotrizinol, Bisoctrizole, and formulations containing combinations of multiple UV filters.

4.2.3 Sun Protection Factor (SPF)

Sun Protection Factor (SPF) is the internationally accepted parameter used to evaluate the effectiveness of
sunscreen products in protecting the skin against UVB-induced erythema or sunburn. It represents the
ratio between the amount of ultraviolet radiation required to produce minimal erythema on sunscreen-
protected skin and that required on unprotected skin.

Mathematically,
SPF = Minimal Erythema Dose (Protected Skin) + Minimal Erythema Dose (Unprotected Skin)

For example, if unprotected skin develops redness after 10 minutes of sun exposure and sunscreen-
protected skin develops redness after approximately 300 minutes under identical conditions, the sunscreen
has an SPF of 30. However, this calculation assumes correct application at the recommended thickness of
2 mg/cm?, a quantity rarely achieved by consumers during routine use.

Although SPF is a useful indicator of UVB protection, it does not directly measure UVA protection.
Therefore, broad-spectrum sunscreens are preferred because they protect against both UVB-induced
sunburn and UV A-induced photoaging.



4.2.4 SPF Classification
Sunscreens are commonly categorized according to their SPF values.

Table 4.1 SPF Categories According to Protection Level and Recommended Use.

SPF Range Level of Protection Recommended Use

SPF 15 Low protection Limited daily exposure

SPF 30 Moderate to high protection Routine daily photoprotection

SPF 50 High protection Prolonged outdoor activities

SPF 50+ Very high protection Intense sunlight, high-risk individuals

It is important to note that increasing SPF values do not increase protection proportionally. SPF 30 filters
approximately 97% of UVB radiation, SPF 50 filters about 98%, and SPF 100 filters approximately 99%
under laboratory conditions.

4.2.5 Recent Advances in Sunscreen Formulations

The field of sunscreen technology has evolved significantly with the development of innovative
formulations aimed at improving efficacy, stability, and patient compliance. Nanotechnology-based
formulations utilize nano-sized zinc oxide and titanium dioxide particles to enhance transparency while
maintaining broad-spectrum protection. Encapsulation techniques involving liposomes, nanoemulsions,
solid lipid nanoparticles, and polymeric carriers improve photostability, controlled release, and skin
adherence. Multifunctional sunscreens now combine UV filters with antioxidants, moisturizers, DNA
repair enzymes, anti-inflammatory agents, peptides, ceramides, and botanical extracts to provide
comprehensive skin protection. Environmentally friendly "reef-safe” formulations are also gaining
importance by avoiding ingredients associated with coral reef damage.

4.3 Anti-Aging Products
Introduction

Skin aging is a complex biological process characterized by progressive structural and functional changes
that occur over time. It results from the combined effects of intrinsic (chronological) aging and extrinsic
(environmental) aging. Intrinsic aging is a genetically programmed process associated with reduced
cellular turnover, diminished collagen synthesis, decreased skin elasticity, and impaired barrier function.
In contrast, extrinsic aging is primarily influenced by environmental factors such as ultraviolet (UV)
radiation, air pollution, smoking, poor nutrition, inadequate sleep, and psychological stress. Among these
factors, chronic exposure to UV radiation is considered the leading cause of premature skin aging,
commonly referred to as photoaging [14].



The visible manifestations of skin aging include fine lines, wrinkles, rough skin texture, dryness, uneven
pigmentation, enlarged pores, reduced elasticity, and loss of facial volume. At the molecular level, aging
is associated with oxidative stress, chronic inflammation, degradation of collagen and elastin fibers,
mitochondrial dysfunction, DNA damage, and decreased production of extracellular matrix components.
These alterations compromise the skin's structural integrity and regenerative capacity, resulting in visible
signs of aging. Anti-aging products are specialized cosmetic and cosmeceutical formulations developed to
prevent, delay, or reduce the appearance of skin aging. Unlike conventional cosmetics that primarily
improve appearance temporarily, anti-aging cosmeceuticals contain biologically active ingredients
capable of influencing physiological processes within the skin. These products target multiple
mechanisms of skin aging by improving hydration, stimulating collagen synthesis, reducing oxidative
stress, enhancing epidermal renewal, strengthening the skin barrier, and minimizing pigmentation
abnormalities. Owing to continuous advances in dermatological research and cosmetic science, modern
anti-aging formulations incorporate a wide range of scientifically validated ingredients that provide both
preventive and corrective benefits.

4.3.1 Obijectives of Anti-Aging Products

The primary objective of anti-aging products is to preserve healthy skin structure while minimizing
visible signs of aging. These formulations are designed to protect the skin from environmental damage,
stimulate collagen and elastin synthesis, improve hydration, reduce oxidative stress, promote epidermal
renewal, restore barrier function, improve skin firmness, and reduce hyperpigmentation. Long-term use of
appropriately formulated anti-aging products helps maintain smoother, firmer, healthier, and more
youthful-looking skin.

4.3.2 Classification of Anti-Aging Products
Anti-aging products can be classified according to their primary mechanism of action.
a). Moisturizing Products

Moisturizers replenish water content within the stratum corneum and restore barrier function. They reduce
transepidermal water loss, improve skin softness, and temporarily diminish the appearance of fine lines.
Common moisturizing ingredients include hyaluronic acid, glycerin, ceramides, squalane, urea, and
natural moisturizing factors.

b). Antioxidant Products

Antioxidant formulations protect skin cells by neutralizing reactive oxygen species generated by
ultraviolet radiation and environmental pollutants. Regular use reduces oxidative damage, supports
collagen preservation, and delays photoaging. Frequently used antioxidants include vitamin C, vitamin E,
ferulic acid, coenzyme Q10, resveratrol, green tea polyphenols, and niacinamide.

c). Cell Renewal Products



These products accelerate epidermal turnover, stimulate collagen synthesis, and improve skin texture.
Retinoids remain the most extensively studied ingredients in this category. Other cell-renewal agents
include alpha hydroxy acids (AHAS), beta hydroxy acids (BHAs), and polyhydroxy acids (PHAS).

d). Collagen-Stimulating Products

Collagen stimulators enhance fibroblast activity and extracellular matrix synthesis, thereby improving
skin firmness and reducing wrinkles. Peptides, retinoids, vitamin C, growth factors, and copper peptides
are widely incorporated into collagen-enhancing formulations.

e). Barrier Repair Products

Barrier repair formulations restore the integrity of the stratum corneum and improve skin resilience.
Ceramides, cholesterol, free fatty acids, panthenol, and oat-derived lipids strengthen the skin barrier and
reduce sensitivity associated with aging.

f). Pigmentation-Correcting Products

These formulations improve uneven skin tone and age-related hyperpigmentation by regulating melanin
synthesis and promoting epidermal renewal. Common depigmenting agents include niacinamide, kojic
acid, azelaic acid, arbutin, vitamin C, tranexamic acid, and licorice extract [15].

4.3.3 Characteristics of an Ideal Anti-Aging Product

An ideal anti-aging formulation should be safe, non-irritating, photostable, cosmetically elegant, and
suitable for long-term use. It should contain scientifically validated active ingredients capable of
penetrating the skin to achieve therapeutic concentrations without disrupting the skin barrier. The
formulation should be compatible with different skin types, maintain stability throughout its shelf life,
provide broad-spectrum antioxidant protection, enhance skin hydration, stimulate collagen production,
and demonstrate clinical efficacy supported by evidence-based research.

Ideal anti-aging product should possess the following characteristics:

o Safe and Non-Irritating: It should be non-toxic, non-comedogenic, hypoallergenic, and suitable
for long-term use without causing skin irritation or sensitization.

o Scientifically Proven Active Ingredients: It should contain clinically validated ingredients such
as retinoids, peptides, antioxidants, hyaluronic acid, niacinamide, and ceramides that effectively
reduce the signs of skin aging.

o Effective Skin Penetration and Stability: The formulation should ensure adequate penetration
of active ingredients into the target skin layers while maintaining chemical and photostability
throughout its shelf life.



e Provides Multiple Benefits: It should improve skin hydration, stimulate collagen synthesis,
enhance skin elasticity, strengthen the skin barrier, and reduce wrinkles, fine lines, and
hyperpigmentation.

o Suitable for Different Skin Types: The product should have good cosmetic acceptability, spread
easily, absorb quickly, and be compatible with dry, oily, combination, and sensitive skin.

e Compatible with Daily Photoprotection: An ideal anti-aging product should complement
regular sunscreen use and support protection against environmental factors such as ultraviolet
radiation, pollution, and oxidative stress.

4.3.4 Dosage Forms of Anti-Aging Products

Anti-aging products are available in a wide variety of dosage forms designed to accommodate different
skin types and clinical requirements. Creams are suitable for dry and mature skin because they provide
excellent moisturization. Gels are preferred for oily and acne-prone skin owing to their lightweight
consistency. Serums contain concentrated active ingredients with enhanced penetration and are widely
used for targeted treatment. Lotions are suitable for larger body areas and normal skin, while emulsions
combine desirable sensory properties with effective delivery of active ingredients. Sheet masks, overnight
masks, ampoules, facial oils, eye creams, and encapsulated formulations provide additional specialized
treatment options [16, 17].

4.3.5 Recent Advances in Anti-Aging Products

Rapid advances in cosmetic science have led to the development of innovative anti-aging technologies
that improve the stability, penetration, and efficacy of active ingredients.

¢ Nanotechnology-based delivery systems such as liposomes, nanoemulsions, solid lipid
nanoparticles, nanostructured lipid carriers, and polymeric nanoparticles enhance skin penetration
and provide controlled release of active compounds. Encapsulation techniques protect unstable
ingredients such as retinol and vitamin C from degradation while minimizing skin irritation.

e Peptide technology has introduced biomimetic peptides that stimulate collagen synthesis, inhibit
neurotransmitter-mediated muscle contraction, and promote wound healing. Growth factors and
stem cell-derived bioactive molecules are being investigated for their regenerative potential in
skin rejuvenation.

o DNA repair enzymes, probiotics, postbiotics, microbiome-friendly formulations, and circadian
rhythm-based skincare products represent emerging areas of anti-aging research. Artificial
intelligence-assisted personalized skincare and genomic approaches are also expected to
transform future anti-aging therapies.

Limitations of Anti-Aging Products

Although anti-aging products significantly improve skin appearance, they cannot completely reverse the
biological aging process. Their effectiveness varies depending on age, genetics, environmental exposure,
formulation quality, and user compliance. Some active ingredients may cause irritation, erythema,
dryness, or photosensitivity, particularly during the initial stages of treatment. Therefore, realistic



expectations, proper product selection, and regular photoprotection are essential for achieving satisfactory
outcomes.

4.4 Antioxidants and Active Ingredients

The skin is continuously exposed to environmental stressors such as ultraviolet (UV) radiation, visible
light, infrared radiation, air pollution, cigarette smoke, and other xenobiotics that promote the formation
of reactive oxygen species (ROS). Although ROS are generated as part of normal cellular metabolism,
their excessive accumulation leads to **oxidative stress**, a condition in which the body's antioxidant
defense system is unable to neutralize free radicals effectively. Oxidative stress damages cellular lipids,
proteins, DNA, and extracellular matrix components, accelerating skin aging, impairing barrier function,
promoting inflammation, and increasing the risk of pigmentation disorders and skin cancer. Antioxidants
are molecules capable of neutralizing free radicals by donating electrons without becoming unstable
themselves. They play a vital role in maintaining skin homeostasis by protecting cellular structures from
oxidative injury, reducing inflammation, supporting collagen synthesis, and promoting tissue repair. In
modern cosmeceuticals, antioxidants are frequently combined with other biologically active ingredients to
provide synergistic effects that improve skin health and delay visible signs of aging.

Active ingredients are pharmacologically or biologically functional compounds incorporated into
cosmetic formulations to produce specific therapeutic or cosmetic benefits. Unlike inert excipients that
primarily improve the texture or stability of a product, active ingredients interact with biological targets
within the skin to enhance hydration, stimulate collagen production, regulate pigmentation, improve
barrier function, reduce inflammation, or accelerate epidermal renewal. The combination of antioxidants
with multiple active ingredients has significantly advanced the field of anti-aging skincare, resulting in
multifunctional cosmeceutical formulations capable of addressing various aspects of intrinsic and
extrinsic skin aging [18].

4.4.1 Role of Oxidative Stress in Skin Aging

Oxidative stress is one of the principal mechanisms responsible for premature skin aging. Continuous
exposure to ultraviolet radiation and environmental pollutants stimulates excessive production of reactive
oxygen species, including superoxide anions, hydroxyl radicals, singlet oxygen, and hydrogen peroxide.
These unstable molecules attack membrane lipids, proteins, nucleic acids, and mitochondria, leading to
cellular dysfunction and apoptosis.

Reactive oxygen species activate matrix metalloproteinases (MMPSs), enzymes responsible for degrading
collagen and elastin fibers within the dermis. Simultaneously, oxidative stress suppresses fibroblast
activity and reduces collagen synthesis. These molecular alterations result in wrinkle formation, loss of
elasticity, rough skin texture, and sagging. Persistent oxidative damage also contributes to chronic
inflammation, hyperpigmentation, impaired wound healing, and increased susceptibility to skin cancers.
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Figure 4.2 Role of oxidative stress in skin aging

4.4.2 Antioxidants

Antioxidants are substances that inhibit or delay oxidation by neutralizing reactive oxygen species before
they damage cellular components. They maintain redox balance within the skin and constitute an essential
component of both endogenous defense mechanisms and topical cosmeceutical formulations.
Antioxidants function through several mechanisms. They directly scavenge free radicals, inhibit lipid
peroxidation, regenerate oxidized antioxidants, chelate transition metal ions involved in free radical
generation, suppress inflammatory pathways, and stimulate tissue repair. These protective actions
collectively preserve cellular integrity and delay the progression of skin aging.

Classification of Antioxidants

Antioxidants used in skincare can be broadly classified into endogenous antioxidants, exogenous
antioxidants, and botanical antioxidants.

a). Endogenous Antioxidants

Endogenous antioxidants are naturally synthesized within the body and represent the first line of defence
against oxidative stress. These include antioxidant enzymes such as **superoxide dismutase (SOD),
catalase, and glutathione peroxidase**, which convert reactive oxygen species into less harmful
molecules. Non-enzymatic endogenous antioxidants such as glutathione, uric acid, and coenzyme Q10
also contribute to cellular protection.

b). Exogenous Antioxidants

Exogenous antioxidants are obtained through diet or topical formulations. Vitamins C and E are among
the most extensively studied antioxidants in dermatology. Vitamin C promotes collagen synthesis and



regenerates oxidized vitamin E, whereas vitamin E protects cell membranes against lipid peroxidation.
Other exogenous antioxidants include niacinamide, carotenoids, selenium, zinc, and alpha-lipoic acid.

c). Botanical Antioxidants

Plant-derived antioxidants have gained considerable importance because of their multifunctional
biological activities. Polyphenols, flavonoids, catechins, curcumin, resveratrol, green tea extract, grape
seed extract, pomegranate extract, aloe vera, licorice extract, and Centella asiatica possess antioxidant,
anti-inflammatory, photoprotective, and wound-healing properties.

Functions of Antioxidants in Skin Care

Antioxidants perform several important functions in maintaining healthy skin. They neutralize reactive
oxygen species generated by ultraviolet radiation and environmental pollutants, thereby preventing
oxidative stress. They reduce lipid peroxidation and protect cellular proteins and DNA from oxidative
injury. Antioxidants also inhibit inflammatory mediators, stimulate collagen synthesis, improve skin
elasticity, reduce pigmentation, accelerate wound healing, and enhance the efficacy of sunscreens by
minimizing UV-induced free radical formation. Regular use of antioxidant-rich skincare products
contributes significantly to delaying photoaging and preserving skin integrity.

4.4.3 Active Ingredients in Anti-Aging Cosmeceuticals

Modern anti-aging formulations contain a wide variety of active ingredients that target different
mechanisms of skin aging.

a). Retinoids

Retinoids, including retinol, retinaldehyde, and tretinoin, are derivatives of vitamin A. They stimulate
epidermal cell turnover, promote collagen synthesis, reduce matrix metalloproteinase activity, improve
pigmentation, and diminish fine wrinkles. Retinoids remain the gold standard among topical anti-aging
agents.

b). Vitamin C

Vitamin C (ascorbic acid) is a potent antioxidant essential for collagen biosynthesis. It neutralizes reactive
oxygen species, improves wound healing, reduces hyperpigmentation, enhances skin brightness, and
protects against photodamage.

c). Vitamin E

Vitamin E (tocopherol) is a lipid-soluble antioxidant that protects cellular membranes from oxidative
injury. It reduces inflammation, improves barrier function, and acts synergistically with vitamin C to
enhance photoprotection.

d). Niacinamide



Niacinamide (Vitamin B3) improves epidermal barrier function by stimulating ceramide synthesis. It
reduces inflammation, minimizes pigmentation, improves elasticity, regulates sebum production, and
decreases transepidermal water loss.

e). Hyaluronic Acid

Hyaluronic acid is a naturally occurring glycosaminoglycan capable of retaining large amounts of water.
It improves skin hydration, increases skin volume, reduces fine lines, enhances elasticity, and supports
wound healing.

f). Peptides

Peptides function as cellular signaling molecules that stimulate fibroblasts to produce collagen, elastin,
and extracellular matrix proteins. Copper peptides and biomimetic peptides improve skin firmness and
accelerate tissue repair.

g). Ceramides

Ceramides are essential lipids present within the stratum corneum. Topical ceramides restore barrier
integrity, reduce water loss, improve hydration, and protect against environmental stressors.

h). Alpha Hydroxy Acids (AHAS)

AHAs such as glycolic acid and lactic acid promote gentle exfoliation, stimulate epidermal renewal,
enhance collagen remodelling, improve pigmentation, and smooth skin texture.

i). Beta Hydroxy Acids (BHAS)

Salicylic acid is the most widely used BHA. It penetrates sebaceous follicles, removes excess sebum,
reduces inflammation, and improves acne-prone and photoaged skin.

j). Coenzyme Q10

Coenzyme Q10 participates in mitochondrial energy production and functions as a powerful antioxidant.
Topical application reduces oxidative stress, supports collagen preservation, and minimizes wrinkle
formation [19, 20].

Synergistic Action of Antioxidants and Active Ingredients

Modern cosmeceutical formulations frequently combine antioxidants with multiple active ingredients to
enhance therapeutic efficacy. For example, vitamin C combined with vitamin E and ferulic acid provides
greater photoprotection than any individual antioxidant alone. Similarly, retinol combined with
niacinamide improves tolerability while enhancing collagen synthesis. Hyaluronic acid combined with
ceramides improves hydration and barrier repair, whereas peptides combined with antioxidants promote
skin regeneration and reduce wrinkle formation. Such synergistic formulations provide comprehensive
protection against multiple mechanisms of skin aging [21].



Conclusion

Ultraviolet radiation is one of the most important environmental factors responsible for skin damage,
photoaging, and the development of various dermatological disorders. Continuous exposure to UVA and
UVB radiation promotes oxidative stress, DNA damage, chronic inflammation, collagen degradation, and
impairment of the skin barrier, ultimately leading to wrinkles, loss of elasticity, pigmentation
abnormalities, and an increased risk of skin cancer. Therefore, effective photoprotection remains the
cornerstone of maintaining healthy skin and preventing premature aging. Modern sunscreen formulations
have evolved considerably with the incorporation of broad-spectrum UV filters, improved photostability,
enhanced cosmetic acceptability, and multifunctional ingredients that provide comprehensive protection
against both UVA and UVB radiation. The Sun Protection Factor (SPF) remains an essential parameter
for evaluating sunscreen efficacy, while appropriate application and regular reapplication are critical for
achieving optimal protection under real-life conditions.

Anti-aging cosmeceuticals have emerged as an important component of preventive and therapeutic
skincare by targeting multiple biological pathways involved in skin aging. Active ingredients such as
retinoids, antioxidants, peptides, hyaluronic acid, niacinamide, ceramides, and hydroxy acids improve
skin hydration, stimulate collagen synthesis, enhance epidermal renewal, strengthen the skin barrier, and
reduce oxidative damage. Among these, antioxidants play a central role by neutralizing reactive oxygen
species, minimizing inflammation, and protecting cellular components from environmental injury.

Recent advances in nanotechnology, encapsulation systems, peptide science, and targeted delivery
technologies have significantly improved the stability, penetration, and efficacy of modern cosmeceutical
formulations. Future developments are expected to focus on personalized skincare, microbiome-based
therapies, sustainable bioactive compounds, and precision cosmetic formulations. Collectively, the
integration of broad-spectrum sunscreens, scientifically validated anti-aging products, antioxidant-rich
formulations, healthy lifestyle practices, and regular skin care offers a comprehensive approach to
preserving skin integrity, delaying visible signs of aging, and promoting long-term skin health. Continued
research and innovation will further strengthen the role of cosmeceuticals in evidence-based
dermatological care.
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Abstract

Hair is far more than a cosmetic appendage; it is a complex, biologically active mini-organ that reflects
genetics, hormonal status, nutrition, and general health. This chapter takes the reader from the follicle
upward — beginning with the microscopic architecture of the hair shaft and the physiology of the hair
growth cycle, moving through the major disorders that disrupt normal hair biology, and ending with a
practical, formulation-level discussion of the products used to clean, condition, and cosmetically improve
hair: shampoos, conditioners, hair oils, and hair serums. Emphasis is placed on the mechanism behind
each product category — why a surfactant cleans, why a cationic polymer smooths a damaged cuticle,
why an oil can only do so much for a shaft that has already lost its cuticle integrity — rather than on
brand-specific claims. Illustrative flowcharts, a labelled anatomical diagram, and comparative tables are
provided throughout to consolidate the physiological and formulation concepts side by side. The chapter
closes with a set of Vancouver-style references drawn from standard dermatology, trichology, and
cosmetic-science textbooks and peer-reviewed literature, offering the reader a path into deeper, primary-
source study.

Keywords: hair follicle; hair shaft; keratin; anagen; catagen; telogen; exogen; hair growth cycle;
alopecia; androgenetic alopecia; telogen effluvium; dandruff, seborrheic dermatitis; trichology;
surfactants; shampoo formulation; conditioners; cationic polymers; hair oils; hair serums; silicones;
cosmetic dermatology

1. Introduction

Of all the tissues on the human body, hair occupies an unusual position: it is dead at the point we interact
with it, yet it is manufactured by one of the most metabolically active cell populations in the body — the
hair matrix. A single scalp carries somewhere between eighty thousand and one hundred and fifty
thousand follicles, each one an independent mini-organ that cycles through growth, regression, and rest
on its own private clock. What emerges above the skin surface — the hair fibre — is a biological polymer
of extraordinary mechanical resilience, engineered by nature to resist tension, torsion, ultraviolet
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exposure, and years of environmental abrasion, yet it is also fragile enough to be permanently reshaped by
a change in pH, a strong reducing agent, or a hot iron [1].

This dual nature — durable at the macroscopic level, vulnerable at the ultrastructural level — is exactly
what makes hair care such an interesting applied science. A shampoo has to remove sebum, sweat
residues, styling product build-up, and environmental grime without dissolving the very lipids that keep
the shaft flexible. A conditioner has to redeposit a thin film that smooths a roughened cuticle without
leaving hair limp or greasy. Hair oils and serums, which sit at the more “traditional” and more “high-
technology” ends of the same spectrum, have to work almost entirely on the surface of a fibre that is
biologically dead and cannot repair itself.

Understanding why these products work — or fail to work — begins with understanding the tissue they
are designed for. This chapter is therefore organised in a logical sequence: first the structure of the hair
follicle and shaft, then the growth cycle that produces it, then the disorders that arise when either the
structure or the cycle goes wrong, and only then the formulated products designed to clean, protect, and
cosmetically enhance the fibre.

This sequencing is deliberate rather than merely conventional. Cosmetic science and clinical trichology
are frequently taught, and frequently marketed, as if they were separate disciplines — one concerned with
pleasant-smelling bottles, the other with medical diagnosis — yet in practice the two are inseparable. A
cosmetic chemist who does not understand the isoelectric behaviour of keratin cannot explain why a
shampoo’s pH matters; a dermatologist who is unfamiliar with surfactant chemistry cannot meaningfully
advise a patient on which shampoo to avoid during a flare of scalp irritation. This chapter is written on the
premise that a reader equipped with both halves of the picture — the biology and the formulation science
built on top of it — is better placed to evaluate hair care products critically, to distinguish a genuinely
mechanism-based product claim from an unsubstantiated one, and to recognise when a cosmetic solution
is appropriate and when a disorder instead warrants professional medical assessment [2, 3].

2. Structure of Hair: From Follicle to Fibre
2.1 The Hair Follicle

The hair follicle is a dynamic, down-growing invagination of the epidermis that extends into the dermis
and, in scalp skin, often into the subcutaneous fat. Anatomically it is divided into three broad segments:
the infundibulum (from the skin surface to the opening of the sebaceous duct), the isthmus (from the
sebaceous duct opening to the insertion of the arrector pili muscle), and the inferior segment, which
contains the hair bulb and extends down to the dermal papilla.

The dermal papilla is a small, mesenchyme-derived structure sitting at the base of the follicle, richly
supplied with capillaries. It functions as the biological “control centre” of the follicle: signals passing
between the papilla and the surrounding matrix cells determine the onset, duration, and cessation of the
growth phase, and papilla size correlates strongly with the diameter of the hair fibre it will produce.
Surrounding the papilla is the hair matrix, a population of highly proliferative epithelial cells that is, cell-
for-cell, among the fastest-dividing tissues in the human body during active growth. As matrix cells



divide, the daughter cells are pushed upward, progressively differentiate, and become keratinised, forming
the concentric layers of the growing hair shaft and its surrounding root sheaths.

Two sheaths escort the shaft as it grows upward: the inner root sheath, which moulds and supports the
shaft in its lower portion and disintegrates near the level of the sebaceous gland, and the outer root sheath,
which is continuous with the surface epidermis and persists the full length of the follicle. Attached
obliquely to the follicle is the arrector pili muscle, a small band of smooth muscle that contracts in
response to cold or emotional stimuli, producing “goosebumps” and marginally influencing sebum
expression. The sebaceous gland, opening into the follicular canal at the isthmus, secretes sebum — a
complex mixture of triglycerides, wax esters, squalene, and free fatty acids — that coats the emerging
shaft and upper canal, contributing to the fibre’s natural lustre and to the scalp’s barrier function, but also
constituting one of the principal “soils” that a shampoo is formulated to remove [4].

2.2 Structure of the Hair Shaft

Once keratinised and extruded above the skin surface, the hair shaft is biologically inert: it contains no
living cells, no nerve supply, and no capacity for self-repair. Any damage sustained by the shaft —
mechanical, chemical, or thermal — accumulates irreversibly until that section of hair is eventually cut or
shed. This single fact underlies almost the entire logic of hair cosmetics: because damage cannot be
reversed biologically, cosmetic products work by masking, smoothing, or temporarily patching the
surface rather than truly “healing” the fibre.

In cross-section, the mature hair shaft is composed of up to three concentric layers:

. Cuticle — the outermost layer, composed of six to ten overlapping layers of flattened, dead
keratinocytes arranged like roof tiles, all pointing from root to tip. The cuticle is responsible for the
shaft’s mechanical protection, its resistance to chemical penetration, and much of its visual shine,
since smooth, well-aligned cuticle scales reflect light more uniformly. Each cuticle cell itself has
sub-layers (the epicuticle, exocuticle, and endocuticle), bound by an intercellular cement rich in
lipids, of which 18-methyleicosanoic acid is a particularly important covalently-bound fatty acid
responsible for the fibre’s natural hydrophobicity.

. Cortex — the bulk of the shaft by volume, composed of elongated, spindle-shaped cortical cells
packed with keratin intermediate filaments (keratin-associated proteins bundled into macrofibrils).
The cortex is the principal determinant of the fibre’s tensile strength, elasticity, and — through the
melanin granules embedded within it — its natural colour. Two main melanin types occur here:
eumelanin (brown-black pigment) and pheomelanin (red-yellow pigment); the ratio and density of
these granules explains the whole spectrum of natural hair colour from black to blonde to red.

. Medulla — a loosely-packed, sometimes discontinuous or entirely absent central core, more
prominent in coarse or grey hair than in fine hair. Its biological function remains incompletely
understood, and it is generally considered of minor cosmetic relevance compared with the cuticle
and cortex [5, 6].



2.3 Chemical Composition and the Disulphide Bond

Hair keratin belongs to the family of intermediate filament proteins and is exceptionally rich in the
sulphur-containing amino acid cysteine. Adjacent cysteine residues on neighbouring keratin chains form
disulphide (S-S) covalent bonds, which cross-link the protein into a highly stable three-dimensional
network. These disulphide bonds are the single most important determinant of the hair’s mechanical
strength and its resistance to stretching, and they are also the chemical target of every permanent-wave
and chemical-straightening process, which works by reducing (breaking) disulphide bonds, physically
reshaping the fibre, and then oxidising (re-forming) new disulphide bonds in the altered configuration.

In addition to disulphide bonds, hydrogen bonds and salt (ionic) bonds contribute to the shaft’s shape and
elasticity, but unlike disulphide bonds, these are readily and reversibly broken by water and heat — which
is precisely the chemistry exploited by everyday heat-styling and wet-setting [7].

Longitudinal Section of the Hair Follicle

Epidermis
Sebaceous gland
Skin surface

Cross-Section of the Hair Shaft
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Figure 1: Cross-section of the hair shaft (cuticle, cortex, medulla) and longitudinal anatomy of the hair
follicle

Table 1. Layers of the Hair Shaft and Their Cosmetic Relevance

Layer Composition Primary function Cosmetic relevance
Cuticle | 6-10 overlapping dead | Mechanical/chemical Damage causes roughness, dullness,
keratinocyte scales, lipid | barrier, shine tangling, split ends; target of
cement conditioners and serums
Cortex | Keratin macrofibrils, | Tensile strength, | Determines curl pattern, strength,
melanin granules elasticity, colour and response to chemical treatments
Medulla | Loosely packed cells or air | Not fully established Minimal direct cosmetic significance
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spaces (may be absent)

2.4 Hair Types, Porosity, and Density

Beyond the shared three-layer architecture described above, individual hair varies enormously in curl
pattern, density, and porosity, and these variables materially affect how a person’s hair responds to the
very same shampoo, conditioner, oil, or serum.

Curl pattern arises mainly from the cross-sectional shape of the follicle and shaft: a rounder follicle and
shaft tend to produce straighter hair, while an increasingly oval or asymmetric follicle produces wavy,
curly, or tightly coiled hair. Curlier hair patterns have more points along the shaft where the cuticle is
mechanically stressed at each bend, and natural scalp sebum has a longer, more convoluted path to travel
down the shaft, which is why curlier hair textures are typically more prone to dryness and tend to benefit
from richer conditioning and oil-based routines than straight hair.

Porosity describes how readily water and other molecules pass into and out of the shaft through the
cuticle. Hair with tightly closed, intact cuticle scales (low porosity) resists penetration by water and
product, can take longer to wet and to dry, and may show product “sitting on top” rather than absorbing;
hair with lifted, eroded, or chemically damaged cuticle (high porosity) absorbs and loses water rapidly, is
prone to fast-drying frizz, and typically benefits more from protein-containing treatments that help
temporarily reinforce the compromised cuticle.

Density — the number of individual hairs per unit area of scalp — is largely genetically determined and
independent of individual shaft thickness (an individual can have low density but thick individual strands,
or high density with fine strands), but it strongly influences the practical “fullness” a formulated product
can achieve and the amount of product required for even coverage [8].

2.5 Recognising Cumulative Hair Damage

Because the hair shaft cannot repair itself once formed, damage accumulates visibly and tactilely along its
length, and recognising the pattern of that damage is a useful practical skill in deciding which product
category is likely to help. Split ends (trichoptilosis) occur when the cuticle at the very tip of the shaft has
worn away entirely, allowing the unsupported cortical fibres to separate longitudinally; because no topical
product can rejoin split cortical fibres, the only true remedy is trimming, though smoothing serums and
oils can cosmetically minimise their visibility between haircuts. A rough, “grabby” texture when running
fingers down the shaft from tip to root (against the natural direction of the cuticle scales) typically signals
lifted or eroded cuticle, while unusually fast water absorption and equally fast drying often indicates
elevated porosity from cumulative chemical or thermal exposure. Dull, light-scattering rather than glossy
appearance frequently reflects an irregular, roughened cuticle surface rather than a change in the pigment
of the cortex itself, which is why restoring smoothness (through conditioners, oils, or serums) so reliably
restores perceived shine even without any change to hair colour.




3. The Hair Growth Cycle

Unlike nails, which grow continuously, hair growth is cyclical. Each follicle independently passes
through four recognised phases — anagen, catagen, telogen, and exogen — and because follicles are not
synchronised with one another (a state called a “mosaic” pattern), a healthy scalp sheds a modest, steady
number of hairs every day rather than losing hair in visible patches.

3.1 Anagen (Growth Phase)

Anagen is the active growth phase, during which matrix cells at the base of the follicle divide
continuously to produce the hair shaft. On the scalp, anagen typically lasts between two and seven years,
and its duration is the primary determinant of maximum hair length in a given individual — a person
whose anagen phase lasts two years will rarely grow hair beyond shoulder length, regardless of how it is
cared for, while a person with a seven-year anagen phase may grow hair well past the waist. At any given
time, approximately eighty-five to ninety per cent of scalp follicles are in anagen [9].

3.2 Catagen (Regression Phase)

Catagen is a short transitional phase, lasting roughly two to three weeks, during which matrix cell
division ceases, the lower portion of the follicle undergoes programmed regression (apoptosis), and the
follicle physically shortens as the dermal papilla migrates upward toward a resting position. Only about
one per cent of scalp follicles are in catagen at any time.

3.3 Telogen (Resting Phase)

Telogen is a quiescent phase lasting approximately three months, during which the club-shaped hair
remains anchored in the follicle but no further growth occurs. Roughly ten to fifteen per cent of scalp
hairs are normally in telogen. It is telogen hairs that are shed during normal daily hair loss, and it is an
abnormal shift of large numbers of follicles into telogen — for example after illness, childbirth, severe
stress, or crash dieting — that produces the clinical picture known as telogen effluvium.

3.4 Exogen (Shedding Phase)

Exogen, sometimes described as an active sub-phase overlapping the end of telogen and the start of the
next anagen, is the process by which the old club hair is actively released from the follicle, typically as a
new anagen hair is already beginning to form beneath it. Average daily scalp hair shedding of fifty to one
hundred hairs is considered physiologically normal.

3.5 Factors Influencing the Growth Cycle

Several intrinsic and extrinsic factors modulate the growth cycle, and a working knowledge of these is
essential to interpreting hair disorders correctly:

. Genetics — determines baseline follicle density, average anagen duration, and individual
susceptibility to androgen-mediated miniaturisation.



. Hormones — androgens (particularly dihydrotestosterone) progressively shorten anagen duration
in genetically susceptible scalp follicles, while thyroid hormone imbalance (both hyper- and
hypothyroidism) can push follicles prematurely into telogen.

. Nutrition — adequate protein, iron, zinc, and biotin intake supports normal matrix cell
proliferation; significant deficiency states are a well-recognised, reversible cause of diffuse
shedding.

*  Age — anagen duration and follicle density both tend to decline with advancing age, contributing
to age-related thinning independent of pattern hair loss.

. Stress, illness, and medication — acute physiological stressors are classic triggers of telogen
effluvium, typically manifesting two to three months after the triggering event because of the
time taken for affected follicles to complete telogen and shed [10, 11].

The Hair Growth Cycle

ANAGEN CATAGEN TELOGEN EXOGEN
Active growth phase Regression phase Resting phase Shedding phase

~2-7 years 2-3 weeks ~3 months 0ld hair sheds
85-90% of scalp hair ~1% of scalp hair 10-15% of scalp hair New anagen hair

Matrix cells divide rapidly Follicle shrinks, growth stops Follicle dormant begins beneath

Cycle repeats — a new anagen phase begins as the follicle re-enters growth

Each follicle cycles independently (mosaic pattern), which is why humans do not shed hair in unison.
Disruption of this cycle by hormones, stress, nutrition or disease underlies most hair-loss disorders.

Figure 2: The four phases of the hair growth cycle
4. Common Disorders of Hair and Scalp

Hair disorders broadly fall into three categories: disorders of hair loss (alopecias), disorders of the scalp
surface that secondarily affect hair (such as dandruff and seborrheic dermatitis), and structural hair shaft
abnormalities that make the fibre unusually fragile. A further, less commonly discussed category involves
disorders of excess rather than deficient hair growth, covered briefly at the end of this section. Correct
classification matters a great deal in practice, because the appropriate response differs enormously
between categories: a diffuse, self-limiting telogen effluvium calls for patience and attention to the
underlying trigger, an autoimmune alopecia areata calls for specialist assessment, and a scarring alopecia
calls for urgent dermatological referral before irreversible follicular loss becomes extensive. Hair and
scalp disorders are also frequently multifactorial in practice — for example, an individual can



simultaneously have an underlying genetic predisposition to androgenetic alopecia, a superimposed
nutritional deficiency worsening shedding, and habitual tight hairstyling adding a component of traction
— so a careful, layered assessment is usually more informative than assuming a single, isolated cause
[12].

4.1 Androgenetic Alopecia

Androgenetic alopecia, the most common form of hair loss in both sexes, is a genetically-programmed,
androgen-dependent progressive miniaturisation of susceptible follicles. Over successive cycles, affected
follicles produce progressively finer, shorter, less pigmented hairs until, in advanced cases, only a vellus-
like fibre remains. In men, the pattern typically begins at the temples and vertex; in women, it more often
presents as diffuse thinning over the crown with preservation of the frontal hairline. The condition is
driven by dihydrotestosterone acting on androgen receptors in genetically susceptible follicles,
progressively shortening anagen duration with each cycle.

4.2 Telogen Effluvium

Telogen effluvium is a diffuse, temporary form of hair shedding that occurs when a physiological stressor
— such as high fever, major surgery, childbirth, severe emotional stress, rapid weight loss, or certain
medications — prematurely pushes a large proportion of anagen follicles into telogen simultaneously.
Because telogen lasts around three months, the shedding characteristically becomes apparent roughly two
to three months after the triggering event, often alarming patients who no longer recall the original
trigger. It is typically self-limiting once the precipitating factor resolves.

4.3 Alopecia Areata

Alopecia areata is an autoimmune condition in which the body’s own immune system attacks anagen hair
follicles, producing sudden, well-demarcated, round or oval patches of hair loss, most often on the scalp
but occasionally affecting eyebrows, eyelashes, or body hair. The follicle itself is not destroyed, meaning
regrowth is often possible, but the course can be unpredictable and, in a minority of cases, may progress
to total scalp (alopecia totalis) or total body (alopecia universalis) hair loss.

4.4 Traction Alopecia

Traction alopecia results from chronic, repetitive mechanical tension on the hair shaft and follicle,
typically caused by tightly pulled hairstyles such as braids, ponytails, weaves, or extensions. Early
traction alopecia is reversible if the causative tension is removed, but prolonged traction can produce
permanent, scarring follicular damage.

4.5 Dandruff and Seborrheic Dermatitis

Dandruff is characterised by visible flaking of the scalp, typically without significant inflammation, and is
strongly associated with an overgrowth of the lipophilic yeast Malassezia, which metabolises scalp sebum
and generates irritant free fatty acid by-products that accelerate corneocyte turnover. Seborrheic
dermatitis represents a more inflammatory variant of the same underlying process, presenting with
erythema, greasy scale, and itching, most prominent along the hairline, eyebrows, and nasolabial folds in



addition to the scalp. Anti-dandruff shampoos are formulated specifically around this pathophysiology, as
discussed in Section 5.4.

4.6 Hair Shaft Structural Disorders

A smaller but clinically important group of conditions arises from structural abnormalities of the hair
shaft itself rather than the growth cycle. Trichorrhexis nodosa, the most common acquired shaft defect,
presents as nodular swellings along the shaft at which the cuticle has been lost and the exposed cortical
fibres splay outward, typically the end result of cumulative mechanical and chemical damage (over-
brushing, chemical relaxing, excessive heat styling). Monilethrix is an inherited disorder producing a
beaded appearance to the shaft with alternating nodes and constrictions, rendering the hair fragile and
prone to fracture at the narrowed points. Trichotillomania, in contrast, is a psychologically-rooted,
impulse-control condition in which the individual repeatedly and compulsively pulls out their own hair,
producing irregular patches of broken hairs of varying length rather than the smooth, follicle-preserving
patches typical of alopecia areata.

4.7 Cicatricial (Scarring) Alopecia

Cicatricial alopecias are a distinct and clinically more serious group of conditions in which the follicle
itself is permanently destroyed and replaced by fibrous scar tissue, so that regrowth is not biologically
possible once the process is established. Lichen planopilaris and frontal fibrosing alopecia are
representative examples, typically presenting with perifollicular redness and scaling followed by the
gradual, irreversible loss of visible follicular openings. Because these conditions are progressive and non-
reversible once scarring occurs, early recognition and specialist referral are considerably more important
here than for any of the non-scarring alopecias discussed above.

4.8 Nutritional and Systemic Contributors to Hair Thinning

Several systemic and nutritional states can either mimic or aggravate the primary disorders discussed
above. Iron deficiency, even in the absence of overt anaemia, has long been associated with increased
diffuse shedding, and correcting an underlying deficiency is often followed by gradual improvement.
Thyroid dysfunction, whether underactive or overactive, disrupts normal follicular cycling and commonly
produces diffuse thinning as one of its presenting features. Crash dieting, restrictive eating patterns, and
significant unintentional weight loss can each independently precipitate a telogen effluvium-type
shedding pattern several weeks after the nutritional insult. Because these systemic contributors can
coexist with, or be mistaken for, a primary hair or scalp disorder, a careful history is an important part of
properly interpreting any pattern of hair thinning.

4.9 Hirsutism and Hypertrichosis

Not every hair disorder involves loss; some involve unwanted excess. Hirsutism refers to androgen-
dependent growth of coarse, pigmented terminal hair in women in a male-pattern distribution (face, chest,
lower abdomen), most often related to an underlying excess of androgen production or heightened
follicular sensitivity to normal androgen levels. Hypertrichosis, by contrast, is a hon-androgen-dependent,
generalised excess of hair growth that can be congenital or acquired (for example, as a side effect of
certain medications) and is not confined to androgen-sensitive body sites [13].



Table 2. Summary of Common Hair and Scalp Disorders

Disorder Primary mechanism Typical presentation Reversibility
Androgenetic Androgen-driven follicular | Patterned thinning | Progressive; can be
alopecia miniaturisation (temples/vertex in men; | slowed, rarely fully

crown in women) reversed
Telogen Premature,  synchronised | Diffuse  shedding, 2-3 | Usually  self-limiting
effluvium shift of follicles into telogen | months after a trigger and reversible
Alopecia areata Autoimmune attack on | Sudden round/oval bald | Follicle preserved,;
anagen follicles patches regrowth often possible

Traction alopecia

Chronic mechanical tension

Hairline/marginal thinning
at pull sites

Reversible early;
scarring if prolonged

Dandruff / | Malassezia overgrowth, | Flaking, itching, +/- | Controllable with anti-

seborrheic irritant fatty acids erythema fungal/keratolytic care

dermatitis

Trichorrhexis Cumulative Nodular swellings, | Only by growing out

nodosa mechanical/chemical shaft | breakage damaged section
damage

Monilethrix Inherited structural defect Beaded shaft, fragility Genetic; not reversible

5. Shampoos

5.1 Purpose and Cleansing Mechanism

A shampoo’s core job is deceptively simple to state and considerably more complex to formulate: remove
sebum, sweat residues, desquamated skin cells, environmental particulates, and styling-product build-up
from the hair and scalp, without excessively stripping the lipids that keep the shaft manageable, without
irritating the scalp, and ideally while leaving the hair in a cosmetically pleasing state of manageability and

shine.

This is achieved primarily through surfactants (surface-active agents), amphiphilic molecules possessing
both a hydrophilic (“water-loving”) head group and a hydrophobic (“oil-loving”) tail. In solution above a
threshold concentration (the critical micelle concentration), surfactant molecules spontaneously self-
assemble into spherical structures called micelles, with hydrophobic tails clustered inward and
hydrophilic heads facing outward into the surrounding water. When applied to soiled hair, surfactant tails
orient into and dissolve into oily sebum and grime; continued massaging and dilution allows whole




micelles, now carrying solubilised oil at their core, to lift away from the shaft and be rinsed away with
water.

Water alone is largely ineffective at removing sebum precisely because oil and water do not mix: without
a surfactant to bridge the two, oily soil simply resists being wetted and carried away by rinsing. This is
also why shampoo formulation is fundamentally a balancing act rather than a simple maximisation
problem — a surfactant system aggressive enough to fully strip every trace of sebum in a single wash
would, in the same process, strip away more of the shaft’s own protective surface lipids than is desirable,
leaving hair rough, static-prone, and dull. Modern shampoo formulation therefore aims for an optimum
rather than a maximum level of cleansing, deliberately blending surfactants of different strengths and
adding conditioning agents to offset the mild residual dryness that even a well-balanced cleansing system
produces [14].

Mechanism of Cleansing Action of a Surfactant-Based Shampoo

1. Application & 2. Surfactant 4. Suspension &
Wetting Orientation 3. Emulsification Rinsing

Shampoo is applied to wet hair; Hydrophobic tails of surfactant Qil, sebum and particulate Emulsified soil is held in
water lowers surface tension micelles orient into oily soil soil are surrounded and lifted suspension and removed
of the scalp/hair surface and sebum on the hair shaft from the shaft (micelle formation) with water during rinsing

Schematic: Micelle Formation Around a Sebum Droplet

S

o— —C

Hydrophilic head
(faces water)

Hydrophobic tail
(embeds in oil)

Figure 3: Mechanism of surfactant cleansing action and micelle formation
5.2 Classification of Surfactants

Surfactants used in shampoo formulation are classified according to the electrical charge of their
hydrophilic head group:

. Anionic surfactants carry a negatively charged head group and are the primary cleansing agents
in most shampoos owing to their excellent foaming and soil-removal properties. Common
examples include sodium lauryl sulphate and sodium laureth sulphate. Their main drawback is a
tendency to be somewhat harsh and potentially drying with repeated use, particularly at higher
concentrations.



. Cationic surfactants carry a positively charged head group. Because most damaged hair carries a
net negative surface charge (from cuticle erosion and keratin degradation), cationic surfactants
are attracted to and substantively adsorb onto the shaft, giving excellent conditioning and anti-
static benefit; however, they are relatively poor foam producers and poor cleansers, so they are
used more in conditioners than as the primary surfactant in shampoo.

. Amphoteric (zwitterionic) surfactants, such as cocamidopropyl betaine, carry both positive and
negative charges depending on the pH of the formulation. They are notably mild, contribute to
foam stabilisation and viscosity building, and are frequently blended with anionic surfactants
specifically to reduce overall irritation potential.

. Nonionic surfactants carry no charge at all. They are generally the mildest category, are
compatible with all other surfactant classes, and are frequently used as secondary cleansers,
solubilisers, or emulsifiers, though they typically contribute less foam than anionic surfactants.

Table 3. Surfactant Classes Used in Shampoo Formulation

Class He?g;?gzup Example ingredient Role in shampoo Foaming | Mildness

Anionic Negative Sodium Primary cleansing agent | High Moderate
lauryl/laureth
sulphate

Cationic Positive Cetrimonium Substantive conditioning | Low Variable
chloride (mainly in conditioners)

Amphoteric | pH- Cocamidopropyl Co-surfactant, Moderate- | High

dependent betaine mildness/foam booster high

Nonionic None Decyl glucoside, | Secondary cleanser, | Low- High

PEG esters solubiliser moderate

5.3 Other Formulation Components

Beyond the primary surfactant system, a modern shampoo is a carefully balanced multi-component
formulation:

. Conditioning agents (silicones such as dimethicone, cationic polymers such as polyquaternium
compounds, and fatty alcohols) are added to counteract the drying effect of surfactants and to
improve wet and dry combability.

. Viscosity modifiers (such as sodium chloride, in combination with certain surfactant systems)
adjust the product to the desired pourable-but-not-runny consistency.




. Preservatives protect the aqueous formulation, which is an excellent growth medium for
microorganisms, against microbial contamination.

. Chelating agents (such as disodium EDTA) bind trace metal ions in water and raw materials,
improving formulation stability and surfactant performance in hard water.

. pH adjusters are used to keep the finished product in a mildly acidic range (approximately pH
4.5-5.5), close to the natural pH of the scalp and to the isoelectric character of hair keratin, which
helps keep the cuticle in a smooth, closed configuration.

. Fragrance, colourants, and pearlising/opacifying agents contribute to the sensory and
aesthetic profile of the finished product but have no direct cleansing function [15].

5.4 Specialised Shampoo Types

. Anti-dandruff shampoos incorporate active ingredients targeting Malassezia yeast and/or
accelerating removal of scalp scale, most commonly zinc pyrithione, selenium sulphide,
ketoconazole, or coal tar derivatives, alongside a comparatively mild surfactant base to avoid
compounding scalp irritation.

. Clarifying shampoos use a higher concentration of, or more aggressive, surfactants (often with
minimal conditioning agents) to strip heavy product build-up, mineral deposits, or chlorine
residue; because of their intensity, they are typically recommended for occasional rather than
daily use.

. Baby/mild shampoos are formulated predominantly or entirely with amphoteric and nonionic
surfactants, avoiding harsher anionic sulphates, and are typically buffered to a near-neutral pH
with a “no more tears” ocular-mildness profile.

. Dry shampoos are a distinct, non-rinse category, typically starch- or clay-based aerosol or
powder products that absorb surface sebum rather than emulsifying and rinsing it away; they offer
a temporary refresh of appearance and manageability between conventional washes but do not
replace true cleansing.

5.5 The Role of pH in Shampoo Design

The natural surface pH of the scalp and hair sits in a mildly acidic range, generally cited as approximately
4.5 to 5.5. At this pH, the hydrogen bonds and salt linkages that help hold adjacent cuticle scales flat and
closed are at their most stable, giving smooth, glossy, low-friction hair. As formulation pH rises toward
and beyond neutral, the hair fibre’s surface tends to swell slightly and the cuticle scales lift further away
from the shaft, increasing friction, tangling, and light-scattering (perceived dullness), and in more extreme
or repeated exposure, increasing the shaft’s vulnerability to mechanical damage. This is the scientific
rationale behind the now widespread formulation practice of buffering shampoos (and conditioners) to a
mildly acidic finished pH, sometimes marketed under the general heading of “pH-balanced” formulation,
rather than a specific ingredient claim.



5.6 Sulfate-Free and “Gentle” Shampoo Formulations

A significant segment of the modern shampoo market is built around avoiding, or substantially reducing,
classic anionic sulphate surfactants such as sodium lauryl sulphate, in favour of milder anionic
alternatives (such as sodium cocoyl isethionate or sodium methyl cocoyl taurate), amphoteric surfactants,
and nonionic co-surfactants. The underlying rationale is that sulphate surfactants, while highly effective
cleansers, can also strip more of the scalp’s protective lipid layer than is strictly necessary for adequate
cleansing, particularly with frequent use, in individuals with an already dry scalp or chemically-treated,
colour-treated, or curly hair that tends to be more porous and moisture-hungry to begin with. Sulfate-free
formulations generally clean somewhat less aggressively and produce a less voluminous lather, a trade-off
that many formulators and consumers consider acceptable in exchange for a milder, less drying wash
experience; the “correct” choice is therefore properly understood as dependent on hair type, scalp
condition, and styling history rather than as a universal hierarchy of “better” versus “worse” surfactant
chemistry [16].

6. Conditioners
6.1 Purpose and Mechanism

Conditioners exist principally to reverse the negative sensory and mechanical side-effects of shampooing
and everyday wear — increased friction, static, tangling, and dullness — by depositing a thin, smoothing
film over the cuticle and, where possible, temporarily patching areas where cuticle scales have been lifted
or lost.

The dominant mechanism relies on charge attraction: damaged or chemically-treated hair develops a net
negative surface charge as the cuticle erodes and exposes underlying keratin. Cationic conditioning agents
— quaternary ammonium compounds and cationic polymers — are positively charged and are therefore
substantively and preferentially attracted to, and retained on, precisely the areas of hair that are most
damaged and most in need of smoothing, a self-selecting mechanism sometimes referred to as “directed
deposition.”

Once deposited, these cationic agents reduce the coefficient of friction between adjacent hair fibres
(improving wet and dry combability and reducing breakage from brushing), neutralise the static charge
that causes “flyaway” hair, and — particularly with silicone-containing formulations — impart a
smoother surface that reflects light more uniformly, perceived by the eye as increased shine.

6.2 Types of Conditioners

. Rinse-off (instant) conditioners are applied after shampooing, left on briefly, and rinsed out;
they provide light, temporary surface conditioning suitable for routine daily or every-wash use.

. Leave-in conditioners are applied to towel-dried or damp hair and not rinsed out, offering more
prolonged detangling, heat-protective, and frizz-control benefit, typically in a lighter, less
occlusive formulation than rinse-off products to avoid a heavy or greasy residue.



. Deep conditioners / hair masks are left on for an extended period (often with heat) and contain a
higher concentration of conditioning agents and emollients, intended for more intensive, periodic
restoration of severely dry or chemically-treated hair rather than routine use.

6.3 Key Ingredient Classes

Cationic surfactants (such as cetrimonium chloride and behentrimonium chloride) and cationic polymers
(such as polyquaternium derivatives and cationic guar) form the backbone of most conditioner
formulations, providing the substantive, charge-driven deposition described above. Silicones — both
volatile types that evaporate after application and non-volatile types such as dimethicone that remain as a
durable film — contribute lubricity, shine, and a measure of protection against thermal and mechanical
damage, though heavier silicones can build up over repeated use and may require periodic clarifying-
shampoo use to remove. Fatty alcohols (such as cetyl and stearyl alcohol) and natural or synthetic
oils/esters provide emollience and help stabilise the formulation’s viscosity and texture, while humectants
such as glycerin or panthenol attract and help retain moisture within the shaft’s outer layers.

6.4 Protein Treatments versus Moisture Treatments

Within the broader conditioner category, a useful practical distinction exists between protein-predominant
and moisture-predominant formulations, and mismatching the two to a given hair’s needs is a common
cause of disappointing results. Protein treatments contain hydrolysed proteins (such as hydrolysed keratin,
wheat, or silk protein) whose small peptide fragments can temporarily lodge within gaps in a damaged,
high-porosity cuticle, providing a short-term reinforcing effect that increases shaft strength and reduces
breakage; used to excess, however, protein treatments can leave already-protein-rich, low-porosity, or fine
hair feeling stiff, brittle, and straw-like. Moisture treatments, built instead around humectants, emollients,
and occlusive agents, restore pliability and softness and are generally the better match for hair that feels
dry and rough but not mechanically weak; used alone on very high-porosity, damaged hair, however,
moisture treatments alone may leave the fibre soft but still structurally weak and prone to breakage. Well-
designed hair care routines typically alternate or balance both approaches according to the specific
condition of the hair rather than defaulting to one exclusively.

7. Hair Oils
7.1 Rationale and Traditional Use

Hair oils represent one of the oldest categories of hair care product, used across many cultures for
centuries, and remain popular both as pre-wash treatments and as post-wash finishing or scalp-massage
products. Functionally, oils work almost entirely by physical rather than chemical means: they coat the
shaft surface, fill in microscopic gaps and roughness between lifted cuticle scales, reduce friction between
adjacent fibres, and slow the evaporation of water from the shaft, thereby reducing the fibre swelling and
shrinking cycle that is a major contributor to cumulative mechanical damage.

7.2 Mechanism of Action and Penetrating vs Non-Penetrating Oils

A distinguishing and cosmetically important feature separates hair oils into two functional groups. Certain
oils with a small molecular structure and a high content of straight-chain saturated or monounsaturated



fatty acids — coconut oil being the best-studied example — are able to actually penetrate into the cortex
of the hair shaft to a limited degree, where they are thought to help reduce protein loss from the fibre
during washing and grooming, likely by partially filling gaps in the cell membrane complex that binds
cortical cells together. Other, larger or more polar oils, such as mineral oil or sunflower oil, sit
predominantly on the shaft surface, providing lubrication and shine without meaningfully penetrating the
cortex.

This distinction matters clinically as much as cosmetically: penetrating oils used as a pre-wash treatment
can measurably reduce the amount of protein lost from the hair shaft during subsequent washing, which is
of particular relevance for chemically-treated, coloured, or otherwise porous hair that is already prone to
cumulative protein loss [17].

Table 4. Commonly Used Hair Oils and Their Characteristics

. . . Penetrating / . .
Qil Fatty acid profile g Primary reported benefit
surface
Coconut oil | High lauric acid (medium- | Penetrating Reduces protein loss during
chain, saturated) washing/grooming
Argan oil Oleic and linoleic acid rich Predominantly Softness, shine, reduced frizz
surface
Sunflower | High linoleic acid | Surface Emollience, mild shine
oil (polyunsaturated)
Mineral oil | Hydrocarbon (petroleum- | Surface Occlusion, shine, reduces moisture
derived) loss
Castor oil High ricinoleic acid, very | Surface Scalp massage tradition, adds
viscous gloss
Almond oil | Oleic acid, vitamin E Surface Softening, mild emollience

7.3 Practical Use Considerations

Because oils act mainly on the surface (or, at best, the outermost cortex), they cannot repair a structurally
broken shaft or reverse established damage such as split ends; their realistic role is preventive and
cosmetic — reducing friction and moisture loss to slow the accumulation of further damage, and
improving the immediate look and feel of the hair. Excessive application, particularly of heavier oils, can
also weigh hair down, attract dust and environmental particulates, and leave a residue that is more
difficult to fully remove with a single wash, which is why “oiling” is traditionally followed by a proper
shampoo wash rather than left indefinitely.




7.4 Carrier Oils versus Essential Oils

A further practical distinction separates the fatty “carrier” oils discussed above (coconut, argan,
sunflower, and similar) from essential oils (such as rosemary, peppermint, or tea tree oil), which are
concentrated aromatic plant extracts used in very small quantities, usually diluted within a carrier oil
rather than applied directly. Essential oils contribute fragrance and, in some formulations, mild
antimicrobial or scalp-soothing properties, and some small clinical studies have examined specific
essential oils for a possible mild stimulatory effect on hair growth, though the evidence base for such
claims remains considerably smaller and less consistent than for the well-established emollient and
protein-sparing benefits of carrier oils. Because essential oils are potent and can cause scalp or skin
irritation if applied undiluted, they are formulated as a minor, carefully-dosed component of a product
rather than as the primary functional ingredient.

7.5 Scalp Massage and Oil Application

Independent of the specific oil chosen, the act of massaging oil into the scalp is itself sometimes credited
with a supportive role in hair health, plausibly through improved local blood flow and a reduction in scalp
tension; this remains a modest, adjunctive benefit rather than a substitute for addressing an underlying
growth-cycle disorder, and it should be considered complementary to, rather than a replacement for, the
shampoo and conditioning routine described above [15, 17].

8. Hair Serums
8.1 Composition and Formulation Philosophy

Hair serums are lightweight, typically silicone-predominant leave-on formulations applied sparingly to
damp or dry hair, most often to the mid-lengths and ends, and designed to deliver a concentrated cosmetic
finishing effect without the weight or residue associated with heavier oils or creams. The dominant active
ingredients are silicones — both volatile types (such as cyclomethicone), which evaporate after aiding
even distribution and leave a very light residual film, and non-volatile types (such as dimethicone or
amodimethicone), which remain to form a smooth, continuous, water-repellent coating over the cuticle.

8.2 Functional Benefits

By coating and smoothing raised or damaged cuticle scales, serums reduce the surface friction responsible
for frizz and static, increase light reflection for an immediate shine effect, and provide a measure of heat
protection by forming a barrier between the shaft and a hot styling tool, reducing (though not eliminating)
direct thermal damage. Because the effect is a surface film rather than a structural repair, the benefit is
cosmetic and temporary, lasting until the next wash removes the silicone layer — which is precisely why
serums are formulated for very frequent, low-dose reapplication rather than as an occasional intensive
treatment in the manner of a deep conditioner [18].

Table 6. Common Hair Serum Ingredients and Their Function

Ingredient class Example Function




Ingredient class Example Function

Volatile silicone Cyclomethicone Spreads product evenly, evaporates
leaving minimal residue

Non-volatile silicone Dimethicone, amodimethicone Forms durable smoothing film, heat and
friction protection

Film-forming polymer Polyquaternium derivatives Adds light hold, reduces static and
flyaway
Emollient ester Cyclopentasiloxane blends, light | Softness and slip without heaviness

plant esters

UV filter (in some | Benzophenone derivatives Helps limit photo-oxidative colour fade
formulations) and protein degradation

8.3 Serums versus Oils versus Conditioners: A Practical Comparison

Although the three product categories share the broad goal of improving hair’s look and feel, they differ
meaningfully in texture, mechanism, and appropriate use case. Serums are typically the lightest of the
three and are engineered for a near-instant, weightless finishing effect, ideally applied in very small
quantities to avoid an oily appearance. Hair oils sit in the middle in terms of weight and are more
traditionally used as a pre-wash treatment or scalp treatment than as a daily finishing product, although
lighter oils are increasingly marketed for leave-in, finishing use as well. Conditioners, particularly rinse-
off types, are formulated to be used within the wash routine itself and are rinsed away, leaving only a thin
residual conditioning film rather than the more substantial coating typical of a leave-in serum or oil.

8.4 Choosing Between Product Categories in Practice

Because shampoos, conditioners, oils, and serums each act through a different mechanism and at a
different point in the hair care routine, they are best understood as complementary rather than
interchangeable, and the appropriate emphasis on each shifts with hair type, porosity, and degree of
chemical or thermal processing [19].

Table 5. Practical Comparison of the Four Core Product Categories

Product Point of use Primary mechanism Best suited to

Shampoo First step, wet hair | Surfactant emulsification and | All hair types; frequency and
rinsing of soil/sebum surfactant strength adjusted to scalp
oiliness




Product Point of use Primary mechanism Best suited to

Conditioner | Immediately after | Cationic charge-driven film | Routine detangling and smoothing;
shampoo deposition deep/mask forms for chemically
treated hair

Hair oil Pre-wash or | Surface coating; limited | Dry, curly, or porous hair;
occasional cortical penetration (select | preventive reduction of protein loss
treatment oils)

Hair serum | Final step, damp or | Lightweight silicone surface | Frizz control, shine, heat protection
dry hair film before styling

9. Conclusion

Hair care, at its best, is applied biology: every design choice in a shampoo, conditioner, oil, or serum
formulation traces back to a specific structural or physiological feature of the hair fibre and follicle — the
sebum that a surfactant must emulsify, the exposed, negatively-charged Kkeratin that a cationic
conditioning agent seeks out, the microscopic gaps in a damaged cuticle that an oil or silicone film can
temporarily smooth over. Equally, no cosmetic product can substitute for addressing an underlying
disorder of the growth cycle itself; a shampoo cannot correct androgenetic alopecia, and a serum cannot
reverse an autoimmune attack on the follicle. Rational hair care therefore begins with an accurate
understanding of what is actually happening at the follicular and shaft level, and only then proceeds to
selecting the product category, ingredient class, and routine most appropriate to that underlying biology.

Taken together, the follicle and the fibre it produces illustrate a broader principle worth carrying forward
into any applied study of cosmetic science: formulation choices are rational responses to biological
constraints, not arbitrary marketing categories. A cleanser must balance soil removal against lipid
stripping because the same surfactant chemistry that lifts sebum can also over-strip a scalp barrier; a
conditioner’s cationic chemistry is a direct, deliberate answer to the measurable negative charge of
damaged keratin; and the entire existence of the oil and serum categories reflects the simple, unavoidable
fact that a biologically dead fibre can only ever be managed at the surface, never truly healed. Readers
who carry forward this habit of tracing a product’s formulation back to the specific piece of hair biology it
is designed to address will be well equipped to evaluate new ingredients and product claims critically,
well beyond the specific examples discussed in this chapter.
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Abstract

Hair and scalp cosmetics form one of the largest and most diverse categories in the personal-care
industry, spanning colour-change products, hair-removal preparations, shaving aids and remedial scalp
treatments. This chapter brings together the chemistry, formulation logic and safety considerations that
govern these products. It opens with a short account of hair-fibre structure and scalp physiology, since
almost every product in this category is designed around the cuticle-cortex arrangement of the hair shaft
and the follicular biology of the scalp. Hair colouring is examined across its four recognised classes -
temporary, semi-permanent, demi-permanent and oxidative (permanent) - with particular attention to the
oxidation-coupling reaction that underlies permanent tinting, alongside natural colourants such as henna
and metallic/progressive dyes. Depilatory chemistry is discussed with reference to the reduction of cystine
disulphide bonds by thioglycolate salts, and shaving preparations are reviewed as a related but
mechanically, rather than chemically, based hair-removal approach. The chapter then turns to anti-
dandruff formulation, covering the pathophysiology linking Malassezia yeasts to flaking and irritation,
and the major actives - zinc pyrithione, selenium sulfide, ketoconazole, coal tar, salicylic acid and
ciclopirox olamine - used to control it. A closing section addresses general scalp-care products (tonics,
serums, conditioners and scalp exfoliants) and the quality-control and safety-testing framework, including
patch testing and regulatory limits on colourant and reducing-agent concentrations, that applies across the
whole category. Tables summarising dye classification and active ingredients, together with flow
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diagrams of the oxidative colouring reaction, the depilatory mechanism and a scalp-treatment decision
pathway, are provided to consolidate the technical material.

Keywords: Hair dyes; oxidative hair colouring; para-phenylenediamine; henna; metallic dyes;
depilatories; thioglycolate; shaving preparations; anti-dandruff shampoo; zinc pyrithione; selenium
sulfide; ketoconazole; seborrheic dermatitis; scalp care; cosmetic formulation.

1.Introduction

Few areas of cosmetic science touch as many people, as often, as hair and scalp preparations. A visit to
any pharmacy or drugstore shelf shows the range at a glance: boxes of permanent colourants sitting next
to bleaching Kits, cans of shaving foam beside razors and pre-shave oils, and a whole sub-aisle of anti-
dandruff shampoos promising a flake-free scalp within a fortnight. Behind this variety lies a
comparatively small set of chemical principles - oxidation-coupling reactions, disulphide bond reduction,
surfactant and film-forming technology, and antifungal or keratolytic pharmacology - repeated and
recombined into thousands of branded products. [18]

This chapter treats hair colouring, depilation and shaving, anti-dandruff treatment and general scalp care
as related members of one product family, because they share a common substrate (the hair fibre and the
scalp epidermis) and, in many cases, common raw materials. Ammonia and hydrogen peroxide appear in
oxidative dyes and in some bleaching depilatory boosters; thioglycolates are used both in permanent-
wave lotions and in chemical depilatories; and zinc pyrithione, developed as an anti-dandruff active, now
also appears in some medicated scalp tonics marketed for hair thinning [9]. Understanding the chemistry
once therefore explains a large part of the shelf.

The material presented here draws on the standard formulary and dermatological literature of cosmetic
science - texts such as Poucher's Perfumes, Cosmetics and Soaps, Harry's Cosmeticology, the Handbook
of Cosmetic Science and Technology, and Robbins' Chemical and Physical Behavior of Human Hair -
and on the peer-reviewed dermatology literature dealing with dandruff and seborrheic dermatitis [17].
Rather than reproducing formulations verbatim, the chapter explains the underlying reactions and product
logic so that a formulator or student can reason about new products, not just recognise existing ones.

It is also worth stating at the outset what this chapter does not attempt: it is not a formulary, in the sense
of providing exact gquantitative recipes ready for manufacture, nor is it a clinical treatment guideline for
scalp disease. Its purpose is closer to that of a bridge between the two - explaining the chemistry precisely
enough that a pharmacy, cosmetic-science or dermatology reader can understand why a given class of
product works, what its practical limitations are, and what safety questions are worth asking of any new
formulation, whether encountered in a textbook, a patent, or on a retail shelf.

2.Structure of the Hair Fibre and Physiology of the Scalp

A human hair fibre is a composite biological material built almost entirely from keratin, a fibrous,
sulphur-rich protein. Three concentric regions are usually described. The outermost layer, the cuticle,
consists of overlapping, flattened cells arranged like roof tiles, pointing from the root toward the tip; it is
the cuticle that determines how a fibre feels, how much it reflects light, and how readily chemical agents
can enter or leave the shaft. Beneath the cuticle lies the cortex, which makes up the bulk of the fibre's



mass and contains the elongated cortical cells packed with keratin macrofibrils, along with the melanin
granules responsible for natural hair colour. At the centre of thicker fibres a medulla may be present,
though it plays little part in cosmetic chemistry. [12]

Keratin's mechanical strength and chemical resistance both come from its high content of the amino acid
cystine, whose two sulphur atoms form disulphide (-S-S-) cross-links between adjacent protein chains.
These cross-links are the principal target of two quite different processes described later in this chapter:
they are deliberately broken and re-formed during permanent waving, and they are broken and left broken
- to dissolve the fibre rather than reshape it - during chemical depilation.[8]

Natural hair colour is determined by the type, amount and distribution of melanin granules laid down in
the cortex during fibre formation. Two pigment types are recognised: eumelanin, a brown-black polymer
that predominates in dark hair, and pheomelanin, a red-yellow pigment more prominent in red and some
blond hair; the ratio and density of the two, rather than any single pigment alone, account for the full
range of natural shades and for the way individual fibres lighten or darken as production changes with
age[10]. Greying reflects a progressive reduction in melanocyte activity within the follicle bulb rather
than any change to the keratin itself, which is why white hair, though optically and often texturally
different, retains essentially the same fibre chemistry that hair-colouring products are designed to act on.

The scalp itself is skin, and behaves as skin does elsewhere on the body, but with a much higher density
of hair follicles and, typically, of sebaceous glands. Each follicle cycles through growth (anagen),
regression (catagen) and rest (telogen) phases, and the sebaceous gland attached to it secretes sebum, a
lipid mixture that lubricates the fibre and the skin surface. Sebum composition and secretion rate
influence how oily or dry a scalp feels and also provide part of the nutrient substrate for Malassezia
yeasts, whose role in dandruff is discussed in Section 5. Because the scalp carries a denser and more
active pilosebaceous unit than most skin, and because product contact time there is often longer than on
the face or body (a dye or shampoo may sit on the scalp for twenty to forty minutes), scalp cosmetics are
formulated with particular attention to irritancy, sensitisation potential and rinse-off efficiency.

A further practical point follows from this anatomy: because the hair fibre itself is composed of dead,
keratinised cells with no metabolic activity, every cosmetic effect discussed in this chapter - colour
change, disulphide reduction, conditioning - is a purely physical or chemical event confined to an inert
structure. Only the follicle, sebaceous gland and surrounding epidermis are living tissue capable of an
inflammatory, allergic or irritant response, which is why safety concerns in this category centre almost
entirely on the scalp margin, rather than on the hair shaft itself, however aggressively that shaft may be
chemically modified.

Fibre curvature and cross-sectional shape also matter a good deal to how the products described later in
this chapter perform in practice. A round cross-section, typical of straight Asian hair, tends to produce a
relatively even, tightly overlapping cuticle that is comparatively slow to allow dye or reducing-agent
penetration but also comparatively resistant to mechanical and chemical damage; a flattened, more
elliptical cross-section, typical of tightly curled hair, twists along its own length and exposes more cuticle
edge at each twist point, which generally allows faster chemical penetration but also leaves the fibre more
prone to breakage under the same processing conditions. Formulators take this into account when setting
recommended processing times for colourants and depilatories across different hair-type consumer



segments, and it is one reason product instructions and even distinct product lines are increasingly
differentiated by hair type rather than following a single generic timing regardless of curl pattern. [8]

3.Hair Colouring Products

Hair colourants are conventionally divided into four classes according to how long the colour lasts and
how the colouring molecules interact with the fibre: temporary, semi-permanent, demi-permanent
(sometimes called "tone-on-tone") and oxidative or permanent. A separate group of natural and metallic
colourants sits alongside this scheme, since their chemistry does not fit neatly into the synthetic-dye
classification.

3.1 Temporary and Semi-Permanent Colourants

Temporary colourants are large, pre-formed, water-soluble or dispersible dye molecules - certified colours
such as FD&C or D&C dyes, or basic (cationic) dyes - that deposit on the outer cuticle surface without
penetrating the cortex. Because the dye molecules are simply coated onto the fibre, often held in place by
a film-forming resin, they are removed by a single shampoo and do not alter the natural pigment
underneath. They are typically supplied as colour rinses, mousses, sprays or gels and are popular for
temporary fashion effects, grey-blending touch-ups between salon visits, or theatrical use.

Semi-permanent colourants use smaller dye molecules, most often nitro- and anthraquinone-based direct
dyes, formulated in a mildly alkaline or neutral shampoo-like base. These molecules diffuse a short
distance into the outer cortex through the cuticle without any chemical reaction taking place; no ammonia
and no oxidising developer are required [12]. Because the dye is not chemically bonded within the fibre,
it washes out gradually over some four to twelve shampoos, fading evenly rather than leaving a noticeable
regrowth line. Semi-permanent products are commonly chosen to add depth or subtle tone to natural hair,
or to introduce colour for those wanting a lower-commitment alternative to permanent tinting.

3.2 Demi-Permanent (Tone-on-Tone) Colourants

Demi-permanent products occupy a middle position. They generally use a low-strength oxidising agent,
most often a low concentration of hydrogen peroxide activated with an alkanolamine rather than
ammonia, together with oxidative dye intermediates. The reaction that occurs is chemically related to
permanent colouring but is deliberately limited, so that some lightening of the natural pigment occurs but
the overall lift is modest and the product cannot take hair to a substantially lighter shade. The resulting
colour is more wash-fast than a semi-permanent product - lasting roughly twenty to twenty-eight
shampoos - but eventually fades rather than growing out with a sharp demarcation line, which makes
demi-permanent shades popular for grey coverage in clients who prefer a softer regrowth pattern.

3.3 Oxidative (Permanent) Hair Dyes

Permanent hair colourants remain the dominant category by sales volume and are the only class capable
of both depositing new colour and lightening the natural melanin substantially, in a single process. A
permanent tint is supplied as two components mixed immediately before use: a dye or "colour" base,
usually a cream or gel containing alkali (ammonia or an ethanolamine), colourless dye precursors (also
called primary intermediates) and couplers, together with surfactants, thickeners, antioxidants (commonly



sodium sulphite) and conditioning agents; and a developer, an aqueous or cream solution of hydrogen
peroxide, typically between three and twelve per cent, chosen according to the degree of lift required. [10]

When the two components are mixed, ammonia raises the pH of the preparation to roughly nine to ten. At
this pH the cuticle scales swell and lift away from the shaft, opening channels through which the small,
uncharged dye precursor and coupler molecules can diffuse into the cortex. Once inside the fibre,
hydrogen peroxide - itself activated by the alkaline environment - oxidises the primary intermediates. The
most widely used intermediate is para-phenylenediamine (PPD), together with related compounds such as
para-toluenediamine and para-aminophenol. Oxidation converts these colourless precursors into reactive
quinone-imine intermediates, which then couple with modifying compounds called couplers - typically
resorcinol, meta-aminophenol or various naphthol derivatives - to build up larger, coloured, and much
less water-soluble indo dye molecules directly inside the cortex. Because these final pigment molecules
are formed in situ and are too large to diffuse back out through the (now re-closing) cuticle once the hair
is rinsed and its pH restored to normal, the colour is trapped mechanically within the fibre and survives
repeated washing; only new growth at the root, and gradual oxidative and UV-driven fading of the
pigment itself, change the colour over time. [9]

A useful way to remember the process is that permanent colouring does two things simultaneously: it
deposits new synthetic pigment, and it partially bleaches the existing melanin, the extent of bleaching
depending mainly on developer strength. This dual action is why a single permanent-tint formulation can
be described by two numbers on its packaging - a base shade and a "volume" of peroxide - and why
choosing a stronger developer both lightens the natural colour more and intensifies the eventual tone.
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Figure 1. Sequence of reactions in oxidative (permanent) hair colouring, from alkaline swelling of the
cuticle to formation of trapped, wash-fast pigment within the cortex.

3.4 Natural, Vegetable and Metallic Colourants

Henna, obtained from the crushed leaves of Lawsonia inermis, remains the most widely used natural hair
colourant. Its active constituent, lawsone (2-hydroxy-1,4-naphthoquinone), binds to the keratin of the
cortex under mildly acidic conditions, without any oxidative step, producing a range of red-orange shades
that are genuinely permanent in the sense that they do not wash out, though they cannot be lightened or
easily overwritten by other colour classes because of how firmly lawsone binds. Combining henna with
indigo (from Indigofera species) allows brown to near-black shades to be produced, since indigotin
deposits a blue-black tone that blends with the underlying red of lawsone.

Metallic or "progressive™ dyes, historically sold as gradual colour restorers, rely on a completely different
mechanism: soluble lead or, in modern formulations, bismuth salts (commonly bismuth citrate) are
applied repeatedly, and slowly deposit an insoluble, dark metallic compound on and within the cuticle as
they react with sulphur groups in the keratin. Colour builds gradually with successive applications rather
than developing at once. Because metal deposits can interfere with subsequent oxidative colouring and, in
the case of lead, raise clear toxicological concerns, these products are now a minor and closely regulated
part of the market, largely restricted to specific grey-colour-restorer niches using bismuth rather than lead
salts.[8]

A safety point specific to henna is worth noting because it is frequently misunderstood by consumers: so-
called "black henna," sold for fast-developing, very dark temporary body art and occasionally marketed
for hair use, is not pure Lawsonia inermis at all but conventional henna adulterated with high
concentrations of PPD to shorten development time and deepen the shade. Because these mixtures are
typically far less well controlled and far more concentrated in PPD than a regulated oxidative hair dye,
they are associated with a disproportionate number of severe allergic sensitisation reactions, and a first
sensitising exposure through an unregulated black-henna product can subsequently trigger a serious
reaction on later, otherwise properly formulated, oxidative hair-dye use. This cross-reactivity is one of the
more important practical safety messages a formulator or dermatologist can pass on to consumers who
assume that anything described as "henna" is inherently PPD-free. [2]

3.5 Hair Bleaches and Lighteners

Where a client wants substantially more lift than an oxidative tint alone provides, or wants to remove
existing artificial colour, a dedicated bleaching (lightening) product is used rather than, or before, a tint.
Powder or cream bleaches combine an alkalising booster, most often ammonium persulphate or potassium
persulphate together with ammonia, with a higher-strength hydrogen peroxide developer, commonly nine
to twelve per cent. Persulphates decompose in the alkaline, peroxide-rich environment to generate
additional reactive oxidising species, considerably accelerating melanin oxidation beyond what peroxide
and ammonia alone would achieve in a comparable time. This stronger oxidative attack breaks down both
eumelanin and pheomelanin within the cortex into smaller, colourless or pale-yellow oxidation products,
progressively lightening the fibre through the well-recognised sequence of lightening "levels" familiar to
colourists, from black through red-brown, orange, yellow and pale yellow shades.



Because persulphate boosters are also recognised respiratory and skin sensitisers in their own right,
professional bleach powders are formulated and handled with particular care around dust generation and
inhalation exposure, and are subject to their own concentration limits and labelling requirements distinct
from those applied to oxidative tints. The same lightening chemistry, at a controlled and lower intensity,
is also exploited in the demi-permanent products described above and in "colour remover” formulations
designed to strip out unwanted semi-permanent or oxidative colour without materially lightening the
natural base pigment.

3.6 Colour Fading and Photostability

However a colourant is deposited, its visible lifetime on the fibre is governed by a combination of
mechanical wash-out, UV-driven photodegradation and, for oxidative pigments, gradual further oxidation
of the coloured indo-dye polymer itself. Direct dyes used in temporary and semi-permanent products are
particularly susceptible to simple diffusion back out of the fibre with each wash, which is why their
fading is comparatively even and predictable, whereas the trapped, high-molecular-weight pigments of
oxidative colouring fade more through slow chemical breakdown and UV exposure than through physical
loss, producing the duller, sometimes warmer-toned drift that colourists describe as “colour turning”
several weeks after a permanent tint. Formulators address this with UV filters, antioxidants and cationic
conditioning polymers built into both the colourant itself and companion after-care shampoos, aimed at
slowing pigment breakdown and reducing the cuticle-surface damage that would otherwise scatter light
and make colour look faded even before significant pigment loss has occurred.

3.7 Formulation and Safety Considerations

Beyond the core dye chemistry, a marketed hair colourant is a carefully balanced surfactant and polymer
system: anionic and nonionic surfactants control viscosity and rinse-out; fatty alcohols and conditioning
polymers offset the damage that alkaline swelling and oxidation cause to the cuticle and cortex;
sequestering agents control trace metal ions that could otherwise catalyse uncontrolled peroxide
decomposition; and antioxidants such as sodium sulphite or erythorbic acid stabilise the dye precursors
against premature oxidation during storage.

Safety is dominated by the sensitising potential of para-phenylenediamine and related aromatic amines,
which remain among the most common causes of allergic contact dermatitis linked to a cosmetic product.
For this reason, regulatory frameworks in most jurisdictions require, or formulators strongly recommend,
a patch test forty-eight hours before each application, restrict the permitted concentration of PPD and
related intermediates, and mandate warning statements on packaging. Formulators increasingly look
toward PPD alternatives, such as PPD-free coupler systems based on other diamine or aminophenol
chemistries, though complete replacement while maintaining shade range and wash-fastness remains
technically difficult.[9]

Table 1. Classification of Hair Colourants

Class Typical chemistry Mechanism Durability




Class Typical chemistry Mechanism Durability
Temporary Certified/basic dyes, film Surface coating of the cuticle; no | One
formers penetration shampoo
Semi-permanent Nitro- and anthraquinone Diffusion into outer cortex; no 4-12
direct dyes chemical reaction shampoos
Demi-permanent Low-strength peroxide + Limited oxidation-coupling; mild | 20-28
oxidative dyes lift shampoos
Oxidative PPD/PTD intermediates + Oxidation-coupling forms Permanent
(permanent) couplers + peroxide pigment inside cortex; melanin (until
bleached regrowth/f
ading)
Natural Lawsone, indigotin Direct binding to keratin, non- Permanent,
(henna/indigo) oxidative cannot
lighten
Metallic/progressive | Bismuth (formerly lead) salts | Gradual insoluble metal-sulphide | Builds
deposition on cuticle with
repeated
use

4. Depilatories and Shaving Preparations

Hair removal from the skin surface is achieved either mechanically, by cutting the fibre with a blade
(shaving), or chemically, by dissolving the fibre so it can be wiped away (depilation). Although the end
result looks similar, the two approaches rest on entirely different chemistry and carry different practical
trade-offs, the chief one being that shaving leaves a hard, blunt fibre tip that regrows visibly within a day
or two, whereas chemical depilation removes the fibre closer to a tapered natural tip, giving a smoother
regrowth appearance that lasts somewhat longer. [20]

4.1 Chemistry of Chemical Depilatories

The active principle in virtually all chemical depilatories is a thioglycolate salt - most often calcium
thioglycolate, with potassium or sodium thioglycolate also used - formulated at an alkaline pH of roughly
10 to 12.5, generally with the aid of calcium hydroxide or sodium hydroxide. At this pH, keratin fibres
swell and become more permeable, and the thiol (-SH) group of the thioglycolate ion reduces the cystine
disulphide cross-links that hold the keratin protein chains together, converting them to pairs of cysteine




thiol groups. As enough cross-links are broken, the fibre loses its mechanical integrity and swells into a
soft, jelly-like mass that can simply be scraped or wiped from the skin surface, along with the excess
product, typically after a contact time of five to ten minutes.

Because the same disulphide-reduction chemistry underlies permanent waving, depilatory and perm
formulations share a family resemblance, though depilatories are formulated at a higher pH and higher
active concentration, and are not followed by an oxidative "neutraliser” step - since the intention is to
dissolve the fibre, not to re-form new cross-links in a reshaped state [20]. Alkalinity and reaction time
must be tightly controlled, however, since the same swelling and keratin-softening action that removes
hair can also irritate or, with prolonged contact, chemically burn the surrounding skin; formulations
therefore include skin-conditioning agents (mineral oil, waxes, emollient esters) to protect the epidermis
during treatment, along with fragrance to mask the characteristically sulphurous odour of thioglycolates.

Depilatory products are marketed as creams, lotions, gels, aerosol foams and "roll-on" formats, the choice
largely governing viscosity, ease of even application, and rinse-off convenience rather than changing the
underlying chemistry. Some formulations use thiolactic acid or other reducing thiols as alternatives to
thioglycolate, chosen for reduced odour or slightly different skin tolerance, though thioglycolates remain
the most established and cost-effective option.

Action of a Thioglycolate-Based Chemical Depilatory

Depilatory cream applied to skin;
alkaline vehicle (pH 10-12.5) softens keratin

v

Calcium or potassium thioglycolate
penetrates the swollen hair shaft

v

Thiol (-SH) groups reduce the disulphide
(cystine) cross-links holding keratin fibres together

v

Hair shaft loses tensile strength and
breaks down into a soft, gel-like mass
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Residue and dissolved hair are wiped
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Figure 2. Reduction of keratin disulphide bonds by thioglycolate in a chemical depilatory, leading
to breakdown of the hair shaft.

4.2 Mechanical and Physical Hair-Removal Methods

Alongside chemical depilation, a range of purely mechanical hair-removal methods - waxing, sugaring,
epilating and threading - work by physically gripping and pulling the intact fibre, together with a portion



of its root, from the follicle, rather than dissolving or cutting it. Wax-based products, whether traditional
rosin-and-beeswax hot waxes or lower-temperature strip waxes built on synthetic resins and mineral oil,
function purely as an adhesive: melted or softened wax is spread onto the skin, allowed to grip the
emerging hair shafts as it cools and sets, and is then pulled away against the direction of growth, taking
the fibres with it. Sugaring pastes, made from sugar, water and an acid such as lemon juice, achieve a
similar adhesive grip through a different, water-soluble matrix, which some users find gentler on sensitive
skin and easier to rinse away. Because these methods remove the fibre from below the skin surface,
regrowth is typically slower and finer-tipped than after shaving, but the mechanical trauma to the follicle
and surrounding skin is correspondingly greater, and formulators of pre- and post-waxing products focus
on skin-cooling, anti-inflammatory and antiseptic actives (allantoin, chamomile and calendula extracts,
panthenol) to manage the associated erythema and folliculitis risk. These physical methods sit outside the
depilatory-cream chemistry described above, but are conventionally discussed alongside it since they
address the same consumer need for hair removal below or at the skin surface.

4.3 Shaving Preparations

Shaving preparations exist to make the mechanical cutting of hair by a blade easier and less traumatic to
the skin, rather than to alter the hair chemically. A pre-shave preparation, where used, typically dries or
tightens the skin surface (astringent lotions) or, for electric shaving, applies a light powder or lubricating
fluid to reduce blade drag without softening the beard [6].

Shaving creams, gels and foams share the same underlying goal: to soften and lift the hair shaft by
hydration, and to provide a slick, cushioning film between blade and skin so the blade glides rather than
drags or nicks. A traditional lathering shaving cream is essentially a soap - a potassium/triethanolamine
soap of stearic and other fatty acids - which, when worked up with water, produces a stable, dense foam
that both hydrates the hair (softening keratin through simple water uptake rather than chemical reduction)
and provides lubrication. Aerosol and pump foams achieve the same lubricating film using a fatty-acid
soap base combined with a hydrocarbon or hydrofluorocarbon propellant that expands the product into a
light foam on dispensing. Shaving gels, by contrast, are typically clear, higher-viscosity formulations
based on triethanolamine soaps or synthetic surfactants together with humectants such as glycerin, which
liquefy into a lubricating film only as they are worked into contact with warm, wet skin.

After-shave preparations address the skin irritation, minor nicks and follicular disturbance that shaving
causes. Classic after-shave lotions are largely alcohol-based, providing an astringent, antiseptic, cooling
effect along with fragrance, though the alcohol content can itself sting broken skin; balm-type after-shave
products instead emphasise emollients and soothing actives (allantoin, panthenol, aloe vera extract) with
little or no alcohol, aimed at reducing redness and razor burn rather than providing a strong antiseptic
sensation. [5]

It is worth noting that the razor itself, though a hardware rather than a formulation matter, interacts
closely with the chemistry of the shaving preparation used alongside it. Multi-blade cartridge razors rely
on the shaving product to hydrate and lift the hair shaft sufficiently that each successive blade can engage
a slightly shorter length of fibre with minimal additional skin contact, an effect sometimes called
"hysteresis shaving"; a poorly hydrating or quickly evaporating preparation forces the blades to cut drier,
less swollen fibre, increasing both cutting force and the likelihood of nicks, razor burn and ingrown hairs



(pseudofolliculitis barbae). This is one reason lathering creams and gels, which keep the skin visibly wet
throughout the shave, are generally associated with fewer irritation complaints than very thin, fast-drying
foams, independent of any difference in surfactant mildness between the two formats. [18]

Both depilatory creams and shaving preparations are also increasingly formulated with the specific body
site in mind, since facial, underarm, leg and bikini-area skin differ meaningfully in thickness, follicle
density and baseline sensitivity. Facial and bikini-area depilatory formulations are typically supplied at a
lower thioglycolate concentration and with a shorter maximum recommended contact time than leg or
body formulations, together with additional emollients, to reflect the thinner, more reactive skin found at
those sites; razors and shaving preparations marketed for the face similarly tend to favour lower-friction,
higher-lubricity formulations than those intended for legs, where a thicker, denser lather is often preferred
for coverage over a larger area. This site-specific tailoring is a good example of how a single underlying
chemistry - alkaline thiol reduction, or soap-based lubrication - is adapted through formulation detail,
rather than reinvented, to suit distinct parts of the product range.

Table 2. Common Actives Used in Depilatory and Shaving Products

Ingredient/agent

Product type

Function

Calcium thioglycolate

Chemical depilatory
cream/lotion

Reduces cystine disulphide bonds,
dissolving the hair shaft

Potassium/sodium
thioglycolate

Depilatory gel/aerosol

Alternative reducing agent, faster acting

Calcium hydroxide /
sodium hydroxide

Depilatory base

Maintains alkaline pH needed for thiol
reduction

Potassium/TEA stearate
soap

Lathering shaving cream

Foam formation and hair-softening
lubrication

Glycerin, sorbitol

Shaving gel

Humectancy, slip, moisture retention on
skin

Alcohol
(ethanol/isopropanol)

After-shave lotion

Astringent, antiseptic, cooling sensation

Allantoin, panthenol

After-shave balm

Soothing, anti-irritant, skin-conditioning




5. Anti-Dandruff Preparations

Dandruff (pityriasis capitis) is characterised by visible flaking of the scalp, usually without significant
redness, and often accompanied by mild itching. When the same flaking process is accompanied by
marked erythema and inflammation, most commonly across the scalp margin, eyebrows and nasolabial
folds, the condition is generally termed seborrheic dermatitis; the two are now widely regarded as points
on a single clinical spectrum rather than entirely separate diseases. [14]

5.1 Pathophysiology

Three factors are consistently implicated in dandruff: sebum production, the resident scalp yeast
Malassezia (particularly M. globosa and M. restricta), and individual susceptibility of the scalp barrier.
Malassezia species cannot synthesise their own fatty acids and instead rely on hydrolysing sebum lipids,
in the process releasing free fatty acids - notably oleic acid - onto the scalp surface. In susceptible
individuals these free fatty acids penetrate the stratum corneum, disturb the normal barrier and cell-
turnover pattern, and provoke a low-grade inflammatory response, resulting in irregular, accelerated
shedding of poorly-formed corneocytes that clump together and become visible as flakes. This explains
why dandruff tends to worsen in sebum-rich areas of the scalp and why antifungal treatment, quite apart
from any direct anti-inflammatory action, is often sufficient to control it.

Dandruff is extremely common, with population surveys generally putting the prevalence of at least mild
scalp flaking at around half of the post-pubertal population, rising after puberty in step with increased
sebaceous activity and tending to peak in early adulthood before declining somewhat with age as sebum
output falls [16]. It occurs across all hair types and ethnic backgrounds, though presentation can differ -
flaking may be more visually obvious against darker hair, for instance, while scalp dryness and breakage
patterns associated with tightly curled hair can sometimes be mistaken for, or coexist with, true dandruff,
which is one reason a careful visual and history-based assessment of the scalp, rather than assumption
from hair type alone, is generally recommended before selecting a treatment. [17]

A number of other scalp conditions can mimic dandruff and are worth distinguishing before a purely
cosmetic anti-dandruff product is chosen, since they may not respond to antifungal or keratolytic actives
alone: psoriasis of the scalp typically presents with thicker, more adherent, silvery scale and well-
demarcated plaques rather than the fine, loose scale of ordinary dandruff; contact dermatitis from hair-
care products (including, notably, PPD-containing dyes discussed in Section 3) produces itching and
scaling closely linked in time to a specific product exposure; and simple dry scalp, without significant
Malassezia involvement, may improve with moisturising conditioners alone rather than requiring an
antifungal shampoo. Persistent, treatment-resistant or markedly inflamed scalp presentations are generally
better referred for dermatological assessment than treated indefinitely with successive over-the-counter
products.

5.2 Active Ingredients

Zinc pyrithione is the most widely used anti-dandruff active worldwide, typically formulated at around
one to two per cent in shampoos. It combines a direct antifungal action against Malassezia with a



cytostatic effect that slows the abnormally rapid epidermal turnover seen in the affected scalp; its relative
insolubility helps it deposit onto and remain on the scalp during the brief contact time of a shampoo wash.

Selenium sulfide, generally used at one to two and a half per cent, acts similarly by reducing Malassezia
populations and slowing corneocyte turnover, though it is more commonly associated with an unpleasant
odour and a tendency to discolour light or chemically treated hair, which has limited its use compared
with zinc pyrithione in modern cosmetic shampoos.

Ketoconazole, an imidazole antifungal, is available in over-the-counter shampoo formulations at around
one per cent (with higher, prescription-only strengths used for more severe seborrheic dermatitis) and
works by inhibiting ergosterol synthesis in the Malassezia cell membrane, giving a more targeted
antifungal action than zinc pyrithione or selenium sulfide. Ciclopirox olamine offers a related but
structurally distinct antifungal mechanism, interfering with fungal membrane transport processes, and is
used in both shampoo and scalp-solution formats[17].

Coal tar, one of the oldest anti-dandruff and anti-psoriatic actives, works largely through a
keratoplastic/keratolytic effect that normalises epidermal turnover and reduces scaling, alongside a mild
antimicrobial action; its use has declined somewhat because of odour, staining and cosmetic elegance
concerns, together with regulatory caution around coal-tar derivatives in some markets. Salicylic acid, by
contrast, acts as a straightforward keratolytic agent, loosening the intercellular cement between
corneocytes to help lift and remove existing scale, and is often combined with an antifungal active rather
than used alone. Climbazole is a further imidazole antifungal increasingly used in European anti-dandruff
shampoo formulations, often alongside piroctone olamine, another pyridone-class antifungal valued for its
comparatively mild skin profile.

Table 3. Principal Anti-Dandruff Active Ingredients

Active Typical use level Primary mechanism

Zinc pyrithione 1-2% (shampoo) Antifungal (Malassezia) plus cytostatic
effect on epidermal turnover

Selenium sulfide 1-2.5% (shampoo) Antifungal and cytostatic; reduces
corneocyte turnover rate

Ketoconazole 1% OTC/ 2% Rx Inhibits fungal ergosterol synthesis
(shampoo)
Ciclopirox olamine 1-1.5% Disrupts fungal membrane transport

(shampoo/solution)

Piroctone olamine 0.5-1% (shampoo) Antifungal, pyridone class, mild skin profile




Active Typical use level Primary mechanism

Climbazole 0.2-0.5% (shampoo) Imidazole antifungal
Coal tar 0.5-5% (shampoo/lotion) Keratoplastic/keratolytic, mild antimicrobial
Salicylic acid 1.5-3% (shampoo/lotion) Keratolytic - loosens corneocyte adhesion

5.3 Formulation Types and Use Directions

Medicated anti-dandruff shampoos remain the dominant delivery format, built on a base of mild anionic
and amphoteric surfactants chosen to cleanse without excessively stripping sebum (which could worsen
barrier disruption), with the active suspended or dissolved at an effective concentration and left in contact
with the scalp, rather than rinsed immediately, for several minutes to allow the antifungal or keratolytic
action to take place. Scalp lotions and tonics offer a leave-on alternative or adjunct, useful when more
prolonged contact with an active such as ciclopirox or a corticosteroid is desired, or when hair-washing
frequency is deliberately kept low. Scalp treatments combining an antifungal with a mild topical
corticosteroid are reserved for short courses in more inflamed, seborrheic-dermatitis-type presentations,
given the risks of longer-term corticosteroid use on skin.[15]

In practice, many over-the-counter regimens also make use of a rotation strategy, alternating between two
different active classes - for example, a zinc pyrithione shampoo used for most washes with a
ketoconazole or selenium sulfide shampoo used once or twice weekly - on the reasoning that this reduces
the chance of the resident Malassezia population adapting to a single agent and may broaden the overall
antifungal and keratolytic coverage achieved. Evidence for the superiority of rotation over consistent use
of a single well-tolerated active is mixed, but the practice remains common in both dermatological advice
and product marketing, and formulators sometimes design companion product pairs specifically to
support such a routine. Whatever the specific active or rotation pattern chosen, consistency of use and
adequate scalp contact time matter more to outcome than the fine choice between broadly comparable
actives, and relapse is common if treatment is stopped as soon as flaking clears rather than continued at a
reduced maintenance frequency.



Rational Approach to Dandruff and Scalp-Care Product Selection

Assess scalp condition
(dry flaking vs. oily/inflamed)

'

& e
<% >

Mild, non-inflammatory Seborrheic dermatitis /
dandruff (pityriasis simplex) Malassezia-driven, inflamed scalp
Cleansing/keratolytic agents: Antifungal + anti-inflammatory:
zinc pyrithione, selenium sulfide, ketoconazole, ciclopirox olamine,
salicylic acid, coal tar climbazole; short-course corticosteroid lotion

\ /

Regular medicated shampoo, 2-3 times weekly,
left on scalp for 3-5 minutes before rinsing

'

Maintenance scalp care:
balanced surfactant shampoo, conditioner,
scalp tonic/serum; review if no improvement in 4-6 weeks

Figure 3. Decision pathway from assessment of scalp condition to selection of an appropriate anti-
dandruff active and maintenance regimen.

6. General Scalp Care Products

Beyond the specifically medicated categories above, a broad range of everyday scalp-care products is
formulated to maintain a comfortable, balanced scalp environment: conditioners and rinse-off treatments
deposit conditioning agents (cationic polymers, silicones, fatty alcohols) that reduce friction and static on
the fibre while generally being formulated to minimise build-up on the scalp itself; leave-on scalp tonics
and serums typically combine humectants, plant extracts and sometimes mild keratolytic or circulation-
promoting ingredients, aimed at consumers seeking a fresher-feeling scalp between washes or wanting to
support the appearance of hair density.[13]

Scalp exfoliants, applied shortly before shampooing, use gentle physical particles or mild chemical
exfoliants (low-concentration salicylic or glycolic acid) to lift excess sebum, product residue and loose
scale from the scalp surface, a category that has grown considerably as consumers have adopted skin-
care-style routines for the scalp. Minoxidil-based topical solutions and foams, though regulated as an
OTC drug rather than a cosmetic in most markets, are frequently discussed alongside scalp-care cosmetics
because they are applied to the same site and are commonly used together with cosmetic scalp tonics;
minoxidil's mechanism is understood to involve vasodilation and a shortening of the telogen (resting)
phase of the hair cycle, rather than any direct action on sebum or Malassezia. [17]



Across this whole sub-category, formulators pay close attention to rinse-off efficiency and to avoiding
heavy, occlusive silicones or waxes directly at the scalp, since residue at the follicular opening is widely
believed by both consumers and dermatologists to contribute to scalp discomfort, itching and a perception
of increased oiliness, even where direct clinical evidence for follicular occlusion is limited.

A fast-growing part of this category markets itself around supporting the appearance of hair density rather
than treating a defined scalp disorder. Typical actives include caffeine, included on the basis of laboratory
evidence that it can penetrate the follicle and counter some effects of androgens on hair-follicle cell
metabolism; biotin and other B-vitamins, included largely on general hair-health grounds though clinical
evidence of benefit in individuals without a frank deficiency is limited; plant-derived compounds such as
saw palmetto extract, proposed as a mild inhibitor of 5-alpha-reductase activity; and cosmetic peptides
marketed as supporting the dermal papilla and follicle micro-environment. These ingredients are
formulated into leave-on serums, tonics and, increasingly, scalp "treatment” masks applied before
shampooing, and are marketed on a cosmetic rather than drug basis in most jurisdictions, which places a
corresponding limit on the strength of any claim that can be made for genuine hair regrowth as opposed to
improved fibre and scalp condition.

This growth in dedicated scalp-care products reflects a broader shift in consumer behaviour, sometimes
described in the trade press as treating the scalp as an extension of facial skin care: routines increasingly
include a distinct scalp cleanser or exfoliant used before the main shampoo, a leave-on scalp serum
applied to towel-dried hair, and periodic use of a scalp mask analogous to a facial clay mask, alongside
the medicated products described in Section 5 for those with diagnosed flaking or irritation. [13]

One further routine-level decision that interacts with much of the preceding material is the balance
between cleansing and conditioning steps. "Co-washing," or cleansing with a conditioner rather than a
surfactant shampoo, has become popular among consumers with drier or more fragile hair types seeking
to avoid over-stripping natural sebum, but it can leave more conditioning-agent residue at the scalp than a
conventional shampoo routine, which is generally unhelpful for anyone also managing dandruff or a
sensitive scalp, since residue build-up can itself provoke itching independent of any Malassezia-driven
process. For that reason, dermatological and formulation guidance both tend to favour a genuine
surfactant-based cleanse of the scalp, even if a conditioner or co-wash step is retained for the lengths of
hair, whenever an anti-dandruff or other medicated scalp product is part of the routine, so that the active
ingredient reaches, and is not blocked from reaching, the scalp surface itself. [15]

7. Quality Control, Safety Evaluation and Regulatory Aspects

Because most products discussed in this chapter are applied to skin known for higher permeability and
sensitivity than most body sites, and because several classes (oxidative dyes, thioglycolate depilatories,
medicated anti-dandruff actives) contain ingredients with a genuine irritant or sensitising potential,
quality control and safety evaluation are unusually central to this category [17].

Raw-material specifications and batch release testing cover assay of the active ingredient (peroxide
strength in developers, thioglycolate content in depilatories, pyrithione or azole content in anti-dandruff
actives), pH, viscosity and microbial limits, alongside stability testing under accelerated and real-time
storage conditions to confirm that reactive components (peroxide, dye intermediates, thiol reducing



agents) retain potency and that the product does not discolour, separate or lose viscosity before the end of
its shelf life. [18]

Regulatory frameworks generally set maximum permitted concentrations for the more sensitising or
corrosive actives - for example, ceilings on PPD and related aromatic amine intermediates in oxidative
dyes, and on hydrogen peroxide concentration in ready-to-use hair products - together with mandatory
warning statements and, for hair dyes, a recommended pre-use patch test. Depilatories carry directions
limiting maximum contact time precisely because the same alkaline, keratin-softening chemistry that
removes hair can chemically irritate or burn skin if left in place too long. Anti-dandruff actives used at
cosmetic concentrations are generally well tolerated, but ketoconazole, coal tar and selenium sulfide
products still carry specific use directions (contact time, frequency, rinsing) reflecting their more overtly
pharmacological mode of action. [9]

Sensory and consumer-safety evaluation - patch testing on human volunteers, ocular and mucosal safety
assessment for products used near the hairline and ears, and use testing to confirm real-world contact
times are compatible with the laboratory-established safety margins - complements the chemical and
microbiological release testing, and is generally considered a precondition before any new hair-colouring,
depilatory or medicated scalp product reaches market.

On the analytical side, high-performance liquid chromatography (HPLC) is the standard method for
assaying dye intermediates and couplers in colourant bases and for confirming the declared concentration
of actives such as ketoconazole, zinc pyrithione or salicylic acid in anti-dandruff formulations, generally
against a validated reference standard and calibration curve. lodometric or cerimetric titration remains
widely used for peroxide-strength determination in developers, since it is rapid, inexpensive and well
suited to routine batch release, while thioglycolate content in depilatory and permanent-wave products is
commonly determined by iodine titration of the free thiol group. Stability protocols typically follow the
accelerated-storage philosophy familiar from broader pharmaceutical and cosmetic practice - for example,
samples held at forty degrees Celsius and seventy-five per cent relative humidity for three to six months,
alongside real-time storage at label conditions - with periodic checks of assay, pH, viscosity, colour and
odour used to project a shelf life and to set appropriate storage and "use within" instructions on the pack.

7.1 Packaging and Consumer Use Considerations

Packaging is not a trivial afterthought in this category: hair-dye kits are supplied with separate, clearly
labelled colour-base and developer components specifically to prevent premature mixing and loss of
activity, together with disposable gloves, a mixing tray or bottle, and a patch-test sachet or instructions to
test a small area at least forty-eight hours in advance. Depilatory creams are commonly packaged with a
spatula or timing guide to help the user avoid exceeding the recommended contact time, since - unlike a
shampoo, where over-use mainly wastes product - over-exposure to a depilatory can directly translate into
a chemical burn. Anti-dandruff shampoos are generally labelled with a recommended minimum contact
time on the scalp (often two to five minutes) and a suggested frequency of use, both of which are
determined during clinical or consumer-use studies to balance efficacy against the practical reality that
many users are inclined to under-dose contact time simply to finish washing more quickly. Clear, simple
use instructions of this kind are, in practice, as important to a product's real-world performance as the
underlying active-ingredient chemistry. [20]



7.2 Regulatory Overview Across Major Markets

Regulatory treatment of this product category differs in detail between major markets but follows a
broadly similar logic. In the European Union, hair colourants, depilatories, shaving products and cosmetic
anti-dandruff shampoos are regulated as cosmetics under the EU Cosmetic Products Regulation, which
maintains positive and restricted-substance lists specifying maximum permitted concentrations for
individual hair-dye intermediates and for hydrogen peroxide, together with mandatory labelling and, for
oxidative dyes, an explicit patch-test recommendation. In the United States, the same broad product types
are generally regulated as cosmetics under the Food, Drug, and Cosmetic Act, except where an
ingredient's intended use crosses into a therapeutic claim - anti-dandruff products containing actives such
as coal tar, salicylic acid, selenium sulfide, ketoconazole or zinc pyrithione at defined concentrations are
instead regulated as over-the-counter (OTC) drugs under an applicable OTC monograph, which sets
permitted active concentrations, required warnings and permitted claims quite specifically [9][10]. Other
major markets, including those in Asia-Pacific and Latin America, generally align with one or other of
these two broad frameworks, often adopting comparable ingredient-restriction lists, though the fine detail
of permitted concentrations and required warnings can still vary meaningfully enough that a global
formulation is frequently adapted, rather than sold identically, from one region to the next.

8. Environmental and Sustainability Considerations

As with most personal-care categories, environmental considerations have become an increasingly
explicit part of formulation and packaging decisions in this space, alongside the efficacy and safety
concerns that have traditionally dominated. Oxidative hair dyes and bleaches raise a specific concern
around the aromatic amine and persulphate residues that enter wastewater after rinsing, and reformulation
efforts in recent years have focused on reducing free ammonia (replacing it partly or wholly with lower-
odour, lower-volatility alkanolamines), on developing PPD-free or lower-allergenicity coupler systems,
and on improving the biodegradability of surfactants and conditioning polymers used in the
accompanying shampoo and conditioner bases. Aerosol shaving foams and some depilatory formats have
shifted propellant chemistry over past decades, first away from chlorofluorocarbons for ozone-layer
reasons and subsequently toward lower-global-warming-potential hydrocarbon propellants, while a
parallel trend toward pump-dispensed and gel formats reduces propellant use altogether for consumers
willing to accept a different in-use texture.

Packaging waste is a second, more visible concern: multi-component hair-dye Kits, by their nature,
generate more mixed packaging (bottles, sachets, gloves, instruction leaflets) per use than a single-format
shampoo, and manufacturers have responded with lighter-weight bottles, recyclable mono-material packs
where feasible, and, for some professional salon lines, bulk or refillable developer and colour-base
systems intended to reduce single-use packaging in a higher-volume setting. None of these environmental
adaptations alter the core chemistry described earlier in this chapter, but they increasingly shape which
specific raw materials and packaging formats a formulator selects to deliver that chemistry in practice.

9. Conclusion

Hair colouring, depilation and shaving, and scalp-directed treatments together form a category unified
less by a single chemistry than by a shared substrate - the keratinised hair fibre and the scalp epidermis -



and a shared set of formulation concerns: efficacy within a realistic, short contact time, cosmetic
elegance, and an acceptable margin of safety on repeatedly, sometimes lifelong, exposed skin. Oxidative
hair dyes remain the clearest example of designed cosmetic chemistry, using an alkaline environment and
a controlled oxidation-coupling reaction to build permanent colour inside an otherwise closed fibre.
Depilatories borrow closely related disulphide chemistry to achieve the opposite outcome - dissolution
rather than reshaping or colouring of the fibre - while shaving preparations rely on straightforward
hydration and lubrication rather than any true chemical transformation of keratin. Anti-dandruff
formulation, finally, sits closer to dermatological therapeutics than to classical cosmetic chemistry, built
around a now well-characterised interaction between scalp sebum, the Malassezia yeast and individual
barrier susceptibility. A sound working knowledge of each of these mechanisms allows the formulator,
pharmacist or dermatologist to evaluate new ingredients and new product claims on their chemical and
biological merits, rather than on marketing description alone. [12]

Looking ahead, incremental rather than revolutionary change seems the most likely trajectory across this
category: refinement of PPD-free and lower-irritancy dye systems, wider adoption of milder pyridone-
and imidazole-class anti-dandruff actives alongside the long-established zinc pyrithione and selenium
sulfide, continued growth of scalp-focused leave-on care as an extension of facial skin care, and steady
packaging and propellant improvements driven as much by environmental regulation as by consumer
preference. None of this displaces the underlying reactions described in this chapter; it mainly reshapes
how, and how gently, those reactions are delivered to the hair and scalp.
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Abstract

Oral care and personal hygiene products play a fundamental role in maintaining health, preventing
diseases, and improving overall quality of life. These products are formulated to cleanse, protect, and
maintain the health of the oral cavity, skin, hair, and body by removing dirt, microorganisms, excess oil,
and unpleasant odors while reducing the risk of infections. Oral care products such as toothpastes,
dentifrices, mouthwashes, gargles, dental floss, and other interdental cleaning aids help prevent dental
caries, plague formation, gingivitis, periodontal diseases, and halitosis, thereby promoting optimal oral
health. Personal hygiene products, including skin care products, hair care products, deodorants,
antiperspirants, hand hygiene products, and feminine hygiene products, contribute to body cleanliness,
infection control, skin protection, and personal comfort. The effectiveness of these products depends on
the appropriate selection of active pharmaceutical ingredients and excipients, such as surfactants,
abrasives, humectants, emollients, antimicrobial agents, preservatives, fragrances, and antioxidants, which
ensure product safety, stability, efficacy, and consumer acceptability. Recent advancements in cosmetic
and pharmaceutical technology have led to the development of herbal formulations, alcohol-free products,
fluoride-enriched dentifrices, skin-friendly cleansers, and long-lasting personal hygiene products with
improved therapeutic and cosmetic benefits. This chapter provides a comprehensive overview of the
classification, composition, formulation, ideal characteristics, advantages, limitations, and applications of
oral care and personal hygiene products, emphasizing their importance in preventive healthcare and the
promotion of overall health and well-being.

Keywords: Oral care products, Personal hygiene products, Toothpaste, Mouthwash, Deodorants,
Antiperspirants, Skin care, Preventive healthcare, Cosmetic formulations.
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Oral care and personal hygiene products are an integral part of preventive healthcare and everyday life.
These products are designed to maintain the cleanliness and health of the oral cavity, skin, and body by
removing dirt, microorganisms, and unpleasant odors while protecting against infections and diseases.
Good personal hygiene not only promotes physical health but also improves appearance, self-esteem, and
social well-being (1-3).

Oral care products focus on maintaining the health of the teeth, gums, tongue, and oral mucosa. Regular
use of products such as toothpastes, dentifrices, mouthwashes, and gargles helps prevent dental caries,
plaque accumulation, gingivitis, periodontal diseases, and halitosis. Many modern oral care formulations
contain therapeutic ingredients, including fluoride, antimicrobial agents, and desensitizing compounds,
which provide additional protection and promote long-term oral health (2,4-6). Personal hygiene
products, including deodorants and antiperspirants, are developed to maintain body freshness and control
body odor. Deodorants work by reducing or masking odor caused by bacterial decomposition of sweat,
whereas antiperspirants reduce excessive sweating by temporarily blocking the sweat ducts. These
products enhance personal comfort and confidence while contributing to overall hygiene (3,7,8).

The formulation of oral care and personal hygiene products requires the careful selection of active
ingredients and excipients to ensure safety, stability, effectiveness, and consumer acceptability.
Ingredients such as abrasives, humectants, surfactants, preservatives, flavors, fragrances, and
antimicrobial agents are incorporated to improve product performance and user experience (1,5,8).With
increasing awareness of preventive healthcare and personal wellness, the demand for safe, effective, and
innovative oral care and hygiene products has grown significantly. Advances in pharmaceutical and
cosmetic technology have led to the development of herbal formulations, alcohol-free mouthwashes,
fluoride-enriched dentifrices, natural deodorants, and long-lasting antiperspirants. These products play an
essential role in maintaining health, preventing disease, and improving the overall quality of life (2,5).

Importance of Oral Care (8)
1. Maintains healthy teeth and gums by preventing oral diseases.
2. Prevents dental caries (tooth decay) by removing plaque and food debris.
3. Reduces plaque and tartar formation, lowering the risk of gum disease.
4. Prevents gingivitis and periodontitis by controlling bacterial growth.
5. Eliminates bad breath (halitosis), keeping the mouth fresh.
6. Helps preserve natural teeth and reduces tooth loss.
7. Improves chewing and digestion by maintaining healthy teeth.
8. Prevents oral infections and reduces the risk of complications.

9. Enhances appearance by keeping teeth clean and reducing stains.



10. Boosts self-confidence through fresh breath and a healthy smile.

11. Promotes overall health, as good oral hygiene may reduce the risk of certain systemic conditions
associated with poor oral health.

12. Reduces the need for costly dental treatments through regular preventive care.

Oral Care Products
Definition

Oral care products are pharmaceutical and cosmetic preparations designed to maintain the cleanliness and
health of the oral cavity, including the teeth, gums, tongue, and oral mucosa. They help prevent dental
diseases, control microbial growth, remove food debris, and maintain fresh breath (10).

Introduction

Oral health is an important component of general health and well-being. The oral cavity serves as the
entry point to the digestive and respiratory systems and is continuously exposed to food particles,
microorganisms, and environmental factors. Poor oral hygiene can lead to dental caries, plague
accumulation, gingivitis, periodontal diseases, bad breath (halitosis), and other oral infections. Regular
use of oral care products, along with proper brushing and flossing techniques, helps maintain healthy
teeth and gums while reducing the risk of oral diseases.

Modern oral care products are formulated not only to clean the teeth but also to provide therapeutic
benefits such as cavity prevention, plaque control, gum protection, tooth desensitization, enamel
strengthening, and breath freshening. These formulations contain carefully selected active ingredients and
excipients that ensure safety, efficacy, stability, and consumer acceptability (9).

Objectives of Oral Care Products

e Oral care products help maintain the cleanliness of the teeth and oral cavity.
e They remove dental plaque and food debris effectively.

e They help prevent dental caries and tooth decay.

e They protect the gums from inflammation and infection.

e They reduce bad breath (halitosis) and promote fresh breath.

e They strengthen tooth enamel and improve its resistance to decay.

e They help prevent periodontal diseases.

e They maintain overall oral hygiene and oral health.

Advantages of Oral Care Products

e Oral care products promote healthy teeth and gums.
e They help prevent tooth decay and dental cavities.



They reduce plaque accumulation and tartar formation.

They control bad breath and maintain fresh breath.

They help prevent gum diseases.

They improve chewing efficiency and oral comfort.

They enhance appearance and boost self-confidence.

They support overall health by maintaining good oral hygiene.

Limitations

Improper or excessive use may cause tooth sensitivity or irritation.
Some ingredients may cause allergic reactions in susceptible individuals.
Oral care products cannot replace professional dental treatment when required.

Effectiveness depends on regular and correct use.

Classification of Oral Care Products (11)

1.

2.

Toothpastes

Dentifrices (Tooth powders and toothpastes)
Mouthwashes

Gargles

Dental floss

Interdental cleaners

Tongue cleaners

Breath fresheners



CLASSIFICATION OF ORAL CARE PRODUCTS
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Figure 7.1 Oral Care Products

1. Toothpastes
Definition

Toothpaste is a semi-solid dentifrice preparation used with a toothbrush to clean teeth, remove dental
plaque, polish tooth surfaces, prevent dental caries, and maintain oral hygiene.

Objectives

e To clean the teeth and gums effectively.

e Toremove dental plaque and food debris.

e To prevent dental caries (tooth decay).

e To strengthen and protect tooth enamel.

e To freshen breath and control oral malodor.

e To maintain healthy gums and overall oral hygiene.

Ideal Characteristics

e It should be non-toxic and non-irritating to the oral tissues.

e It should have a pleasant taste and aroma to encourage regular use.

o It should provide effective cleaning and polishing of the teeth.

o It should be sufficiently abrasive to remove stains without damaging the tooth enamel.

o It should remain physically, chemically, and microbiologically stable throughout its shelf life.



It should be easy to dispense from the container and spread uniformly on the toothbrush.
It should be compatible with fluoride and other active ingredients used in the formulation.
It should produce an adequate amount of foam for effective cleaning.

It should be free from harmful microorganisms and contaminants.

It should be safe for regular daily use and acceptable to consumers.

Common Excipient Used in Oral Care Products

S.No Excipient Function Common Examples
1. . Calcium carbonate, Hydrated silica,
. Remove stains and clean | _. . .
Abrasives teeth Dicalcium  phosphate  dihydrate,
Calcium pyrophosphate
2. . Sodium  fluoride (NaF), Sodium
. Prevent dental caries and
Fluorides strengthen enamel monofluorophosphate (MFP),
g Stannous fluoride (SnF2)
: i ium | | sulf LS), i
3 Produce foam and aid Sodium laury _su ate (S S)_ Sodium
Surfactants . lauroyl sarcosinate, Cocamidopropyl
cleaning .
betaine
4. Prevent drying of the | Glycerin, Sorbitol, Propylene glycol,
Humectants formulation Polyethylene glycol (PEG-400)
5. Provide consistency and Sodium  carboxymethyl  cellulose
Binders - y (NaCMC), Carrageenan, Xanthan
stability
gum, Carbomer
6. Sodium saccharin, Xylitol, Sorbitol,
Sweeteners Improve taste
Sucralose
7. Flavourin Peppermint  oil, Spearmint oil,
g Freshen breath Menthol, Eucalyptus oil, Cinnamon
agents .
oil
8. Antimicrobial Chlorhexidine gluconate, Triclosan,
Control bacterial growth Cetylpyridinium chloride (CPC), Zinc
agents .
citrate
9. . Prevent microbial | Sodium benzoate, Methyl paraben,
Preservatives L .
contamination Propyl paraben, Potassium sorbate
10. . Titanium dioxide (white pigment),
goelr(z:srmg ;mper;)éence product Brilliant Blue FCF (Blue No. 1),
g PP Tartrazine (Yellow No. 5),




| | Erythrosine (Red No. 3)

Advantages
e Prevents dental caries.
e Removes plaque and stains.
e Strengthens enamel.
e Freshens breath.
e Maintains healthy gums.
Limitations
e Excessive abrasiveness may damage enamel.
e Some ingredients may cause allergies.

e Improper use may cause tooth sensitivity.

e Used for daily cleaning of the teeth and maintenance of oral hygiene.
e Helps prevent dental caries and tooth decay.

e Controls dental plaque and reduces bacterial growth.

e Promotes healthy gums and helps prevent gingival diseases.

e Removes food debris and surface stains from the teeth.

e Freshens breath and reduces bad breath (halitosis).

e Protects tooth enamel and improves overall oral health.

2. Dentifrices (Tooth Powders and Toothpastes)
Definition

Dentifrices are preparations used for cleaning, polishing, and maintaining the health of teeth. They are
available as tooth powders, toothpastes, gels, and dental creams.

Classification
e Tooth powders

e Toothpastes



e Dental creams

e Tooth gels
Composition

o Abrasives

o Fluorides

e Humectants (except powders)
e Flavouring agents
e  Sweeteners
e Preservatives
e Colouring agents
Ideal Characteristics

e It should provide effective cleaning and polishing of the teeth.

e It should have a pleasant taste and aroma to encourage regular use.

e It should be safe for tooth enamel and oral tissues.

e It should remain physically, chemically, and microbiologically stable during storage.
e It should be easy to apply and use.

e It should be economical and readily available.

o It should effectively remove plaque, food debris, and surface stains.

e It should be non-toxic and non-irritating to the oral cavity.

Advantages
e Cleans and polishes teeth.
e Removes stains.
e Prevents plaque formation.
e Improves oral hygiene.
Limitations
e Tooth powders may be abrasive.
e Incorrect brushing may damage gums.

e Cannot treat advanced dental diseases.



Uses
o Daily cleaning of teeth.
e Prevention of plaque.
o Removal of food debris.
3. Mouthwashes
Definition

Mouthwashes are aqueous liquid preparations used to rinse the mouth to reduce microorganisms, prevent
plaque formation, and freshen breath.

Classification
e Cosmetic mouthwashes

e  Therapeutic mouthwashes

Ideal Characteristics
e Pleasant taste and odor.
e Non-irritating.
e Stable.
e Good antimicrobial activity.

o Safe for regular use.

Composition

Ingredient Examples

Vehicle Purified water

Solvent Ethanol (optional)

Antimicrobial agents Chlorhexidine, Cetylpyridinium chloride
Fluoride Sodium fluoride

Sweeteners Sorbitol, Sodium saccharin




Flavouring agents Peppermint oil, Menthol

Preservatives Sodium benzoate
Colouring agents Approved food colours
Advantages

e Controls plaque.
e Reduces oral bacteria.
e Freshens breath.
e Helps prevent gingivitis.
Limitations
e Does not replace brushing.
e Alcohol-containing products may irritate oral tissues.

e Long-term chlorhexidine use may stain teeth.

e Oral hygiene.

o Halitosis.

e Gingivitis.

o Post-operative oral care.
4. Gargles
Definition

Gargles are aqueous preparations used to cleanse the throat and pharynx and to relieve throat infections
and inflammation.

Ideal Characteristics
e Pleasant taste.

o Non-irritating.



o [Effective antimicrobial action.
e Stable formulation.

e Easytogargle.

Composition

Ingredient Examples

Vehicle Purified water

Active ingredient Povidone-iodine, Benzydamine hydrochloride
Sweeteners Sorbitol

Flavouring agents Menthol, Peppermint oil

Preservatives Sodium benzoate

Colouring agents Approved colours

Advantages

e Reduces throat infections.

e Relieves sore throat.

e Reduces inflammation.

o Easy to administer.
Limitations

e Temporary relief.

e Should not be swallowed.

e Frequent use may cause irritation.

e Sore throat.
e Pharyngitis.

o Tonsillitis.




e Oral infections.
5. Deodorants
Definition

Deodorants are products that reduce or eliminate body odor caused by bacterial decomposition of sweat
without significantly affecting perspiration.

Ideal Characteristics
o  Safe for skin.
e Non-irritating.
e Pleasant fragrance.
e Long-lasting odor control.
e Non-staining.

o Easy to apply.

Composition

Ingredient Examples

Antimicrobial agents Triclosan, Benzalkonium chloride
Alcohol Ethanol

Fragrance Lavender oil, Rose oil
Propellant (sprays) Butane, Propane

Emollients Glycerin

Preservatives Phenoxyethanol

Advantages

e Controls body odor.
e Provides freshness.
e Improves confidence.

e [Easytouse.



Limitations
e May cause skin irritation.
e Fragrances may cause allergies.

e Does not reduce sweating.

o Daily personal hygiene.

e Control of underarm odor.

e Prevention of unpleasant body odor.
6. Antiperspirants

Antiperspirants are products that reduce perspiration by temporarily blocking sweat ducts using aluminum
salts.

Ideal Characteristics
o Effective sweat reduction.
o Safe for long-term use.
e Non-irritating.
e Non-greasy.
o Non-staining.
e Pleasant fragrance.

Composition

Ingredient Examples

Aluminum chlorohydrate, Aluminum chloride,

Active ingredients . . .
Aluminum zirconium compounds

Solvent Water, Ethanol

Emollients Dimethicone, Glycerin

Fragrance Lavender oil




Ingredient Examples

Preservatives Phenoxyethanol

Advantages

e Reduces sweating.

e Prevents body odor.

o Keeps skin dry.

e Long-lasting action.
Limitations

e May cause skin irritation.

e May stain clothing.

e Not suitable for damaged skin.

o Hyperhidrosis (excessive sweating).
o Daily underarm protection.
e Long-lasting sweat control.

Difference Between Deodorants and Antiperspirants

Feature Deodorants Antiperspirants
Primary Function Control body odor Reduce sweating

. . Block sweat glands
Mechanism Reduce bacteria and mask odor g

temporarily

. . Antimicrobial agents and
Active Ingredients g

Aluminum salts

fragrances
Sweat Reduction No Yes
Odor Control Yes Yes

Main Application Body odor

Excessive perspiration and




odor

Personal Hygiene Products
Definition

Personal hygiene products are preparations used to clean, protect, and maintain the health of the skin,
hair, mouth, and body. These products help remove dirt, sweat, oil, microorganisms, and unpleasant
odors, thereby preventing infections and promoting personal cleanliness and well-being.

Introduction

Personal hygiene is an essential part of maintaining good health and preventing the spread of infectious
diseases. Regular use of personal hygiene products helps keep the body clean, protects the skin from
harmful microorganisms, and enhances physical appearance and self-confidence. These products are
formulated using safe and effective ingredients that cleanse, moisturize, disinfect, or protect different
parts of the body. Advances in pharmaceutical and cosmetic sciences have led to the development of
specialized products for people of different age groups, skin types, and personal needs (13,15,18).

Objectives of Personal Hygiene Products
e Maintain cleanliness of the body.
e Prevent bacterial, fungal, and viral infections.
e Control body odor.
e Protect and nourish the skin and hair.
e Improve personal appearance and confidence.
e Promote overall health and well-being.

Ideal Characteristics

A good personal hygiene product should:

e A good personal hygiene product should be safe and non-toxic.
e It should be non-irritating and non-allergenic.

e It should effectively remove dirt, oil, and microorganisms.

e It should have a pleasant fragrance and an attractive appearance.
e It should remain stable throughout its shelf life.

e It should be easy to apply and rinse off.

e It should be compatible with the skin's natural pH.

Classification of Personal Hygiene Products
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Figure 7.2 Classification of Personal Hygiene Products
Personal Hygiene Products
1. Skin Care Products

Skin care products are formulations designed to cleanse, protect, moisturize, and maintain healthy skin.
They remove dirt, sweat, excess oil, and microorganisms while protecting the skin from dryness and
environmental damage. Common skin care products include soaps, body washes, moisturizers, and
cleansing lotions. Soaps, prepared by the saponification of fats or oils with alkali, effectively cleanse the
skin and are inexpensive and readily available. Body washes are mild liquid cleansers containing
surfactants, humectants, and emollients that gently cleanse and hydrate the skin. Moisturizers contain
ingredients such as glycerin, hyaluronic acid, petrolatum, and lanolin to prevent moisture loss, improve
skin elasticity, and keep the skin soft. Cleansing lotions are mild emulsions that remove dirt, oil, and
makeup while maintaining the skin's natural moisture balance (16).

2. Hair Care Products

Hair care products are used to clean, nourish, and protect the hair and scalp, thereby improving hair health
and appearance. Shampoos contain surfactants, conditioners, preservatives, and fragrances that remove
dirt, oil, and dandruff while leaving the hair clean and fresh. Hair conditioners are applied after
shampooing to soften the hair, reduce friction, improve shine, and prevent hair breakage. They commonly
contain silicones, fatty alcohols, cationic surfactants, and proteins. Hair oils, such as coconut oil, almond
oil, olive oil, and castor oil, nourish the hair, lubricate the scalp, reduce dryness, and improve hair
strength and overall scalp health (13).

3. Oral Care Products



Oral care products help maintain the health of the teeth, gums, tongue, and oral cavity by preventing
dental diseases and maintaining oral hygiene. Toothpastes clean the teeth, remove plaque, prevent dental
caries, and freshen breath using ingredients such as abrasives, fluoride, humectants, surfactants, and
flavouring agents. Mouthwashes are liquid preparations that reduce oral bacteria, prevent plague
formation, and freshen breath through active ingredients like chlorhexidine, cetylpyridinium chloride,
essential oils, and fluoride. Gargles are solutions used to cleanse the throat, reduce infections, relieve
inflammation, and soothe sore throats. Dental floss is a thin thread used to remove plaque and trapped
food particles from between teeth, helping prevent gum disease and dental caries (14).

4. Body Odor Control Products

Body odor control products help maintain personal freshness by controlling body odor and excessive
sweating. Deodorants reduce or mask body odor by inhibiting the growth of odor-causing bacteria and
usually contain alcohol, fragrances, and antibacterial agents. Antiperspirants reduce perspiration by
temporarily blocking sweat ducts using aluminum salts such as aluminum chloride, aluminum
chlorohydrate, and aluminum zirconium compounds. These products help keep the skin dry, reduce body
odor, and improve personal comfort and confidence (17).

5. Hand Hygiene Products

Hand hygiene products are essential for preventing the spread of infectious diseases by removing or
destroying harmful microorganisms. Hand soaps are cleansing preparations that remove dirt, grease, and
pathogens from the hands during washing. Hand sanitizers are alcohol-based or non-alcohol-based
formulations used when soap and water are unavailable. Most sanitizers contain ethanol (60-80%) or
isopropyl alcohol along with glycerin and hydrogen peroxide, providing rapid and effective hand
disinfection (16).

6. Feminine Hygiene Products

Feminine hygiene products are specially formulated to maintain intimate hygiene and provide comfort
during menstruation. Intimate washes are mild cleansers containing ingredients such as lactic acid, aloe
vera, chamomile extract, and mild surfactants that help maintain the normal vaginal pH, control odor, and
support cleanliness. Sanitary napkins are absorbent pads available in regular, ultra-thin, overnight, and
maxi types that absorb menstrual flow, prevent leakage, and provide comfort. Tampons are cylindrical
absorbent products inserted into the vagina to absorb menstrual blood. They offer discreet menstrual
protection, greater mobility, and are particularly convenient during sports and swimming (20).

Common Excipients:

S.no Excipient Function Common Examples
1. Sodium lauryl sulfate (SLS), Sodium laureth
Surfactants Remove dirt and oil | sulfate (SLES), Cocamidopropyl betaine, Decyl
glucoside

2. | Humectants Retain moisture Glycerin, Sorbitol, Propylene glycol,




Hyaluronic acid

3. . Soften and protect | Mineral oil, Lanolin, Petrolatum, Shea butter,
Emollients . . .
the skin Dimethicone
4, Methyl paraben, Propyl paraben,

Prevent microbial

Preservatives L.
contamination

Phenoxyethanol, Sodium benzoate, Potassium
sorbate

5. Provide pleasant Lavender oil, Rose oil, Jasmine oil, Lemon oil,
Fragrances o
odor Peppermint oil
6. . Titanium dioxide, Tartrazine (Yellow No. 5),
Colouring Improve product

Agents appearance

Brilliant Blue FCF (Blue No. 1), Erythrosine
(Red No. 3), Iron oxides

7. - . . . Chlorhexidine gluconate, Triclosan,
Antimicrobial Reduce microbial . .
Agents rowth Benzalkonium chloride, Chloroxylenol

g g (PCMX), Cetylpyridinium chloride
8. Improve product Butylated hydroxytoluene (BHT), Butylated
. stability by hydroxyanisole (BHA), Tocopherol (Vitamin
Antioxidants preventing E), Ascorbic acid (Vitamin C), Sodium
oxidation metabisulfite

Advantages (17-18)

e Maintains personal cleanliness.

e Prevents the spread of infectious diseases.

e Reduces body odor.

e Promotes healthy skin, hair, and oral cavity.

e Improves social acceptance and self-confidence.

e Enhances comfort and quality of life.

Supports overall physical health.

Limitations (17-18)

e Some products may cause skin irritation or allergies.

o Excessive use may lead to dryness of the skin.




o Certain fragrances or preservatives may trigger sensitivity in susceptible individuals.
e Incorrect use may reduce product effectiveness.
Conclusion:

Oral care and personal hygiene products are indispensable components of modern healthcare and daily
life, contributing significantly to disease prevention, personal cleanliness, and overall well-being. Regular
use of appropriately formulated products helps maintain healthy teeth, gums, skin, and hair while
minimizing the risk of oral diseases, skin infections, body odor, and the transmission of infectious
microorganisms. The quality and effectiveness of these products depend on the careful selection of active
ingredients and excipients that provide cleansing, antimicrobial action, moisturization, protection, and
product stability. Continuous advancements in pharmaceutical and cosmetic sciences have resulted in
safer, more effective, and consumer-friendly formulations, including herbal, alcohol-free, fluoride-
containing, and dermatologically tested products that meet diverse consumer needs. Despite their
numerous benefits, these products should be used correctly and as part of a comprehensive hygiene
routine, as they cannot replace professional medical or dental care when required. Overall, oral care and
personal hygiene products remain essential tools for preventive healthcare, improving health outcomes,
enhancing self-confidence, and promoting a healthier lifestyle.
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Abstract

Decorative cosmetics are specialized cosmetic formulations developed to enhance facial features, improve
appearance, and boost self-confidence without altering the natural structure or function of the skin, lips,
eyes, or nails. They include a wide range of products such as face powders, foundations, lipsticks, lip care
products, eye cosmetics, and nail cosmetics, each designed to provide aesthetic enhancement while
offering protective and conditioning benefits. Modern decorative cosmetics are formulated using carefully
selected pigments, fillers, waxes, oils, emollients, polymers, preservatives, antioxidants, and fragrances to
ensure product safety, stability, efficacy, and consumer acceptability. Advances in cosmetic science have
led to the development of multifunctional products incorporating sunscreens, moisturizers, antioxidants,
long-wearing polymers, skin-conditioning agents, and botanical ingredients, thereby combining cosmetic
appeal with skin care benefits. The quality and performance of decorative cosmetics are evaluated
through comprehensive physicochemical, microbiological, stability, and safety tests to ensure compliance
with regulatory standards and consumer expectations. This chapter provides a detailed overview of
decorative cosmetics, including face powders and foundations, lipsticks and lip care products, eye
cosmetics, nail cosmetics, and general quality control procedures. It discusses their composition,
formulation, manufacturing methods, evaluation parameters, advantages, limitations, safety
considerations, commercial products, and recent innovations, highlighting their important role in personal
grooming, cosmetic science, and the modern beauty industry.

Keywords: Decorative cosmetics, Face powder, Foundation, Lipstick, Lip care products, Eye cosmetics,
Nail cosmetics, Cosmetic formulations, Quality control, Cosmetic science.

Introduction

Decorative cosmetics are cosmetic products used to enhance, beautify, and improve the appearance of the
face, lips, eyes, and nails without altering their natural structure or function. These products help conceal
minor skin imperfections, provide an even complexion, highlight facial features, and improve personal
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appearance and self-confidence. Decorative cosmetics are formulated using safe pigments, fillers, waxes,
oils, preservatives, and fragrances to ensure stability, safety, and consumer acceptability. Common
decorative cosmetics include face powders, foundations, lipsticks, eye cosmetics, and nail cosmetics (1,3).

1. Face Powders and Foundations
1.1 Introduction

Face powders and foundations are decorative cosmetic products used to improve facial appearance by
providing an even complexion, concealing minor skin imperfections, and enhancing skin texture. These
products not only beautify the skin but also protect it from environmental factors such as dust, sunlight,
and excess moisture. Modern formulations are available for different skin types and may contain
moisturizing agents, sunscreens, antioxidants, and skin-conditioning ingredients.

Face powders are finely divided cosmetic preparations applied to the face to absorb excess sebum, reduce
shine, improve complexion, and provide a smooth, matte finish.

1.2 Objectives

The main objectives of face powders are:

e To absorb excess sebum and perspiration.

e To reduce facial shine and oiliness.

e To provide a smooth and even complexion.

e To conceal minor skin imperfections.

e To set foundation and increase the durability of makeup.

e To protect the skin from dust and environmental pollutants.
1.3 Ideal Characteristics of Face Powder (2)

1. The face powder should have a fine, smooth, and non-gritty texture to provide a pleasant feel on the
skin.

2. It should spread uniformly over the skin to produce an even and natural-looking finish.

3. It should possess good adhesion and covering power so that it remains on the skin for a longer
duration and effectively conceals minor imperfections.

4. It should have a high oil-absorbing capacity to control excess sebum and reduce facial shine.
5. It should have a pleasant fragrance that enhances consumer acceptance.

6. It should be non-toxic, non-irritating, and non-allergenic to ensure safe use on the skin.



7.

8.

9.

It should be chemically and microbiologically stable throughout its shelf life.

It should be compatible with all skin types, including normal, oily, dry, and sensitive skin.

It should be easy to apply, blend, and remove without causing discomfort or leaving residue.

1.4 Classification

Face powders are classified into:

1. Loose Face Powder

2. Compact (Pressed) Face Powder
3. Transparent Face Powder

4. Tinted Face Powder

5. Medicated Face Powder

6. Mineral Face Powder
Composition

Face powders consist of the following ingredients:

Ingredient Function Examples
Base/Filler Provides bulk and smoothness | Talc, Kaolin
Covering agents Improve opacity and coverage | Titanium dioxide, Zinc oxide
. . . Zinc stearate, Magnesium
Adhesive agents Improve adhesion to the skin g
stearate
Absorbents Absorb oil and perspiration Kaolin, Starch
Colouring agents Provide desired skin tone Iron oxides, Ultramarines
. Prevent microbial Phenoxyethanol, Methyl
Preservatives L
contamination paraben

1.5 Principal Functional Ingredients

The major functional ingredients used in face powders include:

Titanium dioxide: Provides opacity, coverage, and UV protection.




e Zinc oxide: Acts as a covering agent and offers mild skin protection.

o Kaolin: Absorbs excess oil and sweat, producing a matte finish.

Excipients

Excipient Function Examples

Talc Base and filler Purified talc

Kaolin Oil absorbent China clay

Zinc stearate Improves adhesion Zinc stearate

Magnesium stearate Improves slip Magnesium stearate

Iron oxides Colouring agent Red, Yellow, Black iron oxides
Fragrance Perfuming agent Rose oil, Jasmine oil
Preservatives Product stability Phenoxyethanol

1.6 Method of Preparation (Manufacturing Process) (4-6)
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Figure 8.1 Method of preparation face powder
Manufacturing Procedure

All raw materials are accurately weighed and passed through a fine sieve to remove coarse particles. The
ingredients are blended uniformly in a mixer to obtain a homogeneous mixture. Fragrance and pigments
are added during mixing to ensure uniform distribution. The finished powder is evaluated for quality
parameters such as particle size, colour uniformity, and microbial limits before being filled into suitable
containers and packaged.

Mechanism of Action

Face powder forms a thin, uniform layer over the skin. Absorbent ingredients such as kaolin remove
excess sebum and perspiration, while pigments and covering agents conceal minor skin imperfections and
provide an even skin tone. Adhesive agents improve the retention of the powder on the skin, resulting in a
smooth, matte appearance (6).

1.7 Evaluation Tests (Quality Control)
1. Particle size analysis

This test determines the fineness and uniformity of powder particles, which affect smoothness and
spreadability.



2. Colour and shade uniformity

This test ensures that the powder has a consistent colour and shade throughout the product.
3. Flow property

This test evaluates how easily the powder flows during manufacturing and application.

4. Oil absorption capacity

This test measures the ability of the powder to absorb excess sebum and perspiration.

5. Spreadability

This test determines how smoothly and evenly the powder spreads on the skin.

6. Adhesion test

This test checks the ability of the powder to adhere to the skin for a longer duration.

7. Moisture content

This test measures the amount of moisture present in the powder to ensure product stability.
8. Bulk density

This test determines the packing characteristics and volume occupied by the powder.

9. Microbial limit test

This test ensures that the product is free from harmful microorganisms and safe for use.
10. Stability studies

This test evaluates whether the powder maintains its quality, colour, texture, and performance during
storage.

11. Skin irritation test

This test checks whether the face powder causes irritation, redness, or allergic reactions on the skin.
1.8 Advantages

1. Face powder absorbs excess facial oil and helps control skin shine.

2. It provides a smooth, even, and matte finish to the skin.

3. It improves the durability and longevity of makeup.



4.

5.

6.

It conceals minor skin imperfections, such as blemishes and uneven skin tone.
It enhances the overall facial appearance by giving a natural and fresh look.

It is easy to apply, blend, and remove from the skin.

1.9 Limitations

1.

2.

4.

5.

Face powder may cause dryness in individuals with dry or sensitive skin.

It may require frequent reapplication to maintain its effect throughout the day.
Excessive application can clog pores and may contribute to acne in some individuals.
An incorrect shade selection may result in an unnatural or uneven appearance.

Loose face powder may be accidentally inhaled during application, causing respiratory discomfort.

1.10 Uses of face powder

1.

n

w

e

5.

Face powder is used for daily facial makeup to enhance the overall appearance of the skin.

It helps control excess oil and reduces facial shine, providing a matte finish.

It is applied to set foundation and increase the longevity of makeup.

It improves the complexion by creating a smooth, even skin tone and concealing minor imperfections.

It is widely used in professional, bridal, theatrical, and photographic makeup applications.

1.11 Storage

Store in a cool, dry place.
Keep the container tightly closed.
Protect from moisture, direct sunlight, and excessive heat.

Store away from contamination.

1.12 Precautions

1. Avoid inhalation of loose face powder during application to prevent respiratory irritation.

2.

3.

Do not apply face powder on broken, irritated, or infected skin.

Always use clean brushes, powder puffs, or applicators to maintain proper hygiene.



4. Remove face powder and other makeup thoroughly before going to bed.

5. Discontinue the use of the product immediately if any irritation, redness, or allergic reaction develops.
1.13 Commercial Products

e Lakmé Rose Face Powder

e Pond's Dreamflower Talc

e Maybelline Fit Me Loose Finishing Powder

e L'Oréal Paris True Match Powder

e MAC Studio Fix Powder Plus Foundation

e Revlon Touch & Glow Face Powder

2. Lipsticks and Lip Care Products

Lip cosmetics are used to color, protect, moisturize, and enhance the appearance of the lips. The lips have
thin skin and fewer oil glands, so they are more prone to dryness, cracking, and environmental damage.
Therefore, lip products must combine decorative appeal and care benefits.

Lip products include lipsticks, lip balms, lip glosses, lip oils, lip liners, lip stains, lip plumpers, and
medicated lip preparations (7).

2.1 Structure and Special Features of Lips
The lips are different from normal facial skin because they have:
e Athin outer layer.
o Little natural oil production.
o High sensitivity.
e Rich blood supply, giving natural pink or red color.
o Greater tendency to dryness and chapping.
e Frequent exposure to saliva, food, drinks, sun, wind, and cosmetics.

Because of these features, lip products should be safe, non-irritating, moisturizing, and pleasant in
taste and Odor.



Functions of Lip Products

S.No Function Description
Coloring Gives attractive color and improves appearance.
Moisturizing Prevents dryness and chapping.
Protection Protects from cold, wind, sunlight, and dryness.
Gloss Gives shine and fuller appearance.
Plumping Temporarily increases fullness.
Definition Lip liners shape and define the lips.
Treatment Medicated balms help cracked or irritated lips.
2.3 Lipsticks

Lipstick is a solid or semi-solid cosmetic product used to color the lips. It usually contains waxes, oils,
fats, pigments, emollients, preservatives, antioxidants, and fragrance or flavor.

2.4 Types of Lipsticks

Type Description

Matte lipstick Gives intense color with little or no shine.
Cream lipstick Smooth, moisturizing, and comfortable.

Satin lipstick Balanced finish between matte and glossy.
Glossy lipstick Shiny and moisturizing appearance.

Sheer lipstick Light color and natural finish.

Frosted lipstick Contains pearlescent pigments for shimmer.
Liquid lipstick Liquid formula that dries to matte or satin finish.
Long-wear lipstick Designed to resist transfer and last longer.

Lip stain Leaves a semi-permanent tint on the lips.




Type

Description

Organic/herbal lipstick

Uses plant oils, waxes, and natural colorants where possible.

2.5 Ideal Properties of Lipstick

A good lipstick should:

e Give uniform and attractive color.

e Apply smoothly without dragging.

e Have suitable hardness and melting point.

e Not break during use.

e Not bleed or feather outside the lip line.

e Have good staying power.

e Benon-toxic and non-irritating.

e Have pleasant taste and odor.

e Remain stable during storage.

e Not become rancid or gritty.

o Be easy to remove when desired.

2.6 Ingredients Used in Lipsticks

Ingredient group

Examples

Function

Beeswax, carnauba wax, candelilla wax,

Provide shape, hardness, and

\Waxes .
ozokerite structure.

. Castor oil, mineral oil, jojoba oil, sunflower . . .
Qils ol 19 Dissolve dyes and provide glide.
Fats/butters Cocoa butter, shea butter, lanolin Provide softness and emollience.
Pigments Iron oxides, lake colors, titanium dioxide Provide color and opacity.

Pearl pigments

Mica, bismuth oxychloride

Give shine and shimmer.




Ingredient group  |Examples Function

Film-formers Silicone resins, acrylates Improve long wear.
Antioxidants Tocopherol, BHT, BHA Prevent rancidity.

Preservatives Parabens, phenoxyethanol Prevent microbial contamination.
Flavor/fragrance  [Vanilla, fruit flavors, mint Improve acceptability.

2.7 Role of Major Lipstick Ingredients
Waxes

Waxes give lipstick its solid form. Carnauba wax has a high melting point and improves hardness.
Beeswax improves body and adhesion. Candelilla wax is often used in vegan formulations.

Oils

Oils help dissolve or disperse colorants and give smooth application. Castor oil is widely used because it
has good pigment-wetting properties and provides shine.

Pigments and Dyes

Pigments provide color. Insoluble pigments give opacity, while soluble dyes may stain the lips. The
choice of colorant must follow cosmetic safety regulations.

Antioxidants

Because lipsticks contain oils and fats, they may become rancid. Antioxidants delay oxidation and
improve shelf life.

2.8 General Method of Lipstick Preparation

The preparation of lipstick usually involves the following steps:

1. Melting waxes and oils: Waxes, oils, and fats are heated together until melted.
2. Pigment dispersion: Pigments are finely ground and dispersed in oil.

3. Mixing: The pigment dispersion is added to the melted base.

4. Addition of heat-sensitive ingredients: Flavors, antioxidants, and preservatives are added at lower
temperature.

5. Molding: The molten mass is poured into lipstick molds.



6. Cooling: The molded sticks are cooled until solid.
7. Flaming and polishing: The surface may be passed quickly through flame for shine.
8. Packaging: Lipsticks are placed in cases and labeled.

2.9 Example Formula for Lipstick

Ingredient Approximate quantity Purpose

Castor oil 40-50% Solvent, gloss, glide
Beeswax 10-15% Structure
Candelilla wax 5-10% Hardness
Carnauba wax 2-5% High melting point
Lanolin or shea butter 5-10% Emollient
Pigments/lakes 5-15% Color

Titanium dioxide 1-5% Opacity
Antioxidant 0.05-0.2% Stability

Flavor 0.1-1% Taste and odor
Preservative Quantity sufficient Safety

2.10 Lip Care Products

Lip care products are used mainly to protect and maintain the health of lips. They may be colorless,
tinted, medicated, or cosmetic.

2.11 Types of Lip Care Products

Product Description
Lip balm Semi-solid or stick product that protects and moisturizes lips.
Tinted lip balm Balm with a light color.

Lip gloss Shiny product that may be clear or colored.




Product Description

Lip oil Oil-rich product that gives shine and nourishment.
Lip scrub Exfoliating product used to remove dead cells.
Lip mask Intensive moisturizing product, often used overnight.

Gives temporary fuller appearance using humectants or mild stimulating

Lip plumper ingredients.

Medicated lip product |Contains ingredients for cracked, dry, or irritated lips.

SPF lip balm Protects lips from ultraviolet radiation.

2.12 Lip Balm

Lip balm is used to protect lips from dryness, cold, wind, and sun exposure. It usually contains waxes,
oils, butters, and sometimes sunscreen agents.

A typical lip balm contains:

Ingredient Purpose

Beeswax or candelilla wax Gives structure and protective film.
Petrolatum or plant oils Reduces water loss.

Shea butter or cocoa butter Softens and nourishes lips.

Vitamin E Antioxidant and skin-conditioning agent.
Flavor Improves taste and consumer appeal.
Sunscreen agent Protects against UV damage.

2.13 Lip Gloss

Lip gloss provides a shiny appearance. It may be clear, tinted, glittery, or highly pigmented.
Lip gloss usually contains:

e Oils for shine and softness.



o Film-formers for staying power.

e \Waxes for body.

e Colorants for tint.

e Pearlescent pigments for shimmer.

e Flavor for pleasant use.

Lip gloss is good for shine and a fuller-looking effect but usually has lower staying power than lipstick.
2.14 Lip Oil

Lip oil is a newer popular category. It contains a high proportion of oils and gives shine, softness, and a
nourishing feel. Lip oils may be clear or tinted. They are less sticky than many traditional glosses and are
suitable for dry lips (8-9).

2.15 Lip Plumper

Lip plumpers create a temporary fuller appearance. They may work by:
e Hydrating the lips with humectants.

e Creating shine and optical fullness.

e Using mild warming or cooling ingredients such as menthol, cinnamon, capsicum, or niacin
derivatives.

Lip plumpers should not be used on cracked or irritated lips because they may cause burning or
discomfort.

2.16 Evaluation of Lipsticks and Lip Products

Test Purpose

Melting point Ensures lipstick does not melt during storage.

Breaking point Measures mechanical strength.

Pay-off test Checks amount of product deposited during application.
Surface defects Identifies sweating, blooming, holes, or cracks.

Color uniformity Ensures even pigment distribution.




Test

Purpose

Rancidity test

Detects oxidation of oils.

Stability test

Checks changes in odor, color, texture, and shape.

Irritation test

Assesses safety on lips.

Microbial test

Ensures product safety, especially for water-containing products.

2.17 Common Defects in Lipsticks

Defect Cause

Sweating Separation of oils due to poor formulation or high temperature.
Blooming Crystalline or cloudy surface due to wax separation.

Breaking Too little wax or poor molding.

Grittiness Poor pigment grinding or crystallization.

Rancid odor Oxidation of oils and fats.

Poor pay-off Formula too hard or pigment poorly dispersed.

Bleeding Excess oils or poor film-forming ingredients.

2.18 Recent Trends in Lip Products

Current lip product trends include:

o Lip oils and skincare-infused lip products.

o Long-lasting transfer-proof liquid lipsticks.

o Tinted balms with SPF.

e Vegan waxes and plant-based oils.

e Hybrid lip products combining color and treatment.

e Cooling or plumping lip products.

e Natural-looking stains and sheer colors.




o Refillable lipstick packaging.
e Bold shades, nude shades, and personalized colors.
3. Eye Cosmetics

Eye cosmetics are products applied around the eyes to enhance their beauty, shape, color, and expression.
Since the eye area is delicate, eye cosmetics must be formulated with special care. They should be non-
irritating, stable, easy to apply, and safe from microbial contamination.

Common eye cosmetics include eyeliner, mascara, eyeshadow, eyebrow pencils, eyebrow gels, kajal,
kohl, eye primer, and artificial eyelashes (10).

3.1 Importance of Eye Cosmetics

Eye cosmetics help to:

o Define the eyes.

o Make eyelashes appear longer and thicker.

e Add color and depth to eyelids.

e Shape and fill eyebrows.

e Create different makeup styles.

e Improve facial expression.

e Support cultural and fashion traditions.

3.2 Special Safety Considerations for Eye Cosmetics
The eye area is sensitive because:

e The skin around the eye is thin.

e Products may accidentally enter the eye.

e The eye is vulnerable to infection.

e Some users wear contact lenses.

o Eye makeup tools may collect microorganisms.

Therefore, eye cosmetics require strict standards for purity, preservation, pigment safety, and
microbial control.



3.3 Types of Eye Cosmetics

Product Main purpose

Mascara Darkens, lengthens, thickens, and curls eyelashes.
Eyeliner Defines the lash line and changes eye shape.
Eyeshadow Adds color and dimension to eyelids.

Eyebrow pencil Fills and defines eyebrows.

Eyebrow gel Holds brow hairs in place.

Kajal/kohl Traditional eye-defining product.

Eye primer Improves eyeshadow adhesion and wear.

False eyelashes Add length, volume, and dramatic effect.

3.4 Mascara

Mascara is applied to eyelashes to make them appear darker, longer, thicker, and more curled. It is usually
supplied with a brush applicator.

3.4.1 Types of Mascara

Type Description

\Water-based mascara  [Easy to apply and remove.

Waterproof mascara Resists water, sweat, and tears.

Lengthening mascara  |[Contains fibers or film-formers to extend lashes.

VVolumizing mascara Contains waxes and powders to make lashes appear thicker.

Curling mascara Contains film-formers that help hold curl.
Tubing mascara Forms polymer tubes around lashes and removes with warm water.
Clear mascara Gives natural definition and grooming.

3.4.2 Ingredients of Mascara



Ingredient group Examples Function

\Waxes Beeswax, carnauba wax, paraffin |Give volume and structure.
Pigments Iron oxides, carbon black Provide color.

. Acrylates copolymers, PVP, .
Film-formers Y Poly Improve adhesion and wear.

shellac

o ic acid, triethanolamine, .
Emulsifiers Stearic acid, triethanolamine Stabilize formula.
glyceryl stearate

Thickeners Cellulose derivatives, gums Control viscosity.
Preservatives Phenoxyethanol, parabens Prevent microbial growth.
Conditioning agents  |Panthenol, proteins, oils Improve lash feel.

3.5 Eyeliner

Eyeliner is applied along the eyelid margin to define the eyes. It is available in pencil, liquid, gel, cream,
cake, and pen forms.

3.5.1 Types of Eyeliner

Type Description

Pencil eyeliner Easy to use; available in wooden or mechanical pencils.

Liquid eyeliner Gives sharp, intense lines.

Gel eyeliner Smooth, creamy, and long-wearing.

Cake eyeliner Dry compact product activated with water.

Pen eyeliner Felt-tip or brush-tip applicator for precise lines.

Kajal/kohl Soft, intense product used traditionally for waterline or lash line.

3.5.2 Ingredients of Eyeliner

Ingredient group Examples Function




Ingredient group Examples Function

\Waxes Beeswax, carnauba wax, paraffin Provide structure.

Oils Castor oil, mineral oil, silicones Improve glide.

Pigments Iron oxides, carbon black, ultramarines Give color.

Film-formers Acrylates, silicones Improve wear.

Solvents Water, alcohol, isododecane Vehicle in liquid formulas.
Preservatives Phenoxyethanol, parabens Microbial safety.

3.6 Eyeshadow

Eyeshadow is applied to eyelids to add color, brightness, depth, or contour. It may be matte, shimmer,
metallic, glitter, satin, cream, liquid, or stick.

3.6.1 Types of Eye shadow

Type

Description

Pressed powder eyeshadow

Most common; powder compressed into pans.

Loose powder eyeshadow

Fine loose pigments; often highly colored.

Cream eyeshadow

Smooth texture with good adhesion.

Liquid eyeshadow

Fluid formula that dries after application.

Stick eyeshadow

Convenient solid format.

Glitter eyeshadow

Contains reflective particles.

Mineral eyeshadow

Based mainly on mineral pigments and fillers.

3.6.2 Ingredients of Eyeshadow

Ingredient group

Examples

Function




Ingredient group |Examples Function
Base powders Talc, mica, kaolin, silica Provide texture and slip.
Binders Oils, silicones, esters Help powder adhere and press into pans.
Pigments Iro_n oxides, ultramarines, chromium Provide color.
oxides
Pearls/shimmers |Mica, titanium dioxide-coated mica Give shine.
Preservatives Phenoxyethanol, parabens Prevent contamination.
Antioxidants Tocopherol, BHT Improve stability.

3.7 Eyebrow Cosmetics

Eyebrow cosmetics shape, darken, fill, and hold eyebrow hairs. They include pencils, powders, pomades,
gels, waxes, and brow mascaras.

Common ingredients include:
e Waxes for structure and hold.
e Pigments for color.
e Oils and silicones for smooth application.
e Film-formers for long wear.
o Fibers for fuller-looking brows.
3.8 Ideal Properties of Eye Cosmetics
Eye cosmetics should:
o Be safe and non-irritating.
o Not cause burning or watering of eyes.
o Be free from harmful microorganisms.
o Apply smoothly and evenly.

o Have good color payoff.



3.9 Evaluation of Eye Cosmetics

Test

Purpose

Irritation test

Ensures product is safe around eyes.

Microbial limit test

Detects microbial contamination.

Viscosity test

Important for mascara and liquid eyeliner.

Drying time

Important for mascara and liquid liner.

Smudge resistance

Checks wear performance.

\Water resistance

Important for waterproof products.

Color uniformity

Ensures even pigment distribution.

Stability test

Checks separation, drying, odor, and color change.

Applicator performance

Ensures brush, pencil, or wand works properly.

3.10 Safety Problems Related to Eye Cosmetics

Possible problems include:
o Eye irritation.

e Allergic reactions.

o Infection from contaminated products.

e Corneal injury from applicators.

e Contact lens discomfort.

o Blocked glands if products are applied too close to the waterline.

o Heavy metal contamination in poor-quality products.

3.11 Guidelines for Safe Use of Eye Cosmetics

Users should follow these precautions:

1. Do not share eye makeup.




2. Replace mascara regularly, usually after 3-6 months.
3. Avoid using eye makeup during an eye infection.

4. Remove eye makeup before sleeping.

5. Do not add water or saliva to dried mascara.

6. Keep applicators clean.

7. Avoid applying glitter too close to the eye unless it is eye-safe.
8. Use only approved colorants for eye-area products.
9. Stop use if irritation, redness, or swelling occurs.
3.12 Recent Trends in Eye Cosmetics

Current trends include:

e Waterproof and smudge-proof formulas.

e  Tubing mascaras.

e Graphic eyeliners.

e Colored mascaras and eyeliners.

e Cream-to-powder eyeshadows.

e Long-wear brow gels.

e Skincare-infused eye makeup.

e Clean and vegan formulations.

o Refillable eyeshadow palettes.

e Minimalist natural eye looks as well as bold artistic looks.
4. Nail Cosmetics

Nail cosmetics are products used to color, decorate, protect, strengthen, and care for fingernails and
toenails. They include nail polish, base coat, top coat, gel polish, nail polish remover, cuticle
products, nail strengtheners, artificial nails, and nail art materials.

Nail cosmetics are popular because nails are visible parts of the body and are associated with grooming,
fashion, hygiene, and personal style (11-13).



4.1 Structure of the Nail

The nail is made mainly of keratin, a tough protein. Important parts of the nail include:

Nail part Description

Nail plate Hard visible part of the nail.

Nail bed Skin beneath the nail plate.

Nail matrix Growth area where new nail cells are formed.
Cuticle Thin tissue protecting the nail root.

Lunula Pale half-moon area near the base of the nail.
Free edge Part of nail extending beyond fingertip.

Healthy nails are smooth, slightly curved, strong, and free from discoloration or infection.

4.2 Functions of Nail Cosmetics

Function Description

Coloring Adds decorative color to nails.

Protection Protects nails from splitting or breaking.
Strengthening Helps weak or brittle nails.

Gloss Gives shine and polished appearance.
Decoration Allows nail art, glitter, patterns, and designs.
Treatment Supports dry cuticles or damaged nails.
Artificial extension Adds length or changes nail shape.

4.3 Nail Polish

Nail polish, also called nail enamel or nail lacquer, is a liquid cosmetic product applied to nails to form a
colored film after drying.



4.4 Ingredients of Nail Polish

Ingredient group

Examples

Function

Film-formers Nitrocellulose Forms glossy film on nail.
. Tosylamide/formaldehyde resin, polyester . -
Resins _y y POty Improve adhesion and durability.
resins
Plasticizers Camphor, citrate esters, phthalate alternatives |Improve flexibility and reduce brittleness.
. Keep polish liquid and evaporate after
Solvents Ethyl acetate, butyl acetate, isopropyl alcohol p P . a P
application.
Pigments Iron oxides, titanium dioxide, lakes Provide color.

Pearls/glitters

Mica, aluminum powder, synthetic
fluorphlogopite

Give shimmer or sparkle.

Suspendin . N . .

P g Stearalkonium hectorite, silica Prevent pigment settling.
agents
UV absorbers Benzophenone derivatives Reduce discoloration.
Fragrance Small amounts Mask solvent odor.

4.5 Role of Major Nail Polish Ingredients

Nitrocellulose

Nitrocellulose is the main film-former. It creates a hard, shiny film on the nail after the solvent

evaporates.

Resins

Resins improve adhesion, gloss, toughness, and wear time.

Plasticizers

Plasticizers make the nail polish film flexible. Without plasticizers, the dried film may crack or chip

easily.

Solvents




Solvents dissolve the film-former and resins. They evaporate after application, leaving behind a dry
colored film.

Pigments
Pigments provide color and opacity. They must be finely dispersed and stable.

4.6 Types of Nail Cosmetics

Product Description

Base coat Applied before polish to improve adhesion and prevent staining.
Colored nail polish Gives color and decorative finish.

Top coat Applied over polish to increase shine and durability.

Gel polish Cured under UV or LED lamp for long wear.

Matte polish Gives non-glossy finish.

Glitter polish Contains glitter particles.

Breathable polish Designed to allow some permeability to water vapor or oxygen.
Nail strengthener Helps protect weak or brittle nails.

Cuticle oil Moisturizes cuticles and nail folds.

Nail polish remover Removes nail polish from nails.

Avrtificial nails Acrylic, gel, press-on, or dip powder extensions.

4.7 Base Coat

A base coat is applied before nail polish. It helps the polish adhere better and protects the nail plate from
staining, especially when dark colors are used.

Functions of base coat include:
e Improving adhesion.
e Smoothing nail surface.

e Preventing pigment staining.



e Increasing polish durability.

e Supporting weak nails in treatment formulas.

4.8 Top Coat

Top coat is applied after colored polish. It protects the polish and gives shine or special effects.

Types of top coats include:

Type Function

Glossy top coat Gives high shine.

Matte top coat Creates a flat, non-shiny finish.
Quick-dry top coat Speeds drying.

Gel-effect top coat Gives thick, glossy gel-like appearance.
Glitter top coat Adds sparkle.

4.9 Gel Nail Polish

Gel polish contains photoreactive ingredients that harden when exposed to UV or LED light. It gives
long-lasting shine and chip resistance.

Advantages:
e Long wear.
e High gloss.
e Good resistance to chipping.
e Fast curing under lamp.

Disadvantages:

Requires UV or LED lamp.

Removal may need soaking or filing.

Overuse may weaken nails.

Improper curing may increase allergy risk.



4.10 Nail Polish Removers
Nail polish removers dissolve and remove the dried nail polish film.

Common types include:

Type Description

Acetone remover Fast and effective but can dry nails and skin.

Non-acetone remover Usually contains ethyl acetate or other solvents; gentler but slower.
Conditioning remover Contains oils, glycerin, or vitamins to reduce dryness.

Remover pads Pre-soaked pads for convenience.

4.11 Cuticle Products

Cuticle care products help maintain the skin around nails. They include cuticle oils, creams, removers,
and softeners.

Common ingredients include:

e Jojoba oil, almond oil, sunflower oil for moisturization.

e Vitamin E as antioxidant.

e Glycerin as humectant.

e Lactic acid or alkaline ingredients in cuticle removers.

e Fragrance for pleasant use.

4.12 Avrtificial Nails

Acrtificial nails are used to increase nail length, improve shape, or create decorative effects.

Types include:

Type Description

Acrylic nails Made using liquid monomer and polymer powder.

Gel nails Built with gel cured under UV/LED light.




Type Description

Press-on nails Pre-shaped nails attached with adhesive.

Dip powder nails Colored powder applied with resin-like adhesive.
Nail wraps Thin decorative films placed on nail surface.
4.13 Nail Art

Nail art includes decorative techniques such as:
o Glitter.

o  Stickers.

e Rhinestones.

e Stamping.

o Foil.

e  Chrome powder.

e Magnetic polish.

e Ombre effect.

e Hand-painted designs.
e 3D nail decorations.

4.14 Evaluation of Nail Cosmetics

Test Purpose

Drying time Determines how quickly polish dries.
Gloss test Measures shine of dried film.
Adhesion test Checks how well polish sticks to nail.
Chip resistance Evaluates durability.

Viscosity test Ensures proper flow and application.




Test

Purpose

Film flexibility

Checks resistance to cracking.

Pigment stability

Ensures pigments do not settle or separate.

Color uniformity

Confirms even color.

Stability test

Checks thickening, separation, or color change during storage.

Safety test

Assesses irritation, sensitization, and ingredient safety.

4.15 Common Problems in Nail Cosmetics

Problem Cause

Chipping Poor adhesion, brittle film, or lack of top coat.
Peeling Oily nail surface or poor base coat.

Slow drying Excess solvent imbalance or thick application.
Streaking Poor pigment dispersion or brush marks.
Bubbling Shaking bottle, thick layers, or trapped air.

Yellowing nails

Dark pigments, smoking, or frequent polish use without base coat.

Thickening of polish

Solvent evaporation during storage.

Allergic reaction

Sensitivity to resins, acrylates, or fragrances.

4.16 Safety Guidelines for Nail Cosmetics (14-17)

Users should:

1. Apply nail polish in a well-ventilated area.

2. Avoid inhaling solvent fumes.

3. Keep nail products away from flames because many are flammable.

4. Avoid contact with eyes and mucous membranes.




5. Do not use nail products on infected or injured nails.

6. Use UV/LED gel products carefully and follow curing instructions.
7. Avoid excessive filing of natural nails.

8. Moisturize nails and cuticles regularly.

9. Stop using products that cause redness, swelling, itching, or pain.
10. Store bottles tightly closed to prevent solvent evaporation.

4.17 Recent Trends in Nail Cosmetics

Modern nail cosmetics show trends such as:

e Long-wear gel and gel-effect polish.

e Vegan and cruelty-free nail products.

e Low-odor and “free-from” formulas.

o Breathable nail polish.

e Press-on nails with salon-like finish.

e Minimalist nude nails.

e Chrome, glazed, magnetic, and cat-eye effects.

o Nail-care hybrids with strengthening ingredients.

o Refillable or recyclable packaging.

o Professional nail art for everyday fashion.

5. General Quality Control of Decorative Cosmetics

Quality control is essential in cosmetic manufacturing. It ensures that every batch is safe, stable, effective,
and acceptable to consumers.

5.1 Organoleptic Evaluation
This includes checking:
e Color.

e Odor.



e Texture.

e Appearance.

e Smoothness.

e Gloss or matte effect.

5.2 Physicochemical Testing

This includes:

Test Application

pH Creams, liquids, gels, foundations, mascaras.
Viscosity Liquid foundation, mascara, eyeliner, nail polish.
Melting point Lipsticks, balms, wax-based products.

Particle size Powders, pigments, eyeshadows.

Specific gravity Liquid products.

Hardness Lipsticks, pencils, sticks.

Drying time Nail polish, mascara, liquid eyeliner.

5.3 Stability Testing

Stability testing checks whether the product remains unchanged during storage and use. Products are
stored at different temperatures and humidity conditions.

Common observations include:
e Color change.

e Odor change.

e Separation.

e Cracking.

e Melting.

e Hardening.



e Microbial growth.
e Loss of performance.
5.4 Microbial Testing

Water-containing cosmetics are more likely to support microbial growth. Therefore, products such as
foundations, mascaras, liquid eyeliners, creams, and glosses require strong preservative systems.

Microbial testing checks for:

e Total bacterial count.

e Yeast and mold count.

e Absence of harmful pathogens.
e Preservative effectiveness.

5.5 Packaging Evaluation
Packaging must protect the product and allow convenient use.
Important packaging tests include:
o Leakage test.

e Compatibility with formula.

o Ease of dispensing.

e Protection from air and light.

e Strength during transport.

e Label accuracy.

Conclusion

Decorative cosmetics have become an integral part of modern personal care by enhancing physical
appearance while providing additional protective and conditioning benefits to the skin, lips, eyes, and
nails. Products such as face powders, foundations, lipsticks, lip balms, mascaras, eyeliners, eyeshadows,
nail polishes, and related cosmetic preparations are formulated using scientifically selected ingredients to
ensure safety, stability, effectiveness, and consumer satisfaction. The performance of these products
depends on the appropriate selection of raw materials, optimized manufacturing processes, and rigorous
quality control testing, including physicochemical, microbiological, stability, and safety evaluations.
Continuous advancements in cosmetic technology have resulted in innovative formulations incorporating



moisturizers, sunscreens, antioxidants, botanical extracts, long-lasting polymers, vegan ingredients, and
environmentally sustainable packaging, meeting the evolving needs and preferences of consumers.
Despite their numerous aesthetic and protective benefits, decorative cosmetics should be used
responsibly, following proper hygiene practices and storage conditions to minimize the risk of irritation,
contamination, or allergic reactions.
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Abstract

Herbal and natural cosmeceuticals represent one of the fastest-growing sectors of the global cosmetic
industry due to increasing consumer awareness regarding the safety, efficacy, and sustainability of plant-
derived products. Unlike conventional cosmetics, herbal cosmeceuticals combine the aesthetic benefits of
cosmetics with the therapeutic properties of medicinal plants and naturally occurring bioactive
compounds. These products contain phytochemicals such as flavonoids, polyphenols, terpenoids,
alkaloids, tannins, saponins, vitamins, essential oils, and antioxidants that contribute to skin protection,
anti-aging, moisturization, pigmentation control, wound healing, hair nourishment, and scalp health. The
growing preference for environmentally friendly, biodegradable, and chemically safe formulations has
accelerated research into botanical ingredients and green formulation technologies. Herbal cosmetic
products include facial cleansers, moisturizers, sunscreens, anti-aging creams, serums, shampoos,
conditioners, hair oils, face masks, and body care preparations formulated with plant extracts and
essential oils. This chapter comprehensively discusses the principles of herbal and natural cosmeceuticals,
important herbal cosmetic ingredients, herbal skin-care products, herbal hair-care products, and organic
cosmetic formulations. The pharmacological properties, mechanisms of action, formulation
considerations, quality control, advantages, limitations, safety aspects, and future trends are presented
systematically. Furthermore, current regulatory considerations, sustainable manufacturing practices, green
chemistry approaches, and consumer preferences are highlighted to provide a comprehensive
understanding of this rapidly evolving field. The chapter serves as an important resource for
undergraduate and postgraduate students of pharmacy, cosmetic science, pharmaceutical sciences,
dermatology, biotechnology, and researchers involved in the development of safe, effective, and
sustainable herbal cosmetic products.

Keywords: Herbal cosmetics, Natural cosmetics, Cosmeceuticals, Medicinal plants, Phytochemicals,
Herbal skin care, Herbal hair care, Organic cosmetics, Botanical extracts, Essential oils, Green cosmetics,
Sustainable formulations, Plant-based ingredients, Natural antioxidants, Herbal formulations.
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The use of herbs for maintaining beauty and personal hygiene dates back thousands of years and forms
one of the oldest healthcare traditions in human civilization. Ancient civilizations including those of
India, Egypt, China, Greece, and Mesopotamia recognized the medicinal and cosmetic properties of
numerous plants long before the development of synthetic cosmetic ingredients. Historical literature
reveals that natural oils, herbal extracts, aromatic flowers, medicinal leaves, fruits, roots, and minerals
were extensively utilized for cleansing, moisturizing, preserving youthful skin, enhancing complexion,
promoting hair growth, preventing premature aging, and protecting the body from environmental damage.
These traditional practices eventually became the scientific foundation of modern herbal cosmeceuticals

).

The term cosmeceutical refers to cosmetic products that possess biologically active ingredients capable of
producing therapeutic benefits beyond simple beautification. Herbal cosmeceuticals therefore represent
cosmetic formulations enriched with plant-derived bioactive compounds that improve the physiological
function and health of the skin and hair while simultaneously enhancing their appearance. Although the
term "cosmeceutical™ is not universally recognized as a regulatory category, it is widely accepted in
cosmetic science to describe products that bridge the gap between cosmetics and pharmaceuticals.

Plants contain a diverse range of biologically active secondary metabolites collectively known as
phytochemicals. These include flavonoids, phenolic acids, tannins, terpenoids, alkaloids, glycosides,
carotenoids, essential oils, saponins, vitamins, polysaccharides, fatty acids, amino acids, and natural
enzymes. Each class of phytochemicals contributes unique pharmacological activities that make herbal
ingredients particularly valuable in cosmetic formulations. For example, flavonoids and polyphenols
exhibit strong antioxidant activity, protecting skin cells against oxidative stress induced by ultraviolet
radiation and environmental pollutants. Terpenoids provide anti-inflammatory and antimicrobial
properties, while polysaccharides such as those present in Aloe vera improve skin hydration and
accelerate wound healing.

Modern dermatological research has demonstrated that oxidative stress plays a major role in skin aging,
pigmentation disorders, collagen degradation, inflammation, and various dermatological conditions.
Excessive production of reactive oxygen species (ROS) damages cellular proteins, membrane lipids,
nucleic acids, and extracellular matrix components. Herbal antioxidants neutralize these free radicals,
thereby reducing oxidative damage, preserving collagen fibers, minimizing wrinkle formation, and
improving overall skin appearance. This scientific evidence has substantially strengthened the credibility
of herbal cosmeceuticals within evidence-based cosmetic science.

In addition to skin care, herbal ingredients have become integral components of hair-care formulations.
Numerous medicinal plants such as Amla (Phyllanthus emblica), Bhringraj (Eclipta alba), Brahmi
(Bacopa monnieri), Neem (Azadirachta indica), Fenugreek (Trigonella foenum-graecum), Hibiscus
(Hibiscus rosa-sinensis), and Shikakai (Acacia concinna) have traditionally been used to promote healthy
hair growth, reduce dandruff, strengthen hair follicles, prevent premature graying, and improve scalp
health. Modern formulations combine standardized botanical extracts with advanced delivery systems to
maximize therapeutic effectiveness while improving product stability and consumer acceptability.

The increasing popularity of herbal cosmetics has also encouraged the development of organic cosmetics,
which emphasize the use of ingredients obtained from certified organic agriculture. Organic cosmetic



products are manufactured using raw materials cultivated without synthetic fertilizers, pesticides,
herbicides, genetically modified organisms, or harmful agricultural chemicals. International certification
systems such as COSMOS, ECOCERT, USDA Organic, and NATRUE ensure compliance with stringent
quality standards, sustainable agricultural practices, environmental protection, and ethical sourcing of
botanical materials. Such certifications enhance consumer confidence while promoting biodiversity
conservation and responsible manufacturing practices (2).

Recent advances in cosmetic science have significantly improved the quality and performance of herbal
formulations through innovative technologies such as nanoemulsions, liposomes, phytosomes, solid lipid
nanoparticles, nanostructured lipid carriers, microencapsulation, controlled-release systems, and green
extraction techniques. These technologies enhance the bioavailability, penetration, stability, and
controlled delivery of plant-derived bioactive compounds, thereby increasing their therapeutic
effectiveness and extending product shelf life. Additionally, sustainable packaging, biodegradable
ingredients, eco-friendly manufacturing processes, and green chemistry principles have become important
considerations in the modern herbal cosmetic industry.

Today, herbal and natural cosmeceuticals represent a multidisciplinary field integrating pharmacognosy,
phytochemistry, pharmaceutics, dermatology, biotechnology, cosmetic chemistry, nanotechnology, and
environmental science. Continued scientific research, clinical evaluation, quality assurance, and
regulatory harmonization are expected to further strengthen the role of herbal cosmetics in promoting skin
health, hair care, environmental sustainability, and consumer well-being (3).

9.1 Herbal Cosmetic Ingredients

Herbal cosmetic ingredients are naturally occurring substances obtained from medicinal plants, flowers,
fruits, seeds, roots, stems, bark, leaves, algae, fungi, and plant-derived oils that are incorporated into
cosmetic formulations to improve the appearance, health, and physiological functions of the skin and hair.
Unlike synthetic cosmetic ingredients, herbal ingredients contain complex mixtures of biologically active
phytochemicals that exhibit multiple pharmacological activities simultaneously. These natural
constituents not only improve cosmetic appearance but also provide therapeutic benefits such as
antioxidant protection, anti-inflammatory action, antimicrobial activity, wound healing, depigmentation,
moisturization, photoprotection, anti-aging effects, and enhancement of skin barrier function.

For centuries, medicinal plants have been used in Ayurveda, Traditional Chinese Medicine (TCM),
Siddha, Unani, and various indigenous healthcare systems for skin care and hair care. With advances in
phytochemistry and cosmetic science, these traditional remedies have been scientifically validated and
incorporated into modern cosmeceutical formulations. Herbal ingredients are now widely used in creams,
lotions, serums, face washes, sunscreens, shampoos, conditioners, lip balms, deodorants, soaps, masks,
and anti-aging products.

The growing demand for clean-label cosmetics, environmentally sustainable products, and naturally
derived ingredients has substantially increased research into herbal cosmetic ingredients. Botanical
extracts are increasingly replacing synthetic chemicals due to their excellent safety profile,
biodegradability, and multifunctional biological activities. However, the quality and effectiveness of



herbal ingredients largely depend on plant species, geographical location, harvesting season, extraction
methods, standardization procedures, and storage conditions (4).

9.1.1 Classification of Herbal Cosmetic Ingredients

Herbal cosmetic ingredients may be classified according to their origin, chemical composition, or
functional properties.

A. Plant Extracts

Plant extracts are concentrated preparations obtained from medicinal plants using solvents such as water,
ethanol, glycerin, or hydroalcoholic mixtures. These extracts contain numerous bioactive phytochemicals
responsible for cosmetic benefits.

Examples include: Aloe vera extract, Neem extract, Green tea extract, Turmeric extract, Licorice extract,
Chamomile extract, Calendula extract, Rose extract

Plant extracts are incorporated into moisturizers, anti-acne formulations, anti-aging creams, facial
cleansers, serums, and sunscreens because they exhibit antioxidant, antimicrobial, soothing, and anti-
inflammatory activities (2-3).

B. Fixed Vegetable Oils

Vegetable oils are triglyceride-rich oils obtained from seeds, fruits, or nuts. Besides functioning as
emollients, they supply essential fatty acids, vitamins, phytosterols, and antioxidants.

Common cosmetic oils include: Coconut oil, Olive oil, Almond oil, Argan oil, Jojoba oil, Avocado oil,
Sunflower oil, Sesame oil, Castor oil

These oils soften the skin, reduce transepidermal water loss, improve elasticity, and restore the skin
barrier.

C. Essential Oils

Essential oils are volatile aromatic compounds extracted mainly through steam distillation or cold
pressing.

Examples include: Tea tree oil, Peppermint oil, Rosemary oil, Eucalyptus oil, Sandalwood oil, Rose oil

Essential oils possess antimicrobial, antifungal, anti-inflammatory, deodorizing, calming, and
aromatherapeutic properties.

D. Natural Butters and Waxes

Plant butters and waxes provide emolliency, consistency, and protection.



Examples include: Shea butter, Cocoa butter, Mango butter, Beeswax, Carnauba wax

These ingredients improve moisturization while protecting the skin from excessive moisture loss.

E. Natural Colorants

Natural pigments obtained from plants enhance product aesthetics.

Examples include: Beetroot pigment, Annatto, Chlorophyll, Curcumin, Henna

Natural pigments also contribute antioxidant activity.

F. Natural Preservatives

Several plant-derived compounds exhibit antimicrobial activity and contribute to product preservation.
Examples include: Neem extract, Thyme oil, Cinnamon oil

Although they possess antimicrobial activity, they are generally used in combination with approved
preservative systems.

Advantages of Herbal Cosmetic Ingredients

Herbal ingredients offer numerous advantages over synthetic cosmetic ingredients. They are generally
biodegradable, environmentally friendly, and renewable. Most botanical extracts exhibit multiple
biological activities simultaneously, thereby reducing the need for several synthetic additives. Their rich
antioxidant content protects the skin against environmental damage, while anti-inflammatory constituents
reduce irritation and improve skin comfort. Herbal ingredients are often better accepted by consumers
because they are perceived as safer, more sustainable, and compatible with sensitive skin. Additionally,
many medicinal plants provide moisturizing, antimicrobial, photoprotective, and anti-aging effects,
making them multifunctional ingredients in modern cosmetic formulations (3-5).

9.2 Herbal Skin Care Products

Skin is the largest organ of the human body and serves as the primary protective barrier against physical
injury, microbial invasion, ultraviolet (UV) radiation, environmental pollutants, and excessive water loss.
Maintaining healthy skin requires proper cleansing, hydration, nourishment, and protection from intrinsic
and extrinsic aging factors. Modern cosmetic science has increasingly recognized the value of medicinal
plants in maintaining skin health, leading to the rapid development of herbal skin-care products. These
products utilize plant-derived ingredients possessing scientifically proven pharmacological properties that
improve skin function while enhancing appearance.

Herbal skin-care products are cosmetic formulations prepared using extracts, essential oils, fixed oils,
waxes, natural antioxidants, vitamins, and bioactive phytochemicals obtained from medicinal plants.
Unlike conventional cosmetics that primarily provide temporary aesthetic improvement, herbal skin-care
products often offer therapeutic benefits such as antioxidant protection, anti-inflammatory activity,
antimicrobial action, moisturization, wound healing, depigmentation, photoprotection, collagen



stimulation, and improvement of the skin barrier. The increasing consumer preference for naturally
derived products has stimulated extensive research into botanical ingredients that are safe, biodegradable,
sustainable, and effective.

Medicinal plants such as Aloe vera, Neem, Turmeric, Green tea, Licorice, Chamomile, Calendula, Rose,
Cucumber, Saffron, Lavender, Sandalwood, Papaya, Witch hazel, and Tulsi have become integral
components of numerous skin-care formulations. Their bioactive constituents—including flavonoids,
polyphenols, terpenoids, carotenoids, vitamins, polysaccharides, and essential oils—provide multiple
biological activities that contribute to healthy, youthful skin. Modern herbal formulations combine these
ingredients with advanced delivery systems such as liposomes, nanoemulsions, phytosomes, and
hydrogels to improve stability, penetration, and efficacy (5,7).

9.2.1 Classification of Herbal Skin Care Products
Herbal skin-care products can be classified according to their primary cosmetic function.
A. Herbal Cleansers

Cleansing is the first and most essential step in skin care. Herbal cleansers remove dirt, sweat, excess
sebum, microorganisms, makeup residues, and environmental pollutants without excessively disturbing
the skin's natural lipid barrier.

Common herbal ingredients include:

e Aloevera
e Neem

e Tulsi

e Teatree oil

e Cucumber
e Green tea

e Reetha

e Chamomile

These ingredients possess antimicrobial, anti-inflammatory, and soothing properties that cleanse the skin
gently while maintaining hydration.

B. Herbal Moisturizers

Moisturizers prevent excessive transepidermal water loss and maintain skin hydration. Common herbal
ingredients used in herbal cleansers include Aloe vera, Neem, Tulsi, Tea tree oil, Cucumber, Green tea,



Reetha, and Chamomile. These plant-derived ingredients are incorporated into cleansing formulations
because of their natural origin and beneficial properties. They are widely used in herbal face washes,
cleansing gels, cleansing lotions, soaps, and other skin-cleansing products to provide effective cleansing
while maintaining the overall health and appearance of the skin.

C. Herbal Face Creams

Face creams are emulsified formulations designed to nourish and protect facial skin. Herbal face creams
are available in various formulations depending on their intended purpose, including day creams, night
creams, whitening creams, anti-aging creams, nourishing creams, and vitamin creams. These formulations
are commonly enriched with medicinal plants such as turmeric, saffron, licorice, aloe vera, sandalwood,
and green tea, which enhance their cosmetic and skin-care properties (7-8).

D. Herbal Face Masks and Packs

Face packs are formulated to provide a concentrated delivery of botanical ingredients to the skin for deep
cleansing and nourishment. They commonly contain herbal powders such as Multani mitti (Fuller's earth),
sandalwood, turmeric, neem, orange peel, rose petals, and aloe vera powder. These herbal face packs help
remove dead skin cells, absorb excess oil, improve skin complexion, tighten pores, and leave the skin
feeling refreshed and revitalized.

E. Herbal Toners

Toners are used after cleansing to restore the skin's natural pH while providing refreshing, soothing, and
revitalizing effects. Popular herbal toners are formulated with natural ingredients such as rose water,
witch hazel, cucumber extract, green tea extract, and lavender water, which help refresh the skin, maintain
hydration, and prepare it for the application of other skin-care products.

F. Herbal Serums

Serums are highly concentrated cosmetic formulations designed for rapid absorption and targeted skin
care. Herbal serums commonly contain vitamin C from botanical sources, green tea polyphenols,
liquorice extract, Centella asiatica, aloe vera, and fermentation-derived hyaluronic acid. These bioactive
ingredients help improve skin hydration, reduce pigmentation, enhance elasticity, stimulate collagen
production, and promote a healthier, more youthful appearance of the skin (8).

G. Herbal Sunscreens

Herbal sunscreens are formulated by combining botanical antioxidants with approved ultraviolet (UV)
filters to provide effective protection against the harmful effects of solar radiation. These formulations
commonly contain herbal ingredients such as green tea, aloe vera, carrot seed oil, raspberry seed ail,
turmeric, pomegranate extract, and licorice. The bioactive compounds present in these herbs help
minimize UV-induced oxidative damage, reduce inflammation, protect skin cells from free radical injury,
and support overall skin health while enhancing the photoprotective efficacy of sunscreen formulations.

Advantages of Herbal Skin Care Products



Herbal skin-care products provide several advantages over conventional formulations. Most medicinal
plants contain multiple bioactive compounds capable of producing synergistic biological effects. Their
natural antioxidants protect skin cells from oxidative stress while reducing premature aging. Botanical
extracts generally possess good compatibility with human skin and are biodegradable, renewable, and
environmentally sustainable. Herbal formulations are suitable for long-term use and are increasingly
preferred by consumers seeking clean-label, eco-friendly cosmetic products. Furthermore, many herbs
simultaneously exhibit moisturizing, antimicrobial, anti-inflammatory, wound-healing, and depigmenting
activities, making them highly versatile ingredients in cosmetic formulations (9-10).

9.3 Herbal Hair Care Products

Hair is an important appendage of the skin that contributes significantly to personal appearance, self-
confidence, thermoregulation, and protection of the scalp from environmental factors. Healthy hair
reflects not only cosmetic beauty but also good nutritional status and overall health. However, modern
lifestyles, environmental pollution, ultraviolet radiation, psychological stress, poor nutrition, hormonal
imbalance, excessive use of chemical-based cosmetic products, and various scalp disorders have
increased the prevalence of hair problems such as hair fall, dandruff, premature graying, split ends,
dryness, scalp irritation, and alopecia. Consequently, there has been a growing interest in herbal hair-care
products that combine traditional medicinal knowledge with modern cosmetic science.

Herbal hair-care products are formulations prepared from medicinal plants, plant extracts, fixed oils,
essential oils, and naturally occurring phytochemicals that nourish the scalp, strengthen hair follicles,
improve hair texture, and promote healthy hair growth. Unlike synthetic formulations that often rely on
harsh surfactants, silicones, and synthetic conditioning agents, herbal products utilize naturally derived
ingredients that provide multiple therapeutic benefits while minimizing adverse effects. Botanical
ingredients contain antioxidants, vitamins, minerals, amino acids, flavonoids, polyphenols, essential fatty
acids, and bioactive compounds that protect the scalp against oxidative stress, improve blood circulation,
reduce microbial growth, regulate sebum production, and maintain the normal hair growth cycle.

Traditional systems of medicine such as Ayurveda, Siddha, Unani, and Traditional Chinese Medicine
have long recognized the value of medicinal plants in hair care. Herbs such as Amla (Phyllanthus
emblica), Bhringraj (Eclipta alba), Brahmi (Bacopa monnieri), Neem (Azadirachta indica), Fenugreek
(Trigonella foenum-graecum), Hibiscus (Hibiscus rosa-sinensis), Shikakai (Acacia concinna), and Reetha
(Sapindus mukorossi) have been used for centuries to prevent hair loss, stimulate hair growth, strengthen
roots, reduce dandruff, improve scalp health, and enhance natural shine. Modern research has validated
many of these traditional claims, leading to their incorporation into shampoos, conditioners, hair oils, hair
masks, serums, and scalp treatments.

Recent advances in cosmetic technology have further improved herbal hair-care formulations through the
use of nanoemulsions, liposomes, phytosomes, microencapsulation, and controlled-release delivery
systems. These innovations enhance the stability, penetration, and bioavailability of plant-derived active
constituents, resulting in improved therapeutic efficacy. As consumer preference shifts toward safe, eco-
friendly, and sustainable products, herbal hair-care formulations continue to gain worldwide acceptance
(10-12).



9.3.1 Structure and Biology of Hair

Human hair consists primarily of keratin, a fibrous structural protein synthesized by specialized epithelial
cells within the hair follicle. Each hair shaft is composed of three concentric layers:

1. Cuticle

The cuticle forms the outermost protective layer of the hair shaft and consists of overlapping keratinized
cells. It protects the underlying cortex from physical damage, chemical exposure, and moisture loss. A
healthy cuticle provides smoothness, shine, and resistance to breakage.

2. Cortex

The cortex constitutes the major portion of the hair shaft and contains elongated keratin fibers, melanin
pigments, and structural proteins responsible for hair strength, elasticity, and color. Damage to the cortex
results in weakened hair, reduced tensile strength, and increased susceptibility to breakage.

3. Medulla

The medulla is the innermost region of the hair shaft, composed of loosely arranged cells. It is more
prominent in thick hair and has minimal influence on cosmetic properties.

Hair originates from the hair follicle; a highly specialized mini-organ embedded within the dermis. Hair
growth occurs through cyclic phases:

e Anagen (Growth Phase): Active cell division and hair elongation.

e Catagen (Transition Phase): Temporary cessation of growth and follicular regression.
o Telogen (Resting Phase): Hair remains dormant before shedding.

e Exogen (Shedding Phase): Mature hair is released, allowing new hair to emerge.

Disruption of these phases due to hormonal changes, nutritional deficiencies, stress, infections, or
chemical damage may result in hair loss or reduced hair quality.

9.3.2 Classification of Herbal Hair Care Products
Herbal hair-care products may be classified according to their intended cosmetic function.
A. Herbal Shampoos

Herbal shampoos are cleansing formulations prepared using mild natural surfactants and botanical
extracts that remove dirt, excess oil, sweat, and environmental contaminants while preserving the scalp's
natural moisture balance.

Common herbal ingredients include:



e Reetha (Sapindus mukorossi)

o Shikakai (Acacia concinna)

e Aloe vera
e Neem

¢ Hibiscus

e Greentea
e Teatreeoil

e Lemon extract

These ingredients gently cleanse the scalp while providing antimicrobial, antioxidant, and conditioning
effects.

B. Herbal Hair Oils
Hair oils remain one of the oldest and most widely used herbal hair-care products.
Popular herbal oils include:

e Coconut oil

e Amlaoil

e Bhringraj oil

e Brahmi oil
e Sesame oil
e Castor oil
e Argan oil
e Olive oil

Hair oils nourish the scalp, improve blood circulation, strengthen hair roots, reduce protein loss, and
improve shine.

C. Herbal Conditioners

Conditioners improve softness, smoothness, manageability, and protection against mechanical damage.



Common ingredients include:

e Aloevera

e Hibiscus

e Argan oil

e Coconut oil

o Shea butter

e Jojoba oil

e Wheat protein

o Silk protein
D. Herbal Hair Masks
Hair masks provide intensive conditioning and repair damaged hair.
Common ingredients include:

e Fenugreek

e Aloe vera
e Banana

e Yogurt

e Hibiscus
e Avocado
e Honey

These products restore moisture and improve hair elasticity.
E. Herbal Hair Serums

Hair serums provide surface protection and reduce frizz.
Botanical ingredients include:

e Argan oil



e Jojoba oil
e Grapeseed oil
e Vitamin E
e Greentea
F. Herbal Anti-Dandruff Products
These formulations contain herbs with antimicrobial and anti-inflammatory activity.

Examples include:

e Neem

e Teatreeoil
e Tulsi

o Rosemary
e Lemon

e Aloevera

9.4 Organic and Natural Cosmetics

The global cosmetic industry has experienced a remarkable transformation over the last two decades due
to increasing consumer awareness regarding health, environmental sustainability, and product safety.
Modern consumers are no longer satisfied with cosmetics that merely enhance physical appearance;
instead, they seek products that are safe, environmentally friendly, ethically produced, and formulated
using naturally derived ingredients. This shift in consumer preference has significantly contributed to the
rapid growth of organic and natural cosmetics, which are now among the fastest-growing sectors of the
cosmetic and personal care industry.

Natural cosmetics are formulated primarily from ingredients obtained from natural sources such as plants,
minerals, marine organisms, and microorganisms with minimal chemical modification. Organic cosmetics
represent a specialized category of natural cosmetics in which the botanical ingredients are cultivated
according to certified organic agricultural practices without the use of synthetic pesticides, herbicides,
chemical fertilizers, genetically modified organisms (GMOs), sewage sludge, or irradiation. These
products emphasize sustainability, biodiversity conservation, environmentally responsible manufacturing,
and consumer safety.

The increasing prevalence of skin allergies, irritation caused by synthetic chemicals, environmental
pollution, and growing concerns regarding the ecological impact of conventional cosmetic manufacturing
have accelerated the demand for organic and natural products. Botanical oils, herbal extracts, essential



oils, natural waxes, naturally derived emulsifiers, biodegradable surfactants, and plant-based preservatives
are increasingly replacing synthetic ingredients in modern cosmetic formulations.

Organic and natural cosmetics are widely used in skin care, hair care, oral care, baby care, decorative
cosmetics, perfumes, and personal hygiene products. Their popularity is supported not only by consumer
perception but also by increasing scientific evidence demonstrating the biological activities of plant-
derived phytochemicals. These products combine traditional herbal knowledge with modern cosmetic
technology, offering multifunctional benefits while minimizing environmental impact (13-15).

9.4.1 Natural Cosmetics

Natural cosmetics are cosmetic products formulated predominantly from ingredients obtained from
natural sources, including medicinal plants, fruits, vegetables, flowers, seeds, nuts, minerals, marine
algae, beeswax, and naturally occurring microbial products. These ingredients undergo limited physical
processing such as drying, grinding, steam distillation, cold pressing, filtration, or aqueous extraction to
preserve their biological activity.

Unlike conventional cosmetics, natural cosmetics avoid or minimize the use of synthetic preservatives,
petrochemical derivatives, artificial fragrances, synthetic colorants, silicones, parabens, sulfates,
phthalates, and other potentially harmful chemicals.

Common natural ingredients include Aloe vera, coconut oil, olive oil, argan oil, shea butter, cocoa butter,
beeswax, jojoba oil, green tea extract, rose water, lavender oil, chamomile extract, neem extract, turmeric
extract, essential oils, natural clays, and mineral pigments.

Natural cosmetics aim to support skin physiology by utilizing biologically active compounds naturally
present in plants and minerals. These ingredients provide antioxidant, anti-inflammatory, antimicrobial,
moisturizing, photoprotective, and anti-aging activities while maintaining good compatibility with human
skin (14).

9.4.2 Organic Cosmetics

Organic cosmetics are cosmetic products prepared using certified organically cultivated raw materials.
The plants used in these products are grown without synthetic fertilizers, pesticides, herbicides, growth
hormones, genetically modified organisms, or harmful agricultural chemicals. Organic farming
emphasizes ecological balance, biodiversity conservation, soil fertility, and sustainable agricultural
practices.

Certified organic cosmetics generally contain a specified minimum percentage of organically produced
ingredients depending upon the certification standard.

The major characteristics of organic cosmetics include:
o Certified organic botanical ingredients

o Sustainable agriculture



o Eco-friendly manufacturing

o Biodegradable raw materials

e  Cruelty-free production

e Minimal environmental impact
o Reduced chemical residues

e Renewable plant resources

Organic cosmetic formulations frequently contain plant oils, botanical extracts, essential oils, natural
waxes, herbal hydrosols, plant-derived emulsifiers, naturally obtained antioxidants, and biodegradable
surfactants.

9.4.3 Difference Between Natural and Organic Cosmetics

Although the terms "natural” and "organic" are often used interchangeably, they represent different
concepts.

Parameter Natural Cosmetics Organic Cosmetics
. . Certified organically grown
Source Naturally derived ingredients ) g . ye
ingredients
. . May involve conventional . . .
Agricultural practice . Strict organic farming
farming
Chemical fertilizers May be used Not permitted
Synthetic pesticides May be present Prohibited
Certification Usually optional Mandatory certification
Environmental .
S Moderate High
sustainability
Cost Comparatively lower Higher
Consumer assurance Variable Greater reliability

Organic cosmetics are therefore considered a specialized subgroup of natural cosmetics with stricter
production standards.




9.4.4 Certification of Organic Cosmetics

To ensure product authenticity and consumer confidence, several international organizations have
established certification standards for organic cosmetics.

A. COSMOS Standard

COSMOS (Cosmetic Organic and Natural Standard) is one of the most widely recognized international
standards governing organic and natural cosmetic products. It establishes criteria for ingredient sourcing,
processing methods, environmental management, packaging, labeling, and product composition.

The COSMOS standard promotes sustainable use of natural resources, biodiversity conservation, and
environmentally responsible manufacturing practices (16).

B. ECOCERT

ECOCERT s an internationally recognized certification organization headquartered in France. It
evaluates cosmetic products according to stringent environmental and organic farming principles.

The certification requires:
e Organic agricultural ingredients
e Environmentally friendly manufacturing
e Sustainable packaging
e Traceability of raw materials
o Restricted use of synthetic ingredients
C. USDA Organic

The United States Department of Agriculture (USDA) Organic certification applies to cosmetic products
meeting specific organic agricultural standards.

Products bearing the USDA Organic seal contain a high percentage of certified organic ingredients and
comply with rigorous production, processing, and labeling requirements (18).

D. NATRUE
NATRUE is a European certification system promoting genuine natural and organic cosmetics (17).
The standard emphasizes:

o Naturally derived raw materials

e Minimal processing



e Sustainable production

e High product quality

e Transparent labeling
Conclusion

Herbal and natural cosmeceuticals have emerged as an important segment of the modern cosmetic
industry by integrating traditional medicinal knowledge with contemporary pharmaceutical and cosmetic
sciences. The incorporation of plant-derived bioactive compounds into cosmetic formulations provides
multifunctional benefits including antioxidant protection, anti-inflammatory activity, moisturization,
antimicrobial effects, wound healing, photoprotection, depigmentation, and anti-aging properties. Herbal
skin-care and hair-care products have gained widespread acceptance because of their safety, efficacy,
environmental sustainability, and consumer preference for naturally derived ingredients. Organic
cosmetics further strengthen this concept by emphasizing certified organic agriculture, environmentally
responsible manufacturing, and sustainable product development. Although challenges such as variability
of plant materials, standardization, preservation, and regulatory compliance remain, ongoing advances in
biotechnology, nanotechnology, green chemistry, and quality assurance continue to improve product
performance and reliability. Future research focusing on innovative delivery systems, personalized herbal
formulations, sustainable packaging, and scientifically validated botanical ingredients will further
enhance the role of herbal and natural cosmeceuticals in promoting skin health, hair care, and global
environmental sustainability.
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Abstract

The rapid expansion of the cosmetic and cosmeceutical industry has intensified the need for
comprehensive quality assurance, safety evaluation, and regulatory compliance to ensure the development
of safe, effective, and high-quality products. Modern cosmeceuticals incorporate biologically active
ingredients that provide both cosmetic and therapeutic benefits, necessitating rigorous evaluation
throughout their lifecycle. This chapter presents a comprehensive overview of the essential quality control
measures, safety assessment procedures, and regulatory frameworks governing cosmetic products. It
discusses various methods used for cosmetic product evaluation, including physicochemical,
microbiological, sensory, toxicological, and efficacy assessments that ensure product quality and
consumer safety. The chapter further elaborates on stability testing protocols and highlights
internationally accepted regulatory guidelines such as ISO 22716, ISO/TR 18811, European Union
Cosmetics Regulation (EC) No. 1223/2009, Cosmetics Rules, 2020 (India), and the ASEAN Cosmetic
Directive. Cosmetic labeling requirements, mandatory product information, ingredient disclosure, safety
warnings, and regulatory compliance are also discussed in detail. Furthermore, the chapter describes the
legal framework governing cosmetic manufacturing, quality control, labeling, advertising, post-market
surveillance, and Good Manufacturing Practices. Finally, emerging trends in cosmeceuticals, including
personalized skincare, nanotechnology, biotechnology, microbiome-based formulations, artificial
intelligence, advanced delivery systems, and sustainable green cosmetics, are explored as future
directions of the industry. Collectively, these quality, safety, and regulatory strategies play a pivotal role
in ensuring consumer protection, facilitating global regulatory harmonization, promoting innovation, and
supporting the development of scientifically validated, sustainable, and effective cosmetic products.

Keywords: Cosmeceuticals, Quality Control, Stability Testing, Cosmetic Labeling, Cosmetics
Regulations, Good Manufacturing Practices (GMP), Product Safety
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Introduction

The cosmetic and cosmeceutical industry has experienced remarkable growth over the past few decades,
driven by increasing consumer awareness, technological advancements, and the demand for products that
combine aesthetic enhancement with therapeutic benefits. Modern cosmeceuticals are expected not only
to improve appearance but also to demonstrate efficacy, safety, stability, and regulatory compliance
throughout their shelf life. As a result, quality assurance and adherence to established regulatory standards
have become fundamental components of cosmetic product development [1].

Ensuring the quality and safety of cosmetic products involves a comprehensive evaluation process,
including the assessment of physicochemical properties, microbiological quality, stability under various
environmental conditions, and consumer safety. Proper labelling further plays a critical role by providing
accurate product information, usage instructions, ingredient disclosure, and safety warnings, thereby
enabling informed consumer choices. Regulatory frameworks established by national and international
authorities govern the manufacturing, testing, labelling, marketing, and post-market surveillance of
cosmetic products to ensure public health protection and maintain industry standards. With continuous
innovations in biotechnology, nanotechnology, green chemistry, and personalized skincare, the
cosmeceutical sector is rapidly evolving. Emerging trends emphasize sustainable formulations, eco-
friendly packaging, advanced delivery systems, and scientifically validated bioactive ingredients, shaping
the future of cosmetic science [2].

This chapter provides a comprehensive overview of the essential quality control measures, safety
assessment protocols, and regulatory requirements applicable to cosmetic products. It further discusses
methods for cosmetic product evaluation, principles of stability testing, labelling requirements, relevant
cosmetics rules and regulations, and the future trends that are expected to influence the development of
next-generation cosmeceuticals.

10.1 Evaluation of Cosmetic Products

The evaluation of cosmetic products is a systematic process carried out to ensure that a product is safe,
effective, stable, and acceptable to consumers before it is introduced into the market. Cosmetic products
are intended to cleanse, beautify, protect, or improve the appearance of the skin, hair, nails, lips, and other
external body parts. Therefore, they must undergo comprehensive testing to verify their quality,
performance, and compliance with regulatory standards. Product evaluation involves a combination of
physicochemical, microbiological, toxicological, stability, sensory, and clinical assessments. These tests
help manufacturers identify potential formulation issues, establish shelf life, verify product claims, and
ensure consumer safety. International regulatory agencies, including the International Organization for
Standardization (1SO), Good Manufacturing Practices (GMP), and national regulatory authorities,
recommend standardized evaluation methods to maintain consistency and product reliability [3].

Objectives of Cosmetic Product Evaluation
The primary objectives of cosmetic product evaluation are to:

o Ensure product safety for intended use.



o Assess the efficacy of active ingredients.
e Determine product quality and consistency.
o Evaluate physical, chemical, and microbiological stability.
e Verify cosmetic claims such as moisturizing, whitening, anti-aging, or sunscreen protection.
e Assess consumer acceptability regarding appearance, fragrance, texture, and ease of application.
e Ensure compliance with national and international regulations.
o Establish product shelf life and storage conditions.
Method of Evaluation
Physical Evaluation

Organoleptic evaluation is the preliminary assessment of a cosmetic product using human senses. It
includes the examination of colour, odour, appearance, texture, consistency, smoothness, spreadability,
and overall aesthetic appeal. This method helps determine whether the product possesses desirable
sensory characteristics that influence consumer acceptance.

Physicochemical Evaluation

This method involves the measurement of physical and chemical properties that affect product quality and
stability. Common parameters include pH, viscosity, density, specific gravity, refractive index, melting
point, moisture content, and particle size. These tests ensure batch-to-batch consistency and compatibility
with the skin or hair.

Microbiological Evaluation

Microbiological evaluation determines the microbial quality of cosmetic products. It includes total viable
microbial count, detection of pathogenic microorganisms, and preservative efficacy (challenge) testing.
This method ensures that the product is free from harmful microorganisms and remains microbiologically
stable throughout its shelf life [4].

Common Tests
e Total aerobic microbial count (TAMC)
e Total yeast and mold count (TYMC)
o Detection of pathogenic microorganisms:
o Staphylococcus aureus

o Pseudomonas aeruginosa



o Escherichia coli
o Candida albicans
Safety Evaluation

Safety evaluation is performed to ensure that cosmetic products do not cause irritation, sensitization,
allergic reactions, or toxicity during normal use. Common methods include skin patch tests, irritation
studies, repeat insult patch tests (RIPT), phototoxicity tests, ocular irritation tests (for eye products), and
toxicological risk assessments of ingredients.

Common safety studies include:
e Patch test
e Skin irritation test
e Repeat Insult Patch Test (RIPT)
e Ocular irritation test
e Phototoxicity study
e Human repeat application study

Risk assessment also considers ingredient concentration, frequency of application, exposure duration, and
the target population [5].

Efficacy Evaluation

Efficacy evaluation verifies whether the cosmetic product performs according to its claimed benefits, such
as moisturizing, anti-aging, whitening, anti-acne, hair strengthening, or sun protection. Evaluation is
carried out using instrumental measurements, dermatological examinations, clinical trials, and consumer
perception studies.

Efficacy testing confirms whether the cosmetic product performs as claimed.
Common Claims Evaluated

e Moisturization

e Anti-aging effect

o Skin whitening/brightening

e Acne reduction

e Wrinkle reduction



e Hair strengthening

e Sun protection

e Anti-dandruff activity
10.2 Stability Testing

Stability testing is a scientifically designed evaluation performed to determine the ability of a cosmetic
product to maintain its physical, chemical, microbiological, functional, and aesthetic characteristics
throughout its intended shelf life under specified storage conditions. The primary purpose of stability
testing is to ensure that a cosmetic product remains safe, effective, and of acceptable quality from the date
of manufacture until the end of its shelf life.

Unlike pharmaceutical products, cosmetics do not have a single globally harmonized stability guideline.
Instead, stability testing is performed according to internationally accepted regulatory frameworks and
standards such as:

e [ISO/TR 18811:2018 — Cosmetics: Guidelines on the Stability Testing of Cosmetic Products
e 1SO 22716:2007 — Cosmetics: Good Manufacturing Practices (GMP)

e European Union (EU) Cosmetics Regulation (EC) No. 1223/2009

e ASEAN Cosmetic Directive (ACD)

e US FDA Guidance and Good Manufacturing Practices (although pre-market approval is
generally not required for cosmetics)

e Bureau of Indian Standards (BIS) specifications and Cosmetics Rules, 2020 (India)

e International Council for Harmonisation (ICH Q1A(R2)) principles, which are frequently
adapted for cosmeceuticals and scientifically designed stability protocols.

These guidelines recommend evaluating cosmetic products under various environmental conditions to
establish shelf life, storage conditions, packaging compatibility, and overall product performance [6].

Regulatory Guidelines Governing Cosmetic Stability Testing
Several international regulatory organizations provide guidance for cosmetic stability studies.
ISO/TR 18811:2018

ISO/TR 18811 is the most widely accepted international guideline specifically developed for cosmetic
products. It recommends evaluating product stability according to the formulation type, packaging
material, intended use, climatic conditions, transportation, and storage environment. The guideline



emphasizes that stability studies should be scientifically designed and based on product-specific risk
assessment rather than following a single standardized protocol.

1SO 22716:2007 (Good Manufacturing Practices)

ISO 22716 establishes Good Manufacturing Practices (GMP) for cosmetic manufacturing. Although it
does not prescribe specific stability conditions, it requires manufacturers to maintain documented
evidence demonstrating that cosmetic products remain stable and meet quality specifications throughout
their shelf life. Stability studies performed under GMP ensure batch consistency, traceability, and quality
assurance.

European Union Cosmetics Regulation (EC) No. 1223/2009

The European Union requires manufacturers to maintain stability data as part of the Product Information
File (PIF). Stability studies must justify the declared shelf life or the Period After Opening (PAQO) and
demonstrate that the cosmetic product remains safe, stable, and effective under normal conditions of
storage and use.

Cosmetics Rules, 2020 (India)

In India, the Cosmetics Rules, 2020 require manufacturers to ensure that cosmetic products comply with
prescribed standards of quality and safety. Although the rules do not specify exact testing conditions,
manufacturers are expected to maintain scientific evidence supporting product stability, shelf life,
manufacturing quality, storage conditions, and packaging compatibility. Stability studies are generally
conducted following internationally accepted practices and relevant BIS standards.

ASEAN Cosmetic Directive

The ASEAN Cosmetic Directive requires manufacturers to generate stability data demonstrating that
cosmetic products maintain their quality throughout the declared shelf life. The generated data should be
available for inspection by regulatory authorities whenever required [7,8].

Types of Stability Testing

Different stability studies are performed to evaluate the behaviour of cosmetic products under various
environmental conditions.

Long-Term (Real-Time) Stability Testing

Long-term stability studies evaluate cosmetic products under normal storage conditions throughout their
proposed shelf life. These studies provide the most reliable information regarding product stability and
are considered the primary basis for assigning an expiry date.

Typical storage conditions recommended internationally are:

e 25+ 2°C/ 60+ 5% Relative Humidity (RH) for temperate regions.



e 30+ 2°C/ 65+ 5% Relative Humidity (RH) for hot and humid climatic zones.

Products are generally evaluated at 0, 3, 6, 9, 12, 18, 24, and 36 months, depending on the proposed shelf
life.

Accelerated Stability Testing

Accelerated stability studies expose cosmetic products to elevated temperature and humidity to predict
long-term stability within a shorter period. These studies help identify formulation weaknesses and
estimate potential degradation during storage.

Typical accelerated conditions include:
e 40+2°C
e 75+ 5% Relative Humidity
e Duration: 6 months

Accelerated studies help detect:

Colour changes

e Fragrance loss

e Phase separation

e Viscosity changes

e pH variation

e Active ingredient degradation

e Packaging incompatibility
Intermediate Stability Testing

Intermediate stability testing is performed when accelerated studies show significant changes that require
additional investigation. Products are commonly stored at:

e 30t2°C
e 65+ 5% Relative Humidity

These studies provide additional information regarding product behaviour under moderately stressful
conditions.

Freeze-Thaw Stability Testing



Freeze-thaw studies evaluate the resistance of cosmetic formulations to repeated freezing and thawing
cycles that may occur during transportation or seasonal storage.

A typical protocol includes:
e Storage at —5°C to —10°C for 24 hours.
e Storage at 25°C for 24 hours.
o Repetition of 3-6 cycles.
This test helps identify:
e Phase separation
e Crystal formation
e Texture changes
e Emulsion instability
Thermal Cycling Test

Thermal cycling simulates repeated exposure to alternating temperatures that products may experience
during storage and transportation.

A commonly used cycle consists of:
e 4°C for 24 hours
e 40°C for 24 hours

The cycle is repeated 10-12 times.

The study evaluates formulation robustness by observing changes in appearance, viscosity, homogeneity,
and emulsion stability [9].

Photostability Testing

Photostability testing determines the effect of light exposure on cosmetic products. Samples are exposed
to controlled ultraviolet (UV) and visible light to assess degradation of light-sensitive ingredients.

Parameters commonly evaluated include:
e Colour fading

e Oxidation



e Fragrance degradation
e Active ingredient degradation
e Packaging protection against light

This study is particularly important for products containing vitamins, botanical extracts, sunscreens,
essential oils, and antioxidants [10].

Microbiological Stability Testing

Microbiological stability studies ensure that preservatives remain effective throughout the product's shelf
life and that microbial contamination does not occur during storage.

The following tests are commonly performed:
e Total Aerobic Microbial Count (TAMC)
e Total Yeast and Mold Count (TYMC)
o Detection of specified pathogenic microorganisms
e Preservative Efficacy Test (Challenge Test)

Products containing water are especially susceptible to microbial contamination and therefore require
careful microbiological evaluation.

Transportation Stability Testing

Transportation stability evaluates the product's ability to withstand conditions encountered during
shipping and distribution.

The product is assessed under conditions such as:

e Mechanical vibration

e Compression

e Impact

e Temperature fluctuations
These studies ensure that the product reaches consumers without deterioration.
Parameters Evaluated During Stability Studies

During stability testing, cosmetic products are periodically examined for changes in their quality
attributes.



Table 30.1 Parameters Evaluated During Stability Testing of Cosmetic Products

Category Parameter Purpose/Significance
Colour Detects discoloration, oxidation, or degradation of the
formulation during storage.
Evaluates changes in visual characteristics such as clarity,
Appearance . . .
opacity, or uniformity.
Identifies fragrance loss or development of unpleasant
Odour . . .
odours due to degradation or microbial growth.
Assesses smoothness, consistency, and sensory feel of the
Texture
product.
Physical . Ensures uniform distribution of ingredients without
Homogeneity . .
Parameters separation or aggregation.
. Detects instability in emulsions, indicating separation of oil
Phase Separation y gsep
and water phases.
. . Evaluates settling of suspended particles in creams, lotions,
Sedimentation . g P P
or suspensions.
- Determines ease of application and uniform distribution on
Spreadability . .
the skin or hair.
L Measures resistance to flow, ensuring consistency and ease
Viscosity . .
of dispensing.
H Monitors chemical stability and compatibility with skin or
P hair.
Active Ingredient | Confirms that active ingredients remain within the
Content specified concentration throughout shelf life.
Chemical Preservative Ensures preservatives remain effective in preventing
Parameters Concentration microbial contamination.

Moisture Content

Detects moisture loss or gain that may affect product
quality and stability.

Oxidative
Degradation

Evaluates oxidation of ingredients such as oils, vitamins,
and fragrances.




Formation of
Degradation
Products

Identifies chemical breakdown products that may affect
product safety or efficacy.

Microbiological

Total Microbial
Count

Determines the overall microbial load present in the
cosmetic product.

Yeast and Mould
Count

Detects fungal contamination that may lead to spoilage and
reduced shelf life.

Confirms the absence of specified pathogenic

. microorganisms such as Staphylococcus aureus,
Parameters Pathogen Detection g . Py . . .
Pseudomonas aeruginosa, Escherichia coli, and Candida
albicans.
Preservative - . A
. Evaluates the ability of the preservative system to inhibit
Efficacy (Challenge . . .
Test) microbial growth during storage and consumer use.
Sun Protection Assesses the UV protection efficiency of sunscreen
Factor (SPF) products.
Moisturizing Measures the product's ability to increase and maintain skin
Efficacy hydration.
. - Evaluates foam formation, stability, and cleansin
Foaming Ability y g
performance of shampoos and cleansers.
Functional
Parameters Determines the effectiveness of the product in removing

Cleansing Efficiency

dirt, oil, makeup, and impurities.

Water Resistance

Assesses the ability of products such as sunscreens or
cosmetics to retain effectiveness after water exposure.

Hair Conditioning
Performance

Evaluates improvements in hair softness, smoothness,
manageability, shine, and reduction of static electricity
after product application.

10.3 Cosmetic Labelling Requirements

Cosmetic labelling is an essential component of cosmetic product quality, safety, and regulatory
compliance. A cosmetic label serves as the primary source of information for consumers, healthcare
professionals, retailers, and regulatory authorities. It provides essential details regarding the identity of the




product, ingredients, method of use, precautions, manufacturer information, batch identification, shelf
life, and storage conditions. Accurate labelling enables consumers to make informed purchasing
decisions, promotes the safe use of cosmetic products, and facilitates product traceability in the event of
adverse reactions or product recalls.

Cosmetic labelling is regulated by national and international authorities to ensure transparency, prevent
misleading claims, and protect public health. Manufacturers are legally responsible for ensuring that all
information displayed on the label is truthful, scientifically supported, and compliant with applicable
regulations. Internationally, cosmetic labelling requirements are guided by the European Union Cosmetics
Regulation (EC) No. 1223/2009, United States Food and Drug Administration (US FDA) regulations,
ASEAN Cosmetic Directive, ISO standards, and the Cosmetics Rules, 2020 (India) [11, 12].

Importance of Cosmetic Labelling

A well-designed cosmetic label serves several important functions. It acts as a communication tool
between the manufacturer and the consumer by providing essential product information. Proper labelling
enhances consumer confidence, improves product transparency, and supports quality assurance. It also
assists regulatory agencies in verifying compliance with legal requirements and facilitates market
surveillance.

The importance of cosmetic labelling includes:

e Promotes safe product usage.

e Improves consumer awareness.

e Supports informed purchasing decisions.

e Prevents misuse and accidental exposure.

e Assists in identifying counterfeit products.

o Facilitates product recall and complaint investigation.

o Enhances brand credibility and market acceptance.
Essential Information Required on Cosmetic Labels

Most regulatory authorities require specific information to appear on cosmetic product labels. Although
requirements may vary slightly between countries, the following information is generally mandatory.

Product Name or Identity

The label should clearly state the name of the cosmetic product so that consumers can easily identify its
intended purpose. Examples include moisturizing cream, shampoo, sunscreen lotion, lipstick, facial
cleanser, or hair conditioner.



Intended Use
Where the product purpose is not immediately obvious, the label should indicate its intended use.
Examples:
o For external use only
e Facial moisturizer
e Hair cleansing shampoo
e Sunscreen lotion
e Anti-dandruff shampoo
Ingredient List

All ingredients used in the formulation should be declared on the label in descending order of
concentration. Ingredients are generally listed using the International Nomenclature of Cosmetic
Ingredients (INCI) names to ensure uniformity across international markets.

The ingredient declaration helps consumers identify substances that may cause allergies or sensitivities
and promotes transparency in cosmetic formulations.

Net Quantity
The net quantity indicates the amount of product contained within the package.
It is usually expressed as:
o  Weight (g, kg)
e Volume (mL, L)
e Number of units (for wipes or capsules)
Example: 100 mL, 50 g, or 20 wipes.
Manufacturer Information
The label should include details of the responsible manufacturer, importer, or distributor.
Typical information includes:
e Manufacturer's name

e Complete address



o Country of origin

e Customer care contact

e Website or email (where applicable)
This information facilitates communication and product traceability.
Batch Number or Lot Number
Every cosmetic product must carry a unigue batch or lot number.

The batch number is important because it:

Identifies the manufacturing batch.

Supports quality control.

Facilitates product recalls.

Assists in complaint investigation.
Manufacturing Date and Expiry Date

Many countries require the manufacturing date and expiry date or the Period After Opening (PAO)
symbol.

The expiry date informs consumers about the period during which the product remains safe and effective
under recommended storage conditions.

Examples include:

Manufacturing Date (Mfg.)

Expiry Date (Exp.)

Best Before

PAO symbol (e.g., 12M, 24M)

Directions for Use

Instructions should clearly explain the correct method of product application.
Examples include:

o Apply evenly to clean skin.



o Massage gently until absorbed.

¢ Rinse thoroughly with water.

e Reapply every two hours during sun exposure.
Clear directions improve product effectiveness while reducing the risk of misuse.
Warnings and Precautions
Safety warnings help minimize health risks associated with cosmetic use.
Common precautionary statements include:

e For external use only.

e Avoid contact with eyes.

o Keep out of reach of children.

o Discontinue use if irritation occurs.

e Do not apply to broken or damaged skin.

e Store in a cool and dry place.
Additional warnings may be required depending on product type.
Storage Conditions
Appropriate storage instructions help maintain product quality throughout its shelf life.
Examples include:

e Store below 30°C.

e Protect from direct sunlight.

o Keep container tightly closed.

e Store ina cool and dry place.
Country of Origin

Many countries require imported cosmetic products to clearly indicate the country where the product was
manufactured [13, 14].

Example: Made in India, Made in France



10.4 Cosmetics Rules and Regulations

Cosmetics are widely used products intended to cleanse, beautify, protect, or alter the appearance of the
skin, hair, nails, lips, and other external parts of the human body. Since these products come into direct
contact with the body, they must be safe, effective, and manufactured under controlled conditions.
Cosmetic rules and regulations are a set of legal requirements established by national and international
regulatory authorities to ensure that cosmetic products are of acceptable quality, free from harmful
substances, properly labeled, and safe for consumer use. These regulations govern every stage of a
cosmetic product's lifecycle, from ingredient selection and manufacturing to labeling, marketing,
distribution, and post-market surveillance.

The primary objective of cosmetic regulations is to protect public health while promoting fair trade
practices and encouraging innovation within the cosmetic industry. Manufacturers are responsible for
ensuring that their products comply with applicable regulatory standards before they are marketed.
Compliance with these regulations not only safeguards consumers but also enhances product quality,
builds consumer confidence, and facilitates international trade [15].

Obijectives of Cosmetic Rules and Regulations

The main objective of cosmetic regulations is to ensure that all cosmetic products available in the market
are safe, effective, and of consistent quality. Regulatory authorities establish standards for manufacturing,
quality control, labeling, packaging, advertising, and safety assessment to minimize health risks
associated with cosmetic use. These regulations also help prevent misleading claims, adulteration,
contamination, and the use of prohibited ingredients while ensuring transparency and traceability
throughout the product's lifecycle.

Regulatory Authorities

Different countries have established specialized regulatory agencies responsible for monitoring cosmetic
products and enforcing cosmetic legislation. In India, cosmetics are regulated by the Central Drugs
Standard Control Organization (CDSCO) under the Drugs and Cosmetics Act, 1940 and the Cosmetics
Rules, 2020. In the European Union, cosmetic products are regulated under Regulation (EC) No.
1223/2009, while in the United States they are regulated by the U.S. Food and Drug Administration
(FDA) under the Federal Food, Drug, and Cosmetic Act (FD&C Act), as strengthened by the
Modernization of Cosmetics Regulation Act (MoCRA), 2022. Similarly, ASEAN countries follow the
ASEAN Cosmetic Directive, which harmonizes cosmetic regulations across member nations [16].

Cosmetics Rules, 2020 (India)

The Cosmetics Rules, 2020 provide a comprehensive regulatory framework for the manufacture, import,
labeling, testing, sale, and distribution of cosmetic products in India. These rules aim to ensure that only
safe and quality cosmetic products are made available to consumers. They prescribe requirements for
manufacturing licenses, import registration, quality standards, inspection of manufacturing facilities,
labeling, packaging, and product recall. Manufacturers are required to maintain proper documentation and
comply with Good Manufacturing Practices (GMP) to ensure product consistency and safety.



Good Manufacturing Practices (GMP)

Good Manufacturing Practices (GMP) are internationally recognized guidelines that ensure cosmetic
products are consistently produced and controlled according to established quality standards. GMP covers
various aspects of manufacturing, including personnel hygiene, equipment maintenance, sanitation,
quality control, documentation, storage, packaging, and distribution. The international standard ISO
22716 provides detailed guidance for implementing GMP in cosmetic manufacturing. Following GMP
minimizes the risk of contamination, manufacturing errors, and product variability, thereby ensuring high-
quality cosmetic products [17].

Product Safety Assessment

Before a cosmetic product is introduced into the market, it must undergo a comprehensive safety
assessment to ensure that it does not pose any risk to consumers under normal conditions of use. Safety
assessment involves evaluating the toxicological profile of ingredients, skin compatibility,
microbiological quality, stability, packaging compatibility, and consumer exposure. Manufacturers are
responsible for generating scientific evidence demonstrating the safety of their formulations and
maintaining this information for regulatory review [18].

Ingredient Regulations

Cosmetic regulations specify the ingredients that may be used in cosmetic formulations and establish
limits for their concentration. Certain substances are completely prohibited because of their toxic effects,
while others are permitted only within prescribed limits. Regulatory authorities also maintain lists of
approved preservatives, colorants, ultraviolet (UV) filters, and fragrance allergens. Manufacturers must
ensure that all ingredients comply with these regulations and are appropriately declared on the product
label using the International Nomenclature of Cosmetic Ingredients (INCI).

Cosmetic Labeling Requirements

Proper labeling is an important legal requirement for cosmetic products. Cosmetic labels provide
consumers with essential information regarding product identity, ingredients, net quantity, manufacturer
details, batch number, manufacturing date, expiry date or Period After Opening (PAQ), directions for use,
storage conditions, and necessary safety warnings. Labels should be accurate, easy to read, and should not
contain false or misleading claims. Proper labeling promotes safe product use and facilitates product
traceability in the event of complaints or recalls.

Stability and Quality Control

Regulatory authorities require manufacturers to perform stability testing and quality control evaluations to
ensure that cosmetic products maintain their physical, chemical, microbiological, and functional
properties throughout their shelf life. Stability studies help determine appropriate storage conditions and
expiry dates, while quality control testing ensures batch-to-batch consistency and compliance with
product specifications. These evaluations are essential for maintaining consumer safety and product
reliability [19].



Advertising and Product Claims

Cosmetic regulations require that all advertising and promotional claims be truthful, scientifically
substantiated, and not misleading. Claims such as “clinically tested,” "dermatologically tested,” "anti-
aging," "SPF protection,” or "long-lasting hydration™ should be supported by adequate scientific evidence.
Products should not claim to diagnose, treat, cure, or prevent diseases unless they are regulated as drugs.
Honest advertising helps consumers make informed purchasing decisions and prevents unfair marketing
practices.

Post-Market Surveillance

Regulatory responsibility continues even after a cosmetic product has been marketed. Manufacturers are
expected to monitor product performance by collecting information on consumer complaints, adverse
reactions, and quality issues. If any safety concern is identified, appropriate corrective measures such as
product recalls, reformulation, or relabeling should be implemented. Post-market surveillance helps
regulatory authorities identify potential risks and ensures continued consumer protection [20].

International Harmonization

With the expansion of global cosmetic markets, there is increasing emphasis on harmonizing cosmetic
regulations among different countries. International guidelines such as ISO 22716, the European Union
Cosmetics Regulation, the ASEAN Cosmetic Directive, and the Cosmetics Rules, 2020 (India) share
common principles regarding product safety, quality assurance, labeling, and Good Manufacturing
Practices. Harmonized regulations facilitate international trade, reduce regulatory barriers, and encourage
the development of safe and innovative cosmetic products [21].

10.5 Future Trends in Cosmeceuticals

The cosmeceutical industry has witnessed remarkable growth over the past two decades due to increasing
consumer awareness, advances in dermatological research, and the growing demand for products that
provide both cosmetic enhancement and therapeutic benefits. Unlike conventional cosmetics,
cosmeceuticals contain biologically active ingredients that not only improve appearance but also
contribute to skin and hair health. Continuous innovations in biotechnology, nanotechnology, molecular
biology, artificial intelligence, and green chemistry are transforming the development of next-generation
cosmeceutical products. Modern consumers are increasingly seeking personalized, sustainable,
multifunctional, and scientifically validated products that deliver long-term benefits while minimizing
adverse effects. As a result, the future of cosmeceuticals is expected to focus on innovative technologies,
eco-friendly formulations, advanced delivery systems, and precision skincare.

Personalized Cosmeceuticals

One of the most significant future trends in cosmeceuticals is the development of personalized skincare
and haircare products. Consumers differ in terms of skin type, age, ethnicity, genetics, environmental
exposure, and lifestyle; therefore, a single formulation may not provide optimal results for everyone.
Advances in genomic research, skin microbiome analysis, and artificial intelligence (Al) are enabling



manufacturers to develop customized formulations based on an individual's unique biological
characteristics.

Personalized cosmeceuticals may involve:

e DNA-based skin analysis

o Atrtificial intelligence-assisted skin assessment

e Customized ingredient selection

e Individualized anti-aging formulations

e Personalized hair and scalp care
This approach is expected to improve treatment outcomes while enhancing consumer satisfaction.
Nanotechnology-Based Cosmeceuticals

Nanotechnology is revolutionizing the cosmetic industry by improving the delivery, stability, and
bioavailability of active ingredients. Nanocarriers such as liposomes, nanoemulsions, solid lipid
nanoparticles (SLNs), nanostructured lipid carriers (NLCs), and polymeric nanoparticles enable
controlled release of active compounds and enhance penetration through the skin barrier.

The major advantages of nanocosmeceuticals include:
o Improved stability of active ingredients.
e Enhanced skin penetration.
e Controlled and sustained drug release.
e Increased moisturizing effect.
e Better ultraviolet (UV) protection.
e Reduced irritation and toxicity.
e Improved product aesthetics.

Nanotechnology is expected to play a major role in anti-aging products, sunscreens, pigmentation therapy,
and transdermal delivery systems.

Biotechnology and Bioengineered Ingredients

Biotechnology is emerging as an important tool for producing highly purified, sustainable, and
biologically active cosmetic ingredients. Modern biotechnological techniques enable the production of



peptides, growth factors, enzymes, hyaluronic acid, collagen, and antioxidants through microbial
fermentation and cell culture technologies.

Bioengineered ingredients offer several advantages, including improved purity, consistent quality,
reduced environmental impact, and enhanced biological activity. Future cosmeceuticals are expected to
increasingly incorporate recombinant proteins, biomimetic peptides, stem cell extracts, and fermentation-
derived bioactive compounds to promote skin regeneration, wound healing, and anti-aging effects.

Plant-Based and Natural Cosmeceuticals

The demand for natural, herbal, and plant-derived cosmetics has increased considerably due to growing
consumer preference for safer and environmentally friendly products. Future cosmeceuticals are expected
to utilize botanical extracts rich in polyphenols, flavonoids, carotenoids, essential oils, and other
phytochemicals with antioxidant, anti-inflammatory, antimicrobial, and photoprotective properties.

Medicinal plants such as Aloe vera, Curcuma longa (turmeric), Camellia sinensis (green tea), Centella
asiatica, Azadirachta indica (neem), and Glycyrrhiza glabra (licorice) continue to gain importance in
modern cosmetic formulations. Advances in extraction technologies and standardization methods are
expected to improve the efficacy and consistency of plant-based cosmeceuticals.

Skin Microbiome-Based Cosmeceuticals

Recent scientific research has highlighted the important role of the skin microbiome in maintaining skin
health and preventing dermatological disorders. Future cosmeceutical formulations are expected to target
the skin microbiota by incorporating probiotics, prebiotics, postbiotics, and microbiome-friendly
ingredients.

These products aim to restore the natural microbial balance of the skin, thereby improving skin barrier
function, reducing inflammation, preventing acne, and enhancing overall skin health. Microbiome-based
skincare represents one of the most promising areas of cosmetic research.

Advanced Delivery Systems

The effectiveness of cosmeceutical products depends not only on the active ingredient but also on its
ability to reach the target site within the skin. Advanced delivery systems are therefore becoming
increasingly important in cosmetic formulation.

Novel delivery technologies include:
e Liposomes
e Niosomes
e Ethosomes

e Transfersomes



e Nanoemulsions

o Solid lipid nanoparticles

e Nanostructured lipid carriers
e Microneedle-assisted delivery
e Hydrogel systems

These systems improve penetration, protect sensitive ingredients from degradation, provide controlled
release, and enhance therapeutic efficacy.

Artificial Intelligence and Digital Cosmetics

Artificial intelligence (Al) is transforming product development, formulation design, and consumer
interaction within the cosmetic industry. Al-powered software can analyze skin images, identify
dermatological concerns, recommend suitable formulations, and predict consumer preferences.

Future applications include:
o Virtual skin analysis
e Al-assisted formulation development
e Smart cosmetic recommendations
e Virtual product trials
o Digital beauty consultants
o Predictive consumer analytics

These technologies are expected to improve product personalization and customer experience while
accelerating research and development.

Sustainable and Green Cosmeceuticals

Sustainability has become one of the major driving forces in cosmetic innovation. Consumers
increasingly prefer products that are environmentally friendly, ethically produced, and manufactured
using renewable resources.

Future sustainable practices include:
o Biodegradable ingredients

o Eco-friendly packaging



o Recyclable containers

e Waterless formulations

e Green chemistry

e Renewable raw materials

e Carbon-neutral manufacturing
e Reduced plastic usage

Green cosmeceuticals not only minimize environmental impact but also support global sustainability
goals.

Marine and Blue Biotechnology

Marine organisms have emerged as a valuable source of bioactive compounds with antioxidant, anti-
aging, moisturizing, and photoprotective properties. Algae, seaweed, marine bacteria, corals, and marine
peptides are increasingly being explored for cosmetic applications.

Marine-derived ingredients are expected to contribute to innovative formulations with enhanced efficacy
and improved sustainability due to their renewable nature and diverse biological activities.

Stem Cell Technology

Plant stem cells and growth factor technology represent promising areas in anti-aging cosmetic research.
Stem cell-derived extracts contain bioactive compounds that stimulate skin renewal, collagen synthesis,
and tissue repair. Although cosmetic products do not contain living human stem cells, plant stem cell
cultures and conditioned media are increasingly used to enhance skin vitality and delay signs of aging.

Future research is expected to improve the stability, efficacy, and regulatory acceptance of stem cell-
based cosmetic ingredients.

Multifunctional Cosmeceuticals

Modern consumers prefer products that provide multiple benefits through a single formulation. Future
cosmeceuticals are expected to combine moisturizing, anti-aging, antioxidant, photoprotective, skin-
brightening, and pollution-protective properties in one product.

Examples include:
e Moisturizer with SPF and antioxidants

e Anti-aging serum containing peptides and hyaluronic acid



e Sunscreen with anti-pollution properties
e BB and CC creams with skincare benefits
e Hair serums with UV and thermal protection

Such multifunctional products improve convenience while reducing the number of products required in
daily skincare routines.

Challenges in Future Cosmeceutical Development

Despite rapid technological progress, several challenges remain in the development of next-generation
cosmeceuticals. Manufacturers must address issues related to ingredient stability, large-scale production,
regulatory approval, long-term safety evaluation, consumer acceptance, and cost-effectiveness. Emerging
technologies such as nanotechnology and biotechnology also require comprehensive risk assessment and
standardized regulatory guidelines to ensure their safe application in cosmetic products.

Conclusion

Quality control, safety evaluation, and regulatory compliance constitute the cornerstone of modern
cosmetic and cosmeceutical product development. Comprehensive evaluation methods, including
physicochemical, microbiological, toxicological, sensory, and efficacy testing, ensure that cosmetic
products consistently meet predefined quality standards and remain safe for consumer use. Stability
studies conducted according to internationally accepted regulatory guidelines support shelf-life
determination, packaging compatibility, and product performance under various environmental
conditions. Accurate labeling and compliance with national and international regulations enhance product
transparency, traceability, and consumer confidence while minimizing regulatory and safety risks.
Regulatory frameworks such as the Cosmetics Rules, 2020 (India), 1SO 22716, ISO/TR 18811, the
European Union Cosmetics Regulation, and the ASEAN Cosmetic Directive collectively promote
standardized manufacturing practices and quality assurance. Furthermore, rapid advancements in
nanotechnology, biotechnology, artificial intelligence, microbiome research, and sustainable formulation
strategies are transforming the future of cosmeceuticals by enabling personalized, environmentally
responsible, and scientifically validated products. Continuous innovation, supported by robust regulatory
oversight and evidence-based safety assessment, will remain essential for advancing the cosmetic industry
while ensuring consumer health, product efficacy, and sustainable global development.
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