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Preface

The Sensory Evaluation of Dairy Products is intended for all persons who seek a
book entirely devoted to the sensory evaluation of dairy products and modern
applications of the science. The previous edition of The Sensory Evaluation of
Dairy Products, published in 1988, has served as the primary reference on the
topic until now. The first three editions of this book were published in 1934,
1948 and 1965, under the title JudgingDairy Products.We are pleased to present
this newest edition to be (1) a reference text for all persons interested in the
history, art and science behind the sensory evaluation of dairy products; (2) a
guide to assist in tracing the origins of identifiable sensory defects in dairy
products with hints or strategies for their correction; (3) a practical guide to the
preparation of samples for sensory evaluation; and (4) as a training tool for
personnel in the evaluation of dairy products.

Three different methods are available for tracing causes of sensory defects in
dairy foods: (1) chemical procedures; (2) microbiological tests; and (3) sensory
evaluation. The simplest, most rapid and direct approach is sensory evaluation.

Cheese blocks are prepared for sensory assessment by graders at anAmerican Cheese Society
Cheese Competition
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A food technologist trained and experienced in flavor evaluation of dairy
products has an ‘‘edge’’ over someone who is competent only in performing
chemical and/or microbiological methods of product analysis. Correct diagno-
sis of the type and cause(s) of sensory defects is a prerequisite to application of
remedial measures in production, processing and distribution stages. For dairy
processors, the most important requirement of a comprehensive quality assur-
ance program is careful and competent flavor evaluation of all dairy ingredi-
ents. Based upon sensory judgments, occasionally some milk, cream or other
dairy ingredients may merit rejection. An important premise of the dairy
industry is dairy products quality can be only as good as the raw materials from
which they are made.

In this book, the authors have attempted to present a reasonably complete
overview of the sensory evaluation of most of the major commercial dairy
products in the United States and Canada. Furthermore, the authors have de-
emphasized the terms ‘‘judging’’, ‘‘scoring’’ and ‘‘organoleptic analysis’’ in favor
of the more contemporary terms ‘‘flavor’’ or ‘‘sensory evaluation.’’ The latter
terminology is more reflective of the marked progress made in relating flavor
perception to the areas of sensory panel methodology, statistics, human beha-
vior, psychology and the psychophysics of human sensory perception. In addi-
tion to traditional practices, this book devotes several chapters to modern
sensory evaluation methodology, since this science has profoundly advanced
since 1988.

The early chapters of this edition review the history, physiology and psy-
chology of human sensory perception, with emphasis on dairy products

Technical and esthetic judges evaluate a variety of cheeses at a recent American Cheese
Society Cheese Competition
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evaluation. Chapter 4 includes an overview of some of the different state,
regional and national dairy products competitions held annually in the United
States. Chapters 5 through 10 focus on dairy products evaluated in the annual
Collegiate Dairy Products Evaluation Competition, including descriptions of
various sensory defects, their causes and remedial steps tominimize or eliminate
their occurrence in fluid milk, butter, cottage cheese, yogurt, Cheddar cheese
and ice cream. Chapters 11 through 16 cover the sensory evaluation of several
dairy products not included in the collegiate contest, but that aremost assuredly
evaluated in plants and may be judged at other various dairy products competi-
tions. Additionally, each of these chapters is intended to serve as a guide to
dairy foods manufacturers who seek to optimize the quality of their products.
The other products covered include concentrated and dry milk and whey,
pasteurized process cheese and related products, sour cream and related pro-
ducts, Swiss cheese and related cheeses, Mozzarella and Hispanic cheeses.
Chapter 17 is devoted to modern sensory evaluation practices, including an
overview of modern affective and analytical sensory tests, as well as the applica-
tion of sensory languages (such as the Cheddar cheese lexicon) to scientific and
market research. An appendix section guides coaches or instructors through the
preparation of samples and provides an overview of sensory panel methods.

In preparing this edition of The Sensory Evaluation of Dairy Products,
authors from industry and academia have applied their philosophy and instruc-
tional techniques to convey their expertise at describing sensory shortcomings
of dairy foods. This edition of the book brings together a historical perspective
of the sensory evaluation of dairy products, the stages of advancement of this
field of applied science, personnel development, improvements in sensory
assessment techniques and methodologies, as well as the role of statistical
validation and other modern and progressive approaches. Simultaneously,
many of the chapter contributors to this edition have relied on the sound
discussion and guidance of earlier authors of the four earlier editions of Judging
Dairy Products and The Sensory Evaluation of Dairy Products. The current
chapter authors retained many of the pertinent details and clearly stated
descriptions of the so-called ‘‘ideal products’’ and the scope of various sensory
defects pertaining to flavor, body and texture, color and appearance, as so
adequately delineated by the forerunner sets of authors. Hence, the chapters
dealing with given dairy product categories (e.g. FluidMilk and Cream; Butter;
Cheese; etc.) are in many cases extensively reliant on the discussions and
perspective from earlier authors of the first four variations of this book. The
current authors have inserted focus and discussion on updating the science of
sensory assessment of the respective dairy products in line with ingredient
changes, technological progress and the availability and application of modern
sensory techniques.

The reader should recognize that a clear distinction exists between the
concepts of ‘‘quality,’’ ‘‘flavor profile’’, ‘‘preference’’ and ‘‘acceptability.’’ The
primary aim of this book is to describe the subject of sensory quality, which is
not directly associated with flavor profiles and not always directly associated
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with consumer acceptability. Product quality and consumer acceptability of
products vary throughout the United States and Canada. For instance, cottage
cheese curds that may be evaluated as ‘‘firm/rubbery’’ are familiar and desirable
to consumers on the U.S. West coast, while relatively ‘‘weak/soft’’ curds are
more commonly preferred by consumers on the East coast. Additionally, it is
generally presumed that vanilla ice cream consumers on the U.S. East coast
prefer higher intensities of the ‘‘vanilla note’’ than customers from theWest and/
or Mid-West. Consumer acceptability of a particular product of one coastal
region may differ from preferences in the Mid-West or on the opposite coast.
Ideally, definitions of attributes should not deviate from one coast to another.
Furthermore, as previously emphasized, quality, and the presence of specific
sensory attributes – designated either historically or by industry professionals as
product defects – are not necessarily related to consumer acceptance.

Many dairy products are defined in the U.S. Code of Federal Regulations
(CFR). If product quality is perceived as the absence of sensory defects, the
consequences of compositional changes of a given dairy food (as introduced or
changed by CFR specifications) need not be reflected in quality changes. How-
ever, certain product characteristics may change as the result of formula altera-
tions. For instance, reduction of the milkfat content of ice cream from 12 to
10% certainly could affect the given product’s sensory and hedonic character-
istics without affecting quality. In defining various dairy products, reference has
been made to the CFR throughout the book. The reader is cautioned that since
changes in the CFRs may occur at any time, only the latest edition of this
official document should be consulted for purposes of legal compliance.

Technological progress has eliminated some sensory defects of dairy pro-
ducts reviewed in previous editions of this text, but has also introduced some
sensory attributes of dairy products not reviewed in previous editions. Some
flavor descriptors or terms have continued in use over the years more by habit

Quality in the eyes of official judges does not necessarily guarantee success in the marketplace
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than due to logic. In this edition, an effort has been made to bridge the
traditional terminology with more advanced knowledge of the defects. By
necessity, this transition process must be gradual, to preserve our ability to
accurately communicate the sensory properties of dairy products.

The editors gratefully acknowledge the technical and creditable contribu-
tions by our chapter authors. Without their outstanding efforts and dedication
to the field of the sensory evaluation of dairy foods, this book would not be
complete. We also recognize the following individuals for their outstanding
efforts and assistance in preparing this book by reviewing certain chapters:
Rosyleen Aquino, Susan Duncan, Charlsia Fortner, Lisbeth Goddik, Jonathan
Hopkinson, Luis A. Jimenez-Maroto, Robert T. Marshall, Tonya Schoenfuss
and Bruce Tharp.

Although two of the authors of earlier editions of this book have passed
away, we honor the pioneering work and original contributions of Dr. John A.
Nelson (1890–1971; Montana State University) and Dr. G. Malcolm Trout
(1896–1990; Michigan State University). We also recognize the 1988 volume,
The Sensory Evaluation of Dairy Products, by FloydW. Bodyfelt (1937–present;
Emeritus Professor, Oregon State University), Dr. Joseph Tobias (1921–
present; University of Illinois) and Dr. G.M. Trout, which has well-served
many needs of dairy sensory scientists for two decades. May our newest volume
serve you well as you contribute to the field of dairy sensory science.

Oregon State University, Corvallis, OR Floyd W. Bodyfelt, M.S.
Washington State University, Pullman, WA Stephanie Clark, Ph.D.
Washington State University, Pullman, WA Michael Costello, M.S.
North Carolina State University, Raleigh, NC MaryAnne Drake, Ph.D.

Modern sensory analysis commonly relies on private sensory evaluation booths and computer
software
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Chapter 1

History of Sensory Analysis

Mary Anne Drake, Stephenie Drake, Floyd Bodyfelt, Stephanie Clark,

and Michael Costello

Humans have used their senses to evaluate food for several thousands of years.
Given that so many phytotoxins and bacterial metabolites are bitter, sour or
rancid, mankind has probably used sensory evaluation since before Homo
sapiens were human. Individuals can often tell by sight, smell, taste and, to a
lesser extent touch, whether or not given food or beverage items are good or bad
(e.g., safe or toxic). As civilization developed and the trading and selling of
goods became commonplace, the first seeds of food sensory testing as we know
it were planted. Potential food or beverage buyers tested or evaluated a small
portion or a sample of products that hopefully represented the whole or the
entire given lot of product. The product price was then established based on the
relative quality of the product. This process of standardized product quality
grading, the precursor of modern sensory analysis, subsequently emerged.

Several historical events in sensory science and the sensory analysis of dairy
foods have occurred since that time and some of these key developmental events
are summarized in Table 1.1. In the early 1900s, the use of professional tasters
and consultants began in different food and beverage industries (Meilgaard
et al., 1999). U.S. Federal grading standards for butter were initially established
in 1913 (Table 1.1), the first National Collegiate Dairy Products Evaluation
Contest was conducted in 1916 (Bodyfelt et al., 2008; Trout et al., 1981), and the
original dairy products evaluation textbook (Nelson and Trout, 1964) was
published in 1934. In the 1940s, the triangle difference test was developed in
Scandinavia (Bengtsson and Helm, 1946; Helm and Trolle, 1946).

Sensory analysis became a focus of attention to the U.S. Army Quarter-
master Food and Container Institute in the 1940s and through the mid-1950s.
Its focus was research in food acceptance for the armed forces, rather than
simple provision of adequate nutrition (Peryam et al., 1954). In the 1960s and
1970s, the U.S. government failed to conduct sensory evaluations on foods
developed for malnourished people in several countries – the foods at issue were
often rejected (Stone and Sidel, 2004). The food industry was quick to adopt

M.A. Drake
Department Food Science, Southeast Dairy Foods Research Center, North Carolina
State University, Raleigh, NC 27695–7624

S. Clark et al. (eds.), The Sensory Evaluation of Dairy Products,
DOI 10.1007/978-0-387-77408-4_1, � Springer ScienceþBusiness Media, LLC 2009
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Table 1.1 Selected events in sensory science and sensory analysis of dairy foods

Date Item

1666 Newton introduced the color spectrum

1905 Color Notation manual published (Munsell color method)

1913 Grading established by the USDA for butter; Cheddar cheese subsequently

1916 First collegiate dairy products judging contest held (butter evaluation only)

1917 Milk and Cheddar cheese added to collegiate dairy products judging contest

1926 Vanilla ice cream added to the collegiate dairy products judging contest

1929 Improvements to Munsell color method by Optical Society of America (OPA)

1930s Swedish Natural Color system proposed by Tryggve Johansson

1934 First edition of Judging Dairy Products (Nelson and Trout) published; with

subsequent editions published in 1948, 1951 and 1965

1940s Development of the Triangle test

1947 Committee for Uniform Color Scales formed (by the Optical Society of America)

1944 The FoodAcceptanceResearch Branch established by theU.S. ArmyQuartermaster

Subsistence Research and Development Laboratory in Chicago, IL

1949 Development of the Hedonic scale by U.S. Army Quartermaster Laboratory

1957 First book published on the basics of sensory analysis by Tilgner (Polish)

1957 Flavor profile method (descriptive analysis) introduced by Arthur D. Little

Company

1960 The OSA system of color evaluation adopted by the Optical Society of America

1962 Second sensory analysis book published by Masuyama and Miura (Japan)

1962 Cottage cheese added to the collegiate dairy products judging contest

1965 Third book on sensory analysis published by Amerine, Pangborn and Roessler

1967 The AH-B theory for detection and measurement of sweet taste proposed

1968 American Society for Testing and Materials (ASTM) – first manual published

1973 Institute of Food Technology (IFT) – Sensory Evaluation Division formed

1977 International Standards Organization (ISO 3591) Sensory analysis protocol –
standardized apparatus – a wine tasting glass design

1977 Strawberry Swiss-style yogurt added to collegiate dairy products evaluation contest

1979 ISO 3972 Sensory analysis – determination of sensitivity of taste

1977 ISO 5492 Sensory analysis – vocabulary- Part I

1978 ISO 5492 Sensory analysis – vocabulary – Part II

1979 ISO 5492 Sensory analysis – vocabulary – Part III

1981 ISO 5492 Sensory analysis – vocabulary – Part IV

1982 ISO 5492 Sensory analysis – vocabulary – Part V

1978 ISO 5492 Sensory analysis – apparatus – tasting glass for liquid product

1983 ISO 5495 Sensory analysis – methodology – paired comparison test

1988 First edition of The Sensory Evaluation of Dairy Products (Bodyfelt et al.) published

2002 Umani taste sensation officially accepted (based on the earlier work of Paris chef,

Escoffier, and the subsequent studies of Japanese chemist, K. Ikeda. He credited

glutamic acid as the source of the newest ‘‘taste’’ sensation, meaning ‘‘delicious’’ in

Japanese (Krulwich, 2007)).

2008 Second edition of The Sensory Evaluation of Dairy Products (Clark, Costello, Drake,
and Bodyfelt) published

2 M.A. Drake et al.



sensory evaluation, quite possibly as a result of both the government’s successes
and most notable failures (Stone and Sidel, 2004). It was realized that sensory
evaluation could contribute pertinent, valuable information related to market-
ing consequences and simultaneously provide direct actionable information.
Organizing sensory evaluation tests through a basic structure, using well-
defined (1) criteria (e.g., formal test requests, selection of an appropriate test
method for an objective) and (2) selection of subjects, based on sensory skill or
target market, sufficed to establish the soundness of this new science. Thus, this
emerging field of sensory science substantially increased the likelihood of
sensory evaluation services becoming accepted as an integral part of the
research and development (R&D) process. Adoption of this new field of sensory
analysis ultimately led to long-term success within those companies that
adopted this critical step in their respective R&D programs, and eventually
marketing gains for pace-setting food products and beverages.

University-based sensory evaluation research first became visible in the late
1940s and early 1950s (Stone and Sidel, 2004). The University of California,
Davis, University of Massachusetts, Oregon State University and Rutgers
University were among the first U.S. colleges to offer courses in sensory
evaluation, commencing in the 1950s.

One of the first tools developed for the instrumental evaluation of dairy
products quality was the glass pH electrode, which became available in 1930
(Deisingh et al., 2004). This was one of the earliest forms of sensors available for
the food industry. Other types of sensors followed, in the 1960s through 1980s,
which led ultimately to the development of electronic noses and electronic
tongues (Deisingh et al., 2004). One of the earliest recent reports of the applica-
tion of an electronic nose to detect complex vapors in the parts per billion range
appeared in 1995 (Hodgins and Simmonds, 1995; Ampuero and Bosset, 2003
and Harper, 2001). The development of electronic tongues is still in early stages
(Deisingh et al., 2004) but at least one laboratory has reported application of the
electronic tongue for milk evaluation (Winquist et al., 1997).

Chromatographic techniques have been used in the dairy industry for dec-
ades. For instance, early analysis of the fruity esters produced by psychro-
trophic organisms in milk was conducted with gas chromatography combined
with pre-columns, cold traps and headspace samplings (Reddy et al., 1968;
Hosono et al., 1974; Pierami and Stevenson, 1976). Patton, at Pennsylvania
State University (Patton, 1954; Patton et al., 1956), and Day, at Oregon State
University (OSU), (Day, 1967; Schultz et al., 1964; Lindsay, 1967), were some
of the first food scientists (flavor chemists) to adapt chromatographic techni-
ques, which were subsequently paired with mass spectrometry for a more
thorough and detailed analysis of the flavor of a wide range of dairy products
(i.e., fluid milks (Patton et al., 1956; Badings, 1984), concentrated and UHT
milks (Arnold et al., 1968; Scanlan et al., 1968, Jeon et al., 1956), sour cream and
buttermilk (Lindsay, 1967; Law, 1981), butter and cultured butter (Stark and
Forss, 1966), Cheddar (Marth, 1963; Morris et al., 1966; Day, 1967), Swiss
(Langler et al., 1966), and blue cheeses (Anderson and Day, 1966; Singh 1968).

1 History of Sensory Analysis 3



Morgan’s research at the University of Connecticut and subsequently at OSU
(Morgan, 1976) combined his research experiences in dairy microbiology with
flavor chemistry and explored the derivation of ‘‘malty,’’ ‘‘fruity’’ and other
developed off-flavors in milk and various other dairy products (Morgan, 1970a,
1970b, 1976). The research area of flavor chemistry (identification of volatile
and non-volatile components responsible for specific sensory-perceived flavors)
continues to this day. Identification of specific sources of desirable and undesir-
able flavors remains an area of key interest and application for the industry, but
there remains no machine or instrument that can duplicate or fully replicate the
human perception of flavor. Sensory analysis remains the foundation.

Sensory science as we know it has evolved into a set of quantitative procedures
that enhance the efficiency and accuracy of food product development, quality
control, market research and marketing. Sensory evaluation, alone or in combi-
nation with analytical procedures, is useful for quality control in the dairy indus-
try.All told, predictability and quality of dairy products have improved in the past
century as a direct result of formalized dairy product evaluation programs. With
the combined goals and needs for progress in the sciences and technical advance-
ments in instrumentation, there soon arrived an exponential expansion of rapid
and precise, interlinked analytical tools to be closely linked with the more precise
and confident sensory evaluation protocols for food products. Human sensory
evaluation will always be a most critical component for advancing the industry’s
assurance of higher quality dairy products for consumers.
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Chapter 2

Psychological Considerations in Sensory Analysis

Jeannine Delwiche

To many, the term ‘‘psychology’’ conjures the image of a distraught patient
lying on a couch, telling hermost intimate thoughts to a beardedman smoking a
cigar and scribbling notes somewhere behind her. ‘‘What on earth do inter-
preted dreams, unhappy childhoods, and envy for certain aspects of male
anatomy have to do with the sensory evaluation of dairy products?’’ you may
ask. The answer is, ‘‘Not much.’’ When we talk about psychological considera-
tions in sensory analysis, we are not calling upon the ghost of Sigmund Freud,
but instead referring back to some of his predecessors and contemporaries up
north in Germany: Ernst Weber, Gustav Fechner and Wilhelm Wundt. These
men were all pioneers in the area of experimental psychology, a branch of
psychology that does not rely upon interviews and introspection, but rather
upon the experimental method. Experimental psychology, in essence, does not
trust the individual to be able to accurately tell the researcher what features are
most important in determining a response. Instead, through careful design and
controls, experimental psychology forces the individual to demonstrate what
aspects are most important and to more or less ‘‘Prove it.’’

The sub-discipline of experimental psychology known as psychophysics is of
greatest relevance to sensory analysis. Fechner, while working in Weber’s lab,
gave rise to psychophysics with the publication of Elemente der Psychophysik
(1860). Psychophysics is the area of natural science that deals with sensory
physiology andwhich strives to explain the relationship between sensory stimuli
and human responses. A major focus of psychophysics is to discover the
relationship between a stimulus (C) and the resulting sensation (R). In its
simplest form, this expression may be expressed as a mathematical function
(f ), R=f(C). Inspired by Fechner’s treatise, Wilhelm Wundt is credited with
establishing the first laboratory for psychological research. The tools upon
which the psychophysicist relied, and often still relies, weremeasured thresholds
and direct scaling, tools that are often used today in sensory analysis.
A complete discussion of psychophysics was provided by Amerine et al. (1965).
Much of the early work in psychophysics was devoted to discovering how well a
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person could detect a stimulus. This was sought through the determination of
threshold values, which is the minimal quantity of a substance or compound that
can be detected, or the boundary at which the subject crosses from ‘‘not detect-
ing’’ to ‘‘detecting.’’

When conducting psychophysics, the researcher begins with an experimental
stimulus that can bemeasured objectively, and such stimuli can range from pure
tones of known energy to salt solutions of known concentration. The investi-
gator presents the stimulus in a neutral and repeatable fashion to the subject,
and then records the subject’s assessment of that stimulus. After multiple
presentations and assessments of the test stimuli, often by more than a single
subject, the respective responses are analyzed statistically to determine the ways
in which the subjects perceive the test stimuli. Similarly, the sensory analyst
starts with known products, such as yogurts made at different production sites,
presents the products in a neutral and repeatable fashion to the panelist, and
then records the panelist’s assessment of the products. After multiple presenta-
tions and assessments of the products, typically from more than one panelist,
the responses are analyzed statistically to determine the product characteristics.

In psychophysics, the goal is to understand how individuals perceive the
physical world, whereas in sensory evaluation the goal is to understand the
perceptual characteristics of the products. Nonetheless, the tools used in both
psychophysics and sensory evaluation are the same and are subject to similar
constraints when it comes to best practices.

2.1 Tools of the Trade

The basic tools used by sensory analysts and psychophysicists are: (1) differ-
ence tests, (2) ratings, and (3) thresholds. One of the simplest tools utilized by
both psychophysicists and sensory analysts are threshold measurements,
several types of which have been identified to define more precisely the
relationships between the magnitude of a given response and the perceived
sensations (Amerine et al., 1965; Meilgaard et al., 1999). There are four types
of thresholds (detection, recognition, difference, and terminal) that can be
measured, but only two (detection and difference) can be measured with
sufficient objectivity to be reliable measures. The easiest threshold to concep-
tualize is the detection, or absolute, threshold. It is the smallest amount of a
particular stimulus that can elicit a sensation; stimuli of the same type with less
intensity do not give rise to sensations. When dealing with taste and smell, the
physical intensity is measured by concentration. Thus the threshold for a
particular taste or smell is the lowest concentration of a compound that a
panelist can distinguish from water (or other solvent). At and above this
concentration, the panelist will indicate that a compound is present, while
below this concentration the panelist will indicate there is no compound
present. Hence, detection thresholds are one way of establishing the relative
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potencies of different compounds, although caution must be used when mak-

ing this comparison.
Actual differences in perception across individuals constitute a part of the

variability in sensory data that sensory analysts learn to accept and psychophy-

sicists learn to measure. In a study that examined the sensory threshold of off-

flavors caused by either proteolysis or lipolysis of milk, 63% of the panelists

detected an off-flavor at or below 0.35mEq of free fatty acids (FFA)/kg milk

(Santos et al., 2003). At a FFA concentration of 0.25mEq FFA/kg milk, only

34% of the panelists could detect the off-flavor (also called rancid off-flavor).

As illustrated by this example, the differences in individual thresholds may

create a dilemma for milk marketing and quality assurance of fluid milk

processors. With a wide range of individual consumer sensory thresholds for

rancid off-flavor, where should the acceptance FFA-value be established?

Threshold values also vary with testing or serving conditions (Amerine et al.,

1965). For these reasons, threshold values are difficult to compare and must be

interpreted with caution.
The recognition threshold is the level of a stimulus at which the specific

stimulus can be recognized and identified. Typically, this level is higher than

the detection threshold for the same stimulus. For example, if one was deter-

mining the threshold for diacetyl, the concentration at which it was detected

would be lower than the concentration at which the aroma would be identified

as ‘‘buttery.’’ As mentioned above, this sensory measure cannot be made with

complete objectivity. The reason has to do with the inability to control for

response bias, a topic discussed below.
The difference threshold is the extent of change in a stimulus necessary to

produce a noticeable difference. The amount of change needed is often

referred to as the just-noticeable difference or ‘‘jnd.’’ The difference threshold

is quite similar to the detection threshold, but instead of looking for the lowest

intensity that can elicit a sensation, one is determining the lowest increase in

stimulation from some base intensity that can elicit a change in sensation. For

example, given a baseline concentration of propionic acid, the jnd is the

amount of propionic acid that must be added to the baseline concentration

before it can be distinguished from the sample containing only the baseline

concentration.
A complicating issue with the difference threshold is that the amount of

stimulus that must be added to the baseline to be noticeably different increases

as the intensity level of the baseline is raised. As an example, consider a room

illuminated by candle light with only 10 candles. Let us speculate that the

difference threshold is a single candle, and that adding one candle’s illumination

to the room will increase the illumination by a just-noticeable amount. If we

then raise the number of the candles in the room to 100, adding a single candle

will no longer raise the illumination level by a noticeable amount. In fact, the

just-noticeable difference ( jnd) will now be 10 candles. This phenomenon is

described byWeber’s law, which states that the difference threshold divided by
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the baseline intensity remains constant. Difference thresholds change with

stimulus intensity in a predictable way, or stated mathematically

Weber’s law : �C=C ¼ k;

whereC is the absolute intensity of the stimulus, k is a constant (usually between
0 and 1), and �C is the change in intensity of the stimulus that is necessary for
1 jnd.

Thus, using our candle illumination example above, we can see that 1/10 =

10/100= 10%. Another way of stating this is that the size of a jnd is a constant

proportion of the original stimulus value.
Another practical interpretation ofWeber’s law indicates that the amount of

an added flavor that is just detectable depends on the amount of that flavor that

is already present. Knowing k allows the determination of how much added

flavor compound is needed for a difference to be noted. Fechner (1860) further

refined the relationship between stimulus and response:

Fechner’s law : R ¼ k logC

where R is the magnitude of the sensation, k is a constant, and C is the

magnitude of the stimulus.
Stevens (1957) described that the perceivedmagnitude of a response grows as

a power function of the stimulus intensity:

Stevens’ power law : R ¼ kCn

where R is the response, k is a constant, C is the absolute intensity of the

stimulus, and n is the exponent of the power function (a measure of the rate

of growth of the perceived intensity, as a function of stimulus intensity).
When n is larger than 1, the perceived sensation grows faster than the

stimulus, as is the case for electric shock (3.5) or perception of weight (heavi-

ness) (1.45). When n is smaller than 1, as is the case for many odors, the

sensation grows more slowly in relation to the stimulus. A more comprehensive

list of power functions is available in Meilgaard et al. (1999). However, just as

with thresholds, exponents derived from power laws vary depending upon the

subjects making the assessments as well as the methods used to determine them,

often making direct comparisons of published values difficult.
The fourth type of threshold that can be measured is the terminal threshold,

which is the magnitude of a stimulus above which there is no increase in the

perceived intensity of the appropriate quality for that stimulus. Often, if the

stimulus is increased in intensity beyond this level, pain occurs instead. For

example, a solution of sodium chloride can become so concentrated that when it

is sipped it not only elicits the sensation of saltiness, but also sensations of

burning and/or stinging. The terminal threshold would be the highest concen-

tration of sodium chloride above which there is no increased saltiness, only
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increased burning and stinging. As is the case with the recognition threshold,
this measurement is prone to response bias and thus cannot be established with
complete objectivity. There are a variety of procedures that can be used to
determine thresholds, the details of which are beyond the scope of this chapter.
What is important to note is that all modern assessments of thresholds, includ-
ing those recommended by ASTM International, avoid single stimulus judg-
ments and otherwise control for response bias.

As mentioned above, response bias interferes with the ability to make
objective measurements. When a person is asked to make a single stimulus
judgment, such as whether or not an aqueous solution contains a compound or
if it is simply water, there are two distinct features that influence their decision:
sensitivity and response bias. When measuring a threshold, the researcher is
interested only in the sensitivity of the panelist. However, the response of the
individual is also influenced by that individual’s response bias, or that indivi-
dual’s willingness to say, ‘‘Yes, I detect something other than water.’’ An
individual’s response bias can be influenced by a variety of circumstances that
are independent from the samples and his or her sensitivity, including emotional
state, associated consequences of stating there is a stimulus (will the subject
receive payment if she is correct? A shock if he is incorrect?), the percent of time
a test stimulus (such as a low concentration of sodium chloride) is presented
instead of a control stimulus (such as water), distractions within the test
environment, etc. As the interests of both psychophysicists and sensory analysts
are inclined toward measures of sensitivity, intended to assess sensory systems
or product differences, modern sensory procedures are designed to eliminate
response bias. To this end, a forced-choice difference test (discussed below) is
typically incorporated into the determination of thresholds. In other words,
rather than relying upon a panelist to state that he/she can detect a compound in
solution, the panelist is asked to demonstrate his/her ability to detect it by
selecting the sample that contains the compound from a set that contains
both blanks and the compound in solution. In each sample set the concentra-
tion of the compound is increased until the panelist can reliably select the
sample with the concentration over samples that do not contain any compound
(the blanks). In other words, instead of relying on the panelist to introspect
upon whether or not a compound is present, the subject is asked to prove he/she
can detect it.

As mentioned above, response bias cannot be eliminated from the measure-
ment of recognition and terminal thresholds, which makes them far less reliable
measures than detection and difference thresholds. When measuring a detection
threshold, the panelist is challenged to select which unknown in a set of blanks
and test stimuli contains the compound. When measuring a difference threshold,
the panelist is asked to select which unknown in a set of baseline concentrations
and test concentration contains more of the compound. Both of these tasks are
forced-choice difference tests. Regardless of whether or not the panelist would
be inclined to call all the samples the same or all the samples different from one
another, he/she is forced to select a single sample, eliminating the individual’s
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response bias from the task. It is not possible to set up such a force-choice
situation for the measurement of either a recognition threshold or a terminal
threshold. Recognition relies upon the individual’s willingness to say that he/she
recognizes the stimulus, which is his/her response bias. It is unfair to present a set
of blanks and test stimuli and then ask the panelist to indicate which he/she
recognizes – in actuality he/she may recognize none of them. Furthermore, it is
unfair to ask a panelist to ignore painwhen tasting extremely high concentrations
of compounds in the course of measuring a terminal threshold.

2.2 Neutrality Is Key

Regardless of the sensory tool used (difference test, ratings, or thresholds),
neutrality of sample presentation is key. This is because when measuring subtle
differences between test stimuli, the panelist will draw upon all available cues in
making his/her assessments. Sensory evaluation tradition suggests that samples
be labeled with neutral, randomly generated 3-digit numbers. Numbers with
inherent meaning should be avoided (i.e., 666, 911, local area code, etc.). While
it is not entirely necessary to use such labels, they are among the safest choices.
Labels should not imply order or sequences, nor should they suggest quality,
thus labels such as A, B, C or 1, 2, 3 are particularly problematic. Two-digit
numbers are often associated with sports figures and are generally less desirable
for labeling samples. All labels should be generated in the same fashion, either
on sticker labels or written directly on cups. All labels should be printed with the
same font and style, or all written in the same hand-writing, and all should be of
the same color.

Other aspects of sample presentation should also be neutral. All samples
need to be served at the same volume and same temperature. All samples should
be served in identical neutral containers. Crushed cups and dented lids should
not be used. When presented to the panelists, all samples should be presented
with labels facing forward. Careful presentation is necessary to ensure that
assessments are based only upon the characteristics of the samples themselves
rather than upon extraneous cues.

2.3 Perception Is More than a Sum of Its Parts

When asking panelists to assess dairy products, it is important to remember that
the perceptual experience that occurs when a sample is placed in the mouth is a
gestalt – a unified whole that cannot be derived from the summation of its
component sensations. Not only are sensations of taste and smell elicited, but a
variety of other sensory systems are also activated including sight, temperature,
and texture. These sensations interact with one another and create the gestalt
experience of flavor. Furthermore, it is simply not possible for a panelist to
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ignore a particular sensation while assessing others, even if the panelist attempts
to comply with such instructions. A trained panelist may learn to separate
the different aspects of the unified experience, but these sensations interact
in the creation of the whole and the alteration of the components occurs before
the panelist has the chance to disentangle them.

For example, taste and smell interact. Increasing the concentration of odor
compounds typically increases ratings of taste intensity and increasing the
concentration of taste compounds generally increases ratings of smell intensity
(Bonnans and Noble, 1993; Frank et al., 1989; Murphy and Cain, 1980;
Murphy et al., 1977; Philipsen et al., 1995). Differential effects due to taste
and odor qualities further complicate the issue. For example, the addition of
sucrose to fruit juices not only increases sweetness and fruit odor, but also
decreases bitterness, sourness, and unripe odor (von Sydow et al., 1974). Color
also interacts with taste and smell, wherein ratings of taste, smell, and flavor
generally increase as color intensifies (DuBose et al., 1980; Johnson et al., 1982;
Johnson and Clydesdale, 1982; Johnson et al., 1983 Norton and Johnson, 1987;
Teerling, 1992). Additionally, appropriately colored foods and beverages are
identified correctly more often than uncolored and/or inappropriately colored
items (DuBose et al., 1980; Hall, 1958; Moir, 1936; Philipsen et al., 1995;
Stillman, 1993; Teerling, 1992). This is likely due to individuals associating
certain flavors with specific colors and when the colors are altered, identifica-
tion becomes more difficult.

Texture impacts the perception of dairy products both directly and indir-
ectly. How thick or thin, smooth or lumpy, crumbly or springy, etc., all impact
assessments of the product. However, texture characteristics also control the
concentration of taste and smell compounds released as well as the rate at which
they are released (Overbosch et al., 1991). Increasing a product’s thickness
slows the diffusion of components to the sensory receptors while decreasing
the thickness will increase the rate of diffusion. This means that two items with
identical amounts of taste and smell compounds but different body/texture will
differ in perceived taste and smell intensities. Additionally, the thicker-textured
item will take longer to reach its peak taste and odor intensities and peak
intensities will typically be lower than those of the thinner product.

Similarly, temperature impacts the perceived taste and smell (Delwiche,
2004). As a product is warmed, there is an increase in volatile components
being released from it and correspondingly odor intensity becomes stronger.
Temperature itself can elicit taste sensations (Cruz and Green, 2000); thus,
changing a product’s temperature will alter its taste intensities. In addition,
increasing product temperature can also decrease product thickness, resulting
in the concomitant increases of taste and smell intensities as described above.

Appearance, aroma, flavor, body and texture interactions are real and com-
plex, and beyond conscious awareness and control. For these reasons, it is
simply not possible for panelists to ignore specific perceptual features when
making their assessments. If the researcher is interested in flavor differences but
the products differ in texture, the researcher must realize that the flavor
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assessments will be impacted by the texture differences unless those differences
are somehow eliminated. Nor is it possible for a panelist to ignore a temperature
difference between samples if they are served at different temperatures. In fact,
if a difference test is being conducted, sample temperature may be one of the
ways that panelists differentiate the products.

2.4 Sensory Analysis: A True Science

From the discussion just presented, it should be clear that sensory analysis, like
psychophysics, is a natural science. Like all natural sciences, measurements of
sensory characteristics of foods or beverages can and should be taken carefully.
When done properly, sensory information can provide great insight into the
world. When measures are undertaken poorly they do more to mislead than to
inform. Careful controls must be implemented and followed when conducting
sensory analysis, including (1) neutrality in the presentation of samples,
(2) elimination of response bias, and (3) use of methods that require panelists
to demonstrate their ability rather than relying upon self-reports. Failure to
adhere to any of these controls diminishes the value of the resulting sensory
data. By contrast, determining appropriate controls and ensuring they are in
place will result in reliable and useful information about foods and beverages
which no instrument can measure – their perceptual characteristics.
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Chapter 3

Physiology of Sensory Perception

Carolyn F. Ross

3.1 Introduction

Dairy product sensory evaluation includes the critical examination and
interpretation of important sensory attributes of the given product. Examples
are the observation of the color and symmetry of a wheel of cheese, the odor
characteristics of cottage cheese after it has been stored at room temperature for
several days, the relative degree of creaminess of whole milk and the tanginess
of a spoonful of yogurt – all of the aforementioned are components of sensory
evaluation.

Humans possess and utilize five primary senses for perceiving stimuli:
sight, hearing, touch, taste and smell. Of these human senses, taste, smell and
chemical/pain sense respond to chemical stimuli, with taste and smell consid-
ered to be the most primitive (Brown and Deffenbacher, 1979). Other human
senses include temperature sensation (heat and cold), pain, visceral hunger,
thirst, fatigue and balance. Consumption and appreciation, the study of their
physiology and human reaction to stimuli is fundamental to sensory evaluation.

This chapter will commence with a general discussion of sensory attributes
and perceptions. A more detailed discussion of physiology involved in sensory
perception will follow, beginning with vision and concluding with chemesthesis
(chemical mouthfeel). The final section will describe the sensory evaluation of
dairy products.

3.2 Perception of Sensory Attributes

Our perception of the environment, including food, is through specialized sense
organs, or sensory receptors. The eyes are used for determining appearance and
color, the nose for the sense of smell, the tongue for taste, skin for touch and the
ear for any possible sound effect. Stimuli are defined as factors from the
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environment that elicit sensory impressions or perception (Dudel, 1981). Each
sense organ responds to a particular range of stimuli and transmits information
to the brain via the central nervous system (Dudel, 1981). When we perceive
a stimulus, our response does not occur as a one-step process. The chain of
sensory perception has been described as follows (Schiffman, 1996):

Stimulus! Sensation! Perception! Response

In this scheme, a stimulus generates a response via nerve signal to the brain.
Specific sites in the brain are stimulated by the initial sensory input and the
brain interprets the incoming information into a perception. This perception is
then translated into a response by the individual. Up to a certain point, this
response is proportional to the stimulus intensity. The nerve response suffices as
a function of the frequency of the nerve’s electrical discharge; the higher the
frequency, the stronger the sensation. All human sensory receptors vary in their
sensitivity to stimuli (Amerine et al., 1965; Schmidt, 1981).

Sensory perception may be divided into either an objective or a subjective
response. An objective response measures the intensity of both the stimulus and
the sensation. The objective response arises from the relationship and physio-
logical response of the central nervous system, which is a physical or chemical
reaction within individuals. By contrast, the subjective response arises from the
statements, either verbal or written, that the individual makes about the sensa-
tions that he/she perceives. In this chapter, the objective response of sensory
perception will be emphasized.

3.3 Sensory Perception

The sensory perception of a food is not a simple process inasmuch as indivi-
duals are bombarded by a number of overlapping sensory attributes when a
food or beverage is first approached. Generally, the appearance aspects of the
food are first noticed, since this can be perceived quickly and non-invasively.
The observation step is typically followed by ortho-nasal perception of the
odor or aroma of the food. Upon ingestion of the food, retro-nasal (in-nose)
perception of the aroma continues, as well as perception of the food’s con-
sistency and texture, taste, aroma and possibly sound. All of these attributes
help us determine the quality of the food that is being consumed, which
influences our enjoyment of the food. Each of these attributes will be briefly
discussed below.

Food or beverage appearance is a critical feature as it is often the first
attribute perceived by a consumer and serves as a primary deciding factor in
somany purchasing decisions (McDougall, 1983). Appearance is composed of a
number of characteristics of the food, including color, size and shape, surface
texture, clarity and carbonation level. From Spectrum Terminology (Meilgaard
et al., 2007), the terms used to describe color are
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Description – the actual color name or hue
Intensity – the strength of the color from light to dark
Brightness – the purity of the color, ranging from dull to pure, bright color
Evenness – the distribution of the color, ranging from uneven/blotchy to even

All of the above-listed factors combined suffice to define the evaluation of color
of food and beverage products.

Odor or aroma is attributable to our detection of the volatile compounds
that are released from the food. A distinction may be made among the terms;
‘‘odor’’ (when the volatiles are sniffed through the nose), ‘‘aroma’’ (odor of a
given food product) and ‘‘fragrance’’ (odor of a perfume or cosmetic)
(Meilgaard et al., 1999). The sense of smell is considered to be markedly more
refined than the sense of taste, since an individual requires a relatively high
concentration of tastant in order to perceive a taste solution.

Upon ingestion of a food, the sensors in the mouth detect food texture and
consistency. Texture is a complex term and is defined by the structure of the
food product. Components of texture include mechanical properties (including
hardness, cohesiveness, adhesiveness, denseness and chewiness), geometrical
properties (smooth, gritty, grainy, chalky and lumpy) and moisture properties
(juicy, oily or greasy). Related to texture is the noise produced by the food
product, either during the rupture or the mastication of the food. Within
sensory evaluation of foods, measurements of noise include pitch, loudness
and persistence of sounds.

The term ‘‘flavor’’ has many definitions but within this chapter this term
will be defined as the ‘‘impressions perceived via the chemical senses from a
product in the mouth’’ (Caul, 1957). Flavor includes the aromatics released
from the food product once in the mouth, the taste sensations (sweet, sour,
salty, bitter and umami) released from the soluble substance in the mouth
plus the chemical feel factors in the mouth (astringency, cooling, metal-
lic, ‘‘spicy heat’’). Flavor will be considered as the sum of the total sensory
impressions or sensations perceived when a food or beverage is placed in the
mouth.

3.4 Physiology of Sensory Perception

The five human senses are thoroughly covered in other textbooks (Piggott,
1984; Amerine et al., 1965) thus the following discussion will strive to provide
an overview of the senses and their importance in sensory evaluation. Senses
may be separated based on the type of stimuli to which they respond. Sight,
hearing, touch and temperature are considered to be physical senses in that they
respond to physical stimuli. By contrast, the sensations of smell, taste and pain
are considered to be chemical senses in that the respective receptor sites all
respond to chemical stimuli. Human sensory reactions associated with stimuli
and receptors are shown in Table 3.1.

3 Physiology of Sensory Perception 19



3.4.1 Vision

Of all the human senses, vision has the longest andmost persistent investigation

into its mechanism. The terms vision and appearance are separated by their

definitions. Vision may be regarded as the psychological response to the objec-

tive stimulus generated by the physical nature of the object viewed

(MacDougall, 1984). Appearance refers to more than just color; it is the

recognition and assessment of the properties (surface structure, opacity,

color) associated with the object seen.
Vision is perceived through the eye (Fig. 3.1). The eye is virtually spherical,

with muscles providing mobility of almost 1008. The retina is described as the

Table 3.1 Human sensory reactions associated with stimuli and receptors. Modified from
Bodyfelt et al. (1988) and Schmidt (1981)

General receptors Stimulus Specific receptor Sensory reaction

1. Chemical
receptors

Chemicals Olfactory cells in
uppermost
portion of nasal
cavity

Gustatory Soluble substances Taste buds Tastes

Olfactory Volatile compounds Olfactory mucosa Odors

2. Somesthetic
(body) receptors

1. Temperature changes Cells in skin Warmth, coldness,

2. Mechanical Cells in skin Touch (light
pressing)

3. Extreme energy (i.e.,
intense heat, laser, etc.)

Free nerve endings Pain

Cutaneous Mechanical thermal
energy

Skin – specialized
and free nerve
endings

Pressure, pain cold

Kinesthetic Mechanical pressure Cells in tendons,
muscles and
points

Active movement,
weight, deep
pressure

Vestibular (static) Head movement
(rectilinear or rotary)

Cells in
semicircular
canals and
vestibule

Equilibrium
(balance)

Organic Chemical or mechanical
action

Cells in visera Pressure, visceral
disturbance (i.e.,
hunger, nausea)

3. Distance
receptors

Visual Radiant energy
wavelength 10–4–10–0

cm (light waves)

Rods and cones of
the retina

Color, hue,
brightness,
contrast

Auditory Mechanical vibrations
of frequency of
20–20,000 eps (sound
waves)

Hair cells of the
organ of Corti

Pitch, loudness
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innermost lining of the eye and contains light sensitive nerve tissue. During
perception, light is either reflected from an object or the light passes through an
object, the light then enters the eye and is focused onto a depression in the retina
(the fovea). The fovea is approximately 1.5mm in diameter and is the region
where vision is most acute. The fovea is located in a 2–3mm diameter yellow
pigmented area, but the central area of the foveal pit is non-pigmented and free
of blood vessels. Located on the fovea are two types of photoreceptor cells, rods
and cones. Cones are responsible for detecting color while rods are responsible
for low intensity and/or colorless vision. Cones are exclusively andmost densely
packed in the center of the fovea while the rods increase in density to 208 from
the fovea and then decrease toward the periphery of the eye. The rods and
cones contain photosensitive pigments that bleach upon exposure to light.
The subsequent electrical neural impulse generated travels to the brain via the
optic nerve and the brain interprets the signal.

The measurement of appearance, particularly color, is regarded as a two-
stage process, composed of a physical stage and a psychological stage. From a
physical standpoint, color is defined as the perception that results from the
detection of light as it has interacted with an object (Lawless and Heymann,
1999). The perceived color is affected by three factors: (1) physical and
chemical composition of the object, (2) the spectral composition of the light
source illuminating the object and (3) the spectral sensitivity of the given
viewer’s eye (Lawless and Heymann, 1999). The color of an object can vary
in three dimensions: hue (color), lightness (brightness) and saturation (the
purity of the color).

Fig. 3.1 Part A: The human eye – including the retina, fovea, lens and optic nerve.Part B: The
organization of the olfactory system
Copyright (#1999) From Sensory Evaluation Techniques, Third Edition byMeilgaard, Civille
and Carr. Reproduced by permission of Routledge/Taylor & Francis Group, LLC.
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Also critical during the physical evaluation of appearance are individual
differences reflected in the spectral sensitivity of the viewer’s eye. Cone vision
is trichromatic and contains three color-sensitive pigments, responding to red,
green and blue light. Color blindness results if the individual lacks any of these
pigments, with the most common type being red/green color blindness. Color
blindness afflicts about 8% males and 0.44% females (Lawless and Heymann,
1999). Therefore, if sensory evaluation activities involve color evaluation, pane-
lists should be screened for color blindness.

Appearance evaluation is accomplished through the psychological step of
translating reflectance or transmittance to trichromatic values and then to an
appropriate color space. Aside from color, foods and beverages have a large
variety of appearance characteristics. Other properties include gloss, transpar-
ency, haziness and turbidity. All of these properties can be attributed to the
geometric manner in which light is reflected and transmitted.

During sensory evaluation, colored filters are often used to mask color
differences between products during simultaneous presentation. However,
these efforts are often unsuccessful. Appearance evaluation may be influenced
by the use of these filters since these filters mask differences in hue but not
always brightness and chroma. Thus, it has been reported that panelists often
give consistent responses about an object’s color even when filters are used
(Meilgaard et al., 1999). Therefore, data derived using color filters should be
interpreted with caution.

3.4.2 Hearing

It has long been assumed that the sound emitted when certain foods are bitten
and chewed are a reflection of the texture of these foods. Although hearing and/
or sound is frequently excluded from sensory evaluation panels and ballots, the
contribution of this sense to the enjoyment of food and the evaluation of food
quality should not be minimized.

Figure 3.2 shows the structure of the human ear. Sound is perceived thro-
ugh the vibrations conducted through the air, which subsequently cause the
eardrum to vibrate. Via the small bones in the middle ear, the vibrations are
transmitted to create hydraulic motion in the fluid of the cochlea in the inner
ear. The cochlea is a spiral canal covered in hair cells. When sympathetically
agitated at their individual harmonic frequency, these hair cells send neural
impulses to the brain.

Crispness and crunchiness are two noise-producingmechanisms of food, and
within each of these categories, differentiation is made into wet and dry foods.
Crunchiness and crispiness differ in their frequencies. Crunchiness is more
related to a larger proportion of low-pitched sounds (frequencies less than
1.9 kHz) while crispness is related to a larger proportion of high-pitched sou-
nds (frequencies higher than 1.9 kHz) (Vickers, 1985; Seymour and Hamann,
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1988). Crisp foods break in a single stage while crunchy foods break in several
successive stages of applied pressure (Szczesniak, 1991). The intensity and pitch
of crispiness and crunchiness can be measured in terms of decibels.

3.4.3 Olfaction

Mammals possess an olfactory system of incredible discriminating power and
people are known to be able to distinguish among thousands of distinct odors
(Amoore, 1970). It is estimated that humans can recognize an estimated 10,000
odors while over 900 genes encode the structure of the olfactory receptors
(Young and Trask, 2002). Even odorants with nearly identical structures can
elicit different odor perceptions.

Olfactory stimuli contribute a significant proportion of the experience of
flavors for the majority of foods. Thus the sensory and hedonic evaluations of
most food-related flavors are dependent on olfactory perception. In order to
perceive the odor of a chemical compound, the compound must be volatile.
The volatility of the compound depends upon its molecular weight and mole-
cular bonding properties. It has been reported that in order for compounds to
be perceived via the olfactory system, the upper limit of molecular weight
(MW) needs to be within the range of 300Da or less (Moncrieff, 1967).

Fig. 3.2 The organization of the human ear
Copyright (#1999) From Sensory Evaluation Techniques, Third Edition byMeilgaard, Civille
and Carr. Reproduced by permission of Routledge/Taylor & Francis Group, LLC.
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Airborne odorants are sensed by the olfactory system that is located in the

nasal cavity (Fig. 3.3). The olfactory receptor area is located in the roof of the

nasal cavity and is lined with the olfactory epithelium (Fig. 3.4). The surface of

the olfactory epithelium is coated by a layer of mucous and embedded in this

Fig. 3.3 A cross-section
view of the head indicating
the olfactory area
From: Amoore, J.E. et al.
1964. The stereochemical
theory of odor; and Bodyfelt
et al., 1988. Sensory
Evaluation of Dairy
Products.Van Nostrand
Reinhold, New York.
Copyright # 1964 by
Scientific American, Inc.

Fig. 3.4 Elements of the
human olfactory epithelium.
Part A – Microscopic
diagram of the various cells
that compose the olfactory
mucosa (epithelium);Part B –
The mucous membrane in
the olfactory region
From: Bodyfelt et al., 1988.
Sensory Evaluation of Dairy
Products.Van Nostrand
Reinhold, New York
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