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“A Spirit of adventure is clearly evident in the efforts of the pioneers.  Braving the malarian
jungle, these hardy men doggedly worked the land, crafting beautiful and productive estates
out of pristine forests.  It was enterprise in the best sense, laving a legacy for later
generations to build on”
-  Planting Times

THE COFFEE BOARD

The onset of the second world war brought in a fresh set of problems in terms of price
fluctuation and exodus of managers as also passing of British owned properties to Indian
hands. It was during this time that the Coffee Act was passed in 1942 which created the
Coffee Board and mandated the transfer of marketing from private hands to a central
authority. The pool marketing system, which was well set by 1950, was in force for almost 50
years and for the most part, ran in tandem with the  global quota system till 1989. Yet another
tectonic shift came with the winds of liberalization and reforms that swept various arenas in
the early 90s. The demands from growers to free themselves from the pool marketing system
was acceded to and over a phased transition period, pooling was given up and  there was a
return to private marketing. Today, coffee growers are free to grow and market their coffee
without any constraints  but subject to the regulatory provisions imposed by the Coffee Act
and other relevant statutes of the  State and Central Government.

The Coffee Board which has been the  backbone of institutional support to the industry had
necessarily to reinvent itself for a new role as a facilitator, supporting industry through several
activities such as research, extension, development, external and internal promotion, quality
upgradation, market intelligence and labour welfare.

COFFEE FACTS

Let me place before you now, the latest and relevant coffee facts of India which may perhaps
be well known to most of you. With a total plantation area of 0.34 million hectares, mostly
under small holdings which comprise about 98% of total holdings, India produces some 5
million bags of coffee which is around 4.45% of the global production. More than 75% of the
coffee produced in India is exported and this accounts for about 5% of the global exports. The
export earnings which rose to over US $400 million  in the year 1999-2000 have fallen
drastically to around US $ 270 million with the historical low coffee prices that have
prevailed in the last 4-5 years.

While coffee may not occupy significant position in terms of total value of agricultural output
or exports, it accounts for a significant share of crop area at the state and district level. For
example 60% of crop areas in Coorg district is under coffee. It is indeed the engine for
development in these regions in terms of supporting the entire social and economic
development in some of the most backward areas.  The fact that it is also grown on the slopes
of western ghats which is one of the most ecologically fragile regions has environmental
implications in terms of helping to preserve the microclimate  of these regions and preventing
losses due to environmental degradation that would have otherwise occurred. Indeed the
prices were good for coffee, the per capita income for workers in coffee farms was higher
compared to other sectors. The fact that a significant number of workers are women may
explain  why coffee growing districts in Karnataka State (the largest coffee growing state in
the country) recorded a higher ranking in terms of both the human development index and the
gender development index, when a survey was undertaken some years ago.
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Almost all of Indian coffee is grown at altitudes above 1000 mts nurtured by rich soil,
mountain streams and filtered sunlight. Eco friendly cultivation techniques are employed and
we are proud of the fact that all of our coffees are shade grown, hand picked and sun dried.

There are however challenges which manifest themselves in terms of diverse climatic regimes
across our coffee growing regions. Apart from a long drought  period of upto 150 days, there
are high variations between the maximum and minimum temperatures (during the growing
season) compared to other coffee growing regions of the world, where distribution of rainfall
is more even and temperature varies within a closer range. Apart from this, growing coffee
under the shade which is a technological necessity, has several advantages as well as
constraints. The technology requirements for coffee cultivation in India therefore have to be
customized to suit agro-climatic conditions across different regions, in the country, and coffee
research in India has to deal with several location specific problems.

India with its geographically distinct coffee areas and wide varieties of plant strains
developed over the years offers enormous potential for the growth and development of a wide
variety of special and specialty coffees. Some regions with high elevation are highly suited
for growing Arabica coffee while those with warmer and relatively humid conditions are
more suited for robustas. The varieties of arabicas and robustas developed in India have
distinct and discernible quality features in the cup when grown under different agro climatic
conditions. Bearing these facts in mind the Board has embarked on a major initiative of
demarcating coffee growing areas into distinct and identifiable regions. The objective is to
project these regions based on geographical distinctiveness and agro-climatic conditions and
local cultural traditions which enable the branding of these coffees and encourage the growers
within these regions to develop estate brands. 13 regions have been carved out on this basis
and their attractive brand identities or logos are displayed for your view. We also have brand
identities for our 3 specialty coffees which are well known in gourmet circles.

COFFEE RESEARCH

Coffee, as a crop, has a strong research foundation in India with its origins going back to the
opening of Mysore Coffee Experiment Station in 1925. This was merged with Coffee Board
during 1946 which later expanded as the Central  Coffee Research Institute during 1962. The
Central Coffee Research Institute has a large body of trained scientific and technical
manpower and has rendered yeoman service to the industry for over 75 years. Our strengths
are a strong R&D base, adequate genetic resources for exploitation, trained scientific &
technical man power  and network to  address zonal specific problems.

Some of the important research milestones are release of 15 high yielding disease tolerant and
widely adaptable strains for cultivation; development of sound agro-techniques for shade
grown coffee; formulation of Eco-friendly IPM & IDM strategies and appropriate on farm
and off farm processing methods for product quality.

THE GLOBAL COFFEE CRISIS

I now turn to the global crisis in coffee about which Mr. Osorio has already given an
illuminating exposition. In this contest, I recall an important observation  in the recent World
Bank Study entitled - “Coffee Markets – New paradigms in global supply and demand”
which states “The history of coffee prices can be regarded as a series of shocks that some
times introduced a new paradigm shift.  The current shifts are among the most substantial
ever experienced”.
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Coffee producers are enduring a profound economic  and humanitarian crisis. The coffee
prices have been at historical lows and below production cost in many producing countries.
We are aware that the present crisis is due to the problem of structural over production and a
systemic shift  in cost structure. The crisis has brought forth paradigm shifts in demand and
supply. While global supply is getting more concentrated in few origins the technological
innovations in roasting has resulted in enormous flexibility for roasters. Apart from
competitiveness in growing costs, the logistics efficiencies that are required in the supply
chain today have influenced supply patterns where some origins are able to compete to more
effectively.

On the demand side, the potential for growth in newly emerging markets and producing
countries is a silver lining – we witness also a proliferation of products reflecting changing
life styles/regional preferences. Today more than ever, the trends in consumer behaviour is an
important  factor that even producing origins will have to tract in order to tailor their product
mix  and highlight their relative strengths to gain competitive advantage. Above all there is a
growing market for differentiated coffees and here I refer to organic, eco-friendly and fair
trade coffees all of which get grouped under the umbrella term “sustainable coffees”. Then
there are the gourmet and specialty coffees. Collectively this segment of the market has
shown enormous potential for growth with the promise of higher prices than average for the
producer. While mainstream coffees still constitute more than 90% of the total coffee market,
no producing origin today can afford to ignore the differentiated coffee market.

I would like to also refer to other significant/concurrent developments that are bound to
influence demand and supply. These relate to policy and regulatory environment, business
environment and consumer environment which will have significant impact on agricultural
policy and programmes in developing countries and not in the least, in coffee. The policy and
regulatory environment is influenced by the Multilateral/regional trade agreements,
agricultural subsidies in developed countries emerging and the government requirements such
as the US Bio-terrorism law, EU Standards for  contaminants, pesticide residues, Japanese
agricultural standards etc. The Business Environment has seen among others increasing firm
consolidation and the emergence of new competitive standards. Finally the consumer
environment is being influenced by the rising consumer consciousness about the
social/ecological dimensions of human consumption patterns, the globalized consumer tastes
and the increased focus on health/diet.

What then is the outlook for coffee? While we know that coffee prices started recovering in
2003-04, there are indications that, it may continue to remain within a range that may leave
many producers unprofitable. The challenge therefore is to achieve an orderly balance where
prices will guarantee a return not only to efficient producers but to the average producers.

So what are the solutions? Broadly these have centered around increasing consumption,
increasing and encouraging the growth of differentiated coffees that fetch higher premiums
and promoting diversification.

INDIA’S RESPONSE TO THE CHALLENGES

In the last part of the presentation, I will outline India’s response to these challenges in the
global coffee arena. But first, a few words on the impact of the crisis in India. The
unremunerative prices over the last 4 years have resulted in growers not able to recover  the
cost of production, thereby impacting on maintenance of coffee farms. This has been further
exacerbated by the weather conditions particularly in the last two years, which has greatly
aggravated problems of pests and diseases and further affected coffee production. Apart from
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the economic impact, the humanitarian proportions of the crisis have been significant and
quite heart rending. While there have been no reported cases of abandonment of coffee farms,
labour employment has declined and families have suffered. More importantly, the financial
crisis had compelled the government and the banks to take emergent measures to reschedule
the debt of coffee growers.

And yet the growers have shown enormous resilience and fortitude. Adversity has been a
great education for us in terms of providing an opportunity to look at our strengths and
weaknesses and to reorient ourselves to face future challenges. These are predicated on
sustainable production technologies, quality upgradation, adding value to exports, expanding
the base for domestic consumption and finally, the empowering the coffee grower to be the
arbiter of his own destiny.

In terms of sustainable production technologies, the emphasis has  been on developing region
specific varieties and packages, reviving traditional farming practices like soil conservation,
water harvesting, composting, green manuring etc. and maximizing returns through
diversification within coffee farms with compatible cash crops & animal enterprises. We are,
in a nutshell, striving to live up to the concept of sustainable development propounded by
Mahatma Gandhi who said

“In my opinion, sustainable development is economic development based on ecological
principles like environmental harmony, economic efficiency, resource conservation, local self
reliance and equity with social justice”.

The R&D efforts are centered on marker assisted breeding especially for leaf rust and drought
tolerance, integrated soil health improvement, farming systems, eco-friendly pest and disease
management and quality and food safety aspects.

In this context, I would venture to say that it is perhaps the environmental challenge to
sustainability in coffee production that assumes enormous importance particularly in the
context of global warming. We know now that changes in climate have the potential for
influencing affecting distribution and quality of coffee and there is an urgency for
commissioning long term studies on changing weather patterns and identifying appropriate
measures that will ensure that production of coffee can internalize the shock of erratic weather
conditions.

The efforts on quality upgrading are beginning to bear fruit in terms of capacity building. We
have a Post Graduate Diploma course for quality management which aims to train graduates
on all aspects of coffee quality. Taking note of the potential of the growing specialty coffee
market, an annual cupping competition has been introduced which has enthused the growers
to improve quality. To encourage differentiated product development, guidelines for organic
and shade grown coffee are established and a sound infrastructure has been put in place for
monitoring of pesticide residues and also for dissemination of information on good
agricultural and good manufacturing practices.

Our market development efforts in external markets have been centered around a strategy
which concentrates on creating a unique image for Indian coffee, in ensuring a high impact at
international events and making communication and image building an experiential affair.  In
other words focus on differentiated strategies for different markets and experiential
communication and above all, a belief in ourselves has guided our efforts in recent years to
persuade the world to wake up to the exciting aroma of Indian coffee.
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The dynamics of the internal market are altogether different. Our efforts here are to
understand the market better by launching periodic consumption audits which track trends
and attitudes across different regions of our vast country. Two comprehensive market surveys
have been released in the last four years. Apart from this, capacity building has been given a
special thrust through our training programs on coffee blending, roasting, brewing. We have
also decided to address the health concerns in coffee by setting up of a task force following a
very successful seminar on Coffee and Health that specifically targeted the medical
community.

At the core of the industry is the individual coffee grower for whom the challenges and the
pitfalls of liberalization have been quite daunting. Our policy and programs have quite
naturally been directed to empower small growers. Apart from financial incentives for capital
investment in critical areas such as quality upgradation, water augmentation, replantation so
as to improve productivity and quality, Self-Help Groups are being propagated as a
mechanism for improving the community approach among growers to resolve problems and
also to help to develop greater bargaining power. Research and extension programmes are
centered on a participatory approach where the farmer, instead of being a mere user of
technology, is encouraged to be a provider of technology, and one who can monitor its impact
on his own farm from a total systems perspective. We have also taken steps to improve access
to market information through provision of infrastructure, and dissemination of market
reports. Finally, there the issue of price risk management, which we are addressing by
designing and developing appropriate market based tools. The thrust therefore is to make the
grower who is at the centre of coffee economy the arbiter of his own destiny rather than one
who is overcome by the sheer force of events.

 In conclusion our mission is:

•  To transform the coffee grower from a traditional agriculturist to a technologically
literate, quality conscious, self reliant, viable and dynamic entrepreneur.

•  To ensure that, India is recognized world wide as a reliable and distinctive origin of
quality coffee that meets a wide variety of consumer preferences at competitive prices.
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In 2003, the total value of exports of all forms of coffee was estimated at US$9.58 billion of
which UD$5.58 billion is attributable to exporting countries for total exports of 85.79 million
bags and US$4 billion to re-exports of 27.49 million bags by importing countries, showing
the effects of value added by processing. Again it should be recalled that exporting country
exports were valued at over 10 billion dollars annually in the 1980s.

Essentially the imbalance in the market was caused by excessive new planting of coffee in the
mid 1990s following a price rise caused by a frost in Brazilian coffee areas in 1994.
Subsequently Brazil has been able to maintain high levels of production with the help of a
continued depreciation of the local currency against the dollar while Vietnam’s production
has also increased substantially, mainly because production costs are very low as a result of
high yields arising from intensive care of coffee trees coupled with substantial use of
fertilizers.

The recent development of market fundamentals indicates a substantial reduction in world
production during the crop year 2003/04 as 100.69 million bags is recorded compared to
121.94  millions in  2002/03.    Production for the  crop year  2004/05  is estimated at a level
ranging between 112 and 114 million bags. For years ahead, I do not intend to engage in any
long term forecasts but there are indications that production for 2005/06 may be reduced as a
result of the Brazilian biannual cycle which is likely to record a substantial decrease in
production.

Nevertheless it is crucial to recognize that coffee producers have limited options and face a
highly imperfect market. Not only are growers constrained by their investment in a perennial
crop which takes at least three years before significant output is seen but ecological
conditions in coffee areas often restrict the possibility of finding alternatives. Where
alternative crops are technically feasible growers are often faced with barriers to market
access which further impede diversification.

A big concern is the demand side. World global consumption is estimated at 113.08 million
bags from calendar year 2003 including domestic consumption of 27.87 million bags and 85.1
million in importing countries. Nevertheless, despite the low level of world coffee prices and
a cut in retail prices in some importing countries, demand remains relatively stagnant and
consumption in traditional importing countries show signs of having reached saturation point.
Indeed, for the past ten yeas consumption per capita in many major importing countries has
decreased, noticeably in Austria, Denmark, Finland, France, Germany, The Netherlands,
Norway, Sweden, Switzerland, United Kingdom and the USA.

It is noticeable that many of these countries traditionally value mild arabicas in their blends
and evidence suggests that such coffees are being substituted in many cases by naturals and
robustas.

Since an increase in consumption continues to be one of the ways of helping to restore a
healthy balance between supply and demand, I have appealed to exporting countries to
implement programmes for promoting domestic consumption and to donor organizations to
finance market development projects to stimulate demand. This is very much a market
friendly strategy and I must confess to some disappointment with the response to date of my
appeals. However the European private sector is helping us in our Positively Coffee
programme   which  is  helping  to  disseminate  important  scientificevidence of the positive
effects of coffee consumption and we have recently commissioned an important study giving
practical guidelines to increase consumption in producing countries which we will
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disseminate shortly. Here it is worth remembering that domestic consumption not only helps
the overall market balance but increases producer awareness of consumer demands, provides
an alternative marketing outlet ad stimulates local small and medium enterprises.

So to researchers my message is straightforward: the priority is to concentrate on areas which
will encourage the long-term sustainability of coffee by improving quality, analysing positive
effects of consumption and reducing costs. In other words, work  which will increase value
not quantity.
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Coffee and Risk of Type 2 Diabetes

J. TUOMILEHTO, S. BIDEL, G. HU

Diabetes and Genetic Epidemiology Unit, Department of Epidemiology and Health
Promotion, National Public Health Institute, Helsinki, and Department of Public Health,

University of Helsinki, Mannerheimintie 166, 00300 Helsinki, Finland

SUMMARY

Data on coffee consumption and risk of development type 2 diabetes from diverse countries
have recently been published. These novel findings probably highlight the new dimensions of
coffee and its complex components other than caffeine.

INTRODUCTION

Coffee is one of the most consumed beverages in the world and Finns with 11.3 kg per capita
have the first place while the average in Europe is 5 kg. Probably it is some sort of antidote to
long, dark and cold winter. Most folk knowledge about coffee attributes the effects of coffee
to be synonymous with those of caffeine, even though the other, more abundant components
of coffee have not been extensively studied. In fact coffee is a complex compound of
potential nutriceuticals. Agricultural factors, roasting, blending, and brewing determine
coffee's chemical composition. Coffee is the major source of phenolic polymers, chlorogenic
acid (CGA) and also caffeine (Clifford, 2000). Phenolic compounds are known as
antioxidants in vitro and might reduce the risk of cardiovascular disease and other
degenerative diseases as well (Rice-Evans et al., 1996; Olthof et al., 1976). They may also
involve in different stage of glucose metabolism process. The most prevalent phenolic
compounds in food are hydroxycinnamic acids (Herrmann, 1976; Kuhnau, 1976), and a major
component of this class is caffeic acid, which occurs in food mainly as esters called
chlorogenic acids (Clifford, 2000) Although compounds with antioxidant properties (mainly
CGA) are lost during roasting of coffee beans (Parliament, 2000), the overall antioxidant
activities of coffee brews can be maintained or even enhanced, by the development of
compounds possessing antioxidant activity. Chlorogenic acid can also transform into quinides
that have been shown to enhance insulin action (Shearer et al., 2003).

Type 2 diabetes, formerly known as non-insulin-dependent diabetes (NIDDM), is the most
common form of diabetes and a major health problem associated with excess morbidity and
mortality and results in substantial health care costs. The total number of people with diabetes
is projected to rise from 171 million in 2000 to 366 million in 2030 (Wild et al., 2004). In
Europe their number will increase from approximately 16 million in1994 to 24 million in
2010 (Amos et al., 2001).

Type 2 diabetes is caused by complicated interplay of genes and environment. Genetic factors
play an important role in type 2 diabetes, but the pattern is complicated, since both
impairment of beta cell function and abnormal response to insulin are involved. Defective
genes that regulate a molecule called peroxisome proliferator-activated receptor gamma
(PPARγ) may contribute to type-2 diabetes in some patients. It regulates adipocyte
differentiation and lipid and glucose metabolism (Auwerx, 1999). First-degree relative with
the disease increases risk of developing diabetes. Large Finnish twin cohort study found that
the heritability of type 2 diabetes is 79% (Kaprio et al., 1992). Dramatic changes in the
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prevalence or incidence of type 2 diabetes have been observed in communities where there
have been major changes in the type of diet consumed, from a traditional indigenous diet to a
typical western diet, e.g. Pima Indians in Arizona, Micronesians in Nauru and Aborigines in
Australia (Bennett, 1999; Lako and Nguyen, 2001; Hetzel and Michael, 1987). Changing
disease rates are almost explained by changes in several dietary factors as well as by changes
in other lifestyle related factors (obesity and sedentary lifestyle). This may be particularly
important in triggering the genetic elements that cause this type of diabetes. Type 2 diabetes
is characterized by development of both microvascular and macrovascular complications.
These complications, accounts for most of the increased morbidity and mortality associated
with type 2 diabetes (Kannel and McGee, 1997; Fuller  et al., 1983; Manson et al., 1991;
Nathan, 1993; Stamler et al., 1993). The costs of diabetes care are mostly attributed to the
long term complications.

COFFEE CONSUMPTION AND RISK OF TYPE 2 DIABETES

The association of coffee consumption and the risk of type 2 diabetes were evaluated in a
population-based cohort of Dutch men and women (Van Dam and Feskens, 2002). They
reported that individuals who drank at least seven cups of coffee a day were less likely to
develop type 2 diabetes compared with those who drank two cups or fewer a day (Table 1).

Table 1. Relative risk of type 2 diabetes by volume of coffee consumption among
Dutch people.

Daily coffee consumption
≥ 2 cups
(n = 62)

3-4 cups
(n = 84)

5-6 cups
(n = 97)

≤ 7 cups
(n = 63)

P for
trend*

Case/100 000 person-
years

319 237 246 200

Relative risk adjusted for
age, sex, and town†

1.00 0.71
(0.51-0.99)

0.73
(0.53-1.01)

0.60
(0.43-0.86)

0.013

Further adjustment for
BMI and lifestyle‡

1.00 0.84
(0.60-1.17)

0.77
(0.55-1.06)

0.53
(0.37-0.76)

< 0.001

Further adjustment for
cardiovascular disease,
hypertension, and
hypercholesterolaemia§

1.00 0.79
(0.57-1.10)

0.73
(0.53-1.01)

0.50
(0.35-0.72)

< 0.001

*Values were obtained by modeling the median value of each category of coffee consumption
as a continuous variable.
†Doetinchem or Maastricht.
‡Also adjusted for education level (junior secondary school or less, secondary education,
vocational colleges or university), leisure time physical activity (low or higher), occupational
physical activity (low or higher), alcohol consumption (men: no, or ≤ 1, >1 to 3, >3
drinks/day; women: no, or ≤ 1, >1 to < 2, ≥ 2 drinks/day), and cigarette smoking (never, past,
current < 10 cigarettes/day, 10-19 cigarettes/day, ≥ 20 cigarettes/day).
§Further adjustment for history of cardiovascular disease (myocardial infarction, stroke,
survey for cardiovascular disease), known hypertension, and known hypercholesterolaemia.

Data from large U.S. cohorts of men and women showed an inverse association between
coffee intake and type 2 diabetes. Total caffeine intake from coffee and other sources was
associated with a statistically significantly lower risk for diabetes in both men and women
(Salazar-Martinez et al., 2004).
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In a Swedish cohort study they evaluated the long-term incidence of diabetes in relation to
coffee consumption by following a random population sample of 1361 women, aged 39-65
years. The same inverse association between coffee consumption and incidence of type 2
diabetes was achieved (Rosengren et al., 2004).

Also a Japanese study found that coffee intake or caffeine intake from coffee was inversely
associated with the prevalence of fasting hyperglycaemia (Table 2) (Isogawa et al., 2003).

Table 2. Risk of having prevalence of fasting hyperglycaemia (fasting plasma glucose ≥
6.1 mmol/l) according to caffeine intake and source among Japanese people*.

Odds ratio (95% CI) P value
Coffee intake (yes/no†) 0.61 (0.47-0.80) < 0.001
Caffeine from coffee (100 mg/day increase) 0.91 (0.86-0.96) 0.001
Green tea (Japanese tea) intake (yes/no) 0.83 (0.59-1.18) 0.277
Caffeine from green tea (100 mg/day increase) 1.00 (0.91-1.11) 0.946
Tea (black tea) intake (yes/no) 0.95 (0.73-1.25) 0.705
Caffeine from tea (100 mg/day increase) 0.97 (0.67-1.30) 0.839
Oolong tea (a Chinese tea) intake (yes/no) 1.06 (0.83-1.36) 0.621
Caffeine from oolong tea (100 mg/day increase) 1.08 (0.94-1.23) 0.269
Total caffeine intake (100 mg/day increase) 0.94 (0.89-0.99) 0.012
*Adjusted for age, sex, body mass index, and family history of diabetes.
† “no” means less than once a week.

Recently, we prospectively followed 6974 Finnish men and 7655 women of 35 to 64 years of
age (Tuomilehto et al., 2004). During a mean follow-up of 12 years, 381 incident cases of
Type 2 diabetes were found and an strong and graded inverse association between coffee
consumption and risk of development of type 2 diabetes was evidenced (Table 3).

Coffee consumption was not associated with incidence of type 2 diabetes in Pima Indians
(Saremi  et al., 2003) and another Finnish cohort studies (Reunanen et al., 2003). In Pima
Indian study the highest category of coffee consumption was only three or more cups of
coffee per day, also there was no control for possible factors of lifestyle that may have
covered an existing association. Indeed high coffee consumption tends to be related to
unhealthy lifestyle behavior (e.g smoking, excessive consumption of alcohol, a poorer diet,
and a sedentary lifestyle) in U.S. populations (Salazar-Martinez et al., 2004). Changing coffee
consumption habits in Finland during long follow-up period, and also higher consumption of
boiled instead of filtered coffee may be explained the lack of association in previous Finnish
study (Tuomilehto et al., 2004; Reunanen et al., 2003).

The association between coffee drinking and markers of glycemic control (glucose tolerance,
fasting glucose and insulin levels) has been not extensively studied, however in a cross
sectional analysis we found that coffee has positive effects on several markers of glycemic
control. We found that higher coffee consumption was associated with lower values of 2-hour
glucose and fasting insulin among non-diabetic subjects. Prevalence of impaired glucose
tolerance, impaired glucose regulation and hyperinsulinemia are lower in higher habitual
coffee consumers. However the results were different between men and women. Hormonal
differences, which may influence glucose metabolism process, could explain discrepancies in
results between sexes (data not shown). This study revealed that coffee may affect postload
glucose metabolism and it is rather important because in type 2 diabetes an abnormal rise in
blood sugar right after a meal (called postprandial hyperglycemia) is believed to be
particularly damaging to the body. Also Ärnlöv et al. who, investigated the association
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between coffee consumption and both insulin sensitivity and insulin secretion, found that both
coffee and tee consumption were related to improved insulin sensitivity (Arnlov et al., 2004).

Table 3. Relative risk of type 2 diabetes by volume of coffee consumption among
Finnish people.

Daily coffee consumption
≤ 2

cups
3-4 cups 5-6 cups 7-9 cups ≥ 10 cups

P for
trend

Men
No. of new case 41 48 67 28 19
Person-years 14191 20054 25704 11480 10426
Relative risk
adjusted for other
factors*

1.00 0.74
(0.48-1.14)

0.71
(0.47-1.10)

0.67
(0.40-1.14)

0.45
(0.25-0.81)

0.121

Women
No. of new case 46 68 48 13 3
Person-years 15821 30367 32036 10523 4980
Relative risk
adjusted for other
factors*

1.00 0.73
(0.50-1.08)

0.40
(0.26-0.63)

0.42
(0.22-0.79)

0.21
(0.06-0.70)

< 0.001

Men and women
combined†
No. of new case 87 116 115 41 22
Person-years 30112 50421 57740 22003 15406
Relative risk
adjusted for other
factors*

1.00 0.77
(0.57-1.03)

0.56
(0.41-0.75)

0.56
(0.38-0.83)

0.39
(0.24-0.65)

<0.001

*Adjusted for age, exam year, body mass index, systolic blood pressure, education,
occupational and leisure time physical activity, walking or cycling to and from work,
cigarette smoking, alcohol consumption, and tea consumption., †Also adjusted for sex

SUGGESTED MECHANISMS

Mechanism or mechanisms that explain association between coffee consumption and risk of
type 2 diabetes seems to be complex. Increased insulin resistance in peripheral tissues after
caffeine exposure has been reported (Keijzers et al., 2002). However, the thermogenic effect
of caffeine through upregulation of uncoupling protein family may overcome the energy
imbalance accompanied by unfavorable lifestyle and improve glucose homoeostasis
(Yoshioka et al., 1990; Kogure et al., 2002; Schrauwen et al., 2001; Bracco et al., 1995). It is
also well known that caffeine and theophylline are strong stimulants of pancreatic β-cells
(Tuomilehto  et al., 1990). In addition to the effects of caffeine, coffee contains many other
substances such as chlorogenic acid that may have metabolic effects on glucose metabolism.
For instance inhibition or retardation of the action of α-Glucosidase at the intestinal stage is
one of the possible mechanisms. α-Glucosidase, a membrane-bound enzyme located at the
epithelium of the small intestine catalyzes the cleavage of glucose from disaccharides (Hauri
et al., 1982; Matsui et al., 2001). The inhibition of this enzyme is an effective approach to
control hyperglycemia (Matsui et al., 2001), and such inhibitors are used at present in the
treatment and prophylaxis of type 2 diabetes, in particular for the control the postprandial
blood glucose levels (Toeller, 1994). In addition chlorogenic acid may inhibit glucose
transporters (Na+-dependent glucose transporter) at the same stage (Kobayashi et al., 2000).
Johnston KL et al suggested that chlorogenic acid might have an antagonistic effect on
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glucose transport (Johnston et al., 2003). In addition coffee may influence the secretion of
gastrointestinal peptides such as glucagon-like peptide-1 (GLP-1) and gastric inhibitory
polypeptide (GIP), both of them are known for their glucose lowering effects (Nauck et al.,
1993; Meier et al., 2001). At the hepatic stage, Glc-6-Phase may be a key control site in the
homeostatic regulation of blood glucose concentration (Newgard et al., 1984; Youn et al.,
1986), and Glc-6-Phase is widely held to be significant factor in the abnormally high rates of
hepatic glucose production observed in the diabetic state (Arion et al., 1997). Reduced Glc-6-
Phase hydrolysis or its inhibition by chlorogenic acid may reduce plasma glucose output
leading to reduce plasma glucose concentration (Andrade-Cetto and Wiedenfeld, 2001).
Absorption and bioavailability of chlorogenic acid in humans has already examined. Olthof et
al. showed that 33% of a 2.8-mmol load of chlorogenic acid was absorbed by ileostomy
patients. This may suggest that a certain amount of dietary chlorogenic acid will enter into the
blood circulation via absorption from the small intestine (Olthof et al., 2001).

CONCLUSION

Potentially preventable nature of type 2 diabetes has been evidenced by the implementation of
lifestyle measures such as weight control and exercise. In many of the borderline cases of
type 2 diabetes, the clinical appearance of the disease and consequent complications may be
delayed by diet and exercise for many years. It may show the efficacy of the dietary
behaviour in preventing the disease. More or less, coffee has been included to the dietary
menu of most of the people and it seems to be helpful in overall glucose metabolism.
However we believe that these positive effects cannot be solely achieved by coffee drinking
without considering the other lifestyle measures. In addition many people stop or lessen
coffee drinking by aging, digestive problems or some other reasons and consequently the
overall incidental rate have not changed. But until now, the most important conclusion is to
introduce coffee as a safe and useful drink in type 2 diabetes area.

Better knowledge of the coffee component, human consumption and bioavailability is needed
in order to properly evaluate the true role of coffee in type 2 diabetes. Eventually research in
this area should lead to dietary recommendations optimized for specific population groups in
risk of type 2 diabetes.
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Trace Levels of Animal Carcinogens in Coffee: An Evaluation of
their Human Cancer Risk in Light of the Health Benefits from

Maillard Reaction Products
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SUMMARY

In 2002, Swedish researchers found acrylamide in many fried and baked foods, especially
potato chips and French fries, at levels from 30-2,300 parts per billion. Acrylamide
production was attributed to the higher temperatures reached in Maillard non-enzymatic
browning reactions required for desirable color, flavor, aroma and texture production. Both
unbrewed and brewed coffees have since been shown to contain measurable levels of
acrylamide. Acrylamide is a neurotoxicant and rodent carcinogen. Academic, government and
industry research groups have initiated major acrylamide research programs to determine
intakes in various countries’ diets, means to mitigate its formation and whether or not it is a
significant public health risk. The current consensus is that currently available information on
acrylamide in foods is not sufficient to draw firm conclusions about its cancer risk to humans.
International authorities have stated that there is no indication at this time that consumers
need to change their eating or drinking habits.

In late 2003, the European Union initiated a major research program (HEATOX) to expand
the acrylamide database in foods and seek ways to mitigate its formation. HEATOX is also
focussing on other toxicants/carcinogens produced by heating and cooking foods. In addition,
the U.S. FDA in May 2004 released preliminary data on the presence of furan (another rodent
carcinogen) in a range of heated foods up to 160 ppb, with concentrations in brewed coffee up
to about 80 ppb.

An important toxicological consideration that has received little attention to date is that many
Maillard Reaction Products (MRPs) have been shown to be beneficial to health, including
many antioxidants, anti-mutagens and anti-carcinogens. MRPs have also been identified that
induce the formation of carcinogen-detoxifying enzymes, including glutathione transferase,
the enzyme known to detoxify acrylamide. In addition, furan has been shown to be a good
antioxidant, as have many other volatile heterocyclic flavor compounds as well as the
melanoidins, the complex brown Maillard polymers.

The dietary human cancer risk of acrylamide and furan in coffee must be evaluated in light of
their metabolic disposition in the human body, the extensive epidemiological database on
coffee consumption and cancer and the beneficial health effects known to be produced by the
Maillard reaction. The results of ongoing global research efforts on the health effects of heat
processing and cooking of foods and beverages, including coffee, must be used to carefully
evaluate both the risks and benefits of these heat-induced compounds.
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INTRODUCTION

There have been dramatically increased worries about diet and health during the past 10-15
years with the constant barrage of anxiety-provoking media stories linking individual foods
and food chemicals to diseases such as cancer. What we eat (or don’t eat) is often linked to an
increased risk of cancer, but a great deal of the information is only preliminary in nature,
often yielding to a near absence of concern once a larger body of studies has been
accumulated over the ensuing years. The information that builds up during the intervening
years, however, can lead to a great deal of nutrition nonsense and “food faddism” that ends up
producing nations of “avoiders” of specific foods and ingredients such as salt, fat,
carbohydrates (more recently), and for several decades now the avoidance of coffee and
caffeine because of health concerns.

An important consideration before examining heat-induced food chemical safety in humans in
general, and coffee and coffee chemical safety in particular, is why there is such an intense
interest in trace level carcinogens when there is little human epidemiological evidence linking
individual foods and beverages with disease risk, including cancer. Carcinogens from heated
foods have been a health concern since the 1970’s. Trace levels of animal carcinogenic and
mutagenic polycyclic aromatic hydrocarbons were found in barbecued steaks, coffee and
other heated foods, as were N-nitrosamines in fried bacon and beer. Heterocyclic amines were
next reported in over-heated meats, and many of these compounds were eventually shown to
be fairly potent mutagens and animal carcinogens. The late 1970’s also gave us the first
reports on heat-induced “Maillard Browning Reaction” products (“MRPs”) as mutagens and
possible carcinogens. Dr. Takayuki Shibamoto and I (both at the University of California at
Davis) were among the first of a small group of researchers to identify the classical sugar-
amine browning reaction as a source of mutagens and carcinogens. My work involved the
discovery of the mutagenicN-nitroso fructose-amino acids (“N-nitroso Amadori compounds”)
in heated model systems. In fact, the key acrylamide intermediate has been shown to be the
Amadori compound formed from glucose and asparagine.

This paper will specifically focus on the occurrence and toxicology of acrylamide and furan,
since both have been found in roasted and brewed coffees.  While it is important to evaluate
the toxicological risks of such heat-induced chemicals in foods, it is equally important to fully
evaluate the safety of whole foods and beverages using modern epidemiological techniques.
It is also becoming increasingly important to recognize that health-beneficial food/beverage
chemicals occur naturally, including many in coffee, as do other health-protective compounds
produced during heat processing and cooking. Thus, it is critical also to evaluate these
beneficial health effects of heated foods/beverages and then to undertake a thorough risk-
benefit evaluation of the whole food or beverage. This evaluation must also carefully consider
how best to interpret animal toxicology results for individual food chemicals, as well as recent
information that coffee may actually be cancer protective.

ACRYLAMIDE’S DISCOVERY IN FOODS AND BEVERAGES

In April 2002, Swedish researchers shocked the food safety world when they presented
evidence of acrylamide [CH2=CHCONH2] in fried/baked foods, most notably potato chips
and French fries, at levels of 30–2,300 ppb (Tareke et al., 2002). More moderate levels were
found in some protein-rich foods. They also reported that foods cooked or processed at
temperatures lower than ~ 120°C did not contain acrylamide, and they attributed this to the
higher temperatures reached in Maillard nonenzymatic browning reactions required for
desirable color, flavor and aroma production. Acrylamide, a well-known neurotoxicant, had
never before been reported in foods, but it has surely been present since man first began
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matter content in soluble coffee (EU, 1999). Therefore, the purpose of analysing moisture is
to control the drying process and to comply with national or international legislation.

Moisture can be determined according to ISO 3726 (ISO, 1983b). The method actually
measures the loss in mass after the product has been dried in a vacuum oven at 70°C for 16
hours under reduced pressure. The Karl Fischer method is also officially used in Germany
(LMBG, 1986). It is as accurate as ISO 3726 and much more rapid. In this connection, ISO
has recently decided to create a new working group with the objective of issuing the Karl
Fischer method as an international standard (ISO, 2003b).

Reference methods are not suitable for process control. Thermogravimetry-based (Figure 10)
or NIR-based analysers (see chapter on roasted coffee) can be used for this.

Figure 10. Near-line monitoring of moisture in soluble coffee using a halogen analyser.

NIR-based sensors are also available for on-line moisture analysis of powdered food materials
and, therefore, allow a much better control of the drying step (e.g. NDC MM710, AIS IRPC).
The performance achieved with on-line NIR instruments are usually very good, with SD(d)
values of the order of 0.05% (Figure 11).

Figure 11. On-line monitoring of moisture in powdered products using NDC MM710.
Sensory evaluation

All the processing steps to convert roasted coffe to soluble coffee certainly modify the
original sensory profile. The manufacturer wants to make sure that it corresponds well to the
target profile and to the consumer’s expectations. Therefore, the purpose of taste testing the
soluble coffee is to check the aromatisation process and the sensory quality of the finished
product as delivered to the consumer.
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The same principles described above for the control of the green coffee apply for the sensory
evaluation of the soluble coffee. The sensory attributes considered may differ slightly,
focusing more on process dependent characteristics (e.g. aroma, flavour, acidity, bitternesss,
body). At the same time, the colour of the powder and cleanliness of the cup (see chapter on
coffee extract) are also evaluated

Caffeine

In Europe the absolute caffeine content may not exceed 0.3% in decaffeinated soluble coffee
(EU, 1999). The legislation differs however in other non-European countries (Clarke, 1988).
Therefore, the purpose of measuring the caffeine content in decaffeinated soluble coffee is to
support claims and to check compliance with the legislations.

ISO 4052 and ISO 10095 standards issued for the determination of caffeine in decaffeinated
green and roasted coffee also apply to decaffeinated soluble coffee. NIR spectroscopy can
also be used as an alternative rapid technique.

Bulk density and Hardness

For a given weight, low density powders occupy a larger volume which could be superior to
that of the container itself. In turn, high density powders occupy a smaller volume which may
leave an unacceptable large empty volume (head space) in the container and lead to consumer
dissatisfaction. Furthermore, soluble coffee is friable and can be subjected to irreversible
granule/agglomerate breakdown into finer particles during handling (e.g. packing, transport).
This phenomenom can lead to an increase of density of the powder, and to a corresponding
increase of the head space and amount of fines in the container. The manufacturer can predict
and prevent such effects by carefully controlling the bulk density of the powder. Therefore,
the purpose of measuring the bulk density and the hardness of soluble coffee is to guarantee
the efficiency and correctness of the filling operation and to ensure the physical integrity of
the finished product during distribution.

ISO 8460 describes analytical methods for the determination of bulk densities of soluble
coffee (ISO, 1987). The free-flow bulk density is measured by pouring the sample through a
funnel into a receptacle of known volume and weighing the content of the receptacle. The
compacted bulk density is obtained by measuring the volume of a given mass of coffee after it
was subjected to a fixed number of taps in a tapping volumeter. The latter device is
commercially available (e.g. Probat 55 LS 250). The difference between the measurements is
indicative of the hardness of the granules/agglomerates.

Solubility, Wettability

It is important for the consumer when preparing the cup that the coffee powder rapidly
dissolves in hot water without forming lumps. The dissolution properties (solubility,
wettability) of soluble coffee are indeed influenced by many parameters, including the
porosity and the particle size of the powder, shaped during the drying and agglomeration
steps. Therefore, the purpose of determining the solubility and wettability is to check the
dissolution properties of the finished product.

Solubility and wettability are usually assessed during the sensory evaluation sessions of the
finished product, by visually observing the behaviour of the powder upon reconstitution.
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Coffee oil

As described earlier, coffee aroma volatiles can be re-incorporated into the product after
drying. The convenient vehicle for the aroma is coffee oil, which is sprayed or plated on to the
coffee powder/granules during the packing operation. The process is known as aromatisation
and contributes to the overall sensory quality of the finished product. Therefore, the purpose
of analyzing the oil content is to control the aromatisation process.

Coffee oil can be determined gravimetrically by extraction with petroleum benzine in a
Twisselmann apparatus and subsequent evaporation of the solvent (SFM, 1973). The use of
gas sensors was also reported for the control of the in-jar aroma concentration (Gretsch,
2001).

Net weight

The amount of coffee in the container in which it is sold, or the net weight, is always declared
on the label and is strictly regulated in all countries. Therefore, the purpose of controlling the
net weight is to check compliance with the legislations.

Net weight can be controlled manually by taking samples from the line at a defined frequency
and weighing them. The operation is very simple but resource demanding. Nowadays,
checkweighers are available for the automated control of net weight (e.g. Mettler Toledo
Garvens series). The system checks every container without exception and allows the
rejection of non-conforming products.

Tightness of packaging

Like any foods, soluble coffee must be protected by an ad’hoc packaging material to minimise
water and oxygen uptake and resulting spoilage of the organoleptic and physical properties.
Some products, in particular aromatised coffee, additionally require filling under an inert gas
atmosphere (Clarke, 2003d). Protection is only efficient if the package is tightly closed.
Therefore, the purpose of the different checks on the packed product is to ensure the tightness
and integrity of the container.

Procedures for the assessment of tightness depend on the type of packaging and vary from one
manufacturer to another. For heat sealable packages, a simple test can be applied, during
which a dye solution is injected by means of a syringe into the package and any leak is
detected visually. Commercial equipments working on the differential pressure principle are
also available (e.g. Uson Qualipak series). The package is placed in a tightly closed measuring
chamber under reduced pressure and any pressure increase in the chamber is detected and
indicative of a leak. For cans, compressed air can be introduced into the package placed in a
water bath and any leak is detected visually by the presence of outside air bubble. More
elaborated helium leak testers have also been developed that allow on-line tightness control
(e.g. Pfeiffer Vacuum Qualitest).

Analysis of residual oxygen after filling the product under an inert gas atmosphere can be
carried out using commercially available oxygen analysers working on different principles.
The air in the head space is pumped out by means of a syringe, transferred into a measuring
cell, where oxygen can be determined by paramagnetic susceptibility (e.g. Servomex 574 or
1450) or luminescence quenching (e.g. PreSens Microx TX series). Oxygen levels down to
0.1% or even below can be measured.
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WATER

Water is the second basic raw material involved in the manufacture of soluble coffee. The
quality of water used during the quenching, extraction and agglomeration process has
obviously a direct impact on that of the finished product and, also, on the maintenance of the
equipment. The “Guidelines for drinking-water quality” defined by the World Health
Organisation also apply to water used in soluble coffee manufacturing (WHO, 2003),
whatever its origin (ground, surface, or community water). The following parameters are
more relevant for water monitoring in the coffee industry:

• Pathogens
The easiest way to control the absence of pathogenic agents in water is to monitor the
presence of residual biocides (e.g. active chlorine, see below).

• Chlorine
Sodium hypochloride is the most widely used disinfection agent. Residual levels of active
chlorine of 0.2-0.3 mg/l are usually required to ensure water safety. However, too high
level of active chlorine could confer the cup a peculiar unpleasant taste.

• Hardness
On heating, calcium and magnesium cations produce insoluble salts leading to possible
scaling and corrosion of equipments. Their concentration, or water hardness, should be
kept at a minimum level, typically <1 mg/l expressed as CaCO3.

• pH
Water treated with sodium hypochloride should have a final pH between 5.0 and 7.0. A
too low or a to high pH could influence the formation of sediments and also lead to
corrosion of the equipment.

• Turbidity
Undissolved particles, if present in water at a too high level, would unavoidably be found
in the soluble coffee powder and eventually lead to an unclear cup.

• Off-tastes/off-odours
Water must be free of any off-taste and off-odour, which could alter the final cup quality
and be hasardous to the consumer.

Reference analytical methods to ensure the quality and safety of water can be found, for
instance, in the WHO guidelines (WHO, 2003) or in specific handbooks (APHA, 1998).
Numerous kits are also commercially available (Hach, 1997; Merck, 2004).

PACKAGING RAW MATERIALS

Soluble coffee is sold in very different types of containers (e.g. cans, glass or plastic jars, soft
packs, paper sachets) whose quality, as for green coffee, should be checked at reception. In
this case, it is essential to develop good partnership and trust with the packaging supplier, in
order to limit as much as possible the number of analyses. However, the following key
parameters are usually checked on a well defined proportion of the incoming materials:

•  Appearance
The material must be clean, without defect. Cans must not be blown or present any trace
of rust, glass jars must be free from cracks and glass splits.

• Print/Colour
The text, illustration and colours on the package must match the reference. Deviations
have a direct negative impact on the consumer.
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• Length/Width/Diameter/Thickness
Deviations from the specification may greatly influence the machinability of the material
and lead to problems during packing operations and/or to untight packages.

• Grammage
The ratio weight over surface, or grammage, is an important parameter for flexible
materials. It is an indirect indicator of thickness and is measured gravimetrically.

•  Off-odour
Olfactory checks, or sniff tests, are carried out to detect any off-odours released from
paper, cardboard and plastic packaging materials. Off-odours include residual solvents,
inks, adhesives, monomers, additives, phenols and derivatives. Electronic noses are a
possible alternative for the rapid measurements (Zhang, 2003).

• Lacquer
Cans and bottoms are covered by a protective lacquer. The porosity of the lacquer layer
should be checked by treating the can with a specific reagent (e.g. CuSO4), or by using an
enamel rater measuring the conductivity of the lacquer.

GOOD MANUFACTURING PRACTICE (GMP)

GMP is a collection of generally recognized rules, procedures and practices that together
provide guidelines stating what is and what is not acceptable in the food industry. It is a
prerequisite for ensuring the manufacture of safe products of consistent quality. The following
points are of particular importance in a soluble coffee factory:

• Zoning
All facilities must separate process areas according to the different hygiene levels
required. Typically, internal areas should be divided into medium hygiene zones
(warehouse, green coffee cleaning, roasting, extraction) and high hygiene zones, (drying,
filling, packaging) depending on the risks of contamination of the product and on the type
of cleaning. The authorised movement of people, equipment, raw materials and products
between the zones should be strictly defined.

• Cleaning-procedures
Each establishment must have a cleaning plan, including specific instructions for cleaning
of each piece of equipment, installation, zone, etc. A soluble coffee factory should
exclusively rely on dry cleaning using mainly vacuum cleaners. Wet cleaning should be
required for the coffee extraction area only. As coffee powder is sticky, controlled wet
cleaning can be occasionally accepted in specific areas (e.g. filling). In this case, the
minimal amount of water should be used, followed by rapid drying.

• HACCP
Hazard Analysis at Critical Control Point (HACCP) must be carried out to prevent
problems that could affect consumer safety (see corresponding chapter).

• Foreign-materials
Foreign materials, such as hard and sharp metal, glass or wood fragments may cause
injury to the consumer and must be completely avoided. The risks associated with whole
bean and R&G coffee are very limited (except for “Greek” coffee”), as the brew
preparation system acts as a filter of foreign materials. The risks associated with ready-to-
drink beverages such as soluble coffee are obviously higher. The main issue is certainly
when soluble coffee is packed in glass jars. In this case, X-ray sensors (e.g. suppliers
names) should be installed to detect and remove glass splinters. The same devices can also
detect the presence of metal pieces.

• Pest-management
All efforts must be made to prevent products from being contaminated by pests or their
excrements. Creating efficient physical barriers (proofing of the buildings), keeping the



140

facilities clean, well in order and in good condition, as well as strict adherence to GMP are
certainly the best preventive measures against pests. Despite this, it is nevertheless
possible that pests find their way into the processing areas. Therefore, control measures
must be implemented in order to detect and eliminate them. Physical control measures
including rodent baits, glue traps, insectocutors, or capture (birds, cats) must be
privileged. Chemical control measures include insecticides, rodenticides (placed inside
baits), pheromone traps, or bird repellents. Clearly, any pesticide treatment should be done
by exception. In this situation, all food materials, packaging, and surfaces in contact with
food must be protected from contamination. There must be no pests, but no uncontrolled
use of pesticides.

• Storage
All precautions must be taken to preserve the quality of green coffee during storage.
Official guidelines on good storage practice were published (ECC, 2002; ITC 2002). ISO,
in particular, has issued a guide specific for coffee in bags (ISO, 1986). The two main
points are preventing re-wetting, which could lead to mould formation and possible
occurence of mould toxins, and cross-contamination with any type of foreign materials
and chemicals. Only coffee with a maximum moisture content of 12.5% can be safely
stored. The beans and the bags should not present any sign of pest infestation or other
contamination. In addition, the bags should be clean, free of off-odour and without hole.
They must be tightly closed and placed on pallets to protect the coffee against
contamination and water damage. The storage area must be leakproof, clean and well-
ventilated. The inside temperature and relative humidity should be as low and constant as
possible to prevent re-wetting the coffee.

HAZARD ANALYSIS AND CRITICAL CONTROL POINTS (HACCP)

Ideally, HACCP should be implemented throughout the supply chain. A HACCP plan has
already been proposed from the coffee field to the storage and transport of green coffee,
mainly in the perspective of the occurrence of OTA (Frank, 1997 & 1999). Several CCP’s
were identified including the drying rate of coffee, the sorting of green coffee and the
elimination of defects, and the moisture of green coffee. Fortunately, the HACCP analysis by
the soluble coffee manufacturer is facilitated as the roasting process eliminates all biological
hazards (e.g. pathogenic microorganisms). Therefore, he only needs to evaluate the
significance of the chemical and physical potential hazards reviewed in this paper.

GOOD LABORATORY PRACTICE (GLP)

The accuracy and reliability of analytical results is only achieved by the implementation of
good laboratory practice. GLP principles are presented in many official documents (CITAC,
2002; Garfield, 2000; ILAC, 2001; ISO 1999). The key points are:

•  The analytical methods used must be properly validated (EURACHEM, 1998). The
validation process aims at establishing the performance characteristics of a method (e.g.
working range, trueness, precision) and proving its fitness for purpose.

• The performance of the equipment and analytical methods must be monitored by applying
an internal control plan (ICP). ICP aims at ensuring in the long run the functionning of the
equipments according to their specification and the performance of the methods during
their routine use. Alternative rapid methods must be properly adjusted, calibrated and
validated against reference methods. The sample sets used for the calibration and the
validation must be independent with a sufficient number of samples, well representative of
the products to be analysed.
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• The laboratory should participate in proficiency tests (EURACHEM, 2000). These tests
aim at measuring the performance of a laboratory. The Food Analysis Performance
Assessment Scheme in UK organises regular tests for the analysis of caffeine, OTA and
acrylamide in green and roasted coffee (www.fapas.com).

CONCLUSION

Keeping consumer’s trust is essential. This is achieved by delivering day after day a product
with consistent quality. However, quality is not a matter of chance. It is made by people and is
the result of deliberate actions. It is a joint effort by all the key players of the coffee
production-to-consumer chain. It is certainly worth implementing and running quality
assurance programmes, as quality is, at the end, a competitive advantage.

Analytical methodologies are one of the main tools of quality assurance. However, the
controls must not be blindly organized. The type of parameter analysed and the frequency of
analysis must be selected on a risk evaluation basis. They can range from a simple annual
monitoring of the green coffee in order to ensure that everything is under control, to one
analysis per batch of finished product to guarantee compliance with regulations, up to an on-
line continuous monitoring during production to ensure product consistency.
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SUMMARY

An ICO coffee quality improvement program is currently revisiting the minimum standard for
export quality with a view to propose harmonized and robust assessment method of coffee
defects.  In the context of coffee manufacture, the occurrence of defects in coffee has a known
impact on cup quality and processability. The objectives of this work were therefore to
evaluate the global industrial quality of single defects through an in-depth evaluation of their
composition and processability behavior. As methodology, a bulk Robusta coffee was sorted
into perfect and six different single defects. Extensive chemical and processability evaluations
were carried out. As results, defective coffee beans could be grouped into three classes on the
basis of their composition (1) coffees minor chemical alterations compared of perfect beans
(i.e. Infested, Broken) (2) coffees with major chemical alterations compared to perfect beans
(i.e. Brown, Half Black, Black) (3) coffees with non coffee bean compounds (i.e. Cherry). As
concerns roasting behaviour and extraction level, coffees from Class (1) presented similar
performance to that of perfect beans. On the contrary Class (2) and Class (3) were more
difficult to roast and exhibited lower extractability. From these results a redefinition of defect
classes in term of similar impact on quality and processability of coffee could be envisaged,
broken beans and infested beans having lower impact on the global quality of coffee
compared to black, brown or cherry beans.

RÉSUMÉ

Un programme de l’ICO visant à redéfinir objectivement et de manière unique les standards
de qualité du café ou encore les défauts a été initié. Dans l’industrie du café, l’impact des
défauts du café sur la qualité à la tasse et les performances industrielles est bien connu.
L’objectif de ce travail était d’évaluer la qualité globale des différents type de défauts en
relation avec leur composition chimique.

Un lot de Robusta a été trié et réparti en fractions correspondant respectivement aux grains
sans défauts et six différents défauts simples. Sur la base de la composition chimique des
grains sans défauts, trois classes ont pu être identifiées (1) ceux de composition proche (i.e.
grains infestés, cassés) (2) ceux de composition altérée (i.e. grains bruns, noirs) (3) ceux
contenant du matériel exogène (i.e. grain avec cerise). Pour ce qui est du comportement de
torréfaction et du niveau d’extractibilité les cafés de Classe (1) étaient comparables aux grains
sans défauts, alors que les Classes (2) et (3) avaient des comportements altérés. Une
redéfinition des classes de défauts sur la base de qualité industrielle globale pourrait être
envisagée.
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BACKGROUND

In order to ensure and improve green coffee procurement for all parties, quality standards
have been defined nationally for local use and worldwide for export. These standards
essentially based on moisture level, defect types and counts vary from one country to another
and may differ whether it concerns local or export quality. An ICO coffee quality
improvement program is currently revisiting the minimum standard for export quality with a
view to proposing harmonized and robust assessment methods. Among the proposals is the
reduction in defect classes, the weighing of defects as replacement of defect count. In the
context of coffee manufacture, the occurrence of defects in coffee has a known impact on in-
cup quality and possibly on processability. Some previous studies characterized the chemical
specificities of defective beans (Mazzafera, 1999; Franca et al., 2005) but none considered the
impact of defect in the global scope of industrial quality of green coffee. The objective of this
work was therefore to investigate the impact of single defects on the chemical composition, as
wells as the processability.

MATERIAL & METHODS

Green Coffees

A bulk of dry processed Robusta coffee from Indonesia was sorted for specific defects. The
bulk and seven qualities issued from the sorting were obtained for further evaluation (Figure
1).

Bulk Coffee Perfect Beans Broken Beans Infested Beans Brown BeansBulk Coffee Perfect Beans Broken Beans Infested Beans Brown Beans

- Bulk beans - Perfect beans   
- Infested beans - Broken beans
- Half black beans - Black beans
- Brown beans - Cherry beans   

Figure 1. Coffee samples obtained by sorting of a bulk Indonesian Robusta coffee.
Pictures of a selection of the coffees analysed in this study.

Chemical Analyses

Initial green coffee humidity was determined on a coffee grinding (d’~1mm) dried at 102°C
for 4 hours. All green coffees were further finely ground in a Freezer Mill 6800 to obtain a
final average particle size d’ below 100 µm. These ground materials were used for extensive
chemical analyses.

• Lipids – Lipids were extracted in a soxhlet with petroleum ether at 70°C. The solvent was
evaporated and residual fat measured gravimetrically.

• Minerals – Ash content was evaluated after total combustion of organic matter at 550°C.
The residual ash was determined gravimetrically. In addition, an extensive element
profiling was obtained by ICP-MS or ICP-AES.

•  Carbohydrates – Total and free carbohydrate profiles were established by anion
exchange chromatography (AEC) equipped with an electrochemical detector (PED). The
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preparation and separation are summarised in Table 1. Carbohydrates were converted into
anhydrosugars and clustered into key polysaccharide families.

• Proteins - Total nitrogen was evaluated using a LECO FP-200 protein/nitrogen analyser.
Total and free amino acid profiles were established by reverse phase chromatography
(RP) with fluorimetric and UV detections. The preparation and separation are
summarised in Table 2. Amino acids levels were further converted into total protein
values, as well as clustered in amino acids classes.

• Chlorogenic acids & Caffeine - Chlorogenic acids and caffeine were extracted at 40°C in
70% aqueous methanol. Chromatographic separation was carried out on Spherisorb
ODS1 (250mmx4) using a water/acetonitrile/ phosphate gradient. UV detection was
performed at λ 320nm for chlorogenic acids and λ 274 nm for caffeine.

• Trigonelline - Trigonelline was extracted in HCl 0.1N at 100°C for 5min. Trigonelline
was quantified by HPLC using Nucleosil 50-5 column and UV detection (λ 274 nm).

• Organic acids - Organic acids were extracted in distilled water at 70°C. Separation of
organic acids was carried out by ionic exchange chromatography using a Dionex column
AS11 eluted with a NaOH gradient (0.5-25 mM / 35 min) and conductimetry detection.

• pH & Acidity - Ground green coffee (10 g) was extracted for 5 minutes in boiling water
(500 mL). Initial pH was measured. The titratable acidity was evaluated at pH 6.6 and 8
using NaOH 0.1 M and expressed in meq/kg dry green coffee.

Table 1. Preparation and analysis of free and total carbohydrates.

Free carbohydrates Total carbohydrates

Mannit, Ara, Gal, Glu, Xyl, 
Man, Fru, Suc

 Mannit, Rha, Ara, Gal, Glu, 
Xyl, Man, Fru, Agal, AGlu

Pre-hydrolysis (H2SO4 26N, 20°C/ 2h) No Yes

Hydrolysis (H2SO4 2N, 100°C/ 3h) No Yes

Neutralisation with NaOH No Yes

AEC Dionex / separation column PA100 column PA1 column

Separation medium Water Water/NaOH/Na acetate

PED with NaOH 0.5N Yes Yes

Table 2. Preparation and analysis of free and total amino acids.

Ala, Arg, Asp, Glu, Gly, His, 
Ile, Leu, Lys, Phe, Pro, Ser, 

Thr, Tyr, Val

Met, Cys Trp

Oxidation with formic acid No Yes No
Hydrolysis with HCl (6N, 110°C/24h) Yes Yes No
Saponification with NaOH No No Yes

Derivatisation with AccQ-Fluor TM Yes Yes No

HPLC Waters / AccQ ?Tag C18  column Yes Yes Yes

Fluorimetric detection Yes Yes UV

Processability Evaluation

Processability of coffee was evaluated for roasting behaviour and extraction behaviour.

•  Roasting – 200 g of green coffee (MG C) were roasted in a Neotec roaster. Roasting
temperature was kept constant (i.e. 240°C) and roasting duration adapted to reach CTN
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85. Organic losses (OL) were calculated from final coffee weight (MR&G) and initial
(H2OGC) and final (H2OR&G) humidity of the coffee.
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•  Extractability – 10 g of roasted coffee (mR&G) were suspended in 200 mL of distilled
water (V (mL)). The suspension was heated up to boiling and maintained as such for 5
minutes. The suspension was cooled down and passed through a paper filter. The
extractability on roasted coffee (YR&G) was calculated from the concentration (C (%)) of
the filtrate. The extractability was calculated on green coffee basis (YGC) taking into
account the organic losses.
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RESULTS & DISCUSSION

Chemical Composition

This work presents an extensive comparison of the chemical composition of perfect and
defective Robusta beans (Table 3 to 5). Clear chemical differences were observed between
perfect and defective beans and all chemical classes were affected.

Broken Beans are close in composition to perfect beans, although they contain slightly more
compounds of low molecular weight. Free carbohydrates (i.e. free glucose, free fructose), free
amino acids (e.g. Asp, Glu, Thr), chlorogenic acids (i.e. 5CQA, 5FQA, diCQA), quinic acid
and some minerals (i.e. Fe2+, Al3+) are found in higher amounts.

Infested Beans remain close in composition to perfect beans although they are characterised
by lower levels in storage compounds such as lipids and carbohydrates. In particular cell-wall
polysaccharides (e.g. arabinogalactans, mannans) and sucrose have decreased most likely
metabolised by the infesting organisms. In parallel the content in low molecular weight
compounds increases. Free carbohydrates (i.e. free glucose, free fructose), free amino acids
(e.g. Asp, Glu, Thr), chlorogenic acids (i.e. diCQA), quinic acid and some minerals (i.e. K+,
Na+, Fe2+, Al3+) are found in higher amounts.

Brown Beans and Half Black Beans are very close in composition and very far from perfect
beans. They are characterised by significant decreases in lipids and in low molecular weight
compounds such as sucrose, chlorogenic acids, organic acids (citric, malic) and trigonelline.
In parallel increases in proteins (i.e. aliphatic, carboxylic amino acids), in minerals (i.e. K+,
Na+, Fe2+, Al3+) as well as in metabolites resulting from degradation reactions (i.e. free
glucose, quinic acid, oxalic acid, phosphoric acid) are observed. Titratable acidity is slightly
lowered.

Black Beans present emphasised trends of half black beans. Almost complete degradation of
all low molecular weight compounds i.e. sucrose, free amino acids, chlorogenic acids, organic
acids (citric, malic) is observed. Trigonelline and caffeine levels are drastically decreased. In
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parallel increases in proteins (i.e. aliphatic, carboxylic amino acids), in minerals (i.e. K+, Na+,
Fe2+, Al3+) as well as in metabolites resulting from degradation reactions (i.e. quinic acid,
oxalic acid, phosphoric acid) are observed. Titratable acidity is significantly lowered.

Table 3. Chemical composition of a bulk Robusta coffee and sorted coffee including
perfect and defective beans.

Bulk Perfect Broken Infested Half Black Black Brown Cherry

H2O [%] 11.92 11.26 9.84 9.11 9.79 11.29 10.95 11.65
Lipids [%] 10.14 10.87 10.45 9.72 8.91 10.55 9.87 6.72
Caffeine [%] 1.73 2.15 2.32 2.34 2.24 1.59 2.18 1.56
Trigonelline [%] 0.68 0.71 0.71 0.72 0.57 0.26 0.54 0.53

Proteins [%] 10.26 10.12 9.99 10.55 10.67 10.58 10.50 8.27
NH4 [%] 0.01 0.04 0.01 0.02 0.02 0.02 0.03 0.00
Non polar apliphatic [%] 3.33 3.27 2.94 3.36 3.53 3.57 3.47 2.78
Aromatic [%] 1.25 1.24 1.26 1.29 1.29 1.22 1.24 1.01
Polar uncharged [%] 0.87 0.85 0.88 0.90 0.92 0.91 0.88 0.73
Sulfured [%] 0.39 0.39 0.39 0.41 0.41 0.42 0.40 0.32
Carboxylic [%] 2.97 2.90 3.03 3.09 3.08 3.11 3.09 2.23
Amino [%] 1.44 1.44 1.48 1.49 1.40 1.33 1.39 1.18
Free amino acids [%] 0.49 0.31 0.44 0.40 0.30 0.04 0.27 0.07

Carbohydrates [%] 49.42 52.11 52.04 46.56 49.55 50.10 50.10 43.18
Arabinogalactans [%] 16.86 17.40 17.20 15.96 18.08 18.44 18.76 12.17
Cellulose [%] 7.50 7.59 7.65 6.76 7.48 8.02 8.80 10.96*
Mannans [%] 19.53 20.75 20.57 18.84 20.54 21.50 19.60 12.31
Pectins [%] 1.24 1.38 1.77 1.13 1.56 1.27 1.55 1.95
Xylans [%] 0.21 0.22 0.15 0.17 0.20 0.20 0.27 3.31*
Sucrose [%] 3.62 4.38 4.24 3.19 1.29 0.37 0.71 1.89
Free carbohydrates [%] 0.51 0.39 0.49 0.58 0.38 0.19 0.41 0.91

Chlorogenic acids [%] 6.17 9.55 10.13 9.77 7.30 1.95 6.38 5.77
3CQA [%] 0.52 0.80 0.78 0.75 0.59 0.25 0.58 0.45
4CQA [%] 0.56 1.13 1.10 1.04 0.81 0.35 0.78 0.64
5CQA [%] 2.83 4.28 4.54 4.40 2.96 0.48 2.52 2.50
4,5diCQA [%] 0.55 0.84 0.88 0.85 0.67 0.47 0.63 0.54
3,5diCQA [%] 0.48 0.74 0.83 0.84 0.71 0.13 0.64 0.53
3,4diCQA [%] 0.61 0.82 0.96 0.96 0.84 0.13 0.69 0.62
4FQA [%] 0.12 0.17 0.17 0.15 0.13 0.00 0.07 0.00
5FQA [%] 0.51 0.77 0.88 0.77 0.60 0.15 0.46 0.49

Organic acids [%] 1.96 1.95 2.01 1.99 1.91 1.73 1.91 1.81
Quinic [%] 0.43 0.33 0.41 0.42 0.53 0.75 0.66 0.49
Formic [%] 0.03 0.03 0.03 0.03 0.04 0.08 0.04 0.04
Malic [%] 0.26 0.30 0.29 0.28 0.22 0.13 0.16 0.21
Oxalic [%] 0.14 0.09 0.12 0.12 0.18 0.23 0.22 0.34
Citric [%] 0.93 1.05 0.99 0.98 0.74 0.41 0.65 0.62
Phosphoric [%] 0.16 0.14 0.17 0.17 0.20 0.13 0.19 0.12

Ash [%] 4.46 4.28 4.37 4.60 4.99 4.34 4.65 5.07
K+ [%] 2.14 2.00 2.08 2.13 2.32 2.20 2.18 2.25
Mg2+ [%] 0.20 0.20 0.19 0.18 0.19 0.17 0.19 0.17
Ca2+ [%] 0.15 0.14 0.13 0.12 0.12 0.13 0.15 0.32
Na+ [ppm] 22 19 19 25 57 42 37 29
Fe2+ [ppm] 51 43 60 48 68 59 49 83
Mn2+ [ppm] 17 16 17 15 17 16 18 25
Cu2+ [ppm] 20 21 19 20 22 23 22 20
Al3+ [ppm] 47 33 71 50 98 61 56 171

pH 6.10 6.08 6.17 6.22 6.47 6.88 6.31 6.06
Acidity pH 8(meq/kg) 123 122 118 122 99 44 103 88

Composition (% on dry raw material)

Cherry Beans are clearly different in composition. They are characterised by quantitatively
and qualitatively different carbohydrate composition. Total carbohydrate content is lower.
Levels of coffee bean carbohydrates (i.e. arabinogalactans, mannans) are lowered whereas
those of coffee cherry (i.e. xyloglucans, pectins) increases. Ca2+ associated to pectins also
increases. Lower contents in all the other coffee bean components (e.g. lipids, proteins,
chlorogenic acids, citric acid, malic acid, trigonelline, caffeine) are observed. In parallel
increase in free carbohydrates (i.e. free glucose, free fructose), in minerals (i.e. K+, Na+, Fe2+,
Al3+) as well as in metabolites resulting from degradation reactions (i.e. quinic acid, oxalic
acid) is observed.

Bulk Beans present an intermediate composition between perfect beans and defective beans.
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Table 4. Detailed carbohydrate composition of a bulk Robusta coffee and sorted coffee
including perfect and defective beans. Total carbohydrates expressed in anhydrosugars.

Bulk Perfect Broken Infested Half Black Black Brown Cherry

Total carbohydrates (anhydro-) [%] 49.42 52.11 52.04 46.56 49.55 50.10 50.10 43.18
Mannit [%] 0.21 0.21 0.23 0.21 0.22 0.23 0.21 0.13
Rhamnose [%] 0.36 0.37 0.36 0.33 0.42 0.37 0.44 0.39
Arabinose [%] 4.02 4.23 4.24 3.75 4.44 4.21 4.63 3.62
Galactose [%] 12.84 13.18 12.96 12.21 13.64 14.22 14.14 8.55
Glucose [%] 7.50 7.59 7.65 6.76 7.48 8.02 8.80 10.96
Xylose [%] 0.21 0.22 0.15 0.17 0.20 0.20 0.27 3.31
Mannose [%] 19.53 20.75 20.57 18.84 20.54 21.50 19.60 12.31
Fractose [%] 0.27 0.19 0.23 0.30 0.18 0.08 0.18 0.47
Galacturonic acid [%] 0.88 1.01 1.12 0.81 1.14 0.90 1.10 1.55
Glucuronic acid [%] 0.00 0.00 0.28 0.00 0.00 0.00 0.01 0.00
Sucrose [%] 3.62 4.38 4.24 3.19 1.29 0.37 0.71 1.89

Free carbohydrates [%] 0.514 0.387 0.493 0.575 0.383 0.190 0.405 0.910
Mannit [%] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ara [%] 0.003 0.002 0.003 0.002 0.004 0.002 0.005 0.007
Gal [%] 0.053 0.073 0.066 0.039 0.023 0.016 0.051 0.059
Glu [%] 0.175 0.106 0.181 0.220 0.163 0.085 0.155 0.371
Xyl [%] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Man [%] 0.016 0.014 0.016 0.014 0.014 0.006 0.012 0.008
Fru [%] 0.268 0.192 0.228 0.299 0.179 0.080 0.183 0.465

Composition (% on dry raw material)

Table 5. Detailed protein composition of a bulk Robusta coffee and sorted coffee
including perfect and defective beans. Total amino acids expressed in protein equivalent.

Bulk Perfect Broken Infested Half Black Black Brown Cherry

Proteins [%] 10.26 10.12 9.99 10.55 10.67 10.58 10.50 8.27
NH4 [%] 0.01 0.04 0.01 0.02 0.02 0.02 0.03 0.00
Ala [%] 0.45 0.44 0.44 0.46 0.50 0.46 0.46 0.38
Arg [%] 0.60 0.59 0.61 0.62 0.59 0.58 0.60 0.47
Asp [%] 1.01 1.01 1.05 1.09 1.09 1.00 1.01 0.82
Cys [%] 0.25 0.25 0.24 0.26 0.26 0.26 0.25 0.20
Glu [%] 1.95 1.89 1.98 2.00 2.00 2.10 2.08 1.41
Gly [%] 0.56 0.55 0.57 0.58 0.60 0.59 0.55 0.47
His [%] 0.25 0.25 0.26 0.26 0.25 0.25 0.24 0.23
Ile [%] 0.38 0.38 0.39 0.39 0.41 0.43 0.42 0.34
Leu [%] 0.85 0.82 0.85 0.86 0.88 0.92 0.90 0.67
Lys [%] 0.59 0.60 0.61 0.61 0.56 0.51 0.55 0.48
Met [%] 0.15 0.14 0.15 0.15 0.16 0.16 0.15 0.13
Phe [%] 0.56 0.54 0.56 0.57 0.57 0.59 0.58 0.45
Pro [%] 0.55 0.54 0.55 0.55 0.55 0.59 0.57 0.46
Ser [%] 0.49 0.48 0.50 0.51 0.51 0.51 0.50 0.42
Thr [%] 0.38 0.37 0.38 0.39 0.41 0.40 0.38 0.32
Trp [%] 0.33 0.35 0.34 0.35 0.33 0.27 0.30 0.26
Tyr [%] 0.36 0.36 0.37 0.37 0.38 0.37 0.36 0.31
Val [%] 0.55 0.53 0.15 0.52 0.58 0.59 0.58 0.46

Free amino acids [%] 0.486 0.307 0.440 0.399 0.297 0.036 0.273 0.074
NH4 [%] 0.012 0.042 0.013 0.017 0.022 0.018 0.027 0.000
Ala [%] 0.047 0.027 0.038 0.034 0.028 0.000 0.024 0.000
Arg [%] 0.030 0.019 0.026 0.026 0.017 0.000 0.020 0.000
Asp [%] 0.051 0.026 0.052 0.054 0.053 0.000 0.022 0.014
Cys [%] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Glu [%] 0.076 0.047 0.075 0.067 0.065 0.018 0.036 0.012
Gly [%] 0.014 0.000 0.000 0.000 0.000 0.000 0.000 0.000
His [%] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Ile [%] 0.012 0.000 0.011 0.000 0.000 0.000 0.000 0.000
Leu [%] 0.019 0.014 0.017 0.012 0.000 0.000 0.020 0.000
Lys [%] 0.018 0.012 0.016 0.012 0.000 0.000 0.013 0.000
Met [%] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Phe [%] 0.034 0.019 0.032 0.029 0.019 0.000 0.017 0.000
Pro [%] 0.028 0.018 0.024 0.020 0.014 0.000 0.017 0.035
Ser [%] 0.028 0.016 0.023 0.022 0.014 0.000 0.013 0.000
Thr [%] 0.079 0.039 0.081 0.081 0.053 0.000 0.033 0.012
Trp [%] 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Tyr [%] 0.019 0.015 0.017 0.013 0.011 0.000 0.015 0.000
Val [%] 0.017 0.012 0.016 0.012 0.000 0.000 0.016 0.000

Composition (% on dry raw material)

In conclusion, based on the composition three classes of defects can be identified. A
discriminant analysis of chemical data is given in Figure 2.
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Figure 2. Discriminant analysis of chemical data obtained for perfect and defective
Indonesian Robusta and 17 commercial Robusta representative of its chemical diversity.

1. Coffees, which present limited chemical differences, compared to perfect beans. These
coffees are broken beans and infested beans. They also present close composition to that
of a representative range of 17 commercial Robusta coffees. Based on the comparable
chemical composition, these defects should have limited impact on cup quality.

2.  Coffees, which present major chemical changes such as reduction in almost all low
molecular weight compounds (i.e. sucrose, free amino acids, chlorogenic acids, malic &
citric acids) and the generation of metabolites resulting from degradation reactions (i.e.
free glucose & fructose, quinic & oxalic acid). These coffees are brown beans, half black
beans and black beans. Based on the chemical composition, these coffees are lacking in
all key aroma and flavour precursors (Feldman et al., 1969). They will not develop typical
coffee aroma (De Maria et al., 1994) and will lack acidity (Ginz et al., 2000).

3. Coffees, which have different chemical composition indicating the presence of non coffee
bean compounds (i.e. xyloglucans). These coffees are cherry beans. As class 2, based on
their composition these coffees will not develop the typical coffee aroma and flavour.

Processability Evaluation

Table 6 compares the processability characteristics of perfect and defective coffees. Clear
differences in roasting behaviour and extractability could be observed depending on the type
of defect.

Roasting duration to reach CTN 85 was 310s for perfect beans. Half black beans, brown
beans and cherry beans presented a slower colour development (i.e. > 370s) compared to all
other coffees. The lengthening in roasting duration can be explained by the reduction sucrose,
which was shown as being the source of colour during roasting (Charurin et al., 2002).
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Organic losses were 7.1% for perfect beans. Half black beans and cherry beans presented
very low organic losses (i.e. < 3.7%) whereas broken beans exhibited very high organic losses
(i.e. 10.3%).

Extractability of perfect beans was about 29% on R&G. Better extractabilities (+1 pt) were
measured for broken and infested beans. These defects modify the cell-wall integrity, further
improving the extraction of high molecular weight compounds (e.g. carbohydrates). Lower
extractabilities were observed for all other coffees: half black beans (–2 pt), brown beans (–3
pt), black beans (–5 pts) and cherry beans (–7 pts). This loss in extractability performance
mainly results from the decrease in low molecular weight compounds. Similar trends can be
observed for extractability based on green coffee.

Table 6. Processability of bulk coffee and sorted coffees including perfect
and defective beans evaluated at lab-scale.

Bulk Perfect Broken Infested Half Black Black Brown Cherry

Roasting
Roasting duration (s) [s] 355 310 315 340 370 305 420 370
Colour (CTN) [CTN] 84 84 85 86 83 87 85 83
H2O R&G  (%) [%] 0.8 1.1 0.9 0.8 0.8 0.6 0.5 0.6
Organic losses (%) [%] 7.3 7.1 10.3 6.6 3.7 5.6 6.6 3.3

Extraction
YR&G (% d.b.) [%] 26.7 28.9 29.8 29.5 27.4 22.3 25.9 21.6
YGC  (% d.b.) [%] 24.8 26.8 26.7 27.6 26.4 21.1 24.2 20.9

Composition (% on dry raw material)

CONCLUSIONS

This work has established clear differences in chemical composition and processability
behaviour of defective coffee beans compared to perfect beans. The redefinition of defect
classes in term of similar impact on the global quality of coffee could be suggested. In this
context, the presence of broken beans and infested beans will have lower impact on the global
quality of coffee compared to black, brown or cherry beans.
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SUMMARY

The wild coffee species of Madagascar and neighbouring islands in the Mascarocoffea section
has been believed to be caffeine free during almost a century with the exception of
Coffea mauritiana which present a very low content (0.07%) (Bertrand, 1905; Rossi, 1933;
Chevalier, 1938; Chassevent et al., 1974). Unequivocal evidence for the presence of caffeine
was published for the first time by Clifford et al. in 1991.

The investigation of caffeine content was extended to 90 populations within 47 species
distributed in the 6 botanical subsections of Mascarocoffea. No caffeine or only trace was
found in 58 populations represented by 30 species distributed in the 6 subsections. 28
populations of 17 species distributed in the 6 subsections also contained very low amount
(0.01-0.20% dry weight). While only the Verae subsection with all populations of
C. kianjavatensis and C. lancifolia presented caffeine content (0.20-0.80%) as high as some
wild east African species such as C. eugenioides and C. sessiliflora. Nevertheless, no caffeine
was found in all the 18 leaf samples of 10 species including C. kianjavatensis and
C. lancifolia.

These results completed the distribution of caffeine content in Mascarocoffea previously
reported by Rakotomalala et al. (1992). Other particular traits variation in Mascarocoffea
species will be discussed in relation with caffeine content distribution.

INTRODUCTION

The section Mascarocoffea groups the wild coffees of Madagascar and the neighbouring
islands (Chevalier, 1938). It belongs to the subgenus Coffea (Bridson, 1987) and contains
about 60 taxa divided into 7, then 6 botanical subsections (Leroy, 1967; Charrier, 1978).

The beans of Mascarocoffea species have been believed to be caffeine free during almost a
century with the exception of a very low content (0.07%) reported in the beans of
Coffea mauritiana (Bertrand, 1905; Rossi, 1933; Chevalier, 1938; Chassevent et al., 1974).
Unequivocal evidence for the presence of 0.55-0.81% caffeine in the beans of population
A213 of C. kianjavatensis was published for the first time by Clifford et al. in 1991.
Rakotomalala et al. (1992) established the presence of caffeine and theobromine in beans
from populations of C. lancifolia (A320, A405) and from C. kianjavatensis (A213, A602).
Nevertheless these authors did not find caffeine in the beans of C. homollei which belong to
the same Verae subsection. The investigation of caffeine content has been extended by
Rakotomalala (1993) on 56 populations of Mascarocoffea distributed in the 6 subsections. No
caffeine or only trace amounts were found in few of them with the exception of the two
above-mentioned species.
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In order to complete the Mascarocoffea caffeine content information, 72 populations were
analysed at the R&D Center of UCC Ueshima Coffee Co, Japan; using other sample
extraction and analysis methods. We now present the synthesis of results from 90 populations
obtained by Rakotomalala and by UCC R&D Center.

MATERIALS AND METHODS

Plant Material

The collection of Mascarocoffea at FOFIFA’s Experimental Station of Kianjavato
(Madagascar) contains about 3000 trees of 117 populations belonging to 56 species. Some
accessions are not described yet. The coffee trees are maintained under a converted natural
forest with duplication in the field without shade.

The 90 samples analysed are distributed in the six botanical subsections (Table 1).

Table 1. Repartition of the samples analysed into the different subsections.

Subsections
Garcinioides Millotii

Complex
Multiflorae Subterminales Verae Mauritianae/

Humblotianae
Nb samples
Nb species
Undescribed
taxa

13
4
1

18
11
1

32
11
7

18
8
5

8
3
1

1

Rakotomalala Method

Grinding and H2O extraction of beans and GC analysis for caffeine were as described in
Vitzthum et al. (1974). Preparation and analytical reverse-phase HPLC was performed as
described in Rakotomalala et al. (1992).

R & D CENTER UCC METHOD

Sample preparation

1g of wet processed green bean was extracted with 50 ml of boiling deionized water. The
solution was filtered through filter paper, which was washed 2 times with deionized water
into a 50 ml volumetric flask and made up to volume after cooling to room temperature.

HPLC analysis

A Cosmosil 5C-18 analytical column (6 x 150 mm, 5 µm packing, Waters) protected by a
guard column packed with C-18 (4.6 x 10 mm, 5µm, Waters) was used for the separation.
Standard of caffeine was prepared in methanol. The mobile phase was 0.2M perchloric acid
buffer/methanol (2:8 v/v) with a flow rate of 1 ml/min at room temperature. Detection was
accomplished with a diode-array detector, and chromatograms were recorded at 270 nm. The
compounds were identified by their retention times, chromatographic comparisons were based
on the external standard method. The method for the determination of moisture content is as
defined in ISO6673 1.

                                                  
1 ISO6673- 1983 (E). Green coffee determination of loss in mass at 105°C
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RESULTS

Caffeine content for all the 90 populations ranged from 0 (not detected) to 0.80% dw 2. The
frequency distribution is very dissymmetric (Figure 1).

Figure 1. Caffeine content distribution of 90 populations of Mascarocoffea.

No caffeine or only trace was detected in the beans of 58 populations represented by
30 species distributed in the 6 botanical subsections.

28 populations of 17 species distributed in the 6 subsections contained very low amount
(0.01-0.20% dry weight).

Only 4 populations presented slightly high caffeine content (0.20-0.80%).

When looking at each subsection, the results show that:

 i. all species from the Garcinioides subsection (C. dubardi, C. tetragona, C. hemii,
C. mogeneti) are caffeine free excepted the undescribed taxa A969 which is probably a
natural hybrid;

 ii. for the Millotii complex, 15 populations out of 18 are caffeine free. The remaining three
(C. farafanganensis, C. millotii A222, C. ambodirianensis A572) contain very low
amounts (0.03-0.05%);

 iii. 18 out 32 populations represented by 6 species (C. perrieri, C. resinosa, C. vianneyi,
C. sakarahae) and some undescribed taxa such as A525, A818, A820, belonging to the
Multiflorae subsection contain low but perceptible amounts (0.02-0.24); while the other
14 are caffeine free;

 iv. for the Subterminales group, 14 populations out of 18 are caffeine free. The remaining
four (C. boiviniana, C. jumellei, C. sakarahae, C. pervilleana) range from 0.01 to 0.21;

 v .  for the Verae  subsection, all populations of C. kianjavatensis and C. lancifolia
presented caffeine content (0.20-0.80%) as high as some wild east African species such
as C. eugenioides and C. sessiliflora; while the three populations of C. homollei (A574,
A743, SZ108) are caffeine free;

 vi. C. mauritiana A1025 was the only one sample analyzed within the Mauritiana-
Humblotiana group. The 0.04% caffeine amount detected is similar to the previous
reported result.

                                                  
2 dw = dry weight
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DISCUSSION

The absence of caffeine observed may sometimes rise from the use of inadequate extraction
and detection methods. Rakotomalala (1993) used alcohol/water following by chloroform
separation for his investigation. The simplified extraction method applied at the UCC R&D
Center could have limited yield loss and allowed to detect caffeine at very low content
(<0.01%). Thus, some UCC R&D Center results differed from especially those of
Rakotomalala for very low amounts. However, the chromatographic identification of the
caffeine by the retention time only, applied by R & D, is not sufficient for many
Mascarocoffea species, because of the complexity of their chromatograms (Figure 2). Other
compounds having the same retention time (depending on the chromatographic conditions)
could make interference with the caffeine and could give wrong evaluation. At least checking
the spectrum of the pick to be analyzed is needed all the time. Nevertheless, for the majority
of the samples analyzed by either method, the main difference was that R & D obtained low
caffeine amounts when Rakotomalala detected traces only.

C. perrieri                        C. canephora                       C. sp. A507

Figure 2. HPLC chromatograms of two Mascarocoffea species and C. canephora.

The synthesis of our results indicates that:

• Within each botanical group, most of taxa are caffeine free, excepted for the Mauritianae –
Humblonianae subsection where only one species was available; variable amounts of
caffeine content are also detected for each group. All these groups present a very high
morphological and physiological diversity with the exception of the Garcinioides
(Charrier, 1978).

• For the Garcinioides subsection, the single population with caffeine appears to be a hybrid
between C. dubardi and another unknown Mascarocoffea species. In fact, natural cross
pollination between different Mascarocoffea species is a common event (Charrier, 1978).
Previous study (Rakotomalala 1993) also showed that the taxa from the Garcinioides
group are highly homogenous for chlorogenic acids isomers and do not contain any rare
chemical compounds.

•  The Millotii complex species present a high morphological diversity. Peculiar chemical
compounds such as glycosidic diterpene, p-coumarate and sinapate derivates are
distributed with variable rate among Millotii’s populations; however it appears that the
caffeine content distribution is slightly homogenous.

• High morphological and physiological diversity between populations was recorded for the
Multiflorae subsection. The taxa of this group contain various peculiar chemical
compounds such as glycosidic diterpene, p-coumarate, sinapate, mono-, di- and tri-
methoxycinnamate derivates. The repartition (presence/absence) and the amount of these
compounds are unequally distributed within the species of the group. Caffeine content
appears also to be unequally distributed in this group.
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Our synthesis with previous results on (i) morphological classification (Charrier, 1978;
Bridson, 1982); (ii) chemotaxonomy (Clifford et al 1991; Rakotomalala, 1993; Rakotomalala
et al., 1993 a & b); molecular biology (Cros et al., 1995; Lasherms et al., 1997; Noirot et al.,
2003), (iii) particular chemical compounds found in Coffea beans (Rakotomalala, 1993c),
 and recent knowledge about new African caffeine free species (C. pseudozanguebariae,
C. bakossi), suggest that the review of the subgenus Coffea classification, especially those of
the Mascarocoffea, is needed.

These results are also of help for the exploitation and the management of the Mascarocoffea
germplasm.
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SUMMARY 
 
Gas sensors have been widely tested since the nineties to predict the quality of unknown 
products after a training period with acceptable and not acceptable samples. Most of reported 
applications screened only a limited number of samples in a relatively short period of time. 
This study was aimed at screening numerous instant coffee powders characterised by in-jar 
aromas varying in concentration and quality during a period of 16 months (100 products). 
Instrumental results (gas sensors and standard gas chromatography) were compared with 
sensory data. 
 
A good agreement was established between the results from the metal oxide sensors and the 
results measured by gas chromatography. The FOX 3000 from Alpha M.O.S. was already 
found to be a reliable and reproducible instrument already in a previous study. Nevertheless, 
important sensor drifts were observed during the study (base line and sensitivity). However, 
these drifts could be compensated using built-in calibration procedures. The system could 
recognise blind samples with a success rate higher than 72%. 
 
Our results showed that the FOX 3000 could be used roughly to predict the concentration of 
total headspace aroma, and simultaneously the concentration of sulphur compounds in the 
headspace. This study indicated that the sensors were mainly responding to overall headspace 
concentration. The information delivered by the sensors on differences in aroma composition 
was very limited. No correlation with sensory data could be derived from such instrumental 
analyses up to now. This is not surprising as most key compounds of coffee aroma are present 
in very low concentrations in the headspace and do not contribute to the signal measured.
 
RÉSUMÉ 
 
Les capteurs à gaz ou “nez électroniques” ont été souvent utilisés depuis les années 90 pour 
prédire la qualité d’échantillons inconnus après avoir entraîné l’instrument à distinguer des 
échantillons acceptables et inacceptables. Néanmoins, la plupart des applications publiées se 
réfèrent à un nombre limité d’échantillons analysés et, de plus, sur une courte durée. 
L’objectif de cette étude était d’analyser un grand nombre de cafés instantanés caractérisés 
par différentes concentrations, compositions et qualités d’arôme de bocal (une centaine de 
produits), le tout sur une période de 16 mois.  
 
Les résultats obtenus avec le FOX 3000 se sont révélés en bon accord avec les résultats 
obtenus par chromatographie en phase gazeuse. Cette étude a confirmé que l’instrument 
développé par Alpha M.O.S. est fiable dans son fonctionnement et que la reproductibilité des 



 

analyses est satisfaisante. Une dérive importante des capteurs a néanmoins été observée au 
cours de cette étude mais a pu être corrigée de façon satisfaisante avec les procédures 
d’étalonnage fournies avec l’instrument. Des échantillons analysés à l’aveugle après 16 mois 
ont été reconnus avec un taux de succès d’au moins 72%.  
 
Nos résultats ont montré que le FOX 3000 peut être utilisé pour prédire la concentration totale 
de l’arôme dans l’espace de tête du bocal de façon semi-quantitative, et pour donner 
simultanément une idée de la concentration des composés soufrés dans l’espace de tête. Cette 
étude a également montré que les capteurs répondent principalement à la concentration 
globale de l’arôme et que les informations sur des différences de composition entre les 
échantillons sont limitées. Aucune corrélation n’a pu être établie à ce jour entre les 
descripteurs sensoriels de l’arôme et la mesure de l’arôme dans l’espace de tête, que ce soit 
par GC ou avec les capteurs. Ceci n’est pas surprenant au vu de la faible concentration de la 
majeur partie des composés odorants-clés de l’arome de café. 
 
INTRODUCTION 
 
Quality assurance at production floor is the only way of insuring a constant quality of the 
products delivered to the consumers. Beside physical and chemical controls, sensory 
procedures play a major role in the final liberation of coffee products, either for roast and 
ground coffee, or for instant powders. The overall aroma balance of coffee is very difficult to 
predict based on the chemical composition of the aroma, due to the low concentration of 
many key aroma compounds and the masking effects between potent odorants of coffee 
(Vitzthum et al., 1990; Grosch and Blank, 1992; Grosch, 1998; Grosch et al., 1999; Gretsch et 
al., 1999). Moreover, the techniques used to quantify the aroma fingerprint of a product are by 
far too complex and time consuming to be applied on a routine basis. However for specific 
applications, the knowledge of global aroma concentration together with some indications 
about the content of some tracers of quality would be of great interest for the manufacturer. 
 
“In-jar” aromatisation of soluble coffee is used to deliver a fresh coffee-like aroma to the 
consumer at first openings of the product. The concentration and the composition of the 
aroma in the powder headspace are dependent on the aroma source and manufacturing 
conditions. Therefore, a rapid and simple method to control the global concentration of the 
aroma in the finished product would be useful at production floor to assure a constant quality 
of the product. 
 
Gas sensors have been widely tested since the nineties to predict the quality of unknown 
products after a training period with acceptable and not acceptable samples. However, most of 
reported applications screened only a limited number of samples over relatively short period 
of time (Gardini et al., 2000; Bazzo et al., 1998; Schnitzler et al., 2000; Abass et al., 1999; 
Braggins et al., 1999; Newman et al., 1999; Luzuriaga and Balaban, 1999; Gardner et al., 
2000; Ramalho, 2000). This study aimed at screening numerous instant coffee powders with 
in-jar aroma varying in concentration, composition and quality during a period of 16 months. 
Moreover, instrumental results (gas sensors and standard gas chromatography) were 
compared with sensory data. 
 
Since several years, electronic sensors have been tested in our laboratory for their ability to 
characterise the aroma fraction released from instant coffee aromatised for in-jar aroma (first 
opening of the package). A first study conducted in 1996 allowed to evidence that conducting 
polymers were not suited for analysing coffee aroma in finished products. The reason was the 
high sensitivity of these sensors towards moisture and carbon dioxide, both components 
always present in much higher concentration than coffee aroma in the powder headspace 



 

(Gretsch et al., 1997). More positive results were obtained with metal oxide sensors. An in 
depth investigation of the commercial instrument FOX 3000 supplied by Alpha M.O.S. Ltd 
(Toulouse, France) in 1997 revealed that the apparatus was reliable and could be used to 
conduct a long term study (Gretsch et al., 1998). 
 
EXPERIMENTAL 
 
Around 100 instant coffees conditioned in sealed glass jars were analysed for headspace 
aroma over a period of 16 months. Two product categories were considered (P, R) and 3 
variants per category (P1-P3, R1-R3, each variant being further submitted to storage test). 
These products differed in headspace aroma concentrations and aroma quality already at 
production. The ca. 100 products were analysed in triplicate taking each time a different 
sealed jar with the FOX 3000 apparatus equipped with 12 sensors. The samples were also 
analysed in duplicate from different sealed jars using a reference method based on gas 
chromatography. Major features of both analytical methods are presented in the Figure 1. The 
samples were also described by sensory profiling using a trained panel. 
 

 
 
Figure 1. Comparison of aroma sampling systems, signal measured and data retained 
for further treatment when using the FOX 3000 or standard gas chromatography 
 
The calibration of the response over time was performed with external gaseous standards for 
the analyses performed by gas chromatography. For the metal oxides, we tested two 
calibration procedures with the supplier. The first one proposed by default in the software 
used external standards. Pure chemical compounds were dissolved in MCT oil and a set of 
vials was prepared (one chemical per solution), stored at –20°C and analysed during the study 
prior to the coffee samples. The second method of calibration used the intrinsic characteristics 
of the sensors determined simultaneously to the analysis of coffee samples. This approach 
gave better results and all recognition results presented in this work were obtained with the 
second method. Both calibration procedures are based on protected software and the user has 
only access to the raw data. 
 
RESULTS 
 
The sensor drifts with time and calibration procedures are discussed first. Then the ability of 
metal oxides to measure aroma concentration is presented, following by the potential of the 



 

system to recognise blind samples. Finally, the discrimination of the samples based on their 
quality is discussed. 
 
Sensor drifts and calibration procedures 
 
The base lines of the sensors exhibited significant drifts during the 18 months of use (Figure 
2). The magnitude of the drift depended on sensor. The observed shifts were positive for most 
of the sensors, except for SY/AA, SY/G and SY/Gh. Sensors presenting highest drifts were 
SY/gCT*, SY/LG and SY/AA for chamber 1, and PA2*, T30/1* and T70/2* for chamber 2. 
Four of these sensors (*) were strongly influenced by the change of laboratory premises. 
 

 
 
Figure 2. Evolution of sensor baseline between September 1998 and February 2000. 
Left: 6 sensors of chamber 1, Right: 6 sensors of chamber 2. Data points represent 
period of analyses with the instrument. Notice that the laboratory changed premises 
between days 220 and days 400 
 

 
 
Figure 3. Comparison of raw data (left) with calibrated data (right) for standard 
solutions in MCT oil (top right: calibration using 2-methylbutanal and ethanol, bottom 
right: calibration using intrinsic parameters of sensors) 



 

These base line drifts were accompanied by changes in sensor response during the study. 
Moreover the magnitudes of changes were different depending on the standard measured, as 
shown  in Figure 3. Using the built-in calibration procedures, the first two days of analyses 
were taken as learning days (the system was told about the link between results and chemical 
compound, and a model was built using a Discriminant Factor Analysis). Samples belonging 
to the remaining 9 days of analyses were considered as unknown and projected in the model 
built with the learning period. The success rate for classifying unknown samples passed from 
78% on raw data to 80-89% using the external calibration and to 100% using the internal 
calibration. The internal calibration was indeed the most efficient. It has not only the 
advantage of liberating the user from additional analyses using chemical standards, but also of 
providing a better correction for sensor drifts (see also Tan et al., 1998 for external calibration 
example). 
  
Assessment of aroma concentration in the headspace of the coffee powders 
 
To establish better links between global headspace intensity and the response of the sensors, a 
few coffee powders were coated at pilot scale with an increasing amount of aromatised oil, 
resulting in an increasing concentration of in-jar aroma. The sensor responses to concentration 
were either linear (e.g. SY/G, SY/Gh) or followed a power function of concentration (P10/2, 
P40/1), as shown in Figure 4 (left graph). Similar relations were searched in the long-term 
study, knowing that the in-jar aroma concentration of the 6 products varied between 100 ppm 
and 400 ppm. A discriminant analysis was performed to see which sensor would better predict 
the global concentration in the jar using the data from the whole study. The result evidenced 
that P10/2 and SY/LG responses presented the best fit with respectively, global aroma and 
global sulphur concentration in the jar. The relations between sensor response and ppm HS 
are represented in the Figure 4 (right graphs). The dispersion of the points could be explained 
by the jar-to-jar variation for one quality (GC and FOX data are obtained from different 
sealed jars, see also Table 1), and to a lesser extent by the differences in relative aroma 
composition between products. These results indicate that the FOX could be used to provide a 
rough quantification of in-jar aroma concentration. 
 
Recognition of unknown samples 
 
The coffees analysed were issued from two categories of products (P, R) and 3 variants per 
category were analysed (P1-P3, R1-R3). Using the internal calibration based on the intrinsic 
characteristics of the sensors measured during the analyses of the coffees, various models 
were built by Alpha M.O.S. depending on the level of discrimination desired. Results from 
the first 50% of analyses were used to build the models; the latter were then validated with 
remaining results (Figure 4). This study showed that the FOX could discriminate between 
different products, as long as the built model was restrained to the subclass considered. 
However, when considering the whole set of results, the discrimination was reduced somehow 
due to the relatively high dispersion of data, in regard to the distances between the groups. 
 
These models were used to recognise blind samples reanalysed at the end of the evaluation 
period. The samples reanalysed belong to variants P1, P2 and P3 (model B in Figure 4). When 
considering first P or R categories (model A), the blind samples were attributed to P products 
with 72% success. The product variants were then calculated for both types of products 
categories P and R, using respectively models B or C. Although a better score was found for 
the P variants (Table 1), the score obtained for R variants evidenced significant overlapping. 
Interestingly, the product variant inside a category was more easily solved than the product 
category. This confirms the high correlation of sensor response with headspace global 
concentration as shown in the table below. 





 

When combining sensory and FOX or GC data, no correlation between quality and sensor 
response could be established up to now. Using a simple principal component analysis, we 
could see that sensory descriptors were orthogonal to the sensor or GC variables, meaning no 
correlation at all (Figure 6). This confirms that compounds in high concentration in the 
headspace above the powder are not reflecting aroma intensity and quality in the case of 
coffee. 
 

 
 
Figure 4. Models built to discriminate between samples: left: products P and R (learning 
score 97.4%, validation score 94.5%); top right: variants of products P (learning score 
91.2%, validation score 92%); bottom right: variants of products R (learning score 
91.5%, validation score 94%) 
 
CONCLUSION 
 
The FOX 3000 from Alpha M.O.S is a reliable instrument when operated in a controlled 
environment (air quality and regulation of the moisture level in the carrier gas). The 
reproducibility between analyses run within a day lies in the range of a few percents. A good 
agreement was established between the results obtained with the metal oxide sensors and the 
results measured by gas chromatography (overall concentration).  
 
Significant drifts of sensor baseline and response were observed over a 16-month period of 
use, stressing the need for a good procedure of calibration. The recent method developed by 
the supplier and based on internal calibration using the physical characteristics of the sensors 
gave better results than the first one available, based on external chemical standards. The 
system could recognise blind samples with a success rate higher than 72%. 
 
This extensive study revealed that the sensors were mainly responding to overall headspace 
concentration, when measuring in-jar aroma above coffee powders differing in concentration, 
composition and aroma quality. The information delivered by the sensors on differences in 
aroma composition was very limited. No correlation with sensory data could be evidenced, 
confirming that compounds in high concentration in the headspace above the powder are not 
reflecting aroma intensity and quality in the case of coffee. However our results indicate that 
the FOX could be used to provide a rough quantification of in-jar aroma concentration. 
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Figure 5. Evolution of P samples during storage. Comparison of Principal Component 
Analysis obtained from instrumental (GC, FOX) and sensory analyses 
 

 
 
Figure 6. Principal Component Analysis obtained on FOX and sensory data (left). Plot 
of sensory overall intensity towards headspace concentration 
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poster deals with the ability of FT-Raman spectroscopy in discrimination of coffee from
different regions of Rwanda (Figure 1 and Table 1).The altitude measurement data of the
various points of sampling were collected by means of GPS receiver (Garmin). The Raman
spectra of coffee oil were acquired on Perkin-Elmer NIR-FT-Raman spectrophotometer
2000R equipped with a Nd-YAG laser (1064 nm) and an InGaAs detector commanded by
Spectrum for Windows software. The spectral data were obtained at a wavenumber resolution
of 4 cm-1 and at nominal laser power of 800 mW. Principal component analysis (PCA) was
used for classification of robusta in different samples of coffee. Chemometric analysis was
made with Unscrambler software 7.6 (CAMO, Norway).

Figure 1. Rwanda map and distribution of sampling regions.

Table1 . Characterization of Samples analyzed.

**Sprinkled and artificial irrigation coffee plantation (NKUBIRI Farm)

RESULTS & DISCUSSION

Raman spectrum of arabica samples presents 2 specific peaks at 1567 and 1478 cm–1, which
are absent in other species (robusta, liberica). Molecule responsible of these differences is
isolated in unsaponifiable fraction of coffee oil and characterized. The Raman spectrum of
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standard of kahweol (sigma) was compared to coffee oil spectra. These scattering signals are
assigned to C = C vibrations in kahweol molecule.

Figure 2. Raman spectra of coffee lipid fraction, Kahweol and Cafestol.

On the basis of Raman spectra of 300 samples of green and roasted coffee, a principal
component analysis (PCA) was performed and the results allow a total distinction between
arabica and the two low coffee quality species: robusta and liberica. Coffee from Australia
and Yemen show the lowest intensities of Kahweol peaks and are situated on left side of the
Figure 3 while coffee from Kenya and Jamaïca BM have the highest intensities.

Figure 3. PCA scores plot of analyzed samples.

Using coffee samples from different regions of Rwanda, satisfactory classification of coffee
samples in two groups was obtained using PCA (Figure 4). The first group is constituted by
coffee from West of Rwanda (highlands regions) and the second by coffee from East
(lowlands regions). For the same altitude, the content of kahweol is positively correlated to
water disponibility (rainfall) (Samples 1, 2, 6 and 11). There is a good correlation between the
height of Kahweol peaks and microclimate annual mean temperature where coffee is grown
(R2 = .883). These results are in accordance with the observations of Levinsohn et al. (1993),
Mc Gavey and Croteau (1995) and Munné-Bosch et al. (2000, 2001) in other plant species.
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Figure 4. Rwandan coffee classification according regions.

Contrary to literature, the proportion of kahweol is not affected by green coffee processing,
decaffeination and roasting conditions. This technique can be used in botanical origin
authentication of regular or decaffeinated green or roasted coffee.

CONCLUSION

Raman Spectroscopy can be a useful method in coffee quality control especially in the area of
authentication. Kahweol content in arabica coffee is greatly dependent on the climatic
conditions where coffee is grown. It can bee used to in authentication of strictly high grown
coffee (SHG), a growing market which has a price differential. For Rwanda coffee sector, it is
important to regionalize coffee quality management and to set up marketing strategies in
order to export coffee from some regions at a premium price in speciality coffee market.
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Assessment of the Contribution of New Aroma Compounds Found
in Coffee to the Aroma of Coffee
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SUMMARY

Using gc/olfactometry and gc/ms analysis of coffee aroma fractions that were isolated by
different mild isolation techniques (e.g. nitrogen stripping, SPME) 6 new sulfur compounds
could be detected, 4 of which were positively identified as 3-mercapto-2-butanone, 3-
mercapto-2-pentanone, 2-mercapto-3-pentanone and 4-methoxy-2-methylbutan-2-thiol for the
first time in coffee. Quantitative analysis of these 4 sulfur compounds in various coffee brews
revealed for 3-mercapto-2-pentanone, 2-mercapto-3-pentanone and 4-methoxy-2-
methylbutan-2-thiol contents that are significantly above their thresholds (in water). Several
mixtures that were formulated with the 3 thiols 3-mercapto-2-butanone, 3-mercapto-2-
pentanone, and 4-methoxy-2-methylbutan-2-thiol were added to a coffee beverage. Sensory
evaluations of the spiked coffee beverage against a reference (w/o additions) showed a
positive impact of these thiols on the sensory profile of the coffee.

INTRODUCTION

During the last 10 years, coffee aroma has been extensively studied (e.g. reviews by
Vitzthum, 1999; Grosch, 2001). The analytical evaluation of the aroma of roast and ground
coffee as well as of coffee brews resulted in the identification of 28 character impact
compounds (Grosch, 1999). A series of reconstitution experiments were performed that were
based on addition of 23 key compounds to a buffered aqueous solution (coffee brew model) or
a water/oil mixture (20/1, v/v; roast and ground coffee model) in concentrations that were
determined in coffee brew or roast and ground coffee. The direct sensory comparison
(orthonasal evaluations) of the aroma models with the respective coffee products revealed that
the former exhibited good coffee aroma (Mayer et al., 2000; Grosch et al., 2000). Similarity
of odour profiles of models against the references was rated between 2.0 and 2.6 using a 3-
point category scale (0: no similarity to 3: identical to coffee product). This shows that a
complete match of the full coffee aroma could not yet be achieved. Audouin (2002)
performed similarity ratings with two coffee brew models (containing 26 and 43 key aroma
compounds in deodorised coffee base) against coffee brews prepared from several
commercial roast and ground coffees as well as soluble coffees. 11 trained panelists rated the
'coffeeness' of these products on a similarity scale of 0 (not coffee) to 9 (similar to real
coffee). ANOVA showed that the models received lower scores of 3.9 to 4.4 than the
reference coffee brews (scores of 5.33 to 7.11).

The results of the above mentioned reconstitution experiments suggest that not all key aroma
compounds have been taken into consideration. Therefore, we investigated the identification
of new/additional sulfur compounds in coffee based on the assumption that a few reactive
compounds have eluded identification. The assessment of the contribution of four newly
identified sulfur compounds to the overall aroma of coffee is reported.



174

MATERIALS AND METHODS

Identification of new sulfur compounds

Sulfur compounds were isolated from roasted and ground coffee (100% Arabica; up to 6 kg)
by (A) stripping with nitrogen with subsequent cryo-condensation of volatiles and dilution of
condensate in dichloromethane (1/10, v/v); and (B) SPME extraction (30 min, 60°C) from the
headspace above freshly ground coffee. The aroma isolates A and B were analysed by means
of gc/olfactometry on three different columns. Three assessors were asked to evaluate odour
quality and intensity of the aroma active compounds. The most abundant sulfur compounds
(detected by all assessors on at least 2 columns) were isolated and purified according to
Tominaga et al. (1998). Subsequent positive identification of these compounds was based on
retention indices on two to three columns of different polarity, co-chromatography of
references, odour quality at the sniffing port and mass spectrometry.

Quantification of sulphur compounds in coffee brew

Coffee brew (5 l, use of 60g coffee/l; from various roasted and ground Arabica and Robusta
coffees of CTn 90 and 60) was spiked with the labelled isotope d3-3-mercapto-2-pentanone
(internal standard), distilled under high vacuum and extracted with dichloromethane. For 3-
mercapto-2-butanone, 2-mercapto-3-pentanone, and 4-methoxy-2-methyl-2-butanethiol
recovery factors relative to the internal standard were determined. Isolation and derivatisation
of thiols with p-hydroxymercuri benzoate was carried out in accordance to Tominaga et al.
(1998). Aroma isolated were analysed by gc/gc/ms. The concentration of 4-mercapto-4-
methyl-2-pentanone was below the limit of detection of the analytical method.

Capillary gas chromatography/olfactometry (HRGC/O)

HRGC was performed on a Fisons gas chromatograph (Type HRGC MEGA SERIES) using
three different fused silica thin-film capillaries (DB-Wax, DB-5 and DB-1701, each 30 m x
0.25 mm; film thickness, 0.25 µm; J and W. Scientific, Brechbühler, Switzerland). Samples
were applied by cold on-column injection technique at 40°C. After 2 min, the temperature of
the oven was raised by 6°C/min to 240°C and held for 10 min. For olfactometry, the gc was
connected to a Sniffer 9000 System (Brechbühler, Switzerland) The Kovats retention indices
were calculated by co-chromatography of n-alkanes.

Two-dimensional HRGC/MS (HRGC/GC/MS)

For two-dimensional gas chromatography, two gas chromatographs (GC1+2) of the same type
(HRGC MEGA SERIES, Fisons Instruments, Brechbühler, Zürich, Swiss) were inter-
connected via a MCSS (moving capillary stream switching) system. In both gas
chromatographs capillaries with different stationary phases were installed (DB-Wax and DB-
1701). The time windows for cutting of the eluate at GC1 were determined by means of
reference substances. Mass spectra in the electron impact mode (MS/EI) were generated at 70
eV on an MD800 (Fisons Instruments, Brechbühler, Zürich, Swiss).

Sensory evaluations

A soluble coffee (100% Arabica, CTn 90) was spiked with three thiol mixtures, containing
super-threshold (in coffee) amounts of 3-mercapto-2-butanone, 3-mercapto-2-pentanone
and/or 4-methoxy-2-methylbutan-2-thiol (see Table 4). Stock solutions of the thiols were
prepared in ethanol and diluted in water to such an extend that final concentration of ethanol
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in the coffee sample did not exceed 50 mg/l water (thus having no impact on the sensory
profile). The soluble coffee was freshly prepared before each sensory session as follows: per
1000 ml of soluble coffee beverage, 15 g of soluble coffee were used. Soluble coffee powder
was spiked with mixtures I, II or III and reconstituted with hot water (65°C). Solutions were
equilibrated for 2 min. while stirring and then served to 8 trained panellists. Panellists were
given a reference (non-spiked soluble coffee) and two coded samples per session and were
asked to describe the differences in above-cup sensory profiles.

RESULTS

Gc/olfactometry (gc/o) analysis of coffee aroma isolates obtained by stripping under nitrogen
as well as by HS-SPME resulted in the detection of 11 sulfur compounds, 6 of which were
unknown (Table 1). Using the enrichment method described by Tominaga et al. (1998) (see
also Figure 1) that allows the isolation and analysis of thiols in the ppb to ppt range, 4 of the 6
unknown compounds were positively identified as 3-mercapto-2-butanone, 3-mercapto-2-
pentanone, 2-mercapto-3-pentanone and 4-methoxy-2-methylbutan-2-thiol. These thiols are
characterised for the first time in coffee. In addition, 3-mercapto-3-methylbutan-2-one and 4-
mercapto-4-methyl-pentan-2-one were tentatively identified (based on all criteria mentioned
in Table 1 except mass spectra, due to too weak signals). The structure of the 6 new sulfur
compounds is shown in Figure 2.

Table 1. Sulphur compounds identified in aroma isolated from roasted
and ground coffee.

no. sulfur compound odour quality formerly RI-value

identified in
coffee DB-5

DB-
1701 DB-Wax

1. 3-mercapto-2-butanonea sulfury,
cabbage

-
820 --- 1269

2. 3-methyl-2-buten-1-thiol
fermented,
sulfury

+
832 876 1098

3. 2-methyl-3-furanthiol meaty + 880 936 1317

4. 
3-mercapto-3-methyl butan-
2-oneb sulfury

-
857 966 ---

5. 3-mercapto-2-pentanonea sulfury, catty - --- 1015 1355

6. 2-mercapto-3-pentanonea sulfury, catty - --- 1011 1348

7. 2-furfurylthiol roasty + 918 996 1436

8. 
4-methoxy-2-methylbutan-2-
thiola

blackcurrant-
like

-
926 989 1221

9. 
4-mercapto-4-methyl pentan-
2-oneb sulfury, fruity

-
959 1069 1400

10. 
3-mercapto-3-methyl-1-
butanol sulfury

+
994 1120 ---

11. 
3-mercapto-3-methylbutyl
formate Sulfury, catty

+
1029 1140 1538

aPositive identification based on odour quality, RI indices on 2-3 columns of different
polarity, co-chromatography of references and mass spectra.
bAll criteria mentioned under a except mass spectra.
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Figure 1. Reversible addition of the thiols to p-hydroxymercuribenzoate and release with
cysteine.

Figure 2. Structure of newly identified sulfur compounds in coffee.

The absolute contents of the sulphur compounds 3-mercapto-2-butanone, 3-mercapto-2-
pentanone, 2-mercapto-3-pentanone and 4-methoxy-2-methylbutan-2-thiol (MMBT) were
determined in various coffee brews (ex Robusta Vietnam, CTn 60; Arabica Central
US/Santos, CTn 60; Arabica Mexico/Ethiopia, CTn 90) by means of stable isotope dilution
analysis. Concentrations of three mercaptoalkanones ranged between 1 and 5.5 ppb, whereas
the content of 4-methoxy-2-methylbutan-2-thiol was found to be around 0.015 ppb (Table 2).
Both roast degree and coffee species/variety had a negligible or minor impact on the contents
of the thiols. Calculation of the odour activity values (based on the odour thresholds of the
compounds in water, that are shown in Table 3) revealed high values for MMBT (OAV of
683-788), followed by the two mercaptopentanones (OAV of 3-8). These thiols (a.o. MMBT)
should have a high impact on the aroma of the coffee brews. For 3-mercapto-2-butanone,
OAV’s of ≤1 were obtained, which indicated that its contribution to the coffee aroma is lower
than the three other thiols.

Odour thresholds were additionally determined in a soluble coffee using Triangular tests with
spiked and non-spiked coffee beverages. Thresholds were found to be by a factor of 29 (3-
mercapto-2-butanone), 276 (3-mercapto-2-pentanone) and 4250 (MMBT) higher than in
water. This result underlines the importance of the sensory evaluation of reconstituted aroma
models or spiking experiments (using real coffee samples) to confirm the contribution of these
sulfur compounds to the coffee aroma.
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Table 2. Concentrations (ppb) of new sulfur compounds in brews
from various roasted coffees.

aroma compound concentration [ppb] in coffee
brew from R&G

odour activity values (OAV)a

Rob
Vietn.
CTN 60

Ara,
Centr.
US/Sant.
CTN 60

Ara
Mex/Eth.
CTN 90

Rob
Vietn.
CTN 60

Ara
Centr.
US/Sant.
CTN 60

Ara
Mex/Eth.
CTN 90

4-methoxy-2-methyl
butan-2-thiol

0.014 0.014 0.016 701 683 788

3-mercapto-2-butanone 1.0 1.0 4.1 < 1 < 1 1
2-mercapto-3-pentanone 2.4 5.4 4.0 3 8 6
3-mercapto-2-pentanone 2.5 5.5 4.1 4 8 6
aOAV based on odour thresholds in water (see Table 3).

Table 3. Odour thresholds of thiols in water and soluble coffee.

aroma compound odour threshold
[ppb] in watera

odour threshold
[ppb] in coffeeb

ratio

4-methoxy-2-methyl butan-2-thiol 0.00002 0.085 4250
3-mercapto-2-butanone 3.6 87 29
2-mercapto-3-pentanone 0.7 n.d. -
3-mercapto-2-pentanone 0.7 193 276
aOrthonasal thresholds according to:
bOwn results; orthonasal thresholds determined in soluble coffee (100% Arabica) using
Triangular tests.
cRatio of thresholds in coffee/in water.

However, our primary interest was to formulate building blocks with the three new sulfur
compounds 3-mercapto-2-butanone, 3-mercapto-2-pentanone, and 4-methoxy-2-methylbutan-
2-thiol that can be used in coffee aroma formulations, rather than confirming their
contribution to coffee brew. To this end, three mixtures with 1-3 thiols were formulated and
added (in super-threshold (coffee) amounts) to a coffee beverage. Sensory profiling of the
spiked coffee beverages against a reference (w/o additions) showed that all three mixtures had
a positive impact on the sensory profile, i.e. they reinforced the overall aroma, sulfury, roasty
and fresh coffee character (Table 4).

Table 4. Sensory evaluation of a coffee beverage spiked with mixtures of 3 newly
identified sulfur compounds against a reference coffee (w/o additives).

Mixturea addition of sensory descriptionb

I 2-mercapto-3-butanone,
3-mercapto-2-pentanone

more overall aroma, more sulfury, more
fresh, more roasty, more full/complex

II 4-methoxy-2-methylbutan-2-thiol more overall aroma, more sulfury, more
full/complex

III 2-mercapto-3-butanone,
3-mercapto-2-pentanone,
4-methoxy-2-methylbutan-2-thiol

more overall aroma, more sulfury, more
fruity

aAmounts relate to super-threshold levels (each compound in mixtures I and II as well as
MMBT in mixture III)
bPanel described above-cup aroma of samples relative to reference (soluble coffee).
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SUMMARY

A mixture of volatile thiols covering a large range of physico-chemical properties was
monitored over time in the presence of a coffee brew. The analysis was conducted by SPME-
GC-MS. Additives inhibiting specific reaction pathways were preincubated with the brew
prior to thiol addition. Degradation kinetics of the volatile thiols were characterised by their
rate constants k(obs). The results suggest that thiols might disappear via two different major
mechanisms depending on their structure. Aliphatic thiols like ethanethiol react by
irreversible nucleophilic addition to matrix components generated by oxidation. Benzylic
thiols like 2-furfurylthiol react partially following this same pathway but degrade also via
radical cascade reactions.

RÉSUMÉ

L’évolution d’un mélange de thiols volatils représentant un large domaine de propriétés
physico-chimiques est suivi au cours du temps en présence d’un café filtre. L’analyse est
conduite par MEPS-CG-SM. Des additifs inhibant certains chemins réactionnels sont
préincubés avec le café avant l’addition des thiols. Les cinétiques de dégradation sont ensuite
mesurées et décrites par la constante de vitesse apparente de réaction k(obs). Les résultats
indiquent que les thiols se comportent différemment en fonction de leur structure chimique.
Les thiols aliphatiques tels que l’éthanethiol réagissent par addition nucléophile sur des
composés de la matrice générés par oxydation. Les thiols benzyliques comme le 2-
furfurylthiol peuvent subir en plus des réactions de dégradation radicalaires.

INTRODUCTION

Fresh coffee aroma has a very elusive composition both in ground coffee beans and in coffee
brew. It has been shown that this is mainly due to the quick decrease of volatile sulfur aroma
components responsible for the roasty, fresh and burnt notes (Hofmann and Schieberle, 2002).
Isolated coffee aroma on the other hand is more stable although its thiols also decrease but
over a longer timescale. It has therefore been postulated that coffee thiols disappear by
chemical interaction (or reaction) with coffee matrix components leading to the irreversible
formation of new covalent bonds (Hofmann and Schieberle, 2002; Charles-Bernard et al.,
2003). Several reaction partners from the coffee matrix have been proposed and various
chemical mechanisms can be imagined to explain this chemical degradation ranging from
radical cascade reactions to nucleophilic addition (see Figure 1) (Hofmann and Schieberle,
2002; Blank et al., 2002; Pascual et al., 2002). The purpose of this study was to gain some
information on the relative contribution of the suspected mechanistic pathways to the overall
degradation.
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Figure 1. Possible mechanistic pathways for the reaction of volatile coffee thiols with
non-volatile coffee matrix.

MATERIALS AND METHODS

Coffee Sample

Coffee brew models were produced from a blend comprising Santos (Arabica) 50%,
Colombia (Arabica) 30%, Ivory Coast (Robusta), medium roasting level (CTN = 85), by
countercurrent extraction 3 x 12 min at 120°C. The volatile aroma was vapour stripped and
the extract spray-dried without pre-concentration, (extraction yield 22.7%). The resulting
powder was considered as a “dearomatised dry coffee brew”. Coffee stock solutions were
prepared at 2.5% t.s. in acetate buffer 0.01 M at pH 5.2.

Volatile Compounds

The thiol stock solution was prepared at twice the final concentrations listed below. When
prepared in a glove-box these solutions could be stored for 4 weeks at –20°C. At room
temperature (RT) the mixture containing the 9 thiols was shown to be stable over 24 hours in
the working buffer (0.01 M acetic acid, pH 5.2). The final concentrations [µmol/L] were: 2-
methyl-2-propanethiol (2M2P), 3.7; 3-mercapto-3-methylbutylformate (MMBF), 4.9; 2-
butanethiol (2BT), 3.7; ethanethiol (EtSH), 5.4; propanethiol (PropSH), 4.4; butanethiol
(BuSH), 3.7; pentanethiol (PentSH), 3.2; 2-furfurylthiol (FFT), 3.9; benzylthiol (BnSH), 3.4;
thiophenol (PhSH), 9.7.

Additives

All chemicals were purchased from Fluka/Aldrich/Sigma (Buchs, Switzerland) and used
without further purification. Stock solutions of the additives were prepared in the working
buffer at ten times the final concentrations listed below. Final concentrations [mmol/L] were
gradually increased: hydroxylamine hydrochloride, 0.9-220; L-ascorbic acid sodium salt, 1-
50; sodium thiosulfate pentahydrate, 1-5; sodium sulfite anhydrous, 1-10;
diethylenetriaminepentaacetic acid (DTPA), 1-5; H3BO3, 50; and catalase from bovine liver,
10-15 mg/L. With sodium sulfite, sodium ascorbate, hydroxylamine hydrochloride, boric acid
and DTPA the additive stock solution in acetate buffer was adjusted to pH 5.2 with HCl and
NaOH respectively.
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Measurement of the Interactions

Reference aroma sample with additive A: aroma stock solution, additive stock solution and
working buffer were mixed in a ratio 5:1:4. The mixture was stirred 15 min. 800 µL were
transferred into a 2 mL amber silane-treated glass vial and equilibrated one hour on the
autosampler before headspace analysis. Coffee sample with aroma and additive B: the coffee
stock solution (2.5% t.s.) was diluted 4:1 with the additive stock solution. The mixture was
stirred for one hour at RT and diluted 1:1 with the aroma mixture. After 15 min stirring, an
aliquot (800 µL) was filled into a 2 mL vial and equilibrated one hour on the autosampler
before headspace analysis. For kinetic studies, vials containing reference samples A and
coffee samples B were prepared at time zero and put alternately on the autosampler so that the
headspace was sampled every two to four hours in different vials. Headspace concentrations
of vials A and B were measured after the same time. The ratio of the two integration surfaces
was plotted as a function of additive concentration and/or time for each additive. Na2SO3 and
Na2S2O3 both decreased the headspace concentration of the buffered blank thiol mixture even
upon short time equilibration (1 h). The results with these additives are therefore expressed
relative to a blank flavoured buffer solution without additive.  Trials under anaerobic
conditions were entirely prepared in a glove-box (Easy Box EB 80-1 spez., MecaPlex,
Switzerland). SPME-GC-MS analysis. The headspace of the vials was sampled using a Varian
CP-820 autosampler. A SPME fiber (PDMS/DVB; 65 µm, Supelco, Buchs, Switzerland) was
inserted into the headspace and allowed to equilibrate for 1 min. Aroma compounds were
desorbed in the injector port of the GC for 5 min at 240°C. During the first 3 min the purge
was off. GC separation was performed on a Hewlett Packard 5973 gas chromatograph
equipped with a DB-Wax column (J&W Scientific, 30 m, 0.25 mm ID, 0.25 µm film, 0.9
mL/min, constant flow). The oven temperature was held at 35°C for 3 min then programmed
to 170°C at 4°C/min, then to 220°C at 20°C/min and held at 220°C for 10 min. Mass spectra
were acquired in scan mode from 29 to 300 amu. Data treatment. The SPME-GC-MS peak
area, i.e. concentration, of volatile compound in presence of coffee brew and additive was
expressed in percentage relative to SPME-GC-MS peak area of the volatile compound in a
reference aroma sample in working buffer or reference aroma sample in working buffer +
additive. Each datapoint was measured in duplicate and deviations from average were plotted
as error bars. Kinetic data were treated assuming pseudo first order rate law. For each volatile
compound the Ln of concentration was expressed as a function of time [s]. The slope of the
curve gave –k(obs) the observed rate constant. The individual k(obs) for each volatile
compound were then expressed as k(rel) relative to the corresponding k(obs, no add), rate
constant in the coffee sample without additive: krel = k obs,no add / k obs, add.

RESULTS AND DISCUSSION

This study focused on volatile thiols since they were previously determined to be the most
reactive components of coffee aroma when exposed to coffee brew (Hofmann and Schieberle,
2002; Charles-Bernard et al., 2002). Thiols of this study were chosen to give mechanistic
information on the interactions between thiols and coffee matrix components. They were not
necessarily “real coffee thiols” but cover certain physico-chemical properties that represent
the main coffee thiols. The concentrations were set to be in the linear range of the SPME
fiber, at a ppm level and as close as possible to the real concentrations determined in a coffee
brew. The additives were chosen in order to slow down or inhibit specific reaction pathways
as shown in Table 1.
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Table 1. Role of additives used in this study.

A 1 h incubation time of the coffee brew with the various additives was decided arbitrarily.
For certain additives such as NH2OH incubation times of 1 h and 24 h of coffee brew with the
additive led to very similar results (data not shown). Sampling and analysis are depicted in
Figure 2. Only results for primary thiol ethanethiol (EtSH), tertiary thiol, 2-methyl-2-
propanethiol (2M2P), and the benzylic thiol 2-furfurylthiol (FFT) are shown in Figures 3-6.
The other thiols follow similar trends.

1h,RT

Aroma in coffee 
with additive   SCAd

1h,RT1h,RT

Aroma in coffee 
with additive   SCAd

1h,RT

Relative headspace 
concentration

R = (SCAd*100) / SWAd

Aroma in water
with additive SWAd

1h,RT

Aroma in water
with additive SWAd

1h,RT

Figure 2. Stability of thiols in the presence of various additives, sampling and analysis.

Nucleophilic addition

The competitor nucleophile hydroxylamine blocks the electrophilic reactive sites in the matrix
and therefore prevents thiols from reacting via this pathway. The aliphatic thiols (e.g.
ethanethiol) were quantitatively recovered when 8-10 mmol of hydroxylamine/g dry coffee
were added 1 hour prior to the contact between thiols and matrix (Figure 3). FFT still
degraded even in the presence of 22 mmol hydroxylamine/g dry coffee, suggesting that a
parallel reaction mechanism occurs. At this point of the study we concluded that the reaction
between aliphatic thiols (e.g. ethanethiol) and the coffee matrix is mainly due to nucleophilic
additions. The addition might occur on electrophiles present as such in the matrix or formed
by oxidation (see Figure 1).

Oxygen and radical mediated pathways

For linear aliphatic thiols the absence of oxygen allows to recover 80% of the initial
concentration after 24 hours (data not shown). This stabilisation suggests that: either thiols
add to oxidation products that are generated in the coffee matrix only in the presence of
oxygen, or oxygen is needed to create a reactive environment (radical species) involved in
thiol degradation. The preincubation of coffee brew with sodium sulfite (Na2SO3) led to a
remarkable stabilisation of EtSH and FFT (Figure 3). In the coffee beverage (pH 5.2) sodium
sulfite is a weak reducing agent and oxygen scavenger. It may also react with matrix
electrophilic counterparts (e.g. aldehydes). The observed stabilisation is therefore due to a
cumulative effect on both mechanistic pathways.



183

0

20

40

60

80

100

0 5 10 15 20 25

Hydroxylamine [mmol/g coffee]

R
el

 c
o

n
c.

  
(%

) 
 

2-Methyl-2-
propanethiol

Ethanethiol

Furfurylthiol

0

20

40

60

80

100

0 0.5 1

Na2SO3  [mmol/g coffee]

R
el

 c
o

n
c.

 (
%

) 
 

Figure 3. Degradation kinetics of ethanethiol, 2-methyl-2-propanethiol and 2-
furfurylthiol in the presence of coffee brew preincubated for 1 h with competitor
nucleophile NH2OH or reducing agent Na2SO3, (t.s. 1%, pH 5.2).

In the presence of a weak reducing agent like sodium thiosulfate (Na2S2O3) the thiol mixture
was slightly destabilised in a concentration dependent way (Figure 4). Similarly the addition
of catalase to reduce H2O2 into H2O resulted in no significant effect on the 3 thiols (Figure 4).
Therefore the trapping of reactive oxygen species (ROS) such as hydroperoxides and peroxide
radicals is not sufficient to prevent degradation of the thiols under investigation. Many other
radical species are present in the beverage to maintain the radical cascade even under these
conditions (Pascual et al., 2002).
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Figure 4. Degradation kinetics of ethanethiol, 2-methyl-2-propanethiol and 2-
furfurylthiol in the presence of coffee brew preincubated for 1 h with reducing agent
Na2S2O3 or catalase (t.s. 1%, pH 5.2).

The addition of the radical scavenger ascorbic acid resulted in a stabilisation of all 3 thiols
studied (Figure 5). It is however weaker than in the absence of air. This suggests that the
radical environment does not play the major role in the degradation of aliphatic thiols (e.g.
EtSH) and the nucleophilic addition to oxidation products in the matrix becomes more
plausible. Confirming this hypothesis, the addition of a transition metal chelator (DTPA)
expected to slow down radical generation via the Fenton reaction shows only a very weak
stabilisation effect of linear thiol EtSH. FFT was undetectable after 1 hour in the presence of
this additive (Figure 5).

Finally the synergic or cumulative effect of competitor nucleophile and inert atmosphere was
explored (Figure 6). For both thiols an additional stabilisation was observed in the absence of
air. The degradation rate of FFT however is still faster than for EtSH. This suggests that FFT
degrades in parallel following another mechanistic pathway (e.g. radical cascade reaction and
addition to the matrix).
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Figure 6. Degradation kinetics of ethanethiol and 2-furfurylthiol in the presence of
coffee brew preincubated for 1 h with competitor nucleophile NH2OH with and without
air (t.s. 1%, pH 5.2).

Relative rate constants of thiol decay in coffee brew with and without additive give a semi-
quantitative mechanistic information (see Table 2). For EtSH and FFT, the strongest
attenuation of the degradation is seen under the combined effect of a competitor nucleophile
and inert atmosphere. From independent experiments we conclude that for the aliphatic thiol,
EtSH, this effect is mainly due to the competitor nucleophile and for the benzylic thiol FFT,
mainly to the absence of oxygen. Sodium sulfite as reducing agent and nucleophile had a
strong stabilising effect on both thiols. Additives quenching reactive oxygen species or
radicals had a weaker effect except for ascorbic acid, which had a significant stabilising effect
on FFT.

Table 2. Relative rate constants (rate attenuation) of thiol degradation in the presence of
reconstituted coffee brew with additive as compared to coffee brew without additive, t.s.

1%, pH 5.2, krel = k obs no add / k obs,add.

Additive amount (mmol/g) Ethanethiol Furfurylthiol
Aerobic, coffee no additive 1.0 1.0
Anaerobic 17.9 45.1
Hydroxylamine 10.0 10.5 4.0
Anaerobic + hydroxylamine 21.0 64.8 92.6
Na2SO3 2.0 51.5 67.9
Ascorbic acid 1.0 9.0 23.6
DTPA 0.5 0.5 1.0
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These results suggest that thiols disappear via one or two major mechanisms depending on
their structure. Aliphatic thiols like ethanethiol and benzylic thiols like 2-furfurylthiol (FFT),
both react by irreversible nucleophilic addition to the matrix. The reaction partner very likely
is an oxidation product generated in the presence of air. These experiments do not determine
whether the reactive species is of the “quinone” or “Crosspy“ (Hofmann et al., 2002) type.
Benzylic thiols like FFT degrade in parallel via radical cascade reactions that are partially
inhibited by ascorbic acid.
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Aroma Extract Dilution Analysis of Espresso Coffee

B. BONNLAENDER, V. LONZARICH, F. SUGGI LIVERANI

Illycaffè s.p.a., Via Flavia 110, 34147 Trieste, Italy

SUMMARY

Different extraction techniques for aroma isolation of espresso coffee have been compared by
gas chromatography mass spectrometry. Key aroma compounds have been identified by
aroma extract dilution analysis. Unknown aroma compounds have been isolated by
preparative gas chromatography and characterised by nuclear magnetic resonance.
Differences between the two phases, “crema” and liquid of an espresso beverage have been
semi-quantitatively compared by static headspace especially for aroma active sulphur
compounds.

ZUSAMMENFASSUNG

Verschiedene Extraktionstechniken zur Aromaisolierung aus Espresso Getraenk wurden
mittels Gaschromatographie Massenspektrometrie verglichen. Schluesselaromastoffe wurden
ueber Aroma Extrakt Verduennungsanalyse identifiziert. Unbekannte Verbindungen wurden
mittels praeparativer gas chromatography isoliert und mittels Kernresonanzspektroskopie
aufgeklärt. Unterschiede in Schwefelkomponenten der „crema“ zum Getraenk wurden semi-
quantitative mittels statischer headspace Analyse verglichen.

INTRODUCTION

Espresso coffee is the “Italian way” of consuming coffee, and gets well exported to the whole
world with the Italian way of life. It is a small cup, only half filled, with a very dense coffee
beverage, obtained by pressurised extraction (percolation) of the coffee cake, prepared on the
consumers order. Visually it is covered by the “crema”, a thick reddish-brown foam of tiny
bubbles, above a cup of rich flavoured, aromatic beverage. One of the most important
organoleptic characteristics is its aroma, besides the mouthfeel and the somewhat correlated
amount and stability of the foam. Despite the increasing daily consumption of about 50
million cups of espresso over the world, only few works dealing with the characterisation of
its aroma can be found in literature. Recently, the headspace (HS) (Ishikawa et al., 2004) of
Espresso was evaluated by gas chromatography mass spectrometry GC-MS and the results
were correlated to sensory data (Maeztu et al., 2001). Together with other groups (Andueza et
al., 2003; 2002; Bicchi et al., 2002) Maeztu et al. (2001) mainly focussed on statistical
discrimination between different beverages or coffees or dealt with instant beverages (Pollien
et al., 1997; Sanz et al., 2002). Sarrazin et al. (2000) and Ramos et al. (1998) further
investigated the representativeness of different extraction techniques prior to the aroma
analysis. Buffo and Cardelli-Freire (2004) reviewed the knowledge about aroma of coffee in
general. In the present study we used different extraction techniques to separate the aroma
from the coffee matrix and evaluated the chromatographically separated substances via mass
spectrometry and sniffing. To simplify the complex mixture, column chromatography and
preparative gas chromatography was used to isolate sub-fractions and single compounds were
analysed by nuclear magnetic resonance spectroscopy (NMR).
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MATERIALS

Coffee

Commercial Arabica-blends and Arabicas of single origins were used for espresso
preparation, whereas commercial blends or the same coffees as for espresso preparation were
used in case of drip.

Beverages

Espresso preparation was achieved by a home use machine (Gaggia, Italy), extracting 13 g of
coffee with water of 90°C under a pressure of 10 bar, and stopping the percolation after 60 ml
had passed in approximately 30 seconds. Drip was prepared using a Cafe City (Tefal,
Germany) automatic drip machine using 50 g of coffee for 1 litre of water.

Extraction

SDE: 1 litre of the freshly prepared beverage was extracted for two hours by simultaneous
distillation and extraction (SDE, Normschliff Geraetebau, Wertheim, Germany) using 50 ml
mixture of pentane/diethylether, followed by concentration.

HSSE: A head-space vial was filled with 10 ml of the freshly prepared beverage. A twister
(length 1 cm, film thickness 0.5 mm) was placed in the glass insert (Gerstel, Muehlheim,
Germany), the vial was closed with a PTFE coated septa and conditioned for 30 minutes at
60°C.

SAFE: The entire beverage (60 ml) was placed in the funnel of the distillation apparatus
without the addition of any solvent. After evaporation of nearly all liquid, the condensed
aqueous aroma isolate was melted and 10 ml were extracted by twister for 20 minutes at room
temperature.

Static Headspace: An HP 7694 headspace sampler coupled via silco-steal transfer line to a
DB5 wide bore column was used to sample 3 ml of Headspace volume after 30 minutes of
equilibration at 60°C of vials filled with 10 ml of liquid. Detection was done for sulfur
compounds by pulsed flame photometric detector (PFPD, OI-Analytical, USA) in parallel
with FID.

Analysis

Analyses were performed on a 5973N GC-MS system (Agilent, Waldbronn, Germany) in
electron impact mode. A Carbowax column (60 m x 0.25 mm) was ramped from 35 to 240°C
under constant flow of helium. Liquid extracts were injected in split mode (1:5). The Twister
was desorbed in a TDSA (thermal desorption unit and autosampler, TDS2, Gerstel) in
splitless mode and trapped in the programmable temperature vaporizer (PTV). PTV was in
solvent venting mode at 50 ml helium flow during desorption, rapidly ramped from –120 to
250°C.

Preparative GC and GC-sniffing was performed on Carbowax or DB5 wide bore column
using a coupled to a preparative fraction collector (PFC, Gerstel) or an olfactory detection
port (ODP2, Gerstel) heated to 200°C. The deactivated traps were cooled using liquid
nitrogen.
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NMR: NMR experiments were performed on a Varian Inova spectrometer equipped with an
11.75 Tesla super-conducting magnet (500 MHz for 1H).  Single compounds obtained by
preparative GC were recovered by washing the trap with deuterated solvents.

RESULTS AND DISCUSSION

Changing the extraction technique significantly alters the composition of the obtained aroma
extract. Whereas typical headspace sampling describes the composition above a cup of coffee,
we here focussed on the differences inside the cup, as studies on in vivo aroma release
showed differences between the HS and aroma perceived ortho-nasal on the one hand, and the
retro-nasal aroma perceived during swallowing (Weel et al., 2004) on the other hand. In
addition, HS is not capable of extracting high boiling compounds. Therefore we first
compared the standard extraction technique (simultaneous distillation and extraction, SDE), to
solid phase techniques and SAFE (solvent assisted flavour evaporation) followed by twister
extraction of the aqueous distillate. Extracts were then analysed via GC-MS and GC-sniffing.
For visualization of the chemical differences, labelled total ion chromatograms are presented
in Figures 1, 2, and 3.
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Figure 1. GC-MS analysis (TIC) of Espresso and Drip beverage after SDE.

To gain information about the sensory importance of the differences between the various
extraction techniques and the coffee preparations, the effluent of a GC was evaluated by a
trained four person panel. Hereby information from literature about character impact
compounds from coffee brews and coffee powder (Holscher et al., 1990; Blank et al., 1992;
Semmelroch and Grosch, 1995) as well as sniffing of reference compounds and standard
coffee extract was used. Aroma extract dilution analysis (AEDA) was performed diluting the
liquid extracts consecutively 1:2. The results are assembled in Table 1.

Comparing the results to drip coffee, higher dilution factors for nearly all compounds were
present in espresso beverage. One reason is the higher amount of coffee used for preparation
of espresso beverage compared to drip, 220 g/l in case of espresso, between 25–50 g/l for
drip. Noteworthy are the higher flavour dilution values for the buttery compounds 2,3-
butandione and 2,3-pentandione compared to the results in the literature for drip. Here several
effects are superposed. One is the different type of coffee used, as in drip preparations
Robusta is almost always part of the blend. From own studies and literature (Sanz et al., 2002)
Robusta is known to produce less 2,3-butandione, but more 2,3-pentandione upon roasting.
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Furthermore the roasting degree is normally darker in Italian type coffee, resulting in less of
this early products from caramelisation. In our opinion the dominating effect is the pressure
applied during extraction and the two phase system in the cup. Even analysing a drip beverage
of the same roast and ground these differences could by confirmed (Figure 2). For isolation of
unknown compounds preparative GC was used. So far only the first compound could be
characterised by heteronuclear multi bond correlation (HMBC) as dihydro-2-methyl-3(2H)-
furanone. It is was first identified already 1964 by Gianturco et al. (1964) and is reported to
posses a caramely, sweet odour impression at 30 ppm, so the flavour dilution factor was
below 32.
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Figure 2. GC-MS analysis (TIC) comparing Espresso and Drip beverage using SAFE
followed by SBSE.

Figure 3. GC-MS analysis (TIC) of HSSE (60°C, 60 min) of Espresso vs. Drip beverage.
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Table 1. aroma impact compounds in Espresso brew (SDE).

No. RI
(CW)

Compound Odor impression FD

1 < 500 Unknown putrid, sulfury 128
2 921 2-methylbutanal pungent, fermented 128
3 935 3-methylbutanal pungent, cocoa 256
4 982 2,3-butandione Buttery 512
5 1024 Thiophene spicy, garlic, rubber 256
6 1060 2,3-pentanedione butter, rancid 512
7 1077 3-methyl-2-buten-1-thiol rotten, skunky > 2048
8 1098 Unknown asparagus-like 64
9 1200 Pyridine typical, pyridine 32
10 1238 4-(Z)-heptanal Fishy 128
11 1290 1-octen-3-one mushroom-like 512
11 1292 2-methyl-3-furanthiol roasted meat-like 1024
12 1380 Mercaptomethylpentanone sweaty, catty 256
13 1412 2,3,5-Trimethylpyrazine nutty, musty 128
14 1414 2-Furfurylthiol roasty, coffee like > 2048
15 1422 2-Isopropyl-3-methoxy-pyrazine peasy 2048
16 1455 Acetic acid vinegar-like 512
17 1469 Methional cooked potato-like 1024
18 1475 2-Ethyl-3,5-dimethyl-pyrazine roasty, musty 256
19 1485 2-vinyl-5-methyl-pyrazine roasty, musty 256
20 1514 2-Isobutyl-3-methoxy-pyrazine paprika-like 2048
21 1527 3-Mercapto-3-methyl-butylformate catty, roasted coffee-like > 2048
22 1544 Linalool fruity 512
23 1623 2-Phenylacetaldehyde Honey 128
24 1645 3-Mercapto-3-methylbutanol soup-like 512
25 1665 2/3-Methylbutanoic acid sweaty, pungent > 2048
26 1825 (E)-β-Damascenone honey-like, fruity > 2048
27 1863 Guaiacol burnt, phenolic > 2048
28 2035 4-Hydroxy-2,5-dimethyl-3(2H)-furanone Caramel 2048
29 2037 4-Ethylguaiacol clove like 1024
30 2205 4-Vinylguaiacol clove like 1024
Peaks sorted by retention time on DB-Wax column. Reported are compounds with FD ≥ 32. In
italics tentatively identified compounds.

Once the key aroma compounds in Arabica Espresso coffee are identified, a detailed analysis
of the effects of roasting, blending and extraction is possible using quantitative analysis by
GC-MS for the identified character impact compounds. Application of fast simplified solid
phase extraction techniques (SPME, SBSE) a routine control of processing parameters like
degree of roast or extraction technique are possible. Influence of the “crema” on the beverage
is hereby very important and characteristic for the espresso type beverage. To gain a first
information about distribution of the key aroma compounds between the two layers, a HS
analysis of the separated liquids was performed. Of special interest were the potent sulphur
containing aroma compounds, analysed by semi-quantitative static headspace GC pulsed
flame photometric detection (PFPD). In Table 2 the area counts for the same amount of liquid
of the upper and lower layer are reported. It seems that especially methanthiol is effectively
protected by the lipophilic layer above the cup, being present in higher amounts in the liquid
phase.



191

Table 2. semiquantitative data of sulphur compounds above “crema”
and coffee beverage.

Area counts H2S Methanethiol DMS CS2 Thiofuran
"Crema" 748 453 293 1498 195
liquid 158 5971 765 175 304
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The Body of the Espresso Coffee: the Elusive Importance

L. NAVARINI, R. CAPPUCCIO, F. SUGGI  LIVERANI

illycaffè S.p.A., Via Flavia 110 – Trieste, Italy

SUMMARY

The ‘body’ of the espresso coffee is the sensory attribute, which “is easier to recognise than to
define”. This statement, originally adopted to underline the complexity in defining the gels,
seems to be very appropriate for an attribute, which, in addition to visual aspect and flavour,
greatly contributes to the enjoyment of drinking espresso coffee.

The ‘body’ of espresso coffee is often described as the tactile sensation due to the interaction
between the beverage and the oral cavity (mouthfeel). However, ‘body’ may include also
olfactive perceptions connected to the intensity of aroma and is described by resorting to
terms like “rich”, “lingering”, or “long lasting”.

The classification of mouthfeel characteristics of espresso coffee and the subsequent
development of a proper vocabulary, permitted to individuate a set of physico-chemical
properties, which may contribute to espresso coffee mouthfeel perception.

The present study reports on the physico-chemical properties of espresso coffee, which may
be relevant in the mouthfeel perception. In particular, total solids (concentration), density,
rheological and interfacial properties have been determined as a function of cup volume and
temperature. The correlation between physico-chemical properties and sensory properties
have been described in the framework of oral processing problems.

In order to remove possible ambiguity, in addition to the term ‘body’, the use of the Italian
term corpo to describe pure tactile sensation elicited by physico-chemical properties is
proposed.

INTRODUCTION

The ‘body’ of the espresso coffee is the sensory attribute, which “is easier to recognise than to
define”. This statement, originally adopted by D. Jordan Lloyd (1926) to underline the
complexity in defining the gels, seems to be very appropriate for an attribute which in
addition to visual aspect and flavour (integration between taste and olfactive sensations
(Civille and Lyon, 1996)) greatly contributes to the enjoyment of drinking espresso coffee.

In spite of the fact that in Food Science texture is recognised as the third fundamental element
to food quality in addition to appearance and chemical senses, its description with an
appropriate vocabulary is adopted mostly for solid and semi-solid foods. When espresso
coffee texture has to be described, coffee tasters generally use a very limited vocabulary, and
in many cases they use the term ‘body’, only. Unfortunately, the same textural term ‘body’
can be used indiscriminately in sensory evaluation of dilute coffee infusions and/or of very
concentrated coffee beverages like ristretto (20 mL or less espresso coffee), which strongly
differ not only in terms of overall sensory properties but also in their physico-chemical
properties.
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Several definitions have been proposed for the term ‘body’ (ASTM E253-78a, ISO
5492:1992, Jowitt 1974, Lingle 2001) which are not univocal, on the contrary they tend to
contradict one another, or even themselves. For instance the one proposed by the International
Coffee Organization (ICO, 1991) define the term ‘body’ as an “attribute used to describe the
physical properties of the beverage” includes the following statement: “A strong but pleasant
full mouthfeel characteristic as opposed to being thin”. In this statement ‘strong’ is intensity
related (high score on a graduated scale) but does not describe the sensation; ‘pleasant’ is a
hedonic judgement and ‘thin’ is a descriptor commonly used in texture analysis (Szczesniak,
1979; 2002) as opposed to thick.

Espresso coffee tasters in Italy use the term ‘corpo’ to describe the perceptions other than
appearance and flavour. This term, used in Italy to describe red wine organoleptic
characteristics at least since the middle of the 18th Century (Trinci, 1738) can be translated
literally into the word ‘body’. However, as far as espresso coffee is concerned, the term
‘corpo’ can be better related to another well known texture-related concept, the ‘mouthfeel’,
linked to tactile sensations (ISO Standard 5492:1992, Jowitt 1974) and defined as “the
mingled experience deriving from the sensations of the skin in the mouth during and/or after
ingestion of a food or beverage. It relates to density, viscosity, surface tension and other
physical properties of the material being sampled” (quoted in Bourne 2002).

In a recent study (Navarini et al., in press) the texture terms used to describe espresso coffee
have been classified resorting to a methodology introduced by Alina S. Szczesniak to
investigate the mouthfeel characteristics of beverages (Szczesniak, 1979). The terms used by
Italian professional espresso coffee tasters to describe the corpo of espresso coffee resulted to
fall into six of the eleven categories of sensory mouthfeel terms of beverages and liquid foods
individuated by Szczesniak (1979).

These categories are:

• Viscosity-related terms, like thick and viscous;
• Feel on soft tissue surfaces, which includes creamy, smooth, velvety;
• Substance (body)-related terms, like rich/heavy, full-mouthed, consistency;
•  Coating of oral cavity, with terms like mouthcoating, clinging, tongue-coating, oral

cavity-coating;
•  Resistance to tongue movement, as resistance to tongue-palate movements, round,

syrupy;
•  Afterfeel-mouth terms, like lingering, intense flavour after swallowing, long lasting,

prolonged flavour intensity.

Corpo of espresso coffee, just like ‘mouthfeel’ is a multi-parameter attribute (Szczesniak,
2002) and then not just a sensory descriptor. Moreover, the term corpo may be a synonym of
mouthfeel in the case of coffee beverages prepared by a method which permits to modulate
the physical properties of the beverage, like espresso brewing, whereas the term ‘body’ may
be properly used to describe the mouthfeel of coffee beverages in which flavour, but not
physical properties, plays a relevant role.

A few studies have been devoted to correlate the ‘body’ of espresso coffee to measurable
variables. Petracco (1989), in a detailed physico-chemical study on espresso coffee brew,
found viscosity and the presence of particulate matter remarkably relevant in discriminating
two pure Arabica blend espresso coffees differing in perceived ‘body’. The small particles
(<10 µm) suspended in the beverage as revealed by optical microscopy, have been recognised
as cellular wall fragments of roasted coffee, lipids droplets and gas bubbles, being lipids
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droplets particularly abundant, smaller and with narrower size distribution in the sample
having the high score for ‘body’. In the same study, a comparison between pure Arabica and
pure Robusta espresso coffees showed that the latter was characterized by a higher score for
‘body’ only when tasted just after preparation (about 2 s), suggesting that in spite of the lower
content of lipids droplets the higher foaminess of espresso brewed from pure Robusta coffee
is involved in the ‘body’ perception. The contribution given by the dispersed phases (lipids
droplets and/or bubbles) to the beverage viscosity has been suggested to play a major role in
the ‘body’ perception and to vary depending on botanical variety.

A more recent study (Maeztu et al., 2001), aimed at comparing espresso coffees from a
physico-chemical and a sensory point of view, confirmed the higher foaminess induced by the
presence of high Robusta content in the roasted coffee blend (80%) but no statistically
significant differences in ‘body’ have been reported between pure Arabica and 80% Robusta
blend espresso coffees. In this study, a highly significant (p <0.001) correlation between total
solids on filtrate and ‘body’ has been found.

Petracco (1989) and Maeztu et al. (2001), focussed their attention on the physico-chemical
properties of espresso coffee prepared under well defined fixed conditions. However, it is
well known that by changing even only one of the several elements, which compose the set of
ingredients and technical conditions necessary to prepare an espresso coffee, the physico-
chemical properties of the beverage can be affected. Recently, for instance, the influence of
water pressure (Andueza et al., 2002) and extraction temperature (Andueza et al., 2003) have
been reported. Moreover, it has been observed that the espresso coffee mouthfeel increases as
total extraction volume (‘cup volume’ for the sake of brevity) decreases (Petracco, 1989), and
it is relatively easy to recognize that a ristretto (20 mL or less espresso coffee) has a stronger
sensory impact, including mouthfeel, compared to a lungo (40/50 mL or more espresso
coffee).

These findings stimulated the present investigation aimed at studying the influence of cup
volume on both physical and sensory properties of espresso coffee. The scope is to offer an
overview of the beverage physico-chemical properties which may contribute to the espresso
coffee mouthfeel perception and thus to attempt to render less elusive a sensory descriptor
like ‘body’ (corpo) which differentiate espresso coffee from other coffee-based beverages.

EXPERIMENTAL

Materials

Medium roasted Coffea arabica blend has been ground at an appropriate particle size
distribution for espresso brewing technique by using a professional grinder (Mazzer, Italy).
Espresso coffee beverages have been prepared by using two different professional espresso
coffee machines (“La Marzocco” and “Cimbali”, Italy) according to espresso coffee
preparation standard (Petracco, 2001) except percolation time which has been varied to obtain
a wide range of cup volumes. After percolation, the beverages have been subjected
immediately to the characterisation or as previously described  (Navarini et al., 2004).

Methods

Espresso coffee concentration has been determined as previously described (Maeztu et al.,
2001). Density has been determined by means of an Anton Paar densimeter, viscosity has
been measured by means of a FVM-80A process viscometer (CBC Europe, Italy) and
rheological behaviour has been characterised by using a rate controlled and a stress controlled
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Haake rotational rheometers equipped with different geometries and operating in the shear
rate range 1–103 s–1. Surface tension measurements have been performed in the short-medium
time range (0.001–50 s) by means of a Dynamic Maximum Bubble Pressure tensiometer
(Gammalab, Germany).

Unless otherwise specified, measurements were performed at 20°C.

As far as sensory evaluation is concerned, eight trained assessors, recruited on the basis of
their experience in espresso coffee tasting, evaluated differences in perception of corpo of
espresso coffee, brewed at different cup volume, from 5 mL to 35 mL, according to forced
choice method. For every beverage exactly 5 mL were presented (in order to avoid inducing
correct answer on the basis of volume perception).

In order to eliminate possible recognition due to differences in flavour profiles or appearance,
orthonasal viae were closed by nose clips, and panellists were blindfolded. They were
presented with 2 cups and they had to choose that with a higher perceived corpo.

Samples were randomized according to an unbalanced design, with more tests on small
differences (diff = 5 mL: 38 tests; diff = 10 mL: 23 tests; diff = 15 mL: 8 tests, diff = 20 mL:
4 tests; diff = 25 mL: 2 tests).

Having two samples, the probability of correct answer, Pc, by chance is 0.5. The probability of
correct answer is related to the perception probability, Pd, by the formula

Pc = Pd+1/2(1- Pd)=0.5 Pd +0.5

Since sensory perception threshold is usually defined as the intensity of the stimulus at which
Pd = 0.5, then Pc = 0.75. Therefore we consider not discriminable any recognition under 75%.

RESULTS AND DISCUSSION

Espresso coffee physico-chemical properties: influence of cup volume

The typical espresso coffee overall concentration (associated with the total solids content of
the drink) has been reported to be 52.5 g/L (Petracco, 2001). This is the typical result of an
extraction process characterised by well-defined conditions, in particular: 6.5 ± 1.5 g for
ground coffee portion, 90 ± 5°C for water temperature, 9 ± 2 bar for inlet water pressure and
30 ± 5 s for percolation time. This process permits obtaining a total extraction volume of
about 25-30 mL giving a cup of the beverage generally called espresso coffee or regular
espresso. However, if the percolation time is only varied, it is possible to obtain lower or
higher extraction volume beverages, well known in Italy as ristretto or lungo espresso
coffees, respectively.

In Figure 1, the espresso coffee overall concentration is reported as a function of cup volume.
A cup volume of 15 mL (like that used in Southern Italy) corresponds to a concentration of
80-90 g/L whereas concentration lower than 50 g/L (but higher than the typical concentration
of coffee beverages prepared with no-pressure methods (Petracco, 2001)) can be obtained at
extraction volumes higher than 50 mL. The experimental data follow a power law with an
exponent equal to –0.69.
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Figure 1. Concentration as a function of cup volume.

The wide range of beverage concentrations which can be obtained by the espresso brewing
technique is expected to affect the beverage physical properties and in particular density,
rheological and interfacial properties.

The espresso coffee density, as shown in Figure 2, is clearly affected by cup volume,
however, the influence is very modest (power law with an exponent equal to –0.015). Density
values are in full agreement with literature data.
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Figure 2. Density as a function of cup volume.

A remarkable cup volume influence has been observed for espresso coffee viscosity (relative
to water at the same temperature), as reported in Figure 3. Between 20 and 40 mL the relative
viscosity has been found to range from about 2 to 1.4, respectively, in agreement with
previous data (Petracco 1989; Maeztu et al, 2001). The relative viscosity increased up to
about 3 passing from 20 mL to 10 mL. Below 10 mL relative viscosity higher than 9 has been
measured. As for overall concentration, also in this case the experimental data have been
successfully fitted with a power law characterised by an exponent close to –0.66.

The rheological behaviour has been found to be Newtonian without evidence of time-
dependent behaviour. Shear-thinning behaviour has been observed at very low (< 5 mL) cup
volume only. As expected for low viscosity Newtonian fluids, espresso coffee exhibited
turbulence at high rates of shear. The shear rate at which the transition from laminar to
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turbulent flow occurs, linearly increased by decreasing the cup volume (from 20 s-1 at about
30 mL to 80 s-1 at about 4 mL).
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Figure 3. Relative viscosity as a function of cup volume.

Espresso coffee exhibits a remarkable decrease of the surface tension with time with a
behaviour consistent with a system having good wetting properties for oral cavity (Navarini et
al., 2004). Figure 4 shows the cup volume dependence of the surface tension (at 10 s) of air –
espresso coffee interface. The surface tension absolute values are considerably lower than that
of pure water at the same temperature confirming a remarkable adsorption phenomenon at
air/beverage interface; the tendency to approach high surface tension values by increasing the
cup volume is clearly evident. The experimental data resort to a power law with an exponent
close to 0.042.
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Figure 4. Surface tension as a function of cup volume.

Influence of Temperature

It is well known that temperature affects the physical properties of liquid foods and beverages
(Bourne, 2002). If the temperature range is relatively narrow, a relatively small effect on the
correlation between experimentally determined physical properties (e.g. viscosity) and
sensory evaluation has been reported (van Vliet, 2002). Espresso coffee is prepared at high
temperature and it is therefore subjected to a strong temperature gradient between preparation
and “in-mouth” temperature when it is consumed. The physical properties are expected to be
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remarkably influenced by such a gradient, and this influence has been found to be
concentration dependent in other liquid food systems (Bourne, 2002).

Figure 5 shows the temperature dependence of regular espresso coffee viscosity. By reducing
the cup volume, a more pronounced decrease in viscosity as a function of temperature can be
observed (data not shown).
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Figure 5. Viscosity as a function of temperature.

It is conceivable that the temperature gradient influences the rheological behaviour (e.g.
laminar to turbulent flow transition), as well, leading to a very complex rheological process,
the set of events beginning with the ingestion of the beverages through to swallowing.

The increase of the temperature from 20 to 37°C has been shown to decrease surface tension
values of regular espresso coffee (Navarini et al., 2004). Interfacial properties, including
contact angles (very important quantities involved in many phenomenological processes like
wetting, adhesion and lubrication), have been shown to be strongly influenced by temperature
for low cup espresso coffee volume (Ferrari, 2004).

Oral processing

Bolus formation and swallowing of liquids involves a rapid sequence of events: a volume of
fluid is propelled from the oral cavity, down and across the pharyngeal surface of the tongue
and enters the hypopharynx and subsequently the oesophagus (quoted in Malone et al., 2003).
The interplay between beverage physical properties and oral cavity (saliva and oral surfaces)
during this complex set of events is crucial in texture perception.

It has been postulated by Szczesniak (1979), that the viscosity of saliva at rest is taken by the
human being as the norm for viscosity judgements. “Thus, beverages called ‘thin’ should,
when mixed with saliva in the mouth, exhibit a viscosity lower than saliva while those called
‘thick’ should have a viscosity greater than saliva” (Szczesniak, 1979). Although conceivable,
this view represents an oversimplification, being the human saliva a very complex system. In
all cases, the statement suggests that the (viscosity) oral perception should be elicited by a
physical stimulus.

In healthy individuals, whole human saliva (WHS) is mainly composed of several secretions
from various salivary glands, which have their own specific biochemical properties, making
WHS a strongly varying mixture of different secretion fluids (van der Rejiden et al, 1993)
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with strong interindividual variation of flow rate (Sreebny, 2000). Unstimulated WHS
viscosity at 37°C has been reported to be equal to 1.60 ± 0.37 mPas at 1 s-1 shear rate and
equal to 1.48 ± 0.30 at 300 s-1 shear rate, suggesting a non-Newtonian behaviour in the shear
rate range occurring in the oral cavity (van der Rejiden et al, 1993). In term of relative
viscosity, unstimulated WHS is characterized by values range 2.94 – 1.76. This range of
relative viscosity approximately falls within the cup volume range 12 – 27 mL for espresso
coffee viscosity. By stimulation (mastication or alimentary functions), human whole saliva
changes its glandular (and thus chemical) composition and a strong enrichment of (low
viscosity) parotid saliva occurs. Stimulated WHS has been reported to be characterized by
relative viscosity values ranging from 1.24 ± 0.10 to 2.01 ± 0.47 (Ortega Pantaleon et al,
1998) corresponding approximately to espresso coffee cup volume higher than 16 mL.

During assessment of fluid consistency (appraisal of the ease with which the beverage flows
between the upper surface of the tongue and the roof of the palate), the shear rate which
operates in the mouth has been reported for low viscosity fluids (1 – 10 mPas) to be 103 – 102

s-1 (Parkinson & Sherman, 1971). This means that during oral processing an espresso coffee
can be perceived under laminar or turbulent flow, depending on viscosity and then on cup
volume.

The espresso coffee long-lasting after-taste, a sensation perceived for a while (up to 15 min)
after having swallowed and emptied the mouth, has been related to the beverage surface
properties (Petracco 2001). Navarini et al. (2004) found the dynamic tensiometric properties
of regular espresso coffee consistent with those of an efficient ‘wetting system’ for the oral
cavity. In facts, human saliva-coated tooth surface and saliva-conditioned oral mucosa are
completely wet by a liquid having its surface tension within the range 35-38 mN/m and 25-27
mN/m, respectively (Christersson, 1991). Regular espresso coffee at 37°C (Arabica) has been
reported to achieve surface tension close to 36 mN/m (Navarini et al., 2004). Stimulated WHS
is characterized by surface tension equal to 56.2 mN/m at 30 s (Christersson et al., 2000) at
37°C. By comparing this value with those reported in Figure 4 (obtained at 20°C and at 10 s),
it is evident that espresso coffee shows a higher surface activity, in agreement with previous
studies.

Sensory evaluation

In order to assess a possible correlation between instrumentally determined beverage physical
properties and texture perception, eight trained assessors evaluated differences in perception
of corpo of espresso coffee in the cup volume range 5-35 mL. The cup tasters were asked to
evaluated corpo and not ‘body’, since the lack of flavour profile (noseclips) and visual aspect
(blindness) reduce testing to an evaluation of the overall texture (mouthfeel) and not just of a
single sensory descriptor.

Figure 6 shows the results of the forced choice test, with the percentage of discriminated
samples as a function of the beverage cup volume. The three curves refer to volume
differences of 5, 10 and 15 mL between the tested samples.

For a volume difference of 5 mL, the threshold of discrimination for samples is between 10
and 15 mL, that is when a sample has 15 mL and another 20 mL volume, discrimination
percentage in terms of corpo is below 75%.

For a volume difference of 10 mL, the threshold of discrimination for samples is between 20
and 25 mL, that is when a sample has 25 mL and another 35 mL volume, discrimination
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percentage falls below 75%, but for lower volumes (e.g. 20-30) the panel can discriminate
between samples in terms of corpo.

For a volume difference of 15 mL, samples are discriminated (volumes being 20 mL vs. 35
mL); for higher volumes, discrimination percentage drops.

These findings strongly suggest that in the lack of any interference by flavour and appearance,
different cup volume espresso coffee beverages can be discriminated in term of corpo. The
threshold of discrimination is remarkably close to the cup volume range corresponding to
beverages characterised by relative viscosity similar to that of whole human saliva. In
agreement with previous studies (Navarini et al., in press), the sensory perception of
‘viscosity’ appears to be the most conscious important single mouthfeel sensation of espresso
coffee.
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Figure 6. Discrimination percentage as a function cup volume for different volume
differences.

CONCLUSIONS

Espresso coffee cup volume remarkably affects the physical properties generally mentioned
in literature as important in mouthfeel perception. Viscosity (both measured and perceived)
seems to play a major role, particularly if beverage-oral cavity interactions are considered.

It cannot be excluded a priori a relevant role also played by espresso foam and particulate
matter in mouthfeel perception, being particles in food as small as 6 µm detected by a sensory
panel (quoted in Bourne 2002).

By eliminating flavour and appearance, diluted beverages have not been discriminated on the
basis of oral tactile perceptions suggesting that a proper vocabulary should be adopted in
order to describe the texture of coffee beverages. The term corpo, used by Italian espresso cup
tasters, seems to be more appropriate to describe oral sensations, other than flavour and visual
aspects, elicited by physical properties whereas the term ‘body’ may be properly used to
describe the mouthfeel of coffee beverages in which flavour, but not physical properties,
plays a relevant role.

Taking into the account the difficulties in studying the interaction of texture with taste, smell
and flavour, which has only begun to be investigated (Delwiche, 2004) and the interindividual
variability in terms of human oral cavity, the adjective “elusive” in discussing the texture of
espresso coffee may be well justified.
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Identification of Carotenoids and Carotenoid Degradation
Products in Coffee
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SUMMARY

Carotenoid compounds as well as degradation products from carotenoids have been identified
in green coffee origins. The xanthophylls lutein and zeaxanthin were identified by means of
HPLC with detection in the visible wavelength region following extraction with acetone. In
addition, glycosidically bound ionols were identified as carotenoid degradation products
known to be formed by the oxidative degradation of lutein and zeaxanthin. These glycosides
were analyzed by adsorption on XAD-1180 resin followed by enzymatic hydrolysis of the
eluted extract with ß-glucosidase and GC-MS analysis of the released aglycones.

To investigate the impact of carotenoids on aroma formation a model roasting system was
used. For this purpose, “depleted” green coffee was enriched with ß-carotene, a structurally
similar carotenoid, since the contents of the naturally occurring lutein and zeaxanthin are
small. ß-Carotene was degraded under coffee roasting conditions to yield ß-ionone, its known
major degradation product. Furthermore, the importance of 3-oxo-α-ionol as an aroma
precursor was also investigated in the model system. 3-Oxo-α-ionol is a precursor for
isomeric megastigmatrienones which were also identified in green coffee after aroma isolation
by simultaneous-distillation-extraction (SDE). It is suggested that the content of
megastigmatrienones is influenced by the sample preparation procedure.

INTRODUCTION

Carotenoids are a class of natural compounds, which has been extensively studied due to their
nutritional importance. Furthermore carotenoids are valued as pigments for use in food
products. The role of carotenoids as flavor precursors deserves further attention. A range of
powerful aroma compounds is carotenoid-derived. It is mainly foods like tea, wine and fruits
in which the composition of carotenoid-derived aroma compounds was thoroughly
investigated (Winterhalter and Rouseff, 2002). A scheme, which depicts the potential
cleavage of carotenoids, is shown in Figure 1. Carotenoids yield a variety of degradation
products with a range of aroma relevance. Predominant carotenoid-derived aroma compounds
are C9-C13 norisoprenoids.

ß-Damascenone, a C13 norisoprenoid, is among the very few carotenoid-derived aroma
compounds described for coffee (Holscher and Steinhart, 1994). ß-Damascenone exhibits a
very low flavor threshold and was found to be part of the list of potent odorants for the
powder and brew of Arabica coffee (Blank et al., 1992).

The occurrence of carotenoids in green coffee is stated in the literature (Holscher and
Steinhart, 1994; Yeretzian et al., 2002) and their precursor relevance for ß-damascenone is
also mentioned. However, a screening of the literature reveals that no clear identification and
quantification of carotenoids in green coffee has been reported so far. Therefore we attempted
a quantitative analysis of carotenoids and also conducted model studies to evaluate their
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relevance as flavor precursors for coffee. In addition, this study on glycosidically bound
flavor precursor compounds will add to the knowledge on glycoconjugated progenitors in
coffee. Previously, linalool disaccharides, sugar esters of 3-methylbutyric acids as well as
diterpenoid glycosides (Weckerle et al., 2002, 2003; Bradbury and Balzer, 1999) were
identified in coffee.

Figure 1. Scheme for cleavage of carotenoids (adapted from Winterhalter and Rouseff,
2002).

MATERIAL AND METHODS

Analysis of carotenoids

Carotenoids: Ground green coffee (50 g) was extracted with 2 × 200 mL of acetone for 30
min each. The extract was filtered and evaporated nearly to dryness. The pigments were
extracted into diethylether. The extract was saponified with 10 mL of methanolic KOH (30 g
KOH/l methanol) at room temperature for 10 min under constant shaking. The solution was
washed with water (10% NaCl was added for better phase separation) until pH 7 was reached.
The ether was removed, the residue taken up in acetone and made up to 5 mL. The solution
was filtrated over 0.45 µm hydrophobic filters and injected into the HPLC (Luna RP18, 5 µm,
250×4.6 mm; MeCN/H2O (solvent A, 9/1, v/v), ethyl acetate (solvent B), linear gradient: 0-
60% B in 16 min, 60-100%B in 16-36 min, flow rate 1 mL/min, detection at 440 nm. HPLC
equipment: Agilent 1100 Series with diode array detector.

Analysis of carotenoid degradation products

Ca. 200 g of green coffee was deactivated with 100 mL of ethanol and 120 mL of water for 24
h at room temperature. After evaporation, drying and grinding, 100 g was defatted with 300
mL of n-hexane. The beans were then extracted with methanol (300 mL and 2 × 250 mL at
room temperature). The methanol was evaporated, the residue taken up in 150 mL water and
cleaned up on a small XAD-1180 column (filled with 40 g of the resin). The column was
washed with water (500 mL) and eluted with methanol (ca. 500 mL). The methanolic eluate
from that column was evaporated to dryness (yield ca. 800 mg). 400 mg were dissolved in 50
mL of buffer solution pH 5.0 and extracted three times with 40 mL of pentane/ether (1/1, v/v)
to remove free volatile aroma compounds. After evaporation of residual solvent, the solution
was hydrolysed by emulsin (75 mg, ca. 7 units, ß-glucosidase from almonds, at 37°C for 72
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h). The liberated aglycones were extracted with 3 × 40 mL pentane/ether (1/1, v/v, after
addition of tridecane as internal standard), washed with 2 × 40 mL of 0.1N HCl, concentrated
on a small Kuderna-Danish column to ca. 0.5 µl and analysed by GC-FID or GC-MS (60 m
DB-WAX, 0.32×0.25 µm, 40-240 °C, 5°C/min).

Synthesis of reference compounds

• 3-Oxo-α-ionol was synthesized according to Aasen et al., 1973.
•  The isomeric megastigmatrienones were prepared by dehydration of 3-oxo-α-ionol with

KHSO4 according to Aasen et al., 1972.

Model roasting trials

Depleted Robusta beans were produced by extraction with water at 80°C. The extraction was
considered as complete if roasting of extracted and dried beans and subsequent tasting
showed an almost complete loss of the typical coffee flavor and coffee tasted cereal and
popcorn-like. These “depleted” beans were then used for infusion of ß-carotene and 3-oxo-α-
ionol, respectively. 10 mg of the compounds were dissolved in a few mL of ethanol, diluted
with 100 mL of water and infused into 150 g of the depleted beans at 80°C for 2h, dried and
roasted (Neuhaus Neotec Signum, 260°C, 180 sec.).

Isolation of aroma compounds from model roasting trials

The R&G coffee was extracted using a conventional Likens-Nickerson simultaneous-
distillation-extraction (SDE) apparatus. 100 g of coffee was extracted for 2h using a pentane-
ether mixture (1/1, v/v). The resulting extract was concentrated on a Kuderna-Danish column
and dried over Na2SO4. The analysis by GC-MS was performed on a 60 m DB-WAX (0.32 ×
0.25 µm) with the following temperature gradient: 40-240 °C at a rate of 5°C/min.

RESULTS AND DISCUSSION

Identification of carotenoids in green coffee

The xanthophylls lutein and zeaxanthin were identified in green coffee by HPLC-DAD
analysis and detection in the visible wavelength region. The structures are displayed in Figure
2.

Figure 2. Structures of carotenoids identified in green coffee.

A representative HPLC chromatogram of an acetone extract of green coffee is shown in
Figure 3. Besides the carotenoids with the characteristic UV-VIS spectra with three maxima,
a range of chlorophyll derivatives can be also traced in the chromatographic run.
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Figure 3. HPLC chromatogram of green extract with inserts showing UV-VIS DAD
spectra.

A method for the quantitative determination of carotenoids in green coffee involving alkaline
saponification was developed and results are presented below. It was found that general levels
are low and that Robusta contains a higher concentration of carotenoids than Arabica. Kenya,
Brazil and Colombia were analyzed for carotenoids and 0.2-0.7 mg/kg carotenoids (calculated
as sum of lutein and zeaxanthin) were found in the green coffees, whereas contents up to 1.5
mg/kg were found for Robusta.

Identification of carotenoid degradation products

Carotenoids are labile compounds. By oxidative degradation, primary cleavage products are
formed which undergo subsequent enzymatic modification (Knapp et al., 2002). These are
usually glycosidically bound, non-volatile compounds and can be cleaved using ß-glucosidase
enzyme preparations to release the respective aglycones. The aglycones are the potent aroma
compounds and can then be analyzed by GC-MS (Winterhalter and Rouseff, 2002). By using
this approach, two glycosidically bound ionols (3-oxo-α-ionol, 1 and 3-oxo-7,8-dihydro-α-
ionol, 2) were identified in green coffee (cf. Figure 4 for structures) after enzymatic liberation
from the isolated glycosidic mixture (Strauss et al., 1987).

Figure 4. Structures of glycosides found in green coffee: 3-oxo-αααα-ionol (1, R=sugar
moiety); 3-oxo-7,8-dihydro-αααα-ionol (2, R=sugar moiety).

The presence of 3-oxo-α-ionol (1) was verified with a synthesized standard reference
compound, whereas 3-oxo-7,8-dihydro-α-ionol (2) was only tentatively identified based on its
retention index (RI) in conjunction with the MS spectrum.

These two ionols are known lutein- and zeaxanthin-derived aroma precursors and have been
identified in many foods (Enzell, 1985; Williams et al., 1992). So far, the data on the presence
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of glycosidically bound carotenoid-degradation products in green coffee is scarce. The
presented data will help to increase the knowledge of flavor precursors in coffee and elucidate
further generation pathways of aroma compounds. In the light of the present investigation, the
search for ß-damascenone precursors in the form of glycoconjugates, such as previously
identified in other plants (Roberts et al., 1994; Straubinger et al., 1997) might be successful.

Model roasting trials

In order to elucidate the significance of carotenoids for the flavor generation potential in
coffee, model roasting trials with added amounts of carotenoids were performed. For this
purpose, green coffee beans were depleted, i.e. extracted with hot water to remove all flavor
precursor compounds. These “empty” beans were then used as a reaction chamber for the
added compounds. In this model system, ß-carotene, which does not naturally occur in green
coffee, was added and the green beans roasted. The aroma generated from the carotene was
determined following simultaneous-distillation-extraction (SDE) with a Likens-Nickerson-
type apparatus. As a result, the known carotenoid degradation product ß-ionone could be
identified by GC-MS with the help of an authentic reference compound. This finding
confirms that the degradation reaction of carotenoids occurs during coffee roasting and that
carotenoids are a source of potential aroma for roasted coffee.

In further model roasting trials, synthesized 3-oxo-α-ionol 1 (Aasen et al., 1973) was infused
into the depleted beans and the bean matrix roasted. By analysis of the roasted coffee by SDE
and GC-MS, four newly formed compounds were detected. By comparison with literature MS
spectra (Aasen et al., 1972), they were identified as isomeric megastigmatrienones (Figure 5).
A generation pathway for the megastigmatrienones via 3-oxo-α-ionol (1) has been proposed
by Wahlberg, 2002.

Figure 5. Isomeric megastigma-4,6,8-trien-3-ones identified in roasted coffee model
system with added 3-oxo-αααα-ionol.

The megastigmatrienones were described in the literature as character impact compounds of
Burley tobacco (Enzell, 1985). This prompted us to search for their occurrence in R&G
coffees. However, in R&G coffee no megastigmatrienones were detected, whereas they are
present in green coffee. Therefore, megastigmatrienones are potentially newly identified
green coffee constituents. It has to be taken into account that the sample preparation consisted
of SDE which involves boiling of green coffee at acidic pH levels over prolonged time
periods. Since glycoconjugates are labile products which undergo cleavage and rearrangement
reactions in their free forms, it must be considered that the content of megastigmatrienones is
manipulated by the sample preparation step (Winterhalter and Schreier, 1988). Their aroma
relevance as such and as precursor compounds for other aroma compounds remain to be
established and requires further model reactions as well as GC-olfactometry studies.
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Novel Instant Coffee Aromatizing Compositions
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SUMMARY

Instant coffee products typically lack the intense aroma that characterizes roast coffee.
Consequently, preparing an instant coffee beverage deprives the consumer of the full sensory
experience that brewing roast coffee affords. A new controlled-release delivery technology
has been developed that can significantly increase peak aroma intensity during instant coffee
preparation. Key to this technology is the use of unconventional, buoyant, water-immiscible,
volatile carrier liquids to create novel aromatizing compositions with improved functionality.
A model aroma comprised of physically and chemically diverse volatile liquids was
compounded into a variety of carrier liquids and encapsulated in instant coffee granules
designed for addition to coffee products. Reconstituting granules containing aromatized
unconventional carriers in hot water more effectively directed the aromatizing composition
onto the beverage surface where rapid evaporation imparted intense preparation aroma
without adversely affecting flavor or appearance. The effect of carrier physical properties on
functionality and aroma release in a model system will be presented.

MATERIALS

2-ethylfuran, 2-methylpropanal, diacetyl, isobutyl acetate, 4-ethylguaiacol, eugenol, and ethyl
acetate were obtained from Sigma-Aldrich. Ethanol was obtained from Aaper and d-limonene
from Firmenich. Soybean oil obtained from ADM was used as a reference to generally depict
the performance of predominantly triglyceride coffee oil.

METHODS

Encapsulation

The following process was used to separately encapsulate aromatized d-limonene, 2-
ethylfuran, ethyl acetate, ethanol, and soybean oil in coffee granules. Each carrier was
aromatized by combining 70 volumes with five volumes each of 2-ethylfuran, 2-
methylpropanal, diacetyl, isobutyl acetate, 4-ethylguaiacol, and eugenol. A 50% coffee
solution, prepared by dissolving 21g freeze-dried Kenco® coffee in 21 g water, was chilled to
3°C and aerated for one minute at 10,000 rpm with an immersion mixer. 7 g aromatized
carrier was added and the aeration process repeated to emulsify or disperse the aromatized
carrier in the coffee solution. The solution was dripped into liquid nitrogen using a syringe
with 24-guage needle to form frozen particles which were then dropped onto a bed of finely
milled coffee powder and allowed to desiccate for two days in a closed jar. The powder was
sieved between U.S. no. 10 and 12 mesh screens to collect the dry granules containing
encapsulated aromatized carriers. The granules had density < 1.0 g/cc and floated on the
surface of water.
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Analysis

The following process was used to quantify the release of aroma components from coffee
granules into the air above a simulated hot beverage. 0.1g granules were dropped onto the
surface of 200 mL 85°C water within a closed 250 mL jar while sweeping the headspace with
nitrogen gas at a rate of 300 mL/minute. Immediately upon granule addition, the nitrogen
stream was diverted into a series of time-sequenced Tenax traps. Traps containing aroma
released during 0-10, 10-20, 20-30, 30-60, 60-90, and 90-120 second time segments were
later desorbed and analyzed using GC-MS to quantify aroma component counts released
during each segment.

RESULTS

Aroma release data are summarized in Tables 1-10. Carrier and aroma component physical
properties are outlined in Tables 11-12. Aroma components were totaled, with 30-second
segments normalized to average 10-second increments, and plotted versus midpoints to
illustrate aroma release rate for each encapsulated carrier (Figure 1) and carrier performance
relative to soybean oil (Figure 2). All data presented are averages of duplicate experiments
and aroma totals do not include 2-ethylfuran counts since this aroma component was also
used as a carrier.

Table 1. Aroma released in 0-10 second segment.

GC Counts (1x10E6)

Aroma Component
Soybean

Oil Ethanol 2-Ethylfuran d-Limonene
Ethyl

Acetate

2-methylpropanal 5.6 7.8 61.3 15.8 27.5
diacetyl 3.0 1.3 18.5 5.1 20.2
2-ethylfuran 10.1 26.5 --- 38.0 59.6
isobutyl acetate 7.9 33.7 119 27.9 63.3
4-ethylguaiacol 2.3 9.6 16.9 4.2 6.0
eugenol 2.4 8.4 24.4 3.8 4.0
Total Aroma 21.2 60.8 240.1 56.8 121.0
Versus Oil 1.00x 2.87x 11.33x 2.68x 5.72x

Table 2. Aroma released in 10-20 second segment.

GC Counts (1x10E6)

Aroma Component
Soybean

Oil Ethanol 2-Ethylfuran d-Limonene
Ethyl

Acetate

2-methylpropanal 52.4 33.8 185 149 152
diacetyl 18.5 6.2 81.0 46.6 89.8
2-ethylfuran 153 127 --- 377 332
isobutyl acetate 114 163 464 377 411
4-ethylguaiacol 4.8 9.4 36.2 20.9 23.7
eugenol 3.2 8.3 18.7 18.4 18.0
Total Aroma 192.9 220.7 784.9 611.9 694.5
Versus Oil 1.00x 1.14x 4.07x 3.17x 3.60x
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Figure 1. Aroma release from encapsulated carriers.

Table 3. Aroma released in 20-30 second segment.

GC Counts (1x10E6)

Aroma Component
Soybean

Oil Ethanol 2-Ethylfuran d-Limonene
Ethyl

Acetate

2-methylpropanal 126 76.8 158 247 131
diacetyl 46.3 18.4 88.7 77.7 84.3
2-ethylfuran 358 231 --- 582 319
isobutyl acetate 337 317 695 666 417
4-ethylguaiacol 56.6 21.7 64.0 38.1 23.3
eugenol 9.7 24.9 74.0 30.1 16.8
Total Aroma 575.6 458.8 1,079.7 1,058.9 672.4
Versus Oil 1.00x (0.80x) 1.88x 1.84x 1.17x

Table 4. Cumulative aroma released in 0-30 seconds.

GC Counts (1x10E6)

Aroma Component
Soybean

Oil Ethanol 2-Ethylfuran d-Limonene
Ethyl

Acetate

2-methylpropanal 184.0 118.4 404.3 411.8 310.5
diacetyl 67.8 25.9 188.2 129.4 194.3
2-ethylfuran 521.1 384.5 --- 997.0 710.6
isobutyl acetate 458.9 513.7 1,278 1,070.9 891.3
4-ethylguaiacol 63.7 40.7 117.1 63.2 53.0
eugenol 15.3 41.6 117.1 52.3 38.8
Total Aroma 789.7 740.3 2,104.7 1,727.6 1,487.9
Versus Oil 1.00x (0.94x) 2.67x 2.19x 1.88x
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Figura 2. Aroma release relative to Soybean oil.

Table 5. Aroma released in 30-60 second segment.

GC Counts (1x10E6)

Aroma Component
Soybean

Oil Ethanol 2-Ethylfuran d-Limonene
Ethyl

Acetate

2-methylpropanal 312 160 254 485 165
diacetyl 119 53.4 158 135 143

2-ethylfuran 853 441 --- 1,017 502
isobutyl acetate 993 641 916 1,379 673
4-ethylguaiacol 91.6 71.2 145 103 66.4

eugenol 59.8 80.8 190 117 62.3
Total Aroma 1,575.4 1,006.4 1,663.0 2,219 1,109.7
Versus Oil --- (0.64x) 1.06x 1.41x (0.70x)

Table 6. Aroma released in 60-90 second segment.

GC Counts (1x10E6)

Aroma Component
Soybean

Oil Ethanol 2-Ethylfuran d-Limonene
Ethyl

Acetate

2-methylpropanal 151 56.8 47.4 100 45.6
diacetyl 82.1 30.0 45.8 57.6 54.1

2-ethylfuran 539 199 --- 331 276
isobutyl acetate 610 264 188 436 357
4-ethylguaiacol 88.9 58.5 109 113 77.7

eugenol 62.8 54.4 128 123 66.0
Total Aroma 994.8 463.7 518.2 829.6 600.4
Versus Oil --- (0.47x) (0.52x) (0.83x) (0.60x)
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Table 7. Aroma released in 90-120 second segment.

GC Counts (1x10E6)

Aroma Component
Soybean

Oil Ethanol 2-Ethylfuran d-Limonene
Ethyl

Acetate

2-methylpropanal 105 23.6 19.2 41.7 23.5
diacetyl 78.1 20.3 28.8 35.6 34.7
2-ethylfuran 378 71.8 --- 107 135
isobutyl acetate 382 97.2 75.2 162 145
4-ethylguaiacol 102 74.4 88.2 102 54.8
eugenol 73.9 57.1 104 77.0 40.4
Total Aroma 741.0 272.6 315.4 418.3 298.4
Versus Oil 1.00x (0.37x) (0.43x) (0.56x) (0.40x)

Table 8. Total aroma released (0-120 seconds).

GC Counts (1x10E6)

Aroma Component
Soybean

Oil Ethanol 2-Ethylfuran d-Limonene
Ethyl

Acetate

2-methylpropanal 752.0 358.8 724.9 1,038.5 544.6
diacetyl 347.0 129.6 420.8 357.6 426.1
2-ethylfuran 2,291.1 1,096.3 --- 2,452.0 1,623.6
isobutyl acetate 2,443.9 1,515.9 2,457.2 3,047.9 2,066.3
4-ethylguaiacol 346.2 244.8 459.3 381.2 251.9
eugenol 211.8 233.9 539.1 369.3 207.5
Total Aroma 4,100.9 2,483.0 4,601.3 5,194.5 3,496.4
Versus Oil 1.00x (0.61x) 1.12x 1.27x (0.85x)

Table 9. Aroma release versus time segment.

GC Counts (1x10E6)

Time Segment
Soybean

Oil Ethanol 2-Ethylfuran d-Limonene
Ethyl

Acetate

0-10 sec 21.2 60.8 240.1 56.8 121.0
10-20 sec 192.9 220.7 784.9 611.9 742.7
20-30 sec 575.6 458.8 1,079.7 1,058.9 721.3
0-30 sec 789.7 740.3 2,104.7 1,727.6 1,585.0
30-60 sec 1,575.4 1,006.4 1,663.0 2,219.0 1,187.4
60-90 sec 994.8 463.7 518.2 829.6 642.7
90-120 sec 741.0 272.6 315.4 418.3 320.4
0-120 sec 4,100.9 2,483.0 4,601.3 5,194.5 3,735.5
Versus Oil 1.00x (0.61x) 1.12x 1.27x (0.91x)
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Table 10. Aroma release normalized to soybean oil.

GC Counts (1x10E6)

Time Segment
Soybean

Oil Ethanol 2-Ethylfuran d-Limonene
Ethyl

Acetate

0-10 sec 1.00x 2.87x 11.33x 2.68x 5.72x
10-20 sec 1.00x 1.14x 4.07x 3.17x 3.60x
20-30 sec 1.00x (0.80x) 1.88x 1.84x 1.17x
0-30 sec 1.00x (0.94x) 2.67x 2.19x 1.88x
30-60 sec 1.00x (0.64x) 1.06x 1.41x (0.70x)
60-90 sec 1.00x (0.47x) (0.52x) (0.83x) (0.60x)
90-120 sec 1.00x (0.37x) (0.43x) (0.56x) (0.40x)
0-120 sec 1.00x (0.61x) 1.12x 1.27x (0.85x)

Table 11. Physical properties of carrier liquids.

Carrier Liquid
Density
(g/cc)

Boiling
Point (ºC)

25ºC Vapor
Pressure (mm Hg)

Water
Solubility

2-Ethylfuran 0.91 92 ~ 50 Insoluble
d-Limonene 0.84 175 2 Insoluble
Ethyl Acetate 0.90 77 94 Slight (8%)
Ethanol 0.79 78 59 Miscible
Soybean Oil 0.92 none 0 Insoluble

Table 12. Properties of model aroma components.

Aroma Component
Chemical

Classification
Density
(g/cc)

Boiling
Point (ºC)

Water
Solubility

2-methylpropanal Aldehyde 0.91 64 Low (10%)
diacetyl Ketone 0.84 88 Moderate (20%)
2-ethylfuran Heterocyclic 0.91 92 Insoluble
isobutyl acetate Ester 0.90 118 Very Low
4-ethylguaiacol Aromatic 0.79 235 Very Low
eugenol Terpene 0.92 255 Insoluble

DISCUSSION

2-ethylfuran had the most desirable combination of physical properties and produced the most
rapid aroma release and highest peak intensity. Soybean oil had the least desirable physical
properties and produced the lowest peak intensity. The other novel carriers, d-limonene and
ethyl acetate, also performed well. The latter provided very high peak aroma intensity with
only somewhat reduced total aroma release attributed to slight solubility in water. The
relatively poor performance of ethanol was attributed to rapid miscibility with water. Each
novel carrier released significantly more aroma than soybean oil and ethanol in the critical
first 30 seconds after granule addition to water. Only aromatized soybean oil produced an
unsightly residual oil slick of the type common to use of triglyceride-based carriers like coffee
oil.
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CONCLUSIONS

The unique combination of volatility, water immiscibility, and buoyancy possessed by these
novel carriers can significantly increase aroma release rate, peak intensity, and recovery from
encapsulates used in hot beverage applications.
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SUMMARY

Espresso coffee value stems mainly from its sensory quality, as traditionally determined by
cup-testers’ panels. Since this approach is time-consuming and expensive, the number of
tested samples per day is often inadequate to meet with industrial needs.

An instrumental screening procedure, able to discard a priori undesirable samples likely to be
rejected by the panel, would be therefore of help if rapid, non destructive, and reliable.

We developed a procedure for checking the reliability of predictions obtained examining a
large number of Near Infra Red Transflectance spectra with the related sensory Merit data,
using a data base regression technique know as LOCAL in the WinISI software package.

From a total of 3438 raw coffee samples from Brazil, collected over a seven year period, 1753
samples were chosen to build a library. We studied predictions based on global calibrations
and by local data base regression, selecting appropriate neighbours to an individual calibration
for each sample.

Results show that LOCAL data base regression technique performs better than global
calibration by partial least squares regression, and is precise enough for industrial purposes.

INTRODUCTION

Coffee quality

Coffee, often referred to as the second most globally traded good after petroleum, is not
needed for nutritional purposes but is much appreciated for its taste appeal, along with its
physiological effects on alertness and performance. The assessment of quality is of paramount
importance to both of these aspects, in order to supply the customers with a pleasant and
wholesome product. This applies especially to espresso coffee (Illy and Viani, 1995), a way to
enjoy a cup of coffee that is gaining large popularity throughout the world because of the
greater sensory impact it has on the consumer, when compared with coffee brews prepared by
other methods (Petracco, 2001).

Because of the high complexity of the raw seed matrix, and even more so when dealing with
the roasted finished product, proximate analysis methods able to dig into the structure of ill-
known families of compounds are required. The chemical approach to the sensory sphere
benefits nowadays of the development of increasingly sophisticated analytical methods, where
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the parts per billion of volatile aromas are not the final frontier of detection limits (Vitzthum,
1999).

Sensory analysis

Anyway, no matter the progress of instrumental techniques, the good old cup-testing approach
still remains the ultimate quality assessment tool. After all, the reason why coffee has become
so popular, achieving the position of the second most largely consumed beverage after water,
is its flavour or, even better, its overall impact on our senses. Sensory evaluation, which used
to be considered the magic because "taste is a matter of taste", is nowadays earning the status
of a highly respected analytical tool, able to produce key information with good reliability
(Meilgaard et al., 1999).

In industrial coffee routine, some form of objective evaluation is needed to ascertain product
overall quality, along with the constancy of that quality on time and on varying process
conditions.

The "tool" commonly put to use is a panel of assessors, who may be either coffee experts
(professional cup-testers) or naïve consumers after a basic training (I.C.O., 1991). The reason
for employing more than one people is obvious: by averaging responses, the risk of incorrect
judgement due to a possible bad shape or minor illness of one person is minimised. Another
panel potential is the synergy that can be gained by debating coffee characteristics among the
assessors during open sessions: this procedure may extract more information, since individual
sensitivities and perception thresholds may be different.

Unfortunately, implementing such a practice is neither simple nor inexpensive. Cup-testing
sessions cannot be too long or frequent during the day, because some fatigue develops after
the first dozen of cups or so. This is particularly true for espresso tasting, due to the presence
of tiny coffee oil droplets in emulsion (Petracco, 1989), which stick on the tongue and on
mouth membranes imparting a lingering after-taste. As a consequence, industry strives to take
advantage of sensory data collections, using them as raw experimental data to calibrate
instrumental screening methodologies.

Instrumental testing

Near-infrared spectroscopy is a good instance of such a rapid, non-destructive fingerprinting
technique. It is based on a absorption measurements of scanned monochromatic near-infrared
light, whose energy is dissipated in rotational and vibrational movements of the molecular
bonds of the material under examination, and ultimately transformed into heat (Murray and
Williams, 1987). Energy absorption patterns contain a lot of implicit information about
molecular response to specific wavelengths and to their combinations. The procedure
generally employed to analyse solid materials, opaque to visible light, is known under the
name of diffuse reflectance. Since infrared radiation is able to penetrate some millimetres
under the surface of solid materials, the diction Near Infra Red Transflectance (NIRT) may
apply to better describe the technique used in the present work.

NIRT has been shown suitable for supplying simultaneous forecasts of many chemical
characteristics of the sample examined, provided that a good calibration has been previously
obtained by statistical correlation with traditional, time-consuming analytical methods. This
secondary method has widely been used with agricultural products (Shenk, 1992) and
sometimes in the specific domain of coffee (Davrieux et al., 2001; Downey and Boussion,
1996; Guyot et al., 1993), also for modelling sensory data (Feria-Morales, 1991).
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Objective of this work

In the present work, we have arranged NIRT data to predict a proprietary overall sensory
quality variable, called Merit, in order to allow the screening of large quantities of unground
raw coffee samples as a preliminary to the orthodox cup-testing evaluation for acceptance.

Our purpose is not to replace the panel by an instrument, but rather to develop an automatic
shielding procedure that, while taking into account the risk of discarding good coffees (which,
in particular years, are a rare commodity), eliminates those samples that at any rate would
have been rejected by the panel.

EXPERIMENTAL

Materials

Several thousand raw coffee samples from different origins have been examined during seven
years in a NIRSystems 6500 analyser (Foss Tecator), equipped with a translational sample
presentation module. This module allows to average multiple NIRT scans of approximately
100 g of whole coffee beans, which happens to be the correct sample size used to roasting and
brewing a cup for panel testing.

Each of those samples has been further processed and prepared for espresso cup-testing,
according to a standardised protocol described elsewhere (Petracco, 2000). The evaluation of
several organoleptic variables of the beverage, including the overall Merit, was collected.

Methods

Spectra, consisting in 1050 log 1/R data points from 400 to 2498 nm in 2 nm steps, have been
processed by the software WinISI II version 1.50 (InfraSoft International). A product library
has been built with 1753 spectra of Brazilian raw coffees selected from a data set of 3438
samples, retained after the elimination of some evident spectral outliers and the streamlining
of the population in the denser spectral zones (see Figure 1).

Figure 1. xyz plot of the first three principal components of spectral data point in the
library.

To predict Merit, we evaluated several options for calibration, namely for establishing a
correlation between the response of the instrument and the feature values assumed by the
samples in a given product library. We correlated the NIRT spectra with the Merit scores
assigned by the cup-testing panel, applying multivariate calibration tecniques based on the
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algorithm PLS (Partial Least Squares), an improved version of the powerful dimension
reduction tool Principal Components Analysis (PCA) (Beebe et al., 1998).

For the sake of comparison, we implemented first the conventional method called Global
Calibration (GLOBAL), which establishes a single regression equation by using all the
samples in the product library, allowing 11 terms of a modified PLS algorithm with cross-
validation in 4 groups.

Then we tested a recent method called Local Calibration (LOCAL), whose goal is to select
from a product library a certain number of nearest-neighbours, namely those samples whose
spectra are most similar to the target sample on the basis of their Mahalanobis distance
(Mahalanobis, 1936), and to use them for producing a dedicated calibration equation for each
sample to be predicted.

In both trials we predicted a test-set of 1447 samples by restricting the spectral wavelegth
range to a proprietary selection of only 84 data points in four intervals, suggested by previous
experiments.

RESULTS AND DISCUSSION

Local calibration had been developed to evaluate large databases of spectra and reference
values, using the single sample prediction concept with the aim of performing predictions in
real time (Shenk, 2000). It has been shown to give, with PLS, results as good as conventional
calibration techniques (Barton et al., 2000).

Validation statistics

Statistics of our test-set LOCAL predictions, compared to GLOBAL ones, are in Table 1.

Table 1. Statistics of predictions obtained by the two methods.

Standard Error of Prediction (SEP) Regression Slope R-squared
LOCAL 0.910 0.587 0.400
GLOBAL 0.949 0.436 0.308

The R-squared data may appear not exciting, if compared to those usually obtained with
chemical constituents; however, this is not surprising when acknowledging that spectra of raw
coffee samples are here being used to predict quality of a coffee beverage prepared through a
series of steps, namely roasting, grinding, brewing and cup-testing. Moreover, one should
bear in mind that they refer to sensory variables, prone to intra-panel, inter-session and inter-
panel noise. Cues on how NIR chemometrics may help filtering some noise out from
laboratory data can be found in the literature (Coates, 2002; Lu and McClure, 1998).

Prediction evaluation

The performance of our predictions has been evaluated splitting the 1447 test-set samples in
two classes according to their predicted Merit values: the ones below a given cutoff threshold
(parameter) represent those that in industrial practice would be discarded a priori without
being submitted to the panel’s assessment. Assuming that a cup-tested sample would be
accepted as "good" by the panel if exceeding a fixed Merit rating, we computed the
percentage of discarded samples in the test-set that would have scored "good", and defined it
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as "missed good coffees". Conversely, the number of samples that would have scored "no
good", divided by the number of all discarded ones, was defined as "bypassed bad coffees".

Decision rule

To study the optimal cutoff for a splitting decision, we built a Naive Bayes Classifier
(Michell, 1997) on our product library used as a Training Set. The envelopes of the frequency
histograms, reported in Figure 2, intersecate at value 4.4, which apparently is the best choice.
Nevertheless, reasons to choose a different cutoff may raise from strategical considerations, as
for instance raw material shortage.

Figure 2. Frequency hystograms’ envelopes.

Performance forecasting

The plot of "missed good coffees" and of "bypassed bad coffees" against the parameter "Merit
Cutoff" is reported in Figure 3, which can be used as an operating curve where one can
forecast LOCAL prediction performance, in terms of panel effort savings and related quality
giveaway, by entering a cutoff Merit threshold value.

Figure 3. Operating curve to forecast prediction performance comparing calibration
algorithms.

A similar exercise has been done with GLOBAL predictions, resulting in Figure 4, where the
operating curves of both prediction algorithms are compared: LOCAL prediction consents



223

larger savings in the range of interest (around cutoff 3), with comparable good samples'
losses. These aggregated results show that LOCAL data base regression technique performs
better than GLOBAL calibration, and is suitable for coffee industrial purposes.

Figure 4. Operating curves from LOCAL and GLOBAL predictions, compared in the
key industrial range.

It is worth noticing that both savings and losses grow monotonically when the rejection cutoff
is raised, as shown in Figure 5 obtained combining the two curves of Figure 2 by elimination
of the Merit cutoff parameter. This means that there is no such a thing as an optimum cutoff
threshold, which must be chosen by compromise to other factors, like available resources
limits or acceptable losses.

Figure 5. Prediction performance diagram, showing the percent of missed good samples
(y) as a function of the percent of bypassed bad samples (x).

CONCLUSIONS

Few everyday experiences can compete with a good cup of coffee, as long as sheer sensory
pleasure is considered. It is clear that most of the quality of such a beverage is determined by
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its overall sensory impact. In this context, espresso is the brewing method that offers the
consumer the most powerful experience, even if a high quality cup is not easy to obtain.

The relevant conventional quality assurance tool, cup-testers’ panel, is expensive and time
consuming; this often makes the number of tested samples per day inadequate to meet with
industrial needs.

A screening procedure, able to discard a priori those undesirable samples that are likely to be
rejected by the panel, would be therefore of help if rapid, non destructive and worthy of being
depended on. Near Infra Red Transflectance spectra acquisition fulfils the two former
conditions: the last one must be checked by setting up an evaluation procedure.

In this paper we showed how such a procedure can be designed and applied to appraise the
prediction of espresso beverage quality from spectral data of raw coffee samples.

REFERENCES

Barton F.E., Shenk J.S., Westerhaus M.O. and Funk D. (2000) The development of near
infrared wheat quality models by locally weighted regressions, J. Near Infrared
Spectrosc. 8, 201-208.

Beebe K.R., Pell R.J. and Seasholtz M.B. (1998) Chemometrics: A Practical Guide. John
Wiley & Sons, New York, NY (USA).

Coates D.B. (2002) Is near infrared spectroscopy only as good as the laboratory reference
values?, Spectrosc. Europe 14/4, 24-26.

Davrieux F., Laberthe S., Guyot B. and Manez J.C. (2001) Prediction of Arabica Content
from Ground Roasted Coffee Blends by Near Infrared, in “CD-ROM Proceedings of the
19th ASIC Colloquium: Trieste (Italy)”. ASIC, Paris (France).

Downey G. and Boussion J. (1996) Coffee authentication by near infrared spectroscopy, in
“Near Infrared Spectroscopy: The Future Waves”, Ed. by Davies A.M.C. and Williams
P., NIR Publications, Chichester (UK), p.410.

Feria-Morales A.M. (1991) Correlation between sensory evaluation data (taste and mouthfeel)
and near infrared spectroscopy analyses, in “Proceedings of the 14th ASIC Colloquium:
S.Francisco (USA)”. ASIC, Paris (France), p.622.

Guyot B., Davrieux F. and Vincent J.C. (1993) Détermination de la caféine et de la matière
sèche par spectrométrie proche infrarouge. Applications aux cafés verts Robusta et aux
cafés torrefiés, in “Proceedings of the 15th ASIC Colloquium: Montpellier (France)”.
ASIC, Paris (France), p.626-636.

I.C.O. (1991) Sensory Evaluation of Coffee. Intern’l. Coffee Organization, London (UK).

Illy A. and Viani R. (Eds) (1995) Espresso Coffee: The Chemistry of Quality. Academic
Press, London (UK).

Lu J. and McClure W.F. (1998) Effect of random noise on the performance of NIR
calibrations, J. Near Infrared Spectrosc. 6, 77-87.

Mahalanobis P.C. (1936) On the generalized distance in statistics, Proc. Natl. Inst. of Science
of India, 12, 49-55.

Meilgaard M., Civille G.V. and Carr B.T. (1999) Sensory Evaluation Techniques - 3rd
Edition. CRC Press, Boca Raton, FL (USA).

Michell T.M. (1997) Machine Learning. McGraw-Hill, NewYork, NY (USA), ch. 6.



225

Murray I. and Williams P.C. (1987) Chemical Principles of Near-Infrared Technology, in
“Near-Infrared Technology in the Agricultural and Food Industries”, Ed by Williams P.
and Norris K. American Association of Cereal Chemists, St.Paul, MI (USA), p.17-34.

Petracco M. (1989) Physico-chemical and Structural Characterisation of Espresso Coffee
Brew, in “Proceedings of the 13th ASIC Colloquium: Paipa (Colombia)”. ASIC, Paris
(France), p.246-261.

Petracco M. (2000) Organoleptic properties of espresso coffee as influenced by coffee
botanical variety, in “Coffee Biotechnology and Quality”, Ed by Sera T. et al., Kluwer
Academic Publishers, Dordrecht (The Netherlands), p.347-353.

Petracco M. (2001) Beverage Preparation: Brewing Trends for the New Millennium, in
“Coffee Recent Developments”, Ed by Clarke R.J. and Vitzthum O.G. Blackwell
Science Ltd, Oxford (UK), p.140-164.

Shenk J.S. (1992) NIRS Analysis of natural agricultural products, in “NEAR INFRA-RED
SPECTROSCOPY, Bridging the gap between Data Analysis and NIR Applications”, Ed
by Hildrum K.I. et al. Ellis Horwood, New York, NY (USA), p. 235-240.

Shenk J.S. (2000) WinISI II Manual. Infrasoft international, Port Matilda, PA (USA).

Vitzthum O.G. (1999) Thirty Years of Coffee Chemistry Research, in “Flavor chemistry.
Thirty Years of Progress”, Ed by Teranishi R. et al. Kluver Academic/Plenum
Publishers, New York, NY (USA), p.117-133.



Index Table of contents

226
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SUMMARY

A quality control method of blended coffee products applying the gust value estimated from
physico-chemical properties was suggested. Using this method together with the current
quality control method judged by sensory testing, the quantitative nature, the reproducibility,
and the objectivity of the quality control of coffee tastes was improved.

Trade varieties including the genotype and the grade, the seasonal changes in a producing
country, and roast degree influenced the intensity of acidity, and roast degree influenced the
intensity of bitterness.

By means of controlling titratable acidity and luminosity, variations in the taste intensities of
blends could be reduced.

RÉSUMÉ

Une méthode de contrôle de qualité pour les cafés mélangés qui applique la valeur “gust”,
estimée à partir de propriétés physico-chimiques, a été suggérée.

Cette méthode, utilisée conjointement avec la méthode de contrôle de qualité du test sensoriel
a amélioré la nature quantitative, la reproductibilité et l’objectivité du contrôle de qualité des
saveurs de café.

Des caractéristiques telles que le génotype et la qualité, les changements climatiques
saisonniers du pays d’origine, et le degré de grillage ont influencé l’intensité de l’acidité, et le
degré de grillage a influencé l’intensité de l’amertume.

Les variations dans les intensités de saveur de cafés mélangés pouvaient être réduites en
contrôlant l’acidité titrable et la luminosité.

INTRODUCTION

When consumers have selected a blended coffee product and purchased it continuously, the
balance of the taste intensities, the intensities of acidity and bitterness, is one of the important
criteria for its perceived quality. Therefore, it is necessary for coffee processors to make and
supply blended coffee products that fit for the consumer’s preference or the processor’s
recommendation in the perceived acidity and bitterness. And, coffee processors have to
control the taste intensities of blended coffee products so they are made as intended.

However, the taste intensities of blended coffee products depend on a large number of factors.
Some of these derived from varieties of the green coffee related to the genotype, the grade,
and the seasonal changes in a producing country, while others are variables of the roasting
process.
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Additionally, as the taste intensities of blended coffee products have been judged by sensory
testing, objective methods to evaluate the taste intensities of coffee become necessary from
the viewpoint of the quantification and the reproducibility.

Moreover, coffee processors have been looking for objective methods to assess the variability
and the interchangeability of coffee from different origins for reasons of the control of the
taste intensities.

At the last conference, we presented a quantitative evaluation method (Aino and Motoyoshi,
2001) to estimate the taste intensities of coffee, called the gust values (Lewis, 1948; Beebe
Center and Waddel, 1948; Beebe Center, 1949), from its physico-chemical properties. The
purpose of this study was to apply this method to the quality control of the taste intensities of
blended coffee products.

In this paper, an objective quality control method for reducing the variation in the taste
intensities of blends is shown.

MATERIALS AND METHODS

Coffee samples

For the experiment involving trade varieties and their seasonal changes, the coffee samples
coming from 5 different countries (Brazil, Colombia, Guatemala, Zimbabwe, Indonesia) were
used. For the experiment of grade, the samples from Brazil, Colombia, and Guatemala were
tested. These coffee samples were roasted with Probat RZ-4000 to light roast.

For the experiment involving roast degree, 5 trade varieties with 4 roast degrees were
examined.

Coffee brew preparation

Twenty grams of roast and ground coffee was extracted by 250 milliliters of boiling water
using Kalita computer coffee machine HG-115. After filtration, the brew was cooled in a
cold-water bath to about 20°C.

The concentration of coffee brew was adjusted to brix 1.50% by adding distilled water.

Measurements of physico-chemical properties

Luminosity in Lab chromaticity diagram (L-value) of coffee was measured with Nippon
Denshoku Kogyo color meter Model ZE-2000. Brix of coffee brew was determined by Atago
RX-3000 digital refractometer. Titratable acidity was measured by neutralizing 100 ml of
coffee brew with N/10-NaOH using Hiranuma auto titrater COMTITE-980.

Estimation of the gust values from physico-chemical properties

A scale of taste intensity based on a ratio judgment, called the gust scale, was used to evaluate
the taste intensities of coffee. The unit in this scale is defined as the subjective strength of a
one percent solution of sucrose. Using the gust scale, the taste intensities in coffees were
evaluated as quantitative values with an equi-ratio property.
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By the following experimental equations  (Beebe Center, 1949), the gust values of coffee were
estimated.

• For acidity; log ψa = 0.154TA – 0.949
• For bitterness; log ψb = (-0.038LV+1.838)*Pa + (-0.031LV+1.737)*Pr

Where the different terms are :
ψa : gust value for acidity;  ψb : gust value for bitterness,
TA : titratable acidity; LV :  L-value of roast and ground coffee,
Pa : percentage of arabica;  Pr : percentage of robusta

RESULTS AND DISCUSSION

Influenced of some factors on taste intensity

The taste intensities of blended coffee products depend on a large number of factors, such as
trade varieties, grade, seasonal changes in a producing country, and roast degree. These
factors were investigated individually.

Influence of trade variety on taste intensity

The taste intensities for various trade varieties were shown in Figure 1.

The intensities of acidity and bitterness were plotted as logarithms of the gust value. On the
horizontal axis, the intensity of acidity was plotted and in the vertical axis, the intensity of
bitterness was plotted.

As shown in Figure 1, the intensities of acidity were different, especially in relation to the
genotype, arabica and robusta. The intensities of bitterness were similar for the same roast
degree, regardless of trade variety. However, because coffee that had weak acidity tended to
have a strong bitterness value, the bitterness of robusta coffee was slightly stronger than that
of arabica coffee.

Figure 1. taste intensities for various trade varieties. Log ψa: logatithm of gust value for
acidity; log ψb: logatithm of gust value for bitterness.
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Influence of green coffee grade on taste intensity

Figure 2 shows the taste intensities of some green coffee grades.

Figure 2. Taste intensities of some greeen coffee grades.

The acidities of high-grade coffees, such as Brazil NY-2, were stronger than those of
corresponding low-grade coffees. The intensities of bitterness were similar for the same roast
degree, regardless of grade.

Seasonal changes of intensity of acidity

The seasonal changes of the intensity of acidity are shown in Figure 3.

Figure 3. Seasonal changes of the intensity of acidity.

For Brazil coffee, the intensity of acidity showed relatively large values from August to
December. The main harvesting season in Brazil is from May to September, and it takes two
or three months by sea to reach Japan. Thus, the so-called new crops of Brazil coffee were
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used from August to December in Japan. This is the reason for the seasonal changes of the
intensity of acidity in Brazil coffee.

The seasonal changes of acidity in other trade varieties were explained similarly.
Influence of roast degree on taste intensity

Figure 4 shows the taste intensities in different roast degrees.

With the progress in roast degree, the intensities of acidity were decreased, and the intensities
of bitterness were increased.

The influences of roast degree were relatively large for the intensity of acidity and bitterness.
As mentioned before, for the same roast degree, the intensities of acidity were influenced by
trade varieties, the grade, and the seasonal changes. However, the influences of these factors
were small concerning bitterness intensities.

Figure 4. Taste intensities in different roast degree.

Factors influencing taste intensity

The factors influencing taste intensities are summarized as follows.

Trade varieties including the genotype and the grade, the seasonal changes in a producing
country, and roast degree influenced the intensity of acidity. Roast degree influenced the
intensity of bitterness.

From these results, we considered that controlling titratable acidity and luminosity could
reduce these influences on the taste intensities of blended coffee.

Taste intensity specifications

The taste intensity specifications for blended coffee were illustrated in Figure 5.

The indistinguishable range of the taste intensity by sensory testing was about 0.02 in
variations of logarithm of the gust value. This value was corresponded to 0.13 ml in titratable
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acidity, and 0.5 in luminosity (L-value). From the indistinguishable range of the taste
intensity, an example of the specifications was decided and described in this figure.

By keeping the taste intensities of blended coffee within the specifications, the quantitative
nature, and the objectivity in quality control of coffee tastes were improved compared with
the current quality control method judged by sensory testing.

Figure 5. Taste intensity specifications.

Adjustment of blend

Some examples for the adjustment of blend are simulated in Table 1.

Table 1. Adjustment of blend.

* Specification log ø a = 0.11 + 0.03
Ä log ø a > 0.03; Out of the specification, Ä log ø a? 0.03; Within the
specification
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We supposed L-values are 25, and the intensities of bitterness are within the specifications in
these examples.

Compared with the standard case, the case A and B have a same blend ratio, but the intensities
of acidities are clearly distinguishable. These are classified out-of-specification products.

To control the taste intensities within the specifications, the case A and B are changed to the
case C or D, keeping the blend ratio.

If we can change the blend ratio, it is possible to use the case E that has almost same taste
intensities with the standard case.

By a detailed adjustment of blend, variations in the taste intensities of blended coffees could
be reduced.

Quality control method for taste

Quality control methods for coffee taste are summarized in Figure 6.

Figure 6. Quality control method for taste.

In addition to the usual quality control method, the method using the gust value is carried out.
After the determinations of titratable acidity and luminosity, the gust values are estimated
using the experimental formula. We then check that the gust values are within the
specifications.
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Analytical Method and Model for Measuring Mannan Oligomer
Size Distribution in High Yield Soluble Coffees

A. WRAGG, C. MENDL, I. ADEOYE, R. HAGUE, K. JAUCH

Kraft Food International, Ruscote Avenue, Banbury, UK OX16 7QU

SUMMARY

The depolymerization of poly mannan to its soluble oligomers is central to achieving high
yields in soluble coffee processing. Measurement of mannan oligomers and their distribution
is, therefore a potentially excellent indicator of progress of high yield processes.

Until now good measurement of high yield processes has been hampered by the lack of
analytical method specific to mannan oligomers, especially in whole coffee extract and by the
lack of a theoretical model for expected oligomer distribution as a function of the degree of
reaction.

This paper outlines an analytical method and a model for prediction of DP distributions. The
method is based on capillary electrophoresis of derivatise mannan oligomers, which is
specific and reliable, and can be applied to whole coffee extracts.

The model is based on a statistical analysis of bond scission and has been used to explore the
kinetics of high yield coffee extraction.

RÉSUMÉ

La dépolymérisation des polymères de mannanes en oligomères solubles est une étape clé
pour atteindre un haut rendement dans le procédé de préparation du café soluble. La mesure
de la taille des oligomères de mannanes et de leur distribution est donc potentiellement un
excellent indicateur de progression dans la mise au point de procédés à haut rendement.

Jusqu'à présent la caractérisation de procédés à haut rendement, en particulier pour des
applications dans les extraits de café finis, était limitée par le fait qu'une méthode analytique
adaptée aux oligomères de mannanes n'était pas disponible; un modèle théorique prédisant la
distribution des oligomères en fonction du degré de polymérisation (DP) manquait également.
Cette étude présente une méthode analytique et un modèle de prédiction des distributions de
degré de polymérisation des oligomères de mannanes. La méthode s'appuie sur l'application
de l'électrophorèse capillaire à des oligomères de mannanes dérivés, ce qui la rend spécifique
et précise et étend son application aux extraits de café finis. Le modèle est basé sur une
analyse statistique des ruptures de liaisons; il est ici appliqué à l'exploration de la cinétique
d'extraction à haut rendement du café.

BACKGROUND AND INTRODUCTION

In the manufacture of instant coffee, the achievement of commercial yields depends on the
solubilisation of three key classes of material. The first class consists of the salts, alkaloids,
acids, flavours, simple sugars, melanoidins and a small proportion of the two main
carbohydrates, arabinogalactan and mannan, which are freely soluble in hot (< 100°C) water.
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The second class of materials consists of the majority of the arabinogalactan and melanoidins
and proteinaceous material, which seem to be associated with it, which are solubilised at
temperatures between 130 and 180°C  (Bradbury, 2001). The third class, the mannans,
requires higher temperatures to make them and their accompanying melanoidins and
proteinaceous material soluble. Most commercial soluble coffee processes use a staged
process to maximise quality, so that each class of material is only exposed to the conditions
needed to release them (Vitzthum, 1995; Gerhardt-Rieben, 1996; Scoville, 1992; Pigman;
Heeb and Mandralis, 1998).

The arabinogalactans are inherently soluble due to their highly branched helical structure
(Bradbury, 2001). The elevated temperature needed to release them is evidence of binding to
or entrapment in the cellular matrix. The mannans, by contrast, are based on linear polymers
of degree of polymerisation (DP) about 20-40 (Bradbury, 2001) with a 2-fold axis ß1-4 linked
mannose unit backbone. The polymers and larger oligomers have low solubility. It is known
that there are varying levels of galactose side units present in the mannan, hence the use of the
nomenclature ‘galactomannans’ in some texts. It has been shown that the more highly
substituted polymers are extracted early in the extraction process due to their higher
solubility.

In order to extract the mannan the native chains of DP 20-40 must undergo a controlled de-
polymerisation to DP 7 or less, where the oligomers are freely soluble. This de-
polymerisation is typically achieved by hydrolysis at temperatures from 150-220°C in a
conventional percolation battery or in some from of batch or plug flow reactor system
(Scoville, 1992; Stahl, 1993).

Control of this de-polymerisation is essential. Excessive hydrolysis leads to too much of the
mannan polymer being converted to mannose, which is both sweet and labile. The sweet taste
can be a flavour issue itself. More importantly the degradation pathway for simple sugars at
the reaction temperatures required for de-polymerisation leads to generation of aliphatic acids
which can have a negative effect on flavour.

Under-reaction can be a problem for manufacture since it leads to a preponderance of
marginally soluble oligomers, especially DP8-12. These are soluble at the extraction
temperatures, but then precipitate in cooler down-stream storage and heat-transfer equipment
leading to excessive fouling.

MEASUREMENT OF DP DISTRIBUTION

Measurement of the degree of reaction (DoR) for the hydrolysis process is achieved by
analysing the resultant oligomers size or DP distribution, usually using gel permeation
chromatography (GPC) (Gerhardt-Rieben, 1996; Leloup et al., 1997) or ion exchange
chromatography (IEC). In practice these are both limited to the measurement of DP
distributions in isolated hydrolysates. Even then the measurements require considerable
analytic and interpretive skill.

Figure 1 shows a typical ion exchange chromatograph of a high yield faction.

Each peak is complicated by one or more leading or following peaks or shoulders, which
make peak allocation and integration problematic. In any case, only DP1-6 can be reliably
measured above the base-line error.
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In whole coffees, this measurement is even more problematic because of the interference and
overlay of other moieties from the whole coffee matrix.

Figure 2 shows a typical ion exchange chromatogram for a whole soluble coffee.

Figure 1. Ion exchange chromatograph: high yield fraction.

Figure 2. Ion exchange chromatograph: Kenco soluble coffee.

Those familiar with interpreting DP distributions will know that, as described earlier, high
DoR material has a preponderance of low DP’s and low DoR material has more large DP’s.
However, there was a lack of mathematical formula for the expected shape of the distributions
and the whole distribution must be specified to characterise a particular DoR. This leads to
problems in interpreting measurements in relation to the process and also means there is no
way of cross checking that a measured distribution is free from analytical error. In summary
then;

1. The analytical techniques required highly skilled interpretation.
2. The analytical methods can only be reliably used on isolated high yield fraction.
3 .  The expected DP distribution is unknown so the shape of the distribution must be

specified in full: it cannot be characterised by a simple number or index.

The first of these two problems have been resolved by a new analytical method. The third by
the development of a relatively simple model for the shape of the DP distribution.



236

NEW ANALYTICAL METHODOLOGY

The preferred analytical technique is capillary electrophoresis (CE) with UV detection. Since
oligo-mannans possess neither an appropriate charge or a specific UV absorbance it is
necessary to derivatise them with a charged, UV specific moiety.

This has been satisfactorily achieved by incubating a 10% w/w analyte solution with an
excess of 7-aminonapthaline-1,3-disulphonic acid and sodium cyanoborate at 30°C for 4
hours at pH 2.5.

The derivatised sample is then analysed by a proprietary capillary electrophoresis instrument
fitted with a UV detector under the following conditions.

Capillary: 48.5cm x 50 µm ID (extended light path)
Voltage: –20 kV
Injection: 25 mbar * 4 sec
Wavelength: 232nm
Temperature: 25°C

Buffer:120 mM Tris (hydroxymethyl) – amino-methane
adjusted to pH 2.0 with phosphoric acid

Conditioning: Flush 2.0 min with 0.1M Phosphoric acid, subsequently
3.0 min with buffer before analysis

Linearity was confirmed by analysing samples of pure DP1 (mannose) to DP6 (mannohexose)
over a range of concentrations from 0.021 to 0,336 mM. The results are shown in Figure 3.

Figure 3. Calibration graphs of DPs 1-6 as determined by 6-point calibration.

Due to the high cost of pure oligomers, response factors are calculated so that a pure mannose
solution can be used as a reference standard for day-to-day calibration.

Typical migration times and response factors (relative to mannose) are given in Table 1.

Spiking experiments lead to recoveries over 95% so the derivatisation can be considered
quantative.
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Typical eletropherograms for an isolated high yield fraction and a typical instant coffee are
shown in Figures 4 and 5.

Table 1. CE migration times and response factors DP’s 1-9.

DP Migration time
[min]

Relative
response factor

DP Migration time
[min]

Relative response
factor

1 7.7 1 6 14.6 1.65
2 9.2 1.1 7 16.0 1.65
3 10.6 1.32 8 17.4 1.65
4 11.8 1.47 9 18.8 1.65
5 13.2 1.67

Figure 4. Capillary electropherograph: high yield fraction.

Figure 5. Capillary electropherograph: Kenco soluble coffee.

PROBABILITISIC MODEL FOR DE-POLYMERISATION

The third issue is that of developing a model for calculating the DP distribution based only on
the original substrate DP and the overall Degree of Reaction (DoR).

Previous work (Nattrop Anders, 1999) has been done in this field.  Nattorp’s calculations, for
example, require complex solution to Nth order differential equations (where N in its original
DP) and have many parameters. Whilst the chemistry and mathematics of Nattorp’s approach
is thorough, the multi-dimensionality makes it difficult to apply to simple predictive
modelling.
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It was found, in this present study, that a very simple probabilistic model based on the
assumption that all glycosidic links in the chain have an equal likelihood of being hydrolyzed,
is surprisingly effective.

Assuming that the breakage of bonds in a chain during hydrolytic de-polymerisation is
random, it is easy to see intuitively how the distribution of oligomer size can be calculated.
Consider, for example the fate of the following DP N chain, when an oligomer of DP n is
formed.

Let p = the probability of any one bond breaking,
So q = 1-p = the probability that a bond remains intact.

The probability of creating this particular DP n oligomer is

pqn-1p = p2qn-1

By considering all the ways that DP n oligomers can be formed from a DP N polymer we can
generalise and show

Pr(n,N) = (2p+(N-n-1) p2). qn-1

Except when n=N, then
Pr(N,N) = qN-1

This same expression can be derived more rigorously (Clifford, 1998) by considering the
probability that a particular monomer ends up as part of a DP n.

This more rigorous analysis also shows that the distribution is only a very weak function of its
original DP in the range considered (20-40) and that it is a function only of the mean original
DP.  That is, the distribution of the original polymer length does not affect distribution of the
de-polymerised oligomers.

In practice we have found it satisfactory to assume that N = 20.

To create a mass distribution for comparison to CE analytical data these probability
distributions need to be corrected for molecular length and for the water added at each
hydrolysis point and then normalised.  This can readily be achieved in a spreadsheet.

By standardising the original DP, N at N = 20 (as above) we now have a simple single
parameter model to describe any distribution. This parameter, p, the probability of any one
bond breaking during hydrolysis is, post hoc, also the fraction of bonds which have broken.
This is termed the degree of reaction, DoR, as before, and

DoR = p

Typical shapes for its DP distribution as a function of DoR are shown in Figure 6.
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By fitting the model to an observed oligomer distribution measured by, for example, CE it is
possible to calculate the DoR. This is usually done by least square fitting in a spreadsheet.

Figure 7 shows typical charts where the model has been fitted to actual CE data to determine
a DoR

Figure 6.

Figure 7. Modelled and actual data.

The residual square error is a useful measure of the goodness of fit and can be used to indicate
either an analytical error, an out-of-control situation in the process or that the hydrolysis is not
random, as would be the case in enzymatic hydrolysis.

KINETIC MODELLING

The final strand which gives confidence in the validity of this simple model is its robustness
in relating observed DP distributions to known hydrolysis conditions via an equally simple
kinetic model. The approach taken was to consider the hydrolysis reactions as first order in
bonds themselves rather than consider the fate of the individual molecules generated during
hydrolysis. In this way the extent of the reaction, the DoR, can be modelled in time as

DoR  =  1-e–kt
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Where t  =  time (sec)
k  =  rate constant (sec–1)

A classic Arrhenius function was used to model k as a function of temperature.

k = A e
 

RT

G−

Where G  =  activation energy (kJ mol–1)
R  =  gas constant (kJ mol–1 K–1)
T  =  absolute temperature (K)
A  =  frequency factor (sec–1)

This two parameter model in A and G was fitted to the DoR outcomes of 38 experiments in
which partially extracted grounds of varying origins and primary yield were hydrolysed in a
pilot scale batch reactor at temperatures ranging from 180 to 230°C for times ranging from
120 to 720 seconds.

Figure 8 shows a parity plot of the modelled versus observed values. As can be seen the
correlation of the least square fitted model to the observed DoR’s falls almost exactly on the
parity line and the correlation co-efficient is very high. The values for activation energy, G
found by the best fit model was 122 kJ/mol, very close to published data for hydrolysis of the
corresponding linkage in cellobiose (Hassid and Ballou, 1957).

Figure 8.

Furthermore it was not possible to materially improve this fit by considering the effects of the
primary yield, the origin of the coffee or more sophisticated kinetics.

The parsimony of this model in conjunction with its explanatory power is a good indication of
the robustness and predictive quality of the approach.
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SUMMARY

The objective of this study was to investigate the in vitro antimicrobial activity of coffee on
Streptococcus mutans, which is the major causative agent of dental caries in humans. The
influence of the extraction/brewing process, brand, and coffee chemical compounds in the
presence or absence of the aqueous extract was evaluated. The method of diffusion in agar
was used to investigate the antimicrobial activity. Sterile disks were soaked with 20 µL
samples, added to Mueller Hinton agar previously seeded with 108 cfu 24 h S. mutans and
incubated at 37ºC/48 h, in the presence of 5% CO2. The diameters of the inhibition zones
were measured and submitted to statistical analysis. Every extract tested showed antimicrobial
activity. Significant difference was observed on the pH values of the extracts and also on the
pH and color characteristics of aqueous extracts from coffees of different brands. However,
no significant difference was observed on the antimicrobial activity among ethanolic, aqueous
(100ºC/3 min), and espresso extracts and also among brands analyzed. No significant
difference was observed on the antimicrobial activity among tested substances (2 mg/mL) by
themselves; however, when associated with coffee aqueous extract, there was higher
antimicrobial activity, except for chlorogenic acid.

RESUMO

Este trabalho teve como objetivo investigar a atividade antimicrobiana in vitro do café sobre o
Streptococcus mutans, que é o principal agente causador de caries dentárias no ser humano. A
influência do método de extração, da marca e de compostos químicos do café na presença ou
não de extrato aquoso foi pesquisada. O método de difusão em agar foi usado para investigar
a atividade antimicrobiana. Discos estéreis foram adicionados de 20 µL de amostras e
adicionados ao agar Mueller Hinton previamente inoculado com 108 UFC de S. mutans 24 h e
incubados a 37ºC/48 h, na presença de 5% de CO2. Os diametros das zonas de inibição foram
medidos e submetidos à análise estatística. Todos os extratos analisados apresentaram
atividade antimicrobiana. Diferença significativa foi observada nos valores de pH dos extratos
e também nos valores de pH e características de cor das marcas analisadas. Entretanto, não foi
detectada diferença significativa entre os extratos etanólico, aquoso (100ºC/3 min) e espresso,
e entre as marcas com relação ao diâmetro da zona de inibição. Não foi observada diferença
significativa na atividade antimicrobiana dos compostos testados (2 mg/mL) por si só.
Entretanto, quando associados ao extrato aquoso do café foi observado um aumento da
atividade antimicrobiana, exceto para o ácido clorogênico.

INTRODUCTION

The use of natural products has been one of the strategies of greatest success for the discovery
of new drugs (Harvey, 2000). From 1983 to 1994, 78% of the new antibiotics approved by the
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US Food and Drug Administration were natural products or their derivatives (Cragg et al.,
1997). The role of dietary factors as anti-infective agents has also been recently investigated,
with particular emphasis on their role in inhibiting bacterial adhesion to host tissues, which is
the first step of the infectious process.

Streptococcus mutans has been identified as capable of producing dental caries in
experimental animals and in humans (Hamada et al., 1984). The potential for S. mutans to
form dental caries is determined by its ability to adhere to the tooth and to produce metabolic
acids (Hamada et al., 1984; Tao & Tanzer, 2002). Adherence to the tooth surface involves two
stages: an initial reversible interaction between the organism and the saliva-coated tooth
surface and an irreversible stage which is mainly mediated by water insoluble glucans
synthesized from sucrose by enzymatic action of glucosyltransferase (Hamada et al., 1984).

Studies have been carried out in order to investigate the influence of natural compounds on
the reduction of the incidence of dental caries and of gum illnesses. Cranberry was able to
modify the gum microflora, resulting in an efficient control of the gum and of periodontal
diseases (Weiss et al., 1998). The inhibitory effects of oolong tea extract and of reconstituted
dried milk on caries inducing properties of mutans streptococci were also determined
(Matsumoto et al., 1999; Almeida et al., 2004). Topical application of propolis twice daily, or
its inclusion in water available to rats ad libitum, reduced the incidence of dental caries.
Among food constituents, polyphenols in tea were observed to reduce the rate of acid
production and to diminish bacteria’s growth rate. Polyphenols identified in propolis were
also responsible for the reduction of dental caries in rats (Koo et al., 2003).

Coffee contains significant amounts of polyphenols (Furahata et al., 2002); therefore, its
potential use as a natural antibacterial agent should be evaluated. Daglia et al. (1994) reported
the antibacterial activity of coffee against Gram-positive (Staphylococcus aureus,
Streptococcus pyogenes, S. faecalis, Bacillus subtilis) and Gram-negative bacteria (Proteus
vulgaris, Salmonella typhimurium, Escherichia coli, Enterobacter cloacae). According to
their studies, the brewing process did not affect the antibacterial activity. However, Coffea
robusta had higher antibacterial activity compared to Coffea arabica. Furthermore, coffee
with higher degree of roasting had superior antibacterial activity compared to average and low
roast, suggesting that products of the Maillard reaction formed during roasting could also be
involved in the antibacterial activity. According to Daglia et al. (2002), coffee had anti-
adhesive properties on Streptococcus mutans which were due to naturally occurring
compounds (trigonelline, nicotinic acid and chlorogenic acid) and to roasting induced low
molecular weight melanoidins.

Brewed coffee also showed antibacterial activity against a strain of Legionella pneumophila,
bacteria involved in respiratory infections. The acids protocatechuic (3,4-dihydroxy benzoic
acid), chlorogenic, and caffeic exhibited marked bactericidal action although the response was
not fast (Dogasaki et al., 2002; Furuhata et al., 2002).

The objective of this study was to investigate the antimicrobial activity of coffee extracts and
of coffee chemical compounds on Streptococcus mutans. The following parameters were
investigated: (i) extraction solvents and brewing; (ii) coffee brands; (iii) some coffee chemical
compounds and (iv) aqueous extract with coffee chemical compounds.



244

MATERIAL AND METHODS

Material

Four different brands of coffee (Coffea arabica) were purchased in Belo Horizonte, state of
Minas Gerais, Brazil. Chemical constituents of coffee, among them, protocatechuic acid
(Sigma P5630), caffeic acid (Sigma C0625-26), trigonelline (Sigma T5509) and chlorogenic
acid (Aldrich C44206) were purchased from Sigma Chemical Co (St Louis, MO, USA) and
from Aldrich (Milwaukee, WI, USA). The microorganism used was Streptococcus mutans
from the collection of the Universidade Federal do Rio de Janeiro (Rio de Janeiro, RJ, Brazil).
The Muller Hinton medium used was obtained from Dialab Diagnósticos (Montes Claros,
MG, Brazil). Sterile disks (6 mm diameter) and disks containing 30 µg of the antibiotic
amoxilin clavulanic acid were purchased from Cecon (São Paulo, SP, Brazil).

Sample preparation

The coffee grains were ground by means of a domestic mill (Braun, USA) and sieved through
a 20 mesh sieve (Tyler series). Ethanolic extracts were obtained by mixing 2 g of coffee with
10 mL ethanol in a ultrasonic bath at 24 ± 1°C for 15 min. The aqueous extracts were
obtained by adding 8 g of coffee to 40 mL boiling water. The mixture was agitated for 3
minutes in boiling water and filtered in qualitative filter paper under vacuum (Vitorino et al.,
2002). The espresso coffee was prepared by weighing 8 g of sample and extracting with 40
mL of water in an espresso coffee maker (Cremissimo Ariete, Fashion Coffee, Italy).
Solutions of 2 mg/mL of each of the coffee chemical compounds (protocatechuic acid, caffeic
acid, trigonelline and chlorogenic acid) were prepared in distilled water and in aqueous coffee
extract in order to have solutions in the absence and presence of aqueous coffee extract,
respectively.

The coffee grains were analyzed for CIE color characteristics. The extracts were submitted to
pH determination and to the in vitro antibacterial activity against S. mutans. The antibacterial
activity of solutions of 2 mg/mL protocatechuic acid, caffeic acid, trigonelline and
chlorogenic acid in the presence and absence of aqueous coffee extract on S. mutans was also
investigated

Methods of analysis

In vitro susceptibility test

In vitro antimicrobial activity on S. mutans was performed according to the disk diffusion test
(Collins et al., 1995). A 0.2 mL aliquot of a 24 hr culture of S. mutans incubated in nutritive
agar at 37 ºC, in the presence of 5% CO2, corresponding to 0.5 turbidity on the Mc Farland
scale (108 cfu/mL) was spread over the surface of a Petri dish (150 mm diameter) containing
50 mL of Muller Hinton agar. Sterile disks were soaked in 20 µL of the tested products and
placed onto the inoculated surface. After 48 hr incubation at 37ºC in presence of 5% CO2, the
diameters of the inhibition zones were measured using a caliper. Positive and negative
controls of the disks containing 30 µg of the antibiotic amoxilin clavulanic acid, ethanol 98°
GL and distilled water were used.
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CIE L*a*b*

The color characteristics of ground coffee were determined using the ColorTec colorimeter
PCM (Accuracy Microsensor, Pittsford, USA). The chroma (c = (a2 + b2)1/2) and the hue (h =
arctg a/b) were obtained using the colorpro software (Colorpro, 2004).

pH

The pH values of the extracts were measured using a Digimed pHmeter model DM20
(Digimed, Santo Amaro, SP, Brazil).

Statistical analysis

The diameters of the inhibition zones obtained were submitted to analysis of variance and the
means were compared by the Tukey test at 5% probability.

RESULTS AND DISCUSSION

Influence of extraction solvent

According to Figure 1A, there was a significant effect of the type of solvent and brewing
process on the pH values obtained for the coffee extracts, with higher values observed for the
ethanolic extract (7.17), followed by the espresso (6.07) and by the aqueous extract (5.29).

Figure 1. pH values (A) and diameter of in vitro antimicrobial activities (B) of ethanolic,
aqueous and espresso coffee extracts. Mean values (n = 5) with different letters are
statistically different (Tukey test, 5% probability).

Every extract showed in vitro antimicrobial activity on S. mutans (Figure 1 B) however, no
significant difference was observed among the types of extracts used. Daglia et al. (1994) and
Furuhata et al. (2002) also found no significant effect of the brewing process on the
antimicrobial activity of several Gram-positive and Gram-negative bacteria and of Legionella
pneumophila, respectively.

Influence of coffee brand

The CIE L*a*b* color characteristics of ground coffee from the different brands are indicated
in Table 1. There was no significant difference on a* values and hue angles. However,
luminosity (L*), b value and chroma varied significantly. According to Borges et al. (2002), L
values correlate significantly with the degree of roasting. Based on this information, the
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brands differed with respect to the roasting degree. Samples A and B would be the ones with a
higher degree of roasting.

Table 1. Characteristics of different coffee brands: CIE L*a*b*, chroma and hue angle
of ground coffee and pH and in vitro antimicrobial activity of aqueous coffee extracts.

Parameter Brand1

A B C D
CIE color
   L* 20.92 ± 1.18 b 21.18 ± 1.99 b 29.44 ± 0.37 a 26.39 ± 1.08 a
   a* 5.98 ± 2.99 5.89 ± 0.29 10.28 ± 1.36 8.53 ± 2.16
   b* 11.70 ± 2.08 b 12.03 ± 3.15 b 26.01 ± 0.77 a 20.78 ± 2.17 a
   chroma 13.34 ± 2.26 c 13.47 ± 2.64 c 28.00 ± 0.24 a 22.57 ± 1.37 b
   hue ° 63.35 ± 12.87 62.84 ± 8.03 68.42 ± 3.16 67.49 ± 7.07
pH 5.29 ± 0.03 a 5.23 ± 0.05 a 4.88 ± 0.03 c 5.02 ± 0.01 b
Diameter2 (mm) 7.33 ± 1.26 6.92 ± 0.88 7.00 ± 1.00 7.00 ± 1.00
1Means with different letters (a,b,c) in the same row are significantly different (Tukey test, p ≤
0.05).
2Diameter of the inhibition zones of in vitro antimicrobial activity to S. mutans.

The pH values of the aqueous extracts obtained from the different brands are indicated in
Table 1. Significant difference was observed among samples, with higher values observed for
samples A and B.

Every brand of coffee analyzed showed an inhibition zone (Table 1) indicating antimicrobial
activity to S. mutans. However, even though there was significant difference among samples
based on color and pH values, no statistical difference was observed for the antimicrobial
activity. These results suggest that there might be other factors, besides the ones investigated
in this study, that can affect antimicrobial activity.

Table 2. Diameters of inhibition zones of the in vitro antimicrobial activity of
Streptococcus mutans exposed to coffee chemical compounds individually and

incorporated into the aqueous extract.

Chemical compound Diameter of inhibition zones (mm) of coffee chemical
compounds

Individually In aqueous extract
Chlorogenic acid 7.58 ± 0.38 a 8.25 ± 0.66 a
Caffeic acid 7.33 ± 0.29 b 8.67 ± 0.29 a
Protocatechuic acid 7.50 ± 0.50 b 8.50 ± 0.50 a
Trigonelline 7.33 ± 0.29 b 8.33 ± 0.58 a
Mean values (±  standard deviation) with different letters (a,b) in the same row are
significantly different (Tukey test, p≤0,05).

Influence of the coffee compounds and its incorporation into coffee extract

The chemical compounds at the concentration of 2 mg/mL, when evaluated individually,
provided similar diameter of the inhibition zones to S. mutans (Table 2). This suggests that
they affected antimicrobial activity in a similar manner and extent. However, when the coffee
extract was incorporated to the chemical compounds, there was a significant increase in the
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antimicrobial activity of most of the compounds, except for chlorogenic acid. Based on these
results, there seems to be a synergistic effect among different coffee compounds.

The results obtained in this study indicate a possible antimicrobial effect of coffee to S.
mutans and, therefore, a potential to prevent caries. However, further studies are needed in
order to evaluate the effect of coffee chemical concentrations on the antimicrobial activity and
also synergistic effects. It is anticipated that in the future, by determining the concentration of
effective compounds, the antimicrobial activity of a coffee could be predicted.

CONCLUSIONS

Coffee extracts showed antimicrobial activity against Streptococcus mutans.  The extraction,
brewing process and the brand of coffee used did not affect antimicrobial activity. The
chemical compounds chlorogenic acid, caffeic acid, protocatechuic acid and trigonelline at 2
mg/mL, showed similar antimicrobial activity to Streptococcus mutans. The addition of
caffeic acid, protocatechuic acid and trigonelline to coffee aqueous extracts improved the
antimicrobial activity.
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