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PREFACE

Interest in the chemical senses, in particular smell, taste and pun-
gency, is growing in scientific and industrial circles.

This book offers new information to readers with training and
industrial needs. Reviewing the progress being made in chemosen-
sory science and technology shows that this research field does and
will provide solutions to industrial problems now and in the future.

Practitioners of sensory research in industry should, by reading
this book, be provided with new facts and ideas to contemplate, in
the context of their specific needs.

The field of chemical senses covers a wide area of science and
technology. We cannot attempt to cover all the known and visible
territory, which would take many volumes. Instead we must act as
your guide and take you into the minds of prominent individuals in
this field and let them describe their small part of it, so that in the
end you will know some of the most salient features of the chemo-
sensory landscape and how you might derive benefit from it.

The first four chapters provide introductions to the chemical senses
and the important questions currently being studied. We begin with
people’s earliest thoughts about smell and taste, in the first chapter by
Michael Stoddart, a renowned biologist who has made a comprehen-
sive study of chemical communication in humans and other animals.
We are reminded of mankind’s culturally longstanding fascination
with scents, and of their origins in evolution.

Yale University’s Linda Bartoshuk and her co-workers then intro-
duce the taste senses, with a perspective on variations that exist in
the human population and their implications for food choice, diet
and health.

Steven Youngentob gives a clear introduction to the sense of
smell, which has for so long been regarded as largely mysterious, but
which is now becoming understood at cellular and molecular levels
and is generating new technologies, some of which are introduced
in this volume.

John Prescott introduces the topic of pungency (the trigeminal
sense). Long regarded as too difficult to measure systematically in
human beings, the burn of chilli is now a ‘hot topic’ in food and
flavour, with valuable spin-off to the food, confectionery and bever-
age product developer.

VI
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The next five chapters look at value-adding applications of smell and
taste research around the world: in Europe (David Lyon), Australia
(Jennifer Weller), Asia (Graham Bell and Hae-Jin Song), Japan
(Sachiko Saito, et al.) and Indonesia (Kerry Easton and Graham Bell).

We then look at two major industrial applications for chemosen-
sory research: the fragrance and wine industries, with chapters by
Dragoco Australia’s John Lambeth and Ann Noble of the University
of California (Davis). These chapters show the central role for
human sensory research in developing successful products in bil-
lion-dollar global markets.

As human sensory research draws on statistical analysis for sound
interpretation of results, we include two chapters illustrating new
statistical and design tools for the sensory practitioner by John Best
and colleagues and by James Walker and Martin Kendal-Reed.

The following three chapters, by Peter Barry, Susan Sullivan and
Brian Key, tell of important fundamental progress in smell and taste
research. Anatomical and physiological methods are slowly but
surely cracking the process by which chemical compounds are
recognised by the mouth and nose and how sensation is transformed
into thoughts and feelings. Graham Bell shows in the next chapter
that progress on three basic molecular mechanisms of olfaction
offers exciting prospects for a range of technologies.

The book concludes with five chapters on artificial chemical sens-
ing. These chapters focus on devices that are now being made to
mimic the nose and brain. Alan Mackay-Sim tells of sensor research
that will allow miniature robots to follow scent trails and Jelle Atema
shows how the crayfish nose can be copied in an underwater ‘robo-
lobster’. While these may evoke images of demonic toys, they have
serious applications in environmental and security industries. Brynn
Hibbert reveals how sensors can be used to monitor air and motor
vehicle pollution, and Don Barnett describes what is needed for a
sensor system to perform a range of valuable tasks in a food factory.
David Levy concludes with a clear explanation of artificial neural
networks, by which complex information of the kind produced by
the senses of smell and taste can be processed and categorised. The
brain and the artificial neural net both learn that four hundred
volatiles are actually one thing: the smell of chocolate.

Whether you are approaching the science of smell, taste and pun-
gency for the first time or are already involved in teaching, in
research or professional practice, we hope all readers will find this
book rewarding and will gain useful new perspectives and enhanced
appreciation of chemosensory science.

Vil
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CHAPTER

THE SENSES.
MEETING
BIOLOGICAL
NEEDS

D.M. STODDART

INTRODUCTION

The brain is fashioned to process information which
flows to it from the outside world via the senses:
sight, touch, hearing, taste and smell. Humans
became essentially what they are today in the late
Pliocene and early Pleistocene, about 2 million
years ago. By that time they would have been quite
recognisable as humans; little anatomical or physi-
ological evolution has occurred since (Noble and
Davidson, 1996), though the behaviour of modern
humans is, on the whole, quite different from that
of our Pleistocene relatives. The sense organs,
together with their related operational physiology,
and neural signal process signalling systems, are
evolved structures which were moulded by natural
selection operating on environmental selective
pressures. Thus, when we smell ‘Chanel No.5’, taste
the aroma of freeze-dried coffee volatiles, or listen
to a Bach cantata, we do so with Palaeolithic noses,
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taste buds, and ears, designed by nature to serve the needs of hunter-
gatherers of long ago. Our ancestors spent almost all of the last two
million years as hunter-gatherers; the agrarian and intensely social
lifestyle which typifies modern humans, developed just a second or
two away from midnight on the 24 hour clock of human evolution.
Our structure, brains and instinct enabled survival in a Pleistocene
world. How we perceive the modern world is largely a product of
our evolutionary past (Cosmides et al., 1992).

The human sense organs did not all evolve at once. The evolu-
tionary line that eventually gave rise to Homo sapiens can be traced
back from the primates, through many branching dendrites to the
earliest of the backboned animals, and further back to the single-
celled origin of life itself. Animals that are anatomically simple, nec-
essarily have simple sense organs, and single-celled animals have
organelles which may have specialised functions. In evolutionary
terms the most ancient of the senses is that which perceives chemi-
cal molecules — the so-called common chemical sense. Place an
amoeba, taken from the bottom of a pond, in a glass dish, and watch
it move around at random. Introduce a drop of vinegar at one side
of the dish and you will notice the amoeba move away from this
influence, seeking water of a neutral pH. The membrane surround-
ing the cell can detect this unfavourable environment, and it trans-
mits this knowledge to the control centre in the nucleus. The result
is a change in behaviour, every bit as profound as that which occurs
when you pull down the sun visor in your car only to reveal a hunts-
man spider!

Of the senses we possess today, those of smell and taste are evo-
lutionally the most ancient. Our world, and particularly our intel-
lectual world, is one of sights and sounds bringing a continuous
torrent of stimulation to our brains. With stereoscopic colour vision
and acute hearing, humans are well-adapted for life on the open
plains, where danger can be spotted at a distance, or heard as a leaf
rustles under a pad or hoof. To lose the sense of sight or hearing is
a disaster which few can overcome even with the use of complex
modern electronic devices, but the loss of the sense of taste or smell
generally causes little more than mild discomfiture. Is there a
hierarchy of the senses? Will the sense of smell become a sensory
equivalent of the human coccyx — a vestigial reminder of our evo-
lutionary past? In this chapter I shall show that the sense of smell
occupies a fundamental and fascinating place in the human psyche,
and is far from redundant. It is anatomically simple — far simpler
than the complex eye — but our understanding of its role in human
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biology is still fragmentary. This chapter will examine that role, and
place it in a biological context.

THE SENSE OF SMELL

In physical terms the sense of smell consists of two tufts of
spaghetti-like cilia lying high in the nasal cavity, which are con-
nected to a special olfactory lobe of the brain. Unlike in the eye or
the ear, where the receptor cells lie deeply buried behind many
protective structures, the olfactory receptor cells of humans pro-
trude into the outside world protected only by a thin layer of
mucus. They are forward projections of the brain itself, and pos-
sibly the most exposed nervous tissue in the whole body. 1 shall
leave a detailed description of the physiology and biochemistry of
how the nose works to others, but suffice it to say that when odor-
ant molecules are swept into the nasal cavity, they stimulate
receptor sites on the spaghetti-like cilia. A wave of depolarisation
flows down the axon of the receptor cell to the olfactory lobe of
the brain. Just two or three synapses later and the signal, partially
processed by various relay centres along the way, enters the so-
called limbic system of the brain. In evolutionary terms the limbic
system is the most ancient part of the brain; it is only in the
higher mammals that the neocortex, or cerebral hemispheres,
dominate. In fishes and other lower vertebrates the limbic system
is known as the ‘rhinencephalon’ (or ‘smell brain’), for so much of
its activity is associated with the analysis of chemical molecules in
the environment. In humans, the limbic system is thought to be
the seat of emotion, with its many components interacting to con-
trol mood and temperament (Shepherd, 1983).

It is also the place where sexual behaviour and reproductive con-
trol is effected. Linked to the pituitary gland, or hypophysis, by a
series of fine channels through which messenger substances can
flow, the limbic system controls the pituitary gland and its produc-
tion of the primary sex hormones: follicle stimulating hormone, and
luteinising hormone. These two hormones stimulate the ovaries and
the testes to mature and to produce their own sex hormones, oestro-
gen and testosterone.

Much is known of the role of smell in mammalian reproduction,
and the interested reader is referred to some broad reviews for a
comprehensive overview (eg Bronson, 1979; Stoddart, 1990).
Odours are involved at almost all stages in mammalian reproductive
biology: from initial attraction of the sexes and mate choice, to
induction of oestrus, maintenance or termination of the pregnancy,



