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Our ancestors lived in intimacy with nature and knew well that their survival 
depended on a safe and fertile environment. The introduction of three-field ro-
tation in the eighth century bc, for example, counteracted the depletion of soil 
and increased crop yields without negative side effects. The first definition of the 
modern term “sustainability” is usually ascribed to forest chief captain H. C. von 
Carlowitz, who in 1713 in his Sylvicultura Oeconomica formulated principles for 
a sensible economy of wood. From J. S. Mill (Of the Stationary State) to modern 
academic representatives, such as K. Boulding, D. E. Meadows (The Limits to 
Growth), R. Easterlin and H. E. Daly, the “ecological economists” have remained 
a concerned but rather ignored minority. The situation started to change after 
the famous Brundtland report (Our Common Future) of the UN defined sus-
tainability as a desirable characteristic of development, which will not only meet 
current needs of people, but also will not jeopardise the ability of future gen-
erations to meet their demands and to choose their style of life. This definition 
includes a social dimension and was also adopted by Agenda 21 of the UNCED 
in 1992 in Rio de Janeiro.

A set of rules may aid in assessing the sustainable quality of a process:
• Consumption and regeneration of the raw materials should be balanced.
• Non-regenerative goods should be replaced.
• Generation of waste and its biological elimination should be balanced.
• Technical processes should match biological processes on the time scale.

A merely growth oriented economy must violate these rules. According to 
the first law of thermodynamics, energy in a closed system like the planet earth 
is finite (if we neglect the solar photon flux). Today mankind secures its survival 
by exploiting low-entropy resources, such as fossil fuels, concentrated minerals 
and higher plants, and by converting them to high-entropy products, such as 
carbon dioxide, cars and fine chemicals. However, as proven by our office desks, 
high entropy levels can only be lowered by energy input. Here the first and the 
second law of thermodynamics collide, and we apparently encounter the inner 
core of the conflict.

With the world running out of crude oil, species dying out at an alarming rate 
and political leaders seemingly little concerned about the predicted disasters, 
scientists should feel challenged to suggest solutions. A sustainable production 
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of natural flavours, like wood, fats and oils, saccharides, phytomedicines, bio-
ethanol, biopolymers and natural colours, mainly depends on the existence of 
reliable plant sources. But how long will the traditional sources of flavours last? 
Quality of soil, unfavourable weather conditions, insect infestations and socio-
political instabilities may all adversely affect classical agricultural production. 
Are there new biosources that could replace exhausted ones? Will, as with vanil-
lin production, the exploitation of waste streams of the agricultural and food 
industries gain importance? “White biotechnology” is propagated as an alterna-
tive option, but will bioprocesses possess stability, specificity, up-scalability and 
profitability? Will the recent advances in biotechnology be successfully trans-
ferred to industrial scales? How can the aspired match of economy and ecology 
be achieved?

In an attempt to compile the current status of sustainability in the flavour 
industry and the developments in the foreseeable future of flavour production, 
the present volume discusses consumer trends and preferences, legal and safety 
aspects; it describes renewable resources of flavours, such as spice plants, fruits, 
vegetables, fermented and heated plants, and natural building blocks; it presents 
analytical methods, such as gas chromatography coupled to human or electronic 
noses or to mass spectrometers; it deals with the isolation, quality control and 
formulation of flavours for liquid or dry products, with biotechnology to pro-
vide novel renewable resources, with enzymes, microbial and fungal cells to bio-
transform cheap substrates or to produce flavours de novo, and with plant cells 
as a resource of genes coding for metabolic activities in transgenic producers. 

The manufacturers of flavours and fragrances and their scientists are working 
at the leading edge of research, they look back on a long history of using natural 
resources, and are profitable on the basis of renewables. A wealth of experience 
has been gathered on issues such as provenance and quality, safety, authenticity 
and on problems of isolation, processing and shelf life. On the basis of this fun-
dament of knowledge, we should start to deal with sustainability now, before the 
looming problems start to deal with us. 

Finally, I should like to express my sincere thanks to the contributors for their 
thoughts and writing efforts, and to the publishers for their continuing support 
and patience.

Hanover, Summer 2006     Ralf Günter Berger
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The origin of using odorous substances simply for enjoyment or medicinal rea-
sons is as old as mankind. People have used perfume oils, and unguents on their 
bodies for thousands of years in lesser or greater amounts dependent on fashion 
whims. The early Egyptians used perfumed balms as part of religious ceremo-
nies and later as part of pre-love-making preparations. Myrrh and frankincense 
were exuded gums from trees used to scent the atmosphere in rituals. Other 
plants such as rose and peppermint were steeped in oils until a perfumed un-
guent formed. The unguent was then rubbed into the skin. It is interesting to 
note that perfume has come full circle today as more and more of us seek out 
high-quality aroma therapy perfumed oils to use in exactly the same way as our 
ancestors did. Perfume fell out of use during early Christianity, but was revived 
in the medieval period. By the 1600s scents were applied to objects such as fur-
niture, gloves, and fans. In the Georgian era non-greasy eau de Cologne was 
developed and it had many uses from bath essence to mouthwash [1].

People have always been interested in the odour and use of essential oils 
(from herbs and spices). This is probably attributable to their aromas, and also 
to the bacteriostatic and antiseptic properties of many of the aroma chemicals 
they contain. While the use of essential oils is associated with mankind’s history, 
the beginning of perfumery is more difficult to define. 

The late nineteenth century was the first real era of perfume as we know it 
when new scents were created because of advances in organic chemistry knowl-
edge. Synthetic perfume products were used in place of certain hard-to-find or 
expensive ingredients. At the same time a similar chemical knowledge develop-
ment happened in textile printing dyes. The small town of Grasse in Provence, 
France, became a centre for flower and herb growing for the perfume industry. 
The men who treated leathers in the same area found the smells so bad they 
perfumed themselves and the leathers. They were knowledgeable about mak-
ing the botanical essences and were the early perfume noses. But it was only in 
the twentieth century that scents and designer perfumes were really mass-pro-
duced. Before that, the few trade names that existed were Coty and Yardley, who 
made fairly light scents with familiar smells.

Obviously, these first perfumes were all natural, since the introduction of 
synthetic aroma chemicals happened only at the end of the nineteenth century. 
Along with the invention of certain aroma chemicals, the flavour and fragrance 
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industry originated more than 150 years ago, at a time that is in general charac-
terised by significant technological breakthroughs, largely in chemistry. At that 
time, the first flavour and fragrance companies were founded by entrepreneurial 
scientists or business people, and many still exist, either as such or as the nucleus 
of larger firms that evolved during the subsequent decades.

Over the years this industry has developed into a very profitable niche mar-
ket. It serves retail companies in the food and beverage, cosmetics, toiletry, and 
household products markets, as well as the fragrance industries. Food service 
and private label companies play an increasingly significant role in this business. 
The total market for flavours, fragrances, and cosmetic ingredients is estimated 
at €15 billion. The market shares between the flavour and the fragrance parts 
are almost equal (€6.5 billion for flavours, €6.5 billion for fragrances). The larg-
est markets are in the Europe, Africa, and Middle East region (36%) and North 
America (32%), followed by Asia-Pacific (26%) and South America (6%). In-
teresting emerging markets are, in particular, China, India, Russia, and Central 
America. There are eight major global companies that share about 60% of the 
world market. Aside from these multinationals—well-known names to insid-
ers—there are virtually hundreds of smaller companies specialising in certain 
segments of this business covering the other half of the market. The two larg-
est flavour and fragrance companies are Givaudan and International Flavors & 
Fragrances, followed by Firmenich and Symrise, Quest International, Takasago, 
T. Hasegawa, Sensient Technologies, Mastertaste, Danisco, and Mane. The top 
two companies have a turnover in excess of $2 billion, the next three companies 
have a turnover in excess of $1 billion each. For respective information on the 
flavour and fragrance business and the companies, readers are referred to [2]. 
Another good and recently published source of information on flavours and fra-
grances is [3]. The latest development of the industry happened just at the end 
of 2006 when Givaudan announced that they will acquire Quest International. 
In the following, the history and achievements of some of the companies are 
described. 

In 1993, Bell Flavors & Fragrances acquired the operations of the former 
firm Schimmel & Co. in Leipzig, Germany. This company, originally founded 
in 1829, is considered the founding firm of the flavour and fragrance industry. 
The scientific accomplishments developed at Schimmel formed the basis for the 
technology still used in the industry today. Works such as The Encyclopedia of 
Essential Oils, published by doctors Gildemeister and Hoffmann in 1899 and 
The Theory of the Extraction and Separation of Essential Oils by way of Distil-
lation, published by Carl V. Rechenberg in 1908, became the standards for the 
production and use of these products. Outstanding achievement in the field of 
terpene chemistry was recognised when Otto Wallach received the Nobel Prize 
in Chemistry in 1910 [4].

In 1874, Holzminden chemists Ferdinand Tiemann and Wilhelm Haarmann 
first succeeded in synthesising vanillin from coniferin. Holzminden became 
the site where vanillin was first produced industrially. Haarmann & Reimer 
was the world’s first factory in which synthetic scents and flavourings were pro-
duced [5].
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Milestones Haarmann & Reimer:
1874  Haarmann & Reimer founded in Holzminden; industrial production of 

aroma chemicals.
1953  Acquisition by Bayer AG in Leverkusen, Germany.
1990  Company expands via acquisitions, including Creations Aromatiques and 

Florasynth.
1998  Improvement of margin and performance; focus on major clients and 

emerging markets; key account management; centres of expertise created; 
regionalisation and market-oriented innovation management.

2003  Merger of Holzminden companies Haarmann & Reimer and Dragoco. 
A new corporation is formed: Symrise.

Milestones Dragoco:
1919  Family business founded in Holzminden, Germany, by Carl-Wilhelm 

Gerberding.
1930  Flavourings first produced.
1949  Aroma chemicals first produced.
1955  Carl-Heinz Gerberding becomes CEO; company expands internationally 

and focuses on independence and profitability.
1981  Horst-Otto Gerberding becomes CEO; extensive investment programme 

for regional centres; implementation of a global divisional organisation.
1993  The Dragoco group is restructured and the parent company is turned into 

a joint-stock company.
2003  Merger of Holzminden companies Haarmann & Reimer and Dragoco. 

A new corporation is formed: Symrise. The latest milestone of the new 
company Symrise has been reached at the end of 2006 when the company 
became publicly traded.

Firmenich was founded in 1895 in Geneva, by Philippe Chuit, a talented 
Swiss chemist, in association with Martin Naef, a shrewd businessman. They 
were joined shortly after by Fred Firmenich, who soon became the majority 
partner. Since then, Firmenich has remained a family-owned business, building 
on a solid foundation of pioneering and entrepreneurial vigour. Today, it is the 
world’s largest private company in the fragrance and flavour industry world-
wide. Since 1895, Firmenich has built its business on innovative research. Leo-
pold Ruzicka, professor at ETH-Zurich and Nobel Prize winner in 1939, was 
Firmenich’s first research director and a life-long consultant [6].

The history of Givaudan [7)], International Flavors & Fragrances [8] and 
Quest International [9] can be looked up at their respectively cited Web sites.

The flavour and fragrance business has always been very research driven and 
innovative. All larger companies spend about 7–8% of their total sales per an-
num on research and development. They all have large research centres, usually 
centred in their headquarters, as well as development and innovation centres 
around the globe. The general focus of their research is on new products, offer-
ing better performance at the lowest cost. This can be new molecules but also 
a new technique to concentrate (fold) a citrus oil, or a new way to encapsu-
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late a flavour or fragrance. New products must be innovative, environmentally 
friendly, and safe. The key to success nowadays is to bring these new research 
results to market as quickly as possible; therefore, the major companies all use 
the concept of the innovation funnel to ensure proper project management and 
efficient commercialisation of innovative ideas. Strong research only pays off 
in combination with innovative flavour and fragrance chemists (flavourists and 
perfumers) as well as strong application teams in combination with technical 
marketing. In addition, all major companies use worldwide IT systems to enable 
their product developers and regulatory people to work with a consistent set of 
raw materials and product formulas on a worldwide basis.

Flavourists and perfumers are professionals engaged in the study and exploi-
tation of materials capable of impacting the human senses of taste, smell, and 
chemesthesis. Flavourists work primarily with substances that are either derived 
(directly or indirectly) from plant or animal sources or chemically synthesised 
from petrochemicals to develop products intended for use in foods and bever-
ages. Perfumers work mostly with materials of plant, animal, or petrochemi-
cal origin to create perfumes, fragranced personal care products, and scented 
household goods.

Research carried out by flavour and fragrance companies is generally for 
the purpose of understanding, designing, or improving upon the sensory 
characteristics and/or the functionality of existing or new products. This often 
starts with the detailed chemical analysis of a specific target: a finished product 
or raw materials used in its manufacture. Creative flavourists or perfumers, 
respectively, with the help of product technologists, may then try to reconstitute 
flavours or fragrances that match or improve upon the sensory properties of 
the target. In the case of flavourists, matching a specific natural or processed 
food or beverage is usually the objective, while a perfumer often has more 
latitude in cases where the target fine perfume or household air freshener, for 
example, may be little more than a marketing concept. Product technologists 
help ensure that flavours and fragrances are stable in products and are released 
effectively and are therefore perceivable at the time of consumption or use. 
Results of chemical analysis may alternatively be used. For example, to design 
better flavour or fragrance molecules; to make improvements in ingredient 
formulations or manufacturing processes. It can be mentioned here that the 
instrumental analysis part in the major flavour and fragrance companies is very 
sophisticated and remarkable. The typical instrumentation ranges from capil-
lary gas chromatography (GC) to high-performance liquid chromatography 
(HPLC), Fourier transform IR spectroscopy (FTIR), and nuclear magnetic 
resonance (NMR) to coupled techniques like capillary GC–mass spectrometry 
(MS), HPLC-MS, and GC-FTIR. More recent advances are the coupled tech-
niques GC-MS-MS as well as HPLC-NMR. This enables industry to separate 
virtually all kinds of complex product mixes analytically and also to elucidate 
the chemical structures of unknown components. Needless to say that a lot of 
year-long experience and know-how is involved when it comes to research and 
development in flavour and fragrance companies (personal communication 
within Symrise).
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Although the industry is about 150 years old, in particular the use of syn-
thetic materials started only about 60 years ago, after World War II. In 1954, the 
flavour use of coumarin was banned by the FDA, television screens were small 
and round and only showed black-and-white pictures, and a fine house could 
be purchased for less than $17,000. It would be 4 years until Congress enacted 
the Food Additives Amendment of 1958 and both the FDA and the Flavour 
and Extract Manufacturer’s Association began developing the generally recog-
nised as safe (GRAS) lists. The first commercial production of synthetic linalool, 
geraniol, and derivatives had not yet started. Fewer than 500 volatile compo-
nents had been found in foodstuffs. In 1955 the first primitive commercial gas 
chromatograph was introduced and it would be about 15 years later before the 
full power of capillary GC-MS became practical and another 15 years with the 
use of computerised data bases. Only four of the five basic tastes were gener-
ally accepted and theories of olfaction were extremely theoretical. Chirality was 
rarely considered as important in the synthesis of flavour or fragrance chemi-
cals. Much has occurred in the last 50 years [10]. In a slightly different way, the 
development of the last about 50 years is shown in Fig. 1.1. The flavours used in 
the 1950s were mostly liquid. They consisted of natural extracts and essential 
oils. The first big paradigm shift happened in the 1960s when several develop-
ments happened at the same time. The first synthetic components started being 
used, while instrumental analysis and information technology began influenc-
ing the flavour and fragrance industry. Spray-dried flavours were developed and 
the food market started to embrace convenience food. The big era of analyti-
cal flavour research started at that time, characterised by many scientific pub-
lications and patents in subsequent years. The next big change happened in the 
1990s when research started to become a lot more applications-driven. Flavour 
release and integrated product concepts played a role, and food-on-the-go was 
developed. In the new century the term “productivity” came up, a clear sign 
that shrinking margins led to the consolidation of the food companies and the 
search for more cost-effective ingredients and flavours. Taste and taste modifi-
cations as well as mouth sensations became prevalent. Sensory started becom-
ing consumer research, and health aspects played into product development. 
This is the phase the industry is still in, and we will see when the next paradigm 
shift is going to happen. Nowadays the palettes of a perfumer and flavourists are 
fully developed. There are still new aroma chemicals entering the market every 
year but the number is certainly smaller compared with that 10–20 years ago, 
and the organoleptical differences of these new molecules from known ones 
are typically smaller, which means business success is usually and primarily not 
built anymore solely on new molecules. At the same time the typical analytical 
research from the end of the last century that was going on in all large flavour 
and fragrance companies with the goal to analyse natural materials (preferably 
foods, essential oils, and flower scents) and find new molecules that could be 
synthesised and used as nature-identical materials in new compositions is not 
the main focus anymore. Nowadays research is a lot more applications-driven. 
Innovation happens foremost at the finished-product level; hence, flavour and 
fragrance companies work a lot closer together with their large consumer-goods 
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customers and in many cases have taken on a part of the work that used to be 
done in their laboratories. On the flavour side, research on taste and taste modi-
fication has become a lot more important than the work on volatile materials. 
Topics like salt taste enhancement or sweetness enhancement prevail. Master-
ing the flavour release in various applications and encapsulating liquid flavours 
with different matrices to keep even critical ingredients (e.g. citrus) stable for up 
to 4 years have opened the door for different food and beverage concepts and 
have also helped to make the food business more global and more convenience-
driven than it ever was before. The ideal scenario today in flavour and fragrance 
research is to find a new molecule whose structure can be patented and used in 
a new formulation that helps to improve an application for a consumer-goods 
company significantly. The application can be everything from a cosmetic prod-
uct to a household article to seasoning for a potato chip or a canned coffee prod-
uct (personal communication within Symrise).

“Sustainable development” describes and stands for the policy of a company of 
how it conducts business, treats its employees and resources, and interacts with 
society and the environment. It is basically the corporate philosophy around the 
pillars ecology, economy, and society. There are many other phrases and acro-
nyms for more or less the same type of activity used. The most common one is 
corporate social responsibility (CSR). Sustainable development has become an 
important initiative for many industries and companies over the last few years. 
Many chemical companies have started a sustainable development initiative 
over the last few years. Strong points in there are the environmental/ecological 
aspects as well as the workers’ safety programmes. It is a distinct sign that the 
industry has learned to deal with its weaknesses in a much more offensive way 
than in the first decades after World War II when major environmental crises 
represented for the public how the industry operated. One example is the little 
town of Seveso in the industrialised north of Italy. It was heavily affected in 1976 
when a major chemical accident led to the outbreak of chlorine gas and dioxins 
into the environment. Since those years, the chemical industry has invested a lot 
and has learned significantly more about how to manufacture even hazardous 
materials in such a way that this type of crisis is prevented from happening. In 
addition, chemical waste is treated differently, energy is used a lot more eco-
nomically, and odours are prevented from being released.

The flavour and fragrance industry’s weak points from an environmental/
ecological point of view evidently are, in particular, odour emissions, the hand-
ling of chemicals and chemical reactions in manufacturing, and the handling of 
wastewater. Every company that has started sustainable development activities 
has looked at its weak (vulnerable) points. Their statements show that the sus-
tainable development programme is used to turn weaknesses into strengths or 
at least show work being done continuously on these weak points. By looking 
at the pillar “society”, another challenge becomes apparent. While it seems to be 
obvious for most consumers why pharmaceuticals are needed and beneficial, 
the use of flavours for foods and beverages as well as fragrances for various ap-
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plications is not so easily understood by a certain part of the population. Unfor-
tunately, this is sometimes abused by certain authors in common publications 
when flavours are described as potential risks for humans and fragrances are 
classified as luxury goods or simply unnecessary and annoying. Therefore, it is 
important to educate the population about the safety of flavour and fragrances 
and the benefits for their use in consumer products. Obviously, this attempt is 
complicated by the fact that the flavour and fragrance industry does not usually 
deal directly with consumers. 

In the following a few activities are listed that can be measured by a flavour 
and fragrance company in a sustainable development programme:
• Measurable reduction of energy (water, electricity)
• Measurable reduction of odour emissions
• Improvement of manufacturing processes
• Financial support for charities, aid organisations, and local cultural activities
• Consistent and transparent equal rights and compensation policies through-

out the company
• No child labour throughout the company

An important part of such an initiative is the search for sustainable raw mate-
rials. There are virtually thousands of different raw materials used in the flavour 
and fragrance industry. They typically comprise a combination of chemicals, 
essential oils, extracts, distillates, and others. Many essential oils and other in-
gredients come from tropical countries and/or parts of the world that are (still) 
outside of the mainstream business countries, e.g. China, Vietnam, Indonesia, 
Côte d’Ivoire (cocoa). The supplier companies of these raw materials for the 
flavour and fragrance industry need to make sure that the supply is sustainable, 
i.e. specific business practices need to be applied by those companies to main-
tain and secure the supply. The Chiquita company may serve as a good example 
in the food industry [11]. Chiquita is by far the most popular banana in the 
world. The company is number 1 in Europe and number 2 in the USA. The total 
sales of the Chiquita Company are about US $4 billion. It has been working to-
gether for many years with the Rainforest Alliance [12] in order to guarantee the 
consumers in nine European countries the certified requirements of an inde-
pendent environmental organisation. The nucleus of these requirements covers 
social, legal, and ecological conditions that the banana farmers in the respective 
countries of origin (such as Costa Rica) have to fulfil. Although the Chiquita 
bananas cost about twice as much as non-certified ones, the concept seems to be 
being well received by consumers.

One of the important tasks of a marketing department in the flavour and fra-
grance industry is to study consumer and lifestyle trends to help research and 
development departments to work on the appropriate long-term projects and 
the sales force to target the right customers and product categories. In particu-
lar, the fragrance and cosmetics part of the flavour and fragrance business is 
dependent on interpreting these consumer trends ahead of time and correctly. 
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At the moment the following trends are observable (communication from Sym-
rise’s Marketing departmenrs):
1. Consumer segmentation:

(a) Traditional family continues to alter: 
• Single parent homes
• Same-sex families
• Communal living
• Fewer children
• Nestlings/“boomerang” kids
• Longer lifespan
• Multi-cultural families

(b) Breakdown in traditional demographic categories:
• A redefinition of youth:

- Young—tween, teen, early 20s
- Super youths—25–39, refuse to get “old”
- Hip-hops—the new parent, home-owning, trend-setting
- New seniors—trendier more active

• A redefinition of all-American: a global population on the move: 
city to city; country to country

(c) Shift in ethnicity of USA:
• Latina population continues to grow (67.5% between 1990 and 2002 

vs. 8.1% non-Hispanic)
• Increasing affluence
• Very appearance oriented

- Spend 27% more on cosmetics
- Spend 43% more on fragrance
- Spend $1.6 billion annually on personal care

2. Well-being.
(a) Holistic trend responsible for considerable launch activity: 

• Aromatherapy
• Aromachology
• Spa
• Deng-shui
• Ayurveda
• Ki

(b) Satisfying the consumer’s need for feeling restored, rejuvenated, re-
paired

3. Sensorial branding. 
(a) Products that offer a multisensory experience via:

• Unique fabrications
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• Translucency
• Organic tactility
• Colour infusion
• Light diffusion
• Thermal reaction
• Enticing aromas

(b)  Satisfying the consumer’s need for feeling stimulated, intoxicated, in-
volved

4. New luxury. 
(a) A quality-of-life approach available to the masses:

• Masstige
• Time-sensitive
• Limited editions
• Artisan approach

(b)  Satisfying the consumer’s need for feeling pampered, special, extraordi-
nary

5.  New simplicity. 
(a)Subtle means of self-expression versus bold and blatant branding:

• Designer labels inside not outside

(b)  Invisible branding/whisper campaigns/viral marketing/underground 
communication:
• Flyers, stickers, creating a buzz
• Street-based promotion
• Calvin Klein’s CRAVE approach to launch

(c) Satisfying the consumer’s need for feeling edgy, unique, “in-the-know”

6. Return to the classics
(a) Glamour has found its way to centre stage:

• Tiffany is opening an Iridesse pearl boutique
• Ladylike designs return to fashion
• Warmth and character returns to home décor
• Elegance, grace, style are en vogue

(b) Move toward:
• Authenticity
• Quality
• Yesteryear

(c) Satisfying the consumer’s need for feeling refined, elegant, glamorous, 
pampered



1 The Flavour and Fragrance Industry—Past, Present, and Future10

But product marketing is getting more and more important for the flavour 
business as well. Similar to the fragrance side of the business, the early recogni-
tion of consumer trends and of course the understanding of the major food and 
beverage brands is one of the keys for success. At the moment the following ten 
global trends are observable (communication from Symrise’s Marketing depart-
ments):
1.  Age nullification. Manufacturers need to break away from traditional stereo-

typing of age groups and explore opportunities of targeting other age groups 
with their products.
Food solutions:
(a) Cool
(b) Fashionable
(c) Healthy
(d) Targeted

2. Gender complexity. Strong cross-over of product usage and behaviour from 
men to women and vice versa.
Food solutions:
(a) Distinguished
(b) Stylish
(c) Fashionable
(d) Personality

3. Life stage complexity. Marketers need to categorise groups by attitudinal and 
behavioural rather than by traditional demographics.
Food solutions:
(a) Convenience
(b) Small portions
(c) Meal replacements
(d) On-line shopping
(e) Virtual communities

4. Hypertasking. Consumers are becoming more aware of time. It has become 
an essential part of life.
Food solutions:
(a) Convenient
(b) Bite-size portions
(c) Accessible
(d) Easy to use
(e) Portable
(f) Back to basics
(g) Resealable

5. Spending complexity. Understanding the complex mindset of consumers 
regarding spending money and quality of life.
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Food solutions:
(a) Quality
(b) Benefit
(c) Value
(d) Indulgence

6. Health and wellness. Modern consumers are increasingly focused on per-
sonal well-being (physical and mental health, beauty).
Food solutions:
(a) Functional
(b) Low and light
(c) Nutritious
(d) Organic
(e) Botanicals
(f) Holistic

7. Sensory sensations. Growing stress, rising affluence, and availability of 
global foods are driving consumer demands for new and more intense taste 
sensations.
Food solutions:
(a) Ethnic
(b) Fresh
(c) Gourmet
(d) Novelty
(e) New sensation
(f) Textured
(g) Tryvertising [13]

8. Individualism. Being yourself and having personal needs recognised rather 
than being part of the mass market.
Food solutions:
(a) Customised
(b) Personalised
(c) Self-expressing
(d) Single-serving
(e) Premium
(f) Trendy and unique
(g) Exclusive

9. Comfort space. Building a secure environment wherever you are is an emi-
nent part of developing a stable and close relationship within your environ-
ment.
Food solutions:
(a) Nostalgic
(b) Traditional
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(c) Comfort foods
(d) Ethnic

10. Connectivity. Developing a lifestyle that is invigorating and prosperous 
based on information and opinion as well as life experiences.
Food solutions:
(a) Customised
(b) Personalised
(c) Tryvertising [13]
(d) Health and wellness

Figure 1.2 shows the cuisines of the world with the most potential for growth. 
In a way, this development is not very different from what is going on in the 
business and the technology sectors around the world. In a recently published 
book by Thomas L. Friedman, a phrase was used that describes the world as 
becoming flat, i.e. growing more and more together [14].

It is interesting to compare the trends on the fragrance and flavour side with 
each other and see that there are certainly communalities between the two. Fig-
ure 1.3 emphasises this point by showing emerging tastes and fragrance trends 
side by side. In general it is worth mentioning that although the technical ele-
ments of the two businesses are very different, i.e. the raw materials used in 

Fig. 1.1 The history of flavour development and taste
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Fig. 1.2 The cuisines with most potential for growth

Fig. 1.3 Emerging flavours vs. fragrance trends
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fragrances are different with a few exceptions, it happens quite frequently that 
perfumers seek unique bouquet notes on the flavour side. A typical example is 
the use of fruity notes, in particular tropical fruit notes, over the last few years 
(communication from marketing departments within Symrise).
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2.1 
Definitions

Flavourings are a major category of ingredients intentionally added to food and 
feeding stuff. Flavourings are concentrated preparations with the primary pur-
pose to impart flavour except for substances that have an exclusively sweet, sour 
or salty taste. They are added in small amounts to food or feeding stuff but are 
not intended to be consumed as such.

Flavourings may contain flavouring substances, flavouring preparations, pro-
cess flavourings, smoke flavourings and flavouring adjuvants.

Flavouring substances are chemically defined substances with flavouring 
properties. There are three different categories of flavouring substances defined 
in the definitions of the IOFI Code of Practice and EU Flavour Directive 88/388/
EEC [1, 2]:
1. Natural flavouring substances
2. Nature-identical flavouring substances
3. Artificial flavouring substances

Flavouring preparations are natural complexes used because of their flavour-
ing properties. They contain flavouring constituents and they are obtained by 
appropriate physical, microbiological or enzymatic processes from foodstuffs 
or other material of vegetable or animal origin, either in the raw state or after 
processing for human consumption by traditional food-preparation processes 
(including drying, torrefaction and fermentation).

Process flavourings means products which are obtained according to good 
manufacturing practices by heating a mixture of ingredients to a temperature 
not exceeding 180 °C for a period not exceeding 15 min , the ingredients them-
selves not necessarily having flavouring properties, and at least one of which 
contains nitrogen (amino) and another is a reducing sugar.

Smoke flavourings means smoke extracts used in traditional foodstuff smok-
ing processes. The EU Regulation on smoke flavourings subdivides them into 
four categories:
1. ‘Primary smoke condensate’ shall refer to the purified water-based part of 

condensed smoke and shall fall within the definition of ‘smoke flavourings’.
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2. ‘Primary tar fraction’ shall refer to the purified fraction of the water-insol-
uble high-density tar phase of condensed smoke and shall fall within the 
definition of ‘smoke flavourings’.

3. ‘Primary products’ shall refer to primary smoke condensates and primary 
tar fractions.

4. ‘Derived smoke flavourings’ shall refer to flavourings produced as a result of 
the further processing of primary products and which are used or intended 
to be used in or on foods in order to impart smoke flavour to those foods.

Flavouring adjuvants are foodstuffs, food additives, other food ingredients or 
processing aids which are necessary to ensure the safety and quality of flavour-
ings and to facilitate the production, storage and intended use of flavourings.

Flavouring adjuvants may also include flavour modifiers.

2.2 
Legal Positions

In the following, the regulations on flavourings of three major regions are pre-
sented. Several other countries have similar legal regulations or accept flavour-
ings produced according to these regulations. One major difference is the gen-
eral classification of flavourings. In some countries, flavourings are classified as 
food additives, like in the USA or Japan. In other regions, flavourings are con-
sidered to be a special type of foodstuff, like in the EU.

2.2.1
Current Situation in the EU

In 1988 the “Council Directive of 22 June 1988 on the approximation of the laws 
of the Member States relating to flavourings for use in foodstuffs and to source 
materials for their production” was published. Together with the amending Di-
rective 91/71/EEC regulating the labelling of flavourings for end consumers, 
this Directive defined the categories of flavouring ingredients, purity criteria 
and maximum levels for certain “biological active principles” (BAPs). With this 
Directive the frame for following specific regulations was established [2, 3].

Two specific Regulations mentioned in the indent of EU Flavour Directive 
88/388/EEC have been established.
1. The EU Regulation on smoke flavourings which was published in 2003 [4]. 

The major subject of this Regulation is to establish:
(a) A Community procedure for the evaluation and authorisation of pri-

mary smoke condensates and primary tar fractions for use as such in or 
on foods or in the production of derived smoke flavourings for use in or 
on foods.
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(b) A Community procedure for the establishment of a list of primary 
smoke condensates and primary tar fractions authorised to the exclu-
sion of all others in the Community and their conditions of use in or on 
foods.
The evaluation of those primary products will be carried out by the re-
spective panels of the European Food Safety Authority (EFSA).
After finishing the evaluation procedures a positive list of primary 
smoke condensates, including purity criteria and maximum levels for 
contaminants, will be established in the EU.

2. The EU Regulation on food additives necessary for storage and use of fla-
vourings, including respective conditions for their use, has been established. 
Following several years of intensive discussion and several drafts, Directive 
2003/114/EC amending Miscellaneous Directive 95/2/EC was been pub-
lished on 22 December 2003 [5, 6].

The Directive states that the levels of additives present in flavourings should 
be the minimum required to achieve the intended purpose. Flavouring adju-
vants should not have a remaining technological function in the final foodstuff. 
With regard to this requirement, the possibility of the “carryover” of additives 
used in flavourings is especially mentioned in the Directive.

If the additive still has its technological function in the final food, labelling of 
this additive will be necessary for the final foodstuff as well. 

In addition, the sixth indent of this Directive mentions that in accordance 
with the provisions of the EU Flavour Directive, quantitative labelling of each 
component which is subject to quantitative limitation, expressed either numeri-
cally or by quantum satis principles, is required for the flavour.

Following article 5 of the EU Flavour Directive, EU Regulation 2232/96 de-
fined the basic rules for the use of flavouring substances for foodstuffs in the EU. 
In addition, it lays down a procedure for establishing a positive list for flavour-
ing substances in the EU [7].

The procedure for evaluation was published as Commission Regulation 
1565/2000 [10].

In 1998 the EU Commission within the Commission Decision 199/217/EEC 
published an inventory of flavouring substances used in the EU. This inventory 
(including its amendments) lists most of the flavouring substances which are 
subject to evaluation, leading to a positive list of flavouring substances to be 
used in foodstuffs in the EU [8].

The agreed timetable according to Commission Regulation 622/2002 men-
tioning the finalisation by 2005 has been postponed to 2007/2008 because the 
evaluation could not been finalised within the expected period [9].

In the meantime the existing national regulations of EU member states re-
garding flavouring substances are still in force. These existing national regula-
tions show an unlimited permission of use for natural and nature-identical fla-

2.2 Legal Positions
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vouring substances as defined in the EU Flavour Directive in all EU member 
states except Italy. Italy has kept a specific limitation for seven nature-identical 
flavouring substances.

Regarding artificial flavouring substances, four EU member states (Germany, 
Italy, Spain and the Netherlands) have specific positive lists with use levels, 
whereas all other EU member states permit all artificial flavouring substances 
suitable for human consumption.

With regard to the flavouring preparations, some EU countries have negative 
lists for plant materials which should not be used for production of flavouring 
preparations.

The labelling requirements for flavourings in the EU are laid down in EU Fla-
vour Directive 88/388/EEC for the flavourings themselves and in EU Directive 
91/72/EEC concerning the designation of flavourings in the list of ingredients 
of the final foodstuff. 

It is required to use the word “flavouring” or a more specific name or descrip-
tion of the flavouring. 

The word “natural” or a word of similar meaning may only be used if the fla-
vouring ingredients are exclusively natural flavouring substances or flavouring 
preparations. Mentioning the flavouring source together with the word “natu-
ral” is only permitted if the flavouring ingredients have been isolated solely or 
almost solely from this source [2, 3].

2.2.2
Expected Regulations on Flavourings in the EU in the Future

The EU Commission is currently preparing a revision of the EU Flavour Direc-
tive. The publication of the finalised version for submission to the Council and 
the European Parliament is expected for 2006. In order to reduce the number 
of Regulations and Directives, the EU Commission will present a Regulation 
combining the Additive Directive, the revision of the Flavour Directive and a 
new Enzyme Regulation in one framework regulation of those “food improving 
agents”.

Summarising the previous discussion and drafts, the new EU Flavour Regu-
lation will show some new definitions of flavouring ingredients, like “flavour 
precursors” and “other flavourings”. Within the definition of flavouring ingredi-
ents, it shall be distinguished between flavouring ingredients derived from food 
and material of vegetable or animal origin not consumed as food (non-food). 
Such flavouring ingredients derived from non-food material will be evaluated 
and will need explicit authorisation. The respective principles for authorisation 
and the procedures will be implemented in the new regulation. Also the existing 
regulations for genetically modified material will be implemented for flavour-
ings as well.

The new regulation will define the permitted processes for production of nat-
ural flavouring ingredients. Definitions and provisions for the use of ingredients 



19

containing BAPs have been renewed. Some additional restrictions for source 
materials for production of flavouring ingredients will be added. The sales de-
scriptions for flavourings will be revised and some definitions will be added 
[11].

2.2.3
Current Situation in the USA

Under the terms of the US Food Regulations, flavourings fall under the defini-
tion of food additives. The respective definition was implemented in the Federal 
Food Drug and Cosmetic Act by the Food Additives Amendment of 1958. With 
this amendment, the general requirement of “safety” became the major topic for 
food additives.

Flavouring substances which were not covered by one of the two grandfather 
clauses of the Food Additives Amendment needed either an approval or an evalu-
ation as “generally recognised as safe” (GRAS). Under the supervision of the 
FDA, several flavouring materials have been evaluated. The permitted compo-
nents are listed in the Code of Federal Regulation (CFR) Title 21, parts 170–180. 
Components approved as GRAS are listed in parts 182–184 of the same CFR 
Title [12].

Later, the US Food and Drug Adminstration (FDA) passed the responsibility 
for evaluation of the GRAS status for flavouring materials to the Flavour Expert 
Panel (FEXPAN). This panel of scientists from different related scientific areas 
evaluates new flavouring substances which are applied for notification. The FEX-
PAN is not affiliated with the flavour industry but is organised by the US Flavour 
and Extract Manufacturer’s Association (FEMA). In publications currently up 
to GRAS 22, the positively evaluated flavouring substances are published with 
name, synonyms, identification number and the average maximum-use levels.

The US Regulations only distinguish between natural and artificial flavour-
ings. The European category “nature-identical” is unknown in the legal defini-
tions. If such substances are synthetically produced, they are classified as artifi-
cial flavouring substances in the USA. 

For labelling of the final foodstuff, use of the term “natural” is divided into 
two subcategories. First, flavourings which contain only flavouring ingredients 
from the named source, the so-called from the named fruit flavourings (FTNF). 
In this case the name of the source can be used together with the word “natural” 
and followed by the word “flavoured”. If the food contains a flavouring where 
the flavouring ingredients are natural but not solely from the named source, 
the additional words “with other natural flavour” (WONF) are required. Smoke 
flavourings derived from smoked wooden or plant materials are natural in the 
USA. The same applies for process flavourings prepared with natural raw ma-
terials. Only if synthetically produced substances were used for the production 
of a process flavour, it would be artificial, unless these are non-flavouring sub-
stances which are declared separately [13].

2.2 Legal Positions
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2.2.4
Current Situation in Japan

The Japanese Food Regulations are based on the Food Sanitation Law (FSL). The 
FSL was first enacted in 1947 by the Ministry of Health and Welfare, now the 
Ministry of Health, Labour and Welfare (MHLW) of Japan [14]. The purpose 
of the FSL is to prevent the occurrence of health hazards arising from human 
consumption of food, by making necessary regulations and taking any measure 
sfor the protection of the health of the people. It enables the MHLW to establish 
detailed regulations to manage immediately diverse issues related to interna-
tional food distribution and the need for international harmonisation of food 
regulations [15]. 

Flavourings are considered to be food additives according to the principle 
definition of the FSL. Food additives need an authorisation for use. Article 6 
of the FSL mentions the general terms under which the use of a food additive 
is not permitted in and for food. In the FSL Enforcement Regulations, tables 
with the list of existing and permitted food additives, including the synthetically 
derived flavouring substances, are mentioned. The food additives appearing on 
this list are not subject to article 6 of the FSL [16].

Natural flavouring agents and substances generally provided as food and 
used as food additives are also not subject to the provisions of article 6 of the 
FSL. Under the terms of the FSL, a list of “origin of natural flavouring agents” 
and a list of substances generally provided for eating and drinking as food and 
used as food additives have been compiled and published by the MHLW. In the 
list of existing and permitted flavouring substances, only about 84 flavouring 
substances are mentioned by individual name; the other flavouring ingredients 
are mentioned only by chemical groups.

These chemical groups are:
• Isothiocyanates (except those generally recognised as highly toxic)
• Indoles and its derivatives
• Ethers
• Esters
• Ketones
• Fatty acids
• Aliphatic higher1 alcohols
• Aliphatic higher aldehydes (except those generally recognised as highly 

toxic)
• Aliphatic higher hydrocarbons (except those generally recognised as 

highly toxic)
• Thioethers
• Thiols (thioalcohols)
• Terpene hydrocarbons
• Phenol ethers
• Phenols

1 “Higher” means C6 or more.
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• Furfurals and its derivatives (except those generally recognised as highly 
toxic)

• Aromatic alcohols
• Aromatic aldehydes (except those generally recognised as highly toxic)
• Lactones (except those generally recognised as highly toxic)

Not listed and therefore not permitted are substances from chemical groups 
like pyrazines, pyridines, amines, amides, or aliphatic lower alcohols, aldehydes 
and hydrocarbons (C5 and lower) if not mentioned by individual name [17].

The MHLW is currently evaluating several individual flavouring substances 
not covered by the aforementioned groups but that are of commercial interest. 
Most of these substances are lower alcohols, aldehydes and pyrazines. As soon 
as the evaluation has finished, the result will be published and in positive cases 
the substances will by added to the list of permitted substances. 

2.2.5
Global Approach

A major lack in global comparability of flavourings is the difference between 
the permitted flavouring ingredients . Owing to the difference in the regulations 
mentioned, a broad range of flavouring substances are only permitted in one re-
gion or country. In 2000, the Japan Flavour and Fragrance Materials Association 
(JFFMA) started a survey with the objective to create a list of all flavouring sub-
stances marketed in Japan and to compare them with the EU Register and the 
US FEMA listed substances. On the basis of the figures for 2001, the FEMA list 
covered 1,578 substances, the EU Register contained 2,702 substances, whereas 
2,577 flavouring substances were reported as being used in Japan.

Comparison with the EU Register showed that 1,800 substances are covered 
in both lists. Of those, 777 substances were only used in Japan, whereas 902 sub-
stances were only mentioned in the EU Register, and of those 640 were not used 
in Japan and 181 were not permitted for use in Japan. Further, 81 substances 
from the EU Register are not classified as flavouring substances in Japan [18].

Compared with the FEMA-listed substances, similar results were obtained. A 
total of 1,182 substances were mentioned in the Japanese survey and the FEMA 
list. Of those, 1,342 substances were only reported in Japan and 396 substances 
were only on the FEMA list. In addition, 216 of them had no reported use, 73 
were not permitted in Japan and 107 were not classified as flavouring substances 
[18]. Owing to the fact that the EU Register covered the substances from the 
FEMA list up to GRAS 21, only a few new substances from the GRAS 22 publi-
cation and some substances that were deleted because of no reported use are not 
implemented in the EU Register in the amended version.

But the comparison with the Japanese survey showed that 749 flavouring 
substances had reported use in Japan but were neither listed in the FEMA list 
nor in the EU Register [18].

2.2 Legal Positions
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Such figures indicate the necessity for a global regulatory approach for fla-
vouring material.

The Codex Committee on Food Additives and Contaminants (CCFAC) of the 
Codex Alimentarius Commission agreed to propose work on the elaboration of 
a “Codex Guideline for the Use of Flavourings” that establishes safe conditions 
of use for such substances in foodstuffs. This should lead to globally accepted 
general requirements for flavourings, including definition, safe use, labelling 
and specifications. In addition it should provide a reference to the safety evalu-
ations completed by JECFA as a global approach for evaluation and authorisa-
tion procedures [19].

2.3 
Legal Situation and Natural Flavourings, a Brief Reflection

Most of the regulations on flavourings distinguish between natural derived fla-
vouring components and substances produced synthetically. There are still some 
differences between the national rules regarding source materials and accepted 
techniques. 

All flavourings considered natural in the EU should also be considered natu-
ral in the USA; however, the reverse is not necessarily true. Smoke flavourings 
and process flavourings are separate categories in the EU, and cannot be used 
in natural flavours, whereas smoke flavourings as well as process flavourings 
prepared with natural raw materials are considered natural in the USA. Another 
important difference between the EU and the USA is the methods allowed to 
obtain “natural flavouring substances”. Under the legal terms of the USA, the 
naturalness of the starting material defines the status of the resulting product 
[13]. The EU Flavour Directive defines the staring materials as well as the per-
mitted processes to obtain natural substances or natural preparations [2]. This 
excludes any type of chemical processing or chemically catalysed process. These 
differences in definition and handling of natural flavouring materials will be ex-
plained using α-ionone as an example.

α-Ionone is an important flavouring substance for a range of fruit flavour 
systems. In various fruit and plant species α-ionone was found as an almost op-
tically pure R enantiomer, whereas the chemical synthesis will lead to a racemic 
mixture of both enantiomers. The chemical synthesis of α-ionone uses citral, 
which is condensed with acetone in basic media to the respective pseudo-ion-
one, followed by cyclisation in acidic media. If now, with this way of production, 
solely natural citral and natural acetone, derived from fermentation processes, 
together with natural pH adjusting materials are used, the resulting α-ionone 
fulfils the US requirements for natural flavouring substances. However the pro-
cess is still a chemical reaction leading to a catalysed formation of a covalent 
C–C binding. Therefore the α-ionone derived from such a process will not fulfil 
the EU definitions for a natural flavouring substance. In the EU this α-ionone is 
still considered to be a “nature-identical flavouring substance” according to the 
EU Flavour Directive [2]. 
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But the general goal to differentiate between natural and synthetically de-
rived materials is obvious. This main issues of the flavouring regulations are 
resumed in the respective rules of the single categories of food products. Many 
of these regulations permit only the use of natural flavourings for specific types 
of foodstuffs. Often such products are more highly qualified or many contain 
the depicting or labelling of a respective source.

Not the general focus on “green chemistry” nor the move towards “natural” 
or even “organic” sources of food products observed over the last decade in 
industrial nations has led to this focus on natural flavourings. Most of these 
regulations focussing on natural flavourings were established long ago. With 
this long-term history of the respective regulations on flavourings focussing on 
“renewable” resources, the governments have emphasised the importance of the 
sensorial impression from the natural sources. This demand led to the current 
situation that the flavour industry and the respective research institutes have 
become one of the driving forces in development of new methods using “renew-
able resources” for the generation of flavouring materials.
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3.1 
Introduction

The hypothesis of memory consolidation was first proposed 100 years ago by 
Müller and Pilzecker [1]. According to this hypothesis, “new” memories are 
initially labile and require additional (biochemical) reinforcement to be con-
solidated into long-term memories. Gradually, biochemical research is unravel-
ling the time-dependent processes forming long-term memories. A century of 
studying memory, including the genetic determinants and molecular structures 
forming the basis of memory—where in the brain memory storage occurs and 
the mechanisms whereby memories are stored and maintained—was intensively 
reviewed [2–4]. The use of genetic and molecular approaches has led to the iden-
tification and characterisation of genes and molecules that play a fundamental 
role in the biological mechanisms underlying learning [2, 4].

This chapter considers memory development in terms of recent ideas about 
molecular mimicry and symbiosis [5–7], and proposes hypotheses and new ap-
proaches to the biological basis of memorisation. From the prebiotic history, nu-
trition and immunity of the cell are mutually interacting processes aiming at the 
same goal—namely to survive [5]. Immunity must resist the attack of exogenous 
invaders such as foreign macromolecules, viruses and bacteria. Nonetheless, 
food is the main source of consumed foreign macromolecular materials. Nutri-
tion can thus be regarded as two contradictory, yet mutually interactive pro-
cesses—the feeding and protection of the individual organism. Both nutrition 
and immunity aim at rendering food components useful and harmless. Both 
profit from acquiring memories of prior experiences. Both use denaturation, 
phase separation and hydrolysis of biopolymers to achieve extremely exacting 
definitions of structure for recognising foreign molecules. Both also employ epi-
thelial membranes in which a mucosal layer provides exclusion and specific ab-
sorption of nutrients/molecules. For nutrition and immunity, the first mucosal 
surface of recognition and defence is the olfactory system. Recently, it was pro-
posed that the olfactory G-proteins underlying odour perception evolved as a 
defence mechanism against dangerous foreign substances and their originators. 
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G-proteins and immune-related molecules can be regarded as the first lines of 
defence against dangerous components in the surroundings [8]. The effective-
ness of such first lines of defence requires both identification and memorisation 
of the molecular signature of these dangers. Interestingly, in neither odour nor 
immunity are intact biopolymer macromolecules the basic signatures of struc-
ture that are recognised and memorised. Instead, smaller products of their hy-
drolysis liberated prior to or during consumption are the language of olfaction 
and immunity.

From the very simple to the highly complex, organisms are ostensibly the 
combination of molecular structures and metabolic processes. Each is capable 
of encoding information and profiting from previous events. The simplifying 
predominance of the two extreme conformations—globular and rod-like—typi-
cal of biopolymers has been used to define a principle of molecular interaction 
and symbiosis. That is, macromolecular biopolymers are not all mutually com-
patible, and this success or failure of compatibility that derives from the mutual 
influence of dissimilar macromolecules—symbionts—has been proposed to be 
important to the molecular evolution of the structures of the key biopolymers 
of living organisms [5]. Proteins and polysaccharides are thermodynamically 
incompatible, and their spontaneous separation provides a mechanism to build 
a thermodynamic barrier around virtually all living organisms, just as the lipid 
biomembrane provides a solubility barrier. This symbiotic macromolecular, 
thermodynamically driven interaction is beneficial to the activity of the biologi-
cal system as a whole. One expression of molecular symbiosis is the increasingly 
well-characterised properties of excluded-volume effects of biopolymers, ther-
modynamic incompatibility of polymers and interbiopolymer complexation 
[8–10]. Symbiotic interactions of dissimilar macromolecules are not only based 
on differences in size and shape—excluded-volume effects—of macromolecules, 
but also include their mutually coordinated synthesis, modifications and trans-
portation. The formation of memory can also be considered in this context, i.e. 
the development of a templated set of coordinated chemical reactions of modi-
fication, synthesis of biopolymers, their conformational changes, diffusion, 
complexation and coprecipitation is of principal importance. The development 
of “memorised” systems of chemical and physicochemical processes would un-
derlie the adaptations providing appropriate and sufficiently rapid reactions to 
the environment. Memorisation processes were important throughout prebiotic 
evolution of biological structures as the means to develop an adaptation to the 
new surroundings of any organism.

One objective of this chapter is to discuss the biological basis of memory 
and the possible progress in the understanding of memory development, using 
recent ideas about thermodynamic features—symbiotic interactions—of bio-
polymers. The main applications of such basic knowledge are to gain insights 
into the development and memorisation of symbiotic biochemical processes 
in the scope of nutrition. Nutrition in the modern sense includes everything 
from basic essential nutrients to non-essential ingested substances, as well as 
the intestinal microflora and its symbiosis with the host. Another objective is 
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to consider the directions in which it is now possible to evolve foods and fla-
vours. With the rapidly expanding knowledge of genomics and the potential 
to expand agriculture beyond traditional commodities and surroundings, what 
principles should guide that expansion? The final objective is to highlight the 
concept that one application of understanding olfactory memorisation and fla-
vour preference learning is to consider how to potentially guide formulations, 
e.g. new generations of foods as a means of “flavour education” strategy. Because 
the quality of diets is dictated in part by choices based on preference, knowing 
how preferences are developed should allow individuals to guide preferences to 
more suitable food choices. The multifaceted mechanisms of memory develop-
ment, fixation and storage dictate a multidisciplinary approach. For this reason, 
the three thermodynamic, biochemical and evolutionary aspects of memory de-
velopment are considered. Thermodynamic approaches are applied as the most 
general analytical technique for interactions within and between multicompo-
nent systems, whereas evolutionary approaches are used to gain insight into the 
interactions of a biological system with its environment.

3.2 
Memory Consolidation—Short-Term, Long-Term 
and Permanent Memories

In the most general sense, memory means the processes of accumulation, stor-
age and reuse of information about the environment. Transformation of short-
term (from minutes to days) memory into long-term (from days to years) mem-
ory extends from olfactory preference to acquired immunity. Environmental 
information flow (mainly through intestinal and nasal mucous membranes) in 
the form of different compounds selectively activates effectors (cells and organs, 
such as glands and muscles) that respond to a corresponding stimulus. The con-
text, reciprocal relations between different sources of information (e.g. between 
the appearance, texture, flavour of a food, and satiety, pleasure and physiologi-
cal well-being during and after eating) are important contributory factors for 
long-time memory. The variety of biochemical inputs that integrate to form the 
context of aroma perception to achieve a flavour preference as more permanent 
memory are not yet known; however, from Drosophila to humans, the complex-
ity of the process has been noted [11]. It is also not known how widely the odour 
preference phenomenon can be generalised to other sensory memory (e.g. tex-
ture). Formation of concepts in terms of sensations makes memory about a past 
event or an experience more likely to be stored long term.

A biochemical approach to memory covers various aspects of perception, 
performance, learning, motor skill, thinking and problem-solving. It is assumed 
that the basic principle of memory underlies the construction of various increas-
ingly successful (practised) responses as structural—in space and time—blocks 
of coordinated biochemical reactions. Each memorised biochemical block is a 
structured system of chemical and physicochemical processes, which are or-
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ganised in a logical manner in response to changes to the surroundings. Each 
memorised block is formed by a memorisation mechanism and stored in ac-
cessible form to facilitate reuse, to adapt (metabolic memory) and protect the 
organism. In other words, memory can be considered conceptually as respon-
sible for acquiring symbiosis on molecular, supramolecular, cellular and organ 
levels. Protective responses that are a set of corresponding mutually coordinated 
chemical and physical processes have not always been regarded as a long-term 
memory, but are nonetheless a form of semipermanent memory. Two types of 
persistent memories can thus be distinguished. The first is a stimulated expres-
sion of a particular subset of genetic elements whose functional response is es-
tablished and fixed. The second is the establishment of a pattern of responses 
based on a decision taken at an early stage and the decision is memorised. 
Odour preference appears to be the latter form of memory. Similarly, allergy 
appears to be another. Exposure of an otherwise appropriate or benign antigen 
at the wrong moment and in an inappropriate context appears to establish a per-
sistent wrong decision—allergy to that antigen. The development of preferences 
for foods that on balance constitute unhealthy diets can be considered another 
form of inappropriate decision with respect to, in this case, olfactory prefer-
ence. How and when these decisions are made are thus critical. The majority of 
learning-induced persistent lifelong memories as olfactory preferences may be 
formed by puberty. The ability to alter these “memories” after adulthood is not 
known. For example, it is not clear in humans if the original odour preferences 
are undone and redecided or whether higher-order processes overwhelm the 
original pathway. Learning-induced additions to and changes in the permanent 
lifelong memory presumably must be initially induced as a short-term memory, 
and after time are converted into a long-term memory. For instance, similarly 
to a difference between a mother language studied in childhood and a foreign 
language studied later, both the formation rate and the stability of permanent 
memory decrease with age. The obvious implication of decreasing abilities to 
acquire new olfactory preferences is to limit substantially the ability both within 
an individual and across populations to redirect food preferences towards more 
desirable, i.e. healthy, food choices. By understanding the basis of the biochemi-
cal processes, it may be possible, however, to reconstitute the ability to form 
memories in a more pliable, i.e. adolescent manner.

Another potential consequence of a decreased ability to acquire persistent 
memory in adulthood, more precisely its negative consequences, relates to other 
compositional aspects of nutrition. The feeling of hunger in humans appears 
to relate primarily to macronutrient and calorie content and not to quality of 
food, though animals demonstrate nutrient-specific hunger [12]. Humans feel 
hunger for energy and apparently do not feel hunger for the essential nutrients 
except for water—thirst is a special “hunger” for water. Because energy governs 
the sensation of hunger, an unbalanced diet can be selected using foods differ-
ing in their content of essential nutrients, with satisfaction occurring only when 
the energy hunger has been overcome. It has been proposed that the prolifera-
tion of high-energy foods has resulted in an intake of high-energy diets—caloric 
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overconsumption at the expense of vitamin-rich and mineral-rich diets. Apart 
from the individual nutritional history (i.e. our permanent and long-term nutri-
tional memories), real nutritional requirements vary depending on individual 
physiological and psychological behaviour features, including functioning un-
der normal and stress conditions and adaptation to new surroundings. Unfor-
tunately, hunger as a sensation does not provide input beyond that of energy 
requirements.

Nutrition is the bridge between the physiology and the immediate environ-
ment as food choices by an individual. Ideally, persistent biochemical memories 
and olfactory preferences serve to coordinate a habitual physiological state with 
a successful set of food choices in an environment. As the availability of foods 
and the variation in composition of foods have increased dramatically in the 
past century, the basic sensory preference development processes may actually 
contribute to nutritional problems. Furthermore, agriculture itself is inadver-
tently being designed to uncouple composition from sensory cues. The quan-
tity-based agricultural model, where the relative content of food energy per acre 
corresponds to a driving force for genetic breeding and agricultural practices, is 
not necessarily consistent with the content of nutrients that underlie food qual-
ity. Furthermore, processing that disassembles commodities into component 
biomolecule classes (proteins, carbohydrates and oils) serves to further dissoci-
ate sensory cues from the composition and quality of foods. Individually recom-
mended consumption of specific nutrient compositions is even further from be-
ing differentiated in food-commodity planning. It is clear that it is not optimal if 
the food supply is to change simply to more homogeneous food without consid-
ering variable consumption. An important question is whether the processes of 
sensory preference development and biochemical memories can be considered 
as an asset in the future design of foods, diets and individual health.

Nutritionally deficient environments (e.g. low-protein and low-energy di-
ets) are well known to affect memory development. Whether specific nutrients 
are able to augment the speed and persistence of memories has not been es-
tablished. Nevertheless, the variation in ability to acquire memories at specific 
periods during growth suggests that the biochemical context during memory 
formation varies and that it is theoretically possible to recover this context via 
exogenous means. Short-term memory studies are mainly based on observa-
tions of electrical brain activity (electroencephalography) and use the electric 
circuit model. However, the nature of memorisation is not well understood [2–
4, 13–17]. Food habits for at least one obvious example—lactase expression dur-
ing adulthood—can cause short-term or long-term modifications of the gene 
pool. That is, food composition is a Darwinian selective factor. Are preference 
mechanisms selectable factors as well? Different brain structures (hippocampus, 
thalamus and amygdala) may be involved in the formation and storage of long-
term memories, which is accompanied by chemical and structural changes. 
Both short-term and long-term memories presumably use the same synapses, 
but long-term memory requires synthesis of some special proteins at least. Re-
activation of labile memories requires de novo protein synthesis for reconsolida-
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tion [15]. The formation of long-term and permanent memories requires gene 
expression, involves the formation and modification of particular synapses in 
the brain and the synthesis of new messenger RNAs and new proteins that con-
trol synaptic activity. Infusion of the protein synthesis inhibitor anisomycin into 
the lateral and basal nuclei of the amygdala shortly after training prevents con-
solidation of fear memories. This may reflect the development of a nutritional 
strategy for preventing the effects of early malnutrition on long-term memory 
development [16]. It was also shown that the initial percentage of body fat pro-
vides an individual metabolic memory (imprinting), e.g. energy efficiency and 
the extent to which the body’s protein and fat—i.e. both energy reserves—are 
mobilised for fuel during starvation. This memory means an individual strategy 
ensuring maximum length of survival during long-term starvation contributes 
to human variability in energy partitioning [17]. The influence of diet on genetic 
development and the permanent hereditary memory is multifactorial. The di-
etetic management of such metabolic errors as phenylketonuria and galactose-
mia shows that nutrition can influence the exploitation of the genetic program 
(permanent memory). An insufficient adaptation of the human genome to the 
new surroundings could result in overfeeding, atherosclerosis and diabetes.

When thinking about the various non-genetic forms of “memorisation”, it 
will be important to consider the diversity and biological information content 
of biomolecules themselves. For example, the most universal technique used 
for permanent memory formation in biological systems and their ingredients is 
separation of water in order to limit macromolecular mobility and to decrease 
the biological access and activity. The glassy state of densely packed globules of 
storage proteins—the interior of which is not accessible to water—spores, pol-
len and dry seeds preserves not only the biomolecules themselves, but in simple 
terms also represents a form of bioinformation [18, 19].

3.3 
Multidimensional Biomemory

The most obvious goal of memory development is for defence in competitive 
organisms. Memorisation is needed to fix a negative (hostile, toxic) experience 
for defence and also to fix a positive experience concerning the measures and 
tools successfully used by an organism for nutrition. In other words, nutrition 
and immunity require a repetitive accomplishment of sets of biochemical de-
fensive actions (operations), which, if templated and memorised, can be rapidly 
reused in the next similar situation. Memorisation could be regarded as a guide 
(programme) of actions to optimise the influence of the surroundings, or in 
other words, as a specific biological reaction to variability and uncertainty of the 
surroundings. Such surroundings would logically include competition or even 
symbiosis from other organisms. It is well recognised that the toxicity of prod-
ucts of pathogenic bacteria if experienced coincident with a novel aroma leads 
to memorisation of and avoidance (negative preference) of the odour. Thus, it is 
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certainly possible that the beneficial products of symbiotic bacteria could pro-
vide a physiological “context” in experiencing a novel odour that leads to the 
memorisation of and subsequent positive preference for that odour.

In principle, information from all five senses as to the surroundings and in-
formation about all kinds of activity and regulatory and feedback systems would 
form the integrated “context” in which olfactory preference decisions were 
made. Memorisation is, presumably, responsible for functional control, integra-
tion and adaptive, purposive responses to (protective reactions against) impor-
tant environmental changes. Faster consolidation of memory by an individual 
means faster adaptation to the new surroundings to protect and to nourish itself. 
In other words, successful adaptation is based upon memorised sequences of in-
teracting biochemical and biophysical commands for execution of a templated 
series of coordinated chemical transformations that are consolidated as memo-
ries. Because memories are apparently sorted and consolidated largely during 
sleep, the processes of sleep become part of the success of preference develop-
ment. Thus, adaptation in terms of olfactory preference development requires a 
large set of specific chemical reactions as symbiotic interactions, e.g. with vari-
ables as disparate as microflora and sleep as factors in the processes leading to 
preference. To date, multidimensional biomemorisation and formation of food 
preferences are among the least studied aspects of human nutrition.

3.4 
Flavour Sensation as a Part of Personal Dietary Choices

In the modern, affluent food marketplace, the key to success is delivering food 
that pleases the consumer’s palate [18, 19]. Although throughout history—or 
today in less-affluent cultures—cost and availability dictated food choices, today 
preference rules. Even the most nutritious foods are not routinely accepted and 
regularly consumed if they have poor sensory properties for the individual con-
sumer choosing them. Therefore, in building a knowledge base of food choices 
and particularly the role of flavour, it is necessary to study and understand olfac-
tory preferences. Food perception is more than the simple volatile compounds 
in food biomaterials capable of binding to olfactory receptors. Understanding 
flavour means first understanding the individual responses to olfactory stimuli 
and subsequently building an understanding of how those responses lead to 
preferences.

3.5 
Measuring Flavour Perception Is Influenced by Several Factors

The flavour a consumer perceives has been described as the result of interac-
tions among three factors that impact the overall flavour perception of foods 
(Fig. 3.1). The first factor includes all physical, chemical and biological aspects 
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related to the isolated food or food material itself. Traditionally, analytical fla-
vour research was concerned with extracting, identifying and quantifying the 
literally hundreds of different aroma and taste-active compounds in foods [20]. 
However, the molecules themselves are not the only factors that dictate flavour 
perception. The second factor concerns the various immediate processes of eat-
ing and all the aspects related to the physiology, anatomy and physicochemis-
try of the oral space. Whereas the first factor, the food, is independent of the 
consumer, the processes of eating are different among individuals. Important 
variables are all those that lead to the liberation of aroma and taste compounds 
and their transport from the oral cavity to either the nasal cavity, where the 
olfactory receptors are located, or to the taste buds on the tongue. When eating 
food, flavour compounds interact with the entire oral environment, including 
salivary and mucous layers. As these are all part of a person’s perception of food 
flavour, novel approaches are needed that place the individual consumer inside 
the process of flavour analysis. In essence if the variation among individuals is 
key to olfactory perception and preference, it is necessary to move to individu-
alised flavour science. Finally, perception itself is affected by the myriad memo-
risation processes discussed already that extend to psychosocial and cognitive 
factors such as culture, education and even mood [21–23]. In building a more 
individualised view of flavour perception, measuring aroma perception—the 
smell of food—as one central element of the overall sensory experience of food 
is becoming possible.

The aroma of foods is initiated when volatile aromatic compounds reach the 
olfactory epithelium in the upper part of the nose. One of the more obvious 
protective benefits of olfaction to the protection of the organism is the fact that 
aroma perception from food begins before eating is initiated. When volatiles 
emanating from the food are inhaled, they enter the nose through the orthona-
sal route. Decisions as to the risk benefits of consuming the food can be made 
prior to touching it. Once food is in the mouth, volatiles are released into the 
oral cavity and transported via the retronasal route to the throat (pharynx) and 
nose. The two specific “types of aromas” are the orthonasal and the retronasal 
aromas.

Because both the orthonasal and the retronasal aromas are dynamic, evolving 
over time, these dimensions must be captured analytically; hence, techniques 
are needed that are capable of analysing aroma profiles with the high time reso-
lution appropriate to aroma perception in humans, and capturing the time–in-
tensity patterns of the volatile compounds sweeping over the olfactory recep-
tors. Furthermore, odour perception is an inherently non-equilibrium situation. 
Foods on a plate and in the mouth are open systems, and volatiles continuously 
escape into the air. The most effective way to measure the release of aroma dur-
ing eating is to monitor the breath air as close as possible to the olfactory recep-
tors in the nose. One approach to collecting the exhaled air at the nostril breath 
by breath is termed nosespace or in vivo aroma analysis [24, 25].




