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About the Series

The Cosmetic Science and Technology series was conceived to permit discussion
of a broad range of current knowledge and theories of cosmetic science and tech-
nology. The series is composed of both books written by a single author and edited
volumes with a number of contributors. Authorities from industry, academia, and
the government participate in writing these books.

The aim of the series is to cover the many facets of cosmetic science and
technology. Topics are drawn from a wide spectrum of disciplines ranging from
chemistry, physics, biochemistry, and analytical and consumer evaluations to
safety, efficacy, toxicity, and regulatory questions. Organic, inorganic, physical
and polymer chemistry, emulsion and lipid technology, microbiology, dermatol-
ogy, and toxicology all play important roles in cosmetic science.

There is little commonality in the scientific methods, processes, and formu-
lations required for the wide variety of cosmetics and toiletries in the market.
Products range from preparations for hair, oral, and skin care to lipsticks, nail pol-
ishes and extenders, deodorants, body powders and aerosols, to quasi-pharmaceu-
tical over-the-counter products such as antiperspirants, dandruff shampoos,
antimicrobial soaps, and acne and sun screen products.

Cosmetics and toiletries represent a highly diversified field involving many
subsections of science and “art.” Even in these days of high technology, art and
intuition continue to play an important part in the development of formulations,
their evaluations, selection of raw materials, and, perhaps most importantly, the
successful marketing of new products. The application of more sophisticated sci-
entific methodologies that gained steam in the 1980s has increased in such areas
as claim substantiation, safety testing, product testing, and chemical analysis and
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iv About the Series

has led to a better understanding of the properties of skin and hair. Molecular mod-
eling techniques are beginning to be applied to data obtained in skin sensory stud-
ies.

Emphasis in the Cosmetic Science and Technology series is placed on
reporting the current status of cosmetic technology and science and changing reg-
ulatory climates and presenting historical reviews. The series has now grown to 26
books dealing with the constantly changing technologies and trends in the cos-
metic industry, including globalization. Several of the volumes have been trans-
lated into Japanese and Chinese. Contributions range from highly sophisticated
and scientific treatises to primers and presentations of practical applications.
Authors are encouraged to present their own concepts as well as established theo-
ries. Contributors have been asked not to shy away from fields that are in a state
of transition, nor to hesitate to present detailed discussions of their own work.
Altogether, we intend to develop in this series a collection of critical surveys and
ideas covering diverse phases of the cosmetic industry.

The 13 chapters in Multifunctional Cosmetics cover multifunctional prod-
ucts for hair, nail, oral, and skin care, as well as products with enhanced sunscreen
and antimicrobial properties. Several chapters deal with the development of claim
support data, the role of packaging, and consumer research on the perception of
multifunctional cosmetic products. The authors keep in mind that in the case of
cosmetics, it is not only the physical effects that can be measured on the skin or
hair, but also the sensory effects that have to be taken into account. Cosmetics can
have a psychological and social impact that cannot be underestimated.

I want to thank all the contributors for participating in this project and par-
ticularly the editors, Perry Romanowski and Randy Schueller, for conceiving,
organizing, and coordinating this book. It is the second book that they have con-
tributed to this series and we appreciate their efforts. Special thanks are due to
Sandra Beberman and Erin Nihill of the editorial and production staff at Marcel
Dekker, Inc. Finally, I would like to thank my wife, Eva, without whose constant
support and editorial help I would not have undertaken this project.

Eric Jungermann, Ph.D.
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Preface

In the last several years our industry has seen a shift toward the widespread accep-
tance of, and even demand for, products that offer more than one primary benefit. A
variety of technological and marketing factors have contributed to this shift. From
a technological standpoint, improved raw materials and formulation techniques
have improved the formulator’s ability to create products that can accomplish mul-
tiple tasks. In fact, certain performance attributes that were at one time viewed as
incompatible or mutually exclusive (such as simultaneous shampooing and condi-
tioning of hair or concurrent cleansing and moisturizing of skin) are now routinely
delivered by single products. From a business perspective, changing marketing tac-
tics have also played a role in the escalation of product functionality. Marketers
have become increasingly bold in their attempts to differentiate their products from
those of their competitors. Thus, products that claim to have three-in-one function-
ality attempt to outdo those that are merely two-in-ones. For these reasons, among
others, it has become important for cosmetic chemists to understand how to develop
and evaluate multifunctional personal care formulations.

In this book we discuss multifunctional cosmetics from a variety of view-
points. First, and most fundamentally, we attempt to define what constitutes a mul-
tifunctional product. The first two chapters establish the definitions and guidelines
that are used throughout the book. The next several chapters describe the role of
multifunctionality in key personal care categories. Three chapters are devoted to
hair care, with special emphasis on one of the most influential types of multifunc-
tional products, the two-in-one shampoo. In the last several years, two-in-ones
have risen to an estimated 20% of the shampoo market, and we can trace the his-
tory and technical functionality of these formulations. Other multifunctional hair

MarceL DExkER, INc.
270 Madison Avenue, New York, New York 10016

Copyright © Marcel Dekker, Inc. All rights reserved.

) f



Vi Preface

care products we explore include those designed to deliver, enhance, or prolong
color as they clean or condition hair.

Chapters 5-7, 9 delve into the role of multifunctional products in skin care.
After an overview of the category we discuss the growing importance of shower
gels and bath products that claim to cleanse and moisturize skin in one simple step.
We also address how facial care products can perform multiple functions such as
cleansing, conditioning, and coloring. We then discuss how antiperspirant/deodor-
ant products use dually functional formulas to control body odor. Chapter 7 dis-
cusses the relatively new area of cosmeceuticals—products that have both drug and
pharmaceutical functionality.

While the book is primarily concerned with hair and skin care products, one
chapter is devoted to oral care. There is a clear trend in this category toward prod-
ucts that perform more than one function; for example, toothpaste formulations
have gone beyond simple cleansing by adding functionality against cavities, tar-
tar, plaque, and gingivitis.

The next two chapters focus on specific functional categories. We discuss
how to add moisturizing or conditioning functionality to products that have
another primary functionality. For example, Chapter 9 deals with expanding prod-
uct functionality by adding sunscreen protection; Chapter 10 describes how to
include antibacterial properties in a product.

The last three chapters describe some of the executional details one should
be aware of when creating multifunctional products. We discuss general consider-
ations related to formulation and how to design and implement tests for support-
ing claims. We also cover legal considerations, particularly with respect to OTC
monographs, in which covering more than one function can lead to problems. The
final chapter is devoted to the role of packaging in multifunctional products.

Randy Schueller
Perry Romanowski
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1

Definition and Principles
of Multifunctional Cosmetics

Perry Romanowski and Randy Schueller
Alberto Culver, Melrose Park, lllinois, U.S.A.

A popular late-night comedy television program once made a joke about a product
that was a combination floor wax and dessert topping. While this is a humorous
example, it does support the central point of this book: consumers love products
that can do more than one thing. This is a critical principle that formulating
chemists should learn to exploit when designing new products and when seeking
new claims for existing products. If formulators can create products that excite the
consumer by performing more than one function, these products are more likely to
succeed in the marketplace. In fact, in many cases, creating products with more than
one function is no longer a luxury, it is a necessity that is mandated by consumers.

This book is written to share with the reader some approaches for formulat-
ing and evaluating multifunctional products. But first, to provide a conceptual
framework for our discussion, we must state what the term “multifunctionality”
means in the context of personal care products. The opening section of this chap-
ter define the term by describing four different dimensions of multifunctionality.
We then discuss three key reasons why this trend is so important to this industry.
On the basis of this conceptual foundation, the remainder of the chapter provides
an overview of the specific product categories discussed throughout the book.
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2 Romanowski and Schueller

While the reader may have an intuitive sense of what multifunctionality is,
there is no single, universally accepted definition. Therefore, we begin by attempt-
ing to develop a few standard definitions. We hope to better define the concept by
discussing four different dimensions of multifunctionality: performance-oriented
multifunctionality, ingredient-based multifunctionality, situational multifunction-
ality, and claims-driven multifunctionality.

1 PERFORMANCE-ORIENTED MULTIFUNCTIONALITY

Multifunctionality based on performance is probably the type that first comes to
mind. Products employing this type of multifunctionality are unequivocally
designed to perform two separate functions. One of the most obvious examples of
this kind of multifunctionality is the self-proclaimed two-in-one shampoo that is
intended to simultaneously cleanse and condition hair. This type of formulation
was pioneered by Proctor & Gamble with Pert Plus in the late 1970s. Pert contains
ammonium lauryl sulfate as the primary cleansing agent, along with silicone fluid
and cationic polymers as the conditioning ingredients. Proctor & Gamble
researchers found a way to combine these materials in a way that allows concur-
rent washing and conditioning of the hair. The result is a product that is able to
offer consumers the legitimate benefit of saving time in the shower because it
eliminates the need for a separate conditioner. Thus Pert has become a classic
example of a multifunctional personal care product.

In a somewhat different context, antiperspirant/deodorants (APDs) also
exhibit multifunctional performance. To appreciate this example, the reader must
understand that “antiperspirant/deodorants” are very different from “deodorants.”
Deodorants are designed solely to reduce body odor through use of fragrance that
masks body odor and antibacterial agents that control the growth of odor-causing
microbes. Because they are designed to reduce odor only, deodorant are mono-
functional products. Antiperspirants, on the other hand, contain active ingredients
(various aluminum salts) that physiologically interact with the body to reduce the
amount of perspiration produced. Because these aluminum compounds also help
control bacterial growth, antiperspirants are truly multifunctional: they control
body odor and reduce wetness. In this context, it is interesting to note that all
antiperspirants are deodorants but not all deodorants are antiperspirants. We also
point out that since these aluminum salts are responsible both product functions,
they could be considered multifunctional ingredients—this type of multifunction-
ality is discussed later in the chapter.

This principle of performance-oriented multifunctionality has been applied
to almost every class of cosmetic product. For example, the number of makeup
products that make therapeutic claims is increasing. One trade journal, Global
Cosmetics Industry, noted three cosmetic products that combine the benefit of a
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Definitions and Principles

foundation makeup with a secondary benefit. Avon’s Beyond Color Vertical Lift-
ing Foundation is also said to be effective against sagging facial skin, Clinique
claims that The City Cover Compact Concealer also protects skin from sun dam-
age, and Elizabeth Arden’s Flawless Finish Hydro Light Foundation adds
ceramides, sunscreen, and an o-hydroxy acid (AHA) to smooth and protect skin.

Global Cosmetics Industry anticipates that the combination of multifunctio

nal

claims, combined with strong brand names and affordable prices, will allow such
products to thrive in the coming years. A number of other examples are cited in

Tables 1-8.

TaBLe 1 Multifunctional Hair Care Products and Manufacturers’ Claims

Pert Plus Shampoo and Conditioner
Provides a light level of conditioning
Gently cleanses the hair
L'Oréal Colorvive Conditioner
Up to 45% more color protection
Keeps color truer, hair healthier
Conditions without dulling or weighing hair down
Ultra Swim Shampoo Plus
Effectively removes chlorine and chlorine odor
With rich moisturizing conditioners
Jheri Redding Flexible Hold Hair Spray
Holds any hair style in place flexibly
Leaves hair so healthy it shines

TaBLe 2 Multifunctional Soaps and Bath Products and Manufacturers’
Claims

Dove Nutrium
Restores and nourishes
Dual formula
Skin-nourishing body wash
Goes beyond cleansing and moisturizing to restore and nourish
FaBody Wash
Moisturizers that feed the body and exotic fragrances that fuel the
senses
Nourishes the skin
Cleans without drying
Dial Anti bacterial Hand Sanitizier
Contains moisturizers
Kills some germs

Copyright © Marcel Dekker, Inc. All rights reserved.
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4 Romanowski and Schueller

TaBLe 3 Multifunctional Skin Care Products and Manufacturers’ Claims

Body @ Best All of You Gel Lotion
White lotion and clear red glitter
To moisturize and give a hint of glitter

Biore Facial Cleansing Cloth
Cleanses
Exfoliates

Noxema Skin Cleanser
Cleanses
Moisturizes

Nair Three-in-One cream
Depiliates
Exfoliates
Moisturizes

TaBLe 4 Multifunctional Makeup Products and Manufacturers’ Claims

L'Oréal Hydra Perfect Concealer

Foundation makeup

Protects and hydrates with a sun-protection factor (SPF) factor of 12
Revlon Age-Defying All-Day Lifting Foundation

Helps visibly lift fine lines away

Skin looks smoother and softer

Ultraviolet protection helps prevent new lines from forming
L'Oréal Color Riche Luminous Lipstick

Rich color with lasting shine

Moisturizes for hours, enriched with vitamin E

Hydrating lip color
Almay Three-in-One Color Stick

Accents lips, cheeks, and eyes in a few quick strokes

The perfect tool that does it all

Moisturizing color glides on smoothly
Neutrogena Skin Clearing Makeup

Actually clears blemishes

Controls shine and is a foundation makeup

TaBLe 5 Multifunctional AntiPerspirant/Deodorant Products
and Manufacturers’ Claims

Mitchum Super Sport Clear Gel Antiperspirant and Deodorant
Antibacterial odor protection
Clinically proven to provide maximum protection against wetness
Arrid XX Antiperspirant Gel
Antibacterial formula works to help kill germs
Advanced wetness protection
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Definitions and Principles

TaBLe 6 Multifunctional Nail Care Products and Manufacturers’ Claims

Sally Hanson Hard As Nails
Helps prevent chipping splitting and breaking
Enhances color
Restructurizing strengthens and grows nails
Moisturizing protection and ultrahardening formula
Sally Hanson Double-Duty Strengthening Base and Topcoat
All-in-one moisturizing basecoat
Protective shiny topcoat

TaBLe 7 Multifunctional Oral Care Products and Manufacturers’ Claims

Colgate Total
Helps prevent
Cavities
Gingivitis
Plaque
Crest Multi-Care
Fights cavities
Protects against cavities
Fights tartar buildup
Leaves breath feeling refreshed
Aqua-Fresh Triple Protection
Cavity protection
Tartar control
Breath freshening
Arm & Hammer's Dental Care Baking Soda Gum
Whitens teeth
Freshens breath
Reduces plaque by 25%
Listerine antiseptic mouthwash
Kills germs that cause
Bad breath
Plaque
Gingivitis
Polydent Double-Action Denture Cleanser
Cleans tough stains
Controls denture odor
Keeps user feeling clean all day

Copyright © Marcel Dekker, Inc. All rights reserved.
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6 Romanowski and Schueller

TaBLE 8 Miscellaneous Multifunctional Products and Manufacturers’
Claims

Coppertone Bug Sun
Sunscreen with insect repellent
Offers convenient dual protection in one bottle for total outdoor skin
protection
Protects from harmful UV rays while it also repels mosquitoes
and other pests
Moisturizes
Allergans Complete Comfort Plus Multi purpose Contact Solution
Cleans and rinses
Disinfects
Unique package stores lens
Quinsana Plus Antifungal Powder
Cures athlete’s foot and jock itch
Absorbing powder helps keep skin dry
Mexana Medicated Powder
Antiseptic
Protectant
Gold Bond Medicated Lotion
Moisturizes dry skin
Relieves itch
Soothes and protects
Pampers Rash Guard Diapers
Absorbs moisture
Clinically proven to help protect against diaper rash

2 INGREDIENT-BASED MULTIFUNCTIONALITY

There is a second class of multifunctionality that does not require a product to
perform multiple tasks. Even though a product is monofunctional, it may contain
ingredients that perform more than one function. There are many examples of this
type of multifunctionality. Consider that certain fragrance ingredients also have
preservative properties. And conversely, phenoxyethanol, chiefly used for its pre-
servative properties, also imparts a rose odor to products. To a certain extent
many, if not most, cosmetic ingredients are “accidentally” multifunctional. For
example, the ingredients used in skin lotions to emulsify the oil phase compo-
nents (fatty alcohols such as cetyl and stearyl alcohol) also serve to thicken the
product. In fact, some of these ingredients have emolliency properties as well.
Therefore, in this example, a single ingredient could serve three functions in a
given product. Likewise in a detergent system, the surfactants that provide foam-
ing properties also thicken the product. While ingredient-based multifunctional-
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Definitions and Principles 7

ity may seem trivial, it can provide a way to leverage new claims by using an
existing formula.

In addition, using multifunctional ingredients allows formulators to prepare
products more efficiently and economically. This approach is useful when one is
formulating “natural” products that have fewer “chemicals.” Since many con-
sumers think that a long ingredient list means that the product has too many harsh
chemicals, using fewer ingredients that perform multiple functions may help make
the product more appealing to the consumer. In addition, products formulated with
fewer ingredients may be less expensive and easier to manufacture.

3 SITUATIONAL MULTIFUNCTIONALITY

Another dimension of multifunctionality is exemplified by products that claim to
be functional in multiple situations. For example, consider a product whose pri-
mary function is to fight skin fungus. Yet, such a product may claim to cure both
athlete’s foot and jock itch. The function is the same (both maladies are caused by
a fungus), but the situation of use is different, thus essentially making the product
multifunctional.

In addition to the situational uses explicitly described by marketers, con-
sumers tend to find alternate uses for products on their own. At least one published
study [1] has indicated that consumers find multiple uses for products for three pri-
mary reasons: convenience, effectiveness, and cost. Savvy marketers have learned
to exploit such alternate situational uses to help differentiate their products in the
marketplace. An understanding of situational multifunctionality can help support
advertising that promotes new uses for old brands. Wansink and Gilmore found
that in some cases, it may be less expensive to increase the usage frequency of cur-
rent users than to convert new users in a mature market [2]. Defining multifunc-
tional benefits for a product can help revitalize mature brands, and there are
numerous examples of brands that have energized their sales by advertising new
usage situations. For example, Arm & Hammer Baking Soda was once primarily
known for use in baking. But sales dropped as people began using more prepack-
aged baked goods. Church & Dwight responded by marketing the brand as a
deodorizer for refrigerators, and sales skyrocketed. More recently the manufac-
turer has also promoted the use of baking soda in products such as toothpastes and
antiperspirants in an attempt to make more compelling deodorization claims for
these products.

It is interesting to note that consumers tend not to stray across certain usage
lines when using products in alternate situations. They are not likely to use a
household product for cosmetic purposes and vice versa. Wansink and Ray [2],
who explain consumers’ tendency to use products in similar contexts (i.e., foods
as foods and cleaners as cleaners) from a psychological standpoint, say there are
mental barriers that consumers are hesitant to cross, particularly for products used
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8 Romanowski and Schueller

in or on their bodies, such as foods and beauty products. Consumers do not like to
think that the Vaseline Petroleum Jelly they use to remove makeup can also work
as a lubricatant for door hinges. Cosmetic scientists must be aware of these men-
tal barriers when attempting to exploit situational multifunctionality.

4 CLAIMS-DRIVEN MULTIFUNCTIONALITY

Sometimes marketers simply list multiple, exploitable benefits of a product. For
example, a shampoo is primarily designed to cleanse hair but it also leaves hair
smelling fresh and sexy? While this secondary benefit may seem trivial to the for-
mulator, it may be an important fact that the marketer can choose to exploit. Such
“trivial” benefits can make good label copy claims, and we urge the reader to con-
sider these secondary product benefits when helping marketing to develop claims.

Similarly, copy writers may dissect a single performance benefit to make it
sound more impressive. For example, advertising claims that describe a product’s
ability to soften and smooth hair, and make it more manageable, are essentially
referring to the single technical benefit of conditioning. While this distinction
might seem unimportant to the formulator, it is of paramount importance to mar-
keters because it allows them to differentiate their product from the competition.
Formulators should strive to leverage their knowledge of formula characteristics
and look for “hidden” claims that may be useful in marketing. Chemists need to
recognize that it is not necessary to base every claim to multifunctionality on
quantifiable performance differences.

5 WHY MULTIFUNCTIONALITY IS SO POPULAR
5.1 Increasing Consumer Expectations

In the opinion of the authors, multifunctional products are becoming increasingly
popular for three key reasons: increasing consumer expectations, maturing cos-
metic technology, and expanding marketing demands. The first reason is related to
consumers’ desire for products that can perform more than one function; people
are demanding more performance from products of all types. This trend can be
seen in many product categories beyond personal care: sport—utility vehicles are
cars that also behave like trucks; computers are not just calculating devices but are
also entertainment centers that play CDs and DVDs; telephones are not just for
verbal communication, they are capable of scanning and faxing documents. Today
even a simple stick of chewing gum is expected to perform like a cavity-fighting
sword of dental hygiene. The same set of growing expectations has affected the
market for personal care products as well. While shampoos were once expected to
simply cleanse hair, the simultaneous delivery of conditioning or color protection
benefits as well is anticipated in many cases.
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5.2 Maturing Technology

A second factor driving the rise of multifunctional personal care products has to
do with the level of maturity of the technology used to create cosmetics. As cos-
metic science has matured, it has become increasingly difficult for formulators to
improve upon any single aspect of a product’s performance. Consider cleansing
products like shampoos or soap bars. For centuries, all these products were based
on soaps, which are saponified fatty acids. Because of their surfactant nature,
soaps are able to remove dirt and grease from a variety of surfaces. However, soaps
also tend to dry the skin and can combine with hard water ions to form insoluble
deposits, resulting in the notorious “bathtub ring.” During the 1940s, advances in
organic chemistry led to synthetic detergents such as sodium lauryl sulfate and
a-olefin sulfonates, which were vastly superior in performance to soap. Today, the
majority of cleansing products (including some bar soaps) use synthetic deter-
gents. Surfactant technology has continued to evolve over the last 50 years, yet the
same compounds created in the 1940s are still widely used because they are still
highly functional and economical.

Surfactant technology has become so sophisticated that most improvements
are incremental: synthesis chemists may succeed in making new molecules that
are somewhat milder or that are more easier to manufacture, but it is very difficult
to produce new raw materials that provide dramatically improved performance
that is perceivable by the consumer. Of course, this is not meant to say that there
have been no new ingredient-based technological breakthroughs in the last five
decades; chemists continue to create new polymers that are more effective condi-
tioning agents and film formers. But for many product categories, it can be diffi-
cult for formulators to make “quantum leaps” in improving the basic performance
of their products because the raw materials they are using are already highly effec-
tive and cost-efficient. To create new products that demonstrate additional con-
sumer-perceivable benefits, formulators attempt to add additional functionality to
their products. Instead of concentrating on “better” cleaning, formulators have
began to add secondary properties, such as conditioning and moisturizing.

By combining more than one function into a single product, formulators can
satisfy growing consumer expectations. In fact, certain performance attributes that
were at one time viewed as incompatible or mutually exclusive (such as simulta-
neous shampooing and conditioning of hair or concurrent cleansing and moistur-
izing of skin) can now be combined in single products.

5.3 Expanding Marketing Demands

The third reason for increasing multifunctionality comes from the business sector:
marketers have become increasingly bold in their attempts to differentiate their
products from their competitors’. To increase consumer appeal in this competitive
age, marketers claim that their products will save consumers time by performing
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10 Romanowski and Schueller

more than one duty at once. This strategy requires marketers to add multiple func-
tions to their products. Thus, products that claim to have “three-in-one” function-
ality attempt to outdo those that are merely “two-in-ones.”

The impact of these three factors has made it very important for formulators
to look for ways to diversity the functionality of their products. Indeed, formula-
tors who stay competitive in the market place are constantly striving to satisfy
these diverse consumer expectations.

BOOK LAYOUT

This book was designed to examine how the concept of multifunctionality affects
product development. It was compiled with the cosmetic formulator in mind and
is intended to provide practical information that can help guide formulation
efforts.

The first part of this book is dedicated to specific formulation issues encoun-
tered during attempt to develop multifunctional products. To this end, Chapter 2
discusses the technical challenges related to formulating products with functions
that once had seemed to be mutually exclusive, such as simultaneous cleansing
and moisturizing. The role of consumer and marketer expectations is examined,
and a process for formulating multifunctional products is advanced.

The next two chapters look specifically at the formulation of multifunctional
hair care products. Chapter 3 reviews the historical development of these hair care
products. It also provides a comprehensive look at the different ingredients that
can be used to create multifunctional effects in hair care products. Chapter 4 dis-
cusses the development of two-in-one shampoos, the most common type of mul-
tifunctional hair care product. This product type is particularly important because
it arguably represents the most significant technical advance in shampoo technol-
ogy since the development of synthetic detergents.

Chapters 5 and 6 discuss the formulation of multifunctional products for
skin care. Chapter 5 provides a detailed look at the development of ingredient mix-
tures for multifunctionality in skin care products. Methods for choosing appropri-
ate materials and evaluating their effectiveness for various functionalities are
given. Similarly, Chapter 6 discusses formulation of multifunctional nail care
products and methods for their evaluation.

Chapter 7 surveys the topic of introducing therapeutic functionalities with
cosmetic products. It discusses the controversial concept of cosmeceuticals, with
its associated technical and legal challenges. The chapter provides a review of
some of the regulatory aspects of formulating these products and formulation con-
siderations. Numerous therapeutic ingredients are discussed, as are methods for
their inclusion in a formula. Chapter 8 examines the development of multifunc-
tional oral care products. The various multiple functions these products can have
are considered, and methods for their formulation are discussed.
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The next two chapters examine specific product functionalities and how
these can be introduced into numerous products. Chapter 9 looks at methods for
blocking the damaging effects of sunlight. It reviews the state of technology today
and suggests paths for future research. Methods for incorporating sunscreen ingre-
dients in various formulation types are also introduced. Likewise, Chapter 10 dis-
cusses methods for adding antibacterial functionalities to cosmetic products. Spe-
cific ingredients are reviewed, as are future trends in this area of technology.

The final three chapters are related to areas that affect the development of
multifunctional products but do not specifically deal with formulating. Chapter 11
reviews the techniques involved in developing claims support for multifunctional
products. Numerous methods are proposed for both skin care and hair care prod-
ucts. Additionally, an overall strategic approach is proposed for specifically deal-
ing with products of these types. Chapter 12 examines the role of packaging in the
development of multifunctional products. Numerous aspects of the package are
reviewed, along with their impacts on the functionality of the cosmetic product.
The book ends with a chapter on consumer research and how it can be used to aid
in the development of multifunctional products. Ideas about which product func-
tionalities should be combined and methods for gathering this information are dis-
cussed.

The field of cosmetic chemistry is an evolving one, with products being
designed to have greater and greater functionality. It is hoped that this work will
provide a solid basis for all who desire to combine cosmetic functionailites and
inspire the development of superior formulations.
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Factors to Consider When Designing
Formulations with Multiple Functionality

Mort Westman
Westman Associates, Inc., Oak Brook, lllinois, U.S.A.

1 INTRODUCTION

From two-in-one shampoos and moisturizing facial cleansers to more exotic prod-
ucts such as exfoliating lipsticks and UV-protective hair sprays, multifunctional
formulations have become extremely common in the marketplace. Such multi-
functionality satisfies the consumer’s need for convenience and the marketer’s
need for an exploitable product advantage. It also provides the chemist with for-
midable technical challenges. Overcoming these challenges will, however, require
increasingly sophisticated solutions, given the intense focus that these products
have received during past years.

The development of truly multifunctional products may be accompanied by
significant, and at times paradoxical, hazards. Indeed, commercial success may be
impaired by the very same functional properties that provide the product’s reason
for being. For example, the product’s name alone may generate consumer con-
cerns of overfunctionality. It is not uncommon for a moisturizing skin cleanser to
be received with fears that the user (and his or her clothing) will be left with an
oily film. Similarly, two-in-one shampoos are commonly received with concerns
of oily buildup. Clearly, a balance in label claims and functionality must be

13
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14 Westman

reached. Ideally, the consumer should also be provided with a means to alleviate
such fears (e.g., via the availability of multiple product versions, for dry, normal,
and oily skin or hair). In all likelihood, the consumers’ greatest concern with these
products is their inability to control the relative performance of each functional-
ity—the fear of receiving too much of a good thing. One hopes that the product
development team will learn of such obstacles and ascertain how they may be
overcome through diligent consumer studies and regional market testing, not after
full-scale commercialization.

1.1 Defining Multifunctionality

While the phrases “multifunctional product” and “multifunctional formulation”
are commonly used interchangeably, the latter more accurately reflects the focus of
this chapter, and this book, in that it unmistakably refers to a single formulation that
provides more than one performance benefit. This distinction is drawn because the
term “multifunctional product” could describe a series of conventional (single-
function) formulations that are packaged in individual containers within a single
unit (or kit) intended to be applied separately and consecutively. For example, many
“conditioning permanent wave” and “conditioning hair coloring” kits and products
contain a separate hair conditioner that is to be applied after completion of the pri-
mary (permanent wave or hair coloring) process. To qualify as a multifunctional
formulation, the primary (permanent wave or hair coloring) formulation should
provide a highly discernible level of hair conditioning without the use of an addi-
tional component. At times, however components of a multifunctional formulation
must, for reasons of chemistry, be kept apart prior to usage. Since these components
are subunits of a single formulation and are not intended to be used separately, they
are considered, jointly, to comprise a multifunctional formulation.

Since most conventional formulations tacitly provide more than one benefit,
the question remains: At what point should a formulation be considered to be mul-
tifunctional? For example, one would not consider formulating a general-purpose
shave cream that did not leave the skin supple, a general-purpose shampoo that did
not leave hair reasonably easy to comb, a facial cleanser that did not provide some
degree of emollience, a hair-setting product that did not ease wet comb and fly-
away, or a liquid makeup that did not leave the skin feeling smooth. Given this rou-
tine requirement, at what point should the formula be considered to be multifunc-
tional? When the secondary functionality is particularly efficacious? When special
technology is required to gain compatibility, stability or functionality? When a
nontraditional combination of functionalities is involved?

In an attempt to provide a more definitive point of delineation, the follow-
ing discussion will consider multifunctional formulations as providing an addi-
tional functionality of a type or level not normally expected of its primary product
category. With respect to the first condition, type, it is becoming increasingly com-
mon for cosmetic formulations to also include a drug, or quasi-drug, treatment

MarceL DExkER, INc.
270 Madison Avenue, New York, New York 10016

Copyright © Marcel Dekker, Inc. All rights reserved.

) f



Formulations with Multiple Functionality 15

(e.g., antibacterial soaps and liquid cleansers, UV-protectant moisturizing lotions,
pigmented cosmetics, and hair styling/holding products). Special considerations
related to the formulation and testing of such drug-containing products are briefly
touched upon later in this chapter but are thoroughly discussed in the chapters per-
taining to the addition of sun protectant and antibacterial functionality to personal
care products.

With respect to the level of the secondary functionality required to warrant
a formulation being identified as multifunctional, it is worthwhile to note the
impact of shampoos containing suspended silicone on the category of condition-
ing shampoos. While conditioning shampoos were available for many years, the
level of conditioning imparted by these silicone-containing shampoos was far
enough above that previously available to warrant the creation of a new category
of shampoo, two-in-one [1]. Perhaps justifiably, owing to the immense improve-
ment they represent, chemists and marketing personnel alike continue to treat
these shampoos as belonging to an entirely different category of products instead
of as evolutionary members of what was an ongoing category, conditioning sham-
poos. It is worthwhile to note that in a development more representative of mar-
keting avarice than technological innovation, these two-in-ones quickly prolifer-
ated into hair and skin care products labeled as three-, four-, and even five-in-ones.

1.2 Consumer Considerations

Perhaps the most important factor to consider prior to developing a multifunc-
tional formulation is that these products are not for everyone. More importantly,
they may not be preferred by your targeted audience. It may be possible, through
compelling marketing and advertising, to address the reasons that lead some indi-
viduals and demographic groups to prefer conventional products, and to resist the
lure of multi functionality (Table 1). For some, however, rejection of multifunc-

TaBLe 1 Key Reasons for Consumer Preference of Conventional Products

1. Control of the level of each functionality. Inability to control the
level/ratio of each functionality in multifunctional products has
resulted in too much of a good thing and the demise of a number
of multifunctional products.

2. Assurance that each functionality is actually received. The actual
application of individual functional products provides potent psycho-
logical assurance that the related benefits will be provided and pro-
vided at a functional level.

3. (Intangible) perception that superior benefits are received. The work
associated with the application of a series of products both provides
“work ethic” support that superior results should be achieved and
allows the users to feel they are pampering themselves.
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16 Westman

tional products is simply based on subjective bias that cannot be reversed by the
most ingenious marketing practices or advertising campaigns.* These consumers
will not be swayed. It has been demonstrated that many consumers show more
readiness to trust in the functionality of a series of conventional products than in
that of a multifunctional product claiming to provide the same benefits. For them,
“using is believing.” Potential doubts about whether the second functionality of a
multifunctional product really exists cannot surface when an additional product
containing that functionality is actually seen, held, and applied. Similarly, poten-
tial doubts about whether the level of that additional functionality will be adequate
are minimized if not vanquished through the use of conventional products.*
Cosmetologists, the professional consumers, have in many instances
demonstrated their preference for conventional products. They object, primarily,
to having undesired functionalities imposed on them and, at the very least, to the
loss of qualitative and quantitative control of individual functionalities (Table 2)
that is inherent to multifunctional products. To many cosmetologists, multifunc-
tional products are seen to be as “professional” as a multipurpose golf club. In
addition, multifunctional products have the potential to interfere with subsequent
professional services, as in the case of a highly conditioning shampoo negatively
impacting a permanent wave treatment. On a commercial basis, it is significant to
note that cosmetologists’ fees are generally based on the nature and number of
services rendered. On that basis, the rendering of a series of conventional services

TaBLe 2 Key Factors Negatively Impacting Selection of Multifunctional
Products for Professional Use

1. Product functionality as part of a treatment. As in the case of a cos-
metologist shampooing hair prior to a permanent wave, unnecessary
conditioning or styling ingredients could interfere with the subse-
quent (and in this example, the primary/major) treatment.

2. Qualitative and quantitative control of functionality. The fixed ratio
of the functionalities in a multifunctional product does not allow the
cosmetologist to tailor the level of each treatment to the specific
needs of individual clients.

3. Practical/commercial considerations. Professional fees are primarily
based on the number of services that are provided. Consequently, a
single multifunctional service may not be seen as justifying as large
a total fee as would multiple conventional services.

*The writer participated in a series of consumer studies in which this was determined. Temptation not
withstanding, neither the groups involved nor their preferences will be identified since these studies
were conducted a number of years ago and their results may no longer be applicable to the same demo-
graphic population.
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Formulations with Multiple Functionality 17

would justify greater total compensation than the application of a single multi-
functional product.

Counterbalancing the objections just described, truly multifunctional prod-
ucts offer significant convenience, efficiency, and, in some cases, a level of func-
tionality promised but not delivered by their predecessors. Important to today’s hur-
ried lifestyle, the first two factors translate into timesaving, a factor that has been
key to attracting certain groups of consumers. A prime example of this is the signif-
icant usage of two-in-one shampoos by men. Interestingly here, another advantage
of this multifunctional product is that it allows some men to enjoy significant con-
ditioning without crossing the macho barrier to the use of conditioners. (How can
this approach be employed to help men accept hair spray?) Conversely, a moistur-
izing body wash could have the negative impact of depriving female consumers of
the self-pampering and somewhat ceremonial step of applying body lotion.

1.3 Inherent Multifunctionality

Certain product categories routinely provide highly efficacious multifunctional
benefits as the unalterable result of their chemistry. Prime examples include alco-
hol-containing aftershave products, where the sensation of healing is created by
the same alcohol required to solubilize the fragrance; permanent oxidative hair
dyes, where the hydrogen peroxide required to oxidize the dye intermediates also
serves to lighten hair; and soap/syndet bars and liquid cleansing formulations,
where the soap or synthetic detergent inherently provides antibacterial benefits.
Indeed, consumers now expect these multiple benefits on such a casual basis that
they are hard-pressed to think of these products as marvels of multifunctionality.

Ironically, a large number of permanent oxidative hair dye products pose an
interesting conflict when one is considering their eligibility for classification as
multifunctional products. As touched upon earlier, these products automatically
lighten (or lift) the natural color of hair one to three shades while it is being col-
ored. This is particularly apparent (and necessary) when hair is being dyed to a
shade that is lighter than the original color. While the combination of this lighten-
ing action with the formula’s primary function of coloring hair provides a clear
example of multifunctionality, this is rarely referred to in label copy (e.g., “light-
ens while coloring”) or exploited in advertising copy. Conversely, based upon rel-
atively insignificant conditioning performance in comparison to their ability to
lighten hair, such products commonly describe themselves as ‘“conditioning
color.” To further complicate the issue, as already noted, such conditioning is fre-
quently obtained through the use of a separate conditioner and/or conditioning
shampoo included by the manufacturer in the product kit. Since all items in the kit
can justifiably be considered to be part of the product, and the product directions
instruct the use of these components, such products could conceivably be regarded
as multifunctional. Again, this discussion would not subscribe to this contention,
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since the color mixture alone provides an inadequate level of conditioning per-
formance. Further, the need for the use of additional conditioning components is
tacitly contradictory to the contention that the primary formula is multifunctional.

2 FORMULATION CONSIDERATIONS
2.1 Preformulation Preparation

As for conventional products, the formulating chemist must consider a great num-
ber of factors in addition to formula functionality, stability, and a esthetics prior to
introducing the first ingredient to the laboratory beaker. These include the follow-
ing: ingredient compatibility, patent coverage/infringement, toxicology, microbi-
ology, regulatory compliance, ingredient availability (at the required quality and
cost), manufacturability, fillability, and marketing and shipping requirements.
Certainly, the presence of a second functionality will further complicate a good
number of these considerations, with related concerns becoming most acute for
those products involving performance areas covered by over-the-counter (OTC)
monographs. Complication of consumer testing, created by multifunctionality, is
discussed later in this chapter.

In those cases where the combination of more than one OTC functionality is
intended, a series of issues must be addressed, starting with the determination of
whether such crossover is permitted by each monograph and ending with whether
both monographs would permit the intended marketing claims. (For thorough dis-
cussion of such issues, please refer to the chapters in this book relating to the addi-
tion of antibacterial and sun protectant functionalities.) In those cases where an
OTC functionality is to be combined with a conventional functionality, one must
determine whether this will negatively impact such monograph requirements as
performance-, safety-, and/or stability testing and, possibly, regulated product
claims. One must also recognize that, through combination with a drug product,
manufacture of what was previously a conventional cosmetic product will become
governed by drug good manufacturing practices (GMPs).

Of course, the formulator must exercise a greater level of preparation prior
to the formulation of a multifunctional product than is necessary for a conven-
tional product. Given the reality that the development of a multifunctional formu-
lation requires the establishment of an increased number of project requirements,
goals, and criteria for success, it becomes that much more important for the devel-
opmental chemist to operate from the very onset of the program with a clear
understanding of what is expected. Such expectations are most effectively defined,
established, ratified, and communicated in a new product description document of
standardized format that includes the input of the various departments involved in
the project. An example of a new product description from designed for hair prod-
ucts was published in 1999 [2]. It is imperative that the completed new product
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description document include details of the desired physical attributes, aesthetic
properties, functional benefits, cost parameters and, perhaps of greatest impor-
tance, criteria for success. Further, whenever possible, individual competitive (or
internal) products should be cited as reference standards (or controls). Finally, to
be of meaningful value, the new product description must be approved (i.e.,
signed) by the key decision makers in the organization.

2.2 Functional Categories

While multifunctional products may provide a virtual myriad of performance ben-
efits, they may be thought of as falling into one of two primary functional cate-
gories (see Table 3) depending on whether the added functionality would or would
not normally be expected, at any level, to be present in the parent product category.
The latter category, in which the additional functionality is not expected of the
parent product category, is further divided into subcategories depending on
whether the added functionality is considered to be within the same functional
realm as the parent product. For example, insect repellency is considered to be in
a new functional realm when added to a skin moisturizer or hair spray because
such functionality would not normally be associated with these products.

While each category comes with its own set of technological and artistic
challenges, the successful amplification of a subfunctionality to a level that is ade-
quate to be recognized as a major functionality (as in category 1, Table 3) is held
in particularly high esteem by the writer. Key to this sentiment is the presumption
that in achieving success, the formulating chemist was able to conquer difficulties
encountered by numerous predecessors, as well as knowledge that this endeavor
may have required the overcoming of a substantial functional contradiction. The

TaBLe 3 Functional Categories of Multifunctional Products

1. Significantly increased functionality of secondary performance
benefit expected of that product category
Examples: Shampoo that conditions exceptionally well (i.e., two-in-
one shampoo); body wash that imparts unusually high level of emol-
lience (body soap with lotion).

2. Introduction of a functionality that is not normally expected, at any

level, of the parent product category

a. Multifunctionality within same functional realm
Examples: dentifrice that prevents plaque; dental adhesive with
antibacterial deodorant properties; moisturizing lotion that also
heals

b. Multifunctionality within new functional realm
Examples: skin moisturizer or hair spray that repels insects; hair
styling/holding products that provide UV protection
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term functional contradiction refers to the common situation in which the primary
functionality of the multifunctional product would normally be expected to work
in opposition to the secondary functionality. For example, the primary purpose of
a shampoo is to leave hair clean. In conflict with this, a conditioning shampoo, to
be functional, must leave some level of residue on hair after rinsing, and this
residue has the potential to be negatively regarded. A similar scenario applies to a
body wash providing skin lotion functionality.

2.3 Physical Categories

In addition to classification according to functionality, multifunctional products
may be placed in one of two physical categories, depending on whether they con-
sist of a single component or two components that must be co-mixed prior to use
(Table 4). Regardless of whether they are homogeneous or comprise multiple
phases, products are placed in the “single-formula” category (category 1, Table 4)
if they are packaged as a single component, in a single-chambered container.
Homogeneity, or the lack thereof, does however impact subclassification, where
distinction is drawn between products comprising a single phase or multiple
phases (Table 4). With regard to the latter, it should be noted that the presence of
multiple phases within a product provides an extremely effective initial signal to
the consumer in support of formula multifunctionality. This remains true regard-
less of whether multiple phases are required to achieve multifunctionality or are
present simply to impact consumer perception.

Products in the second major physical category (Table 4) consist of compo-
nents that are to be maintained separately and co-mixed prior to use. Such separa-
tion of components could be required for reasons of ingredient/formula incom-
patibility, or could be employed to delay a desired chemical reaction until the time
of product use. Similar to the case of single-component products employing mul-
tiple phases, such separation may not be required by ingredient considerations but,
instead, could be employed (by multifunctional and single-function products
alike) as a consumer signal. Clearly, the presence of multiple components that
must be co-mixed prior to use will also reinforce consumer confidence in the pres-
ence and potency of an additional functionality. It is, however, worthwhile to note
that a product is not to be considered to be multifunctional simply because its com-
ponents legitimately require separation prior to use. Products such as baking

TaBLE 4 Physical Categories of Multifunctional Products

1. Single formula:
a. Single phase (including/emulsions)
b. Multiple phases (e.g., layers, beads)

2. Multiple formulas/components.
Require co-mixing of formulas during or after dispensing
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soda—hydrogen peroxide toothpaste, hair bleach, and epoxy adhesive (not related
to personal care but worthy of note) require separation of components prior to use
for valid chemical reasons yet are not multifunctional.

2.4 Packaging and Dispensing Options

A number of packaging systems have been designed to sequester the component
formulas of multifunctional products, yet allow them to be conveniently codis-
pensed. They have taken a number of forms including the following: two col-
lapsible tubes, or rigid containers, that are maintained side by side; and a single,
rigid-walled container with two separate chambers (e.g., double-barreled syringe
of the type commonly employed for epoxy adhesives). An overriding concern in
the design of such containers is to ensure that the final unit does not become too
cumbersome in size or shape to allow for ergonomically convenient dispensing.

Dispensing methods vary from the co-pouring/co-pumping of liquids from
rigid-walled containers (either two containers that are maintained in tandem or a
single container with two chambers), to the co-squeezing of viscous materials
from collapsible tubes, to the co-extrusion of very viscous materials by plunger
from a dual-chambered rigid container (e.g., system employed to dispense Chese-
brough-Pond’s Mentadent baking soda—hydrogen peroxide toothpaste [3]; the
double-barreled syringe employed with epoxy adhesives). The dispensed material
may vary in form, from two separate streams or ribbons dispensed in close prox-
imity to one flow of product containing two separate streams or ribbons to one
flow of product in which the streams or ribbons are co-mixed. The two latter exam-
ples require the use of a component designed to induce the material dispensed
from two orifices to converge into one flow, typically a Y-shaped fitment. The final
example, in which the streams or ribbons are co-mixed during dispensing, also
requires the incorporation into this codispensing component of a swirl chamber or
a series of baffles [4].

It is important to recognize in the design of such systems that the consumer
places great conscious, or subconscious, importance on their ability to dispense
the entire contents of the unit. Further, dissatisfaction in this regard cannot be
assuaged by simply overfilling the product to deliver the label-stated quantity,
since the consumer rarely determines the amount of product that has been dis-
pensed. (Some marketers have taken the additional step of advising the consumer,
via label copy, that the package is designed to deliver the contents stated on the
label even though some product may remain in the container.) For a more com-
prehensive discussion of this general subject the reader is encouraged to refer to
the chapter, The Role of Packaging in Multifunctional Products.

2.5 Codispensing Aerosols

Through the years, a variety of devices have been developed to codispense
aerosolized products consisting of two liquid components that must be kept apart
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prior to dispensing. While the predominant commercial application of these
devices has been to dispense single-function products with special features (such
as self-heating shave creams, notably Gillette’s Hot One), they are described in
this chapter because their design principles are highly applicable to multifunc-
tional products. It also should be noted that they were commercially employed (by
Clairol) for oxidation hair dyes, which the writer considers to be multi functional
(because hair is bleached during the dying process).

Garnering a great amount of industry interest during the mid-1960s and
early 1970s, the earliest of such devices depended on unique valving that codis-
pensed product from two separated sources within the same aerosol can. One
source was the can itself, from which liquid was dispensed via a conventional dip-
tube, like a conventional aerosol. The other source was a pouch (or mini-con-
tainer) affixed to the valve housing, rendering its liquid contents directly available
for dispensing. Liquid from each source was then codispensed at a predetermined
ratio, upon actuation of the aerosol valve. One of the significant failings of these
systems was their inability to maintain this predetermined dispensing ratio
throughout the functional life of the unit. This had the potential to lead to product
failure and to cause consumer irritation. For some formulations, it was also very
difficult to prevent cross-contamination of the two liquids within the unit. Because
of these issues and for a variety of other reasons, the two-source dispensing sys-
tems are no longer commercially available.

More modern attempts at codispensing aerosols have been based on the
simultaneous dispensing of two separate aerosol units through a device that com-
bines the dispensed product into a single stream. Japanese companies have com-
mercialized several hair dye products that are dispensed (and applied) through a
comb fitted to the outermost portion of the unit. A significantly improved dis-
pensing system, whereby the contents of the two aerosol units are co-mixed via a
system of baffles, has been introduced in the United States [5].

2.6 Strategic Use of Aesthetic Properties

As briefly alluded to earlier in relation to product form, a number of halo signals
may be employed to encourage the purchase of multifunctional products and to
reinforce consumer satisfaction with their performance. The visual presence of a
second entity is likely to have the most potent impact in this regard. This second
entity may be a separate phase (layer, particles, beads) within a single component
product, or it may take the form of a second component. Regardless, it provides
the user with seemingly concrete evidence of multifunctionality.

Further halo support may be gained through the use of fragrance, color, and
viscosity as with conventional products. Among the various categories of multi-
functional products, the strategic design of aesthetic properties is most difficult for
homogeneous single-phase formulas (Table 4, category 1.a), since at least two
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TaBLE 5 Aesthetic Parameters Supporting Cleanliness for a Two-in-One
Shampoo

Examples

1. Fragrance: citrus or evergreen bouquet
2. Color: maize, light blue, light green

3. Viscosity: lower end of acceptable range

functionalities must be considered, yet only one set of parameters may be estab-
lished. Here it is necessary to decide which set of functional properties it is most
judicious to support. In the case of two-in-one shampoos, where the user is fre-
quently concerned about an undesirable conditioning residue on one hair, it may
be strategically advisable to support cleanliness, as opposed to conditioning per-
formance (Table 5). In testimony to the complexity of shaping aesthetic properties
for such products, it must be noted that the parameters supporting the product’s
tendency to leave hair clean are, for the most part, in direct opposition to those
supporting its ability to condition.

Multifunctional products that contain, or comprise, more than one entity
(layer, beads, or separate components) provide the opportunity to design/employ
each aesthetic attribute to reinforce the marketing position of each entity. For exam-
ple, codispensed tandem tubes containing skin cleanser and moisturizer allow for
the application of conventional wisdom related to the aesthetic properties of each
component—with the additional requirement that they do not conflict with one
another when co-mixed. Thus a white cleanser with low level of multinote/nonspe-
cific clean fragrance might be paired with a light almond, pink, or blue moisturizer
with a low level of nurturing (vanilla, almond) bouquet fragrance.

Such products also allow the use of “relative aesthetics” to support func-
tionality. Here, for example, while both components are creams, the deployment
of a relatively reduced viscosity for the cleansing component (compared with that
of the moisturizing component) would tend to support its ability to clean and leave
the skin free of residue. Conversely, the relatively higher viscosity of the moistur-
izing component would enhance the perception that it was rich in moisturizers and
other beneficial ingredients. Here too, regardless of hue, a relatively lighter inten-
sity of color would support cleansing, as opposed to moisturizing.

3 FORMULA EVALUATION
3.1 Performance Testing

The functional evaluation of formulations may be considered as a continuum, start-
ing with instrumental laboratory evaluations and ending with consumer/market
testing. The laboratory phase of this progression enjoys the greater control of envi-
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ronmental conditions, substrate uniformity, application parameters, test methods,
and so on, and therefore provides the greatest amount of sensitivity, accuracy, repro-
ducibility, and objectivity. Conversely, consumer testing, with less control of these
parameters, provides less sensitivity, accuracy, reproducibility, and objectivity, but
for many of the same reasons provides results that are more representative of real-
life product usage than those gained from instrumental laboratory investigation.

Of critical importance to the evaluation of multifunctional products, and in
direct contradiction to most laboratory test methods; however, consumer testing
cannot evaluate individual performance properties without including the impact of
other performance (as well as aesthetic) properties. In some cases this limitation
is exacerbated by inherent conflicts among formula functionalities (e.g., cleansing
vs moisturizing in a moisturizing body wash; cleansing vs conditioning in a two-
in-one shampoo). For these reasons it is even more essential for multifunctional
products than for conventional products that testing be conducted at various points
of this continuum.

It is highly recommended that the evaluation of multifunctional products
begin in the laboratory, where each functional characteristic may be evaluated sep-
arately on an objective basis. It is there, and only there, that the formulator can
learn how well prototypes deliver each functionality (preferably in comparison
with standards established in a new product description document, see Sec. 1).
Then, and only if warranted by the results of these studies, testing must be con-
ducted to determine the combined impact of the formula’s multifunctional prop-
erties in the test salon and amongst consumers. Again, such testing more closely
approximates the usage patterns and challenges that products encounter in real
life. As is the case for conventional products, overt steps may be required to elim-
inate the impact of aesthetic properties on consumer-perceived performance dur-
ing these studies.

As a practical note, considering the rigors necessary to conduct meaningful
laboratory studies, it may be thought more convenient and expedient to bypass this
phase and proceed directly to salon, clinical, or consumer evaluations. This temp-
tation must be resisted, since without the foundation of sound laboratory-derived
knowledge, this practice is likely to provide false positives or negatives based on the
interference of other performance characteristics or aesthetic properties, with the
result of an inferior product proceeding to market or a superior formula being dis-
carded. It must always be remembered that if a performance-related characteristic
is apparent in salon/clinical trials and/or consumer testing but is not detectable
under highly controlled laboratory conditions, it probably does not exist.

3.2 Stability Testing

Of the many areas in which testing must be conducted to assure product integrity,
formula stability is that most likely to be complicated by the introduction of an
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additional functionality. This is of particular concern because the insertion or
enhancement of an additional functionality has the potential to introduce new
chemical incompatibilities and to require the adjustment of the overall chemical
environment (pH, ionic content, free base/acid, etc.). Further, it may become nec-
essary to conduct functional assays for more than one parameter during the course
of this testing (particularly for drug-containing formulations). Given these con-
cerns, it is particularly important that a rigorous accelerated stability test protocol
be employed [6], that samples be stringently monitored, and that negative trends
and failures be promptly communicated.

At minimum, it is recommended that a formal protocol be adopted requir-
ing the storage of samples under the following conditions with carefully docu-
mented, periodic observations as well as analytical, microbiological, and func-
tional assays: room temperature/ambient conditions for 2 years; 45°C for 3
months (storage at 35°C for 6 months is also recommended); 5°C (refrigerator) for
one year; —10°C (freezer) for 6 months. Further, a minimum of five freeze—thaw
cycles should be conducted. Again, special conditions and recording procedures
may be required for multifunctional products that are governed by drug require-
ments. (For further related information, refer to the chapters pertaining to the addi-
tion of sun protectant and antibacterial functionality to personal care products.)

4 CONCLUSION

Multifunctional formulations are likely to become increasingly sophisticated and
effective as cosmetic science continues to progress. It is anticipated that increas-
ing consumer acceptance and demand will fuel this trend as people’s confidence
in the (multifunctional) performance of these products grows. In short, an upward
spiral in the market importance of these products is anticipated, the slope of which
will be determined more by outstanding science than by outstanding marketing.
Multifunctional products appear to be here to stay, and poised to grow.

In the opinion of the author, the most exciting achievements in this arena are
those in which the cosmetic scientist has been able to elevate the performance of
a subfunctionality to a level of such magnitude that it is perceived as creating a
new product category. A prominent example, cited many times throughout this
chapter, is the two-in-one shampoo. While the likelihood of attaining comparable
achievements in the future may be diminished by consideration of the numbers of
scientists presumed to have unsuccessfully explored these areas in the past, it is
also increased by the significant strides being made on a regular basis in true cos-
metic science. Prominent among these are the achievements contributing to truly
efficacious skin care.

On a negative note, it is important for the marketer and scientist alike to
remember (and accept) that multifunctional products may not be well received by
certain individuals and demographic segments. For a variety of reasons, varying
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from greater belief in the functionality of single-function products to enjoying the
“ceremony” of individual product application, these consumers prefer to use a
series of conventional products. On the other hand, for certain demographic
groups, multifunctional products may represent much more than convenience.
They may indeed represent the key to the penetration of new demographic seg-
ments (e.g., the male consumer who would not use a skin moisturizer but would
use a moisturizing cleanser). Extension of this phenomenon to other product areas
appears to be an interesting area for exploration.

Perhaps the most effective means of convincing the new user of the multi-
efficacy of a multifunctional product prior to actual trial is through the strategic
deployment of product form, aesthetic signals, and packaging componentry. In
addition to their traditional utility in supporting product functionality, these
parameters are of great value in reinforcing consumer buy-in to product multi-
functionality. Clearly, the presence of a second phase of discrete particles or
beads, or an additional formula component (that must be added prior to usage)
present convincing visual (and possibly tactile) reinforcement that a second func-
tionality is present. So potent are these signals that it is likely that the consumer
will gladly put up with the inconvenience of dealing with packaging systems that
are somewhat more difficult to use and/or somewhat more bulky than the ideal.

It is more critical for multifunctional formulations than for conventional for-
mulations that the full spectrum of laboratory, clinical/salon, and consumer test-
ing be conducted. This is due to the complications that are, in most cases, intro-
duced by the incorporation of one or more additional functionalities. Further
exacerbating the situation (as discussed earlier), these additional functionalities
may be contradictory to the formula’s prime function. Particularly in such cases,
initial testing must be conducted under carefully controlled laboratory conditions
with the prime objective of separately determining whether primary performance
objectives are achieved for each of the multiple functionalities. (Hopefully, such
testing would have been conducted in comparison with standards that were spec-
ified in a carefully prepared new product description document.) Upon the suc-
cessful outcome of this testing, prototypes must then be thoroughly evaluated by
salon, clinical, and consumer test methods to determine the aggregate impact of
the multiple functionalities (and aesthetic properties) under conditions of real-life
usage. Here it is critical that at least one segment of this testing employ the pack-
aging and label directions/copy intended for actual market usage.

The successful development of multifunctional products begins with the
strategic deployment of the skills essential to the formulation and testing of con-
ventional products and proceeds to higher levels of complication. In all likelihood,
mastery of these complications depends on gaining an unusually thorough knowl-
edge of formula attributes and deficiencies, as well as related consumer attitudes
and usage patterns. Clearly, the development of truly multifunctional products is
accompanied by negative baggage that must be fully understood and effectively
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dealt with to increase the likelihood of gaining consumer acceptance and, ulti-
mately, commercial success. Given the popularity of these products, such efforts
would appear to be well justified.
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1 INTRODUCTION

1.1 Historical Perspective or the Evolution
of Multifunctional Hair Care Products

1.1.1 Shampoos

Hair care in the early part of this century strictly meant cleansing the hair, which
simply translated to hair products consisting of alkaline soap. Because of such
well-known drawbacks of soap as lack of lathering in hard water, deposition of
calcium/magnesium soap film onto the hair shaft, and the general product form,
demand for an improved product was high [1]. It was fairly common to use home
treatments (e.g., vinegar, beer, lemon juice) to strip the film left by the soap on the
hair [2]. In a sense, these were the first conditioning agents.
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During the early part of this century, German scientist invented the first syn-
thetic detergents. These detergents were short-chain alkylnaphthalene—sulfonate
types made by reacting butyl or propyl alcohol with naphthalene followed by sul-
fonation [2]. The products offered a vast improvement in shampooing, providing
rich lather yet easily rinsed from the hair. This resulted in more frequent sham-
pooing. However, with the ability to fully remove sebum from the hair and thor-
oughly rinse the shampoo from the hair, new difficulties were noticed. The hair
was now too difficult to comb as a result of tangling, and when dried, held static
electricity. These difficulties led to the rapid development of the hair care market.
Chemists began to carefully examine the science behind surfactants and hair care.

The original synthetic detergent was found to be extremely irritating, so
researchers continued to search for a less irritating detergent. Consumers preferred
rich, copious foam, and therefore the development of foam boosters began. The
first were alkanolamides. Alkanolamides are prepared by reacting a fatty acid with
small primary or secondary amines such as monoethanolamine (MEA) or dieth-
anolamine (DEA). The lower fatty acids are most commonly used for shampoo
formulations, cocamide MEA being the most common. The higher fatty acid
chains, from DEA, demonstrate increased viscosity control. However, these
diethanol amides have recently lost favor in the industry because of the possible
formation of nitrosamines [3].

Formulations began to get much more complicated in an effort to capture all
the desired characteristics. The use of secondary surfactants became more com-
mon. Secondary surfactants are used to improve the properties of the primary sur-
factants in a formulation while enhancing the performance of the final formulation.
Secondary surfactants such as amphoacetates, mono- and diglyceride ethoxylates,
sulfosuccinates, and betaines have long been known to reduce the irritation of pri-
mary surfactants. Betaines are by far the most common of this group. Cocoamido-
propyl betaine has the ability to reduce irritation in the mucous membranes and
skin, while providing a pleasant feel. Betaines also facilitate the thickening of for-
mulations by using salt, creating very rich, luxurious foam. Another benefit of
betaines is their ability to increase the biodegradation profile of a formulation. The
mono- and diglyceride ethoxylates are extremely mild and improve the dermato-
logical profile in formulations containing a primary surfactant. These molecules are
excellent thickeners as well as good emulsifiers and help to solubilize many ingre-
dients, making them a very useful tool for formulators. As a result of the many ben-
efits these molecules bring to a formulation, they are extremely cost-effective.
Quite obviously, secondary surfactants as a group are multifunctional.

1.1.2 Conditioners

Shampoos in the 1960s and 1970s contained strong anionic surfactants at neutral
to slightly alkaline pH values. These shampoos were designed to strip the sebum
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from the hair, causing the hair to tangle, as well as dulling the hair. Chemists began
the search for something that would deposit onto the hair during rinsing to aid in
combing and to restore luster. It was long known that quaternary ammonium com-
pounds impart softness and static control to textiles, so it was only natural for
chemists to conclude that the same would be true for hair. The first molecule to be
incorporated into hair conditioners was stearalkonium chloride (Fig. 1) [4]. All
quaternary ammonium compounds are similar in their chemical structure: the
molecule centers around a central quaternized nitrogen atom with at least one fatty
chain covalently bound. The fatty chain is what imparts the conditioning effects,
more specifically, the ease of combing, the shine to the hair, and the static control.
The mechanism by which this occurs is quite simple. As opposite charges attract,
the positively charged cation is naturally attracted to the negatively charged hair.
The quaternary ammonium compound is then substantively applied to the hair,
resulting in excellent conditioning properties. Additionally, these quaternary
ammonium compounds can pull further conditioning agents to the hair shaft,
enhancing the deposition of silicones, oils, styling aids, and actives. Early condi-
tioner formulations typically contained 1-2% of a quaternary ammonium com-
pound and 5% of a long-chain fatty alcohol [1]. The fatty alcohol gave the formu-
lation a thick creamy texture, but it also caused the hair to become limp and greasy.

The solution came in the form of Union Carbide’s polyquaternium-10, a
hydroxyethylcellulose derivative [1]. This molecule helped improve manageabil-
ity and static control and led to a completely new raw material concept in the per-
sonal care industry. While total elimination of the fatty alcohol destabilized the
formulation, reducing the amount of alcohol and replacing it with hydroxyethyl-
cellulose improved the feel of the formulation while maintaining its texture. It
improved the feel of the formulation by reducing the alcohol content, as well as
imparting conditioning benefits.

Consumer demand created a new need for water-soluble cationic polymers,
and many were created. These molecules had the additional benefit of increasing
the deposition of water-insoluble particles on the hair during shampooing. This
allowed the incorporation of zinc pyrithione in antidandruff shampoos [1]. Poly-
mers such as polyquaternium-7, for instance, improve the deposition of antidan-
druff actives onto the hair during shampooing. This also opened the door for the
incorporation of other functional ingredients into hair care products. Modern heat-
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set formulations, which improve hair manageability and hold, are now readily
available from major personal care houses. Today, we even see shampoos that can
temporarily color the hair.

1.1.3 Fixatives

As the frequency of shampooing increased, a wide range of hairstyles became
popular, leading to the need for hair fixatives. The first hair fixatives consisted of
vegetable-based, naturally isolated polymers such as quince seed and arabic gums
[5]. Consumers would simply dip a comb into these products and use the comb to
apply the styling aid to wet hair. The next generation of fixatives used shellac solu-
tions in spray bottles. The difficulties with this approach are apparent: shellac is
not water soluble, making its removal extremely difficult, and delivery of the prod-
uct was extremely cumbersome. The next major development in fixatives came
during the 1940s. The aerosol can was originally developed for dispensing insec-
ticide [5]. A patent was issued to Goodhue and Sullivan for a low-pressure lique-
fied propellant. Additionally, a patent was issued to Abplanalp for a push-button
valve design [5]. As a result of these patents, Kiquinet introduced the first aerosol
hair spray, which allowed the use of water-soluble resins such as hydroxypropyl-
cellulose to be sprayed onto the hair [1]. All these inventions had a profound effect
on popular culture. Very high, stiff hairstyles such as the “beehive” became possi-
ble. However conditioning and styling formulations, while effective, began to lose
their popularity as consumers began to notice buildup on the hair. Formulators
looked for molecules that had a similar conditioning effect, but without the nega-
tive buildup. Polyquaternium-11 had long been used primarily as a fixative but had
not enjoyed much popularity in the dilution—deposition era of conditioning. It was
discovered that before quaternization, the precursor of polyquaternium-11 showed
conditioning benefit without causing buildup [6].

1.1.4 Antidandrum Formulations

Pityrosporum ovale, a yeast, is believed to be the primary cause of seborrheic der-
matitis or dandruff. It has long been known that zinc pyrithione and sulfur sele-
nium disulfide are effective ingredients in combating dandruff. The biggest obsta-
cle in formulating shampoos for the antidandruff market is the suspension of these
active ingredients in the formulation. If not suspended properly, the active ingre-
dient will fall out over time, resulting in an ineffective formulation [7]. The active
ingredient will not properly be delivered to the scalp. The most common type of
suspending agents are those that form a crystalline network in the shampoo when
stationary but allow the composition to flow when shear is applied, as when sham-
poo is poured from a bottle [7]. An example of this type of suspending agent is eth-
ylene glycol distereate [7]. Suspending agents of other types include cellulose
gums and acrylate polymers [7]. These materials, while effective, result in an
undesirable slimy feel. Another difficulty in this particular market is low foaming
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[8]. Many of the antidandruff shampoos utilize coal tar as the active ingredient.
These tend to be low foaming, which to the consumer means less cleaning. It is
well known that foam does not equate to cleaning, but consumers prefer copious
foam. Consumers also like to feel the benefit of these medicated shampoos; there-
fore, a cooling agent (e.g., menthyl salicylate, menthol, peppermint) is often incor-
porated into a formulation [8]. As a group, antidandruff shampoos exemplify mul-
tifunctionality by serving as a means to clean hair and as a delivery system for
effective ingredients to relieve a medical condition.

1.2 Today’s Modern Additives for Hair Care

Finally, modern polymers derived from silicones came to the forefront. They revo-
lutionized hair care formulations. They offered many of the same conditioning
properties associated with underivatized silicone, but without substantial buildup.
Made from silica found in sand and quartz, silicones consist of a chain of sili-
con—oxygen bonds. Although silicones have become widely used in the personal
care industry; there are some drawbacks: they are insoluble in water, making for-
mulating difficult, they tend to decrease foaming, and they are greasy. Adding
organofunctional groups to the silicone backbone can reduce some of these prob-
lems. These molecules are good lubricants for easy combing, both wet and dry, and
they spread a smooth, even film on the hair, resulting in excellent shine and luster.
Modified silicones act like surfactants in that they are surface tension suppressors,
wetting agents, and emulsifiers.

2 MULTIFUNCTIONAL SURFACTANTS

The concept of multifunctionality brings to mind two separate ideas. First is the
idea that a single component is able to replace many separate ingredients without
sacrificing performance characteristics. Second is the concept of a single ingredi-
ent that offers varying functionality in a wide range of vastly different formula-
tions. The latter is becoming a driving force for development, as large manufac-
turers are paring down their total number of inventoried raw materials. Not many
single-component raw materials are able to meet this second criterion. Although
there are many multifunctional ingredients, they are generally limited to specific
formulations owing to their molecular functional groups, the product form of the
raw material, or the functional benefit these ingredients are able to offer. To be
quite simple, one would not formulate aspirin into a shampoo formulation to
relieve a headache. The idea of functional availability is most important. The
ingredient must function as it is intended in a large variety of formulations to meet
this later definition of multifunctionality. It is not difficult to formulate low molec-
ular weight conditioning agents into either a hair conditioner or a skin lotion. Both
are emulsions differing by their function toward a substrate. What is of benefit is
a single ingredient that is 