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Introduction

UNIVERSITIES AND COMPANIES IN
COLLABORATION

Chancellor Risto Thamuotila
University of Helsinki

When in the course of evolution, the human race developed the ability to think, it also developed a thirst for
knowledge. Soon people discovered that knowledge could be harnessed to improve the quality of live, to
facilitate moving from one place to another, but also, alas, to further the effectiveness of warfare. The tree of the
knowledge of good and evil had been found. Today, the applicability of knowledge is essential for the success of
companies growth of economies, a high standard and quality of human life, and preservation of nature and the
environment. The amount of available information grows not only rapidly, but exponentially. Not very new bit
of knowledge can instantly be applied to practical use, in fact, the applicability of new knowledge for the use of
society and industry is by no means self-evident. The so-calied chain of innovation, moving from the producer of
knowledge through its applications to the end-user, does not always work as desired. For example, here in
Finland we often feel that the system of innovation leaves room for improvement. In order to speed up the
practical application of innovation, various forms of cooperation have been launched betwwen the producers of
knowledge, meaning universities and research institutes, and companies that put theorretical knowledge to
practical use. However, this cooperation has been hampered by problems arising from the attitudes
and actions of scientists, companies and political decision-makers.

The academic world has feared that interference by outside parties may disrupt the ideal of the freedom of
research. Science seeks the truth and aims to expand our knowledge. Certain essential criteria must be met before
the mentioned objectives of science can be achieved. First of all, research must be objective. Research results
may not be dependent on the subjective wishes and ideas of a researcher or company, let alone a politician. For
this reason, other scientists must be able to repeat the study and test the reliability of the results. Second. science
must remain critical throughout the process, from the presentation of hypotheses to the testing of results. In
principle, all previous hypotheses and statements can become nullified based on new scientific knowledge. This
aspect is closely related to the third criterion of research, that of self-correction. New theories, methods and
equipment lead to results that are more accurate and thus closer to the truth than previous research results.
According to the fourth criterion, science must be autonomous. Only the academic community itself may correct
research that have been achieved under its auspices. Thus, political, economic or religious interests and
expectations may not correct scientific knowledge.

Upholding the mentiond criteria continues to be a primary responsibility within the academic community. By
observing them the academic community has managed to obtain the freedom of research, according to which
researchers must be able to create scientific knowledge free from external pressure, guidance or interference. The
famous ancient philosopher, Arsitotle, came to the conclusion that thinking is most productive in idleness. Since
Aristotle, many scholars from Galileo to Darwin have been subjected to outside pressures. Indeed, there have
been many attempts in the course of history to yoke science to serve various ideologies. In the Middle Ages
science — if we can talk of science as we understand it today — was controlled by the church. Ever since, secular
rules have tried to achieve the same control by such dubious methods as distorting history.

Science has also been used to achieve morally and ethically desirable results ; think of the methods of the
notorious Russian geneticists Trofim Lysenko. The machinery of war has exploited scientific achievements as
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the superpowers have invested massive sums of money into arms development. Today’s governmental research
policies manipulate scholarship in a kind of an enlightened way as funding steers research into areas which are,
or are believed to be , beneficial to social development. Free and independant research has tried to seek a balance
in the midst of these kinds of pressures. In the Western countries this has been possible thanks to the fairly
autonomous status of universities. For example, for more than 350 years the autonomy of the University of
Helsinki secured not only freedom of research, but also freedom of speech for the Finnish academic community
during the country’s periods of foreign rule before 1917.

The business sector has also shown an interest in the advancements of science, although this concern is rather
recent. Only the great discoveries of the 18" and 19™ centuries — the steam engine, electricity and the combustion
engine — awoke the interest of companies in the results of scientific research. At first, interaction between
companies and researchers was rather one-sided, with companies trying to find practical applications for research
results to the best of their abilities. For instance, note that over 150 years ago a representative of the British
Ministry of Finance paid a visit to the physicist and chemist Michael Faraday, to inquire what use Mr. Faraday’s
electromagnetic experiments could possibly have. He obviously could not foresee that electricity would later turn
into a lucrative source of taxation. It is only during this century that the economy and companies have actively
tried to influence the direction of research.

The relationship between research and the business sector is marked by a duality : on the one hand, the academic
community strives to maintain the freedom of research, on the other hand, the connection between research and
economic growth is generally accepted. Companies and the economy as a whole want to benefit from the
research they have funded. The benefits to research, in turn, come in the form of increased opportunities for
funding. In fact, some fields of science have worked for the business sector in a rather straightforward way.
Such applied sciences as technology and economics, and the agricultural, food and forestry sciences have in their
time been developed to serve the needs of the economy. Even such fields as law and, to some extent, medecine,
have their repercussions on the economy through their close connections with the surrounding society.

One of the most important factors for the success of modern companies is effective product development, which
is, of course, dependent on applied research. As the amount of applied research has been considered insufficient,
large companies especially have increasingly been starting their own programmes in applied research, some even
in basic research. During the past two decades, Finnish industry has invested in research at a significantly faster
rate than the public sector has. Today, over two-thirds of all research funding in Finland comes from the private
sector. This has greatly contributed to the fact that the share of research and development accounts for more than
three per cent of th Gross National Product, which is among the highest ratios in the world.

Despite the increasing interest of companies in product development and even applied research, it has become
clear that a sensible division of labour requires that new knowledge is produced in universities and the practical
applications are carried out by companies. This entails that universities and companies seck functional and
efficient forms of cooperation. Companies in the fast-developing high tech fields are locating themselves in the
immediate vicinity of universities. This has led to the development of technology and science parks, where the
producers of knowledge and companies applying the knowledge together form an adequately large and
functional critical mass. The first science park was established at the University of Stanford in the 1950°s. By the
1980’s there were only ten science parks in the entire world. By 1990 the figure had risen to over 300, and, at the
moment, depending on how the term « science park » is defined, they number well over 1 000. The most famous
science park is probably California’s Silicon Valley, which has had a tremendous impact on the development of
electronics. The next ficld with great promises for a major breakthrough is biotechnology. Since biotechnology
has close connections with food production, we can expect that it will have some kind of impact on the
cultivation and breeding of coffee as well. Science parks concentrating on biotechnology are an example of
modern co-operation that is mutually beneficial to universities and companies.

Cooperation between scientists and companies is one of the projects spearhcaded by the University of Helsinki ;
it is presently in full motion at the Viikki Campus. The Viikki Campus , which lies about ten kilometres
northeast of the centre of Helsinki, has for the last 30 years accomodated a number of departments of the Faculty
of Agriculture and Forestry, including the agricultural, food, household and environmental sciences. Some 13
years ago, at the 20" anniversary celebrations of academic teaching in the food sciences, 1 proposed the idea of
establishing a science park on the campus. The original idea was to provide favourable circumstances for
finding a solution to the problems of Finnish food production in relation to the international markets. The core of
these problems was high production costs due to our northerly location.
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The science park project, which got under way as late as 1993, currently has objectives differing from those of
the original plan : rapid advances in the field of biotechnology and the University’s desire to be at the forefront
of these advances have directed the plans and objectives in a new direction. The Viikki Campus will be
developed to form the largest concentration of biosciences in whole Europe at the beginning of the next
millenium. There, companies that make practical use of research results will work in close cooperation with
university departments. The Viikki Science Park will be made up of three rescarch sections. One of these
sections will be the Biocenter, consisting of three departmental buildings and accomodating all the basic
biosciences, including biochemistry, genectics. plant and animal physiology, ecology, hydrobiology, pharmacy
and environmental research. The building complex will also provide facilities for the Institute of Biotechnology,
an independent institute of the University of Helsinki, which currently employs over 200 researchers. The second
research section will consist of such applied sciences as agricultural and food sciences, home economics and
environmental and forestry sciences, which will be moving from the centre of Helsinki to the Viikki Campus.
The third research section, slightly smaller than the two others, will comprise the Faculty of Veterinary
Medicine, which also will transfer from its premises in Helsinki to new facilities in the science park in the near
future.

The Viikki Science Park will thus accomodate the basic sciences in biology. responsible for producing new
knowledge in the field, as well as all the applied sciences, which are responsible for the practical application of
this knowledge in agriculture, food production, veterinary practice and environmental control. A third element,
product development, will join this chain of basic applied sciences to ensure that innovations are transformed
into marketable high tech products. This will take place in two ways :

First, existing companies in the fields of biotechnology, pharmaceuticals, food productions and forestry may
relocate their research and product development units in th Viikki Science Park. Negotiations are underway with
major international companies.

Second, the science park will include business incubators, which provide facilities for small business starting
their operations based on research findings done at the university. The first business incubator building was
completed in June, and now accomodates 30 newly established bio- and food- production companies. University
employees and recent graduates are encouraged to start their own companies. In Finland we lack the tradition of
self-employment among academics, and for this reason the threshold for starting a company is high. In order to
lower this threshold. a small consultancy, the Helsinki Science Park Ltd, operates within the science park and
provides services, including financing, for companies. especially small companies wishing to locate in the
science park. There are also plans to establish a « school of biobusiness », which would provide tailored business
training for graduates in the biological, food and forestry sciences.

Science parks offer excellent circumstances for efficient co-operation between basic research, applied research
and commercial product development. Let me give you an example. Two years ago a programme on the
biotechnology of forest trees was launched in the Institute of Biotechnology. With the help of solid basic
research, the aim of the programme is to discover the genetic map of the birch tree. as well as the effects of
various genes on the properties of birch.  The forestry sciences, such as silviculture and forest engineering are
also involved in the project. The overall aim is to find out whether gene transplants affect the stress tolerance of
birch against disease, drought, frost during the growing season and pollution. It is possible that the expansion of
the greenhouse effect and the resulting global warming will increase such stress factors. As forests are a crucial
resource for the Finnish economy and constitute a central element fo the Finnish landscape, maintaining the
health of Finnish forests is a vital question from the point of view of future generations. This research project
will also study the possibilities of manipulating the fibre structure of birch through genetechnology in order to
produce high-quality material for industrial processes.

1 can imagine that similar projects could be built around coffee. The genetic map of the coffee plant could be
worked out through basic biotechnological research. Perhaps a gene from a plant with higher resistance against
frost could be transferred into the coffee plant. This would salvage the Brazilian coffee harvests from frost. As
many other tropical plants, coffee is known to be chilling sensitive, which means that the plant dies even before
ice crystals are formed. T am not aware wether this kind of research has been done. However. I did find on the
Internet some information about molecular research on the resistence of the coffee plant against insects and
diseases. And could perhaps the flavour of coffee be altered through gene transplants? As far as I know. coffee
produced in different countries has distinct aromas depending on the climate, soil and probably also production
techniques. Consumers in different countries also prefer different kinds of flavours. Finnish coffee is different
from, say, Itatian or American, which every tourist has surely noticed. Finns are among the most avid coffee
drinkers in the world. It is difficult to estimate whether there is any room for an increase in the consumption of
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coffee in Finland. However, in countries with lower consumption figures, new flavours might attract new coffee
drinkers. Coffee producers should, and I am sure they will, seize every opportunity offered by biotechnology.
Co-operation between universities and companies is another opportunity offering countless possibilities for
coffee producers, too.

Biotechnology certainly holds great promises for the future. The faster the knowledge generated in universities
can be relayed to benefit the economy and us, the ordinary people, the better. The companies applying
biotechnological knowhow and operating in connection with universities are often small or middle-sized, but
they may be significant employers in their field, and thus contribute to the positive employment prospects of
academically educated people.

If the greenhouse effect expands according to prognoses, producing food for the eversincreasing world
population will be a major challenge in the future. The expansion of the greenhouse effect would mean that the
climate of the most important agricultural areas in the world would dry up as the subtropical anticyclones would
move further away from th equator. You can imagine the dramatic consequences of this for food production. In
coffee-producing area, coffee would have to give way to essential food plants. The field of science that could
open up new opportunities for food production and even solve the world’s food problem is biotechnology. For
coffee, this means that land would still be available for growing coffee. and that new flavours developed with the
help of biotechnology would perhaps increase th number of coffec drinkers and thus the number of people
finding pleasure in a good cup of coffee.



Introduction

NEW CHALLENGES FOR THE COFFEE SECTOR

Bertel Paulig
Chief Executive, Paulig Group
President of ASIC

Ladies and Gentlemen,
It is my pleasure and honour to welcome you to Helsinki and to Finland — the country with the highest
consumption of coffee per capita in the world.

You have all by now, at the latest this morning over breakfast, tasted our Finnish coffee and thus know that the
secret behind the high consumption is :

high quality of green coffee,
light roast,

giving a high acidity and
always served fresh.

Thus we bring to the consumers an absolutely « clean cup » of coffee.

ASIC is unique in so far that a truly independent organisation, devoted to the secrets of coffee it brings together
this week :

e scientific,

e technical and

s applied knowledge.

ASIC covers a wide range of coffee research :
e agronomy,

chemistry,

technology,

physiological effects and

packaging and storage.

Let me now try to link together the work of science and research with the commercial realities of trade
and industry :

Responsible business

e Relevant components of responsible business are :
- environmental issues in European countries (specifically packaging and packaging waste),
- sustainable production,
- organic production,
- genetically modified products,
- fair trade,
- ethical sourcing /labour conditions /child labour /human rights.

ASIC, 18 colloque, Helsinki, 1999
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In general terms, a distinction can be made between « technical » issues (environmental, sustainable production,
organic production, genetically modified products) and « ethical » issues (fair trade, ethical sourcing, labour
conditions, child labour, human rights).

I will this morning, obviously focus on the « technical » issues :
Environmental issues

Respect for the environment is not only a legal obligation, but also an important element in consumers’
appreciation of food industries. Perceived non-respect of environmental matters can be very damaging. For
coffee roasting industries the distinction must be made between environmental issues in origin (soil depletion,
erosion, water usage, pesticides) and in consuming countries (emissions into air, water and soil, energy
efficiency, packaging waste).

Within the overall context of the European food and drink industry, we are committed to sustainable
development. It is essential to preserve the environment in which raw materials are grown and ensure the long-
term sustainable food availability.

The food and drink industry is continually making efforts to reduce as much as possible its limited impact on the
three environmental media (air, soil and water) while continuing to provide safe, wholesome and convenient
products which meet consumers needs. This is basically implemented through :

e the integration of environmental considerations into day-to-day activities in the framework of existing
quality and environmental management systems,

waste minimisation and efficient waste management (reduction at source, recovery, recycling),

energy and water savings,

conservation of resources by efficient use of raw materials,

contribution to consumer awareness by providing relevant environmental information.

Packaging and packaging waste

Although packaging waste generated by the food and drink industry is only a small part of the total waste stream,
it receives a large share of the political attention, probably because it is a clearly visible part of the waste stream.
On the political level there is a strong pressure to promote reusable forms of packaging and to reduce the single-
use forms of packaging. This is relevant to the coffee sector since the quasi-totality of the packaging material
used is « one-way », be it the industrial packaging waste (jute bags, liner for bulk containers) or the household
waste (roasted coffee packaging material).

Packaging fulfils three essential roles in ensuring that products are moved from source of production to their
destination in the best possible condition :

Protection — packaging is needed to protect consumers products from damage and deterioration and tampering.
The amount and type of packaging needed will vary according to the nature of the product.

Containment — packaging contains the product to eliminate spillage and waste and to aid handling and
distribution.

Preservation — packaging provides safety and freshness for food products, ensuring that a maximum is
consumed and not wasted. The preservation role is of utmost importance to coffee. The very specific
characteristics of roasted and ground coffee make it an absolute necessity that very high standards are kept in the
design and manufacturing of the « primary » packaging which is directly in contact with the foodstuff in order to
ensure that the organoleptic qualities of the product are fully preserved. Any change in the technical
characteristics of the packaging leading to a lowering or these high standards is not acceptable, as this would
jeopardise the product as a whole.

Sustainable production

It could be argued that environmental policy in producing countries is a matter for national legislation and that
its implementation is the responsibility of the coffee growers, not the green coffee buyers. However, the
European food industry - including the coffee sector — cannot avoid becoming increasingly invotved in the first
stages of production in producing countries. Concepts such as product liability, HACCP and Integrated Product
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Policy in one way or another require closer control by the manufacturer of the final product over the total chain,
and this includes — directly or indirectly — environmental issues. Proper use of fertilisers and pesticides for
instance is not only a food safety, but also an environmental issue. Although green coffee buyers cannot interfere
directly in national environmental legislation in producing countries, they can encourage their suppliers to adopt
best practices, possibly going beyond legal requirements. In some instances this has already been realised, taking
the form of projects, financially supported by roasting industries.

Sustainable agriculture
Sustainable agriculture refers to an agricultural production and distribution system that :

achieves the integration of natural biological cycles and comntrols,

protects and renews soil fertility and the natural resource base,

optimises the management and use of on-farm resources,

reduces the use of non-renewable resources an pruchased production inputs,

provides an adequate and dependable farm income,

promotes opportunity in family farming and farm communities, and

minimises adverse impact on health, safety, wildlife, water quality and the environment.

Applied to coffee growing, there is no single uniform concept on what constitutes sustainable development.
Elements mentioned frequently include :

use of shade tree,
density of coffee plants,
pruning,

soil erosion measures,
use of agrochemicals,
water management.

Organic coffee

There is a certain overlap with sustainable development in producing countries, but organic production has a
connotation that goes beyond the environmental issues: consumer perception is that the product is more
wholesome and healthier. Contrary to sustainable agriculture, organic production is identified on tne final
product. It is therefore much more a marketing issue than sustainable agriculture which is PR related. Until
recently, the sale of organic products was almost exclusively through specialised shops. This limited market
expansion because these shops reached only a relatively small group of dedicated customers. A shift in
distribution channels can be noted . Large supermarkets are introducing ranges of organic products, making them
more accessible to a much larger group of consumers.

Genetically modified products (GMO)

After the introduction of products containing GMO maize and soya on the EU market, the question is largely one
of consumer acceptance and — related to that — the marketing of GMO-free products. The food industry’s current
concern is the different application (or even non-application) of the EU legislation in the various EU member
countries, with the associated problems for the free movement of goods.

As far as coffee is concerned, there is on-going research into genetic modifications that wpuld _result in increased
pest or frost resistance. in uniform ripening of the cherries or in caffeine —free coffee. So far this research has not
reached the commercial production phase.

The essential requirements that need to be satisfied before any genetically modified coffee is introduced on the
European market are :

o assured safety for the consumer and the environment,

e teal benefits for the producer (for instance : increased yiclds), the environment (for instance : reduced use of
pesticides) and the consumer (for instance : better quality),

¢ clear and unequivocal approval for admission by the relevant EU authorities.
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Prevention of mould formation

A wide range of raw materials, including most grains and beans, are susceptible to naturally occuring mould
growth. Moisture in the raw product during harvesting, drying, storage and distribution is the most important
factor for mould growth.

The coffee industry has for many years been aware of the possibility of mould growth on coffee beans, and
knows that such growth produces spoiled beans. By implementing stringent quality procedures, spoiled beans
with any sign of mould growth are automatically rejected.

The European Commission is currently considering proposals to implement measures to prevent mould-affected
products, including coffee, from entering the European market, with a view to ensure that consumer is provided
by sound and wholesome foodstuffs. The European Union should develop a policy that takes the specific
situation of each commodity into account. A measure that is often proposed for other products, namely checks of
the raw material at the point of entry into the European Union, creates major problems for coffec :

o there are as yet no agreed sampling plans,
e checks on green coffee do not prevent the entry of potentially contaminated processed coffee coming from
third countries.

In the case of coffee, maximum limits on the raw material are unnecessary (because coffee is only a very minor
contributor), impractical (because sampling and analysis of the huge volume of coffee imports would be
excessively burdensome), disruptive to international trade (negatively affecting the exports of developing
countries), ineffective (because finished coffee products manufactured outside the EU and subsequently
imported would not be covered) and premature (because preventive measures throughout the chain are being
developed).

The coffee industry takes seriously any possibility, however small and remote, that any of its products might
prove unwholesome to its consumers, but responses other than maximum limits for green coffee are more
practical and effective. The European coffee industry has already taken a number of actions in addressing the
issue. ISIC (Institute for Scientific Information on Coffce) has funded a large screening programme of EU
market samples of both roast and ground and soluble coffees for occurrence of mould residues. From this it has
been concluded that coffee is only a minor contributor among several other food items. For such contributors
preventive actions are generally considered to be the appropriate control instrument.

As a first step to develop a prevention program for mould formation in coffee, an ISIC-funded fact finding pilot
study (with a.o. ficld sampling in a number of producing countries) has been completed. As a next step the ICO
and FAOQ, supported by the European coffee sector, have drafted a Project Proposal for the enhancement of
coffee quality through the prevention of mould formation which has received co-financing from the Common
Fund for Commodities.

The European coffee trade and scientific organisations have set up the European coffee co-operation Task Force
on OTA to discuss with all relevant Directorates General of the European Commission the negative implications
of maximum limits and preferred alternative of preventive measures.

It is regrettable that several EU member countries are applying checks on green coffee on an individual basis.
This is unwarranted give the stringent quality controls already applied by the industry, unnecessarily anticipates
the discussion in the European Union and the evaluation of the Scientific Committee on Food on the need to take
measures regarding coffee, and provides an unjustified obstacle to the free movement of goods.

So, Ladies and Gentlemen, with these reflections on challenges we are facing together, I have tried to bring
together on one hand science and research with, on the other hand, trade and commerce.

Clearly, the way forward is with co-operation and communication. Open and factual communication is needed
not only between all of us attending this ASIC Conference, but also in relation to relevant authorities and to the
final consumers of coffee.

Please do enjoy this week together in summery Helsinki !
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Key Odorants of Roasted Coffee: Evaluation, Release,
Formation

GROSCH Werner

Deutsche Forschungsanstalt fiir Lebensmittelchemie,
Lichtenbergstrafle 4, D-85748 Garching

1 Introduction
Identification of the compounds causing the pleasant aroma of roasted coffee is a
challenge for flavor research. In my lecture | would like to demonstrate the progress which was
reached in recent studies. The following points will be discussed:
- Key odorants of raw Arabica coffee. Their changes during roasting.
Evaluation of the key odorants of ground roasted coffee by sensory studies.
Determination of the release of odorants.
Formation of 2-furfurylthiol.

2 Odorants of raw coffee

Vitzthum et al. (1976) were the first to analyze the volatiles of raw coffee by combining
instrumental with sensory methods. They concluded that 3-isopropyl-2-methoxypyrazine and
the corresponding isobutyl-derivate contribute to the characteristic ,peasy-like* smell of raw
coffee. We differentiated by dilution experiments the potent odorants occurring in raw Arabica
coffee from the great number of odorless volatiles. These odorants were quantified in the
provenance Colombia (Col) before and after roasting using stable isotope dilution assays. An
extract of the results is shown in Table 1. To get an insight into the key odorants of raw coffee,
odor activity values (OAV, ratio of concentration to odor threshold) were calculated on the basis
of the odor threshold values of the compounds using cellulose as base. The highest OAVs were
found for the methoxypyrazines 1 and 2 (Table 1). This result confirmed the statement of
Vitzthum et al. (1976) mentioned above. In addition, their suggestion that the methoxypyrazines
occurring in raw coffee are not degraded by the roasting process was corroborated by the
quantitative data in Table 1.
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Table 1. Concentrations, and odor activity values of potent odorants in raw Arabica coffee and
their changes during roasting

No. Odorant Concentration (ug/kg)
raw roasted

1 3-Isobutyl-2-methoxypyrazine 97 (490)* 97

2  2-Methoxy-3,5-dimethylpyrazine 0.5 (83) 1.1

3 Ethyl 3-methylbutyrate 22 (37) 14

4  3-lsopropyl-2-methoxypyrazine 2.3 (23) 2.4

? The odor activity values given in brackets were calculated by dividing the concentration by
the odor threshold value in cellulose.
Source: Czerny and Grosch (in preparation).

3 Evaluation of the key odorants of roasted coffee

In several studies the potent odorants of roasted coffee were screened by dilution
experiments, e.g. aroma extract dilution analysis (AEDA). Altogether, 27 odorants were
identified showing higher OAVs (review by Grosch, 1998). In AEDA the odor impact is
evaluated after separation of the volatiles by gas chromatography. Interactions of the odorants
are abolished. Therefore, the question, which compound among the potent odorants actually
contributes to the flavor, remains open. To answer this question we performed the following
experiments:

- Preparation of a synthetic blend of the odorants on the basis of quantitative data.

- Critical comparison of the synthetic blend, denoted aroma model, with the view of trying to
duplicate the odor profile of the original sample.

- Comparison of the overall odor of the aroma model with that of models in which one or more
components are omitted. In other words, in triangle tests the assessors have to find out by
sniffing the sample what is different in the overall aroma (omission experiments).

As reported by Czerny et al. (1999), this procedure was applied on a sample of medium-
roasted ground coffee which originated from Colombia (Col). As it is very difficult to deodorize
ground coffee, we had to look for a suitable base for the aroma model. A comparison between
cellulose and water and a mixture of sunflower oil and water in a volume ration of 1:20
indicated that this latter base was the more reliable.

The flavor profile of the model containing the odorants dissolved in the mixture of sunflower
oil and water (M) was close to that of the original (Table 2). In particular, the very characteristic
roasty/sulfurous odor note of coffee was as intense as in the real coffee sample. The results of
the omission tests are summarized in Table 3. Experiment (exp.) no.1 indicates that the model
in which acetaldehyde, propanal and the three Strecker aldehydes were lacking, was
sensorially discriminated from the complete model. The assessors reported that the reduced
model smelled less maity. Exp. 2, without acetaldehyde and propanal, confirmed this
evaluation. Due to the presence of the Strecker aldehydes, the malty odor was perceptible. In
exp. 3 the model without butanedione and pentanedione was not clearly differentiated from the
complete model. This result indicated that they did not play a significant role in the coffee flavor.
The omission of the pyrazines in exp. 4 affected the flavor. Exp. 5 indicates that the overall
flavor of the model was already changed when only the three alkylpyrazines were lacking. The
assessors did not perceive the presence of the isobutylmethoxypyrazine in exp. 5.
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Table 2. Aroma profile of roasted ground coffee and the corresponding aroma model M |

Attribute Col MI?
Intensity”
Sweetish/caramel 1.0 1.4
Earthy 1.6 1.3
Roasty/sulfurous 23 2.1
Smoky 1.7 14
Similarity® 2.3

2 Altogether 27 odorants were dissolved in sunflower oil-water (1:20, v/v).

® The intensity of the attributes was scored by 10 assessors on a scale of O (absent) to 3 (strong).
¢ Similarity rating scale: 0 (no similarity) to 3 (identical with the coffee sample).

Source: Czerny et al. (1999).

This result is of special interest, because, as reported before, this methoxypyrazine is the most
odor-active constituent of raw coffee (Table 1). On the basis of the sensory experiments listed
in Table 3, we conclude that roasting of the raw material does not only produce the pleasant
aroma which is characteristic for coffee, but, in addition generates odorants which mask the
peasy odor note caused by the 3-isobutyl-2-methoxypyrazine. The absence of furanones | and
Il in exp. 6 as well as of furanones [l and IV in exp. 7 was not recognhized by a significant
number of panel members (Table 3). However, when the four furanones were lacking, as can
be seen in exp. 8, the odor of the aroma model was significantly different. In contrast, the
absence of RB-damascenone was not missed (exp. 9). The impact of the phenolic odorants on
the coffee flavor was evaluated in exp. nos. 10 to 12. The absence of the four phenols in exp.
10 was clearly recognized. Exp. nos. 11 and 12 in which either guaiacol or 4-vinylguaiacol were
omitted showed that guaiacol did not reach the confidence limit for significance by one answer
whereas vinylguaiacol reached this limit. A comparison of exp. nos. 13 and 14 indicates that 2-
furfuryithiol is the outstanding odorant in the group of sulfur compounds (Table 3). lts absence
in exp. 14 changed so clearly the odor of the model that 15 out of 20 answers were correct. The
assessors reported that the intensity of the sulfurous/roasty note in the odor profile had
decreased. Exp. no. 13 indicates that the remaining six sulfur compounds evaluated by AEDA
did not belong to the key odorants of the coffee sample studied here. In exp. nos. 15 to 17
methylfuranthiol, mercaptomethylbutyl formate and methylbutenthiol were singly omitted. In
agreement with exp. no. 13, in none of these experiments the confidence limit for significance
was reached. However, one or the other sulfur compound might reach or even exceed this limit
in other provenances in which it may occur in a higher concentration than in the provenance
Colombia here discussed.

4 Release of odorants

The flavor of freshly roasted and ground coffee is not stable (Table 4). The intensity of the
sweetish/caramel note in the aroma profile decreases within 15 min from 1.5 to 0.8 points.
Further changes refer to the earthy and smoky notes, which increased during the storage
period of 3 hours. To get an insight into the losses caused by evaporation of the odorants from
coffee and other foods, an apparatus (Figure 1) was designed for the quantification of the more
potent odorants in the headspace (Zehentbauer and Grosch, 1997).

19



20

Table 3. Aroma of the model for roasted ground coffee as affected by the absence of

compounds
Exp. no. Compound(s) omitted Number®
1 Acetaldehyde, propanal, methylpropanal, 2- and 3-methylbutanal 17*
2 Acetaldehyde, propanal 12*
3 2,3-Butanedione, 2,3-pentanedione 6
4 2-Ethyl-3,5-dimethylpyrazine(l), 2-ethenyl-3,5-dimethyl-pyrazine(ll), 2,3- *
diethyl-5-methylpyrazine(ll), 3-isobutyl-2-methoxypyrazine 13
5 Alkylpyrazines | to lll as in exp. 4 12*
6 4-Hydroxy-2,5-dimethyl-3(2H)-furanone (1), 2-ethyl-4-hydroxy-5-methyl- 8
3(2H)-furanone (Il)
7 4-Hydroxy-4,5-dimethyl-2(5H)-furanone (lll), 5-ethyl-3-hydroxy-4-methyl- 9
2(5H)-furanone (IV)

8 Furanones | to IV 11*
9 -Damascenone 6
10 Guaiacol, 4-ethylguaiacol, 4-vinylguaiacol, vanillin 13*

11 Guaiacol 10
12 4-Vinylguaiacol 11*
13 2-Methyl-3-furanthiol, dimethyl trisulfide, methional, 3-mercapto-3- 10
methylbutyl formate, 3-methyl-2-buten-1-thiol, methanethiol
14 2-Furfurylthiol 15*
15 2-Methyl-3-furanthiol 10
16 3-Mercapto-3-methylbutyl formate 10
17 3-Methyl-2-buten-1-thiol 10

¥ Number of assessors who find out by sniffing that sample what was different in the overall
aroma (maximum 20).
* Significant result (p <0.05). Source: Czerny et al. (1999).

Table 4. Changes of the aroma profile of freshly ground coffee

Attribute Time (h)

0 0.25 1 3
Sweetish/caramel 1.5 0.8 0.6 0.3
Earthy 1.5 1.8 1.8 2.1
Roasty/sufurous 25 25 25 25
Smoky 1.5 1.5 1.8 2.1

Intensity rating scale: 0 (absent) to 3 (strong).

A sample (2.5 g) of roasted Arabica coffee (Col), was placed into tube no. 8 which then was
sealed. Valves nos. 3 and 4 were opened and a solution containing definite amounts of the
odorants in diethyl ether was injected on the glass finger no. 10 which was heated up to 80°C.
These odorants were used as internal standards. They were labeled with stable isotopes to
differentiate them from the analytes. The release of odorants was determined for a period of 15
min or 30 min during which the coffee sample remained in the apparatus. To equilibrate the
odorants and the internal standards in the apparatus, the piston (no. 5) was pushed and pulled
during this period. Subsequently, the valves nos. 3 and 4 were closed, and nos. 1 and 2 were
opened. After opening valve no. 1, the gaseous nitrogen pressed the headspace collected in
tube no. 6 into the Tenax trap no. 7 by moving the piston. After headspace sampling, the Tenax
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Figure 1. Glass apparatus (volume 6.84 L) for quantitative headspace analysis
1-4 Valves, 5 piston, 6 tube, 7 Tenax trap, 8 tube for the sample, 9 septum, 10 glass finger

trap no. 7 was put in the desorption heating block of a gas chromatograph. The odorants and
their labeled internal standards were desorbed and then analyzed by mass chromatography.

To investigate the changes in the composition of the odorants, the coffee sample was
stored for different periods of time at room temperature. Then it was placed in the apparatus
and the release of some odorants during 15 min was measured. The results in Table 5 indicate
that, in particular in the case of the malty/sweet smelling Strecker aldehydes methylpropanal, 2-
and 3-methylbutanal, the amount which evaporated during 15 min decreased to one third when
the coffee sample was stored for 15 min in air. Under these storage conditions, the release of
butanedione and pentanedione decreased by 50 % whereas the rate of methanethiol did not
change and the reiatively high rate of acetaldehyde was scarcely affected. The release of some
odorants was measured up to a storage time of 3 h (Table 5). The results indicate that the
amounts liberated decreased further, although the differences become much smaller with
respect to the amounts found after the first 15 min of storage. In the next experiment, the
release of the highly volatile odorants from whole beans as well as from freshly ground beans
during a period of 15 min was compared. In Table 6 the percentage of odorant losses in relation
to the total concentration in the coffee sample is indicated in brackets. As expected, the
increase of surface caused by the grinding process strongly enhanced the amount of odorants
which evaporated from the coffee sample. The largest increase was found for 2,3-butanedione.
The amount released in the headspace was 8-times larger in ground beans than in whole
beans. The smallest difference was found for acetaldehyde, as the amount was only 3-times
higher than in ground beans. In relation to the total concentration of the odorants in the coffee
sample, 43 % of methanethiol and 39 % of acetaldehyde were lost from the ground material
within 15 min (Table 6). An experiment, not shown in the Table indicated that a prolongation of
the release period to 30 min led to an evaporation of 66 % of the methanethiol occurring in the
coffee sample. The remaining odorants listed in Table 6 are not so volatile. The losses within a
period of 15 min flay in the range of 15 to 27 %.

The concentrations of some sulfur and phenolic compounds were compared in the coffee
powder and its headspace (Table 7). In these experiments the release period amounted to 30
min. The number in brackets indicates that 23 % of 2-furfurylthiol and 29 % of methional
evaporated. Also the losses of guaiacol (18 %) and vanillin (20 %) are comparable with that of
the thiol. In the cases of ethyl- and vinylguaiacol only 8 % and 5 %, respectively, were lost in 30
min. The lowest evaporation rates were found for the furanones (Table 7). Only one percent of
the amount present in coffee was lost in 30 min.
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Table 5. Release of highly volatile odorants after storage of coffee at room temperature®

Odorant Storage time after grinding”
0 0.25 1 3

Methanethiol 1.9 1.9 n.d. n.d.
Acetaldehyde 457 40.0 n.d. n.d.
2,3-Butanedione 7.5 35 26 21
2,3-Pentanedione 7.4 3.7 3.7 3.3
Methylpropanal 49 1.7 1.2 1.0
2-Methylbutanal 7.0 23 1.8 1.6
3-Methylbutanal 3.6 1.4 1.1 1.0

 Concentration in pg/g.

®  After storage the sample of roasted Col was equilibrated in the apparatus for 15 min.

n.d.: not determined.
Source: Mayer and Grosch, in preparation.

Table 6. Release of the highly volatile odorants from roasted coffee. Comparison of whole with

ground beans

Odorant Whole Ground
beans®”®
Methanethiol 0.5 (11)° 1.9 (43)°
Acetaldehyde 14.1 (12) 45.7 (39)
2,3-Butanedione 0.9 (1.8) 7.5 (15)
2,3-Pentanedione 1.1 (3.1) 7.4 (21)
Methylpropanal 0.9@3.7) 4.9 (20)
2-Methylbutanal 1.1 (4.3) 7.0(27)
3-Methylbutanal 0.6 (3.6) 3.6 (22)

 Concentration in pg/g.

® The sample was equilibrated for 15 min in the apparatus.

° Loss of the odorant (%).
Source: Mayer and Grosch, in preparation.

Table 7. Concentrations of odorants in ground roasted coffee and in its headspace: Sulfur

compounds phenols and furanones

Odorant Powder® Headspace®®
2-Furfurylthiol 1.65 0.38 (23)°
Methional 0.245 0.07 (29)
Guaiacol 342 0.6 (18)
4-Ethylguaiacol 1.78 0.15 (8)
4-Vinylguaiacol 451 22 (5
Vanillin 4.05 0.8 (20)
4-Hydroxy-2 5-dimethyl-3(2H)-furanone 144 20 (1.4)
2-Ethyl-4-hydroxy-5-methyl-3(2H)-furanone 15.9 02 (1.3)
3-Hydroxy-4,5-dimethyl-2(5H)-furanone 1.85 0.02 (1.1)

2 Concentration inug/g.

® The coffee sample Col was ground and equlibrated for 30 min in the apparatus.

¢ Loss of the odorant (%).
Source: Mayer and Grosch, in preparation.
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Altogether, 22 potent odorants were quantified in the headspace of the coffee sample. A
sensory experiment was started to examine whether it was possible to imitate the aroma of
roasted coffee on the basis of the headspace data. Therefore, the odorants, in the
concentrations equal to those in the headspace after a release period of 30 min, were
dissolved in pentane (aroma model MIl). This solution was injected into the apparatus (Figure
1) which after removal of the Tenax trap was used as an olfactometer (Zehentbauer and
Grosch, 1997). Altogether, six assessors compared the aroma of the synthetic mixture of the
odorants with that of the original coffee sample. The result in Table 8 indicates that the aroma
profile of Mll matched very well the aroma profile of the coffee sample. The highest difference
in intensity which amounted only to 0.2 points for the sweetish/caramel and the smoky notes,
were not significant. The good agreement in the aromas is underlined by the high score of 2.6
given by the assessors for the similarity of the overall odor of the imitate with that of the coffee
sample. Therefore, the similarity score of the headspace model Mll was higher than that of the
mixture of odorants Ml dissolved in the oil/water emulsion (Table 2). This lower score of Ml is
mainly caused by the base which differs from the solid coffee matrix in the binding of the
odorants. The high similarity of the headspace model MIl with the aroma of ground roasted
coffee (Table 8) was firstly caused by the elimination of the matrix. Furthermore, the
concentrations of the odorants in the headspace is much lower than in the matrix. Hence,
chemical reactions which have been detected in the coffee brew of the odorants (unpublished
results) are very unlikely.

Table 8. Odor profile of freshly ground coffee and the corresponding headspace aroma model

Ml
Attribute Coffee’ M P
Intensity®
Sweetish/caramel 22 24
Earthy 1.4 14
Roasty/sulfurous 2.5 2.4
Smoky 1.2 1.4
Similarity® 2.6

* The coffee sample Col was equilibrated for 30 min in the apparatus and then smelled.
® Mixture of the 21 odorants which were found in the headspace.

“ Intensity rating scale: 0 (absent) to 3 (strong).

° Similarity rating scale: 0 (no similarity) to 3 (identical).

5 Formation of 2-furfurylthiol (FFT) (Moors and Grosch, in preparation)

The important role established in the sensory experiments for FFT confirmed the
assumption of Reichstein and Staudinger in 1930 that this thiol is a key component of the flavor
of ground roasted coffee. Therefore, we were interested to identify the precursor of FFT in raw
coffee and to get an insight into the formation of FFT during roasting.

Ground raw coffee was roasted in an autoclave. The formed FFT was determined by a
stable isotope dilution assay. A comparison of exp. nos. 1 and 2 in Table 2 indicates that the
amount of FFT increased 7fold when air was replaced by argon in the autoclave used for the
roast process. An increase of the pressure by a factor of 19 did not affect the production of FFT
in exp. no. 3. Due to these results roasting was performed in the following experiments after
replacement of air by 0.1 MPa argon. Shortage of the sulfur source had limited the production
of FFT in exp. nos. 2 and 3. Consequently, addition of cysteine in exp. no. 4 enhanced the
amount of FFT strongly.
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Table 9. Formation of 2-furfurylthiol (FFT) during roasting of ground raw Arabica coffee®

No. Roast conditions FFET (ug/kg)
1 Air 118
2 Argon (0.1 MPa) 870
3 Argon (1.9 MPa) 820
4 Addition of cysteine (100 mg)/ argon (0.1 MPa) 9220

? The material (5 g) was heated in an autoclave for 2 h at 200°C.

Table 10. Liberation of bound thiols from roasted coffee

Compound with DTE? without DTE® Increase
Amount (ug/kg)

2-Furfurylthiol 1328 414 914

3-Methyl-2-butenthiol 16 4 12

3-Mercapto-3-methyibutanol 1343 543 800

3-Mercapto-3-methylbutyl formate 39 26 13

Methanethiol 1920 610 1310

2 After roasting and extraction with CH.Cl, the sample was treated at pH 7.5 with dithiothreitol (DTE).
> Control experiment.

The experiments summarized in Table 10 indicate that after roasting a portion of FFT and
of other thiols are bound to coffee components. After roasting, the coffee sample was extracted
with methylenechloride to remove the volatiles. Then the coffee sample was divided. One half
was treated with dithiothreitol (DTE) dissolved in a phosphate buffer (pH 7.5), and the other half
only with the buffer. Quantification indicated that higher amounts of the thiols were found after
treatment of the roasted coffee sample with DTE. in the case of FFT the increase against
control amounted to more than 200 %. As the reagent DTE cleaves disulfide bonds we suggest
that FFT and the other thiols listed in the table are linked via these bonds to cysteine and
cysteine containing peptides and proteins occurring in roasted coffee.

Now to the experiments showing the precursors of FFT. Raw coffee was fractionated and
after hydrolysis the monosaccharide composition of each fraction was gas chromatographically
determined. As shown in Table 11 under no. 2 for the defatted material, arabinose was the only
pentose of which considerable amounts occur in raw coffee. This result is in agreement with
those reported by Thaler (1979). Galactose, mannose and glucose are found in the hexose
fraction given as sum in Table 11. In addition, the concentration of free cysteine was
determined in some fractions. A comparison of exp. nos. 1 and 2 shows that the yield of FFT
was lowered when the raw material was defatted before roasting. The defatted raw coffee was
separated in a water-soluble and in an insoluble fraction. Roasting of the water-soluble fraction
(exp. no. 3) yielded 7 times more FFT than roasting of the water insoluble one (exp. no. 4).
However, the sum of FFT resulting from the two fractions (93 ug/kg) was much lower than the
amount obtained from raw coffee (exp. no. 2). The main reason for this decrease in the
generation of FFT was the separation of cysteine which was completely extracted with water
from the major portion of arabinose which remained in the water-insoluble fraction. This
suggestion was confirmed in exp. no. 5, as the amount of FFT increased strongly when the
water-insoluble fraction was roasted after addition of cysteine.

The importance of arabinose as precursor of FFT was shown after separation of the water-
soluble fraction by ultrafiltration since roasting of the permeate (exp. no. 6), in contrast to the
retentate, yielded FFT due to the lack of arabinose. The finding that only the pentose but not
the hexoses occurring in raw coffee was active as precursor of FFT was in agreement with the
results of Hofmann and Schieberle (1997).
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Table 11. Formation of 2-furfurylthiol (FFT) during roasting of raw coffee and its fractions

No.  Sampleffraction (yield) Cys® Arab® Hex"*® FFT
Amount (g/kg) (ug/kg)
1 Ground raw coffee (100 %) n.a. n.a. n.a. 689
2 No. 1, defatted (88 %) n.a. 40 327 477
3 Water-solubles of no. 2 (29 %) 0.6 11 174 81
4 Water-insolubles of no. 2 (59 %) <0.01 61 401 12
5 Water-insolubles of no. 2 plus cystelne 581
6 Permeate (M <1o3) of no. 3 (8 %) 0.41 <2 169 0
7 Retentate (M >10° ) of no. 3 (21 %) 0.46 25 138 121

? Free cysteine (Cys).

Monosaccharides arabinose (Arab) and hexoses (Hex) after hydrolysis.
Sum of galactose, glucose and mannose.
Cysteine (0.1 g) was mixed with no. 4 (5 g) and then roasted. n.a., not analyzed.

Table 12. Effect of water and acid pH on the formation of FFT

Exp. Reaction system® FFT (ug)
1 Arabinogalactan (from coffee, 2.5 g) 9.6
2 As exp. 1 plus 10 % water 11.2
3 As exp. 1 plus 10% phosphate buffer (0.5 mol/L, pH 5.3) 16.1

2 After addition of cysteine (2.5 g) the reaction system was roasted at 200°C for 1 h.

The major portion of arabinose occurring in raw coffee has been identified by Bradbury and
Halliday (1987) as building block of polysaccharides. To study bound arabinose as precursor of
FFT an arabinogalactan was isolated from raw coffee (Bradbury et al., 1990) and then roasted
in the presence of an excess of cysteine. Exp. no. 1 in Table 12 indicates bound arabinose as
precursor of FFT. In exp. no. 1 a dry reaction system was roasted. However, raw coffee
contains approximately 10% water and, due to the presence of acids, the pH lies in the range of
5. In comparison to the dry reaction system addition of 10% water to the arabinogalactan from
coffee increased the production of FFT by 17% (exp. no. 2 in Table 12). A greater effect was
caused when the pH was lowered to 5.3 by the addition of a phosphate buffer. The increase
amounted to 68 % (exp. no. 3). A partial hydrolysis of the polysaccharide with formation of free
arabinose might be the cause for this effect.

6 Conclusions

The key odorants of roasted coffee were verified by sensory experiments which based on
the results obtained by a combination of instrumental with sensorial, analytical methods. These
compounds could be useful as indicators for the assessment of the coffee quality in
dependence, e.g. of the provenance, roast process and storage conditions.

The roasty-sulfurous smelling 2-furfurylthiol (FFT) is undoubtedly confirmed as the
outstanding odorant of coffee. During roasting it is formed by reactions of cysteine with
arabinose which is released from the polysaccharides in coffee. Substantial amounts of 2-
furfurylthiol and of other thiols are linked by disulfide bonds to components of roasted coffee.
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Summary

An aroma model very close to the aroma profile of a sample of medium roasted Arabica
coffee from Colombia was developed by using 27 odorants which had been both screened in
preceding dilution experiments and quantified. Omission experiments indicated 2-furfurylthiol
(FFT) as the outstanding odorant of roasted coffee. In addition, 4-vinylguaiacol, several
alkylpyrazines, furanones, acetaldehyde, propanal and the malty smelling Strecker aldehydes
are all responsible for the unique flavor of roasted coffee. FFT and the above mentioned
odorants mask the peasy odor of 2-isobutyl-3-methoxypyrazine which originates from the raw
material and is stable during roasting. The release of important odorants during open storage of
ground coffee was also determined, e.g. the losses of methanethiol and acetaldehyde within 15
min amount to 43% and 39%, respectively. In contrast, only 1% of the low volatile furanones
evaporate within 30 min. Model experiments indicated that in the roasting process FFT is
produced by reactions of cysteine with arabinose which originates from polysaccharides. Bound
thiols including FFT were liberated from roasted coffee by a treatment with dithiothreitol. This
suggests that they are linked by disulfide bonds to cysteine and cysteine containing peptides
and proteins.
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Evolution of Coffee Aroma Characteristics during Roasting

GRETSCH C., SARRAZIN C,, LIARDON R.

Nestlé Product Technology Centre Orbe, 1350 Orbe, Switzerland

Introduction

Roast coffee aroma is a subtle mixture of more than 800 components, from which a restricted
number of components (< 10%) are perceivable using GC-Olfaction (GC-O) on typical aroma
extracts. These compounds cover a broad range of odours. Some of them have an odour
reminiscent of roasty and coffee character, but do not deliver plain coffee aroma only by
themselves.

The knowledge of major coffee aroma impact compounds contributing to coffee odour has
significantly progressed during the last decade. The use of GC-O combined with dilution
techniques brought to the fore strong odorous compounds, and their concentrations in coffee
were measured precisely using Isotope Dilutions Assay. O.Vitzthum et al." and W.Grosch et
al.>*° have thoroughly described roast coffee key aromas. Reformulation studies were published
by W.Grosch et al. for brews” (23 compounds) and more recently for roasted coffee powders®'’

(27 compounds).
Only sparse information is available on the evolution of odorous volatiles during roasting and
their impact on the overall aroma characteristics. Compounds having the most impact on green

coffee aroma were assessed by H.Steinhart et al."", and the levels of some volatile compounds
or classes of compounds were measured for various roasting levels by R.Silwar et al.’?, and

respectively Y.Kawakami et al." and L.Hashim et al.™*.

The purpose of this study was to correlate global aroma quality of ground coffee with the relative
composition of its odorous components, for various roast levels ranging from green coffee to

dark roast.

ASIC, 18° colloque, Helsinki, 1999 27



Materials and Methods

Coffee: Coffee beans (500 g, Colombia) were roasted with a Neotec roaster at a constant
temperature (230°C). Different roast levels were produced according to the length of roasting
time (1, 2, 4, 6 and 9 minutes). Roasted coffee samples were characterised by L-values
between 52 and 14. The coffee beans were stored in evacuated sachets (100 g) at -80°C, and

ground just before use.

Sensory evaluation: An internal Eanel composed of 15 people was trained to memorise the
forty-five “Champ des Odeurs®" references individually. Assessors then worked on mixed
solutions of the reference molecules in order to improve their accuracy for olfactive evaluation
and finally on complex food products as a test of the method. A further training specific for coffee
revealed that certain notes present in coffee could not be described by the basic set of
references. Therefore nine further references (to cover amine, sulphur, pyrogenic and woody
notes) were added. At the same time, performance tests were done regularly on the learnt
molecules. Training took a total of 40 hours.

From the 54 references, assessors eliminated those which did not correspond to notes present
in coffee. 26 references were retained. The Colombia samples were evaluated three times. At
each session, assessors were presented with 2 brown flasks containing 20g of freshly ground
coffee, in a monadic presentation. The assessors rated the 26 references according to their
intensity on an unstructured scale of 10 cm with 0 (no value of the reference) at the left and 10
(maximum value of the reference) at the right. The data acquisition and statistical treatments
were performed with FIZZ software (Biosystemes, Coutermon, France).

Aroma isolation: Volatile aroma from coffee samples was recovered by vacuum steam
stripping with water. 50g of ground coffee were placed in a 250 mi round bottom flask. 35 g of
sodium chloride were dissolved in 100 ml of water, added to the coffee and mixed. The flask
containing the mixture was frozen with liquid nitrogen for 20 minutes and then connected to the
vacuum stripping apparatus (0.5x10° Pa). The stripping was run for four hours at room
temperature followed by two hours at 50°C. The distillate was condensed in two cold traps
cooled with liquid nitrogen. Then it was successively extracted with three portions of methylene
chloride (3x 33 ml). The aromatic extracts were pooled, dried over anhydrous sodium sulphate
and then concentrated to 1 mi in a Kuderna-Danish apparatus. The representativeness of coffee
aroma extracts was verified for different roast levels. The aromas from extracts and
corresponding R&G were compared using similarity tests.

Aroma analysis: Odorous compounds were located by the CHARM method, then identified and
gquantified by mass-spectrometry. In both cases, compounds were eluted on a polar column
(FFAP from Machery-Nagel).

CHARM analyses (GC-O) were performed with a chromatograph HRCG MEGA CE equipped
with a Combi PAL autosampler (CTC) and 3 detectors in parallel: FID, FPD and GC-O. Each
extract was evaluated at each dilution by 3 trained assessors, until no odour was perceived
(dilution step =3).

Mass specfrometry analyses (GC-MS) were performed with a quadrupole Fisons MDB800
coupled with a GC 8000 equipped with an A200S autosampler (CTC). Quantification was done
according to an internal standard added to the concentrated extract.

Results

The sensory profiles of the different coffees were analysed statistically. Results of the PCA are
shown in Figure 1. The first factorial plan of the principal component analysis represents 78% of
the initial variability. The Columbia coffee samples were coded as A. Similarly, roasting levels
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were coded as: 0 for the green coffee, 1 and 2 for the light roast, 4 and 6 for medium roast and 9
for dark roast (these codes refer to minutes of roasting time).

A good agreement between the assessors was found for describing the odour of ground coffees
ranging from green to over-roast levels. Out of the 26 references (see Table 1), 16 were
characterised as relevant to describing the coffee samples (variance analysis).

The following evolution was observed during roasting. The green coffee was described by fatty,
green, lactone and terpenic descriptors. During roasting, sweet notes, pyrogenic sulphurous and
finally amino odours were developed. The green coffee (A¢) was characterised by methional (CO
12), [-caryophyllen (CO 17), ethyl isobutyrate (CO 20), cis-3-hexenol (CO 23) and 2,6-(E,Z)-
nonadienal (CO 47. The light roast coffee (A; and Az) samples were described by coumarine (CO
2) followed by acetylpyrazine (CO 26) and ethylmaltol (CO 30). The contribution of the green coffee

descriptors was still significant.

CO No. Molecule CO No. Molecule

1 nonanal 29 vanillin Table 1

2 5oumari§1el 30 eth lml;ltol .

3 ~octen-3-0 31 isobutylquinoleine .

9  butyric acid 32 diacetyl List of sensory des-
12 methional 43 isobuiylamine criptors used for the
13 isoborneol 46 acetic acid study. Descriptors 1 to
14 phenol 47 2,4(E,Z)-nonadienal 43 belong to the
17 PBcaryophyllen 48 furaneol “Champ des Odeurs®”
18 dimethyldisulphide | 49 2-isopropyl-3-methoxypyrazine p aes Uaeurs
20 ethyl isobutyrate 51 2-ethoxythiazole from J-N. Jaubert.

23 cis-3-hexenol 52 ethyl-3-furfurylthiopropionate

24 evernyl 53 4-methyl-4-mercaptopentan-3-one

26 acetylpyrazine 54 2-acetythiazole

P. C. A. : Products & Descriptors

AO 5
. " Fiqure 1
2047 A = 145§6 Principal component analysis
23¢ \* A, | o118 24 showing the position of the
s | 2 ’ﬂ i ground Columbia coffees (A)
@ +H \T } . g at different roast levels (green,
a 1 A A, u 43 1 to 9 minutes roasting), and
u 2 the associated  significant
m o / sensory descriptors (axes 1
m [T and 2).
2¢ ¢ 30
* 2
53%

Medium roast sample (As) was mainly characterised by furaneol (CO 48). For darker roast (As
and Ag), the references used to profile the coffee samples were phenol (CO 14), dimethylsulphide
(CO 18), evernyl (CO 24), isobutylamine (CO 43), acelic acid (CO 46), 2-ethoxythiazole (CO 51) and
ethyl-3-furfurylthiopropionate (CO 52).
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The aroma recovered in the organic extracts of the 6 Colombia coffees was characterised
qualitatively and quantitatively. Fifty odorous zones were located by GC-O at various dilutions
and further characterised by a CHARM value. In addition, 176 compounds were identified and
quantified by GC-MS. The evolution of odorous compounds during roasting was compared with
that of sensory descriptors presenting similar notes (green, earthy/mouldy, fruity, sweet/buttery,
roasty/nutty, sulphurous, smoky/spicy and acidic/pungent). Some examples are presented in the
Figures 2 to 4 and discussed below.

Green and earthy sensory notes are important descriptors of green coffee. The intensity of some
of them decreases during roasting (CO 12, 17, 23), or remains constant such as CO 49. Associated
aroma compounds are either not affected by the roasting, as for example 2-isobutyl-3-
methoxypyrazine and methional, or in some cases even increase during roasting e.g. 2,3-
diethyl-5-methylpyrazine (see Figure 2). The masking effects from other potent aromas
generated during roasting probably decreases the sensory perception of some of the green and
earthy notes in overall aroma of roasted coffees.

ie?sory Intensity ppm/R&G (GC-MS)

CO descriptors corresponding to 0.3 -
4 “green notes” ) 2-isobutyl-
3-methoxypyrazine

3 7 ~ Cis-3-hexenol (CO 23) 0.2

. . CHARM,., 5500 / OAV,,,, 26000
2-isopropyl-3-methoxypyrazine (CO 49)

0 T T T T T T T T —1 0 j\. S— - - . . . . —
0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
Roasting time [min] Roasting time [min]
Sensory Intensi
g i ty ppm/R&G (GC-MS)
CO descriptors corresponding to 1.5
4 Cearthy notor " 12,3-diethyl-5-methylpyrazine
3] 4 | CHARM,,, 250/ OAV,y,, 5700
2 methional (CO 12)
¥ 0.5 | methional
b- hyllen (CO 1 )
1 ]\caryop vilen ( 7 JCHAR %ax 1200 / OAV, . 1100
e
o T T T T T T T T T — o / T T ] T T T —
o 1 2 3 4 5 6 7 8 9 01 2 3 4 5 6 7 8 9
Roasting time [min] Roasting time [min]

Figure2  Evolution of sensory descripfors and volatile compounds presenting
similar odours. Top: green notes, bottom: earthy notes
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Sweet notes of overall aroma present a maximum of sensory intensity at the early stage of
roasting (light roast 1-2 minutes). Then their contribution decreases in darker roasts (4,6 and 9
minutes), as shown in Figure 3 (CO 2). Most of the volatile compounds characterised by sweet
odours present also a maximum of concentration, but this maximum is shifted towards medium
roast levels (4-6 minutes). Some other compounds e.g. damascenone increase slightly during
roasting. The shift in the maximum between sensory intensity and concentration curves suggests
that sweet notes are partly masked by other potent odours in roasted samples.

Figure 3 also shows the patterns observed for "roasty” notes. Some sensory descriptors present
a maximum of intensity at early stages of roasting (2 minutes, CO 26), others increase in
perception and then level off in higher roasted samples (CO 48). The concentration of some
compounds characterised by roasty odours increases during roasting e.g. trimethylpyrazine and
2-ethyl-3,5-dimethylpyrazine, or others level off after 6 minutes (2,5 and 2,6-dimethylpyrazine).
None of them present a maximum of concentration at early stages of roasting. These results
suggest that the evolution of roasty notes is partly correlated with that of roasty-smelling

compounds.

Sensory Intensi
S i ty ppmM/R&G (GC-MS)
CO descriptors corresponding to 20 - 2,3-pentanedione
4 1 “sweet notes” ’
CHARM, ., 230/

15 1 oAv,,, 630

Coumarine (CO 2} 10 4
p-damascenone
CHARM, .. 20/
OAV,,, 400000
0 . . r r o —f— — T T Lo T il

0o 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9

Roasting time [min] Roasting time [min]
Sensory Intensit
y ¥ PPM/R&G (GC-MS)
5 ~
CO descriptors corresponding to - .
“‘r’oas ty note s’f, g 10 - trimethylpyrazine
4 CHARMmax 300 /
s | ac Furaneol(CO48) 8- OAVimax 230
6 4
2 2-ethyl-3,5-
4 - dimethylpyrazine
1 2 ] CHARMmax 2900 /
Acetylpyrazine (CO 26) OAVmax 7050
o T T T L T T T T ™ 1 0 T T T T T T T T 1

0o 1 2 3 4 5 6 7 8 9 01 2 3 4 5 6 7 8 9
Roasting time [min]) Roasting time [min]

Figure 3  Evolution of sensory descriptors and volatile compounds presenting
similar odours. Top: sweet notes, bottom: roasty notes
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The perception of sulphurous notes increases significantly between 1 and 9 minute's roasting as
shown in Figure 4 (CO 18, CO 52). The concentration of associated compounds also shows a
steep increase up to 9 minutes (furfurylmercaptan), or up to 6 minutes (dimethyltrisuifide).

The perception of smoky notes increases regularly during roasting (Figure 4, CO 14, CO 24) and
is well correlated with the increasing concentration of associated compounds such as guaiacol.

Sulphurous and smoky compounds are well correlated with sensory perception, and certainly
contribute to the decreased perception of sweet, green and earthy notes in roasted samples.

Sensory Intensity ppm/R&G (GC-MS)
5 - CO descriptors corresponding to 1.5 - furfurylmercaptan
“sulphurous notes” CHARM,,,, 3500 / OAV,,,, 6900
4 B o \
ethyl-3-furfuryl 1 4 dimethyltrisulfide
3 1 thiopropionate
(CO 52) CHARM,,,,, 200/

2. / OAV,,,, 94000

0.5 -
14 Dimethyl-disulfide (CO 18)
0 T T T T T T L T T — 0 T 1 T T T T T L

0 1 2 3 4 5 6 7 8 9 0 1 2 3 4 58 6 7 8 9
Roasting time [min] Roasting time [min]
Sensory Intensity ppm/R&G (GC-MS)
5 1 8 -
CO descriptors corresponding to guaiacol
4 - “smoky notes” 6 - ~~
3 CHARM, 250/
OAV,, 2900
phenol (CO 14) 44 e
2 ( ~
1 2
evernyl (CO 24)
o T T T T T T T T 1 o ¥ T T T T T T T 1
o 1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 7 8 9
Roasting time [min] Roasting time [min]

Figure 4: Evolution of sensory descriptors and volatile compounds presenting
similar odours. Top: sulphurous notes, botfom: smoky notes
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Conclusion

The evolution of odorous aroma compounds during roasting was compared with the evolution of
associated sensory descriptors. A correlation between concentration and sensory note
intensities was not observed for all compounds. Strong odorants formed in the later stage of
roasting tend to mask the sweet, green, earthy and even some roasty notes, despite the
presence of associated compounds in roasted coffees. Such interactions need to be taken into
account when trying to assess coffee aroma quality by analytical techniques.

Summary
The purpose of this study was to correlate the global aroma of ground coffee (Columbia) with the

relative composition of its odorous components at various roast levels, ranging from green to over-
roasted coffee. Roast levels were chosen to produce distinct aromas (roasting at constant temperature,
from 1 to 9 minutes). The aroma of the various coffees was characterised by sensory profiling using the
“Champ des Odeurs” approach. Volatile compounds were recovered by steam vacuum distillation,
followed by solvent extraction and concentration. The odour representativeness of the extracts was
checked by sensory similitude tests. Odorous compounds were characterised by GC-O (CHARM
technique) and identified and quantified by mass spectrometry.

A good agreement between the assessors was found for describing the odour of various ground
coffees. Out of the 26 descriptors, 16 were characterised as relevant to differentiate the coffee
samples. Fatty, green, lactone and terpenic notes were representative of the green coffee. During
roasting, sweet notes, pyrogenic sulphurous and finally amino odours were developed. The evolution of
the sensory intensities was compared to the generation of volatile compounds presenting similar
odorous characteristics. Green and earthy notes in the overall aroma of roasted coffees were equal or
lower in intensity as compared to their level in green coffee while the concentration of associated
volatile compounds remained unchanged or increased during roasting. Most of the sweet notes
presented a maximum of intensity for both the sensory assessment and concentrations of associated
compounds. However the concentration maximum occurred at higher roast levels (4-6 minutes for
concentration maximum, 1-2 minutes for sensory maximum). The evolution of roasty notes was found to
be partly correlated with that of roasty-smelling compounds. Sulphurous and smoky notes were better
correlated with associated compounds, and are certainly at least partially responsible for the masking
effect in the perception of sweet, green and earthy notes of roasted samples.

Résumé
Le but de cette étude était de corréler la perception sensorielle de I'ardme de café moulu pur Colombie,

avec la composition relative des composés odorants de l'ardome, et ceci pour différents degrés de
rotissage, partant du café vert jusqu'au café trés roti. Les degrés de torréfaction ont été sélectionnés
de fagon a produire des ardmes distincts (rotissage a température constante, de 1 a 9 minutes).
L'ardme des cafés a été décrit selon une approche adaptée du Champ des Odeurs®. Les composés
volatils ont été isolés par distillation & la vapeur sous vide, extraits et concentrés. La représentativité
odorante des extraits a été vérifiée par des test de similitude. Les composés odorants ont été localisés
par GC-0O, caractérisés par des valeurs CHARM, identifiés et quantifiés par spectrométrie de masse.

Un trés bon accord a été observé entre les membres du jury pour la description sensorielle des cafés.
Parmi les 26 descripteurs retenus pour ['étude, 16 étaient significatifs pour différencier les cafés. Le
café vert est décrit par des notes grasses, vertes, lactones et terpéniques. Au cours du rotissage,
apparaissent successivement des notes douces, pyrogénées, sulfurées et finalement aminées.
L'évolutions de l'intensité des notes sensorielles a été comparée a celle de la concentration des
composés volatils de I'ardbme présentant des odeurs similaires. Par rapport au café vert, les notes
sensorielles vertes et terreuses ont une intensité constante ou plus faible dans les cafés rotis. Si
certains composés volatils présentant les mémes notes ne subissent pas de variation de concentration
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au cours du rotissage, d'autres voient leur concentration augmenter dans les cafés rotis. La plupart des
notes douces présentent un maximum d'intensité sensorielle et de concentration. Cependant le
maximum de concentration est déplacé vers les degrés de rotissage plus foncés. Il apparait entre 4 et
6 minutes, alors que le maximum sensoriel est situé entre 1 et 2 minutes. L'évolution des notes roties
est partiellement corrélée avec celle des composés odorant associés. Les notes soufrées et fumées
sont mieux corrélées avec les I'évolutions des composés volatils correspondants, et sont certainement
responsables d'effets de masquage quant & la perception des notes vertes, terreuse et douces dans

les cafés rotis.
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Differences in Chemical Composition of electronically sorted
Green Coffee Beans
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Introduction:

The quality of the coffee beverage is detemined to a very high extent by its aroma and flavor.
These in turn can be influenced already at the green coffee level by a variety of factors like
botanical variety, soil, green coffee processing, defects caused by insects and microorganisms
and also the conditioning of green coffee. Some important parameters in the coffee producing
country are the roasting process, packaging, beverage preparation and also staling of the
finished product.

Since the aroma of coffee plays such a big role, much effort has been put into identifying the
compounds that are responsible for the good flavor of this beverage. While the quest for the
key flavor compounds in coffee could not yet be answered in a satisfactory way in complete
detail, many of the less desirable compounds in coffee could be clearly identified. And the
first criterium for quality of course is the absence of those compounds.

Examples for these types of “off-flavor” compounds are methoxyisopropylpyrazine (Becker
et al., 1987) which was found to be the culprit for a “peasy” note in certain coffees from
Ruanda, 2,4,6-trichloroanisol (Spadone et al., 1987), responsible for the medicinal, musty
note in socalled “rio” coffee. Methylisoborneol (Vitzthum et al., 1990) has been found to be
the main contributor to the typical “earthy” note 