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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 technology. The series is made up of books written by one or
more authors or edited volumes with a number of contributors. Authorities
from industry, academia, and the government are participating in writing
these books.
The aim of this 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 technology,
microbiology, dermatology, and toxicology all play a role in cosmetic science.
There is little commonality in the scientific methods, processes, or
formulations required for the wide variety of cosmetics and toiletries
manufactured. Products range from hair care, oral care, and skin care
preparations to lipsticks, nail polishes and extenders, deodorants, body
powders and aerosols to over-the counter products, such as antiperspirants,
dandruff treatments, antimicrobial soaps, and acne and sunscreen products.
Cosmetics and toiletries represent a highly diversified field with many
subsections of science and "art." Indeed, even in these days of high
technology, "art" and intuition continue to play an important part in the
development and evaluation of formulations and the selection of raw
materials. There is a move
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toward more sophisticated scientific methodologies in the fields of
preservative efficacy testing, claim substantiation, safety testing, product
evaluation, and chemical analyses.
Emphasis in the Cosmetic Science and Technology series is placed on
reporting the current status of cosmetic technology and science in addition to
historical reviews. The series includes books on safety, efficacy testing, oral
hygiene, scientific and regulatory foundations, cosmetic product testing,
analytical methods and techniques, antiperspirants and deodorants, glycerine,
rheological properties, cosmetic microbiology, sunscreens, methods of
cutaneous investigation, and consumer testing and evaluation of personal care
products. Several of the books have found a wider audience and have been
translated into Japanese. Contributions range from highly sophisticated and
scientific treatises to primers, practical applications, and pragmatic
presentations. Authors are encouraged to present their own concepts as well
as established theories. Contributors have been asked not to shy away from
fields that are still 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.
Preservative-Free and Self-Preserving Cosmetics and Drugs is the sixteenth
book in the series. It investigates the concept of self-preserving formulations
and promotes the idea of either eliminating or greatly reducing the use of
chemical preservatives. In so doing, this volume introduces a new paradigm
in the formulation approach to cosmetic and drug products. The book is
divided into eleven chapters ranging from basic discussions of the principles
of self-preserving products, survival strategies of microorganisms, and "water
activity" to a review of different classes of chemicals that can provide
antimicrobial activity. Included are certain surfactants, fatty acids and their
esters, phospholipids, "aroma" chemicals, chelating agents, and antioxidants.
This is the first book published that brings together the principles of
preservation and different classes of formulation components.
I want to thank the editors, Dr. Jon J. Kabara and Dr. Donald S. Orth, for
collaborating in the writing and editing of this book. It is the second time that
both have contributed to the Cosmetic Science and Technology series. Dr.
Kabara edited Cosmetic and Drug Preservation, and Dr. Orth wrote the
Handbook of Cosmetic Microbiology. Special recognition is also due to
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Sandra Beberman and the editorial staff at Marcel Dekker, Inc. In addition, I
would like to thank my wife, Eva, without whose constant support and
editorial help I would never have undertaken this project.
ERIC JUNGERMANN, PH.D.
SERIES EDITOR

9

Page v

Preface
The term preservative-free means "without preservative chemicals." Usually,
multiple-use aqueous consumer products in their current containers cannot be
made preservative-free merely by removing preservatives from the formula. It
is possible to have preservative-free aqueous products only if they are
sterilized and packaged and stored appropriately.
The term self-preserving is more appropriate than preservative-free for most
aqueous products containing a chemical system that kills microorganisms
and/or prevents their growth. The concept of "preservative-free" is
controversial; however, the emphasis of this book is to focus on the principles
of preservation that may be used to make products that are microbiologically
safe at the time of manufacture and during use by the consumer. No other
publication presently available addresses this subject to the depth presented in
this book.
Preservative-free and self-preserving products may be developed by
understanding and applying the principles of preservation as they relate to
each product. Some of the principles discussed are water activity, pH, special
lipids, surfactants, antioxidants (phenols), aroma chemicals, chelators, and
packaging. Products that are adequately preserved and microbiologically safe
may be developed by selection of chemicals to create conditions that have
static or cidal effects on microorganisms.
Although we could continue to use standard preservative systems for
domestic products, globalization requires that we think beyond traditional
formula
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development. Self-preserving products offer many advantages for formulation
because they reduce and/or eliminate chemical preservatives that are a source
of skin irritation and contact sensitization; they meet the demands of a
growing segment of consumers who want natural products; they may
encourage the use of contamination-resistant packaging; they allow the use of
global formulas without the regulatory issues surrounding the use of chemical
preservatives, and they may reduce formula costs by avoiding addition of
preservatives.
Bacteria, yeasts, and molds cope with stressful conditions by using a wide
range of survival strategies designed to prevent or repair injury so that they
can survive and grow. Several mechanisms are discussed to illustrate how
microorganisms deal with unfavorable conditions that are used to limit their
growth in products. Consumer-friendly, environment-friendly products made
without preservatives are possible, but this may require modification of
current formulations and packaging. Opportunities exist for innovative
workers who want to look beyond current technologies and apply the
principles of preservation in developing novel, preservative-free and selfpreserving cosmetics and drugs. We hope this book will be a platform for
future discoveries.
We wish to acknowledge the efforts of our contributing authors and the
cooperation of the staff at Marcel Dekker, Inc. We are pleased to recognize
Betty Kabara and Barbara Jo Orth for their patience, understanding,
encouragement, and continued support because this greatly helped our writing
and editing.
Suggestions and comments about the book are welcomed.
JON J. KABARA, PH.D.
DONALD S. ORTH, PH.D.
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1
Principles for Product Preservation
Jon J. Kabara
Technology Exchange, Inc.
Galena, Illinois
Michigan State University
East Lansing, Michigan
Donald S. Orth
Neutrogena Corporation
Los Angeles, California
Preservatives are used in aqueous cosmetics and drugs to prevent microbial
contamination. While this has solved the problem of contamination in most
instances, it has created other problems. No preservative is free of allergenic
potential, and many consumers want ''natural" products that do not contain
preservatives. Consequently, views on cosmetic preservation and "the
greening of cosmetics" are on a collision course.
In recent years, there has been increasing interest in developing and
marketing natural cosmetics, including those that are "preservative-free" (i.e.,
products that do not contain ingredients commonly recognized as
antimicrobial preservatives), to meet the consumer demand for natural
products. A glance at product labeling in local retail outlets reveal scores of
cosmetics and over-the-counter (OTC) drugs with labeling that indicates these
products are "natural," "fragrance-free," "hypoallergenic,"
"noncomedogenic," "PABA-free," "chemical free," etc.
"Preservative-free" has been added to the labeling of a few products. What is
the scientific basis for the creation of this new class of products? Is there a
need
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for them?" Are they safe? Are they satisfactorily preserved? Do they have
suitable "cosmetic elegance"?
The term preservative-free means without preservative chemicals. It is
possible to have preservative-free aqueous products if they are sterilized and
packaged/stored appropriately. The term self-preserving is more appropriate
than preservative-free for most aqueous cosmetic and OTC drug products in
multiple-use containers because formulas without any form of preservation
will spoil if they are not packaged or stored in such a manner that microbial
contamination and growth are prevented. Most aqueous products have a
"preservative system" created by the physicochemical composition of the
formula (with or without the addition of chemical preservatives) that kills
microorganisms and/or prevents their growth. Kabara (1) discussed
formulation of self-preserving products using a systems approach to cosmetic
preservation.
Although cosmetics and OTC drugs are not necessarily intended to be sterile,
satisfactorily preserved aqueous formulas in multiple-use containers have a
preservative system that makes them self-sterilizing (2). A self-preserving
formula is one that either prevents microbial growth (i.e., is bacteriostatic) or
kills microorganisms (i.e., is bactericidal/microbicidal). A self-preserving
formula may or may not contain antimicrobial preservatives.
Relatively anhydrous products (e.g., talcum powder, cornstarch, mineral oil,
and stick deodorants) do not require preservatives because they do not have
sufficient water content to support microbial growth. However, manufacturers
may incorporate preservatives into these products to prevent microbial growth
that may occur due to inadvertent addition of water by consumers during use
(or abuse).
Aqueous products, on the other hand, require preservatives unless their
composition, packaging, or storage conditions prevent microbial
contamination and growth. The physicochemical make-up of the product,
including low water activity (aw), high or low pH, and multifunctional
materials that have antimicrobial properties (i.e., alcohols, surfactants,
quaternary ammonium compounds), determines whether a formula is "selfpreserving." Aqueous products in multiple-use containers generally require
the addition of preservatives if they do not prevent microbial growth.
The type of packaging and consumer use habits determine the preservative
17

requirements of a formula. The required D-value (RDV) concept was
introduced to relate the preservative system of the formula with product
packaging and consumer use/abuse (2,3). Although an unpreserved formula in
a multiple-use container would not be acceptable because it may become
contaminated during use, the formula would be acceptable if it were
manufactured, sterilized, and supplied in a unit-dose container. The same
formula in a multiple-use container may be suitable for restricted use if it
were handled as we now handle perishable foods, such as milk, which is
refrigerated when not being used. Alternately, unpreserved products could be
frozen and thawed immediately before use.
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Currently available antimicrobial preservatives may cause some adverse
reactions including skin irritation, eye irritation, and contact sensitization (2).
The North American Contact Dermatitis Group identified preservatives as a
group of ingredients most commonly associated with skin irritation due to the
use of cosmetics (4,5). Recognizing that preservatives may be a source of
irritation provides a driving force for attempting to find milder, less irritating
preservative systems.
Although it would be desirable to eliminate preservatives that cause adverse
reactions (e.g., skin and eye irritation, contact sensitization) in some
individuals, this is not possible with most existing formulations in their
current form/packaging. Preservatives are used in these products because selfpreserving products may be unattainable without accepting specific formula
and/or packaging constraints. This chapter will introduce topics covered in
detail in later chapters. The material presented includes 1) a discussion of the
principles of preservation providing background information on the control of
microorganisms, 2) a discussion of the preservative system concept, which
shows how the principles of preservation are used to design self-preserving
products, 3) an overview of survival strategies of microorganisms to illustrate
mechanisms used by microorganisms to survive in hostile environments, and
4) some advantages and disadvantages of self-preserving products.
1.1
Principles of Preservation
Bacteria, yeasts, and molds are ubiquitous in nature. Cosmetic raw materials
and finished products provide a wide spectrum of inorganic and organic
compounds, which are available for microbial growth when sufficient water is
present. Microbial growth will occur in aqueous systems held at ambient
temperatures found in manufacturing plants, in trade channels, and in
consumers' homes if control measures are not instituted (2). The principles of
preservation are used globally to control microbial growth in foods, drugs,
and cosmetics. These principles are:
1. Asepsis (keeping microorganisms out of the process stream)
adherence to current good manufacturing practices (GMPs)
microbiological validation of processes
microbiological validation of cleaning and sanitization programs
2. Removal of microorganisms
19

trimming and washing
filtration and clarification
sedimentation and centrifugation
3. Retarding growth or killing microorganisms
high temperatures (heat sterilization, pasteurization)
low temperatures (refrigeration, freezing)
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